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October 8, 1996 

Mr. Lawrence J. Lynch 
Mine Reclamation Section 
Bureau of Waste Management 
Wisconsin Department of Natural Resources 
101 South Webster Street, GEF II 
Madison, WI 53707 

Dear Mr. Lynch: 

Re: Flambeau Mining Company - Fall 1996 Backfilling Plan for Stockpiled Type II 
Material · 

. On behalf of Flambeau Mining Company (Flambeau), Foth & Van Dyke is submitting three 
copies of the enclosed report titled Fall 1996 Backfilling Plan for Stockpiled Type II Material. 
The report provides detailed information regarding procedures to be used by Flambeau in 
the fall of 1996 to begin pit backfilling using material from the Type II stockpile. Included 
with this information are details regarding the limestone addition rate to be used this fall, 
and procedures for limestone addition. 

Flambeau's plan is to commence backfilling using stored Type II material in mid-October 
and to continue work until the weather conditions preclude further backfilling ( estimated to 
be late November 1996). During this period, Flambeau expects to backfill between 100,000 
to 150,000 tons or more of stored Type II material. Limited backfilling with stored Type II 
material this fall will provide valuable information that will be used by Flambeau over the 
winter to finalize preparations for the major backfilling event planned for 1997. 

. If you have any comments or questions regarding this submittal, please contact us at 
(414) 197-2500. 

Sincerely, 

Foth & Van Dyke 

0~ H1hIS i:;ct Engineer 

JBH1:JWS:mld2 
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2737 South Ridge Road · F!O.Box 19012 · Green Bay, WI 54307-9012 · 414·497-2500 · Fax: 414·497-8516 
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Executive Summary 

In early September 1996, following Wisconsin Department of Natural Resources approval, 
Flambeau Mining Company (Flambeau) began the process of backfilling its mined out open pit 
by relocating freshly mined Type II material from the west end to the east end of its open pit. 
Flambeau is now finalizing preparations for the next phase of the backfilling process, which is 
scheduled to begin in mid-October 1996 and continue until weather conditions preclude 
achieving desired compaction, which typically occurs in late November. This document describes 
Flambeau's plans for backfilling stockpiled Type II material during the fall of 1996. 

The fall of 1996 backfilling plan involves the relocation of between 100,000 and 150,000 tons of 
stockpiled Type II material to the mined out open pit. The backfill material will be placed in 
approximate 3-ft lifts and compacted. Backfilling of Type II material, both fresh and stored, 
includes the application of alkali, in the form of limestone, to the backfilled material. Testing 
has been completed to determine the rate of limestone application required to neutralize stored 
acidity and control metals release from stockpiled Type II material. Oxygen transport modeling 
has been completed to determine the limestone application rate required to control acidity 
generated as a result of further oxidation during the backfilling and groundwater recovery 
periods. As a result of this testing and the modeling, it was determined that a limestone addition 
rate of 17.2 lb per ton of stockpiled Type II material placed would be appropriate for fall of 1996 
backfilling. 

This limestone addition rate represents a conservative calculation methodology which is weighted 
heavily on surface or near surface samples and the <¼-in size fraction. Tests have shown that 
these sample segments contain more stored oxidation products than Type II materials located at 
depth in the stockpile. 

As part of this testing work, a series of confirmation tests were completed to establish that 
limestone would perform as expected. In addition, data from the testing was used to model the 
estimated long-term pore water quality in the backfilled open pit after groundwater recovery. 
The results obtained from the confirmation testing and the geochemical model compared very 
well. Finally, the 1996 predicted pore water quality was compared to predictions included in the 
project's 1989 Mine Permit Application. This comparison, shown below, shows that the two 
predictions are consistent. 

Parameter 

Copper 

Iron 

Manganese 

Sulfate 

Predicted Pore Water Quality (mg/L) 

1989 Prediction 1 

0.014 

0.32 

0.52 

1,360 

1From Mine Pennit Application, Foth & Van Dyke, Revised December 1989. 

1996 Prediction 

<0.01 

<1.5 

<l.7 

<1,000 

Data obtained from the fall of 1996 backfilling activities, and additional testing to be completed 
during the fall and winter of 1996/97, will provide information to optimize procedures for 
backfilling the major portion of the stockpiled Type II material in 1997. 
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1 Introduction 

As part of its approved 1989 Mine Permit Application (MPA), Flambeau Mining Company 
(Flambeau) detailed its plan to backfill stored waste rock and overburden into the mined out 
Flambeau open pit as part of the Flambeau Project's overall reclamation plan. The pit 
backfilling process actually commenced in early September 1996 following Wisconsin Department 
of Natural Resources (WDNR) approval. This backfilling involves the relocation of mined Type 
II fresh waste rock generated in the west end of the pit to the east end of the pit. As part of the 
process, alkali in the form of limestone is added to the relocated material, which is placed in 
approximate 3-ft lifts and compacted. 

The next phase of the backfilling process is to involve the relocation, in the fall of 1996, of 
between 100,000 to 150,000 tons or more of Type II material from the Type II stockpile to the 
east end of the pit. It is desirable to complete the backfilling of this material to assist in the 
optimization of the procedures to be used in 1997 when approximately 4,500,000 tons of Type II 
material v.rill be backfilled. 

To prepare for backfilling of stockpiled Type II material in the fall of 1996, Flambeau has 
completed oxygen modeling and field and laboratory testing to specify the form of alkali to be 
added to the backfilled Type II material and to establish the proper dosage rate. The purpose of 
this report is to document Flambeau's plan for backfilling stockpiled Type II material in the fall 
of 1996. 

Section 2 of this report provides background information regarding the planned fall of 1996 
backfilling work. Section 3 contains a detailed discussion of the plan. Section 4 describes testing 
work completed to date. Interpretation of the collected data is presented in Section 5. To 
support 1997 backfilling, Flambeau will collect additional data. An overview of the planned data 
collection process is described in Section 6. 

In addition to Flambeau itself, numerous other parties were involved in the planning and 
development of the backfilling program described in this report. Foth & Van Dyke was primarily 
responsible for planning the work, coordination of activities, development of material handling · 
methods, and report development. Steffen, Robertson, and Kirsten, Inc., of Vancouver, British 
Columbia, provided input into the development of material handling methods and the selection 
of the alkali material to be used for neutralization; oxygen modeling work; developing procedures 
for carbonate availability, sequential extraction and confirmation testing; the majority of the data 
interpretation; and the development of the framework for additional data collection. Thresher & 
Son, Inc., was primarily responsible for the development of the field sample collection program; 
the completion of paste pH and lime neutralization testing and data interpretation regarding 
these tests . Paste pH testing was performed by Thresher & Son, Inc., and Flambeau personnel 
in Flambeau's on-site laboratory. Carbonate availability testing, the sequential extractions, and 
confirmation extractions were completed by Thresher & Son, Inc., at Foth & Van Dyke's Green 
Bay offices. Analytical laboratory work was performed by Northern Lake Service, Inc., Crandon, 
Wisconsin. 

MLD2\96f013\GBAPP\.38437\10000 
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2 Background 

2.1 Approved Backfilling Process 

Section 5.0 of the project's approved MPA provides a detailed discussion of the planned open-pit 
backfilling process. Briefly, backfilling is to be conducted through the replacement of material 
excavated from the pit. Type II material is to be backfilled first. Type I waste rock is to be 
backfilled on top of Type II material , followed by saprolite, sandstone, and till, in that order. 
Backfilled material, with the exception of saprolite, is to be placed in approximate 3-ft lifts and 
compacted. Saprolite is to be placed in approximate 1-ft lifts and compacted. In addition to the 
sequence of material placement, alkali in the form of a lime slurry was specified in the MPA to 
be added to Type II material in sufficient quantity to raise the pH of the water in the backfilled 
Type II material to approximately 6.5 su. As discussed in the August 1996 Resident Project 
Representative Manual (RPRM) and in this report, with the exception of the substitution of 
limestone for hydrated lime as the alkali addition, Flambeau's current backfilling concept is 
substantially the same as that which was approved in the 1989 MP A. 

2.2 Backfill Planning 

Flambeau began making preparations for the commencement of the backfilling of Type II 
material in February 1996. The preparation work, consisting of the following activities, was 
undertaken with the intent of completing backfilling in accordance with the approaches and 
concepts contained in the approved MPA. 

• Verifying material balances and evaluating final reclamation plans. 
• Completing Type II compaction and permeability testing. 
• Evaluating pH and acidity characteristics of the material in the Type II stockpile. 
• Verifying the neutralizing agent and finalizing the application method. 
• Establishing final excavation and loading methods at the Type II stockpile. 
• Establishing final backfilling methods and equipment needs . 

Throughout the planning process, Flambeau has maintained contact with the WDNR and has 
submitted the results of its work in the form of reports or other communications. For instance, 
separate reports have been prepared and submitted relating to Type II material compaction and 
permeability testing. Limestone application methods, backfilling methods and equipment, and 
excavation and loading methods at the Type II stockpile were all specified in the RPRM which 
was previously submitted to WDNR. The evaluation of the pH characteristics of the material in 
the Type II stockpile is presented in this report. Preliminary work which has been completed 
regarding the backfill material balance and final reclamation plans has been discussed with 
WDNR. Additional work in this area is planned and will be forwarded to the agency when 
completed. Overall, Flambeau has completed a substantial amount of work in support of its 
Type II backfilling plans. 

2.3 Type II Material 

The backfilling of Type II material involves the handling of both fresh waste rock not removed 
from the pit and waste rock stored in the Type II material stockpile. Since early September 
1996, the majority of mined fresh Type II waste rock has not been removed from the pit. This 
material has been generated in the west end of the pit where mining will continue until late first 
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quarter 1997. Upon excavation, the Type II waste rock is hauled to the east end of the pit, 
where mining has ceased, and is deposited, spread, and compacted in-place. The majority of the 
additional fresh Type II waste rock that will continue to be generated until mining ceases will be 
backfilled in this manner. Small amounts of fresh waste rock may on occasion be hauled to the 
Type II material stockpile. The total amount of fresh waste rock to be backfilled directly is 
estimated to range from 70,000 to 100,000 tons. 

Over the life of the mine, approximately 4,500,000 tons of Type II material has been stored on 
the Type II stockpile. During backfilling, all of this material will be relocated from the Type II 
stockpile to the lower portions of the mined out open pit. 

2.4 Limestone Application Rate 

As part of the backfilling of Type II material, alkali in the form of limestone will be added to 
both the fresh and stored material to control pH and subsequent metals release. In the case of 
fresh waste rock, the limestone need is defined by the pyrite oxidation that will take place during 
the backfilling period and the period before resaturation due to groundwater recovery. For the 
stored Type II material, limestone needs are defined by the stored acidity generated while the 
material was exposed on the stockpile, and the acidity that will be generated during backfilling 
and before resaturation. 

As outlined in this report, Flambeau has used the following two methods to determine the 
applicable limestone addition rates for Type II backfilling. 

• The first involves the completion of oxygen transport modeling to define the amount 
of oxidation that will take place at depth during backfilling and prior to reflooding. 

• The second method involves determining the distribution of pH and stored acidity in 
the stockpiled material, establishing a limestone addition rate based on this data, and 
verifying that the addition rate will result in the control of pH conditions and metals 
release in the backfilled pit. 

For the fresh waste rock backfilling that started in early September 1996, Flambeau opted to use 
a conservative limestone addition rate of 4 J!:, per ton. As described in more detail in 
Section 3.2 below, using the results from the oxygen modeling work, Flambeau proposes to 
amend the limestone addition rate for future fresh waste rock backfilling to 1.1 lb per ton. For 
the stored Type II material, the limestone application rate required to account for oxidation 
during the backfilling and the groundwater recovery periods would range from 1.1___!2.J.,9.Jb per 
ton from the bottom to the top of the backfilled Type II material, respectively.--

Based on the work completed to date, Flambeau expects that the overall limestone addition rate 
for stored acidity for all Type II material would average approximately J_(?.l Jp per ton. As 
discussed in Section 4.2 of this report, the limestone demand for the stored acidity in the Type II 
stockpile is expected to vary, so that the use of a variable limestone application rate is under 
consideration. The low end of the variable range is expected to apply to material that has been 
on the stockpile the least amount of time or which is located at depth within the stockpile. 
Material located at the extreme outer edges has been near the surface for a long period of time 
and is expected to require the most limestone. It is Flambeau's intent to collect additional 
information in the fall and winter of 1996 to develop a plan that will consist of the application of 
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varied limestone quantities as dictated by the needs of the Type II material as it is excavated. 
The process of additional data collection and analysis will allow Flambeau to optimize the 
limestone application rate for the major backfilling work to be done in 1997. As discussed in 
Section 6 of this report, Flambeau intends to prepare a work plan for this data collection phase 
and provide it to WDNR. 

In the fall of 1996, Flambeau plans to backfill 100,000 to 150,000 tons or more of stored Type II 
material. There is currently approximately 4,500,000 plus tons in the Type II stockpile. As also 
described later in this report, sufficient information has been collected to establish a conservative 
fixed limestone application rate for the planned fall of 1996 backfilling. Flambeau feels it is very 
important to complete a minor amount of backfilling of stored Type II material in 1996 as part 
of the process of preparing for the major backfilling work to be done in 1997. Backfilling a 
minor amount of stored material in 1996 will allow Flambeau to optimize: 

• Limestone application methods; 
• Excavation and hauling methods; 
• Spreading and compaction methods; and 
• Methods to provide quality control during backfilling. 

In addition, the fall of 1996 work will allow Flambeau to clearly define 1997 manpower needs 
and to provide data on in-place densities which is needed to complete the assessment of the 
overall site material balance. The data collected in the fall of 1996 will be used over the winter 
to optimize plans for 1997 when the major site backfilling activities will occur. 
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3 Fall of 1996 Stockpiled Type II Material Backfill Plan 

In the fall of 1996, Flambeau plans to excavate, transport, and backfill in the east end of its open 
pit 100,000 to 150,000 tons or more of the stockpiled Type II material. Material movement and 
backfilling is estimated to occur during the period from mid-October until weather conditions 
preclude achieving desired compaction, which typically occurs in late November in the Ladysmith 
area. The approximate location of the stockpiled material to be moved is shown in Figure 3-1. 

3.1 Material Handling Methods 

Material handling methods will be the same as those outlined in Section 3 of the August 1996 
RPRM, with the exception of the limestone application rate. Briefly, Type II material will be 
excavated by a backhoe or front end loader in a 15-ft lift acr_pss the approximate area shown in 
Figure 3-1. Unit volumes within the area outlined in Figure1/1 will be established on a regular 
basis for excavation purposes. Prior to excavation, the limestone quantity calculated to meet the 
limestone demand will be evenly spread over the unit area. The excavated material will be 
transported via the site haul road to the east end of the open pit using on-site haul equipment 
and unloaded in the area designated to receive backfill. The material will be spread evenly 
across the area in an approximate 3-ft lift, with an upper limit of 3-ft, 4-in. Compaction will be 
initially accomplished by a dozer during material spreading, then by either a fully loaded 50-ton 
haul truck, a Bomag BW213D-2(2A) sheepsfoot vibratory compactor, a Caterpillar 815 static 
compactor, or equivalent. Data as outlined in the RPRM will be collected by the resident 
project representative for each lift to verify that project acceptance criteria have been achieved. 
It is not anticipated that clarifier underflow solids will be encountered in the area designated in 
Figure 3-1. If such materials are encountered, they will be relocated to another area of the 
stockpile for backfilling in 1997. 

3.2 Limestone Application Rate 

The characteristics of the limestone to be applied during the backfilling of stored Type II 
material is specified in Section 3.1.2 of the RPRM. The planned limestone application rate will 
consist of two components. The first is the amount of limestone needed to neutralize oxidation 
products that are currently stored in the stockpiled Type II material. Based on the results of the 
test work completed to date, a conservative limestone addition rate of 16.1 lb per ton for this 
component has been established for the fall of 1996 backfilling of storedrriaterial. This topic is 
discussed at length in Section 5 of this report. The 1997 rate, which will be developed after 
completion of the additional data collection work described in Section 6 of this report, is 
expected to vary based on the variability of the stored oxidation products in the Type II material 
stockpile . 

The second component of limestone addition has been defined by the recently completed oxygen 
transport modeling for the backfilled pit. This work is outlined in the October 1996 report titled 
Oxygen Transport and Related Alkalinity Requirements - Flambeau Mine Pit Backfill, which is 
provided in Appendix A The objective of the oxygen transport modeling was to estimate the 
oxidation rates and alkalinity requirements associated with the backfilling and groundwater 
recovery periods . The major conclusions of this work are: 

• The restriction of oxygen transport will limit the rate of acid generation, and hence 
the requirement for alkalinity addition, in the backfilled pit. 
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• The planned till cover will further restrict the access of oxygen to the underlying waste 
rock, and may result in substantial decreases in the required alkalinity addition. 

• 

• 

Oxygen transport calculations indicate that a maximum of approximately 3.5 lb per ton 
of available alkalinity will be required to neutralize oxidation products generated 
during backfilling and reflooding. During reflooding, oxygen transport will be limited 
to the upper 30 to 60 ft of reactive waste rock. The maximum alkalinity addition will 
be required only in the upper few feet of this layer. 

During the groundwater recovery period, oxygen will not reach the more deeply 
buried waste rock, and lesser amounts of alkalinity will be required in lower levels of 
the pit backfill. A minimum application rate of approximately 1 lb per ton of 
available alkalinity should be adequate to neutralize oxidation products that will form 
during backfilling and reflooding of the lowermost waste rock. 

In order to establish the limestone application rate using the results from the oxygen transport 
modeling work, two adjustment factors need to be applied. The first relates to the carbonate 
availability of the limestone to be used. The second involves the moisture content of the 
limestone. In Section 3.1.2 of the RPRM, a carbonate availability of 95% has been specified for 
the limestone. The moisture content uf the limestone to be used has been shown to range from 
4 to 6%. Using a minimum calcium carbonate availability of 95% and average moisture of 5%, 
the final limestone addition rate based on the oxygen modeling work is 1.1 to 3.9 lb per ton, 
depending on the depth within the pit that Type II material is placed. 

Figure 4.1 of the oxygen modeling report clearly shows that the alkali availability requirement 
due to oxidation during backfilling and prior to groundwater recovery drops below 1 lb per ton at 
depths below 50 ft from the ground surface. Given that backfilling in the fall of 1996 will be 
substantially below the 50-ft threshold, Flambeau proposes to use an amended rate of 1.1 lb per 
ton. Rates to be used for 1997 application will be established at a later date. 

The overall limestone addition rate for the fall 1996 stockpiled Type II material can be 
calculated as shown in Table 3-1. 

Table 3-1 

Limestone Addition Rate 

Component 

Stored Acidity 

Acidity Generated During Backfilling and Prior to 
Groundwater Recovery 

Total 

1Corrected for carbonate availability and moisture content. 
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In keeping with the results of the oxygen transport modeling work, Flambeau proposes to amend 
the limestone addition rate for fresh waste rock to 1.1 lb per ton . 

3.3 Resident Project Representative Manual 

As noted, with the exception of the limestone addition rate, the August 1996 RPRM contains all 
the information needed to support the successful backfilling of stored Type II material in the fall 
of 1996. To assist in the implementation of this work, the RPRM has been updated 
(Appendix B) to reflect the limestone application rates to be used for stored Type II material 
and the amended rate for fresh Type II waste rock. The updates to the manual are highlighted 
to assist the reader. 

In addition to the updates relating to limestone addition rates, Section 3.1.1.1 of the manual has 
been updated to reflect a minor field change made in September 1996, with WDNR input, 
pertaining to limestone application during backfilling of fresh waste rock. Also, an updated 
version of the limestone application observation report is in use at the site, an example of which 
is included in the updated RPRM contained in Appendix B. 
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4 Stockpiled Type II Material Testing 

Flambeau has conducted an investigation of the stockpiled Type II material which has consisted 
of: 1) testing material samples collected during the completion of three borings within the central 
part of the Type II stockpile; 2) performing a preliminary screening of Type II material for its 
stored acidity and using this test to determine the alkali addition required to neutralize the 
stored acidity within the material during backfilling; 3) performing a preliminary screening of 
surficial Type II materials for other stored oxidation products; 4) determining the effect of the 
neutralization of stored acidity upon the potential release of other stored oxidation products; 
5) performing sequential extractions of stored oxidation products; 6) the determination of the 
alkali availability of the limestone materials selected for neutralization of acidity; and 7) a 
confirmation test of Type II material to determine that the method of alkali addition will lead to 
an acceptable pore water quality within the backfilled Type II material. Each component of the 
investigation was dependent on the information and conclusions drawn from the previous 
components. A description of each component follows. The interpretation of the results from 
the testing is presented in Section 5. 

4.1 Borings 

4.1.1 Objective 

The objective of this test was to determine the pH and moisture content of Type II materials 
from within the Type II stockpile. · 

4.1.2 Methods 

Three borings 50 to 60 ft deep were completed within the central portion of the Type II stockpile 
in the first quarter of 1996. Type II material samples were recovered on 5-ft intervals using 
reverse air techniques. The individual intervals were composited and analyzed for pH (1:1 with 
DI water) and their field moisture contents. 

4.1.3 Results 

The results of the analyses performed on the collected material are presented in Table 4-1 and 
show that the pH in the central portion of the stockpile is near neutral. The near neutral pH 
values measured in the samples mirror the pH values measured in the basal drainage from the 
stockpile (see Figure 1 of Appendix C). 

4.2 Paste pH and Lime Neutralization Tests 

4.2.1 Objective 

The first objective of this test was to determine the paste pH and the second objective was to 
determine the stored acidity of the fine ( <¼-in) fraction of the stockpiled Type II material. 
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October 1996 

Foth & Van Dyke • 9 



a 

II 

Table 4-1 

Analyses of Material Samples Recovered During the 
Flambeau Type II Stockpile Boring Program 

Sample No. Sample Interval (ft) Material pH (su) Field Moisture (%) 

8-1 

8-2 

8-3 

8-4 

8-5 

8-6 

8-7 

8-8 

8-9 

8-10 

8-11 

9-1 

9-2 

9-3 

9-4 

9-5 

9-6 

9-7 

9-8 

9-9 

9-10 

9-11 

9-12 

10-1 

10-2 

10-3 

MLD2\96F013\GBAPP\38437\10000 
October 1996 

0-5 5.19 

5-10 5.53 

10-15 5.25 

15-20 5.29 

20-25 5.05 

25-30 5.35 

30-35 5.69 

35-40 5.76 

40-45 5.91 

4~50 5.34 

50-55(±) 5.50 

0-5 5.18 

5-10 7.06 

10-15 6.28 

15-20 6.44 

20-25 6.74 

25-30 5.77 

30-35 5.58 

35-40 5.67 

40-45 5.24 

45-50 

50-55 

55-60(±) 

0-5 

5-10 

10-15 

7.46 

7.38 

7.33 

6.66 

6.72 

6.46 

5.26 

4.61 

4.90 

3.55 

3.04 

2.42 

4.51 

3.40 

4.91 

4.56 

5.14 

3.80 

6.40 

3.62 

4.69 

5.98 

5.65 

4.71 

4.09 

3.28 

6.98 

6.33 

5.32 

7.72 

6.01 

5.09 
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Table 4-1 (Continued/ 

Sample No. 

10-4 

10-5 

10-6 

10-7 

10-8 

10-9 

10-10 

10-11 

10-12 

Averages 

Ml D2\96F013\GBAPP\38431\ 10000 
October 1996 

Sample Interval (ft) Material pH (su) Field Moisture (%) 

15-20 5.82 5.09 

20-25 5.21 4.54 

25-30 5.23 5.56 

30-35 5.51 4.06 

35-40 9.58 4.22 

40-45 7.03 6.08 

45-50 5.68 5.11 

50-55 7.56 8.92 

55-60(±) 6.87 6.65 . 

6.12 5.04 
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4.2.2 Methods 

In June and July 1996, samples of Type II materials were collected at 17 sites from the surface of 
the stockpile at locations shown on Figure 4-1. Additional samples were collected at depths of 
about 3 and 10 ft using a backhoe. The samples are identified by location and depth as follows: 
the first number in the sample identification is the sample location. The second number, 
separated from the first by a dash, is the sample depth. For those cases where no second 
number is listed, only one sample was collected at the surface. 

The samples were sieved in the field to separate the <¼-in fraction from the total sample for 
laboratory analysis. As shown in Section 4.3, the <¼-in fraction is more reactive and contains 
more stored oxidation products than the coarser portion of the materials. Paste pH tests were 
conducted on all of the <¼-in fraction samples to determine the extractable stored acidity. The 
paste pH tests were conducted on moist material samples that were equilibrated with deionized 
water, site groundwater (from monitoring well MW-1005P) and site groundwater containing 
variable quantities of hydrated lime. 

Equilibration with the lime suspensions was used to determine the acidity of the materials. Llme 
suspensions were used rather than solid limestone because lime suspensions were expected to 
react with the Type II materials very rapidly thus providing information sooner than limestone. 
pH measurements were conducted approximately every 2 hr for a period of 24 hr to determine 
the kinetics of pH and acidity reactions with the equilibrating waters for approximately two-thirds 
of the samples. 

4.2.3 Results 

The results of the paste pH kinetic tests showed that the stored acidity reacts completely with the 
equilibrating water within the first 1 to 2 hr of testing. Therefore testing of these materials for 
their paste pH value can be conducted rapidly rather than over a long equilibration period. 
Paste pH determinations were conducted on the remaining samples using a 1 to 2-hr 
equilibration period. 

The relevant portion of the lime neutralization test results for each sample graphically relating 
paste pH values to lime addition are shown in Figures 2 through 31 of Appendix C. The 
quantity of lime required to raise the pH of the <¼-in fraction to a value of 6.5 su was 
determined using these graphs and is presented in Table 4-2. The average lime addition to raise 
the interstitial pore water pH to a value of 6.5 su in the tested samples was calculated to be 
9.8 lbs per ton of material. It is noteworthy that deeper samples consistently required a lower 
lime addition rate. 

4.3 Evaluation of Immediately Extractable Oxidation Products 

4.3.1 Objectives 

The objective of this test was to quantify the immediately extractable oxidation products stored in 
Type II material samples with a wide range of paste pH values. A secondary objective was to 
compare the immediately extractable oxidation products stored in different size fractions . 
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I Table 4-2 

I Calculated Quantities of Lime Required to Raise the pH of the Flambeau 
Stockpiled Type II Material ( <¼-in Size Fraction) to a Value of 6.5 (su) 1 

I 
Unamended Cale. Lime Addition Cale. Lime Addition 

Sample No. Paste pH2 (mg/g of Moist Material) (#{f of Moist Material) 

1 5.5 1.1 2.2 

1-10 7.2 0 0 

2 4.5 1.9 3.8 

3 1.8 14 28 

4 3.4 6.4 13 

5 4.6 2.7 5.4 

5-10 5.0 0.95 1.9 

6 3.7 6.8 14 

7 4.2 5.9 12 

8 0.5 13 26 

9 4.7 3.0 6.0 

9-10 4.7 1.9 3.8 

I 10 4.2 6.8 14 

10-10 6.8 0 0 

I 11 4.7 4.1 8.2 

11-10 5.1 0.67 1.3 

12 4.2 6.9 14 

12-10 5.9 03 03 

II 13-1 2.0 7.3 15 

13-3 3.8 3.4 6.8 

rl 14-1 4.5 3.9 7.8 

14-3 4.1 4.1 8.2 

I 15-1 1.4 15 30 

15-3 1.8 16 32 

fl 16-1 4.8 3.2 6.4 

16-3 4.9 2.1 4.2 

I 
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Table 4-2 (Continued) 

Sample No. 

17-1 

17-3 

6 plus 1-10 
mixture 

Average 

Unamended 
Paste pH2 

4.7 

4.5 

5.3 

Cale. Lime Addition 
(mg/g of Moist Material) 

5.2 

3.8 

1.7 

4.8 

1Based upon the results of the paste pH tests. 
2Using deionized water. 

Cale. Lime Addition 
(#ff of Moist Material) 

10 

7.6 

3.4 

9.8 

3The regression analysis of the lime addition for sample 12-10 shows that no lime addition is required. A 
hand plotted fit of the data suggests that as little as 0.25 mg/g (0.5 #ff) might be required to raise the pH 
of the interstitial water to a value of 6.5 (su ). 
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4.3.2 Methods 

Stored oxidation products were extracted from Type II materials at a 1:1 solid to liquid ratio, 
using site groundwater, and approximately 2,500 g of the <Y4-in fraction of six samples (1, 1-10, 
5, 5-10, 6, and 7) collected as part of the program described in Section 4.2 above. The samples 
were selected to provide a wide range in paste pH and calculated alkali demand. 

The relative proportions (Table 4-3) of three size gradations, <¼-in, ¼-in to 3-in and >3-in, 
were estimated for ten samples from five locations (13, 14, 15, 16, and 17) identified in 
Section 4.2 above. Samples of the < ¼-in and the Y4-in to 3-in fractions were collected from 
three of the locations (13-1, 15-1, and 17-3) in order to determine the relationship between size 
gradation and extractable stored oxidation products. These three samples were chosen for 
analysis based upon the wide range of their paste pH values. The <¼-in fraction was extracted 
at a 1:1 solid to liquid ratio, using approximately 2,500 g of material with site groundwater 
similar to the above mentioned extractions. The ¼-in to 3-in fraction was extracted under 
saturated conditions using site groundwater. 

4.3.3 Results 

The calculated quantities of oxidation products extracted from samples 13-1, 15-1, and 17-3 
where both size fractions were reacted are summarized in Tables 4-4, 4-5, and 4-6. The 
calculated quantities of oxidation products extracted from samples 1, 1-10, 5, 5-10, 6, and 7 
where the <¼-in size fraction was reacted are summarized in Table 1 of Appendix C. The 
calculated quantities of oxidation products extracted from additional samples (13-3, 14-1, 14-3, 
15-3, 16-1, 16-3, and 17-1) where the ¼-in to 3-in size fraction was reacted are shown in Table 2 
of Appendix C. The laboratory results of the analyses of both the < 1/4-in fraction and the Y4-in 
to 3-in fraction extractions are also included in Appendix C. 

A comparison of the calculated extractable oxidation products from the <¼-in and the Y4-in to 
3-in fractions of the three samples are presented in Tables 4-4 through 4-6. As seen in the 
tables, the quantity of extractable oxidation products from the <Y4-in fraction is generally much 
greater than the quantity extracted from the ¼-in to 3-in fraction. Therefore the use of the 
easily tested <Y4-in fraction to determine extractable oxidation products will result in a 
conservative overestimate of the extractable oxidation products from the entire stockpiled 
Type II material. 
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Table 4-3 

Estimated Size Gradation of Flambeau Type II Stockpiled Material 

Sample No. Location 

13-1 South Slope 

13-3 South Slope 

14-1 East Slope (S) 

14-3 East Slope (S) 

15-1 East Slope (N) 

15-3 East Slope (I\1) 

16-1 North Slope 

16-3 North Slope 

17-1 West Slope 

17-3 West Slope 

MLD2\96F013\GBAPP\3843 7\ 10000 
October 19% 

> 3-in Fraction 
(%) 

40 

25 

33 

60 

25 

20 

25 

25 

35 

40 

~~ 

¼-in to 3-in <¼-in Fraction 
Fraction (%) (%) 

42 18 

45 30 

40 27 

24 16 

53 22 

48 32 

45 30 

45 30 

42 23 

30 30 

W; ;_5St_ 
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Table 4-4 

Comparison of Calculated Immediately Extractable Oxidation Products 
from Two Size Fractions of Flambeau Stockpiled Type II Material 

Single Extractions with Site Groundwater 

Parameter 

Paste pH (su) 

Extraction pH (su) 

Lab pH (su) 

Conductivity (µS/cm) 

Alkalinity (pH >6.5) 

Calcium 

Magnesium 

Potassium 

Sodium 

Acidity (pH <6.5) 

Iron 

Sulfate 

Aluminum 

Antimony 

Arsenic 

Cadmium 

Chromium 

Cobalt 

Copper 

Manganese 

Mercury 

Nickel 

Selenium 

Thallium 

Zinc 

NO3 + NO2 

Solid to Liquid Ratio 

NA = not analyzed 

MLD2\96F013\GBAPP\3843 7\10000 
October1996 

Sam pie No. 13-1 

Unamended Extraction Unamended Extraction 
(mg/kg), <¼-in Fraction (mg/kg), ¼-in to 3-in fraction 

2.03 NA 

2.43 2.24 

2.5/2.4 2.6 

3,600 6,190 

NA/NA NA 

280 77 

60 NA 

<2.0 NA 

14 NA 

2,800/3,400 1,700 

320 240 

2,100 600 

23 NA 

0.0026 NA 

0.070 0.034 

0.10 0.074 

0.028 NA 

4.6 NA 

1,200 19 

17 12 

0.00020 NA 

2.1 NA 

0.027 NA 

0.64 NA 

23 16 

0.43 NA 

1:1 3.5:1 
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Table 4-5 

Comparison of Calculated Immediately Extractable Oxidation Products 
from Two Size Fractions of Flambeau Stockpiled Type II Material 

Single Extractions with Site Groundwater 

Parameter 

Paste pH (su) 

Extraction pH (su) 

Lab pH (su) 

Conductivity (µS/cm) 

Alkalinity (pH >6.5) 

Calcium 

Magnesium 

Potassium 

Sodium 

Acidity (pH <6.5) 

Iron 

Sulfate 

Aluminum 

Antimony 

Arsenic 

Cadmium 

Chromium 

Cobalt 

Copper 

Manganese 

Mercury 

Nickel 

Selenium 

Thallium 

Zinc 

NO3 + NO2 

Solid to Liquid Ratio 

NA = not analyzed 

MLD2\96F013\GBAPP\3843 7\ 10000 
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Sample No. 15-1 

Unamended Extraction Unamended Extraction 
(mg/kg), <¼-in fraction (mg/kg), ¼-in to 3-in fraction 

1.53 NA 

2.05 2.00 

2.4/2.4 2.2 

5,300 8,500 

NNNA NA 

140 51 

53 NA 

5.2 NA 

7.0 NA 

7,000/8,200 >2,900 

2,000 1,100 

5,600 1,500 

56 NA 

<0.0015 NA 

0.98 0.32 

0.22 0.044 

0.12 NA 

2.0 NA 

450 16 

5.8 2.7 

0.00020 NA 

0.95 NA 

0.15 NA 

4.4 NA 

6.8 2.9 

0.35 NA 

1:1 4.1:1 
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Table 4-6 

Comparison of Calculated Immediately Extractable Oxidation Products 
from Two Size Fractions of Stockpiled Flambeau Type II Material 

Single Extractions with Site Groundwater 

Parameter 

Paste pH (su) 

Extraction pH (su) 

Lab pH (su) 

Conductivity (µS/crn) 

Alkalinity (pH >6.5) 

Calcium 

Magnesium 

Potassium 

Sodium 

Acidity (pH <6.5) 

Iron 

Sulfate 

Aluminum 

Antimony 

Arsenic 

Cadmium 

Chromium 

Cobalt 

Copper 

Manganese 

Mercury 

Nickel 

Selenium 

Thallium 

Zinc 

N03 + N02 

Solid to Liquid Ratio 

NA = not analyzed 

MLD2\96F013\GBAPP\38437\10000 
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Sample No. 17-3 

Unamended Extraction 
(mg/kg), <¼-in fraction 

4.55 

4.56 

4.8/4.8 

2,400 

NNNA 
390 

74 

7.2 

14 

l,100/1,200 

0.099 

860 

0.15 

<0.0015 

<0.0012 

0.38 

<0.0067 

2.2 

640 

11 

<0.000095 

1.2 

0.027 

0.10 

97 

0.39 

1:1 

Unamended Extraction 
(mg/kg), ¼-in to 3-in fraction 

NA 
3.78 

3.5 

3,000 

NA 
98 

NA 
NA 
NA 
980 

4.5 

520 

NA 
NA 

0.0034 

0.33 

NA 
NA 
50 

5.9 

NA 
NA 
NA 
NA 
56 

NA 
2.9:1 
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4.4 Alkali Amended Extraction Test 

4.4.1 Objective 

The objective of this test was to determine the quantity of oxidation products that would be 
immediately extractable from the stockpiled Type II materials after addition of sufficient 
alkalinity to raise the pH to circumneutral levels. These values could then be compared to the 
quantities of oxidation products extracted from corresponding unamended samples. A secondary 
objective was to assess the pore water quality as a function of pH. 

4.4.2 Method 

Samples of <¼-in material from three samples (13-1, 15-1, and 17-3) with widely differing paste 
pH values were extracted at a 1:1 solid to liquid ratio, using approximately 2,500 g of material 
with site groundwater and with site groundwater amended with hydrated lime calculated to raise 
the pH of the interstitial water to several circumneutral values. 

4.4.3 Results 

The calculated quantity of extracted substances are included in Tables 3 through 5 of 
Appendix C. The laboratory results of the extraction analyses are also included in Appendix C. 
The relationship between extraction pH and the quantity of copper, manganese, iron, and sulfate 
for each sample are shown in Figures 32 through 47 of Appendix C. As seen in these figures, 
the overall lowest quantities of all of the substances extracted is generally between pH values of 
6.5 to 7.0 su, the pH of the site groundwater. A comparison to the data in Section 4.3 clearly 
indicates that the addition of alkali material to the backfill will neutralize the stored acidity and 
control the leachability of the stored oxidation products. The effect on pore water quality is also 
illustrated in Figures 32 through 47 of Appendix C. At the 1:1 extraction ratio, mg/kg are 
equivalent to mg/L. 

4.5 Sequential Extractions 

4.5.1 Objective 

The objective of the sequential extraction testing was to provide an indication of the stored 
acidity and soluble constituent content of the stockpiled Type II material. The cumulative acidity 
released in the sequential extraction test provides an indication of the stored acidity that is not 
released during a single extraction procedure. 

4.5.2 Methods 

A shake flask extraction was completed at a solid to liquid ratio of 1:1, using a 500 g sample of 
the <¼-in rock in deionized water. On three occasions, at intervals of about 24 hr, 
approximately 50% of the leachate was removed for analysis. The removed leachate was 
replaced with deionized water after the first two samples were taken. 
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4.5.3 Resu Its 

Sequential extraction tests were completed on samples 1, 4 and 15-3. Detailed results are 
provided in Tables 1 to 6 of Appendix D. The first of each set of two tables per sample provides 
the test parameters and field test results. The second table provides the analytical results for the 
solutes. Laboratory data sheets are located after the tables. 

In general, the results show a decrease in electrical conductivity, i.e., total dissolved salt content 
with each extraction, which is consistent with the decrease in sulfate concentrations for samples 4 
and 15-3. Concentrations in the solutes produced from sample 1 were, however, significantly 
lower than the other two and remained approximately constant over the three solute exchanges. 
The results clearly indicate that while a significant proJX>rtion of the stored oxidation products 
are removed during a single extraction, the results of a single extraction will not provide an 
accurate estimate of the total stored acidity of a sample. 

Table 4-7 summarizes the total acidity released during the sequential extraction tests, compared 
to the alkali demand obtained from the lime neutralization tests. The relatively high constituent 
concentrations observed in the final solute analyses indicates that some acidity remained in the 
samples at the termination of the test. This is confirmed when the lime consumption, as 
determined above in Section 4.2, is compared with the total acidity extracted for each sample 
during the sequential extraction tests. 

Table 4-7 

Comparison Lime Neutralization and Sequential Extraction Test Results 

Lime Lime Demand Based on Cumulative Acidity 
Unamended Neutralization from Sequential Extraction Tests 

Sample Paste pH (mg/g) (mg/g) 

1 5.5 1.1 0.4 

4 3.5 6.4 3.5 

15-3A 1.8 16.0 6.4 

The results indicate that in each case only approximately half of the total acidity was extracted at 
completion of the sequential extractions. The lime neutralization test described in Section 4.2 
above is therefore a better indicator of the total stored acidity contained in the sample than 
either a single or multiple extraction. 

4.6 Limestone Carbonate Availability 

4.6.1 Objective 

The objective of the .limestone carbonate availability test was to measure the fraction of the 
limestone that will react with sulfuric acid. This measurement represents the theoretical 
availability of the limestone to provide alkalinity. 
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4.6.2 Methods 

A 25.0 g sample of limestone was tested at the size distribution that will be used in the field. 
The sample was titrated with 0.387 N sulfuric acid in a stirred beaker to an acidic endpoint. The 
acid was added incrementally, and the equilibrated pH was recorded as a function of the volume 
acid added. 

4.6.3 Results 

The results of this test are provided in Table 7 of Appendix D, and the titration curve is 
illustrated in Figure 1 of Appendix D. The availability of the limestone was calculated on the 
basis of the molar equivalent ratio of the acid added to the theoretical calcite content of 
limestone sample. 

The results show that, to an endpoint pH of 7.0, approximately 95% of the limestone had 
reacted. At an endpoint of about 6.5, the availability increased to about 97%. 

4.7 Limestone Neutralization Confirmation Testing 

4.7.1 Objectives 

The first objective of the limestone neutralization tests was to confirm that the alkali addition 
rates, calculated on the basis of the lime neutralization tests and the theoretical availability, are 
sufficient to neutralize the pore water and stored acidity contained in the Type II material. The 
second objective was to demonstrate that ultimate pore water quality will be similar to that 
predicted by equilibrium modelling. The third objective of the test was to assess the stability of 
the secondary mineral phases formed by limestone neutralization under reducing conditions. 

4.7.2 Methods 

Confirmation tests were completed on the <¼-in fraction of two of the samples collected from 
the Type II stockpile as part of work described under Section 4.2 above. The two collected 
samples represent the highest (sample 15-3) and average (sample 16-1 ), in terms of alkali 
demand, as well as different pH conditions (1.8 and 4.8, respectively). 

Limestone was added to the samples at rates that were calculated based on the lime 
neutralization tests discussed in Section 4.2. The theoretical demand was corrected for the 95% 
availability of limestone (to pH 7) and an excess was applied. For the less acidic sample 
(sample 16-1), an excess of about 30% was applied to ensure that neutral pH conditions would 
be attained. For the acidic sample (sample 15-3) it was thought that "blinding" (armouring) of 
the limestone through the formation of insoluble mineral phases was possible. In order that the 
possible effects of blinding could be distinguished, the limestone addition was restricted to 5% 
above the theoretical requirement. 

Representative subsamples of 500 g each were split from the bulk samples from each of the 
locations identified, and blended with the estimated limestone dosage. To sample 15-3, 11.5 g of 
limestone were added, and 2.9 g were added to sample 16-1. These represent limestone addition 
rates of 46 lb per ton (23 mg/g) and 11.6 lb per ton (5.8 mg/g), respectively. The limestone 
amended samples were placed in separate contact vessels to which 4.0 L of distilled water were 
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added. The headspace of each vessel was flushed with argon gas to displace oxygen and the 
vessels were sealed from the atmosphere. The vessels were gently agitated. Solute samples from 
this set of tests, designated as test "A", were extracted after 2, 7, 22, 51, 72, 102, and 449 hr of 
contact and analyzed. 

In a duplicate set of tests (designated as test "B"), the equilibration reactions were allowed to 
proceed to 102 hr of contact time, after which a reducing agent, sodium thiosulfate (NtliS2O3) 

was added at a rate of about 5.7 g/L (0.036 M). Solute samples were extracted before the 
addition of the reducing agent, and then after 123, 144 and at 449 hr of contact time had 
elapsed. 

4. 7.3 Results 

Complete results are shown in Tables 8 through 15 of Appendix D. Laboratory data sheets are 
also contained in Appendix D. The results are summarized below. 

4.7.3.1 Sample 15-3 

Solute pH values in test "A" increased to about 5.0 after a contact time of 22 hr, and were 
buffered to about 7.5 after a contact time of 449 hr, as shown in Table 4-8. This confirms that 
the limestone addition rate estimate based on a 5% excess is sufficient to neutralize the stored 
acictity and buffer the solute to a pH typical of a carbonate buffered system. The neutral pH 
indicates that blinding of the limestone does not appear to be a significant factor. 

Equilibration reaction rates are slow in comparison to lime neutralization. It is evident that at 
the 102 hr contact time, fully equilibrated conditions had not been achieved. For example, pH 
continued to increase to 7.5 during the contact time of 449 hr. 

With the exception of manganese, the dissolved constituent concentrations decreased with 
increased contact time. Further decreases are expected as the solution continues to equilibrate. 
Modeling of the 102-hr solute concentrations using the geochemical model MINTEQA2 (Allison 
et al., 1991) indicated supersaturation of secondary copper minerals and goethite. The same 
modeling indicated near equilibrium conditions for the secondary manganese mineral 
rhodochrosite. 

The duplicate test (test "B") had a lower pH after a contact time of 102 hr than the first 
(test "A") test, indicating slightly lower equilibration reaction rates. The difference may be a 
result of sample variability, i.e., the second subsample may have had a slightly higher acidity 
content. Consequently, dissolved metal concentrations were higher than those observed for the 
"A" test. 
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Table 4-8 

Summary of Confirmation Test Results 

Sample 

15-3 "A" 

15-3 "B" 

16-1 "A" 

16-1 "B" 

Na2S2O3 added 

Time 
(h) 

2 

22 

102 

449 

102 

123 

144 

449 

2 

23 

102 

449 

102 

123 

144 

449 

Lab 
pH 

3.9 

4.9 

6.8 

7.5 

5.8 

8.4 

7.7 

7.9 

6.4 

7.1 

7.3 

8.1 

7.1 

9.0 

8.8 

8.13 

Note: na = analytical tests in progress 
nd = below detection limit 
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<¼-in Fraction 

Field 
Redox 
mV 

282 

170 

157 

42 

180 

4 

1 

33 

177 

111 

100 

15 

97 

-8 

-37 

23 

SO4 

(mg/L) 

290 

350 

720 

na 

650 

1800 

2300 

na 

72 

92 

110 

na 

120 

1400 

1100 

na 

Cu 
(mg/L) 

130 

120 

2.3 

na 

120 

140 

170 

na 

28 

Fe 
(mg/L) 

18 

0.2 

0.16 

na 

0.22 

<0.17 

0.62 

na 

<0.079 

44 <0.079 

0.086 <0.079 

na na 

0.59 <0.079 

26 <0.17 

48 0.21 

na na 

Mn 
(mg/L) 

1.4 

1.5 

1.7 

na 

1.5 

1.0 

0.82 

na 

1.5 

1.5 

1.0 

na 

1.5 

0.014 

0.013 

na 

Zn 
(mg/L) 

3.2 

3.0 

1.4 

na 

10 

0.72 

0.74 

na 

0.43 

0.27 

0.8 

na 

1.6 

<0.12 

0.21 

na 
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Once the reducing agent was added, the redox decreased by about 100 m V. A rapid net 
production of alkalinity caused an increase in the pH. The increased sulfate concentrations are 
attributable to the use of thiosulfate as a reducing agent. The following reaction series explains 
the increase in pH: 

First, ferric iron is reduced to ferrous iron by thiosulfate as follows: 

4Fe3+ + 4e· 
SO 2

• + 6OR 
-i:::'3-----

----> 4 Fe2+ 

----> 2SO/· + 3H2O + 4e· 
4Fe3+ + SO 2· + 6OR ----> 4 Fe2+ + 2SO 2

· + 3H 0 2 J 3 2 

1 
2 
3 

(Potentials for half Reactions 1 and 2 are +0.77 m V and +0.58 m V respectively). 

While the overall reaction (3) consumes 6 mols of OR, the subsequent dissolution of 
ferric hydroxide yields 12 mols of OR as follows : 

4Fe(OH)3 ---> 4Fe3
+ + 12 OR 4 

The most important result of the test is that dissolved iron concentrations remained relatively low 
under reducing conditions. Based on phase diagrams presented in Garrels and Christ (1965), 
siderite (FeCO3) is probably the controlling phase. Manganese is also readily precipitated from 
solution. Phase diagrams presented in Garrels and Christ (1965) suggest that rhodochrosite 
(MnCO3) may have been precipitated as a result of the change in redox potential. 

The addition of the reducing agent somewhat complicated the interpretation of the test by 
increasing the pH while decreasing the redox potential. Some of the consequent changes in pore 
water quality can be clearly attributed to the change in pH. For example, the dissolution of 
copper is a result of the formation of a stable Cu(CO3)/ (aq) complex, which is only stable at 
high pH, as shown in the activity diagram for copper provided in Figure 4-2. However, the 
reducing test clearly demonstrates the value of a carbonate based alkalinity such as limestone in 
controlling the soluble concentrations of iron and manganese. 

4.7.3.2 Sample 16-1 

Referring to Table 4-8, the leachate pH rapidly increased to more than 6.0, and then continued 
to increase slowly to about 8.1 after 449 hr of equilibration. After 102 hr of contact, dissolved 
metal concentrations had decreased to low levels. Some obvious differences with respect to 
leachate composition were observed for the duplicate tests at 102 hr contact time, most likely a 
result of variability in the stored oxidation products in the respective subsamples. However, both 
samples were neutralized, and both samples had similar dissolved constituent concentrations . 

Leachate concentrations for Test A are presented in Table 4-8 and the benefit of the limestone 
addition is clear. Manganese and zinc remain at relatively elevated concentrations after the 
limestone amendment. It should however be noted that the rate of precipitation of the r. 

corresponding carbonate minerals is slow, therefore the ultimate concentration of these f...! •• .L-< , _ 

parameters would be expected to decrease with time. f ' ,,r~--:: · .,. 

As in the test for sample 15-3, the addition of the reducing agent generated excess alkalinity and 
caused a significant, and rapid, increase in pH. Consequently, copper was complexed as 
Cu(CO3)/" and re-dissolved. However, monitoring at 449 hr indicates that the solute pH is being 
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buffered to a lower pH of about 8.1. While the analytical results at 449 hr contact time were not 
available, the solubility of copper was assessed with the MINTEQA2 model, using the 
concentrations from the 144 hr sample as input, and specifying the pH from the 449 hr sample. 
The modeling results suggest that copper should be reprecipitated resulting in a final solution 
concentration of about 0.085 mg/L. 

4.7.3.3 Conclusions 

The limestone additions in the confirmation tests were sufficient to buffer the solute pH to a 
near neutral pH. Estimating the limestone requirement on the basis of the paste pH test with an 
excess of 5% limestone (used for the highest alkali case sample) proved to be sufficient to 
neutralize acidity and control pore water quality, even under reducing conditions. 

Laboratory results from the tests under reducing conditions indicate that iron will not be 
mobilized under long term saturated conditions. It appears that even when iron is reduced to 
the ferrous form it dissolves and is reprecipitated as siderite. Manganese concentrations 
decreased rapidly, and appears to have been precipitated as rhodochrosite. Copper 
concentrations are expected to be maintained at low values. Cadmium, selenium, mercury and 
lead were not observed at significant concentrations and are not expected to be of concern. 
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5 Data Interpretation 

5.1 Benefits of Carbonate Neutralization 

The two main advantages of carbonate (limestone (CaC03)) neutralization over lime 
neutralization are: 

• The low solubility of the limestone ensures that it is consumed "on demand" and is 
not dissolved and transported away from the reaction sites. 

• Limestone buffers the pore water to a neutral to slightly alkaline pH, even if an 
excess is added. In contrast, lime overdosing can lead to very high pH values, which 
may dissolve some metals, such as copper, as a result of complexing reactions that 
take place. 

It is also necessary to consider the long term conditions that will develop in the backfill. After 
reflooding, it is anticipated that relatively reducing conditions will develop within the Type II 
backfill. The reducing conditions may have adverse effects on the stability of some of the 
secondary mineral phases that have formed during the neutralization process. For example, 
under reducing conditions, the reduction of ferric iron to ferrous iron may result in the 
dissolution of precipitated amorphous iron oxy-hydroxides. Ferrous iron does not precipitate as 
a hydroxide at a near neutral pH, and relatively high concentrations may result. However, the 
presence of excess carbonate from limestone would result in the precipitation of siderite 
(FeC03), thus controlling the dissolved iron concentration in the pore water. Other metals that 
are expected to be controlled through the formation of stable carbonate phases include 
manganese, zinc and copper. 

To confirm the effectiveness of limestone additions, the testing described in Section 4.7 was 
undertaken. The significance of the results, with respect to application rates is discussed below 
in Sections 5.2 and 5.3, and, with respect to predicted pore water quality, in Section 5.4. 

5.2 Overall Limestone Application Rate 

S.2.1 Theoretical Carbonate Availability and Blinding 

The results from the confirmation testing show that the limestone addition rates can effectively 
be estimated from the paste pH test procedure. The theoretical availability of the limestone was 
found to be in excess of 95%. Factoring this in and allowing an excess of about 5% proved to be 
sufficient to buffer the pore water of even the worst case sample. Carbonate blinding did not 
appear to be a significant factor. 

S.2.2 Field Variability 

Limestone application rates have been calculated for all the samples taken at the 17 locations 
shown on Figure 4-1 on the basis of the paste pH results, and are presented in Table 5-1. These 
rates have been corrected for the 95% carbonate availability, limestone moisture content at 5%, 
and adjusted to provide 10% excess carbonate as discussed in the following paragraphs . 
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• • Table 5-1 

Final Calculated Limestone Addition Rates 

Sample Unamended Calculated Limestone Rates2 

Paste pH1 

(mg/g of moist material) (lb/ton of moist 
material) 

1 5.5 1.8 3.6 

1-10 7.2 0.0 0.0 

2 4.5 3.1 6.2 

3 1.8 23.0 46.0 

4 3.4 10.5 21.0 

5 4.6 4.4 8.9 

5-10 5.0 1.6 3.1 

6 3.7 11.2 22.3 

7 4.2 9.7 19.4 

8 0.5 21.4 42.7 

9 4.7 4.9 9.9 

9-10 4.7 3.1 6.2 

10 4.2 11.2 22.3 

10-10 6.8 0.0 0.0 

11 4.7 6.7 13.5 

11-10 5.1 1.1 2.2 

12 4.2 11.3 22.7 

12-10 5.9 0.0 0.0 

13-1 2.0 12.0 24.0 

13-3 3.8 5.6 11.2 

14-1 4.5 6.4 12.8 

14-3 4.1 6.7 13.5 

15-1 1.4 24.6 49.3 

15-3 1.8 26.3 52.6 

16-1 4.8 5.3 10.5 

16-3 4.9 3.5 6.9 

17-1 4.7 8.5 17.1 

17-3 4.5 6.2 12.5 

Average 8.0 16.1 

1Using deionized water. 
2Adjusted for carbonate availability at 95%, limestone moisture content at 5%, and to provide 10% excess 
carbonate. 
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It is clear from the table that there is a good correlation between the paste pH and the limestone 
requirement. It should be noted that the limestone requirement varies considerably amongst the 
samples. This variability appears to be spatially related. For example, the samples collected 
from a depth of 10 ft invariably require a lower addition rate than the corresponding surface 
sample. Furthermore, samples collected from the lower sections of the sideslopes of the Type II 
stockpile (i.e., locations which have experienced the longest exposure period) tend to be more 
oxidized and require a higher limestone dosage. Samples 3, 8, 15, 4, and 13 all originate from 
the lower sections of the sideslopes and all have a high alkali demand. The samples collected 
from the top surface of the pile (i.e., most recently placed) all tend to have lower alkali demands. 

These variations in the alkali demand should be considered when the overall alkali application 
rate is determined. A single application rate, such as the overall average, may be insufficient 
where the worst case material is encountered, and will be excessive where material with a lower 
alkali demand is encountered. On the other hand, a worst case approach will be excessively 
expensive, as the maximum alkali demand is approximately 3 to 4 times the average, based on 
the currently available data which is domi.nated by surface samples. At depth, where material 
has not been exposed to oxidizing conditions for extended periods, the discrepancy will be even 
greater. 

Several factors will decrease the importance of variability. First, the material will be mixed in the 
excavation and placement process. Second, placing material in lifts will result in vertical mixing. 
Third, during the reflooding, reactants from one portion of the backfill will be transported to 
other portions. 

To account for the possibility of field variability within the limited amount of material to be 
backfilled in 1996, the limestone requirement has been adjusted, as shown in Table 5-1, to 
include a 10% carbonate excess. As discussed in Section 6 below, the possibility of varying the 
application rate to respond to variability in alkali requirement will be considered in future 
investigations. 

5.3 Fall 1996 Limestone Application Rate 

Testing of the stockpiled Type II material indicated that the paste pH test is a reliable method 
for determining the limestone addition rate. The sampling that has been undertaken has shown, 
however, that there is considerable variability in the calculated alkali addition rate throughout 
the stockpile. 

The Type II material planned for relocation this fall -is shown in plan on Figure 4-1, which also 
shows the sample locations. Material will be excavated to a depth of fifteen feet below the 
current surface of the stockpile. The material that will be relocated is from recent mining and 
therefore has not been exposed to oxidation for an extended period. Therefore, with respect to 
the state of oxidation of the material, it is expected that the material will be relatively 
homogeneous and should have a below average alkali demand. 

Three sample locations are directly within this area, namely 7, 9 and 11. The surface samples 
showed an average limestone demand (inclusive of 95% availability, adjustment for limestone 
moisture content and 10% excess) of about 14.3 lb per ton (7.1 mg/g). The highest alkali 
demand was observed for sample 7 at 19.4 lb per ton (9.7 mg/g). Two samples (9-10 and 11-10) 
taken at a depth of 10 ft on average only required 4.2 lb per ton (2.2 mg/g). Other locations in 
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close proximity, probably representing similar material as contained in the relocation unit, 
include samples 1 and 5, both of which exhibit a lower alkali demand. Deep samples collected at 
sites 1 and 5 exhibit a lower alkali demand than their surficial counterparts. 

Based on the test results from the area to be relocated in 1996, the average alkali demand is 
expected to be lower than the overall average for the stockpile. Given the limited number of 
samples from this area, Flambeau proposes to conservatively apply the overall average of 16.1 lb 
per ton (8.0 mg/g) of limestone, which is the average calculated from all samples taken to date. 
This is about 13% higher than the average for the area. Furthermore, indications are that at 
depth in the stockpile a lower alkali addition rate will be required. Since excavation will be by 
backhoe from the surface of the pile, material at depth will be mixed continuously with that at 
surface. This blending will result in a "smoothing" of the material characteristics, and will 
preclude placement of high alkali demand material in seclusion. 

A limestone addition rate of 16.1 lb per ton (8.0 mg/kg) is therefore considered to be sufficient 
to neutralize the pore water and stored acidity contained in the rock planned for relocation 
during the fall of 1996. To this must be added 1.1 lb per ton of limestone to neutralize acidity 
generated from future oxidation prior to resaturation due to groundwater recovery. Therefore, a 
field limestone application rate of 17.2 lb per ton is proposed for the 1996 backfill. This rate will 
neutralize the stored oxidation products and the oxidation that may occur during backfilling and 
before reflooding. 

5.4 Estimated Long Term Pore Water Quality 

In the long term, pore water quality is expected to be controlled by equilibria with secondary 
minerals. As discussed in Section 4.7.3, equilibrium conditions had not fully been reached in the 
testing to date. However it is believed that the results obtained for sample 16-1 are likely the 
closest to equilibrium conditions, and therefore should represent the long term pore water 
quality. 

Geochemical equilibrium modeling using MINTEQA2 (Allison et al., 1991) was undertaken to 
estimate equilibrated pore water constituent concentrations. To complete the modeling, leachate 
from sample 15-1, representing the worst case pore water, was used as input. Calcite was 
entered as a finite solid phase at the estimated dosage rate. Saturation indices were calculated 
for the mineral phases in the MINTEQA2 data base. Equilibrium conditions were then allowed 
to establish, by selecting and allowing only those mineral phases to precipitate that had positive 
saturation indices and were considered most likely to be formed. In Table 5-2 the water quality 
observed for sample 16-1 test "A" at a contact time of 102 hr is compared with predicted pore 
water quality. Only the major elements are listed, together with the anticipated controlling 
mineral phase(s). As the table shows, the predictions from the equilibrium model are similar to 
that observed for sample 16-1. 

The observed copper concentration compares well with that predicted by the equilibrium 
modeling. The modeling results suggest a solubility of <1.5 mg/L for iron in the event that 
siderite is the controlling secondary mineral phase. However, the observed concentrations were 
consistently below the predicted value, even for reducing conditions. 

MLD2\96F013\CBAPP\3843 7\ 10000 
October 1996 

Foth & Van Dyke • 32 



• 
II 

• 

Table 5-2 

Observed and Estimated Long Term Pore Water Quality 

Parameter Observed 

pH 7.3 

Cu 0.086 

Fe <0.079 

Mn 1.0 

Zn 0.80 

SO/ na 

Notes: all units in mg/L except for pH (su) 
nd == below detection limit 
na = not applicable 

Estimated 

7.5 

<0.01 

<1.5._ 

<1.7 

<1.5 

~1000 

Controlling 

malachite or tenorite 

siderite (FeCO3) 

rhodochrosite (MnCO3) 

ZnCO3·H2O 

gypsum 

A manganese concentration of less than 1.7 mg/Lis predicted for equilibrium with rhodochrosite. 
This compares with the steady concentrations observed for both samples prior to the addition of 
a reducing agent. At the more reducing conditions, the results suggest a decrease in the 
manganese concentration. 

On the basis of using a low magnesium limestone, the sulfate concentration is expected to be 
about 1,000 mg/L, controlled by equilibrium with gypsum. 

Table 5-3 shows a comparison of pore water quality as predicted in the 1989 MPA to that 
predicted in 1996 for the elements of major concern. A review of the table shows that the two 
predictions compare well. 

Parameter 

Copper 

Iron 

Manganese 

Sulfate 

Table 5-3 

Predicted Pore Water Quality (mg.IL) 

1989 Prediction 1 

0.014 

0.32 

0.52 

1,360 

1From Mine Pennit Application, Foth & Van Dyke, Revised December 1989. 
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1996 Prediction 

<0.01 

<1.5 

<1.7 

~1,000 
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6 Additional Data Collection 

The results from the testing completed to date, and as presented in this report, provide an 
understanding of the geochemical and physical needs to support the backfilling of the stockpiled 
Type II material planned for relocation during the fall of 1996. This is because the planned 
relocation represents a relatively uniform block of material, which will not vary greatly in its 
alkali demand. It is therefore reasonable and cost effective to use a single amendment rate. 

However, when the Type II stockpile is considered in its entirety, it is clear that there is 
significant variability in the waste rock characteristics. The alkali demand varies considerably, 
and a single average limestone amendment rate is not reasonable or cost effective. Flambeau 
therefore plans to complete additional investigations to establish a method to apply a variable 
limestone addition rate. The primary objectives of the proposed investigations are listed below. 
A work plan addressing the investigations will be prepared and submitted to the WDNR for 
review. 

6.1 Short Range Variability and Amendment Rates 

As shown by the current test results there is considerable variation spatially within the stockpile 
with respect to the state of oxidation, and the alkali demand. This variability is depth and 
exposure related, and determines the alkali amendment rate. It is desirable to determine the 
range of the variability and its impact on the amendment rate. Both field and laboratory 
investigations will be completed to acquire the necessary information. 

6.2 Pore Water Quality 

To provide additional confirmation of the predicted pore water quality, longer term (2 to 3 wk) 
laboratory investigations will be completed under anox:ic conditions for a variety of Type II 
materials at the calculated limestone addition rates. 

6.3 Clarifier Underflow Solids Stability 

Thickener or clarifier underflow (CUF) solids have been generated using primarily lime 
neutralization under oxidizing conditions. The primary products from this process therefore are 
metal oxy-hydroxides and gypsum. The effect of the metal oxy-hydrox:ides under the long term 
anox:ic conditions will be addressed in the planned laboratory program. 

6.4 Field Control of Alkali Application Rates 

Because of the variability in the alkali demand observed for the samples tested to date, the 
potential for controlling the rate of limestone amendment to suite material characteristics will be 
investigated. First, the reliability for using rapid field tests to predict the limestone addition rate 
will be assessed. Second, field operating requirements, such as number of samples and sampling 
requirements ,viii be addressed. Both laboratory and field testing will be undertaken. 
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6.5 Type I Waste Rock 

Recent seepage quality from the Type I waste rock stockpile has shown elevated dissolved copper 
concentrations in isolated sections of the stockpile. Laboratory testing will be undertaken to 
assess the need, if any, to amend the Type I waste rock to control constituents in the pore water 
in the long term. 
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Fl07108 

OXYGEN TRANSPORT AND RELATED ALKALINITY REQUIREMENTS 

FLAMBEAU MINE PIT BACKFILL 

1.0 INTRODUCTION 

As part of its approved mine plan, Flambeau Mining Company (FMC) will relocate 

waste rock at the Flambeau Mine into a fonner open pit. After groundwater levels in 

the area recover from the current drawdown, the backfilled waste rock will be below 

the water table. Oxidation of the sulfide minerals contained in the waste rock would 

then be inhibited by the slow transport of oxygen through the groundwater. 

The waste rock has already been on surface for up to five years. During that time, the 

oxidation of sulfide minerals has led to an accumulation of acidity. To prevent that 

acidity being released to the groundwater, FMC is proposing to add crushed limestone 

to the waste rock. A program of laboratory tests to measure the currently stored 

acidity, and to estimate the associated alkalinity requirement, is underway. 

However, further oxidation of sulfide minerals may result during the period of waste 

rock backfilling, which is expected to take place over I 996 and I 997, and during the 

period of groundwater recovery, which may take up to fourteen years. To prevent the 

accumulation and discharge of acidity during the backfilling and groundwater 

recovery periods, FMC is proposing to mix additional crushed limestone with the 

backfilled waste rock. 

The objective of the work reported herein was to estimate the oxidation rates and 

alklainity requirements associated with the backfilling and groundwater recovery 

periods. 
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SRK's scope of work was defined in a proposal dated July 5, 1996 (Daryl Hockley to 

Mr. Jerry Sevick), and a subsequent authorisation to proceed dated July 15, 1996 

(Jerry W. Sevick to Mr. Daryl Hockley). The work consisted of: 

• Mathematical modelling of oxygen transport and reaction in the waste rock during 

the backfilling and groundwater recovery periods; and, 

• On the basis of the oxygen modelling, estimation of the alkalinity requirement to 

neutralize oxidation products that may form between the time the backfill is placed 

and the time that it is fully submerged by the groundwater. 

Section 2 below lists the information that was made available to SRK. Section 3 

presents the oxygen modeling. Section 4 converts results of the oxygen modeling to 

estimated alkalinity requirements. Conclusions and recommendations are summarised 

in Section 5. 
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2.0 AVAILABLE INFORMATION 

The following documents were available to SRK: 

1. Seep monitoring data from the Type I stockpile, from Kennecott Minerals, dated 

March 13, 1996. 

2. Table showing specific gravity and moisture absorption properties of Type II waste 

rock, and plots of grain size distributions. 

3. Report entitled "Prediction of Groundwater Quality Dovmgradient of the 

Reclaimed Pit for the Kennecott Flambeau Project", (Foth & Van Dyke, July 

1989). 

4. Section 3.5.6 "Waste Characterization" from the 1989 Environmental Impact 

Report, with figures and appendices. 

5. A plan of the open pit from the 1989 pennit. 

6. A plan of the open pit as finally excavated, hand drawn in 1996. 

7. A schematic cross section showing the proposed stratigraphy of the material to be 

backfilled, dated February 1996. 

8. A hand drawn long section through the pit, dated 7-9-96. 

9. A plot of water table elevation versus time from Prickett (1996), showing the water 

table reaching the top of the Type II waste rock eleven years after the backfilling 

is completed, and the top of the Type I waste rock after an additional three years. 

(Annotation by Foth and Van Dyke states that earlier predictions indicated the 

groundwater table would recover more rapidly and the waste rock would be 

underwater within three years). 
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3.0 OXYGEN TRANSPORT MODELING 

In sulfidic waste rock, oxygen reacts with the sulfide minerals to form-. acidity and 

sulfate, and release metals. Although the reactions can be supported temporarily by 

other oxidizing substances, such as ferric iron, limitations to the oxygen supply 

effectively control the overall rate and extent of sulfide oxidation. An understanding 

of the limitations to oxygen supply can therefore allow the theoretical potential for 

contaminant release to be estimated, and a conservative estimate of the required 

alkalinity addition to be derived. 

Section 3.1 below reviews the mechanisms by which oxygen can be transported into 

waste rock. Section 3.2 describes a mathematical model of the transport and reaction 

processes that will control the supply of oxygen to waste rock in the Flambeau pit 

during backfilling and groundwater recovery. Section 3.3 presents estimates of 

oxygen concentrations in the backfilled waste rock, as predicted by the transport 

model. In Section 3.4, the predicted oxygen concentrations are used to derive 

estimates of oxidation rates and neutralization requirements. 

3.1 Oxygen Transport Mechanisms 

Transport of oxygen through waste rock occurs by several mechanisms, including 

advection and diffusion in infiltration and groundwater, convection in air due to 

thermal or barometric gradients, and diffusion through air filled porosity. 

The advection and diffusion of oxygen in water have been discussed by Pantelis and 

Ritchie ( 1991 ), and Colin (1986). In waste rock above the water table, with moderate 

precipitation and infiltration rates, the rates of oxygen transport in water are typically 

less than the lowest estimates of oxygen transport by air phase diffusion, i.e. through 

nearly saturated soil covers. 

Below the water table, oxygen transport is only through groundwater. Low flow rates, 

the limited solubility of oxygen, and the conswnption of oxygen by sulfides and 

organic matter in the surrounding soil and rock limit the importance of groundwater as 

an oxygen source. 
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Barometric pumping has been investigated by Massmann and Farrier (1992), who 

considered transport in soils. They concluded that barometric pumping can be the 

dominant transport mechanism when most of the soil surface is sealed, and transport is 

restricted to discrete openings. When the soil surface is not sealed, the effect of 

barometric pumping is less important, and is additive to diffusive transport. At most, 

it may roughly double the transport associated with diffusion alone. 

Thermal convection is the subject of several papers reviewed by Ritchie (1994). The 

review includes examples where thermal convection is clearly the dominant air 

transport mechanism. However, the requirements for thermal convection include a 

permeable rock, localised heat sources due to locally rapid oxidation, and a convection 

path to and from the "hot spot". The application of covers to the surface of rock piles 

has been shown to stop thermal convection (Gelinas et al, 1994, Harries & Ritchie 

1981). In the Flan1beau project, compaction of the rock will reduce its permeability, 

the spreading of the rock will distribute any "hot spots" over a wide area, and the low 

permeability of the pit walls will act as a break in any convection paths. Therefore, it 

can be concluded that thermal convection is unlikely to be an important transport 

mechanism in the backfilled pit. 

Diffusion through the unsaturated pore space within the backfilled rock and the till 

cover is therefore likely to be the dominant transport mechanism. Although recent 

research has indicated that multi-component diffusion (Cussler I 984) and Knudsen 

flow (Massman and Farrier 1994) can have secondary effects, the process of oxygen 

diffusion in porous media is still most commonly described by Fick's Law, with the 

diffusion coefficient replaced by an effective diffusion coefficient that accounts for the 

tortuosity and partial saturation of the pores. Fick's Law will be used herein, with a 

range ?f effective diffusion coefficients to indicate the limited effect of secondary 

processes. 
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3.2 Description of the Oxygen Diffusion Model 

3.2.1 Model Equations 

Oxygen transport by Fickian diffusion in a porous media can be described by the mass 

transport equation: 

dC a2C 
-=D--r*C 
dt a 2 

where: C is the oxygen concentration in the gas phase at a point (mol m-3); t is time 

(s); Dis the effective diffusion coefficient (m2s-1); xis a distance vector (m); and r is 

a first order rate constant (s-1 ). D is a function of both the porosity, tortuosity and 

water content of the media as well as the temperature, pressure and chemical 

composition of the air phase. In general, variability in the porous media properties 

have a far greater impact on D than variability in the air phase properties. 

The use of a first order rate constant to relate the oxygen concentration to the oxygen 

consumption rate implies two assumptions. The first is that the oxidation rate is 

directly proportional to the local concentration of oxygen. There are conceptual 

models of sulphide oxidation reactions, and empirical data, that suggest alternative 

formulations of the rate term. The first order assumption is used here because it leads 

to higher estimates of the depth of oxygen penetration. The second assumption is that 

the rate of oxidation is constant at a given oxygen concentration. In fact other 

variables, such as pH and the presence of the bacteria T. ferrooxidans, can also 

influence the rate of sulfide oxidation. However, explicit consideration of these other 

factors would lead to a great increase in the complexity of the oxygen transport model 

and require input data with a level of detail that is difficult ( or impossible) to verify at 

field scale. Therefore, the approach herein is to use a range of rate constants to cover 

the range of possibilities that might be observed in the backfilled waste rock. 
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3.2.2 Solution Method 

Numerical Solution 

A finite difference code was developed to solve the above diffusion equation in two 

dimensions. The code has the advantage of allowing scenarios with variable model 

parameters (D,r) and complex geometries to be simulated. The code was written in a 

Visual Basic module within a Microsoft Excel 5.0 workbook Input is taken from, and 

output is written to, Excel worksheets. Solution of the set of finite difference 

equations is by the Alternating Difference Implicit (ADI) method. 

Analytical Solution 

A one-dimensional analytical solution was obtained to provide an exact solution for 

simple geometries, and to allow the numerical code to be checked. For one

dimensional oxygen diffusion through homogenous waste rock with a soil cover, the 

boundary conditions are given by: 

where x=O is at the surface. 

C(x=O) = C0 

C(oa) = 0 

Assuming that no oxygen consumption occurs in the cover layer, and the system has 

reached steady state, the solution is given by: 

For O <x < L: 

For L <x < co: 

M0710S.~p--Ol,'10/i6 
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Where L is the non-reactive cover thickness (m), C0 is the concentration of oxygen in 

the atmosphere (8.89 mo! m-3), C1 is the concentration of oxygen at the cover/ waste 

rock interface, and D2 is the effective diffusion coefficient for waste rock ... 

The flux through the cover and into the waste rock is given by: 

Where q is the mass flux of oxygen into the waste rock (mo! m-2 s-1 ); and Dt is the 

effective diffusion coefficient for the cover. 

The concentration at the cover I waste rock interface can be determined from: 

3.2.3 Input Parameters 

Geometry and stratigraphy for the oxygen transport calculations were obtained from 

the documents listed in Section 2. 

Values of the diffusion coefficients were obtained from literature sources: 

• For waste rock, Ritchie (1994) reported a range of diffusion coefficients of 

2.25x10-6 to 6.85xI0-6 m2s-1, measured in situ at a number of mine sites. 

• For a compacted till cover SENES (1995) reported a range of diffusion coefficients 

of 5.64x10-6 to l.66xI0-8 m2s-l. 

As discussed below, most of the model runs were carried out using both the upper and 

lower end of the reported ranges. 
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Diffusion coefficients for the saprolite and sandstone layers were assumed to be the 

same as for the Type l and Type II waste rock. 

Field measurements of oxygen consumption rates in waste rock were surtunarised by 

Ritchie (1994) and range from 3x10-8 to 8.8xI0-8 kg 02 m-\ock s-1 (Ritchie, 1994). 

Assuming a waste rock porosity of 0.2 and atmospheric oxygen concentration of 8.9 

mol m-3, the corresponding first order rate constants range from l.6xI0-6 to 3.6x10-8 

s-1 respectively. Figure 3.1 shows the rate constants derived from Ritchie's (1994) 

compilation, and the range of rate constants assumed for this study. The assumed 

upper rate constant of l.3xI0-6 s-1 is slightly lower than the maximum reported by 

Ritchie (1994), but it should be noted that the maximum cited by Ritchie was 

measured in a rapidly oxidising, acidic waste rock in a tropical environment. The 

assumed lower rate constant of 8. 9x 10-8 s-1 was selected to provide slightly greater 

oxidation (hence more conservative estimates) than the lower values cited by Ritchie 

(1994). Unpublished data collected by SRK in waste rock with a sulfide content 

similar to the Flambeau waste rock indicated reaction rate constants of about 10-7 s-1, 

closer to the lowest value assumed herein. 

Oxygen consumption was assumed not to occur in the saprolite and sandstone layers. 

Sulfides, if present in the saprolite, would cause some oxidation to occur, resulting in 

partial consumption of the oxygen before it could reach the Type I and Type II rock. 

The assumption of no oxidation allows a more conservative (i.e. higher) estimate of 

oxygen penetration into the Type I and Type II waste rock. 

3.3 Diffusion Model Results 

3 .3 .1 Two Dimensional Simulations 

Initial two-dimensional simulations were carried out usmg the geometry of the 

schematic cross-section (item 8 in Section 2). The results showed that oxygen 

diffusion occurs evenly across the lateral extent of the pit and can thus be adequately 

represented by a one-dimensional model. Further predictive simulations were carried 
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3.3.3 

out using a one dimensional column of rock taken through the centre of the schematic 

section. The depth of each layer was assumed to be as shown in Figure 3.2. 

Sensitivity Runs 

In addition to the depth of each layer, the one dimensional oxygen diffusion model 

required two input parameters, oxygen diffusion coefficient D and the oxygen 

consumption rate constant r. Sensitivity runs were conducted to investigate the range 

of oxygen profiles obtained from different combinations of D and r, and to verify the 

numerical results by comparison to the analytical solution. 

Four simulations were completed: 

• low D and low r (run sens! b); 

• low D and high r (run sens la); 

• high D and low r (run sens le); and 

• high D and high r (run sensld). 

In all cases the profiles reached steady state within the first two years. The parameters 

used in each simulation are summarised in Table 3.1. 

The oxygen concentration profiles for these runs are shown in Figure 3.3. Summary 

results are also listed in Table 3.1. The results show that a combination of high D and 

high r result in the greatest oxygen flux into the column, and hence the greatest overall 

oxygen consumption. (In a steady state condition, the flux of oxygen into the column 

must equal the consumption of oxygen within the column.) However, in all cases, the 

flux into the column varied within less than a factor of four. 

The last columns of Table 3.1 show the depth of oxygen penetration. Because of the 

first order assumption, oxygen concentrations approach zero asymptotically, hence 

there is some oxygen at any depth. The depth of penetration was therefore arbitrarily 

measured as the depth at which the total oxygen consumption was equal to 1x10-7 mo! 

m-3 air s-1. At this low oxygen consumption rate, the generation of acidity is 

negligible (approximately 0.01 kg CaCO3/tonne). Table 3.1 show combinations of 
M071~.rep-03/1CVQ6 
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high D and low r combination result in the deepest penetration of oxygen into the 

backfill column. However, the difference between the deepest and shallowest 

penetration is only a factor of two . In all cases, the deeper portions of the backfill are 

predicted to exhibit low oxygen concentrations and very low oxidation rates. 

As the results of the sensitivity analyses show, the predicted oxygen flux into the 

column and the predicted depth of oxygen penetration are relatively insensitive to 

variations in the values of D and r assigned to the waste rock. Despite varying input 

D values by a factor of three, and input r values by a factor of 15, the predicted values 

vary by only a factor of four. These results provide some comfort that second order 

processes, which may influence D or r values, would not strongly influence the 

predicted oxygen profiles. 

3.3.4 Predictive Runs 

Two sets of predictive model runs were completed. The first set simulated oxygen 

transported during the backfilling. The second set simulated oxygen transport after the 

backfilling is completed, i.e. during re-flooding. 

3.3.4. I During Backfilling 

Four steady state predictive runs were completed using a one layer waste rock system 

exposed to the atmosphere to simulate pit oxidation during waste rock deposition. The 

runs covered the range of input D and r values: 

• low D and low r (run pred3b); 

• low D and high r (run pred3a); 

• high D and low r (run pred3c); and, 

• high D and high r (run pred3d). 

The input parameters and summary results are listed in Table 3.2. Complete results 

from each run are provided in Appendix A. 
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3.3.4.2 During Re-Flooding 

After the backlilling is complete, a till cover will be placed over the was~e rock. It is 

well established in the literature that till covers can be an effective barrier to oxygen 

penetration (e.g. Colin 1986, Nicholson et al., 1989). All of the cited references agree 

that the water content of the till is important to the control of oxygen penetration. To 

cover a range of possibilities for the proposed cover of the Flambeau pit, both a "wet" 

and a "dry" cover (low and high oxygen penetration) were simulated. 

Type I waste rock was assumed to be unreactive. In a project in Ronneburg, Germany, 

it was found that oxidation in upper layers of rock can limit the migration of oxygen 

to underlying, more acid generating material (SRK 1993, 1996a, 1996b ). Neglecting 

the potential for oxygen consumption in the Type I rock is therefore expected to lead 

to conservatively high estimates of oxygen transport to the Type II rock. 

In the Type II rock, both high and low r values were simulated. All runs used the 

lower D value for the waste rock, because it is expected to be compacted by both the 

dynamic loading from the the truck traffic and the static load of the overlying backfill. 

A total of four runs resulted: 

• "Dry" cover, low r in Type II waste rock (run pred l c ); 

• "Dry" cover, high r in Type II waste rock (run pred l d); 

• "Wet" cover, low r in Type II waste rock (run pred2c); and, 

• "Wet" cover, high r in Type II waste rock (run pred2d). 

As with the sensitivity analyses, the runs reached steady state within two years. The 

input parameters and outputs are summarised in Table 3.3. Complete outputs for each 

run are included in Appendix B. 
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3.4 Predicted Oxidation and Alkalinit)' Consumption Rates 

The results of the oxygen transport modeling allow estimation of the rate pf oxidation 

at different depths in the backfilled pit, and the rate of alkalinity consumption required 

to neutralize the resulting oxidation products . 

The consumption of oxygen at any point in the simulated colwnns of backfill can be 

calculated directly from the oxygen concentration profile and the reaction rate 

constant, i.e. 

02 consumption (moles 02 m-3rock s- l) 

= r (s-1) 02 concentration (moles m-3air) * 0 (m\ir m-3rock) 

where 0 is the air-filled porosity. For each of the predictive runs, the 02 consumption 

rate at each point in the profile is given in the complete outputs (Appendices A and B ). 

The oxygen consumption rate can then be converted to an alkalinity consumption rate 

according to the overall reaction: 

FeS2 + 15/4 02 + 3/2 H20 + 2MgfCa(l-f)C03 

= 2fMgS04 + 2(1-f)CaS04 + 2C02 + Fe(0H)3 

The reaction stoichiometry indicates that, for every 15/4 moles of 02 consumed in the 

oxidation of pyrite, two moles of alkalinity will be required to neutralise the acidity. 

The alkaline mineral in the above can include any combination of calcium and 

magnesium. For simplicity, the output tables express the alkalinity consumption in 

terms of neutralisation potential (NP), which has units of kg CaC03/tonne. 

Figures 3.4 and 3.5 show the NP consumption rates at various depths in the column for 

each of the predictive runs. The NP consumption rate (kg CaC03 tonne- l yr- l) can be 

thought of as a measure of the NP required to consume the acidity generated in each 

year that the rock remains above the water table. 
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Figure 3.4 shows the NP consumption rates at any one time during the backfilling. As 

discussed in the following section, the profiles will slide upwards as the pit is filled. 

Figure 3.5 clearly shows that NP consumption rates during re-flooding will be much 

greater in the upper levels of the backfill. Also noteworthy is the benefit of a better till 

cover in reducing the NP conswnption rates. As was also shown by the sensitivity 

analysis, NP consumption rates at depth are much lower and are insensitive to the 

assumed reaction rate constant. The implication is that estimated alkalinity 

requirements for the waste rock placed in the lower levels of the pit are independent 

of model assumptions. 
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4.0 ALKALINITY REQUIREMENTS 

4.1 Alkalinity Requirement for the Backfilling Period 

In the preceding section, Figure 3.4 shows a profile of NP consumption at various 

depths in the pit during backfilling, as predicted by the oxygen transport model. 

However, the figure shows the profile at one point in time during the backfilling. In 

fact, because the surface of the waste rock moves upward as the backfilling continues, 

the profile shown in Figure 3.4 will also move upward. The following simple 

calculations allow the profile to be translated to an average rate alkalinity requirement. 

• Under the conservative assumption that it will take two years to fill the 65 m deep 

pit, the profile shown in Figure 3 .3 will move upward at an average rate of 

32.5 m/year. 

• Assuming that the depth of oxygen penetration during backfilling is approximately 

10 m (see Figure 3.4), each point in the backfill will be exposed to oxidation for 

approximately 10/32.5 years, or about four months. 

• Using a conservative estimate of 0.5 kg CaCO3 tonne-1 year-1 as the average NP 

consumption rate, the total NP consumption during the backfilling at any point in 

the column will be approximately 0.15 kg CaCO3/tonne. 

The predicted alkalinity requirement to neutralise acidity generated during the 

backfilling is about 0.15 kg CaCO3/tonne, or about 0.4 lbs/ton. 

The actual limestone addition rate will be subject to the constraints on chemical 

availability. The above alkalinity requirement is expressed as "effective" 

neutralisation potential, i.e. it would need to be increased to account for the relative 

availability of the limestone. 

f107106.rep -03110IP6 
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4.2 Alkalinity Requirement for the Groundwater Recovery Period 

Figure 3.5 shows the rate of NP consumption at various depths in the backfilled pit 

during groundwater recovery, as predicted by the oxygen transport model. All of the 

curves in the figure show a peak NP consumption at the top of the reactive waste rock, 

and an exponential decrease below. An imaginary curve drawn through the highest 

estimated NP consumption rate at each depth would represent a conservative estimate 

of the overall NP requirement. The imaginary curve would roughly form a right 

triangles, with: 

• a peak NP consumption rate of 0.13 kg CaC03 tonne- 1 year-1 at the top of the 

Type II waste rock; and, 

• a base NP consumption rate of 0.013 kg CaC03 tonne-I year-I at approximately 

15 m below the surface. 

The overall NP requirement to neutralise acidity generated during re-flooding can be 

estimated at each of the above points by multiplying the NP consumption rate by the 

time for re-flooding. Under the slowest re-flooding scenario (item 10 in Section 2), it 

will take eleven years from the completion of the backfilling to the saturation of the 

top of the Type II waste rock. 

The resulting estimated alkalinity requirements for the groundwater recovery period 

are shown in Figure 4.1. 

Figure 4.1 also shows the estimated alkalinity requirement for the backfilling period, 

and the estimated total alkalinity requirement for the backfilling and groundwater 

recovery periods. The maximum alkalinity required to neutralise acidity generated 

during the backfilling and groundwater recovery periods is 3 .5 lbs/ton. (As discussed 

in Section 1, the alkalinity required to neutralize current acidity is not considered 

herein.) It is noteworthy that the estimated alkalinity requirement is not constant with 

depth. In fact, the figure shows that alkalinity additions should be concentrated in the 

upper level of the Type II waste rock. At greater depths, the alkalinity is only required 

to neutralize oxidation products from the relatively short backfilling period. 

11 071.Q.i .rep -03.110/i6 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

The following summarises the major conclusions of this work: 

• The restriction of oxygen transport will limit the rate of acid generation, and hence 

the requirement for alkalinity addition, in the backfilled pit. 

• The planned till cover will further restrict the access of oxygen to the underlying 

waste rock, and may result in substantial decreases in the required alkalinity 

addition. 

• Oxygen transport calculations indicate that a maximum of approximately 

3.5 lbs/ton of available alkalinity (see Figure 4.1) will be required to neutralise 

oxidation products generated during backfilling and re-flooding. During re

flooding, oxygen transport be limited to the upper I 0-20 m of reactive waste rock. 

The maximum alkalinity addition will be required only in the uppermost layers. 

• During the groundwater recovery period, oxygen will not reach the more deeply 

buried waste rock, and lesser amounts of alkalinity will be required in lower levels 

of the pit backfill. A minimum application rate of approximately I lb./ton of 

available alkalinity should be adequate to neutralise oxidation products that will 

form during backfilling and re-flooding of the lowermost waste rock. 

This report, F107108, Oxygen Transport and Alkalinity Addition - Flambeau 

Mine Pit Back.fill, has been prepared by, 

STEFFEN ROBERTSON AND KIRSTEN (CANADA) INC. 

(~die 
~ -_/ ~~ 

Daryl Hockley, P.Eng. 

Project Manager 
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TABLE3.1 
Summary of Sensitivity Runs, Input Parameters and Results 

02 
02 

Run Description Dtm Dwaste rwastel rwastel 
Flux 

Penetration Depth 
(pit) 

(m?s"I) (m2s"') (s"') (s"') (mot m"2s"1) (m) (ft) 

Sens lb low D, low r 2.00E-06 2.00E-06 0.0 8.90E-08 1.17E~06 15.2. 50 

Sensla low D, high r 2.00E-06 2.00E-06 0.0 1.30E-06 1.53E-06 13.7 45 
·-···-··---·-- ------ ·-- -----·-- ··-· ----·--

Sens le high D, low r 6.00E-06 6.00E-06 0.0 8.90E-08 2.86E-06 21.3 70 
--~-- ······-·-- . ----·· .. - --- -··· ... ·--···-··· -·· -·- ·---------- ·-· ----------~---··· ..... ·- ·-·· -- .. 

Sensld high D, high r 6.00E-06 6.00E-06 0.0 l.30E-06 4.25E-06 18.3 60 

.. 

02 
Penetration Depth 

(waste rock) 

(m) (ft) 

8.5 28 

7.0 23 
-··-------- ------·--··-- -- ..... 

14.6 48 . ... ··-- ...... -. 

11.6 38 
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TABLE 3.2 
Input Parameters and Model Outputs for Simulations of Backfilling Period 

02 
02 

Flux 
Penetration Depth 

Run Description Dwaste rwaste2 (waste rock) 

(m2s1) (SI) (mol m·2 s" 1
) (m) (ft) 

Pred3b low D, low r 2.00E-06 8.90E-08 3.71E-06 9.8 32.2 

Pred3a low D, high r 2.00E-06 1.30E-06 l.26E-05 5.6 18.4 

Pred3c high D, low r 6.00E-06 8.90E-08 6.48E-06 16.8 55.2 

Pred3d high D, high r 6.00E-06 l.30E-06 2.37E-05 9.8 32.2 

.. 

Steffen Robertson and Kirsten 

October, I 996 
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TABLE 3.3 
Input Parameters and Model Outputs for Simulation of Re-Flooding Period 

N 

°' 

Run 

Predlc 

Predld 

Pred2c 

Pred2d 

-

Description 

dry cover, low r 

dry cover, high r 

wet cover, low r 

wet cover, high r 

Dtill Dwaste rwastel 

(m2s.1) (mls°I) (s.1) 

2.00E-06 2.00E-06 0.0 

2.00E-06 2.00E-06 0.0 

5.00E-07 2.00E-06 0.0 

5.00E-07 2.00E-06 0.0 

02 
02 Penetration Depth 

rwaste2 Flux (pit) 

(s-1) (mol m·2 s·1
) (m) (ft) 

8.90E-08 l.17E-06 15.3 50 

1.30E-06 1.53E-06 13.7 45 

8.90E-08 8.25E-07 · 13.7 45 

1.30E-06 9.85E-07 13.7 45 

-

-

02 
Penetration Depth 

(waste rock) 

(m) (ft) 

8.5 28.0 

7.0 23.0 
·--·--· 

7.0 23 .0 

7.0 23.0 

Steffen Robertson and Kirsten 
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Sens1 .xls 

COUPLED O2/CO/Mg/SO4/Ca MODEL 

MODEL DETAILS 
Filename 
Date 
Description: 

INPUT PARAMETERS 
Finrte Difference Parameters 
nodes x 
nodes y 
time periods 
inrt dett (s) 
102] at surface (moUm') 
!CO2) at surface (mol/m')) 
Model Options 
CO2 OPTION 
FES2 OPTION 
02 OPTION 
Geochemical Options 
Precipiation (mis) 
lnfittration Coefficient 
Kgypsum 
lnfittration (mis) 
Fraction Flow Paths (G) 
Diffusion Parameters 
Dw(m2/s) 
Da (m2/s) 

a 

H 

FES2OPTION 
0 - No FES2 DEPLETION 
1 • ALLOW FES2 DEPLETION 

Material 

Tiu 
Till 
Till 
Till 

Sandstone 
Sandstone 
Sandstone 
Sandstone 
Saprolite 
Saprolrte 

Saprolrte 
Type ,. • Waste Rock 
Type f. Waste Roel< 
Type I. Waste Rock 
Type f. Waste Rocio; 
Type I . Waste Rock 
Typt I. Wasle Rock 
Type I • Waste Rock 

Type II - Waste Rock 
Type 11 • Waste Rock 
Type II· Waste Rock 
Typt II. Waste Rock 
Type II . Waste Rocio; 
Type II • Wa sle Rock 
Type II. Waste Rock 
Type II • Waste Rock 
T~ II. Waste Rod; 
Type II - Waste Roc.k. 
Type II • Waste Rock 
Type II - Waste Rod; 
Type II - Waste Rock 
Type II - Waste Rock 
Type II • Waste Rocio; 
Type II - Waste Rock 
Type II • wu1e Rocio; 
Type II - Waste Rock 
Type ti. Waste Rock 
Type II - Waste Ro,d;. 
Type II. Waste Rock 
Tvoe II . Waste Roa. 

sens la.xis 
7/26/96 
Flambeau Mining Co. 
Case 1 (backfilled prt - final design)• Sensrtivrty Run 
D,., (m2s"1

) 2.00E-06 

D,...,. (m2s·'i 2.00E-06 

r,...,,1 (s·') 0.OOE+OO 

r,...,.2 (s"') 1.30E-06 

40 
1 

0.01 
8.9 

0.0141 

D 
1.1 0E-09 (62 mm / year) 

1.00 

OUTPUT TIMES 

time(s) time(y) 
3.5E+08 11 
0.0E+OO 
0.0E+OO 
O.0E+OO 
0.OE+OO 
0.0E+OO 
0.0E+OO 

1.10E-09 =recharge• infinration coefficient 
0 .10 

2.20E-09 
1.S0E-05 

0.273 
3.28 
33.9 

DEPTH 

(m) 

0.305 
0.914 
1.524 
2.134 
2.743 
3.353 
3.962 
4.572 
5.182 
5.791 
6 .401 
6 .858 
7.315 
7.925 
8.534 
9.144 
9.754 
10.363 
10.973 
11 .582 
12.192 
13.106 
14.478 
16.764 
19.812 
22.860 
25.908 
28.956 
32.004 
35.052 
38.100 
41 .148 
44 .196 
47.244 
50.2112 
53.340 
56.388 
59.436 
62 .48-1 
65.532 

CO2 OPTION: 
0 - No CO2 Coupling 
1 - CO2 Coupling 

MODEL INPUTS 
Cell Sizes r Porosity 

(m) (s-1) (%) 

0.6096 0 17% 
0.6096 0 17% 
0.6096 0 17% 
0.6096 0 17% 
0.6096 0 16% 
0.6096 0 16°.4 
0.6096 0 16% 
0.6096 0 16% 
0.6096 0 22% 
0.6096 0 22% 
0.6096 0 22'/, 
0.3048 O.OOE+OO 15% 
0.6096 0.OOE+OO 15% 
0.6096 O.OOE+OO 15% 
0.6096 0.OOE+OO 15% 
0.6096 O.OOE+OO 15% 
0 .6096 0.00E+OO 15% 
0.6096 0.00E+OO 15% 
0.6096 1,JOE--06 15".4 
0.6096 1.30E--06 15% 
0.6096 1.30E--06 15'/, 
1.2192 l .30E--06 15% 
1.524 l,JOE--06 15% 
3.048 1.30E--06 15% 
3.048 1.30E--06 15% 
3.048 l.30E--06 15% 
3.048 1.30E--06 15°.4 
3.048 l.30E--06 15°.4 
3.048 1.30E--06 15% 
3.048 l.30E--06 15% 
3.048 l .30E--06 15% 
3.048 l.30E--06 15% 
3.048 1.30E--06 15% 
3.048 l.30E--06 15% 
3.048 1.30E--06 15% 
3.048 l .30E--06 15% 
3.048 1.30E--06 15% 
3.048 l.30E--06 15% 
3.048 l .30E--06 15% 
3.048 1.30E--06 15% 

35 

Ou1pU1 col 
1 
6 
11 
16 
21 
26 
31 

Saturation 
(%) 

0% 
0% 
0'1, 

0% 
0% 
0% 
0% 
0% 
0% 
0'1, 

0% 
0% 
O'I, 

0% 
0% 
0% 
0% 
0% 
0',4 
0',4 

0% 
0% 
0',4 

0% 
0% 
O'~ 
0•1, 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 

02OPTION 
0 • HALF ORDER REACTION 
1 - FIRST ORDER REACTION 
2 - MIXED FIRST ORDER/ HALF ORDER 

F Sul!Dens Dmeoe« 10,_ 
fmollm"l (m2/s) (moVm1) 

0 , .OOE-06 8.89 
0 2.00E--06 0.00 
0 2.00E--06 0.00 
0 2.00(--06 0.00 
0 2 .00E--06 0.00 
0 2.00E-06 0.00 
0 2.00E--06 0.00 
0 2.00E-06 0.00 
0 2.00E--06 0.00 
0 2.00E--06 0.00 
0 2.00E--06 0.00 

100 2.00E--06 0.00 
100 2 .00E--06 0.00 
100 2.00E--06 0.00 
100 2 .00E--06 0.00 
100 2.00E--06 0.00 
100 2.00E--06 0.00 
100 2.00E--06 0.00 
100 2.00E--06 0.00 
100 2.00E--06 000 
100 2.00E--06 0.00 
100 2 .00E--06 0.00 
100 2.00E-06 0.00 
100 2.00E--06 0.00 
100 2 .00E--06 0.00 
100 2.00E--06 0.00 
100 2 .00E--06 0 .00 
100 2.00E--06 0.00 
100 2.00E--06 0 .00 
100 2.00E--06 O.CXl 
100 2.00E--06 0 .00 
100 2.00E--06 0.00 
100 2.00E--06 0 .00 
100 2.00E--06 0.00 
100 2 .00E--06 0.00 
100 2.00E--06 0.00 
100 2.00E--06 0.00 
100 2.00E--06 0.00 
100 2.00E--06 0.00 
100 2.00E-06 0.00 

1co," 
(mollm'1 
1.41E-02 
0.OOE+-00 
0.OOE+OO 
O.OOE+OO 
0.OOE+-00 
0.OOE+OO 
0.OOE+-00 
0.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE•OO 
0.OOE+-00 
0.OOE+OO 
0.OOE+OO 
0.OOE+-00 
0.OOE+OO 
0.OOE+OO 
0.OOE+OO 
0.OOE+OO 
0.OOE+OO 
0.OOE+OO 
0.OOE+OO 
0.OOE+-00 
0.OOE+OO 
O,OOE•OO 
0.OOE+OO 
0.OOE+OO 
0.OOE+OO 
0.00E+-00 
0.OOE+OO 
0.00E+00 
0.OOE+O0 
o.roE•oo 
0.00E+OO 
O.OOE+OO 
0.OOE+OO 
0.OOE+-00 
0.OOE+-00 
0.OOE+OO 
0.OOE+OO 
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Sens1.x1s 

RESULTS FOR YEAR: 11 

Flux In (moUm's) 

o, cons. (moUm's) 

Open (m) 

D.00 

,. 

10 -

DEPTH CONC 02 

(m) (rnoVm,) 

0.305 8.890 
0.914 8.425 
1.524 7.959 
2 .134 7.494 
2 .743 7.029 
3.353 6 .563 
3.962 6.098 
4.572 5.633 
5.182 5.168 
5 .791 4.702 
6 .401 4.237 
6 .858 3 .8Ba 
7.315 3.539 
7.925 3.074 
8.534 2.608 
9 .144 2 .143 
9.75-< 1.678 
10.353 1.212 
10.973 0.747 
11 .582 0 462 
12.192 0 .289 
13 .106 0.134 
14.476 0 .04 7 
16.764 0.008 
19.612 0 .001 
22.860 0.000 
25 .908 0 .000 
28.956 0.000 
32.00< 0.000 
35.052 0.000 
36 100 0000 
41 .148 0 .000 
44 .196 0 .000 
47.244 0.000 
50.292 0 .000 
53.340 0.000 
56.386 0 .000 
59.436 0 ,000 
62 .484 0 .000 
65.532 0 000 

,.oo 

1.53E-06 
1.40E-06 

13.716 

02 Cons 

tmoUm1s\ 
0 .OOE+-00 
O.OOE+OO 
0 .OOE+-00 
0 .OOE+-00 
0 .00E+-00 
0.OOE+-00 
0 .OOE+-00 
0.OOE+-00 
0 .OOE+OO 
0 .OOE+-00 
O.OOE+OO 
0.OOE+-00 
0.OOE+-00 
0 .OOE+OO 
0 .OOE+-00 
0 .00E+-00 
0 .OOE+-00 
0 .OOE+-00 
9.71E-07 
6 .01 E-07 
3 .76E-07 
1.74E-07 
6 .0BE-08 
9.84E-09 
1.24E-09 
1.57E-10 
l .99E-11 
2 .51E-12 
3.17E-13 
4.0IE-14 
5.07E-15 
6 .41E-16 
1.30E-16 
1.30E-16 
1.30E-16 
1.30E-16 
1.30E-16 
1.30E-16 
1.30E -16 
1.30E-16 

02 Profile 

Cone(-,!,.,., 
•.oo 1.00 •.oo 10..00 

t=11 
CO2 Prod CONCCO2 mols 02 cons NP a>ns"1'lll 

(moVm3sl (moVm') perm3 rod< kg GaC03e<yllyr 

0 .OOE+-00 0 .0141 0 .OOE+-00 0.OOE+OO 
0 .OOE+-00 0.0000 0.DOE+-00 0.OOE+OO 
0.DOE+-00 0.0000 0 .DOE+-00 0.OOE+-00 
0 .OOE+-00 0.0000 0.DOE+-00 0 .DOE+-00 
0.OOE+-00 0.0000 0.OOE+-00 0 .OOE+-00 
0 .OOE+-00 0.0000 0 .DOE+OO 0.DOE+-00 
0.OOE+-00 0.0000 0 .DOE+-00 0 .DOE+OO 
0.OOE+-00 0.0000 0.OOE+-00 0.OOE+-00 
0.OOE+-00 0.0000 0.OOE+-00 0 .OOE+-00 
0 .DOE+OO 0.0000 0.DOE+-00 0.OOE+-00 

0.00E+-00 0 .0000 0 .DOE+-00 0.OOE+-00 

0.OOE+-00 0.0000 0.OOE+-00 0.OOE+-00 
0.OOE+-00 0.0000 0 .00E+-00 0 .OOE+-00 
0.OOE+-00 0.0000 0.OOE+-00 0 .OOE+OO 
0.OOE+-00 0.0000 0.OOE+-00 0 .00E+-00 
O.OOE+-00 0.0000 0.OOE+OO 0.OOE+-00 
0.00E+-00 0.0000 O.OOE+-00 0 .OOE+OO 
0 .OOE+-00 0.0000 0.00E+-00 0.OOE+OO 
-5.16E-07 0.0000 l.46E-07 1.26E-01 
-3.20E-07 0.0000 9.01E-06 7.90E-02 
-2.00E-07 0.0000 5.64E-08 4 .94E-02 
-9.26E-06 0.0000 2 .61E-06 2.29E-02 
-J.24E-06 0.0000 9 .12E-09 6.00E-03 
-5.25E-09 0.0000 1.48E-09 1.29E-03 
-6.63E-10 0 .0000 1.86E-10 1.63E-04 
-6.36E-11 0.0000 2.36E-11 2.07E-05 
-1 .06E-11 0 .0000 2.9BE- 12 2.61E-06 
-1 .34E-12 0.0000 3.76E-13 3.30E-07 
-1 .69E-13 0.0000 4.76E-14 4.17E-08 
-2.14E-14 0.0000 6.01E-15 5.27E-09 
-2 .70E-15 0.0000 7.60E-16 6 .86E-10 
-3 .42E-16 0.0000 9.62E-17 8.43E-11 
-6 .93E-17 0 .0000 1.95E-17 1.71E-11 
-6 .93E-17 0.0000 1.95E-17 1.71E-11 
-6 .93E-17 0.0000 1.95E-17 1.71E-11 
-6.93E-17 0 .0000 1.95E-17 1.71E-11 
-6 .93E-17 0.0000 l .95E-17 1.71E-11 
-6.93E-17 0.0000 1.95E-17 1.71E-11 
-6 ,93E-17 0 .0000 1.95E-17 1.71E-11 
-6.93E-17 0 .0000 1.95E-17 1.71E-11 

Pyrite Density Profile 

19'yrit.o...lty(~) 

000 ,0.00 ""-"' «>00 «>.00 ,0000 

,. 

I 20 

:,0 .. 
,. 
., ,. 

504 Ca Mg S04 Ca Sulf dens 

(mol/L) (moVL) (mg/L) (mgll) (mgll) mo!.'m> 
0.00 
0.00 
0 .00 
0 .00 
0 .00 
0.00 
000 
0.00 
0.00 
0.00 
000 

100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100 00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100 00 
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Sens1.xts 

COUPLED o,1co,1Mg!SO,!Ca MODEL 

MODEL DETAILS 
Filename 
Date 
Desaiption: 

INPUT PARAMETERS 
Finne Difference Parameters 
nodes x 
nodes y 
time periods 
init delt (s) 
[02] at surface (moVm') 
(CO2] at surface (moVm')) 
Model Options 
CO2 OPTION 
FES2 OPTION 
0 2 OPTION 
Geochemical Options 
Precipiation (mis) 
Infiltration Coefficient 
Kgypsum 
Infiltration (mis) 
Fraction Flow Paths (G) 
Diffusion Parameters 
Dw (m2/s) 
Da (m2/s) 

a 

H 

FES2 OPTION 

0 - No FES2 DEPLETION 
1 - ALLOW FES2 DEPLETION 

Material 

T,11 
Till 
Till 
Till 

Sandstone 
Sandstone 
Sandstone 
Sandstone 
Saprolil e 
Saprolite 
S aprolrte 

Type I. Wasl:e Roek. 
Type 1- Was te Rock 
Type 1- Waste Rock 
Type I - Waste Rock 
Type I - Wasle Rock 
Type I - Was le Rock 
Type I · Waste Rock 

Type II - Waste Rock 
Type ll - Wasle Rock 
Type II - Waste Rock 
Type II - Waste Rock 
Type II . Waste Rock 
Type II - Wasle Rock 
Type II - Waste Rock 
Type II - Waste Rock 
Type II - Waste Rock. 
Type II - Waste Rock 
Type II - Waste Rock 
Type II - Waste Rock 
Type 11- Was\e Rock 
Type II - Waste Rock 
Type II - Wasle Rock 
Type 11 - Waste Rock 
Type II - Waste Rock 
Type II - Wasle Rock 
Type 11- Wasle ROCX 
Type II - Wasle Rock 
Type 11 - Waste Rock 
T.,....,, II· Waste Rock 

sens lb.xis 
7/26/96 
Flambeau Mining Co. 
Case 1 (backfilled pn - final design) - Sensi1ivi1y Run 
D,,,, (m2s·' ) 2.00E-06 

D.,.,., (m2s·' ) 2.00E-06 

r.,.,., 1 (s·') 0.00E+OO 

,.,,.,., (s" 1
) 8.90E-OB 

40 
1 

0.01 
8.9 

0 .0141 

D 
1 .1 0E-09 (62 mm / year) 

1.00 

OUTPUT TIMES 

time (s) time(y) 
3.SE+OB 11 
0.0E+OO 
0.0E+OO 
0.0E+OO 
0.0E+OO 
0.0E+OO 
0.0E+OO 

1.1 0E-09 = recharge• infiltration coefficient 
0.10 

2.20E-09 
1.B0E-05 

0.273 
3.28 
33.9 

DEPTH 

(m) 

0.305 
0 91< 
1.524 
2.134 
2 .743 
3 .353 
3.962 
4.572 
5 .182 
5 .791 
6 40'! 
6 .858 
7.315 
7.925 
6 .534 
9 .14< 
9 .754 
10.363 
10.973 
11 .582 
12 .192 
13.106 
u .-'78 
16.764 
19.612 
22 .660 
25.908 
28.956 
32 .004 
35.052 
38.100 
,, .1~8 
44 .196 
47 .24-4 
50.292 
53.340 
56 .386 
59 .436 
62 .48'1 
65 .532 

CO2 OPTION: 
0 - No CO2 Coupling 
1 - CO2 Coupling 

MODEL INPUTS 
Cell Sizes r Porosity 

(ml (s-1) (%) 

0.6096 0 17% 
0 .6096 0 17% 
0 .6096 0 17% 
0 .6096 0 17% 
0 .6096 0 16% 
0.6096 0 16% 
0.6096 0 16% 
0 .6096 0 16% 
0 .6096 0 22% 
0 .6096 0 22% 
0.6096 0 22% 
0 .3048 O.OOE+OO 15% 
0.6096 O.OOE+-00 15% 
0 .6096 O.OOE+OO 15% 
0 .6096 O.OOE+OO 15% 
0 .6096 0 .00E+OO 15% 
0.6096 O.OOE+OO 15% 
0 .6096 O.OOE+OO 15% 
0 .6096 6.90E-06 15% 
0 .6096 6.90E-06 15% 
0.6096 8.90E-06 15% 
1.2192 8.90E-06 15% 
1.524 8.90E-08 15% 
3 .048 8.90E-06 15% 
3.046 8.90E-06 15% 
3 .048 8.90E-06 15% 
3.048 8 .90E-06 15% 
3.046 8.90E-06 15% 
3.048 8.90E-06 15% 
3.048 8 .90E-06 15% 
3.048 8.90E-06 15% 
3.048 8.90E-06 15% 
3.048 8 .90E-06 15% 
3.048 8.90E-06 15% 
3 .048 8.90E-06 15% 
3 .048 8.90E-06 15% 
3048 8 .90E-06 15% 
3.048 8.90E-06 15% 
3.048 8.90E-06 15% 
3.048 8.90E-06 15% 

37 

Output col 
1 
6 
11 
16 
21 
26 
31 

Sah..ntion 
(%) 

0% 
0% 
0% 
0% 
0-k 
0% 
0% 
0% 
0% 
0% 
0-k 
0% 
0% 
0% 
0% 
0% 
0% 
0-k 
0% 
0% 
0% 
0% 
0% 
Do/, 
0-k 
0% 
0% 
0% 
0% 
0% 
0% 
0-k 
0-k 
0% 
0% 
0% 
0-k 
0% 
0% 
0% 

O2OPTION 

0 - HALF ORDER REACTION 
1 - FIRST ORDER REACTION 
2 - MIXED FIRST ORDER/ HALF ORDER 

f SutfOens Diff Coeff 10,,w 
(moVm'i (m2/s) lmoVm'l 

0 2 .00E-06 8.89 
0 2.00E-06 0.00 
0 2 .00E-06 0.00 
0 2 .00E-06 0.00 
0 2.00E-06 0.00 
0 2 .00E-06 0 .00 
0 2.00E-06 0.00 
0 2.00E-06 0 .00 
0 2.00E-06 0.00 
0 2 .00E-06 0 .00 
0 2.00E-06 0.00 

100 2.00E-06 0 .00 
100 2.00E-06 0.00 
100 2.00E-06 0 .00 
100 2.00E-06 0.00 
100 2.00E-06 0 .00 
100 2.00E-06 0 .00 
100 2 .00E-06 0 .00 
100 2.00E-06 0.00 
100 2.00E-06 0 .00 
100 2.00E-06 0.00 
100 2 .00E-06 0 .00 
100 2.00E-06 0 .00 
100 2.00E-06 0 .00 
100 2 .00E-06 0.00 
100 2.00E-06 0.00 
100 2.00E-06 0.00 
100 2.00E-06 0 .00 
100 2.00E-06 0 .00 
100 2 .00E-06 0.00 
100 2 .00E-06 0.00 
100 2.00E-06 0 .00 
100 2.00E-06 0 ,00 
100 2.00E-06 0.00 
100 2 .00E-06 0.00 
100 2.00E-06 0 .00 
100 2.00E-06 0.00 
100 2.00E-06 0.00 
100 2 .00E-06 0.00 
100 2.00E-06 0.00 

1co, _ 
fmol/m,\ 
1,41E-02 
O.OOE+-00 
O.OOE+-00 
O.OOE+-00 
O.OOE+-00 
O.OOE+-00 
0.00E+-00 
O.OOE+-00 
O.OOE+-00 
O.OOE+-00 
O.OOE+-00 
O.OOE+-00 
O.OOE+-00 
O.OOE+-00 
O.OOE+-00 
0.00E+-00 
O.OOE+-00 
O.OOE+OO 
O.OOE+-00 
O.OOE+OO 
O.OOE+-00 
0 .00E+OO 
O.OOE+-00 
O.OOE+-00 
O.OOE+-00 
O.OOE+-00 
O.OOE+-00 
O.OOE+-00 
O.OOE+-00 
O.OOE+-00 
O.OOE+-00 
O.OOE+OO 
0.00E+-00 
O.OOE+-00 
O.OOE+-00 
O.OOE+OO 
O.OOE+-00 
O.OOE+-00 
O.OOE+OO 
O.OOE+-00 
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Sens1.lCIS 

RESULTS FOR YEAR : 11 

Flux In (moUm's) 
o, cons. (moUm's} 

Dpen(m) 

50 

DEPTH CONG 0 2 
(m) (moVm,) 

0.305 6.690 
0.914 8.532 
1.524 8.175 
2.134 7.817 
2.743 7,460 
3.353 7.102 
3.962 6 .745 
4 .572 6 .387 
5.182 6.030 
5.791 5.672 
6.401 5.3 15 
6 .858 5.047 
7.315 4,779 
7.925 4.421 
8.534 4.064 
9.1« 3.706 
9.754 3.34 9 
10.363 2.991 
10,973 2.633 
11 .582 2 .320 
12.192 2.044 
13.106 1.661 
14 .476 1.262 
16.764 0.760 
19.812 0 404 
22,860 0.214 
25.908 0 114 
26.956 0 ,061 
32.004 0.032 
35.052 0.017 
38.100 0.009 
41.148 0.005 
« .196 0 .003 
47 .244 0.001 
50.292 0.001 
53,340 0.000 
56.388 0.000 
59.436 0.000 
62.484 0.000 
65 .532 0.000 

1.17E-06 

7.33E--07 

15.24 

02 Cons 

(motfm's \ 
0.OOE+-00 
0.OOE+-00 
0.OOE+-00 
O.OOE+-00 
0.OOE+-00 
O.OOE+-00 
0.OOE+-00 
0.OOE+OO 
0.OOE+-00 
O.OOE+OO 
O.OOE+OO 
O.OOE+-00 
0.OOE+-00 
0.OOE+-00 
O.OOE+-00 
0.OOE+OO 
0.OOE+-00 
0.OOE+-00 
2.34E-07 
2.06E-07 
1.82E-07 
1.50E-07 
1.12E-07 
6.76E-06 
3.59E-06 
1.91E-06 
1.01E-06 
5.39E-09 
2.86E-09 
I .52E-09 
8 OSE-10 
4.29E-10 
2.28E- 10 
1.21E-10 
6.45E-11 
3.43E-11 
1.84E-11 
1.01E-11 
5.90E-12 
4.16E-12 

02 Profile 

"" li .00 , .oo ,o.oo 

1=11 
CO2 Prod CONC CO2 mols 02 cons NP consmptn 

tmoVmJs) (moVm') per m3 rod:: kg CaCOleQNyr 

0.OOE+OO 0.01<1 0.uue+-00 0.OOE+OO 
O.OOE+OO 0.0000 O.OOE+OO 0.OOE+OO 
0 ,00E+OO 0.0000 0.OOE<-OO 0.OOE+OO 
0.OOE+OO 0.0000 0.OOE+-00 0.OOE+-00 
O.OOE+-00 0.0000 0.00E+OO 0.OOE+OO 
0.OOE+OO 0.0000 0.OOE+OO 0.OOE+OO 
0.OOE+OO 0.0000 0.OOE+OO 0.OOE+OO 
0.00E+OO 0.0000 O.OOE+OO 0.OOE+OO 
0.OOE+OO 0.0000 0.OOE+OO 0.OOE+OO 
0.OOE+OO 0.0000 O.OOE+OO 0.OOE+OO 
O.OOE+-00 0.0000 O.OOE+OO O.OOE+OO 
0.OOE+OO 0.0000 0.00E+OO 0.00E+OO 
O.OOE+OO 0,0000 0.OOE+OO 0.OOE+OO 
O.OOE+OO 0.0000 0.OOE+OO 0.OOE+OO 
0.OOE+OO 0.0000 0.OOE+OO 0.OOE+OO 
O.OOE+OO 0.0000 0.00E+OO 0.OOE+OO 
O.OOE+OO 0.0000 0.OOE+OO O.OOE+OO 
0.OOE+OO 0.0000 0.OOE+OO 0.OOE+OO 
-1 .25E-07 0.0000 3.52E--08 3.0SE-02 
-1.10E-07 0.0000 3.I0E--08 2.71E-02 
•9.70E-08 0.0000 2.73E-08 2.39E-02 
-7 .98E--08 0.0000 2.24E--08 1.97E-02 
-5.99E--08 0.0000 1.69E--08 1.46E-02 
-3.61E-OB 0.0000 1.01E--08 8.89E-03 
-1.92E-08 0.0000 5.39E-09 4.72E-03 
-1 .02E--08 0.0000 2.86E-09 2.51E-03 
-5.41E-09 0.0000 1.52E-09 l .33E-03 
-2.67E-09 0.0000 8.08E-10 7.09E-04 
-1 .53E-09 0.0000 4.29E-10 3.76E-04 
-6.11E-10 0.0000 2.28E-10 2.00E-04 
-4 .31E-10 0.0000 1.21E-10 1.06E-04 
-2.29E-10 0.0000 6.«E-11 5.65E-05 
-122E-10 0.0000 3.42E-11 3.00E-05 
-6.47E-11 00000 1.82E-11 1.59E-05 
-3.«E-11 0.0000 9.67E-12 8.48E-06 
- 1.83E-11 0 .0000 5.15E-12 4.52E-06 
-9.81E-12 0.0000 2.76E-12 2.42E-06 
-5.37E-12 0.0000 1.51E-12 1.32E-06 
-3.15E-12 0.0000 8.85E-13 7.76E-07 
-2.23E-12 0.0000 6.26E-13 5.49E-07 

38 

~ 

(moVL} 

0 .00 

-=1 
! ,. 

t«> 
IO 

"' 
10 

Ca 
(moVL) 

Pyrite Density Profile 

Pyl-itlltl.w..ty(~I 

moo .o.oo 10.00 m.oo 100.00 

I 

Mg 504 Ca Sulf deM 

(mgll.) (mgll.) (mgll.) moUm' 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 .00 
0.00 

100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100,00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
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Sens1 .klS 

COUPLED 0 2/C0 2/Mg/SO,/Ca MODEL 

MODEL DETAILS 
Filename 

Date 
Description: 

INPUT PARAMETERS 
Finije Difference Parameters 
nodes x 
nodes y 
time periods 
inrt oeN (s) 
[02] at surface (moVm') 
[CO2! at surface (moVm')) 
Model Options 
CO2 OPTION 
FES2 OPTION 
02 OPTION 
Geochemical Options 
Precipiation (mis) 
Infiltration Coefficienl 
Kgypsum 
lnfittralion (mis) 
Fraction Flow Palhs (G) 
Diffusion Parameters 
Ow (m2/s) 
Da (m2/s) 

a 

H 

FES2 o;:,TION 

0 • No FES2 DEPLETION 
1 - ALLOW FES2 DEPLETION 

Material 

T1U 

Till 
Till 
Till 

Sandstone 
Sandslone 
Sandstone 
Sandstone 
Saprolite 
Sapmlile 
Saprohte 

Type I. Waste Rock 
Type I • Wule Rod 
Type 1- Waste Roel< 
Type I· Waste Rod 
Type I - Was1e Rod 
Type I - Waste Rock 
Type I - Wast~ Rod 

Type II - Waste Rod 
Type II - Wasle Rod 
Type 11 - Waste Rock 
Type II - Wasle Rod 
Type II - Waste Rock 
Type II - Waste Rod 
Type 11- Waste Rock 
Type II - Waste Rod 
Type II • Waste Rock 
Type II - Waste Roe.Ii; 
Type II - Waste Rock 
Type II - Waste Rod 
Type II - Waste Rock 
Type II - Waste Rock 
Type 11- Waste Rod 
Type ll - Waste Rock 
Type II - Wasle Rock 
Type 11- Waste Rock. 
Type 11 - Waste Rock 
Type 11 • Waste Rock 
Type II - Wasle Rock 
Tvoe II - Waste Rock 

sens1c.xls 
7/26/96 
Flambeau Mining Co. 
Case 1 (backfilled prt - final design) - Sensrtivrty Run 
D,, 11 (m

2 s·') 6.00E-06 

D.,,,., (m's') 6.00E-06 

rwnlel (5
1

) 0.00E+O0 

r.,,, .. , (s ·') 8.90E-08 

40 
1 

0.01 
8.9 

0.0141 

D 
1.1 0E-09 (62 mm/ year) 

1.00 

OUTPUT TIMES 

time (s) time (y) 
3.5E+08 11 
0.0E+OO 
0.0E+O0 
0.0E+OO 
0.0E+O0 
0.0E+OO 
0.0E+OO 

1.10E-09 : recharge • infiNration coefficient 
0.10 

2.20E-09 
1.80E-05 

0.273 
3.28 
33.9 

DEPTH 

(m) 

0.300 
0.91• 
1.524 
2.13< 
2.743 
3.353 
3.962 
4.572 
5.182 
5.791 
6.401 
6.858 
7.315 
7.925 
8.53< 
9.144 
9.754 
10.363 
10.973 
11.582 
12.192 
13.106 
U .-476 
16.76-< 
19 812 
22.860 
25.906 
28.956 
32.004 
35.052 
38 .100 
-41 . 1-4B 
«.196 
47.2« 
50.292 
53.J.<0 
56.388 
59.436 
62.48-< 
65.532 

CO2 OPTION 
D - No CO2 Coupling 
1 - CO2 Coupling 

MODEL INPUTS 

Cell Size5 r Porosity 
(m) (s-1) (%) 

0.6096 0 11% 
0.6096 0 17% 
0.6096 0 17% 
0.6096 0 17% 
0.6096 0 16% 
0.6096 0 16% 
0.6096 0 16% 
0.6096 0 16% 
0.6095 0 22% 
0.6096 0 22% 
0.6096 0 22% 
0.3048 0.OOE+OO 15% 
0.6096 O.OOE+OO 15% 
0.6096 0.OOE+OO 15•k 
0.6096 0.OOE+OO 15% 
0.6096 0.OOE+OO 15'% 
0.6096 0.OOE+OO 15% 
0.6096 0.OOE+OO 15% 
0.6096 8.90E-08 15°k 
0.6096 8.90E-08 15% 
0.6096 8.90E-06 15'h 
1.2192 8.90E-08 15°k 

1.52• 8.00E-08 15% 
3.048 8.90E-08 15o/, 

3.048 8.90E-06 15% 
3.048 8.90E-08 15% 
3.048 8.90E-08 15'4 
3.048 8.00E-08 15% 
3.048 8.90E-08 15% 
3.048 8.90E-08 15% 
3.048 8.00E-08 15% 
3.046 8.90E-08 15% 
3.048 8.00E-08 15V., 

3.048 8.00E-08 15% 
3.048 8.00E-08 15% 
3.048 8.90E-08 15% 
3.046 8.00E-08 15% 
3.048 8.90E-08 15% 
3.048 8.90E-08 15% 
3.048 8.90E-08 15% 

39 

Output col 
1 
6 
11 
16 
21 
26 
31 

Sawration 
(%) 

0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0'4 
()',I 

0% 
0% 
0% 
0 % 
0% 
0'4 
0% 
0% 
()',I 

0'4 
()',I 

0% 
()',-

0% 
0'.-
0% 
0% 
O"~ 
()',-

0'4 
0% 
0% 
0% 
0% 
0% 

02 OPTION 
0 - HALF ORDER REACTION 
1 - FIRST ORDER REACTION 
2 - MIXED FIRST ORDER I HALF ORDER 

F SulfOens Oit!Coeff 10.-
(mo!lm'l (m2/s) rmoVm'l 

u 6.00t-06 8.09 
0 6.00E-06 0.00 
0 6.00E-06 0 .00 
0 6.00E-06 0.00 
0 6.00E-06 0.00 
0 6.00E-06 0.00 
0 6 .00E-06 0.00 
0 6.00E-06 0.00 

- 0 6.00E-06 0 .00 
0 6 .00E-06 0.00 
0 6.00E-06 0.00 

100 6.00E-06 0 .00 
100 6.00E-06 0.00 
100 6.00E-06 0.00 
100 6.00E-06 0.00 
100 6 .00E-06 0.00 
100 6.00E-06 0.00 
100 6.00E-06 0.00 
100 6.00E-06 0.00 
100 6.00E-06 0.00 
100 6 .00E-06 0.00 
100 6.00E-06 0.00 
100 6.00E-06 0.00 
100 6.00E-06 0.00 
100 6.00E-06 0.00 
100 6.00E-06 0.00 
100 6.00E-06 0.00 
100 6.00E-06 0 .00 
100 6.00E-06 0.00 
100 6.00E-06 0.00 
100 6.00E-06 0.00 

. 100 6.00E-06 0.00 
100 6 .00E-06 0.00 
100 6.00E-06 0.00 
100 6.00E-06 0.00 
100 6.00E-06 0.00 
100 6.00E-06 0.00 
100 6.00E-06 0.00 
100 6.00E-06 0.00 
100 6.00E-06 0 .00 

1co.~ 
tmoUm'> 
1.41t-U, 
O.OOE+OO 
O.OOE+OO 
0.OOE+OO 
O.OOE+OO 
0.00E+OO 
0.OOE+OO 
0.OOE+OO 
0.00E+OO 
0.OOE+OO 
O.OOE+OO 
0.OOE+OO 
O.OOE+OO 
0.00E+OO 
O.OOE+OO 
0.OOE+OO 
0.00E+OO 
O.OOE+OO 
0.OOE+OO 
0.00E+OO 
O.OOE+OO 
0.OOE+OO 
0.00E+OO 
0.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.OOE+OO 
0.00E+OO 
0OOE+OO 
0.OOE+OO 
0.00E+OO 
0.OOE+OO 
0.OOE+OO 
0.OOE+OO 
O.OOE+OO 
0 .OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.OOE+OO 
O.OOE+OO 
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RESULTS FOR YEAR: 11 

02 Profile 

Conc:Cmolm..., 
o.oo 1 oo A.oo •-oo e.oo 10 00 

Flux In (moUm'~) 
o, cons. (moUm's) 

Dpen(m) 

DEPTH CONC02 
(m) (moVm') 

0.305 8.890 
0.91• 8.599 
1.524 8.308 
2.13• 8.017 
2.743 7.726 
3.353 7.•36 
3.962 7.145 
•.572 6.854 
5.182 6.563 
5.791 6.272 
6.401 5.981 
6.858 5.763 
7.315 5.545 
7.925 5.254 
8.53• •.963 
9.1•• •.672 
9.75• •.38 1 
10.363 •.090 
10.973 3.800 
11.582 3.530 
12.192 3.279 
13.106 2.931 
1•.478 2 .480 
16.764 1.858 
19.812 1.285 
22.860 0.888 
25.908 0.614 
28 .956 0.•25 
32.004 0.294 
35.052 0.203 
38.100 0.140 
• 1.1•8 0.097 
•• .196 0.067 
•7.2•• 0.0• 7 
50.292 0.033 
53.3• 0 0.023 
56.366 0.016 
59.436 0.012 
62 •8• 0.010 
65 .532 0.009 

2.86E-06 
2.0BE-06 

21.336 

02 Cons 

Cmollm3s\ 
O.OOE+-OS 
O.OOE+-00 
O.OOE+-00 
0.00E+-00 
O.OOE+-00 
0.00E+-00 
O.OOE+-00 
O.OOE+OO 
0.00E+OO 
O.OOE•OO 
O.OOE+-00 
0.00E+-00 
O.OOE+-00 
O.OOE+-00 
0.00E+-00 
O.OOE+-00 
O.OOE+OO 
O.OOE+-00 
3.36E-07 
3.14E-07 
2.92E-07 
2.61E-07 
2.2 1E-07 
1.65E-07 
U •E-07 
7.90E-08 
5 46E-08 
3.78E-08 
2.61E-08 
1.81E-08 
1.25E-06 
8.65E-09 
5.99E-09 
•.16E-09 
2.90E-09 
2.0• E-09 
1.•7E-09 
1.09E-09 
867E-10 
7.62E-10 

r-11 

CO2 Prod CONC CO2 mols 02 cons NP consmptn 

rmol1m1sl (moVm') per m3 rock kgCaC03eqll/yr 
O.OOE+OO 0.0141 O.OOE+-00 O.OOE+-00 
O.OOE+-00 0.0000 O.OOE+-00 0.00E+OO 
O.OOE+-00 0.0000 O.OOE+-00 O.OOE+OO 
O.OOE+-00 0.0000 O.OOE+-00 O.OOE+-00 
O.OOE+-00 0.0000 O.OOE+-00 0.00E+OO 
0 .00E+OO 0.0000 O.OOE+-00 O.OOE+-00 
O.OOE+-00 0.0000 O.OOE+-00 O.OOE+-00 
O.OOE+OO 0.0000 O.OOE+-00 O.OOE+-00 
O.OOE+-00 0.0000 0.00E+-00 -O.OOE+-00 
O.OOE+-00 0.0000 O.OOE+-00 O.OOE+-00 
O.OOE+-00 0.0000 O.OOE+-00 0.00E+OO 
0.00E+-00 0.0000 O.OOE+-00 O.OOE+-00 
O.OOE+-00 0.0000 O.OOE+-00 O.OOE+-00 
O.OOE+-00 0.0000 O.OOE+OO 0.00E+-00 
O.OOE+-00 0.0000 0.00E+OO O.OOE+-00 
O.OOE+-00 0.0000 O.OOE+OO 0.00E+OO 
O.OOE+-00 0.0000 O.OOE+OO O.OOE+-00 
O.OOE+-00 0.0000 0.00E+-00 O.OOE+OO 
-1 .80E-07 0.0000 5.07E-08 •.•5E-02 
-1.68E-07 0.0000 •.71E-08 •.13E-02 
-1 .56E-07 0.0000 •.38E-08 3.B•E-02 
-1 .39E-07 0.0000 3.91E-08 3.•3E-02 
-1 .18E-07 0.0000 3.31E-08 2.90E-02 
-1! .82E-08 0.0000 ·2.•8E-08 2.17E-02 
-6.10E-08 0.0000 1.71E-08 1.SOE-02 
-• .22E--OS 0.0000 1.19E-08 1.0•E-02 
-2.91E-08 0.0000 8.20E-09 7.19E-03 
-2.01E-06 0.0000 5.67E-09 •.97E-03 
-1 39E-08 0.0000 3.92E-09 3.•3E-03 
-9.63E-09 0.0000 2.71E-09 2.38E-03 
-6.66E-09 0.0000 1 .87E-09 1 .6•E-03 
-• .61 E-09 0.0000 1.30E-09 1.1•E-03 
-3.19E-09 0.0000 8.98E-10 7.88E-O• 
-2.22E-09 0.0000 6.2•E-10 5.•7E-0• 
-1 .55E-09 0.0000 •.35E-10 J.81E-O• 
-1 .09E-09 0.0000 J.06E-1 0 2 .69E-O• 
-7.82E-10 0.0000 2.20E-10 1.93E-O• 
-5.82E-10 0.0000 1.6•E-10 1.•JE-0• 
-• .62E-10 0.0000 1.30E-10 1.14E-O• 
-• .06E-10 0.0000 U •E-10 1 .OOE-0• 
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SO< 

(moVl) 

Pyrite Density Profile 

P)on'9~(fftOL'rnJ) 

0 .00 20.00 «>.00 .,.110 .,J:IO 10,.00 

.:, 
"' i 
'° i 
., 1 
,., ; .. . 
70 '. 

Ca 
(mol'l.) 

Mg 

(mg/I.) 

I 

S04 ca 
(mg/I.) (mgll.) 

Sutt dens 

movm' 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
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COUPLED o,,co,1Mg/SO4/Ca MODEL 

MODEL DETAILS 
Filename 
Date 
Description: 

INPUT PARAMETERS 
Finrte Difference Paramelers 
nodes x 
nodes y 
time periods 
inrt dett (s) 
(02) at surface (moVm') 
(CO2) at surface (moVm')) 
Model Options 
CO2 OPTION 
FES2 OPTION 
02 OPTION 
Geochemical Options 
Precipiation (mis) 
lnfiltra1ion Coefficient 
Kgypsum 
lnfiltra1ion (mis) 
Fraction Flow Paths (G) 

Diffusion Parameters 
Dw(m2/s) 
Da (m2/s) 

a 

H 

FES2 OPTION 
0 - No FES2 DEPLETION 
1 -ALLOW FES2 DEPLETION 

Material 

T1U 
Ti!! 
T1U 
Till 

Sandstone 
Sandstone 
Sandstone 
Ssndslone 
Ssprolite 
Saprofrte 
Saprolile 

Type 1- Wa&1.e Roek 
Type I· Was1e Rock 
Type I - Waste Roek 
Type I - Waste Rock 
Type 1- Was1e Rock 
Type 1- Waste Rock 
Type I - Waste Rock 
Type II - Waste Rock 
Type II - Waste Rock 
Type II - Wasle Roek 
Type II - Waste Rock 
Type II - Waste Rock 
Type II· Waste Rock 
1ype II. Wasle Rod. 
Type JI - Wasle Rock 
Type II - Waste Rock 
Type II. Wasle Rock 
Type II. Was1e Rock 
Type II - Waste Rock 
Type II - Waste Rock 
1 ype 11 - Wash: Rock 
Type II - Waste Rock. 
Type 11 - Waste Rod-, 
Type II· Waste Rock 
Type II - Waste Rock 
Type II - W• s1e Rod. 
Type II - Waste Rock 
Type II. Waste Rock 
T~ II• Waste Rock 

sensld.xls 
7/26/96 
Flambeau Mining Co. 
Case 1 (backfilled prt - final design) - Sensilivrty Run 
D,., (m2s" 1

) 6.00E-06 

D,...,, (m2s"1
) 6.00E-06 

r,..,.,, (s"1
) 0.00E+O0 

r.,..,,2 (s·') 1.30E-06 

1 

40 
1 

0.01 
8.9 

0.0141 

D 
1.10E-09 (62 mm I year) 

1.00 

OUTPUT TIMES 

time (s) time (y) 

3.5E+08 11 
0.0E+OO 
0.0E+OO 
0.0E+OO 
0.0E+OO 
0.0E+OO 
0.0E+O0 

1.10E-09 =recharge· infiltration coefficienl 
0.10 

2.20E-09 
1.B0E-05 

0.273 
3.28 
33.9 

DEPTH 

(m) 

0.305 
0.914 
1.524 
2.13'1 
2.743 
3.353 
3.962 
4 .572 
5.182 
5.791 
6.401 
6 .858 
7.315 
7.925 
8.53'1 
9.144 
9.754 
10.363 
10.973 
11 .582 
12.192 
13.106 
14 .•HB 
16.784 
19.812 
22 .860 
25.908 
28.956 
32.004 
35.052 
38.100 
41 .148 
« .196 
<7.24-4 
~ -292 
53.3'10 
56.388 
59.436 
62 484 
65.532 

CO2 OPTION: 
0 - No CO2 Coupling 
1 - CO2 Coupling 

MODEL INPUTS 

Cell Sizes r Porosity 

(m) (s-1) (%) 

0.6096 0 11¾ 
0.6096 0 17% 
0.6096 0 17c.,4 

0.6096 0 17¾ 
0.6096 0 16c,,4 

0.6096 0 16% 
0.6096 0 16% 
0.6096 0 160.4 
0.6096 0 22% 
0.6096 0 22% 
0.6096 0 22% 
0.3048 O.OOE+OO 15% 
0.6096 0.00E+OO 15% 
0.6096 0.00E+OO 15% 
0.6096 O.OOE+OO 15% 
0.6096 O.OOE+OO 15% 
0.6096 O.OOE+OO 15•,4 
0.6096 O.OOE+OO 15% 
0.6096 1.30E-06 1s•1. 
0.8096 1.30E-06 15% 

0 6096 1.30E-06 15°4 
1.2192 1.30E-06 15% 

1.52' 1.30E-06 15% 
3.048 1.30E-06 15% 
3.048 1.30E-06 15% 
3.048 1.30E-06 15% 

3.048 1.30E-06 15% 

3.048 1.30E-06 15°4 
3.048 1.30E-06 15% 
3.048 1.30E-06 15% 

3.048 1.30E-06 15% 
3.048 1.30E-06 15% 
3.048 1.30E-06 15°1. 
3.048 1.30E-06 15% 

3.048 1.30E-06 15% 
3.048 1.30E-06 15%, 

3.048 1.30E-06 15% 
3.048 1.30E-06 15°4 
3.048 1.30E-06 15% 
3.048 1.30E-06 15% 

41 

Output col 
1 
6 
11 
16 
21 
26 
31 

Salurztion 

(%) 

0% 
0"/4 
0% 
O"I. 
O"/, 
0% 
O"I. 
0"/4 
O"I. 
0% 
O"I. 
0% 
0% 
O"I. 
0% 
0% 
0¾ 
O"I, 
0',4 
0% 
O¾ 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
O"I, 
0% 
0% 
O"I. 
0% 
0".4 
O"/, 

02 OPTION 
0 - HALF ORDER REACTION 
1 - FIRST ORDER REACTION 
2 - MIXED FIRST ORDER/ HALF ORDER 

F Sulf'Dens 01ffCoeff 10,,-
cmovm'l (m2/s) (moUm'l 

0 6.00E-06 8.89 
0 6.00E-06 0.00 
0 6.00E-06 0.00 
0 6.00E-06 0.00 
0 6 .00E-06 0.00 
0 6.00E-06 0.00 
0 6.00E-06 0.00 
0 6 .00E-06 0.00 
0 6.00E-06 0.00 
0 6.00E-06 0.00 
0 6.00E-06 0 .00 

100 6.00E-06 0.00 
100 6.00E-06 0.00 
100 6.00E-06 0 .00 
100 6.00E-06 0.00 
100 6.00E-06 0 .00 
100 6 OOE-06 0.00 
100 6.00E-06 0 .00 
100 6.00E-06 0.00 
100 6.00E-06 0.00 
100 6.00E-06 0.00 
100 6 .00E-06 0.00 
100 6.00E-06 0 .00 
100 6.00E-06 0.00 
100 6.00E-06 0.00 
100 6.00E-06 0.00 
100 6 .00E-06 0.00 
100 6.00E-06 0.00 
100 6 .00E-06 0.00 
100 6.00E-06 0 .00 
100 6 .00E-06 0.00 
100 6 OOE-06 0.00 
100 6.00E-06 0.00 
100 6 .00E-06 0.00 
100 6.00E-06 0.00 
100 6 .00E-06 0.00 
100 6 OOE-06 0 .00 
100 6 OOE-06 0.00 
100 6.00E-06 0.00 
100 6.00E-06 0.00 

(CO,_ 

(moVm'l 
1.41E-02 
0.00E+OO 
O.OOE+OO 
0.00E+OO 
O.OOE+OO 
0.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
D.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+OO 
O.OOE+OO 
O.OOE•OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+-00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+OO 
O.OOE+OO 
0.00E+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
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RESULTS FOR YEAR: 11 

02 Profile 

Cone (mot ..... , 

000 200 -4.00 liOO 6.00 10.00 

Flux In (mol/m's) 
0 2 cons. (moUm's) 

Open (m) 

DEPTH CONG 02 
(m) (moVm1

) 

0.305 8.890 
0.914 8.458 
1.524 8.026 
2.134 7.595 
2.743 7.163 
3.353 6.731 
3.962 6299 
4.572 5.866 
5.162 5.436 
5.791 5.004 
6 .401 4.572 
6 .658 4249 
7.315 3.925 
7.925 3.493 
8 .534 3.061 
9.144 2.630 
9.754 2.196 
10.363 1.766 
10.973 1.334 
11 .582 1.010 
12.192 0.767 
13.106 0.495 
14 .476 0.267 
16.7&1 0.067 
19.812 0 .023 
22.860 0.006 
25.906 0.002 
28.956 0.000 
32.004 0000 
35 .052 0 .000 
38 .100 0.000 
41.146 0.000 
«.196 0.000 
47 .2"'4 0.000 
50.292 0.000 
53.340 0.000 
56.388 0.000 
59.436 0.000 
62 .484 0.000 
65.532 0.000 

4 .25E-06 

4.12E-06 

18.288 

0 2 Cons 

fmol/m1s' 
O.OOE+OO 
0.00E+-00 
0.OOE+-00 
0.OOE+-00 
0.OOE+-00 
0.OOE+-00 
0.OOE+-00 
0.OOE+-00 
0.OOE+OO 
0.OOE+-00 
0.OOE+-00 
0.OOE+-00 
0 .OOE+-00 
0 .OOE+-00 
0.OOE+-00 
0.OOE+-00 
0.OOE+-00 
O.OOE+-00 
1.73E-06 
1.31E-06 
9.97E--07 
6.«E-07 
3.47E-07 
1.13E--07 
3.02E-08 
6.07E-09 
2.16E-09 
5.75E-10 
1.54E-10 
•.IOE-11 
1.09E-11 
2 .92E-12 
7.60E-1 3 
2.0SE-13 
5.56E-1• 
1.48E-1• 
3.96E-15 
1.06E-15 
2.89E-16 
1.30E-16 

CO2 Prod 

fmollm3s) 
0.00E+OO 
0.OOE+-00 
0.OOE+-00 
0.OOE+-00 
0 .00E+OO 
0.OOE+-00 
0.OOE+OO 
0.00E+-00 
0.OOE+-00 
0.OOE+OO 
0.OOE+-00 
0.OOE+-00 
0.OOE+-00 
0.OOE+-00 
0.OOE+OO 
0.OOE+OO 
0.OOE+-00 
0.OOE+OO 
-9 .25E-07 
-7.00E--07 
-5.32E-07 
-3A3E-07 
-1 .65E-07 
-6.04E-08 
-1.61E--06 
"4.31 E-09 
-1 .15E-09 
-3.07E-10 
-8.19E-11 
-2.19E-11 
-5.6<E-12 
-1.56E-12 
"'4 .16E-13 
-1. 11E-13 
-2 .97E-1• 
-7.92E-15 
-211E-15 
-5.65E-16 
-1.!>•E-16 
-6.93E-17 

t=11 

CONCCO2 mols 02 cons N P coos~ 
(m0Um1

) per m3 rock kg c,co3eq'Vy, 
0.0141 0.OOE+OO 0.OOE+-00 
0.0000 O.OOE+OO 0.OOE+OO 
0.0000 0.OOE+-00 0.OOE+-00 
0.0000 0.OOE+-00 0.00E+-00 
0.0000 O.OOE+-00 0.OOE+-00 
0.0000 0.OOE+-00 O.OOE+-00 
0.0000 0.OOE+-00 0.00E+OO 
0.0000 0.OOE-+OO 0.OOE+-00 
0.0000 0.OOE+-00 O.OOE+-00 
0.0000 0.OOE+OO 0.OOE+-00 
0.0000 0.OOE+-00 0.00E+-00 
0.0000 0.OOE+-00 0.OOE+-00 
0.0000 O.OOE+-00 0.OOE+-00 
0.0000 0.OOE+-00 0.00E+-00 
0.0000 0.OOE+-00 0.OOE+-00 
0.0000 0.OOE+-00 0.OOE+-00 
0.0000 0.OOE+OO O.OOE+-00 
0.0000 0.OOE+-00 0.OOE•OO 
0.0000 2.60E-07 228E--01 
0.0000 1.97E--07 1.73E--01 
0.0000 1.50E-07 1 31E-01 
0.0000 9.65E-08 8.•6E-02 
0.0000 5.20E-06 4.56E--02 
0.0000 1.70E-08 1.49E--02 
0.0000 4.54E-09 3.96E--03 
0.0000 1.21E-09 1.06E-03 
0.0000 3.23E-10 2 63E-04 
0.0000 8.63E-11 7.57E-05 
0.0000 2.30E-11 2.02E-05 
0.0000 6.15E-12 5.39E-06 
0.0000 1.S<E-12 1.«E-06 
0.0000 06E-13 3.6<E-07 
0.0000 1.17E-13 1.03E-07 
0.0000 3.12E-14 2.74E-08 
0.0000 8.34E-15 7.31E-09 
0.0000 2.23E-15 1.95E-09 
0.0000 5.94E-16 521E- 10 
00000 1.59E-16 l.39E-10 
0.0000 •.33E-17 3.60E-11 
0.0000 1.95E-17 1.71E-11 
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Pyrite Density Profile 

Py,, .. o.n.Ir,1~I 
ooo :>o00 «1.00 ro00 e,ooo 10000 

S04 Ca Mg S04 Ca Sul/ d-ens 

(mol/L) (mol/L) (mg'L) (mg-'l) (mg/L) m0Vm1 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

100.00 
100.00 
100.00 
100.00 
100.00 
10000 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
10000 
100.00 
100.00 
100.00 
100.00 
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COUPLED O2/CO,/Mg/SO,/Ca MODEL 

MODEL DETAILS 
Filename 
Date 
Description: 

PRED1c.XLS 
7/26/96 
Flambeau Mining Co. 

PRE01 .X.LS 

Case 1 (backfilled p~ - final design)• Predictive Run 

INPUT PARAMETERS 
Fin~e Difference Parameters 

nodes x 
nodes y 
time periods 
in~ delt (s) 
(02} at surface (moVm') 
(CO2) at surface (moVm')) 
Model Options 
CO2 OPTION 

FES2OPTION 
O2OPTION 
GeQChemical Options 
Precipiation (mis) 
Infiltration Coefficient 

-!<gypsum 
Infiltration (mis) 
Fraction Flow Paths (G) 
Diffusion Parameters 
Dw(m2/s) 
Da (m21s) 

a 
H 

FES2OPTION 

0 • No FES2 DEPLETION 
1 • ALLOW FES2 DEPLETION 

Material 

Till 
TIil 
TIii 
TlD 

sancrstone 
sandstone 
Sandstone 
Sandstone 
Sap<oiite 
Saproltte 
Sa;,rotite 

Type I - Waite Roek 
Typo I • W1S1e Roel< 
Type I. Waste Rock 
Typo I• Waste Roel< 
Typo I • Waste Roel< 
Type I - waste Roek 
Typo I• Wa.r1e Roel< 

Type II - Waste Rock 
Type II - Waste Roek 
Type II - Wu1e Roek 
Type 11- Waste Rock 
Typo II· Wasie Rock 
Type II - Waste Roek 
Type II - Waste Rock 
Typo II· Wute Roel< 
Type II - Waste Rock 
Type 11- Wa&te Rode 
Type II - Waste Roek 
Type II - Waste Roek 
Typo II• Waste Roel< 
Typo II • Wasie Rock 
Typo 11 • Waste Roel< 
Type II - Waste Roek 
Type II - Waste Rode 
Typo II · Waste Rock 
Type II - Waste Roc::k 
Typo 11 • Waste Roel< 
Type 11 • Waste Rock 
Tvoe II - Waste Rock 

D,. (m2s·1
) 2.00E-06 

D- (m2s·1
) 2.00E-06 

r_,, (s·') 0.00E+00 

r...,.2 (s·') B.90E-08 

40 
1 

0.01 
8.9 

0.0141 

D 
1.1 0E--09 (62 mm I year) 

1.00 

OUTPUT TIMES 

time Cs) time (y) 

3.5E+08 11 
0.0E+00 
0.0E+00 
0.0E+00 
0.0E+00 
0.0E+00 
0.0E+00 

1.10E--09 =recharge• infiltration coefficient 
0.10 

2.20E--09 
1.B0E-05 

0.273 
3.28 
33.9 

DEPTH 

(m) 

0.305 
o.s1, 
1.s2, 
2.1~ 
2 .743 
3.353 
3 .962 
4.572 
5 ,182 
5 .791 
6 ,.01 
6.858 
7.315 
7 .825 
8.534 
9.1« 
9.754 
10.363 
10.973 
11.582 
12.192 
13.106 
1, .478 
16.764 
19,812 
22.860 
25.908 
28.956 
32.004 
35.052 
38.100 
~1 .1•8 
« .196 
412« 
50292 
53.340 
56.338 
59 .• 36 
62.•84 
65,532 

CO2 OPTION 
0 - No CO2 Coupling 
1 - CO2 Coupling 

MODEL INPUTS 
Cell Sizes r Porosrly 

(ml (s-1) (%) 

0.6096 0 17% 
0.6096 0 17% 
0 .6096 0 17% 
0.6096 0 17% 
0 .6096 0 16% 
0.6096 0 16% 
0 .6096 0 16% 
0 ,6096 0 16% 
0.6096 0 22% 
0.6096 0 22% 
0 .6096 0 22% 
0 ,3048 O.OOE+OO 15% 
0 ,6096 O.OOE+OO 15% 
0 .6096 O.OOE>OO 15% 
0 .6096 O.OOE+OO 15% 
0 .6096 O.OOE+OO 15% 
0 .6096 O.OOE•OO 15% 
0.6096 O.OOE+OO 15% 
0 ,6096 8.90E-08 15% 
0.6096 8 .90E-08 15% 
0 ,6096 8 .90E-08 15% 
12192 8 .90E-08 15% 
1,52• 8 .90E-08 15% 
3 .0'8 8 .90E-08 15% 
3 .0'8 8 .90E-06 15% 
3 .0'8 8.90E-08 15% 
3.0'8 8 .90E-08 15% 
3 ,0'8 8.90E-08 15% 
3.0'8 8 .90E-08 15% 
3 ,0'8 8.90E-08 15% 
3 .0'8 8.90E-08 15% 
3 .0'8 8 .90E-OS 15% 
3,0'8 8.90E-08 15% 
3 .0'8 8.90E-08 15% 
3 .0'8 8 .90E-08 15% 
3 .0'8 8 ,90E-OS 15% 
3 .0'8 8.90E-08 15% 
3.0'8 8 .90E-08 15% 
3 .0'8 8.90E-08 15% 
3 .0'8 8.90E -OS 15% 

Output col 
1 
6 
11 
16 
21 
26 
31 

Saturat.ion 

(%) 

0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 

O2OPTION 

0 • HALF ORDER REACTION 
1 - FIRST ORDER REACTION 
2 · MIXED FIRST ORDER/ HALF ORDER 

F Su!rDens Ditt Coeff 10. -
Cmovmi (m2/s) _(mollm1 

0 2.00E-06 8 .89 
0 2.00E-06 0.00 
0 2 .00E-06 0 .00 
0 2 .00E-06 0 .00 
0 2 .00E-06 0 .00 
0 2 .00E-06 0 .00 
0 2 .00E-06 0 .00 
0 2 .00E-06 0 .00 
0 2 .00E-06 0 .00 
0 2.00E-06 0 .00 
0 2.00E-06 0.00 

100 2 .00E-06 0 ,00 
100 2 .00E-06 0 .00 
100 2 .00E-06 0 .00 
100 2 .00E-06 0 .00 
100 2 .00E-06 0 .00 
100 2 .00E-06 0 .00 
100 2 .00E-06 0 .00 
100 2 .00E-06 0 .00 
100 2 .00E-06 0 .00 
100 2 .00E-06 0 .00 
100 2 .00E-06 0 .00 
100 2 .00E-06 0 .00 
100 2.00E-06 0 .00 
100 2 .00E-06 0.00 
100 2.00E-06 0 .00 
100 2 .00E-06 0 .00 
100 2 .00E-06 0 ,00 
100 2 .00E-06 0 .00 
100 2.00E-06 0 .00 
100 2 .00E-06 0.00 
100 2 .00E-06 0 .00 
100 2.00E-06 0 .00 
100 2 .00E-06 0,00 
100 2.00E-06 0 .00 
100 2 .00E-06 0.00 
100 2 .00E-06 0 ,00 
100 2 .00E-06 0.00 
100 2 .00E-06 0 .00 
100 2.00E-06 0 00 
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JC00 -

JmoUm_1 
1-'IE-02 
O.OOE+OO 
O.OOE.+00 
0 .00E,00 
O.OOE+OO 
O.OOE+OO 
O.OOE>OO 
O.OOE•OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0 .00E+OO 
O.OOE+OO 
0 .00E+OO 
O.OOE+OO 
0 .00E+OO 
O.OOE+OO 
O.OOE•OO 
O.OOE•OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE>OO 
O.OOE•OO 
O.OOE+OO 
O.OOE>OO 
O.OOE+OO 
O.OOE•OO 
O.OOE+OO 
0 .00E+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0 .00E+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE>OO 
O.OOE+OO 

1/2 



I 

I 

I 

r. 

I 

• 
• 

DEPTH 
(m) 

0.305 
0 .9U 
1.52. 
2 .1:M 
2 .7.3 
3.353 
3 .962 
•. 572 
5.182 
5 .791 
6 .401 
6 .~ 
7 .315 
7 .925 
8 .5:M 
9.144 
9 .7S. 
10.363 
10.973 
11 .582 
12 .192 
13.106 
1•.•18 
16.7S. 
19.812 
22.860 
25.908 
28.956 
32.00<4 
~ .052 
38.100 
• 1.1.a 
44 .196 
•1244 
50292 
53.~ 
56.388 
59.436 
62.-
65.532 

PRED1.XLS 

RES UL TS FOR YEAR: 11 

02 Profile 

... 
.. 
"' 

! JO 

t 40 

IO .. 
70 

CONC02 

(mollm') 

8 .890 
8.532 
8.175 
7.1117 
7.<160 
7 .102 
6.7.5 
6 .387 
6 .030 
5 .672 
5.315 
5 .0'7 
•. 779 
• .• 21 

•--
3 .706 
3.:M9 
2.991 
2 .633 
2 .320 
2 .0,. 
1.681 
1262 
0 .760 
o.•o, 
021' 
0 .11. 
0.061 
0 .032 
0 .017 
0.009 
0 .005 
0 .003 
0.001 
0 .001 
0 .000 
0.000 
0 .000 
0 .000 
0 .000 

.... 

1.17E-06 
1.17E-06 

15.24 

02CoN 

(moVm'sl 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0 .00E+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE-+OO 
O.OOE+OO 
O.OOE-00 
O.OOE-+OO 
O.OOE+OO 
O.OOE-+OO 
2 .~E-07 
2.0GE-07 
1.82E-07 
UOE-07 
1.12E-07 
6 .76E-08 
3.59E-08 
1.91E-OS 
1.01E-08 
5.38E-09 
2.IIGE-09 
1.52E-09 
8.0BE-10 
•.29E•l0 
2.2SE-10 
121E-10 
6.'5€-11 
3.•3E· 11 
1.ME-11 
1.01E-11 
5.90E-12 
• . 18E-12 

c:-c ....... ., ,. .. 

C02Prod 

(mollm'•l 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE-00 
O.OOE+OO 
O.OOE+OO 
O.OOE-00 
O.OOE+OO 
-1.2SE-07 
•1.10E-07 
•9 .70E-08 
-7 .98E-08 
-5 .99E-Q8 
-3.61E-08 
-1 .112E-OS 
·1.02E-08 
-5.• 1E-09 
--2 .87E-09 
·1 .53E-09 
-ll.11E-10 
--4 .31E-10 
·2.28E-10 
-1.22E-10 
-6.•7E-11 
-3 .44E•11 
•1 .113E-11 
-9.81E-12 
-5.37E-12 
-3.15E-12 
-2.23E-12 

,... <t)JJO 

t=11 
CONCC02 mols02 CO<a NP conSmpln 

(mollm') per~ rod; kg CeCOOeq/Vyr 

0 .0141 O.OOE+OO O.OOE.+00 
0.0000 O.OOE+OO O.OOE-00 
0.0000 O.OOE+OO O.OOE+OO 
0 .0000 o.ooe.oo O.OOE+OO 
0 .0000 O.OOE+OO O.OOE-00 
0.0000 O.OOE+OO O.OOE•OO 
0.0000 O.OOE-00 O.OOE+OO 
0.0000 O.OOE+OO O.OOE-00 
0.0000 O.OOE+OO O.OOE•OO 
0.0000 O.OOE+OO O.OOE•OO 
0.0000 0.00E+OO O.OOE•OO 
0.0000 O.OOE-00 O.OOE+OO 
0.0000 O.OOE+OO O.OOE+OO 
0.0000 O.OOE+OO O.OOE-00 
0.0000 O.OOE-00 O.OOE-00 
0 .0000 O.OOE-00 0 .00E-00 
o.booo O.OOE-00 O.OOE+OO 
0 .0000 O.OOE+OO O.OOE•OO 
0.0000 3 .52E-08 3 .0SE-02 
0 .0000 3 .10E-08 2 .71E-02 
0 .0000 2.73E-08 2 .39E-02 
0.0000 22.E-08 1.97E-02 
0.0000 1.69E-08 1 . .aE-02 
0.0000 1.01E-08 8 .89E-03 
0 .0000 5.39E-09 •.72E-Ol 
0.0000 2 .86E-09 2 .5tE-Ol 
0 .0000 1.52E-09 1.33E-03 
0 .0000 8 .0SE-10 7.09E--04 · 
0.0000 •29E-10 3.76E--04 
0 .0000 228E-10 2 .00=-0.f. 
0.0000 121E-10 1.06E--04 
0.0000 6 ."-CE-11 5.65E-05 
0.0000 3 .• 2E-11 3 .00E-05 
0.0000 1.82E-11 1.59E-05 
0.0000 9.67E-12 8.<SE-06 
0.0000 5 .15E-12 • . 52E-06 
0.0000 2 .76E-12 2 .,2E-06 
0 .0000 1.51E-12 1.32E-06 
0.0000 8 .85£-13 7.76E-07 
0 .0000 6.26€-13 5 .<9E-07 
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Pyrite Density Profile 

"'·°' ., .. 

SO< Ca Mg SO< Ca Sult dens 

(moVL) (moVL) (mg/I.) (mgll) (mg/\.) moVm' 
0.00 
0 .00 
0.00 
0.00 
0 .00 
0 .00 
0.00 
0 .00 
0 .00 
0.00 
0.00 

100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 



COUPLED o,,co,,Mg/SOJCa MODEL 

MODEL DETAILS 
Filename 
Date 
Description: 

PRED1d.XLS 
7/26/96 
Flambeau Mining Co. 

PRE01.Xl.S 

Case 1 (backfilled ptt - final design) - Predictive Run 

INPUT PARAMETERS 
Fintte Difference Parame1ers 
nodes x 
nodes y 
timepenods 
intt delt (s) 
[02] at surfa<:e (moVm') 
[CO2] at surface (moVm')) 
Model Options 
CO2 OPTION 
FES2 OPTION 
020PTION 
Geochemical Options 
Predpiation (mis) 
Infiltration Coefficient 
Kgypsum 
Infiltration (mis) 
Fraction Flow Paths (G) 
Diffusion Parameters 
Dw (m2/s) 
Da (m2/s) 
t 

a 
H 

FES2 OPTION 
0 - No FES2 DEPLETION 
1 - ALLOW FES2 DEPLETION 

Malerial 

lW 
Til1 
Tl! 
TBI 

sandrtono ---6andllone 
Saprollle 
S&prollte 
S&prollte 

Type 1- Wulo Roclt 
Type I • WufAI R-
Typel-WUleRoclt 
Type I • Waste Roc1t 
Typo I • Waste Roclt 
Type I• Waste Roclt 
Type 1- Waste Roel< 
Type 11- Waste Roc1t 
Type 11 • WUlo R-
Type 11 • Wulo Roel< 
Type II • Worto Roel< 
Type II - Wallo R-
Type II • Waste Roel< 
Type II • Wulo Roel< 
Type II • Warto Roel< 
Typo II· Warte Roel< 
Type 11 • Waste Roc1t 
Type II • Warto Roel< 
Typo II. Warte R-
Type 11- Wallo R-
Type 11. Wallo Roclt 
Type II. Warto Roel< 
Type II• Waste Roclt 
Type JI . Wiste Roel< 
Type JI. Walle Roc1t 
Type N • Wule Roel( 
Type II• Wal10 Roclt 
Type II• WufAI Roclt 
Tvno II · Waste Roel( 

o., (m's·') 2.DDE-06 

o....., (m2s·1
) 2.0DE-06 

r__,., (s.1) O.DDE+-00 

r..-2 (s·') 1.30E--06 

40 
1 

0.01 
8.9 

0.0141 

D 
1.1 OE--09 (62 mm/ year) 

1.00 

OUTPUT TIMES 

time (s) time (vl 
3.SE+-08 11 
O.DE+-0D 
D.OE+-00 
O.DE+-00 
O.OE+-00 
O.OE+-00 
D.OE+-00 

1.10E-09 =recharge• Infiltration coefficient 
0.10 

2.20E--09 
1.BOE--05 

0273 
328 
33.9 

DEPTH 

(m) 

0.305 

0.91• 
1.52• 
2.13• 
2.1,3 
3.353 
3 .962 
4 .572 
5 .182 
5 .791 

6 .'°1 
6.1158 
7.315 
7.925 
8.53• 
8 .1« 
8 .75-4 
10.363 
10.973 
11.582 
12.192 
13.106 
u .,78 
16.76• 
19.812 
22.860 
25.908 
28.956 
32.00• 
35.052 
311 .100 
41 .148 
4-4 .196 
472« 
50292 
53.3•0 
56.388 
59.'36 
62.'84 
65.532 

CO2 OPTION· 
0 - No CO2 Coupling 
1 - CO2 Couping 

MODEL INPUTS 

CeM Sit.es r Porosity 
(m) ( ... 1, (%) 

0.6096 0 17% 
0.6096 0 17% 
0 .6096 0 17% 
0.6096 0 17% 
0 .6096 0 16% 
0.5096 0 16% 
0.6096 0 16% 
0.6096 0 16% 
0.6096 0 22% 
0 .6096 0 22% 
0 .6096 0 22% 
0.30•8 0.ooE • OO 15% 
0.6096 0 .0IJ8-00 15% 
0.6096 0 .OIJ8-00 15% 
0.6096 0.OOE• OO 15% 
0 .6096 0.OOE• OO 15% 
0 .6096 0 .OOE+OO 15% 
0 .6096 0.OOE+OO 15% 
0 .6096 1.30E-06 15% 
0.6096 1.30E-06 15% 
0 .6096 1.30E-06 15% 
12192 1.30E-06 15'1 
1.52• 1.30E-06 15% 
3.0<8 1.30E-06 15% 
3.0<8 1.30E-06 15% 
3 .0<8 1.30E-06 15% 
3.0<8 1.30E-06 15% 
3.0<8 1.30E-06 15% 
3 .0<8 1.30E-06 15% 
3 .0<8 1.30E-06 15% 
3 .043 1.30E-06 15% 
3.043 1.30E-06 15% 
3.043 1.30E-06 15% 
3.043 1.30E-06 15% 
3.043 1.30E-06 15% 
3.0<8 1.30E-06 15% 
3.043 1.30E-06 15% 
3.043 1.30E-06 15% 
3 .043 1.30E-06 15% 
3.0<8 1.30E-06 15% 

Output col 
1 
6 
11 
16 
21 
26 
31 

sat...uon 
(%\ 

OIi, 

OIi, 
OIi, 

OIi, 

0% 
0% 
0% 
0% 
0% 
0% 
OIi, 

0% 
0% 
0% 
0% 
0% 
0% 
OIi, 

OIi, 

0% 
0% 
0% 
0% 
0% 
0% 
OIi, 

OIi, 

0% 
0% 
0% 
~ 

0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 

020PTION 
0 - HALF ORDER REACTION 
1 - FIRST ORDER REACTION 
2 - MIXED FIRST ORDER/ HALF ORDER 

F SutfDens Oit! Coett 1021-. 
(mot'm'l (m2/s) (moVm'l 

0 2 .00E-06 8.89 
0 2.00E-06 0.00 
0 2.00E-06 0 .00 
0 2.00E-06 0 .00 
0 2.00E-06 0 .00 
0 2 .00E-06 0 .00 
0 2.00£-06 0 .00 
0 2 .00E-06 0 .00 
0 2 .00E-06 0 .00 
0 2 .00E-06 0 .00 
0 2 .00E-06 0 .00 

100 2.00E-06 0 .00 
100 2 .00E-06 0.00 
100 2.00E-06 0.00 
100 2 .00E-06 0.00 
100 2 .00E-06 0 .00 
100 2.00E-06 0 .00 
100 2 .00E-06 0 .00 
100 2 .00E-06 0 .00 
100 2.00E-06 0 .00 
100 2 .00E-06 0.00 
100 2.00E-06 0.00 
100 2.00E-06 0.00 
100 2.00E-06 0 .00 
100 2.00E-06 0.00 
100 2.00E-06 0 .00 
100 2 .00E-06 0 .00 
100 2 .00E-06 0 .00 
100 2.00E-06 0 .00 
100 2 .00E-06 0 .00 
100 2.00E-06 0 .00 
100 2 .00E-06 0 .00 
100 2 .00E-06 0 .00 
100 2 .00E-06 0 .00 
100 2 .00E-06 0.00 
100 2.00E-06 0.00 
100 2 .00E-06 0 .00 
100 2.00E-06 0 .00 
100 2 .00E-06 0 .00 
100 2 .00E-06 0 .00 
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1co,_ 
(movm'l 
1.'1E-02 

0 .00E• OO 
0 .OOE•OO 
0.00£•00 
0.OOE•OO 
0.OOE • OO 
O.OOE•OO 
O.OOE.•00 
O.OOE•OO 
O.OOE+OO 
O.OOE+OO 
0 .00£+00 
O.OOE•OO 
0.OOE • OO 
0 .OOE•OO 
0.OOE • oo 
0.OOE • oo 
O.OOE.+00 
O.OOE+OO 
0 OOE+OO 
O.OOE•OO 
0.OOE+OO 
0.OOE•OO 
0 .OOE•OO 
0.OOE•OO 
0 .OOE • oo 
O.OOE•OO 
O.OOE•OO 
0 00£•00 
0.OOE•OO 
0OOE • oo 
0 .OOE • oo 
0.OOE • oo 
0.OOE•OO 
O.OOE•OO 
0.OOE • oo 
0.OOE•OO 
0.OOE+OO 
0 .OOE<-00 
O.OOE+OO 

112 



DEPTH 
(m) 

0 .305 
0 .914 
1.524 
2 .134 
2.7'3 
3.353 
3.962 
4 .572 
5 .182 
5 .791 
6 ,401 
6.8511 
7.315 
7,925 
8.534 
9 ,144 
9 .754 
10.363 
10.973 
11 .5B2 
12,192 
13.106 
14 .478 
16.76' 
19.B12 
22.860 
25.908 
2B.956 
32.004 
35.052 
38.100 
41 .1<18 
"4 .196 
412"4 
50292 
53.340 
56.388 
59.436 
62.484 
65,532 

PRED1.xl.S 

RESULTS FOR YEAR: 11 

02 Profile 

0.00 

,. ' 

20 

! JD 

l C) .. 
., ... 

CONC02 

(mollm') 

B.B90 
8 .425 
7J59 
7 .494 
7,029 
6 .563 
6.098 
5 .6:13 
5.168 
4.702 
4.237 
3 .1188 
3.539 
3.074 
2 .608 
2 .1•3 
1.678 
1.212 
0 ,747 
0 .462 
02B9 
0 .134 
0.047 
o.ooe 
0.001 
0 .000 
0 ,000 
0 .000 
0 .000 
0.000 
0 .000 
0 .000 
0.000 
0 .000 
0.000 
0 .000 
0 .000 
0.000 
0 .000 
0.000 

, .... 

1.53E--06 
1.53E--06 

13.716 

02Cons 

fmoVm',1 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+-00 
0.00E+-00 
0.00E+OO 
O,OOE+OO 
O.OOE+-00 
0 .00E+-00 
O.OOE•OO 
O.OOE+-00 
0 .00E+OO 
0 ,00E+-00 
0 .00E+-00 
0 .00E+-00 
O.OOE+-00 
0 .00€+00 
9.71E-07 
6 .0IE-07 
3.76E-07 
1.HE-07 
6 .08c-08 
9 .84E-09 
124E-09 
1.57E-10 
1.99E-11 
2 .51E-12 
3.17E-13 
4 .01E-14 
5 .07E-15 
6 .41E-16 
1.30E-16 
l .30E-16 
l .30E-16 
1.30E-16 
1.30E-16 
l .30E-16 
l.:IOE-16 
1.30E-16 

CO2 Proa 

tmollm'•I 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.ooE':+00 
O.OOE+OO 
O.OOE+-00 
0.00E+OO 
0,00E+OO 
0.00E+OO 
0 .00E+-00 
O.OOE<-OO 
0.00E+OO 
O.OOE+OO 
O.OOE+-00 
O.OOE+OO 
O.OOE+-00 
0.00€+00 
-5.18c-07 
-3.20E-07 
-2.00€-07 
-928E-08 
-324E-08 
-525E-09 
-8.63E-10 
-ll .38E-11 
-1 .06E-11 
-1 .34E-12 
-1.69E-13 
-2.14E-14 
-2 .70E-15 
-3 .42E-16 
-8.93E-17 
-8.93E-17 
-8.93E-17 
-8.93E-17 
-8,93E-17 
-8 .93E-17 
-8.93E-17 
-8.93E-17 

..... Cl.DD 

t:11 
CONC C-02 rnols 02 con., NP cooomp<n 

(mol/rn') perm3rod< 1<!J C1C03eq/llyf 
0.0141 O.OOE+OO O.OOE+OO 
0.0000 O.OOE+OO O.OOE+OO 
0.0000 O.OOE+OO O.OOE+OO 
0.0000 0 .00E+-00 O.OOE+OO 
0.0000 O.OOE+OO 0 .00E+OO 
0 .0000 0 .00E+OO 0.llOE+OO 
0 .0000 0 .00E+-00 0.00E+-00 
0.0000 0 .00E+OO 0.00E+OO 
0 .0000 0 .00E+-00 ODOE+OO 
0.0000 0 .00E+OO O.OOE+OO 
0 .0000 O.OOE+-00 O.OOE+OO 
0 .0000 O.OOE+OO O.OOE+-00 
0.0000 0 .00E+OO 0.00E+OO 
0 .0000 0.00E+-00 0.00E+OO 
0 ,0000 O.OOE+OO O.OOE+OO 
0 .0000 0 .00E+-00 0.00E+-00 
0.0000 0 .00E+-00 0 .00E+-00 
0.0000 0.00€+00 O.OOE+OO 
0 .0000 1.46E-07 1.28E-0I 
0 .0000 9 .0IE-08 7.90E-02 
0 .0000 5 .64E-08 • .94E-02 
0 .0000 2.61E-08 229E-02 
0.0000 9.12E-09 8.00€-03 
0 .0000 U8E-09 1.29E-03 
0 .0000 1.86E-10 1.63&-04 
0 .0000 2 .36E-11 2.07E-05 
0 .0000 2.9BE-12 2 .61E-06 
0 .0000 3.76E-13 3.:IOE-07 
0.0000 •. 76E-14 4.17E-08 
0 .0000 6 .0IE-15 527E-09 
0 ,0000 7.60E-16 6.66E-10 
0 .0000 962E-17 8.43E-11 
0.0000 l .95E•17 1.71E-11 
0,0000 l.95E-17 l .71E-11 
0.0000 1.95E-17 1.71E-11 
0 .0000 l .95E-17 l .71E-11 
0 .0000 1.95E-17 1.71E-11 
0 .0000 l .95E-17 l .71E-11 
0 .0000 l.95E-17 l .71E•II 
0.0000 l .95E-17 l .71E-11 
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604 

(mol.lL) 

Pyrite Density Profile 

20.00 a, oo ,000 100 00 

Ca M9 SO< 
(molll) (m~) (~'l) 

C a Su1' dens 

(mg/l) mOVm1 

0.00 
0 .00 
0.00 
0.00 
0 .00 
0.00 
0.00 
0 .00 
0.00 
0 .00 
0 ,00 

100.00 
100.00 
100.00 
100 .00 
100.00 
100,00 
10000 
100.00 
100.00 
100 .00 
100 .00 
100.00 
100.00 
100.00 
100.00 
100 .00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
10000 
100 .00 
100.00 
100.00 
100.00 
100.00 
10000 



COUPLED O,tCO,IMg/SOJCa MODEL 

MODEL DETAILS 

Filename 

Dale 
Description: 

INPUT PARAMETERS 
finite Difference Parameters 

nodes X 

nodes y 

trne periods 
inrt delt (s) 
(021 et surfaoe (moVm') 
(CO2] et surface (moVm')) 

Model Options 

CO2 OPTION 

FES2 OPTION 
020PTION 

Geochemical Options 

Precipiation (mis) 
Infiltration Coefficient 
!(gypsum 
Infiltration (mis) 

Fraction Flow Paths (G) 

Diffusion ParametBfS 

Ow(m2/s) 
Os (m2/s) 

(l 

H 

FES2 OPTION 

0 - No FES2 DEPLETION 
1 - ALLOW FES2 DEPLETION 

.... ...,.. 
n, 
T,o 
Tit 
TII ----Soproit• _.. 

Sop<oit, 
Typel--Rcct 
T)1><1•-Rod. 
Type I• Wate Rcct 
Type 1- 'Wast• Roct 
TJll)OI - -Roct. 
Type\ . WNte Roa. 
T)1>< J . W.U Roa. 

Type II • -Rod. 
Typell- W..Roct 
Type II• Watt Roa. 
T)1><II • WNteRoa. 
Typ,ell - Wnt2Roc:t. 
Type II - WN:te Rod. 
Type II· Wnte Roa. 
Type 11- Waste Roct 
Type II - Waste Roel 
Type II - Wane Roel 
Type II - Wnt.e Roct 
Type 11 - Wnte Roc:t 
Type II - w.te Rod. 
Type II - w.ta Roct 
TJIPOII• WNteRcct 
Type II - w.tie Rod. 
T'f'Pe U- w.ta Rod:: 
Type H • Wate Roa. 
T'f'Pe II -~ Roc:t 
T)1><U · WateRod. 
T'(PeU- w.t.Rod:: 

TVPC U • Waste Rod: 

PRED2c.XLS 

7126196 
Flambeau Mining Co. 
Case 1 (backfilled prt - final design) - Predictive Run 

0,. (m'•') 5.00E-07 

o_ (m'll·'i 2 .00E--06 

1 

.co 

0.01 

8.9 
0.0141 

D 

0 OOE+OO 

8.90E-08 

11DE-09 (62mm/year) 

1.00 

OUTPUT TIMES 

ime (sl lime(vl 

3.5E+08 11 

0.0E+oo 
0.OE+oo 
0.OE+oo 
0.OE+oo 
0.0E+oo 
0.0E+oo 

1.1 OE-09 = r&eharge • infiltration coefficient 
0.10 

2.20E-09 
1.BOE-05 

0.273 

3.28 
33 .9 

DEPTH 
(m) 

0 .305 
0 .81• 
1.$2• 
2 .1:14 
2 .7.3 
3 .lSJ 
3.1162 
..sn 
5 .1&2 
5.791 
6 .401 
6.~ 
7.315 
7Jl2S 
U:14 
9 .1 .. 
9.75• 

10.363 
10R73 
11.$02 
12.192 
13.105 
14A78 
16.76-< 
18.812 
22.1160 
25.900 
2U~ 
32.004 
35.052 
38.100 
41.1'3 
44 .196 
,1.2 .. 
50.292 

".340 
66.368 

" ·436 
tl2.4M 
65.532 

CO2 OPTION· 

0 - No CO2 Coupling 
1 - CO2 Coupling 

lolODEL INPUTS 
C...Saea r ,,.._,. 

(m) (• 1) (%) 

0.6096 0 17% 
0 .1096 0 17% 
0.1096 0 f7% 
0.eo96 0 17% 
0.6096 0 111% 
0.1096 0 111% 
0.1096 0 11% 
0.1096 0 11% 
0.6096 0 22% 
0.6096 0 22% 
0.1096 0 22% 
0.3048 0.- 15% 
0 .1096 0.00E+OO 15% 
0.5096 0.ooeooo 15% 
0.6006 O.OOE+OO 1!1% 
0 .1096 o.ooeooo 15% 
0 .6006 o.- 15% 
0.6096 0.00EOOO 15% 
0.6096 UOE-Ol5 15% 
0.6096 UOE-Ol5 15% 
0.1096 UOE-015 15% 
1.2192 UOE-Ol5 15% 
1£1• UOE-015 15% 
3 .0•, UOE-Ol5 15% 
3.0•8 UOE-Ol5 15% 
3 .0•8 ·- 15% 
3.0•, UOE-Ol5 15% 
3.0•, UOE-Ol5 15% 
J .0•a UOE-OIS 15% 
3 .0•, UOE-OIS 15% 
3 .0•8 UOE~ 15% 
3 .0•, UOE~ 15% 
3 .0•, UOE~ 15% 
3 .0•8 UOE-Ol5 15% 
3 .0•8 uoe~ 15% 
3.0•8 UOE~ 15% 
3 .048 UOE-Ol5 15% 
3 .0•8 UOE-015 15% 
3 .0•8 UOE-OIS 1!1% 
l .0"8 UOE-Ol5 15% 

Output col 

1 

6 
11 
16 

21 

26 
31 

-(%) 

0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 

PRED2JU.S 

020PTION 
0 - HALF ORDER REACTION 
1 - FIRST ORDER REACTION 
2 - MIXED FIRST ORDER/ HALF ORDER 

F W1Dor-. l>IIICootl io.-,_..__.. ,_, 1"""'"1'1 
0 .,,_..,7 .... 
0 UOE47 0.00 
0 UOE-07 0.00 
0 ·- 0.00 
0 2.IIOE-OII 0.00 
0 z.ooe-oe 0.00 
0 2.00E-OIS 0.00 
0 2.IIOE-OII 0.00 
0 2.00E-OIS 0.00 
0 2.00E-OIS 0.00 
0 2.00E-OIS 0.00 

100 2.00E-Ol5 0.00 
100 2.IIOE-OII 0.00 
100 z.ooe-oe 0.00 
100 z.ooe-oe 0.00 
100 2.IIOE-OII 0.00 
100 2.00E-OIS 0.00 
100 2.00E-OIS 0.00 
100 2.00E-OIS 0.00 
100 2.00E-OIS 0.00 
100 2.00E-Ol5 0.00 
100 2.00E-OIS 0.00 
100 2.00E-08 0.00 
100 2.00E-OIS 0.00 
100 2.00E-OIS 0.00 
100 2.00E-OIS 0.00 
100 2.00E-Ol5 0.00 
100 2.00E-OIS 0.00 
100 2.00E-Oe 0.00 
100 2.00E-OIS 0.00 
100 2.00E-OIS 0.00 
100 ~ 0.00 
100 2.00E-OIS 0.00 
100 2.00E-OIS 0.00 
100 2.00E-OIS 0.00 
100 2.ooE-06 0.00 
100 2.00E-Ol5 0.00 
100 2.00E-OIS 0.00 
100 2.00E-OIS 0.00 
100 2.00E-OIS 0 .00 
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......... 
1"""'"1'1 
1.41,,..., 
OJ)()E+00 
OJ)()E+00 

0.IIOE+OO 
0.OOE<OO 
0.IIOE+OO 
0.IIOE+OO 
0.00E+OO 
OJ)()E+00 

0.-o.-
0.-
O.OOE+OO 
0.00E,00 
o.ooeooo 
0.IIOE+OO 
0.00E+OO 
o.ooeooo 
0.00E+OO 
0.-
O.OOE+OO 
0.-
0.00E+OO 
0.-
O.OOE+OO 
0.-
O.OOE+OO 
O.OOE+OO 
0.-
0.-
O.OOE+OO 
0.-
0.00E+OO 
0.00E+OO 
0.00E+OO 
O.OOE+OO 
0.-
0.00E+OO 
O.OOE+OO 
0.-



I 

RES UL TS FOR YEAR : 11 

Fka In (rnol/m,) 

0, con&. (rnol/m,) 

Oi-,(m) 

02 Profile 

C..t--•"J ,.., 
'"" .... .... -r-~ j: .. 

" ,. 

8.25E-07 

8.25E-07 

13.716 

DEPTH CONC 0 2 0 2 Coot CO2 Prod CONC CO2 

(m) (mollm') lrnol.lm'1J lrnollrn'•I (rnoUm') 

o= U 90 O.OOE+OO O.OOE+OO 0.0141 
0.814 7.MS O,OOE+OO O.OOE-00 0 .0000 
1.524 6 .179 O.OOE-00 O.OOE+OO 0 ,0000 
2.134 5.874 O.OOE-00 O.OOE-00 0.0000 
2.743 62'15 0 .00E-00 O.IIOE-00 0 .0000 
3.3-5-3 4- O.OOE+OO O.OOE-00 0.0000 
3.1162 • . 7'2 0.00E+OO O.OOE<OO 0 .0000 
4.572 • . 491 O.OOE-00 0 .00E-00 0.0000 
5 .1&2 424-0 0 .00E-00 O.OOE-00 0 .0000 
5.79 1 uu 0 .00E-00 O.OOE+OO 0 .0000 
6 .401 3 .737 0.00E+OO O.OOE+OO 0.0000 
6.156 3.5« O.OOE-00 O.OOE+OO 0.0000 
7.ll5 l.laO 0 .00E+OO O.OOE-00 0.0000 
7.1125 3 .10& O.OOE-00 O.OOE,00 0 .0000 -~ 2.157 0 .00E+OO O.OOE+OO 0 .0000 
t .14-4 2.606 O.OOE+OO O.OOE-00 0.0000 
t .754 2.354 O.OOE+OO O.OOE<OO 0 .0000 
10.363 2.103 0 .00E+OO O.OOE+OO 0 .0000 
10.1173 1.152 1.65E-07 -l .79E-OI! 0 .0000 
11.S!:2 U31 1.45E~7 •7.74E-OI! 0 .0000 
12.182 1,437 12,e--01 -6 .12E-OI! 0 .0000 
13 .106 1.,12 1.0SE--07 -5 .61E-OI! 0 ,0000 

"·'7& 0 .087 7.90E-OI! • 21E-OI! 0 .0000 
16.764 0~ 4 .7SE-OI! -2.54E-OI! 0 .0000 
111..112 0.284 253E-OI! -1.3SE-OI! 0.0000 
22..860 0.151 1.J.4E-Oe -7 .16E--Oi 0 .0000 
25.108 0.080 7.IJE-09 -3 .IIOE--Oi 0 .0000 
2056 0.0"3 3 .79E~9 -2 .02E-OO 0 .0000 
32.004 0 .023 2.01 E-09 -1.07E--09 0 .0000 
~ .052 0 .012 l .07E-09 -$ .70E-10 0 .0000 
le .100 0 .006 SUE-10 .J.03E-10 0 .0000 
,1.1.u 0.003 3.02E-10 -1..e1E-10 0 .0000 
4' .116 0.002 1.60E •10 -8..56E-11 0.0000 
47.24-4 0 .001 &.53E-11 • .SSE-11 0 .0000 
50.2ll:2 0 .001 4..5.lE-11 -2 .42E-1 I 0 .0000 
53~ 0.000 2.41E-1t -l.20E•II 0 .0000 
5e.l.U 0 .000 1.20E-11 -I.IOE-12 0 .0000 
511 .<Je 0 .000 , .- ·12 -3 .71E-12 0 .0000 
'2.4114 0 .000 4.ISE-12 -2.21E-12 0.0000 
e5.Sl2 0 .000 2.IME-12 -1.57E-12 0 .0000 

PRED2.xLS 

Py rite Density Profile 

---.. -- -- -- -- .... 
1·=-.1 1~! I 

t-11 
oil 02 .... p- SO< Ca Mg - Ca --perrnlrod< ~ (moV..) (mill Cavll (n,gll) lfflo,'l) -O.OOE+OO O.OOE+OO ~ 

O.IIOE-00 0.IIOE-00 OJIO 
O.OOE+OO OJJOe-00 0.00 
O.OOE-00 O.IIOE-00 0.00 
O.OOEoOO 0.IIOE-00 OJIO 
O.OOE-00 0.IIOE-00 0.00 
O.IIOE-00 o.ooe-oo 0.00 
o.ooe-oo O.IIOE-00 OJIO 
O.OOE-00 O.IIOE-00 0JIO 
o.ooe-oo O.OOE+OO 0.00 
O.ooE+OO O.OOE+OO 0 .00 
o.ooe+00 o.ooe-oo 100.00 
o.ooe-oo o.ooe-oo 100.00 
O.OOE+OO 0.OOE+OO 100.00 
0.OOE+OO 0.IIOE+OO 100.00 
0.OOEoOO 0.0GE+OO 100.00 
O.OOE+OO O.IX>E+OO 100.00 
0 .00E+OO O.OOE+OO 100.00 
2.47E--Oe 2.17E--02 100.00 
2.11E-OI! UIE-42 100.00 
1.82£--06 1.UE--02 100.00 
U&E--Oe UIE--02 100.00 
1 .HE--06 1.G4E--02 100.00 
7.13E--Oi 6.25£-03 100.00 
3 .- 3.32E-o3 100.00 
2.0fE-09 1.76E-o3 100.00 
1.07E-09 l.:UC--04 100.00 
5.UE-10 4.NE-04 100.00 
3 .02E-10 2.&SE--04 100.00 
UOE-10 1.'1E"°' 100.00 
1.52E-11 7.47E-OS 100.00 
4.53E•II UTE-OS 100.00 
2."E-11 2.IIE-05 100.00 
1.28£-11 t.12E-o5 100.00 
I .IIOE-12 U&E-06 100.00 
3.12E-12 l .17E-06 100.00 
U4E-l2 l .l'UE-06 100.00 
l.06E-12 t.llE--07 100.00 
IZlE-13 5.46E-07 100.00 
UOE-13 3 .16E-07 100.00 

48 212 



I 
COUPLED O:,ICO:,IMg/SOJCa MODEL 

MODEL DETAILS 
Filename 

Date 
Description: 

INPUT PARAMETERS 
FU,rte Difference Parameters 

nodes x 

nodes y 
time periods 

inn delt (•) 
(02] at surface (moVm') 

(CO2] at surtace (moVm')) 

Model Options 
CO2 OPTION 

FES2 OPTION 
02 OPTION 

Geochemical Options 
Precipiation (mis) 

Infiltration Coefficient 
Kgypsum 
lnfi ltra t ion (mis) 

Fraction Flow Paths (G) 

Diffusion Parameter,; 

Dw(m2/s) 
Da (m2/s) 

a 
H 

FES2 OPTION 
0 - No FES2 DEPLE'TlON 
1 -ALLOW FES2 DEPLETION 

"'""""' 
,., 
TII 
TII 
TII ----_.... 

s.p,oite 

~ 
TYP4 I •Wutr: Roct 
Typel • w.t.!ROCS. 
Typel--Roct 
Type 1--Roct 
Type 1--Roct 
Typel--Roct 
1')1><1-WMteRoct 
Type M - WMtr: Roct 
Tyipell- W.SWRoct 
T,,.,n. -Roct 
T,..,.N. -.Roct 
T,..,.o. -.Roct 
Type H . WNtt! Roes. 
T~II-WN:1!1Rodt. 
Type M • w.tt Roes. 

Type n • Wane Roes. 
Type 11- WNtt! Roes. 

Tn,o O • - Root 
T,-pell· WauRoct 
Tyipe II - Wutr: Roct 
T'l"Pfll • WateROCS. 
TYP9II - W..Roct. 
r,..,.11 . w-.Roct 
Typell•WNtltROCS. 
T,,,,n. -Roct 
T,..,.w. -Roct 
T-•- -Roct 
T-N- -Roct 
T~II-Wlr:StieRoc:t 

PRED2d.XLS 
71'l61% 
Flambeau Mining Co. 
Case 1 (backfilled pn - final design) - Predidive Run 

o. (m's·') 5.00E--07 

o_ (m'•') 

,_,<s'l 
r-,(•-') 

0.01 
8.9 

0.0141 

D 

2 OOE--06 

0.OOE+OO 

1.30E--06 

1.10E-09 (62 mm /year) 
1.00 

OUTPUT TIMES 

time (sl time (v) 

3.5E+08 11 
0.0E+OO 
0.0E+OO 
0.0E+OO 
0.0E+OO 

0.0E+OO 
0.0E+OO 

1.10E-09 =recharge• infiltration coeffoc:ient 
0.10 

2.20E-09 
1.BOE-05 

0.273 
3.28 
33.9 

DEPTH 

(m) 

0.305 
G.114 
1524 
2.1J.< 
2 .743 
3.Ml 
3.962 
un 
1 .1&2 
5.791 

6.401 
U5' 
7.315 
7.925 
1.534 
11.144 
8 .754 
10.363 
10.973 11= 
12.182 
13.106 
U .478 
11.764 
18.112 
22.860 
25.906 
26.t~ 
32.004 
35.052 
38 .100 
'1 .148 
44 .181 
'1244 
$0:nl 
$3~ ~= 
119.436 
62 .4M 
65.532 

C020PT(ON: 
0 - No CO2 Coupling 
1 - CO2 Coupling 

MODEL INPUTS 
Cell SL.Zt$ r p....,.;,y 

(m) ( ... 1) (%) 

0.6096 0 17% 
0.6096 0 17% 
0 .6096 0 17% 
0.6096 0 17% 
0 ,6096 0 16'1 
0 .6096 0 16'1 
0 .6096 0 16'1 
0.6096 0 16'1 
0 .6096 0 22% 
0.6096 0 22% 
0.6096 0 22% 
0.30<8 0.OOE+OO m<. 
0.6096 0 .OOE+OO 15'><. 
0.6096 0 .OOE+OO 15% 
0.6096 0.00E+00 15% 
0 ,6096 0 .OOE+OO 15% 
0.6096 0 .OOE+OO 15% 
0.6096 0 .OOE+OO 15% 
0 .6096 1.30E-06 15% 
0.6096 1.30E-06 15% 
0.6096 l.30E-06 15% 
12192 UOE-06 15% 
1.52-4 1.30E-06 15% 
3.048 1.30E-06 ,~,. 
3 .0•UI 1.30E-06 15% 
3.048 1.30E-06 15% 
3.0-CS 1.3-0E-OI 15% 
3 .0-Hi l.30E--06 15% 
3 .048 l.30E-06 15% 
3.04e 1.30E-06 15% 
3.04. l.30E-06 15% 
3 .048 l.30E-06 15% 
3.0-48 1.30E-OS 15% 
3.04t 1.30E-OI 15% 
3 .048 1.30E-06 15% 
3 .048 l.30E-06 15% 
3.048 1.30E-06 15% 
3 .04! l.30E-06 15% 
3 .048 UOE-06 15% 
3.0,.lS 1.30E-06 15'1 

Output col 

1 
6 
11 
16 
21 

26 
31 

s.-
(%) 

0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 

°" °" 
°" 
°" °" °" 
°" 0% 

°" 
°" °" °" 
°" 
°" °" °" °" 
°" 
°" °" 
°" 
°" °" 
°" 
°" 
°" °" °" °" 
°" 
°" 
°" 

PRED2:xt.S 

02 OPTION 

0 • HALF ORDER REACTION 
1 - FIRST ORDER REACTION 
2 - MlXEO FIRST ORDER / tW..F ORDER 

F &tltOens l)ffl.....,. io,, .. 
(mollm'l (m2/s) lrrdlm'l 

0 6.l)OE-47 .... 
0 I- 0.00 
0 I- 0.00 
0 

,_ 
0.00 

0 2.lJOE-41 0.00 
0 ZJJCJE-41 0.00 
0 2..00E-48 0.00 
0 2..00E-48 0.00 
0 2.GOE-OI 0.00 
0 2.DOE-OI 0.00 
0 2.DOE-OI 0 .00 

100 2.DOE-OI 0.00 
100 2.GOE-OI 0.00 
100 Z.DOE-OI 0.00 
100 2.GOE-OII 0.00 
100 2.00E-OI 0.00 
100 2.00E-OII 0.00 
100 2.0CIE-OI 0.00 
100 2.DOE-OII 0.00 
100 ZJJCJE-41 0.00 
100 2.0CIE-OI 0.00 
100 2.00E-OII 0.00 
100 2.0CIE-05 0.00 
100 2.0CIE-05 0.00 
100 2.00E-06 0.00 
100 2.ooe.os 0.00 
100 2.00E-06 0.00 
100 2.00E-OS 0.00 
100 2.00E-05 0.00 
100 2.0CIE-OI 0.00 
100 2.0CIE-05 0.00 
100 2.00E-OS 0.00 
100 2.00E-OI 0.00 
100 2.00E-OS 0.00 
100 2.00E-05 0.00 
100 2.0CIE-05 0.00 
100 2.GOE-05 0.00 
100 Z.DOE-46 0.00 
100 2.DOE-OS 0.00 
100 2.00E-06 0.00 

49 

ico. .. 
rrrdlm'l 
Uk..., 
o.ooe+00 
OJIOE+OO 
OJIOE+OO 
0.IIOE+OO 
OJIOE+OO 
OJIOE+OO 
0.DOE+OO 
O.OOE+OO 
O.DOE+OO 
O.OOE+OO 
0.DOE+OO 
O.DOE+OO 
O.OOE+OO 
O.OOE+OO 
O.DOE+OO 
O.OCIE+OO 
O.OCIE+OO 
0.DOE+OO 
0.DOE+OO 
0.DOE+OO 
OJlOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE<OO 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
0.00E+OO 
0.DOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.DOE+OO 
O.OOE+OO 
0.00E+OO 
O.OOE+OO 
o.ooe-oo 

1/2 



I 

DEPTH 

(m) 

0.305 
0.11, 
1~• 
2 .13-4 
2-1,3 

3.353 
3..1162 
un 
5.1112 
5 .781 
6.'-01 

6.= 
7.315 
1.= 
l.s:M 
8.14' 
1 .75' 
10.363 
10.i1n 
11.$12 
12.192 
13.106 
1'.,78 
16.76' 
111 .812 
22 .860 
2$.POe 
21!~ 
32.00, 
35.0!>2 
~ .100 
,uu 
4'.1il6 
,1.244 

50= 
53.3<0 
66.3-U 
50.'36 
112.43' 
85.532 

RES UL TS FOR YEAR: ,, 

02 Profile 

-=1 ! .. 
i., 

" ., 
,. 

CONC 02 

(mollm') 

1 .890 
7.689 
U&II 
5.2117 

•.536 
•.236 
3n5 
3.&5 
3.335 
3.035 

2.™ 

2= 
2.26' 
1-
1.643 
1.JaJ 
1.083 
0.7112 
0.432 
0~ 
0.187 
0 .036 
0 .030 
0 .005 
0 .001 
0 .000 
0 .000 
0 .000 
0 .000 
0 .000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 .000 
0.000 
0 .000 

9.65E-07 

9.BSE-07 

13.716 

02 r,.,,.. 

lmolfm:ll\ 

O.OOE-00 
0.00E-00 
O.OOE -00 
O.OOE-00 
O.OOE-00 
O.OOE-00 
O.OOE,00 

O.OOE-00 
o .ooe,oo 
O.OOE-00 

O.OOE+OO 
O.OOE-00 
O.OOE-00 
0 .OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+OO 
O.OOE+OO 
627E-07 
3.ME-07 
2.,2E-07 
1.12E-07 
3.93E-U 
6.35E-09 
8 .02E-10 
1.01E-10 
1.28E-1 1 
1.62E-12 
2.05E-13 
2.59E·1' 
32TE-15 
, .15E-16 
1.30E-16 
Ll0E-16 
1.30E-16 
1.lOE -16 
1.30E-16 
1.J.OE-16 
1.:IOE-16 

1.lOE-16 

CO2 Prod CONC CO2 

hnoum',\ (mollm') 

O.OOE<-OC 0 .0141 
O.OOE-00 0 .0000 
O.OOE-00 0 .0000 
O.OOE+OO 0 .0000 
O.OOE+OO 0.0000 
O.OOE+OO 0.0000 
O.OOE+OO 0.0000 
O.OOE+OO 0.0000 
O.OOE-00 0.0000 
O.OOE+OO 0 .0000 

O.OOE-00 0.0000 
0.ooE+OO 0 .0000 
O.OOE«>O 0 .0000 
O.OOE+OO 0 .0000 
O.OOE«>O 0.0000 
O.OOE«>O 0 .0000 
O.OOE«>O 0 .0000 
O.OOE«>O 0 .0000 
~ .3-4E-07 0 .0000 

-2.0TE-07 0 .0000 
-1 21E-07 0 .0000 
-$.89E-OO 0.0000 
-2.091:-0I 0 .0000 
-3 .llE-09 0 .0000 
-421E· 10 0 .0000 
~ .'1E·11 0 .0000 
~ .IJE-12 0 .0000 
~ .6'E-13 0 .0000 
-1.09E-13 0 .0000 

-1 .laE-1' 0 .0000 
-1.7•E-15 0 .0000 
-221E-16 0 .0000 
~ .113E-17 0 .0000 
~.ll l E-17 0 .0000 
~.ll3E-17 0 .0000 
~.93€-17 0 .0000 
~ .!13€-17 0 .0000 
~.93€-17 0 .0000 
~.93€ -17 0 .0000 
-6 .9'3E-17 0 .0000 

PRE02..X.LS 

Pyrite Density Profile 

t-1 1 
ots.02 oon P001"1511l)l S04 Ca Mg 60< Co --pe,m3rnct C.C03,QII (moVL) (mo<!\.) ("¢) ("¢) (-o'L) -· O.OOE +OO O.OOf.+00 0.00 
O.OOE-00 O.OOE-00 0.00 
O.OOE-00 o.ooe-oo 0.00 
O.OOE-00 o .ooe-oo 0.00 
O.OOE-00 o.ooe-oo 0.00 
O.OOE-00 O.OOE+OO 0.00 
O.OOE-00 o.ooe-oo 0.00 
O.OGE+OO o.ooe-oo 0.00 
O.OOE+OO o .ooe-oo 0.00 
O.OGE+OO O.OOE+OO 0.00 
O.OOE+OO O.ooE+OO 0.00 
0.00E+OO O.ooE+OO 100.00 
O.OOE-00 0.ooE«>O 100.00 
O.OOE+OO O.OOE-00 100.00 
O.OOE-00 O.OOE-00 100.00 
O.OOE-00 O.OOE«>O 100.00 
O.OGE+OO O.OOE-00 100.00 
O.OOE+OO O.OOE-00 100.00 
I .UJE-OI 12,e-02 100.00 
5 .12E-OI 5 .10E-02 100.00 
3 .6'E-OO 3.18E-02 ,oo.oo 
1.68E-OI l.44E-02 100.00 
5Jl8E-09 5 .16£-03 100.00 
t .52E-10 1.35!'-0< 100.00 
120E-10 1.05E-O< 100.00 
152E-11 1.33E-05 100.00 
1.t2E-12 1.&IIE-06 100.00 
2.,JE-13 2.13E-07 100.00 
3 .0TE-14 2.69E-OI 100.00 
3.UE-15 HOE-09 100.00 
,.tOE-16 4.30E-10 100.00 
6.22£-17 5.,SE-11 100.00 
1.85E-17 1.71E-11 100.00 
1.t5E-17 1.71E-11 100.00 
1.t5E-17 1.71E-t1 100.00 
1.t5E-17 t.71E-11 100.00 
1.95£-17 1.71E-11 100.00 
1.95£-17 1.7tE-11 100.00 
1.l:SE-17 1.71E-11 100.00 
1.95€.-17 1.71E-11 100.00 
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COUPLED O,tCO,tMg/SOJCa MODEL 

MODEL DETAILS 
Filename 

Dale 

Description 

INPUT PARAMETERS 
Fjnite Differance Parameters 

nodes X 

nodes y 
lime periods 

init delt (•) 
[02) at surface (moVm') 
[CO2) at surface (moVm')) 

Model Options 

CO2 OPTION 

FES20PTION 
020PTION 

~ical Options 
Precipiation (mis) 
Infiltration Coeff oent 
Kqypsum 
lnfiltra!ion ( mis J 
Fraction Flow Paths (G) 

Djffusion Parameters 

Dw(m2/s) 
Da (m2/s) 

a 
H 

FES2 OPTION 
0 - No FES2 DEPLETION 
1 -ALLOWFES2 DEPLETION 

Matenal 

T~ II • Wute Roct. 
Type A- Wu\eRoci; 

Type II • - Roel; 

Type It - - Roel; 
Typelt - WasteRoci; 
Typen- WasteRod: 
Typell-W...Roci; 
TypeK- WasteRoci; 
TypeH- WasleRoci; 
Tr,,<M- WuleRoci; 

Type II· Was1.e Rod: 
Type It - WaleRoci; 
TypeK - -Roci; 
Typt 11 - w.t.e R.oc:t. 

Type II • - Roel; 
Type a - W- Roel; 

TypeU-WasteRoci; 
Typ,ell- WuteROCS. 
Tr,,<11-w..t.Rocl; 
Type It - Wule Roel; 

T,i,eD - W..,,Roci; 
Type II • WNte Roci. 
Type U - Waste: Roci. 
T,i,e• • WnuRoci; 
T,i,elt--Roci; 
Type II- WnuRoct 
TypeN- WasteRoci; 
Tn,e II - Waste Rock 
Twe a . W....te Roct 
Typell-Wasl,Roci; 
TypeH- W-Roci; 
Type n - Waste Rod. 
Type ff- VV..,.,Roci< 
TypeM- W.,,,Roci; 
Type a • w..te Roel; 

TYi"•· w..,,Roci; 
Type •. w..te Roel; 

Type R • - Roel; 
Type N • WNu Roel; 

T.,,,.K-W.,,,Roci; 

PRED3a.xls 

7/261913 
Flam beau Mining Co. 

Case 2 (backfilled pn - Type II Waste Rock only) 

D• (m2,'l 
D- (m2s·'i 2.00E-06 

'-•<•') 
r-,(,' l 1.30E-06 

OUTPUT TIMES 

40 

0 .01 
8 .9 

0.0141 

D 
1.1 OE--09 (62 mm / year) 

1.00 

time (s) time (vl 

3.SE+-08 11 
O.OE+-00 
O.OE+-00 
O.OE+-00 
O.OE+-00 

O.OE+-00 

0 OE+-00 

1.10E--09 =recharge• nfiltration coelfocienl 
0.10 

2..20E--09 
1.BOE--05 

0 .273 
328 
33.9 

CO2 OPTION 

0 - No CO2 Coupling 

1 - CO2 Coupling 

Outou1 col 
1 
6 
11 
16 
21 

26 

31 

MODELINPL/TS 
DEPTH Cet!Sizes. r - SatLn.tion 

(m) (m) , .. ,, (%) (%) 

0 .005 0.01 1.30E--06 15% 0% 
0.710 1.4 I.JOE--06 15% 0% 
2.110 1 .4 1.30€--06 15% °" 3.510 1.4 1.lOE--06 ,.,. 0% 
4.910 1.4 I.JOE--06 15% 0% 
fLltO 1.4 I.JOE--06 15% °" 1.710 1.4 1.30€--06 15% °" t .110 1.4 l.30E--06 15% °" 10.510 1.4 1.JOE--06 15% °" 11.$110 1.4 l.30E--06 15% 0% 
13.310 1.4 1.30E-06 15% °" 1',.710 1.4 l.30E--06 15% 0% 
U!i .110 1.4 l.30E--06 15% °" 17.510 1.4 l .30E--06 15% 0% 
11.810 1 .4 1.306-06 15% 0% 
20 .310 1.4 I.JOE--06 15% 0% 
21 .110 1.4 l.30E--06 15% °" 23.110 1 .4 1.30E--06 15% °" 24.510 1.4 l.30E--06 15% °" 25 .110 1.4 l.30E--06 15% 0% 
21.310 '-' l.30E-06 15% °" 2&.110 '-' 1.lOE-06 15% 0% 

30.110 1.4 l.30E--06 15% 0% 
31.510 '-' 1.30E--06 15% °" 32.910 1 .4 1.30€-06 15% °" 34.310 1.4 1.30€-06 15% 0% 

~ .710 1.4 I .lOE-06 15% 0% 
37.110 1.4 l.30E--06 15% "" 38.510 1.4 1.lOE-06 15% 0% 

l.Sl .810 1.4 I .30E-06 15% 0% 

41.310 1 .4 1 .JOE-06 15% °" 42.710 '-' 1.30E-06 15% °" 44 .110 1.4 l.l0E--06 15% 0% 
45 .510 1.4 1.JOE-06 15% °" 46 .lt0 1 .4 1.30€-06 ,.,. 

"" 46.310 1.4 l.30E--06 15" °" 49 .710 1.4 l .30E--06 15% 0% 
51 .110 1.4 1.30€--06 15% 0% 
52.510 1.4 1.JOE--06 15% 0% 

5-C .810 2.e 1.l0E-06 15% 0% 

PRE03 XLS 

02 OPTION 
0 - HALF ORDER REACTION 
1 - FIRST ORDER REACTION 
2 - MIXED FIRST ORDER/ HALF ORDER 

F s,.;rven, DrllCoefl JO,,-

'"""""" (m2h) c-,m'I 
100 2.00£--06 a ... 
100 2 .00E--06 0.00 
100 2.00E--06 0 .00 
100 2 .00E--06 0.00 
100 2 .00E--06 0 .00 
100 2.00E--06 0.00 
100 2.00E--06 0.00 
100 2 .00E--06 0.00 
100 2 .00E--06 0.00 
100 2.00E--06 0 .00 
100 2 .00E-06 0.00 
100 2 .00E--06 0.00 
100 2.00E--06 0 .00 
100 2 .00E--06 0 .00 
100 2 .00E--06 0 .00 
100 2 .00E-06 0 .00 
100 2 .00E--06 0 .00 
100 2 .00E--06 0 .00 
100 2.00E--06 0 .00 
100 2 .00E--06 0 .00 
100 2 .00E--06 0 .00 
100 2 .00E--06 D.00 
100 2 .00E--06 0 .00 
100 2 .00E--06 0.00 
100 2.00E-06 0 .00 
100 2 .00E--06 0 .00 
100 2 .00E--06 0 .00 
100 2 .00E--06 0.00 
100 2 .00E--06 0 .00 
100 2 .00E-06 0 .00 
100 2 .00E--06 0 .00 
100 2.00E-06 0 .00 
100 2.00E-06 0 .00 
100 2.00E--06 0.00 
100 2 .00E-06 0 .00 
100 2.00E-06 0 .00 
100 2.00E-06 D.00 
100 2 .00E-00! 0 .00 
100 2 .00E-06 0 .00 
100 200E--06 0 .00 

51 

(CO,,-,.....,,., 
1.41E-02 
0 .OOE<OO 
O.OOEoOO 
0.OOE<OO 
0.OOE<OO 
0 .OOE<OO 
0.OOE<OO 
0 .OOE-
0 .OOE<OO 
0.OOE<OO 
D.OOE-
0.00E<OO 
o.ooe,oo 
0.OOE-
O.OOE+OO 
0.OOE-
0.OOE-
0.OOE-
0 .00E<OO 
0.OOE<OO 
0.OOE<OO 
0.OOE+OO 
0 .00E<OO 
0.OOE<OO 
0 .OOE<OO 
0 .OOE+OO 
0 .00E,00 

0 .OOE<OO 
0 .OOE-00 
0 .OOE<OO 
0.OOE<OO 
O.OOE:+00 
0.OOE<OO 
0 .OOE-
0 .OOE<OO 
0.OOE<OO 
0.00E<OO 
0 .OOE<-00 
0 .OOE-
0.OOE<OO 
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DEPTH 

(m) 

0.005 
0.710 
2 .110 
3..&10 
4 .110 
8.310 
7.710 
t.110 
10.510 
11.910 
13.310 
1,.110 
16.110 
17.510 
1U10 
20.310 
21.710 
23.110 
24 .510 
25.110 
27.310 
2&.710 
30.110 
31.510 
32..910 
34 .310 
35 .710 
37.110 
38.$10 
39.910 
,1.310 
42 .710 
4-4 .110 

• 45.$10 
46 .910 
48.310 
0 .710 
&t.110 
52.510 
5U10 

• 
• 

RE SUL TS FOR YEAR: 11 

02 Profile 

0 .00 2..00 OlO UJ:I 1 .00 to.00 .:, - ,. 

i: .. 
IO 

1.24E-05 

1.26E-05 

~.61 

CONC 02 02 Cons C02Prod CONC <-<J2 

("""""'J l moUm3s \ {molfm,,\ (mollm') 

U 90 1.16E-05 -6.t6E~ 0.0U 1 
4.505 5.MiE-06 -3 .12E-Oti 0.0000 
1536 2.00E-06 -1..06E-06 0.0000 
0.524 U1E.07 -3.63E.07 0.0000 
0.17'8 2.32E.07 -124E-07 0.0000 
0.061 7..9tE..o8 -4.22E.QS 0.0000 
0.021 270E-08 -1.4-CE"" 0.0000 
0.007 9.20E.Q9 -4 .S1E-O! 0.0000 
0.002 3.l4E-09 -1.67E-09 0.0000 
0.001 1.07E-09 -5.70E-10 0.0000 
0.000 3.65E-10 -1~E-10 0.0000 
0 .000 124E-10 -6 .63E-11 0.0000 
0.000 ,24e.11 ·2..26E-11 0.0000 
0 .000 1.4-CE-11 -7 .70E-12 0.0000 
0 .000 •..93E-t2 -2 .63E-12 0.0000 
0 .000 1.~E-12 -U6E-ll 0.0000 
0.000 5.73E-t3 -3 .05€-13 0.0000 
0.000 t .9'5E-13 -1 .04E-13 0.0000 
0.000 6.66E-14 -3.55E-14 0.0000 
0.000 227E-14 -121E-14 0.0000 
0.000 7.74E-15 -4 .13E-t5 0.0000 
0.000 2.6-.cE-1 5 -1 .41E-15 0.0000 
0.000 9.00E-16 -4 .60E-t6 0.0000 
0.000 l .08E·16 - t .&CE-16 0.0000 
0.000 f.lOE-16 -6 .93E-17 0.0000 
0.000 1.30E-t6 -6 .93E-f7 0.0000 
0 .000 1..lOE-16 -6 .93E-17 0.0000 
0.000 1.lOE-16 -6 .9lE-f7 0 .0000 
0 .000 1.30E-16 -6..93E-17 0.0000 
0.000 1.30E-t6 -6 .93E·17 0 .0000 
0.000 1.30E-16 -6.93E-17 0.0000 
0.000 t.lOE-16 --ti.93E-17 0.0000 
0.000 1.30£~16 --6 .93E-17 0.0000 
0.000 1.lOE-16 -6.93E-17 0 .0000 
0 .000 1..lOE-16 -6 .93E-17 0.0000 
0 .000 1.30E-16 -6.JJE-17 0 .0000 
0.000 1.lOE-16 ~.9lE-17 0.0000 
0 .000 1.30E-16 -6.J3E -f7 0 .0000 
0 .000 1..J.OE-16 -6 .SlE-17 0.0000 
0 .000 1.30E-1E -6 .S!lE-17 0.0000 

PREOJ Ju.S 

1"11 
oao2a)ll Peon.,,,,, 

pe,m3"""- C.CO;.q,t 

1.7lE-0€ 1.52E~ 
e.71E47 7.70E--01 
2.J9E.Q7 U3E.Q1 
t.02E.07 8.t5E.Q2 
3.<IE.QS 3.0SE-02 
1.111£-08 1.04E.Q2 

•--09 3.ssE.Ql 
1.38E.Q9 121E.Q, 
4.70£-10 4.12£..0.( 
1.soe.-10 1.4 tE-<M 
5.47E-t1 4.79E.Q5 
1.l6E-11 1.elE-05 
e .:,a:.12 5.!7E-06 
2.l7E-12 UOE-06 
7.liE-13 UIE.07 
2.52E-13 221E.Q7 
t5tE-14 7.53E.QS 
2J3E.-U. 2 .57E-08 
8.NE-15 e .75E-09 
3.40E -1 5 U&E-09 
1.16E.-t5 l .02E-09 
l.llOE-16 3.47E-10 
1.3SE-16 1.18E-10 
4,SJE-1 7 4.06E-11 
1-"E-17 t.71E•f1 
1~-17 1.11e.,1 
tRS-E.-17 1.71E-11 
1~-17 1.7tE-11 
l .1&•17 t .71E-11 
1-"E-17 1.71E-tt 
1-"E-17 t.71E-11 
1.i'SE-17 1.71E-11 
1~-17 t .71E-11 
l-"E-17 1.7\E-11 
t~-17 1.71E-11 
1.95E-17 1.71E-11 
1.iSE-17 1.71E-t1 
1~-17 1.71E-11 
1.95E-17 1.71E-11 
1-"E-17 1.71E-11 
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SO< 
(nd'l) 

Pyrite Density Profile 

! ~ 
t ., 
~ ., 
:l 

C. 
(mo<IL) 

Mg SO< 
(ff¢) ("¢) 

C. Wfdeoo 

(ff¢) moUm' 

100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
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COUPLED O2'CO2'Mg/SO.tCa MODEL 

MODEL DETAILS 
Filename 

Dale 
Oesaiption: 

INPUT PARAMffiRS 
Fintte Difference Parameters 
nodesx 
nodes y 
lime periods 
init cleft (1) 
(02] at surfaoe (moVm') 
(CO2] at IUlface (moVm')) 

Model Oplions 
CO2 OPTION 

FES20PTION 
02 OPTION 

Geochemical Opfions 
Precipiation(mls) 

lnliltnruon Coe!focient 
l<Qypslan 
lnlillndion (mis) 

Fraction Fklw Paths (G) 

Djffusjon Parametm 
Ow(m2/s) 
Da (m2/s) 

a 
H 

FES20PJ]ON 
0 • No FES2 DEPLETION 

1 • />J.J.OW FES2 DEPLETION 

-
Type U- WM1e Roca 

Type A· - Roca 
Type U • - Roca 
Type A- -Roca 
TypeA·--
Type I- -Roca 
TypeA--R-
TypeA- -Roca 
Type H • - Roca 
Type K. - Roca 
TypeH- -Roca 
TypeA--R-
Type II• - Roca 
Type M • - Roca 
Type H- - Roca 
Typel•-R-
TypeH--R-
Type N • - Roca 
Typel--R-
TypeA--R-
Type N - - Roca 
Type H • W..tt- Rodt 

Type ft· - Roca 
Type U • - Roca 
Type a - Waste Rock 

Typel--R-
TypeU- -R-
Typen- -R-
Typen - -R-
Type II• -Roca 
Type n · Wale R-
Typ,ell- w..teRoc:t 
Type II- WonoR-
Type A- -Roca 
Type A- -.Roca 
Typel--Rooi< 

Type n - - Roca 
Typel--Rooi< 
Type W • - Roca 
T.,,.n. -Roca 

PRED3b.xls 

7f26196 
Flambeau Mining Co. 

Case 2 (badclilled pit· Type II Waste Rock only) 

0. (m's·') 

o_ (m's·') 2 .00E--06 

r-,<•·'1 
r-,(1·') 8.90E-08 

OUTPUT TIMES 

I 

.a 
I 

0.01 
8 .9 

0.0141 

D 
·I .10E-09 (62 mm/ year) 

1.00 

time (s) time (y) 

3.5E+08 11 
0.0E+OO 
0.0E+OO 
0.0E+OO 
0.0E+OO 
0.0E+OO 
0.0E+OO 

1.10E-09 = recharge • infiltration coefficient 
0.10 

2.20E-09 
1.80E-05 

0.273 
3.28 
33.9 

CO2 OPTION 
0 - No CO2 Coupling 

1 - CO2 Coupling 

Ou!pllt col 

1 
6 
11 
16 
21 
26 
31 

MODEL INPUTS 

""'"TH Cell Sa.es ' Po,wity Sat.nl>Oo 
(m) (m) (o-1) (%) (%) 

o.oos 0.01 UIOE-08 m, 0% 

0.710 ,.. UOE-08 15% °" 2.110 1.4 l.llOE-08 15% °" UIO 1.4 l.90E-08 15% °" 010 1.4 l.llOE-08 15% °" U10 1.4 l.llOE-08 15% °" 7.710 1.4 l.90E--Oll 15% °" t .110 1 .4 8.90E-Oe 15% °" 10.SI0 1.4 e .90E-06 15% °" 11.810 1 .4 8.90E-Oe 15% °" 13.310 1.4 l.90E-08 15% 0% 
14.710 1., 8.90E..oG 15% °" 18.110 1.4 l.90E-08 15% 0% 
17.510 1 .4 l .80E-0! 15% 0% 
11.810 1.4 1 .90€-08 15% 0% 
20.310 1.4 l .90E-Oe 15'14 0% 
Zt.710 1.4 ! .80E-08 15% 0% 
23.110 1.4 8.90E-08 15% 0% 
24.510 1.4 !.90E-Oe 15% °" 25.110 1 .4 UOE-08 15% 0% 
27.310 1.4 8.90E-Oe 15% 0% 

21.710 1.4 !.90E-Oe 15% 0% 
l0.110 1.4 l .90E-08 15% 0% 

31.510 1.4 8.90E-08 15% 0% 

:12.110 1.4 l.90E-08 15% 0% 
34.310 I .• ! .90E-Oe 15% 0% 

35.710 1.4 ! .90E-Oe 15% 0% 

37.110 1.4 I 90E-08 15% 0% 
38.510 1 ., ll .90E-08 15% 0% 

38.910 1.4 8.90E-08 15% 0% 
41.310 1 .4 8 .90E-Oe 15% 0% 
42.710 1.4 l .90E-08 15% 0% 

'4 .110 1.4 ! .90E-Oe 15% 0% 
'5..!10 1.4 l .90E-08 15% 0% 
.. .910 1.4 l .90E-08 15% 0% 
.. .,,o 1.4 !..90E-08 15% 0% 

41.710 1 .4 1 .90£-01 15% °" $1.110 1.4 ! .90E-08 15% 0% 
52.510 1.4 e .90E-Oe 15% 0% 
su,o 2 .1 e .90E~ ,..,. 0% 

F>RE.03JU.S 

02 0PTION 
0 • HALF ORDER REACTION 

1 • FIRST ORDER REACTION 
2 - MIXED FIRST ORDER/ HALF ORDER 

F &<10em OiftCod 10.-
(mollm') (m2h) (mollm~ 

100 2.00E--06 .... 
100 2 .00E-06 0.00 
100 2.00E-06 0.00 
100 2.00E-06 0.00 
100 2 .00E-46 0 .00 
100 2.00E-06 0.00 
100 2 .00E-46 0.00 
100 2.00E-06 0 .00 
100 2 .00E-o6 0 .00 
100 2.ooE-46 0.00 
100 2.00E-06 0 .00 
100 2 .00E.()6 0.00 
100 2 .00E.« 0 .00 
100 2.00E.()6 0.00 
100 2.00E.()6 0.00 
100 2.00E-06 0 .00 
100 2 .00E-46 0 .00 
100 2 .00E.()6 0.00 
100 2 .00E.« 0 .00 
100 2.00E.()6 0 .00 
100 2 .00E.« 0.00 
100 2 .00E-o6 0 .00 
100 2 .00E.()6 0.00 
100 2 .00E-06 0.00 
100 2 .00E.« 0 .00 
100 2.00E-46 0 .00 
100 2 .00E.()6 0.00 
100 2 .00E.« 0 .00 
100 2 .00E-o6 0.00 
100 2 .00E-o6 0 .00 
100 2.00E.« 0 .00 
100 2 .00E.()6 0 .00 
100 2 .00E-o6 0 .00 
100 2 .00E-o6 0 .00 
100 2 .00E-o6 0 .00 
100 2.00E-o6 0 .00 
100 2.00E-06 0 .00 
100 2 .00E.« 0.00 
100 2.00E-o6 0.00 
100 2 .00E-06 0 .00 
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,co,,_ 
(mot'"'~ 
1.,tE-02 
O.OOE<OO 
O.OOE<OO 

O.OOE<OO 
O.OOE-00 
o.ooe-oo 
O.OOE<OO 

O.OOE<OO 
o.ooe,oo 
O.OOE-00 

O.OOE-00 
O.OOE-«J 
O.ooE+OO 

O.OOE-«J 
o.ooe,oo 
0.00E<OO 
O.OOE<OO 
O.OOE<OO 
O.OOE<OO 

O.OOE+OO 
O.OOE+OO 
O.OOE<OO 
O.OOE+OO 
O.OOE+OO 
O,DOE+OO 
0 .00E<OO 
o.ooe-oo 
O.OOE<OO 

O.OOE<OO 
O.OOE<OO 

O.OOE<OO 
o.ooe,oo 
o.ooe-«i 
0.00E,00 

O.OOE-«J 

0 .00E<OO 
o.ooe,oo 
O.OOE,00 

0.00E<OO 

O.OOE-00 
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I 

I 

DEPTH 
(m) 

0.005 
0 .710 
2.tlO 
UtO 
4.110 
9.310 
7.710 
1.110 
10.510 
11.tlO 
13.310 
14 .710 
ta.110 
tHtO 

I 
1e.110 
20.310 
21.710 
23.110 
2.C..510 
25.110 
27.310 

II 28.710 
30.110 
31.510 
32.110 
34.310 
35.710 

I 
37.110 
38..510 
3..•10 
41.l10 
42.710 
44 .110 

II 
45.SIO 
4U10 
'8.310 
49.710 
11 .110 
&2..510 
5010 

I 
I 

RESULTS FOR YEAR: 11 

CONC02 

(n,cUm'J 

1.890 
7.513 
U50 
4210 
3 .137 
2.ll7 
1.741 
1217 
0.967 
0.720 
0.!37 
0.400 
02ae 
0.222 
0.115 
0.123 
o.cm 
0.063 
O.OS1 
0 .031 
0 .028 
0.02 1 
0.016 
0 .012 
0.009 
0 .006 
0 .005 
0 .004 
0 .003 
0 .002 
0 .001 
0.001 
0.001 
0.001 
0 .000 
0 .000 
0.000 
0 .000 
0 .000 
0 .000 

3.71&-06 

3.71E.ai 

11.81 

02 Con& 

rmo11m',1 
7.BIE-07 
USE--07 
5.olE--07 
3 .75€--07 
2.79E--07 
2.0IE--07 
t.55E-G7 
U5E--07 
UOE-411 
&.41E~ 
4.71E--Oe 
3.5GE--OI 
2.65€--0I 
t.NE.--09 
t.47E--OI 
t.tDE--09 
a .t7E-09 
6 .00E-09 
4~E-09 
J.38E-C9 
2.S2E-GII 
UIE-09 
1..COE-09 
1.04E-OO 
7.76E-10 
5.78E·10 
.C.31E-10 
321E-10 
2 .39E·10 
1.JeE-10 
1.33E-10 
9.i3E-11 
7 . .C2E-11 
5.56E-11 
4.19E·11 
3.1aE-11 
2.44E-11 
1.92E-11 
1.S7E-11 
1.2.CE-11 

02 Profile 

CO2 Pn,d ,~co2 

(rnoVrn'•' (mollm') 

-4.22E--07 0.0141 
-l.80E-47 0.0000 
~ 1U)000 
~--07 0.0000 
-1.49E--07 ·0.0000 
-t .ttE--07 0 .0000 
-027E--OII 0.0000 
-C.t&E--08 0.0000 
-4.$9E--OII 0.0000 
-l.42E--Oe 0 .0000 . 

-!Z.55E--Oe 0.0000 
-UOE--08 0.0000 
-t .41E--OI 0.0000 
-t.05€--09 0.0000 
-7.ISE-09 0.0000 
-5.eSE-OI 0.0000 
-4.l6E-09 0.0000 
-325€-411 0.0000 
~ .42E--OI 0.0000 
-t.l!OE-09 0.0000 
-t.34E-09 0.0000 
-t.ooE-09 0.0000 
•7.46E-10 0 .0000 
-5.56E-10 0.0000 
-4 .t.cE-10 0.0000 
-l .OOE-10 0.0000 
~.lOE-10 0.0000 
-1 .71E-10 0.0000 
-128E-10 0.0000 
-0.52E-11 0.0000 
-7 .10E-'1 0.0000 
-5.30E-11 0.0000 
-l.16E·11 0.0000 
--2.87E-11 0.0000 
=3€-11 0 .0000 
-1.GE-11 0.0000 
-1.lOE-11 0.0000 
-1.02E-11 0.0000 
-0.36E-12 0.0000 
-6 .S2E-12 0.0000 

PR.EOl ..X LS 

Pyrite Density Profile 

,,,..."'--1~1 
o..ao a:i.oo «1.t10 c.ac eo.oo t00.oo 

l ~I 

t-11 

oil02""1 
p _, 

SC< c, Mo SO< Ca s.tfdenl 
permlroct. c.co:1e<,, (moV!.) (molA.) (mg/I.) (n-¢.) (fflll'\.) moVm' 

1.19E-07 1.04E-01 100.00 
t.01E-07 l.87E--02 100.00 
7.54E--OI U1E-02 100.00 
U2E--OI UlE--02 100.00 
4.tlE--OI U7E-02 100.00 
3.t2E-OO 2.73£-02 100.00 
2.32E-OO 2.D'E--02 100.00 
t.73£--0II U2E-02 100.00 
l.29E--Oe t.13£-02 100.00 
U2E-OO l..4JE.()l 100.00 
7.toe--Oi 128€-ro 100.00 

•=-w 4.uE.c3 100.00 
UIE-09 3.49E-O~ 100 .00 
2.l&E-09 2.l!OE--03 100.00 
22tE-09 U4E-C3 100.00 
t.ME-00 tME--03 100.00 
t.23E-09 t.07E--03 100.00 
l .13E•10 l .01E-4' 100.00 
UOE-10 5.96E-4' 100.00 
5.07E-t0 4.4'E-O-C 100.00 
3.71E-10 3.3tE-4' 100.00 
2.81E-t0 2 .47E-4' 100.00 
Z.tOE-10 t .ME-4' 100.00 
1.56E-10 1.37E-4' 100.00 
1.16E-10 1.02f-4' 100.00 
1.67£-11 7.60E-G5 100.00 
1 .46£-11 5.67E-05 100.00 
U2E-11 422E-05 100.00 
3.~•11 3.ISE-05 100.00 
2.NE-11 2.35E-05 100.00 
2.00E-11 1.7!>E-05 100.00 
1.0E-11 1.31E..()5 100.00 
1.ttE-11 l .76E-06 100.00 
1.34€-12 7.31E-06 100.00 
S.21E-12 5.sOE-06 100.00 
4 .76E-12 4.18E-Q6 100.00 
3.e6E-12 321E-06 100.00 
2.IIE-12 2.53E-06 100.00 
2.35E-12 2.00£-06 100.00 
1.116E-12 1.1,3£-06 100JX) 
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COUPLED O,/COz!Mg!SOJCa MODEL 

MOQEL DETAILS 
Filename 
Date 
Description: 

INPUT PARAMETERS 
Finae Diffe(eQ08 Parameters 
nod8S X 

nodesy 
time periods 
init deft (1) 
[02) at surface (moVm') 
(CO2] at acrfac:e (moVm')) 

Model Options 
CO2 OPTION 

FES2 OPTION 
02 OPTION 

Geochemical Options 
Precipiation(rn/a) 
Infiltration Coeff ,c:ient 

Kgypswn 
lnfiltnltion (m/w) 
Fraction Flow Paths (G) 

Ojffysjon Parameters 
Ow(m2/s) 
0a (m2/s) 

a 
H 

FES2 OPTION 
0 - No FES2 DEPLETION 
1 -ALLOW FES2 DEPLETION 

-
T-11-W-teRoct 
TypeU--Rod< 
Typefl--Roct 
TypeR--Roct 
Typell - -Rod< 
Typel--Rod< 
TypeN--Rod< 
TypeM--Rod< 
Typel--Rod< 
Typell--Rod< 
TypeM--Rod< 
TypeU--Rod< 
Typel - -Rod< 
Type 1- - Roca 
Typea--Rod< 
Typefl - -Rod< 
TypeN--Rod< 

Type h • - Rod< 
Typel• -Rod< 
TypeM--Rod< 
Type•---
Type A - Waste Rod. 
TypeN-WosleRod< 
Type U · -Rod< 
TypeU--Rod< 
Typelt--Rod< 
TypeN-WosleRod< 

Type U • - Rod< 
Type II - W.... Rod:. 
Type I· -Rod< 
Type II - W... Rod:. 
Type ff• - Rod< 
Typel--Rod< 
Typel--Rod< 
Type~---

Type ff· - Rod< 
Type M • - Rod< 
Typel--Rod< 

Type l - - Rod< 
T..,.H. -Roct 

PRED3c.xts 

7/26196 
Flambeau Mining Co. 
Case 2 (backfilled pa -Type II Waste Rod< only) 
0. (m,,') 

[)_. (m2
,') 6.00E-06 

'-•<•·•, 
r--,(•·') 6.90E-08 

OUTPUT TIMES 

1 
Ml 

1 
0 .01 

8.9 
0 .0141 

D 
1.10E-09 (62mm /year) 

1.00 

time Isl time(vl 
3.5E+08 11 

0.OE+OO 
0.OE-tOO 
0.OE-tOO 
0.OE+OO 
0.OE-tOO 
0.0E+OO 

1.10E-09 = recharge "Infiltration coefficient 
0 .10 

2.20E-09 
1.BOE-05 

0.273 
3.26 
33.9 

CO2 OPTION· 
0 - No CO2 ~ 
1 - CO2 Coupfng 

Outoutcol 

1 
6 
11 
16 
21 

26 

31 

MODEL INPUTS 
DEPTH eeas.z .. r .....-., S.0.-.... 

(m) (ml (• 1) I") ('I) 

D.005 0 .01 l.80e-08 15% ""' 0 .710 1.4 ·- 1111 °" 2.110 1.4 I.IIOE-OI 15" °" 3..$10 1.4 I.IIOE-OI 11% °" 4.110 1.4 IJIOE-OI 15% .,,. 
U1D 1.4 -- 1111 °" 7.710 u IJIOE-OI 15% °" 1.110 1.4 ·- 11% °" 10.510 1.4 IJIOE-OI 15% °" 11.tto 1.4 I.IIOE-08 11% 0% 
13.310 1.4 I.IIOE-OI 15% °" 1• .710 1.4 l.80e-lMI 15% °" H.110 1.4 I.IOE-OI 15% °" 17.1110 1.4 1.IIOE-08 m• °" 11.110 1.4 l.80e-OI 15" °" 20.310 1.4 ·- 11% 0% 
21.710 1.4 l.80e-OI 15% °" 2l.f10 1.4 UOE-06 15% °" 2,.s,o 1.4 l.80e-OI 15% '"' 25.110 1.4 &.80e-OI 15% °" 27.lt0 f.4 UOE-06 15% °" 28.710 1.4 UOE-08 15% °" 30.110 1.4 l.80e-OI 15% °" lUIO 1.4 IJIOE-06 15% °" U-1110 1.4 U0E-OI 15% °" :M.310 1.4 I.IIOE-08 15% °" 3.5.710 1.4 UOE-06 15% 0% 
37.110 1.4 UOE-Ofl 15% °" Jl.510 1.4 UOE-OI 15" .,,. 
38.110 1.4 l.80e-OI 15% .,,. 
41.310 1.4 l.80e-Ofl 15% °" 42..710 1.4 UOE-08 15% °" 44.110 1.4 l.80e-OI 15% °" 45.510 1.4 l.80e-OI 15% °" 46 .1110 1.4 UOE-OI 15% .,,. 
<1-1.310 1.4 l.80e-Ofl 15% 0% 
'8,710 1.4 I.IIOE-Ofl 15% °" 51.110 1.4 l.80e-<>fl 15" 0% 
152.510 1.4 ·- 15" '"' !-1 .StO 2 .B UOE-06 15% °" 

PREOJJQS 

020PTION 

0 - HALF ORDER REACTION 
1 - FIRST ORDER REACTION 
2 • MIXED FIRST ORDER I HALF ORDER 

' S<tl'.:>cN D<ffeo.1\ 10.N 
fmollm') (m2h) (mollm'i 

100 6 .00E-06 U9 
100 &.OOE-<16 0.00 
100 6 .00E-06 0.00 
100 &.OOE-<16 0.00 
100 &.OOE-<16 0.00 
100 6 .00E-06 0.00 
100 6.00E-06 0.00 
100 I .OOE-06 0.00 
100 &.OOE-06 0.00 
100 ti .OOE~ 0.00 
100 &.t>:>E-06 0 .00 
100 6.00E.-06 0.00 
100 &.OOE-06 0 .00 
100 6 .00E-06 0.00 
100 &.OOE-06 0.00 
100 1.ooe--00 0 .00 
100 6 .00E--00 0.00 
100 &.OOE--00 0.00 
100 6.00E--00 0 .00 
100 &.OOE-<16 0.00 
100 &.OOE-06 0.00 
100 6 .00E-06 0.00 
100 &.OOE--00 0.00 
100 &.OOE--00 0 .00 
100 &.OOE--00 0.00 
100 6 .00E--00 D.00 
100 6.00E--00 0.00 
100 6 .00E-06 0.00 
100 &.OOE--00 0.00 
100 6 .00E-00 0.00 
100 6 .00E-06 0.00 
100 s .ooe--00 0.00 
100 6 .00E-06 0.00 
100 &.OOE--00 D.00 
100 6 .00E-06 0.00 
100 &.OOE-06 0.00 
100 6.00E-06 0.00 
100 &.OOE-06 0 .00 
100 &.OOE--00 0.00 
100 &.ooe--00 0 .00 
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,co.~ 
(_,,,,') 
1.41E-02 
o.ooe,oo 
0.DOE-00 
D.OOE+OO 
0.00800 
O.OOE<OO 
O.OOE<OO 
O.OOE-00 
O.OOE<OO 
o.ooe,oo 
O.OOE<OO 
O.OOE<OO 
o.ooe-oo 
O.OOE<OO 
O.OOE<OO 
O.OOE+OO 
O.OOE<OO 
O.OOE<OO 
O.OOE+OO 
D.00E<OO 
O.OOE-00 
o.OOE+OO 
o.ooe,oo 
O.OOE+OO 
O.OOE<OO 
O.OOE<OO 
O.OOE,00 
O.OOE,00 
O.OOE<OO 
O.OOE<OO 
O.OOE.00 
0.00€,00 
O.OOE<OO 
O.OOE<OO 
O.OOE-00 
O.OOE<OO 
O.OOE<OO 
O.OOE<OO 
0.00€<00 
0 OOE<OO 

in 



I 

I 

I 

!JC"'" 
(m) 

0.005 
0 .710 
2.110 
3.$10 
010 
l.l10 
7.710 
1 .110 
10.&10 
11.110 
13.l10 
14.710 
1'.110 
17.SI0 
11.110 
20.ll0 
21.710 
23.110 
24.510 
25.010 
27.310 

I 
28 .710 
30.110 
31.&10 
32.110 
34.310 
35.710 

I 
37.110 
34.510 
l9 .810 
41.310 
42.710 
... . 110 
45.!10 
46.010 
4f.ll0 
49 .710 
51.110 
SUI0 
!>4.810 

I 

RESULTS FOR YEAR: 11 

CONCO2 

(rnoU,n') 

1.1190 
1 .130 
1.857 
5 .713 
4.871 ,.,u 
l.470 
2.8211 
2.468 
2.082 
1.756 
1.4&1 
1.20 
1.= 
o.au 
0.749 
0 .1532 
0-"3 
o.,so 
0 .379 
0.320 
0210 
0.221 
0 .102 
0.162 
0 .137 
0 .116 
0 .098 
0 .003 
0.070 
0 .060 
0.051 
0 .044 
0.038 
0 .033 
0.02SI 
0 .026 
0.!123 
0 .C21 
0 .020 

02 Profile 

,~r 

6.47E-06 

6.48E-06 

16.81 

02 Cons 

tmoVm3s\ 

7.flE-07 
724E-07 
UOE-07 
S.ISE-07 
4.34E-07 
l.66E-07 
lJIOE-07 
2 .&0E-07 
2.20E-07 
1.ISE-07 
1.56€-07 
l.32E-07 
I .11E-07 
0.37E-OII 
7.01E-OI 
6.67E-OII 
5.63E-Oa 
.C .7.CE-08 
.C .OOE-08 
3.38E-OI 
2 .ISE-OI 
2 . .COE-08 
2.0lE-08 
1.71E-08 
l .4SE-OI 
122E-OI 
1.D3E-08 
l .7lE-OO 
7.39E-09 
627E-09 
S.lJE-CS 
4..SSE-09 
U9E.()g 
3.l5E-09 
2..91E-09 
2.S<;f.()g 
227E-Og 
2 .06E.()g 
IJOE.()g 
1.75E-09 

C02Pn>d CONCC02 

(molJm3sl (rnoUm') 

-4.22£-07 0.0141 

-3.--07 0.0000 
-325€-07 0.0000 
~nE-07 0 .0000 =-01 0.0000 
-1.IOE-07 0.0000 
-1.85E-07 0.0000 
-1.llE-07 0.0000 
·1 .17E-07 0.0000 --- 0.0000 
-e.33E-OII 0 .0000 
-7 .0JE-OII 0.0000 
-&.83E-Oa 0 .0000 
-&.OOE-<>I 0.0000 
-4.22E-Oa 0.0000 
-3..S6E-OI 0..0000 
-3 .00E-OII 0 .0000 
~.53E-OI 0.0000 
~13E-Oa 0.0000 
·1 .80E-Oa 0 .0000 
-U2E-OI 0.0000 
-121E-08 0 .0000 
-1.oaE-08 0.0000 
... 13E.()g 0.0000 
-7.71E.()g 0 .0000 
-&.&1E-OO 0.0000 
-6.soE.()g 0.0000 
-4 .ISE.og 0 .0000 
-3.04E.()g 0.0000 
-3.34c.og 0.0000 
~114e.og 0.0000 
~ .42£.()g 0 .0000 
~ .OIE-09 0.0000 
•l .70E-09 0 .0000 
-1.55f'.()g 0 .0000 
•l.l&E-09 0 .0000 
-121E.og 0.0000 
•f.lOE.()g 0.0000 
-1.01E-09 0.0000 
--.32£-10 0 .0000 

PRE03..x.LS 

t-11 
ak 02 con p ......... SO< 

pe,ml- CoC03e<>'I (molll) 

1.19£-07 1.D4c-01 
UIIE-07 l.51E-0:2 
1.15E-OII l.02E-02 
7.72£-0II l .77E-42 
l.51E-OII 5 .71E-G2 
UIE-OII U1E-0:2 ·- ··-U1E-OII l.C2E-02 
l21E-GI 2.ltE-<12 
2.71E-Oe 2.UE-02 
2.34E-08 2.GSE-02 
I.NE-OIi l .7JE.C2 
U7E-OI 1.4SE-G2 
1A1E-OI 12lE-G2 
1.IIE-Oe 1.04E-02 
l.00E-OI 1.77E-03 
l.44E.OV 7.40E-03 
7.12£-09 124E-03 
I.OOE-09 S.21E-03 
S.OIE-09 4.44E-03 
4.27E-09 3.7SE-03 
3.aoE-09 3.16E-03 
3 .04E-09 2.67E-03 
2.57E.og 225€-03 
2.17E-09 l.ooE-03 
l.83E-09 1.61E-03 
1.55£-09 l.36E-03 
l.31E-09 1.ISE-03 
l .11E-09 1 .72£-04 
11 .40£ -10 124E-04 
7.tiE-10 7..0IE-04 
U2E·10 UIE-04 
S.ll<E-10 S.12E-04 
S.G3E-10 4.41E44 
4.37E-10 UlE-04 
3 ,&lE-10 3.36c-04 
3.41E-1O 2.IOE-04 
3.08E-I0 2.70E-04 
USE-10 2.soE-04 
2 .62£-10 2.lOE-04 
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Pyrite Density Profile 

...... ~~I 

0.00 211.110 e,m IOJlO IOOJ t(IUXl 

,o j 

i :J .. ' ' ., J 

Ca 
(molll) 

Mg SO< Ca 

Imo'-> <mo"-1 <mo'-> 
S.,,deo, 

mc<'m' 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.0C 
100.00 
100.00 
100.00 
f00 .00 
100.00 
f00 .00 
100.00 

100.00 
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COUPLED O.,JCO,tMgtSOJCa MODEL 

MODEL DETAILS 
FHename 

Dale 
Description: 

JNPLIJ PARAMETERS 
finite Difference Parameters 
nodes X 

nodes y 
tme periods 
i'lrtdelt(s) 
(02) st surface (moVm') 
(CO2) st surface (moVm')) 

Mooe! Options 

C020PTION 

FES2 OPTION 
02 OPTION 

Geochemical Options 
Precipiation (mis) 
ln!iltrat.ion Coefficient 
KQypsum 

Infiltration (mis) 
Fraction Flow Pa!hs (G) 

Diffusion Parameters 
Ow (m2/s) 
Os (m2/s) 

a 

H 

FES2 OPTION 

0 • No FES2 DEPLETION 
1 - ALLOW FES2 DEPLETION 

Maten.I 

Typtll- WuteRoct 
Type II · W .... RA>Ct 
Type II • Waste Rod: 
Typen--RA>Ct 
Typell--RA>Ct 
Typell · --
Type 11- WuteR.oot. 
TypeN-WeeteRoot. 
Tn,,ell- W....Rock. 

TypeM- -R-
TypeU--RA>Ct 
Typoh-w.teRoct. 
Type U- W.. Rodr. 
Type.II- WateRoct. 
Type fl • Waste Rock 
TypeH- WHteROQ 
Typen - WufeRA>Ct 

Type"· -R-
Type". Wu,. R-
Type II- WMte Roclt 
Typell-WNteRA>Ct 
TypeU- WuleR-

Type fl- -R-
Typo 11 · Wate Rock 
Typ,e II · Waste Rod. 
T yp,e ti • Wate Rod. 
Typo II · Waste Rock 
Type II • W.lte Rod. 
Typ,ell - WuteROCk 
Type II· Waste Rock 
Typ,e II · WNtt Rod. 
Typ,e II· Wane Rock 
Typ,ell -w.t.ROQ 
Typell-WnteRA>Ct 
Typen-W-RA>Ct 

TypeU- -R-
TypeU--RA>Ct 
Typ,ell - W..Roek 
TypeH• W-R-
Type 11 · Waste Rod: 

PRED3d.xls 
7/26/96 
Flambeau Mining Co. 
Case 2 (bad<filled pit - Type II Waste Rod< only) 

o.cm21·
1

) 

o_ (m's·') 6.00E-06 

,_,,.·') 
r-,(s"1) 1.30E-06 

QUJPLIJ TIMES 

1 
40 

1 
0.01 

8.9 
0.01~1 

D 
1.1 OE-09 (62 mm / year) 

1.00 

time (s) time (y) 

3.5Et-08 11 
0.0E.00 
O.OE.00 
O.OE.00 
O.OE.00 

0.0E.00 

O.OE+-00 

1.10E-09 =recharge• infollnltion coelfrcienl 
0.10 

2.20E-09 
1.80E-05 

0.273 
3.28 
33.9 

CO2 OPTION; 

0 - No CO2 Coupli'lg 
1 - CO2 Coupling 

Outnutcol 
1 
6 
11 
16 
21 

26 

31 

MODEL INPUTS 

DEPTH Cd s.z,. r p.,...i,y Sou-. 
(m) (m) (a,-!) (%) (Y,) 

0.005 0.01 !.lOE-06 m, °" 0 .710 1.4 UOE-Gli 15% °" 2.110 1.4 l.30E-06 15" °" 3.510 1.4 I.JOE-GI 15" °" 4.110 1.4 t.30E-G6 15% °" 1.3!0 1.4 l.30E-06 15% °" 7.710 1.4 I.JOE-06 15" °" t .110 1.4 t.30E-G6 15% °" 10.510 1.4 t.30E-G6 15" "' 11.110 1.4 1.30E-06 15% °" 13.310 1.4 1.30E-G6 15% °" 14 .710 ,.. t.30E-06 15% °" 11,110 1 .4 1.30E--06 15" °" 17.!>10 1.4 1.30E-06 15% °" 11.110 1.4 l.30E-G6 15" °" 20.310 1.4 UOE-00 15% °" 21.710 1.4 UOE-06 15% °" 23.110 1.4 1.30E-06 15% °" 24.510 1.4 t.30E-06 15% °" 25.110 1.4 t.30E-G6 15% °" 27..lt0 1.4 UOE-06 15" °" 28.710 1.4 1.30E~ 15% °" 30.110 1.4 t.30E-G6 15% °" 31.510 1.4 t.lOE-00 15" °" :12.910 '4 l.30E-G6 15% °" 3"'..310 1.4 t.30E-06 15% °" l5.710 ,_, t.lOE-06 15% °" 37.110 !.4 t.30E-G6 "" °" 3,1 .510 14 l.30E-G6 15% °" .U.910 1.4 1.30E-06 15% °" 41.310 1.4 l.lOE-00 15% °" 42..710 ,_, 1.30E-06 15% °" 44 .110 1.4 t.30E-G6 15% °" 45.!>10 ,., 1.30E-06 15% °" '6.110 1.4 !.30E-G6 15% 0% 
48..310 1.4 l.lOE-06 15% 0% 
41 .710 1.4 t.30E-06 15" °" 51 .110 1.4 l.lOE-06 15% °" 52..510 1.4 !.lOE-06 15% °" 5-4.810 2.8 1.30E-G6 15% °" 

PREOJ.xl.S 

020PTION 
0 - IW..F ORDER REACTION 
1 - FIRST ORDER REACTION 
2 - MIXED FIRST ORDER/ HALF ORDER 

f ""1DeM Diffeot• 10..-
rmovm'i (m2/s) '""""'" 100 6 .00E..., U9 

100 I.OOE-Gli 0.00 
100 6.IIOE-Gli 0.00 
100 6.00E-Gli 0 .00 
100 I.IIOE-Gli 0.00 
100 6.00E-Gli 0 .00 
100 6.00E-Gli 0.00 
100 I .OOE-Gli 0 .00 
100 6.IIOE-06 0.00 
100 6.IIOE-Gli 0 .00 
100 6.00E-Gli 0.00 
too 6 .00E-06 0 .00 
100 6.00E-06 0.00 
100 6.00E-06 0 .00 
100 6.00E-06 0.00 
100 6.ooE-06 0.00 
100 

, __ 
0.00 

100 6.00E-06 0 .00 
100 6.00E-06 0.00 
100 O.ooE-06 0.00 
100 I .OOE-Gli 0.00 
,oo 6.00£-06 0 .00 
100 6.00E-G& 0.00 
100 6.00E-Gli 0.00 
100 I .OOE-Gli 0 .00 
100 6.00E-06 0.00 
100 6.00E-Gli 0.00 
100 5.00E~ 0.00 
100 O.OOE-Gli 0 .00 
100 0.00E-06 0 .00 
100 6.00E-Gli 0.00 
100 6.00E-06 0.00 
too 6.00E-Gli 0.00 
100 6.00E-06 0 .00 
100 6.00E-Gli 0.00 
100 6.00E-06 0.00 
too O.OOE-Gli 0 .00 
100 e.ooe-00 0.00 
100 6.00E-06 0.00 
100 6 .00E-Gli 0 .00 

57 

(CO,,-
ln,ollm') 
1.4tE-0'2 
O.OOE-«> 
O.OOE-«> 
O.OOE,00 
D.OOE+OO 
O.OOE,00 
O.OOE,00 
O.OOE-«> 
O.OOE,00 
o.ooe,oo 
o.ooe,oo 
O.OOE,00 
O.OOE,00 
O.OOE-«> 
O.OOE-00 
O.OOE-«> 
O.OOE-«> 
O.OOE-00 
O.OOE-00 
O.OOE-00 
O.OOE,00 
O.OOE-00 
O.OOE,00 
O.OOE-«> 
O.OOE,00 
O.OOE-«> 
O.OOE-00 
O.OOE-00 
O.COE+-00 
O.OOE-00 
O.OOE,00 
o.ooe,oo 
O.OOE-00 
o.ooe-oo 
O.OOE-00 
0.00E+OO 
O.OOE,00 
0.00E+OO 
O.OOE,00 
0.00€+00 
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RESULTS FOR YEAR: ,, 

fl41x In (rnollm'a) 

o, cona. (rnol/m'a) 

O~n(m) 

OCPTH CONC O2 

(ml (mo'/m') 

0.005 8.090 
0.710 6.122 
2..110 3226 
3.510 1.700 
4..910 0.a96 
6.310 o.,n 
7.710 0.2<9 
1 .110 0.131 
10.!10 0.069 
11..flO 0.036 
13.310 0 .01~ 
14 .710 0.010 
H!i.110 o.oo• 
17.510 0.003 
11.tl0 0 .001 
20.310 0 .001 
21.710 0,000 
23 .110 0 .000 
24 .510 0 .000 
2H10 0.000 
27.310 0.000 
28 .710 0 .000 
l0.110 0 .000 
31.51 0 0 .000 
32.910 0.000 
~.310 0 ,000 
35.710 0.000 
37.110 0.000 
le.5 10 0 .000 
li .110 0 .000 
41 .310 0.000 
42.710 0 .000 
4,4 .11 0 0.000 
45-'10 0 .000 
46.910 0.000 

'"-310 0 .000 
,;.110 0 .000 
51 .110 0 .000 
!2..510 0 ,000 
S.C .610 0.000 

02 Profile 

.:I I?,> 

t: 
" .. 

2 .36E-05 

2 .J7E-05 

9 .81 

O2 C..... 

fmoL'm',1 

l .16E-O!i 
7.l>6E-06 
4.19E-06 
2.21E-06 
t .16E-06 
6 .14E--07 
3.23E-07 
1.7DE...07 
8 .9"E-08 
... . 73E--O! 
2 . .49E--08 
1.31E~ 
6 .9.2.E-09 
3 .65E-09 
132£-09 
1.01E-09 
5.J.4E-IO 
2 .~IE-10 
t .... BE-10 
7.e1E-11 
4 .12E•t1 
2.17E-11 
1.14E-11 
6 .02E-12 
3 .17E-t2 
1.67E-1 2 
lH1E-13 
4.S..E-13 
2..4 5E-13 
129E-13 
6 .79E-14 
3.58E-14 
t .19E-t4 
lil.i<IE-15 
5.24E-t5 
2 .77E-15 
1.46E-15 
7 .aJE-16 
4.36E-t6 
1.SZE-16 

CO2 Prod CONCC02 

fmovm',l cmo11mi 
-E .16E-06 0.0141 

-<l.24E-06 0.0000 
~E-06 0 .0000 
-1.11E-06 0.0000 
-,;.21e-01 0.0000 
-327E.()7 0.0000 
·1.72E-<>7 0.0000 
~.D9E-08 0.0000 
• .71E-08 0 .0000 
-2.52£-08 0 .0000 
-1.33E-08 0.0000 
-7.0IE-09 0.0000 
.:S .UE-09 0 ,0000 
-t.85E..(S 0.0000 
-1 .IOE-OI 0.0000 
,6.40E·10 0.0000 
-2..85E-10 0 .0000 
-t.50E-10 0.0000 
-7.11£-11 0 .0000 
-4.17E-11 0 .0000 

·2.20E·11 0 .0000 
-1.16E-11 0.0000 
~ -10£-12 0.0000 
-3.21E-12 0 .0000 
- t.69E-12 0 .0000 
-8 .92E-13 0.0000 
-4 .70E-13 0 .0000 
-2.~E-13 0.0000 
•1.30E-13 0 .0000 
~ .UE-14 0 .0000 
-3.62£-14 0.0000 
-t.91E-14 0.0000 
-t .OtE-14 0 .0000 
-6,JOE-15 0.0000 
-2.&0E-15 0.0000 
·1.47E-15 0.0000 
-7 .&0i:-16 0.0000 
-4. t!E -16 0.0000 
-2.32E-16 0 .0000 
-1.02E-16 0 .0000 

t-11 
.. 02 ... p- S04 

.... m3- C.COleq/1 (mol,\.) 

1.,.><a.o6 U2E+OO 
1.11E-06 1.D$E+OO 
t.211E-07 5.SIE-01 
3.32E-47 UIE.<11 
1.1SE~ 1.53E-4I ·- 1.G7E42 
•.a5E-Oe 4.25£42 
Uf;E-08 22<E42 
USE-OIi UIE-02 
7.10E-OI t.22£-03 

3.7- 3.21E-03 
U7E-09 f.73E-03 
1.IME-OI l .10E-0< 
S.47E-t0 ·-2.NE-10 2.5.lE-O< 
1.$2E-10 1.33£-0< 
I .OtE-11 7.D2E-05 
422E-11 3.70E-05 
222£.11 1"5E-05 
1.17E-t1 1.D3E-05 
l .17E-12 5.41E-06 
3.25£-12 2 .85£-06 
1,71E-12 UOE-06 
I.GlE-13 7.12E~7 
, .76E-13 4.17£~ 
2.51E-13 2.20£-07 
f.32E -13 1.16E-07 
6.ITE-14 6 .1tE-oe 
3.STE-14 3.22E-Oe 
1.93€-14 f .70E-OI 
1.02E-14 UJE-09 
5.37E-15 4 .71E-09 
2 .S3E-15 2.<8£-<>9 
1.49E-15 1.31E-09 
7.ISE-16 I .UE-10 
4.fSe-15 3.6-(.E -10 

2.20€-18 t.t2t-1 0 

1.17E-11 f.03E-10 
t.5.lE-17 5.73E-11 
2.17E-17 2 .52E-11 
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Pyrite Density Profile 

~I J: .. .. 

Co 

(moVL) 
... S04 

("91.1 ('"!>'l) 

-· ''# 

w ~-
("'I>'\.) ........ 

100.w 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.DO 
100.00 
100.00 
100.00 
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Resident Project Representative Manual 
Flambeau Project 

Pit Backfill, Type II Material 

Contents 

Page 
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3.1.1.4 Wind Event Application . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
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1 Introduction 

This Resident Project Representative Manual has been prepared as a working document in order 
to provide guidance to the resident project representative during the placement of backfill into 
the pit at the Flambeau Mine Project (Flambeau) at Ladysmith, Wisconsin. This document has 
been prepared according to requirements of the Flambeau Mine permit and based on 
information gathered during the operation phase of the mine and a field compaction test 
program performed on Type II material in June 1996. Should field experience gained during pit 
backfilling result in the need to modify certain aspects of the methods and procedures described 
within this document, those portions of this document will be modified. Recommendations for 
changes will be developed by the resident project representative and approved by both the 
Flambeau and Foth & Van Dyke project managers prior to implementation. Proposed changes 
to acceptance criteria will be submitted to the WDNR for review. 

The goal of the project is to provide a pit backfill that is both environmentally and structurally 
sound. To achieve this goal and to meet the requirements set forth in the mine permit, the pit 
back.fill will be placed in approximate 3-foot compacted lifts. Neutralizing material \Vill be added 
in the form of limestone to the Type II material placed in each lift. In order to achieve the 
project goal, the resident project representative will collect necessary data for each backfill lift 
and compare the data to acceptance criteria established for the project. Once the data for the 
lift is found to meet the acceptance criteria, the resident project representative will release that 
backfill for additional fill placement. The resident project representative is also responsible for 
the collection of the additional data discussed in Section 4 of this manual. 

1.1 Acceptance Criteria 

The criteria for backfilling acceptance consist of the following: 

• 

• 

• 

1.2 

The dozer placement of the backfill material to a lift thickness of approximately 
3 feet, with an upper limit of 3 feet, 4 inches . 

The completion of a minimum of two complete area coverage passes with compaction 
equipment upon the lift area. 

The addition of a minimum of EJ pounds of limestone to each ton of ft¢sti M•ast¢tCJck 
backfill material. .. . · .. •.·. ·· ··· ··w ... w .. · .. . .... . ·· · · ·· ·· 

Manual Organization 

An overview of the backfilling process is described in Section 2 of this manual. The data to be 
collected, methodology and documentation of information required for lift acceptance is 
addressed in Section 3. Additional data to be collected is discussed in Section 4. The 
anticipated contents of the daily construction observation report for the backfilling project is 
outlined in Section 5 of this manual. 
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2 Overview of Backfilling Process 

There will be approximately seventy 3-foot lifts required to fill the entire pit. Type II material 
will make up the majority of lifts placed. Backfilling will begin in the east portion of the pit 
while mining is still taking place in the west portion of the pit. Temporary sumps will be located 
in the east portion of the pit until backfilling allows for drainage to occur to the south and west. 
Once mining is complete, backfilling of the west portion of the pit will commence. Backfilled 
lifts in the east portion of the pit will slope to the south and to the west at approximately 1 ½% 
or greater grades to allow drainage of precipitation across the top of the fill to collection sumps 
(or sump). Some grade control grading may be required between lift installations. Similar 
drainage characteristics will be used during lift placement in the west portion of the pit. Water 
collected in the sumps will be pumped to the project's surge pond for treatment at the site's 
treatment plant. 

In order to provide more accurate control of information gathered during backfilling, the total 
pit area has been divided into an east pit section and a west pit section. Field maps will be 
prepared by the resident project representative for both the east and west pit sections to 
document the installation of each lift within each section. Each lift will be identified by an 
elevation based on the elevation of the lift at mine station 42,300E, 20,000N in the east section, 
and 40,250E, 20,200N in the west section. These are the locations of the lowest benches in each 
pit section. Each lift within each section will be depicted on a field generated figure in plan view 
with the 150-foot survey control grid pattern established across the pit area. Locations of soil 
samples, tests and measurements performed on the backfill as required in Sections 3 and 4 of 
this manual will be shown on the figures for each lift. Copies of appropriate lift figures will be 
attached to the daily reports described later in this manual. 

To facilitate continued mining in the west half of the pit during initial backfilling and to facilitate 
efficient material handling during backfilling in general, lift construction will be accomplished by 
designating distinct fill areas within each pit section rather than installing complete lifts across 
the entire base of each section at any point in time. Backfilling will be accomplished by 
designating the distinct area to receive backfill, establishing horizontal and vertical survey control 
for the area, placement and compaction of fill followed by collections of vertical elevation 
information. The resident project representative will be required to designate areas for filling 
and to establish the elevations required in these .areas to meet the acceptance criteria and to 
match elevations with previously filled areas and for areas to be filled in the future. 
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3 Acceptance Criteria and Required Data Collection and Documentation 

3.1 Limestone Application 

3.1.1 Application Method and Documentation 

The description of lime addition in the Mine Permit Application called for application of lime on 
top of the compacted 3-foot lifts. Limestone, in lieu of lime, will be applied at a rate of 

ii~~1;1ii~fi2; f ~il~[li1Gi;;~niit;~a.r!i i~t;~ii~~:~tl~t~~e:J~~~x 
increase · the· coritaa· of 1he·1rrri esforiewfrh. the .Type·n·backfiI I ed · rri ateria1, · the · foll6wing 
procedures will be used for limestone application. 

3.1.1.1 In-Pit Backfill Material 

Initial backfilling of the pit will be accomplished using in-pit Type II waste rock (freshWa.ste 
tPS~J excavated from the west section of the pit and immediately deposited as backfill in the east 
section of the pit without being stored in the Type II stockpile. Limestone will be added to this 
material at its point of origin, after blasting, but prior to excavation as described below. 

The rate of limestone application will be Ill pounds per ton of n~sp;'}1/f{§f~'tg¢K The amount of 
limestone to be added is to be calculated ·using the horizontal exterifof the shot area, a 
conservative vertical height of 10.5 feet, and a preshot density of 170 pounds per cubic foot. This 
computes to approximately qi:Q pound of limestone per square foot of shot material. Assuming 
90 pounds per cubic foot for The density of loose limestone, this translates to Qi{~ inches thick of 
limestone to be spread across the shot material. ··· ·· · ··. •·· 

irii:1~111i;t111,t~i1r11~1111,,,11r~:11[1~t~:1;lfl.r~Q~~;~,~f:Aritn{ 
Type Ilwasfrrock tO be backfilled directly will be shot in Tiffs of 10feet: . Prior to excavation 
and transport to the east end of the pit, the shot Type II material will be rough graded by a 
dozer and/or grader to allow travel by a site dump truck which will be used to place limestone on 
the shot material. The dump truck has a 10-foot bed mounted with a dump body hopper. The 
dump body hopper has a capacity of approximately 6 tons of limestone. Following grading of the 
shot area, the dump truck will deposit the calculated amount of limestone on the shot material. 
{f::tj§¢.:AAi.4)he limestone will be spread by a grader to relatively uniform thickness across the shot 
maiedat Once the limestone is in place, excavation of the shot mat erial and limestone will 
occur by backhoe and/or front end loader. Excavated material will be deposited into haul trucks 
for transport to the backfill area. 

Initial mixing of the limestone will occur as the shot Type II material is excavated and placed in 
the haul trucks. To minimize segregation of limestone from the lower portions of the shot area, 
excavation will occur along a continuous 10-foot vertical face. Additional mixing will take place 
as the Type II material is dumped in the east end of the pit and when it is spread by the dozer. 
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To document the actual limestone application during the backfilling process fo:r either rrietJ16q pf 
Hfii¢~t6p:¢ p,ppli9J,t:i,99, the area of the shot material will be determined either by measuring or -by' 
surveying to establish the square foot area to receive limestone. The limestone ~ ~ :,~d.fl.¢9 to 
the shot m*l¢f,@ will be weighed in the dump truck prior to delivery and spreading over tli'~:::$fiqf 
rjijJ§paj. The area of shot material and quantity of limestone applied to the shot area will he 
d6c1.1mented on the Limestone Application Observation (LAO) form in Appendix A. As a 
check, the average depth of limestone across the area will be observed to verify adequate, even 
spreading has occurred. This observation will also be noted on the LAO. 

3.1.1.2 Type II Stockpile Material 

The same basic process used for limestone application in the pit will be used for limestone 
addition on top of the Type II stockpile. The stockpiled Type II material will be excavated in 
approximate 15-foot thick lifts, placed into haul trucks and delivered to the pit for backfilling. 

Limestone will be added to material to be excavated by the same dump truck described in 
Section 3.1.1.1. The dump truck will place the limestone in the area designated to be excavated. 
The limestone will either be placed in piles which will be evenly spread across the area. 
Excavation of the Type II material and limestone will be performed with a backhoe and/or front 
end loader on an open 15-foot deep excavation. 

The limestone wiH be added at a rate of \l:t¥ pounds per ton of Type II backfill material piirj#g 
iPfff.ig pf{Qg§J:iifJ#:i..Hi#&}¥QfK The amourit of limestone to be added to the Type II st0ckpile 
materialwillbe determined by surveying and staking the area to be excavated. The limestone 
addition rate will be calculated using the same procedure as described in Section 3.1.1.1 except a 
15-foot lift and density of 160 pounds per cubic foot will be used. This computes to :g.Q.§. pounds 
of limestone per square foot of excavation (or a layer of approximately g!j§ inches thick). The 
area to receive limestone will be determined by survey and noted on the· LAO. The actual 
amount of limestone added to each area will be weighed in the dump truck and documented on 
the LAO. As a check, the average depth of limestone across the area will be observed to verify 
adequate, even spreading has occurred. This observation will also be noted on the LAO. 

3.1.1.3 Precipitation Event Reparations 

If precipitation occurs after limestone application and prior to excavation, the resident project 
representative shall observe the limestoned area. If the limestoned area has been affected by the 
precipitation event, the resident project representative will direct appropriate action to repair the 
area. Such action could involve regrading or additional limestone placement. 

3.1.1.4 Wind Event Application 

Limestone added within the pit and on the Type II stockpile may encounter some wind events 
during the backfill process. If wind becomes problematic, the limestone will be wetted 
immediately upon spreading by the grader across the area to be excavated. 

3.1.1.5 Traffic on Limestoned Areas 

Traffic on limestoned areas will be minimized. In areas where traffic is required to occur over 
limestoned areas on a consistent basis, the traffic areas will be delineated with lath or other such 
means . The limestone will be furrowed in the traffic lanes such that the traffic may straddle the 
furrow. The furrowed limestone will be lightly wetted to minimize dusting. 
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3.1.2 Limestone Material Testing 

Crushed limestone will be delivered from an off-site source to a holding area prior to placement. 
The resident project representative shall collect one sample for every 100 tons of crushed 
limestone delivered to the site. The crushed limestone shall be tested for the following: 

Test 

Sieve analysis to the #200 sieve (ASTM C 136) 

Calcium Carbonate 

Neutralizing Index 

Sample Type 

pile run 

pile run 

pile run 

The results of the testing will be filed with the daily construction observation report (DCOR), in 
Appendix A, when the material was applied. If the chemical and/or mechanical results indicate 
that the limestone specifications shown below are not being met, then either the quantity of 
limestone added to the backfill will be adjusted to achieve an equivalent neutralizing capability or 
new sources of limestone will be used. 

• Limestone specifications: 

Mechanical Analysis Chemical Analysis 

Sieve No. % Passing 

8 80-100 Calcium Carbonate Equivalent = 95% or Wgher 

100 

3.2 

40-100 

Limestone Application Release 

At the completion of limestone application on an area of material to be excavated and then 
placed as pit backfill, the LAO calculations will be checked by a second party on the resident 
project representative's team. Upon documentation of correct calculations, the area to be 
excavated as pit backfill shall be deemed "released", and ready to be used as limestone amended 
backfill. 

3.3 Lift Material Thickness 

3.3.1 Lift Material Installation 

Initial pit backfilling will consist of the placement of both freshly-excavated, as well as, stockpiled 
Type II material. Type II material to be backfilled will be deposited in the active backfill area by 
haul equipment. A dozer will spread the material evenly across the area in an approximate 
3-foot lift, with an upper limit of 3 feet, 4 inches. The lift thickness will be marked on lath or by 
other such means. The lath will be placed on a 150-foot grid in the area to be filled. The lath 
will be painted with a line located approximately 3-feet above the existing grade. The 
approximate 3-foot elevation will be established to allow the 1 ½% or greater slope for drainage 
purposes to be maintained. The fill material will be placed to the mark and then appropriately 
compacted. 
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During the initial phase of the backfilling process in the east section of the pit, the haul vehicles 
will be depositing material from east to west. The haul vehicles will back to the point where the 
material is to be deposited, and then drive forward dropping their load. The narrow pit bottom 
will restrict the haul vehicles from turning around until an approximate elevation of 980 feet to 
990 feet is reached. Upon reaching the elevation when the vehicles can safely tum around, they 
will drive forward into the pit, end dump material, and drive forward to exit. 

3.3.1.1 High Moisture Material 

It will be necessary to place some backfill material in the initial lifts at the base of the pit in wet 
conditions even though standing water within the pit will be removed by dewatering methods 
prior to backfill placement. This is due to inflow that occurs in the pit. Once lift placement has 
reached approximately 12 vertical feet above the existing bottom grade, material which is 
observed to severely pump over large areas beneath the compaction equipment due to excess 
moisture shall be scarified and recompacted until the severe pumping is no longer observed. 
Materials anticipated to be prone to pumping shall be placed in areas of low truck traffic. 

3.3.1.2 Oversize Material 

Pieces of waste rock which are larger than 36 inches in all three dimensions shall be segregated 
from the general pit backfill and broken until one dimension of the rock is approximately 
24 inches or less. These broken pieces will be placed at the base of a backfill lift such that the 
maximum dimension is in the approximate horizontal position. Continued placement of loose fill 
over these pieces can then be accomplished. 

3.3.2 Elevation Documentation 

Record survey elevations shall be taken on a maximum 150-foot by 150-foot grid by the site 
surveyors. The grid system shall be the same system used to stake loose lift thickness control 
points. Documentation of elevations shall be performed on the grid to document the following 
grades: 

• Base grade of the pit and sidewalls (or final outline of the pit) 
• Final grade of Type II fill 

Elevation measurements will be made to the nearest 0.1 feet. The field book used for collecting 
the elevation information shall be kept on file by the resident project representative. The 
elevations at each point will be placed on the lift figure developed for each specific lift area. 

3.4 Compaction 

Compaction of the pit backfill will be initially accomplished by a dozer during material spreading 
into each lift, then by a fully loaded 50 ton haul truck, or either a Bomag BW213D-2(2A) 
sheepsfoot vibratory compactor or a Caterpillar 815 static compactor or equivalent. 

A description of the compaction equipment used, number of passes, general direction of 
equipment travel, starting time and ending time, and weather conditions will be noted in the 
DCOR found in Appendix A. A description of the backfill material type including color and an 
estimate of the amount of P200 material in the backfill material will also be documented in the 
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DCOR. A person shall be designated as the pass obseiver and shall document the movement 
and coverages of the dozer and compaction equipment. Once a lift has received two passes of 
compaction, it will be deemed compacted. Portions of lifts may be final released by the resident 
project representative which will allow continued haulage while other backfilled areas may 
require additional compaction prior to release. A lift area not final released by the resident 
project representative will not be allowed to receive overlying Type II material. 

3.5 Other Information 

In order to satisfy permit requirements and as stated in Section 5.12.6 of the Mine Pennit 
Application, the following activities will also be performed. 

3.5.1 Photographs 

Photographs shall be taken of major construction elements. A sufficient number of photographs 
shall be taken to document the construction of each construction item. Each photograph shall 
be a 35 mm color photograph and shall be recorded on the Photo Log contained in Appendix A. 

3.5.2 Pit Sidewall Observation 

As the pit is backfilled, the pit sidewall shall be obseived. General sidewall rock types, 
mineralization, fractures, faults, and areas of significant groundwater inflow will be noted and 
checked with the mine maps developed during mining. All pertinent areas shall be noted on the 
mine maps. 
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4 Additional Data Collection 

In addition to the acceptance criteria infonnation and pennit required data described in 
Section 3 of this manual, the following additional voluntary data will be collected by Flambeau. 
The voluntary infonnation will be archived for possible future reference related to the Flambeau 
Project and refinement of backfilling techniques and documentation procedures. 

4.1 Material Testing 

A sampling and testing program to gather grain size data, moisture contents, moisture density 
relationships, hydraulic conductivities, and specific gravity data will be completed as described 
below. The following designation procedures will be used to identify samples and tests 
performed during backfilling. 

4.1.1 Sample and Test Designations 

Material Type 

Type II Material 
Limestone 

Material Source 

Stockpile 
Backfill Within Pit 

Example: 

II B 1010 E 

Material Type Identifier 

II 
LS 

Material Source Identifier 

s 
B 

1000N 500E 

Sample grid location 
--- (mine grid inside pit; 

local grid outside pit). 

.___ ________ _ East or West portion 
of pit. 

Top of lift elevation 
..._ _____________ for backfill samples. 

Material source ----------------------- identifier. 

~------------------------ Material type 
identifier. 
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4.2 Sampling Frequency and Testing 

4.2.1 Pit Backfill Material (From Pit or Stockpile) 

Prior to commencement of backfilling, a minimum of one sample of any new Type II waste rock 
that will be used in pit backfilling will be collected. The samples should be obtained from the pit 
and the existing stockpile at a location chosen to represent the material to be used in the 
backfilling work. The following analyses shall be performed on the collected samples of each 
new material to predetennine the characteristics of the material prior to placement: 

• Sieve analysis to the #200 sieve (ASTM C 136) 
• Moisture content (ASTM D 2216) 
• Moisture-density relationship (ASTM D 1557) 
• Specific gravity (ASTM D 8.54) 
• Atterberg limits (ASTM D 4318) 

If, during the continuation of backfilling, changes in material characteristics are noted, additional 
samples shall be collected and the same series of tests performed. 

4.2.2 Pit Backfill Material (In-Place) 

One sample of in-place backfilled material shall be collected from every 5,000 cubic yards for the 
first 30,000 cubic yards, then one sample per every 30,000 cubic yards thereafter unless the test 
data indicate alternate frequencies are justified. Each sample shall be collected at locations 
where field density tests have been perfonned and shall be analyzed for the following: 

• Sieve analysis to the #200 sieve (ASTM C 136) 
• Moisture content (ASTM D 2216) 
+ Moisture density relationship (ASTM D 1557) 

• 

• 

II., u1auiic wi,__; uct ivity (ASTM D 2~3~) 
Specific Gravity (ASTM D 854) 
Atterberg limits (ASTM D 4318) 

4.3 Density Testing 

4.3.1 Field Test for Density of In-Place Material 

Field tests provide a means of comparing the densities of field-compacted soils with the densities 
obtained in the laboratory. As outlined in Section 4.2.1, at least one Proctor moisture-density 
relationship shall be developed for each different soil type used to backfill the pit. The Proctor 
moisture-density relationship will take into account the presence of large stone sizes by following 
ASTM 4718. 

Nuclear density meters shall be used for detennining in-place densities and moisture contents. 
Field density test results/data shall be recorded on the Density Tests of Compacted Fill form 
contained in Appendix A. 
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4.3.2 Quality Assurance Checks for Nuclear Density Testing 

Once at the start of the backfilling procedure, then at a frequency of once every 30,000 cubic 
yards, sand cone density tests (ASlM D 1556) shall be performed to verify that the nuclear 
density meter is measuring density-moisture relationships accurately. A method of calibration 
will be developed similar to that used in the Field Compaction Test Report regarding this 
project. Sand cone density field and laboratory data should be recorded on the Density Tests of 
Compacted Fill form contained in Appendix A. 

Density meter moisture content shall be checked/calibrated by moisture content determination in 
the field using either a microwave method (ASlM D 4643) or other rapid moisture 
determination methods such as by using a stove. The frequency of this test shall be once every 
30,000 cubic yards. 

4.3.3 LaboratOlj' Compaction Control Report - Fill Material 

Fill material will be tested in the laboratory for maximum dry density and optimum moisture 
content. The values will be listed in a table as shown in the example in Table 4-1 and will be 
employed for historical reference and to provide data for backfilling technique revisions. The 
maximum dry densities to be used during backfilling will be listed on the Density Test of 
Compacted Fill form for each density test performed. 

Table 4-1 

Modified Proctor Results Summary1 

Soil Descripti on 

II-B-900E-20,000N 42,000E Type II old 

Maximum Dry 
Density (pcf) 

134.8 

Optimum Moisture 
Content (pcf) 

8 

1Example sample number, soil description, maximum dry density, and optimum moisture content shown. 

4.3.4 Field Density Locations 

Density tests will be located across a given lift to provide a frequency of tests at one density test 
per 2,000 cubic yards of in-place fill. This translates to approximately 2.4 tests per acre per lift. 
In addition to being recorded on the Density Test of Compacted Fill form in Appendix A, 
locations of density tests will be noted on the lift figures attached to the daily reports. 
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5 Daily Construction Observation Report 

A construction observation report (Appendix A) is to be prepared by the resident project 
representative for each day of activity. The following infonnation is to be contained in or 
attached to the report. 

• Date. 

• Type of observation. 

• Summary of hours worked per day. 

• Summary of weather conditions. 

• Summary of quantity of material placed per day. 

• Description of backfill material, including color and approximate P200 quantity. 

• Summary of limestone placed per day. 

• Summary of any meetings held and attendees. 

• Equipment and personnel on the project. 

• Summary of construction activities and locations; note activities on Lift Figures. 

• Description of limestone (off-site materials) received and stored on site. 

• Description of backfill conveyance and compzction procedures used: 

• 
• 
• 

,-.. 
\......Vil lj-1u ....... , ..... , .1. J l~.i. 1,..- ~.iJ. V ~, 

Number of passes; 
Direction of compaction equipment; 
Starting and ending time of compaction. 

• Test locations, procedures, results and test data sheets . 

• 

• 

• 

Calibration and recalibration of test equipment. 

Summary of samples collected. 

Survey data. 

• Personnel involved in observation and sampling activities. 

• Summary of photos taken for documentation . 

• Description of delays in construction activities. 

LXB'MLD2\96F013\CBAPP\34496-4\10000 Resident Project Representative Manual - Flambeau Project 
Updated October 1996 
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• 

• 

• 

• 

Detailed description of problems or non-conforming construction and resolution/ 
alternatives for each situation. 

Approximate quantities completed each day including the pounds of limestone added 
to Type II material used as backfill and the number of loads of pit backfill placed. 

Description of areas of Type II material released for use as limestone amended 
backfill. 

Description of areas released for additional backfill placement. 

• Signature of the resident project representative. 

LXB'MLD2\96F013\GBAPP\34496-4\10000 Resident Project Represen(;Jtive Manual - Flambeau Project 
Updated October 1996 
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Appendix A 

Daily Construction Observation Report 
Limestone Application Observation Form 

Density Tests of Compacted Fill Form 
Photo Log 

LXB\NIL D2\96FO 13\GBAPP\34496-2\ 10000 
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Client: Scope ID: 

Foth & Van Dyke Project: Page: 
en1111eer• ·architect•· •cle•tl•U 

Prepared By: Date: 

DAILY CONSTRUCTION OBSERVATION REPORT 
Location 

Safety Inspection/Comments 

Temp(° F) Sky Cond. Precip. (in.) Site Conditions (describe) 

WEATHER Low High Clear Rain Snow Dry Muddy 
Pt. Cldy None 

Cloudy 

Contractors on site (include no. of personnel per contrador) 

Other personnel on site Purpose 

Work observation report, comments: 

For additional comment.s, include addition.1/ sheet.s 17 

Whit<!: Files 'Yellow: Owne, Pinlc: Field fOf{M CECOJO.A 18,96) 
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Flambeau Mining Co. - 96F013 
Limestone Application Observation 

Application Area Application Area 
Date Location Coordinates 

Actual Limestone Calcium Carbonate Application 
Added (lbs) Eourvalencv (% CCE) Rate (lbs/ton) 

additional comments, calculations, etc. 

Assumes density of fimestone is 80 lbs pcf. 

• 
Foth & Van Dyke 
•"•'"•er•· ercllttacu • aclaat1a11 

Application Area AppBcatlon Total Average Required 
Elevations (ft msl) Area (so ft) Heloht (ft) Limestone <lbe) 

Targeted Application Comments 
Thickness (in.) 

18 FJA'96F013'UCJRFl/1'092086 



I - --------- - - - - - - .. .. - 1111) ~ --· . 
DENSITY TESTS OF COMPACTED Fill 

Contrador: Method of Test: Area/location T esled: 

Compadlon (qulpmenl: D Nuclear Meter (ASTM: D1921} 
'\ D Sand Cone (ASTM: D1SS6} 

Weather: Reporl Number: 

lfll 
Test location (Coordlnales) Depth Elevallon Proctor Wei Moisture DrY. Percent 

No. of Probe Used Density Content Density Com~ion Rem,rk, 
' (pell ., ('JC,J fpcf/ 

N E 

N E 

N E 

N E 

N E 

N E 

N E -· 
N E 

....... 
N '° E 

N E 

N E 

N E -----
N E 

N E 

Proctor No. Soll Clanlflcatlon 
Max. Dry Moisture Compaction 

Density fllf'IJ Content ft.J Spec. r••I 
General Note: 

Density 1es1 results ue valid only at the 
localions and clev.alions rested. 

Nuclear Meier Used: 

• 
Cllenl: Scope 1.0.: 

' 
Model: Serl.al No.: roth&VanDyka ProJect: Page: 

Standard CounU: 
....... , ... , ................... ,. P,e.,.red by: Date: 

Density: Moisture: Checked by: Date: 



' PHOTO LOG 

I 

' 
Roll Number Photo Number Date Taken Description 

I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 20 
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Appendix C 

Laboratory and Analytical Data for the Initial Screening Tests 

• Appendix C Figure 1. Quarterly Values in the Flambeau Type II Stockpile 
Leachate 

• Appendix C Figures 2-29. Relationship of Paste pH to Quantity of Lime 
Added 

• _ Appendix C Table 1. Calculated Immediately Extractable Oxidation Products 
from Flambeau Stockpiled Type II Material ( <¼-in Size Fraction) Single 
Extractions (1 :1) with Site Groundwater 

• Laboratory Data Sheets for Extraction Data from < 1/4-in Size Fraction 
··:" ,_t_.. ·...:Material ~fogle Extractions 

,-

'. • - _~. -- Appen~ix-C Table 2. Calculated Immediately Extractable Oxidation Products 
' ~ · - .·. from ·stoclcpiled Flambeau Type II Material (1/ .. -in - 3-in Size Fraction) Single 

Extractions with Site Groundwater 

• - laboratory Data Sheets for Extraction Data from ¼-in - 3-in Size Fraction 
MateriaJ Single Extractions · 

·• -- · Appendix C Tables 3-5. Calculated Immediately Extractable Oxidation 
• 'Products from Stockpiled Flambeau Type II Material ( <¼-in Size Fraction) 

Single Extractions (1 :1) with Alkali Amendment and Site Groundwater 

• -. Laboratory Data Sheets for Extraction Data from Alkali Amended < 1,/4-in Size 
Fraction Material Single Extractions 

• • Appendix C Figures 30-41. Relationship of Extraction pH to Quantity of 
Selected Parameters Extracted During < 1,/4-in Size Fraction Single Extractions 

MLD2\96F013\GBAPP\38437\10000 
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Appendix C Figure 2. Relationship of Paste pH to Quantity of Lime Added to the 
<1/4" Size Fraction of Sample 1. 
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Appendix C Figure 3. Relationship of Paste pH to Quantity of Lime Added to the 
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Appendix C Figure 4. Relationship of Paste pH to Quantity of Lime Added to the 
<1/4" Size Fraction of Sample 2. 
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Appendix C Figure 5. Relationship of Paste pH to Quantity of Lime Added to the 
<1/4" Size Fraction of Sample 3. 
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Appendix C Figure 6. Relationship of Paste pH to Quantity of Lime Added to the 
<1/4" Size Fraction of Sample 4. 
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<1/4" Size Fraction of Sample 5. 
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Appendix C Figure 8. Relationship of Paste pH to Quantity of Lime Added to the 
<1/4" Size Fraction of Sample 5-10. 
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Appendix C Figure 9. Relationship of Paste pH to Quantity of Lime Added to the 
<1/4" Size Fraction of Sample 6. 
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Appendix C Figure 10. Relationship of Paste pH to Quantity of Lime Added to the 
<1/4" Size Fraction of Sample 7. 
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Appendix C Figure 11 . Relationship of Paste pH to Quantity of Lime Added to the 
<1/4" Size Fraction of Sample 8. 
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Appendix C Figure 12. Relationship of Paste pH to Quantity of Lime Added to the 
<1/4" Size Fraction of Sample 9. 
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Appendix C Figure 13. Relationship of Paste pH to Quantity of Lime Added to the 
<1/4" Size Fraction of Sample 9-10. 
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Appendix C Figure 14. Relationship of Paste pH to Quantity of Lime Added to the 
<1/4" Size Fraction of Sample 10. 
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Appendix C Figure 15. Relationship of Paste pH to Quantity of Lime Added to the 

I <1/4" Size Fraction of Sample 10-10. 
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Appendix C Figure 16. Relationship of Paste pH to Quantity of Lime Added to the 
<1/4" Size Fraction of Sample 11. 
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Appendix C Figure 17. Relationship of Paste pH to Quantity of Lime Added to the 
<1/4" Size Fraction of Sample 11-10. 
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Appendix C Figure 18. Relationship of Paste pH to Quantity of Lime Added to the 
<1/4" Size Fraction of Sample 12. 
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Appendix C Figure 19. Relationship of Paste pH to Quantity of Lime Added to the 
<1/4" Size Fraction of Sample 12-10. 
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Appendix C Figure 20. Relationship of Paste pH to Quantity of Lime Added to the 
<1/4" Size Fraction of Sample 13-1 
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Appendix C Figure 21 . Relationship of Paste pH to Quantity of Lime Added to the 
<1/4" Size Fraction of Sample 13-3 
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Appendix C Figure 22. Relationship of Paste pH to Quantity of Lime Added to the 
<1/4" Size Fraction of Sample 14-1 
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Appendix C Figure 23. Relationship of Paste pH to Quantity of Lime Added to the 
<1/4" Size Fraction of Sample 14-3 
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Appendix C Figure 24. Relationship of Paste pH to Quantity of Lime Added to the 
<1/4" Size Fraction of Sample 15-1 
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Appendix C Figure 25. Relationship of Paste pH to Quantity of Lime Added to the 
<1/4" Size Fraction of Sample 15-3 
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Appendix C Figure 26. Relationship of Paste pH to Quantity of Lime Added to the 
<1 /4" Size Fraction of Sample 16-1 
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Appendix C Figure 27. Relationship of Paste pH to Quantity of Lime Added to the 
<1/4" Size Fraction of Sample 16-3 
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Appendix C Figure 28. Relationship of Paste pH to Quantity of Lime Added to the 
<1/4" Size Fraction of Sample 17-1 
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Appendix C Table 1. Calculated Immediately Extractable Oxidation Products from Flambeau 
Stockpiled Type II Material (<¼• Size Fraction) Single Extractions (1:1) with Site Groundwater 

Parameter Sample No. 1 Sample No. 1-10 Sample No. 5 
Unamended Unamended Unamended 
Extraction Extraction Extraction 

(mg/kg) (mg/kg) (mg/kg) 

Paste pH (su) 5.59 6.92 4.51 

Lab pH (su) 6.8 7.0 5.6 

Conductivity (µS/cm) 1,900 440 2,000 

Alkalinity (pH >6.5) 100 190 NA 

Calcium 320 67 300 

Magnesium 110 21 120 

Potassium 60 8.8 35 

Sodium 31 12 28 

Acidity (pH <6.5) NA NA 500 

Iron <0.0010 0.0033 <0.0050 

Sulfate 970 110 1,300 

Aluminum <0.0034 <0.0034 0.031 

Antimony 0.0039 <0.0021 <0.010 

Arsenic 0.0027 <0.0016 <0.0080 

Cadmium 0.027 0.00025 0.082 

Chromium 0.0029 <0.00026 0.0070 

Cobalt 3.0 0.0051 3.3 

Copper 1.6 0.31 160 

Manganese 17 0.67 42 

Mercury <0.000044 <0.00044 <0.000095 

Nickel 0.94 0.027 1.6 

Selenium 0.39 0.020 0.47 

Thallium <0.0028 <0.0028 <0.014 

Zinc 3.2 <0.012 56 

NO3 + NO2 9.7 0.090 4.0 

NA = not analyzed 
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Appendix C Table 1 (cont). Calculated Immediately Extractable Oxidation Products from Flambeau 
Stockpiled Type II Materlal (<¼• Size Fraction) Slngle Extractions {1:1) with Site Groundwater 

Parameter Sample No. 5-10 Sample No. 6 Sample No. 7 
Unamended Unamended Unamended 
Extraction Extraction Extraction 
(mg/kg) (mg/kg) (mg/kg) 

Paste pH (su) 5.15 3.81 4.42 

Lab pH (su) 6.1 5.0 5.2 

Conductivity (µS/cm) 830 3,100 2,100 

Alkalinity (pH >6.5) NA NA NA 

Calcium 100 250 220 

Magnesium 36 190 76 

Potassium <2.0 <2.0 17 

Sodium 13 24 19 

Acidity (pH <6.5) 79 2,200 750 

Iron <0.0050 <0.020 1.0 

Sulfate 360 2,600 1,100 

Aluminum <0.017 1.2 1.8 

Antimony <0.010 <0.042 <0.042 

Arsenic <0.0080 <0.032 <0.032 

Cadmium 0.016 0.11 0.073 

Chromium <0.0013 0.0070 <0.0052 

Cobalt 0.99 4.1 3.2 

Copper 16 1,000 430 

Manganese 4.0 59 4.1 

Mercury <0.000095 <0.000095 <0.000095 

Nickel 0.49 2.4 1.7 

Selenium 0 .034 0.065 0.040 

Thallium <0.014 <0.056 <0.056 

Zinc 6.8 22 15 

N03 + N02 1.0 1.7 30 
NA = not anal zed y 
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NORTHERN LAKE SERVICE, INC. 

Analytical Laboratory and Environmental Services 
400 North Lake Avenue - Crandon, WI 54520 
Tel:(715)478-2777 Fax:(715)478-3060 

Client: Flambeau Mining Company 
Attn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: MWlOOSP NLS#: 110289 
Ref. Line 1 of COC 1971 5 Description: MW1005P 
Collected: 07/10/96 Received : 07/12/96 Reported: 08/14/96 

Parameter 

Alkalinity, tot . as CaCO3 (filtered) 

Aluminum, dis. as Al by ICP 
Antimony, dis . as Sb by ICP 
Arsenic, dis. as As by ICP 
Cadmium, dis. as Cd by ICP 
Calcium, dis . as Ca by ICP 
Chromium, dis. as Cr by ICP 
Cobalt, dis. as Co by ICP 
Conductivity, lab 
Copper, dis. as Cu by ICP 
Iron, dis. as Fe by ICP 
Magnesium, dis. as Mg by ICP 
Manganes e , dis. as Mn by ICP 
Mercury, dis . as Hg 
Nickel, dis. as Ni by ICP 
Nitrogen, NO2 + NOJ as N (filtered) 
pH, lab 
Potassium, dis. as K 
Selenium, dis. as Se by furnace 
Sodium, dis. as Na by ICP 
Sulfate, as SO4 (filtered) 
Thallium, dis . as Tl by ICP 
Zinc, dis. as Zn by ICP 

- 1'11111 - ~ .. 
'\ 

WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 1 NLS PROJECT# 28298 

Result Units MDL LOQ Method Date 

260 mg/L 3.0 11 EPA 310.1 08/05 / 96 
Additional Colilillents: Sample was reanalyzed past the holding 

time to an endpoint of 6.5. The initial analysis was within the holding time 
to the method endpoint . 
0.027 mg/L 0.0034 0.012 SW846 6010 07/15 / 96 
ND ug / L 2 . 1 7.5 SW846 6010 07 / 15/96 
ND ug/L 1.6 5.7 SW846 6010 07/15 /9 6 
ND ug / L 0.12 0.38 SW846 6010 07 / 15/96 
49 mg/L 0 . 30 0.30 SW846 6010 07/15 / 96 
0.42 ug / L 0. 2 6 0 . 93 SW846 6010 07 / 15/96 
0 . 81 ug / L 0.43 1.5 SW846 6010 07 /15 / 96 
420 umho@25C 1.0 EPA 120.1 08 / 05/96 
1. 0 ug/L 0.54 1.9 SW846 6010 07 / 15 /9 6 
0 . 86 mg/ L 0.0010 0.0035 SW846 6010 07 / 15/96 
20 mg/L 0 . 30 0.30 SW846 6010 07/15 / 96 
90 ug / L 0.18 0.61 SW846 6010 07 / 15/96 
ND ug / L 0 . 0 9 5 0.34 SW846 7470A 07 / 19 / 96 
1 . 5 ug / L 0 . 44 1.6 SW846 6010 07 / 15/96 
ND mg/L 0.023 0.083 EPA 353 . 2 07 / 17 / 96 
6 . 8 s.u. 1.0 SW846 9045 07 / 12/96 
8.7 mg/L 0.20 0.66 s:·?846 6010 08/08 / 96 
ND ug/L 1.8 6.5 SW846 7740 07/22/96 
11 mg/L 0.0033 0.011 SW846 6010 07 /15 / 96 
3.9 mg / L 2.5 2.5 SW846 9036 07 /18/96 
ND ug/L 2.8 10 SW846 6010 07/15/96 
ND ug/L 12 12 SW846 6010 07 /15/96 

./ 
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NORTHERN LAKE SERVICE, INC. 

Analytical Laboratory and Environmental Services 
400 North Lake Avenue• Crandon, Wl 54520 
Tcl:(715)478-2777 Fax:(715)478-3060 

Client: Flambeau Mining Company 
Attn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: #1 NLS#: 110290 
Ref. Line 2 of COC 19715 Description: #1 
Collected: 07 /11 /96 Received: 07 /12/96 Reported: 08/14/96 

Parameter 

Alkalinity, tot. as CaCO3 (filtered) 

Aluminum, dis. as Al by ICP 
Antimony, dis. as Sb by ICP 
Arsenic, dis. as As by ICP 
Cadmium, dis. as Cd by ICP 
Calcium, dis . as Ca by ICP 

.....,chromium, dis. as Cr by ICP 
'-"Cobalt, dis. as Co by ICP 

Conductivity, lab 
Copper, dis. as Cu by ICP 
Iron, dis. as Fe by ICP 
Magnesium, dis. as Mg by ICP 
Manganese, dis. as Mn by ICP 
Mercury, dis. as Hg 
Nickel, dis. as Ni by ICP 
Nitrogen, NO2 + NO3 as N (filtered) 
pH, lab 
Potassium, dis. as K 
Selenium, dis. as Se by furnace 
Sodium, dis. as Na by ICP 
Sulfate, as SO4 (filtered) 
Thallium, dis. as Tl by ICP 
Zinc, dis. as Zn by ICP 

\_ ~-------

WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 2 NLS PROJECT# 28298 

Result Units MDL LOQ Method Date 

100 mg/ L 1 . 5 5.3 EPA 310.1 08 / 05 / 96 
Additional Comments: Sample was reanalyzed past the holding 

time to an endpoint of 6.5. The initial analysis was within the holding time 
to the method endpoint. 
ND mg / L 0 . 0034 0.012 SW846 6010 07 / 15 / 96 
3.9 ug/L 2.1 7 . 5 SW846 6010 07 /15/96 
2.7 ug/L 1.6 5.7 SW846 6010 07/15/96 
27 ug/L 0.12 0 . 38 SW846 6010 07/15/96 
320 mg/L 0.30 0.30 SW846 6010 07 /15/96 
2.9 ug/L 0 . 26 0 .93 SW846 6010 07 /15/96 
3000 ug/L 0.43 1.5 SW846 6010 07 /15/96 
1900 umho@25C 1.0 EPA 120.1 08 /0 5/96 
1600 ug/L 0.54 1. 9 SW846 6010 07/15/96 
ND mg / L 0.0010 0.0035 SW846 6010 07 / 15 /96 
110 mg/L 0.30 0.30 SW846 6010 07/15/96 
17000 ug/L 0.18 0.61 SW846 6010 07 / 15 /96 
ND ug/L 0.095 0.34 SW846 7470A 07/19/96 
940 ug /L 0.44 1.6 SW846 6010 07 / 15 /96 
9.7 mg/L 0.23 0.83 EPA 353.2 07/17/96 
6.8 s.u. 1. 0 SW846 9045 07 / 12 /9 6 
60 mg/L 2.0 6.6 SW846 6010 08/08/96 
390 ug /L 37 130 SW846 7740 07 /22/96 
31 mg/L 0.0033 0 . 011 SW846 6010 07 /15/96 
970 mg / L 250 250 SW846 9036 07/18 /96 
ND ug/L 2.8 10. SW846 6010 07 /15/96 
3200 ug/L 12 12 SW846 6010 07/15/96 

/ 
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NORTHERN LAKE SERVICE. INC. 

Analytical Laboratory and Environmental Services 
400 North Lake Avenue - Crandon, WI 54520 
Tel:(715)478-2777 Fax:(715)478-3060 

--
Client: Flambeau Mining Company 

Attn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: #1-10 NLS#: 110291 
Ref. Line 3 of COC 19715 Description: #1-10 
Collected : 07/11 /96 Received: 07/12/96 Reported: 08/14/96 

Parameter 

Alkalinity, tot . as CaCO3 (filtered ) 

Aluminum, dis. as Al by ICP 
Antimony, dis. as Sb by ICP 
Arsenic, dis. as As by ICP 
Cadmium, dis . as Cd by ICP 
Calcium, dis. as Ca by ICP 
Chromium, dis. as Cr by ICP 

NCobalt, dis. as Co by ICP 
oConductivity, lab 

Copper, dis. as Cu by ICP 
Iron, dis . as Fe by ICP 
Magnesium, dis. as Mg by ICP 
Manganese, dis . as Mn by ICP 
Mercury, dis. as Hg 
Nickel, dis. as Ni by ICP 
Nitrogen, NO2 + NO3 as N (filtered) 
pH, lab 
Potassium, dis. as K 
Selenium, dis. as Se by furnace 

. sodium, dis . as Na by ICP 
Sulfate, as SO4 (filtered) 
Thallium, dis. as Tl by ICP 
Zinc, dis. as Zn by ICP 

------ --- --- -- · ····----- - . -· - ·· --· ·· -- . 

.----.. - - - - - -
WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 3 NLS PROJECT# 28298 

Result Units MDL LOQ Method Date 

190 mg/L 1 . 5 5 . 3 EPA 310.1 08/ 05 / 96 
Additional Coilllllenta: Sample was r eanalyzed past the holding 

time to an endpoint of 6.5 . The initial analysis was within the holding time 
to the method endpoint. 
ND mg / L 0.0034 0.012 SW846 6010 07 /15 / 96 
ND ug/L 2.1 7 . 5 SW846 6010 07 / 15 / 96 
ND ug / L 1. 6 5. 7 SW846 6010 07 / 15 / 96 
0.25 ug / L 0.12 0.38 SW846 6010 07 / 15 / 96 
67 mg / L 0 . 30 0 . 30 SW846 6010 07 / 15/96 
ND ug/L 0.26 0.93 SW846 6010 07 /1 5/96 
5.1 ug / L 0 .43 1.5 SW846 6010 07 / 15 / 96 
440 umho@25C 1.0 EPA 120 . 1 08 / 05 / 96 
310 ug / L 0.54 1. 9 SW846 6010 07 / 15 / 96 
0.0033 mg / L 0.0010 0 . 0035 SW846 6010 07 / 15 / 96 
21 mg/L 0 . 30 0.30 SW846 6010 07 /15/96 
670 ug / L 0 . 18 0.61 SW846 6010 07 / 15 / 96 
ND ug / L 0.095 0.34 SW846 7470A 07 / 19/ 96 
27 ug / L 0.44 1.6 SW846 6010 07 / 15 / 96 
0.090 mg / L 0 . 023 0.083 EPA 353.2 07/17 / 96 
7.0 s.u. 1.0 SW846 9045 07 / 12/96 
8.8 mg / L 2.0 6 . 6 SW846 6010 08 / 08 / 96 
20 ug / L 1.8 6.5 SW846 7740 07 / 22 / 96 
12 mg / L 0.0033 0. 011 SW846 6010 07 / 15 / 96 
110 mg / L 25 25 SW846 9036 07/18 / 96 
ND ug / L 2.8 10 SW846 6010 07 / 15/96 
ND ug / L 12 12 SW846 6010 07/ 15 / 96 

./ 
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NORTHERN LAKE SERVICE, INC. 

Analytical Laboratory and Environmental Services 
400 North Lake Avenue - Crandon, WI 54520 
Tel:(715)478-2771 Fax:(715)478-3060 

Client: Flambeau Mining Company 
Attn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: #5 NLS#: 110292 
Ref . Line 4 of COC 19715 Description: #5 
Collected: 07 /11 /96 Received: 07 /12/96 Reported: 08/14/96 

Parameter 

Acidity, tot. as Ca CO3 

Aluminum, dis . as Al by ICP 
Antimony, dis . as Sb by ICP 
Arsenic, dis . as As by ICP 
Cadmium, dis . as Cd by ICP 
Calcium, dis. as Ca by ICP 

~Chromium, dis. as Cr by ICP 
Cobalt, dis. as Co by ICP 
Conductivity, lab 
Copper, dis . as Cu by ICP 
Iron, dis. as Fe by ICP 
Magnesium, dis. as Mg by ICP 
Manganese, dis. as Mn by ICP 
Mercury, dis. as Hg 
Nickel, dis. as Ni by ICP 
Nitrogen, NO2 + NO3 as N (filtered) 
pH, lab 
Potassium, dis. as K 
Selenium, dis. as Se by furnace 

. Sodium, dis. as Na by ICP 
Sulfate, as SO4 (filtered) 
Thallium, dis. as Tl by ICP 
Zinc , dis. as Zn by ICP 

-·•-- ·· ··-- - - .... 

WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 4 NLS PROJECT# 28298 

Result Units MDL LOQ Method Date 

500 mg / L 2.0 EPA 305.1 08 / 05/96 
Additional Comments: Sample was reanalyzed past the holding 

time to an endpoint of 6.5. The initial analysis was within the holding time 
to the method endpoint . 
0 . 031 mg / L 
ND ug / L 
ND ug / L 
82 ug / L 
300 mg / L 
7.0 ug / L 
3300 ug / L 
2000 umho@25C 
160000 ug/L 
ND mg / L 
120 mg / L 
42000 ug / L 
ND ug/L 
1600 ug / L 
4.0 mg/L 
5.6 s.u. 
35 mg/L 
470 ug / L 
28 mg/L 
1300 mg / L 
ND ug/L 
56000 ug / L 

0.017 
10 . 
8.0 
0.60 
1 . 5 
1 . 3 
2.2 
1.0 
54 
0.0050 
1.5 
0.90 
0 . 095 
2.2 
0 . 23 
1.0 
2 . 0 
37 
0.016 
250 
14 
60 

0.060 
38 
28 
1.9 
1.5 
4.6 
7 . 5 

190 
0 . 018 
1.5 
3.0 
0 . 34 
8.0 
0.8 3 

6.6 
130 
0.055 
250 
50 
60 

SW846 6010 
SW846 6010 
SW846 6010 
SW846 6010 
SW846 6010 
SW846 6010 
SW846 6010 
EPA 120 . 1 
SW846 6010 
SW846 6010 
SW846 6010 
SW846 6010 
SW846 7470A 
SW846 6010 
EPA 353 . 2 
SW846 9045 
SW846 6010 
SW846 7740 
SW846·6010 
SW846 9036 
SW846 6010 
SW846 6010 

07 / 15/96 
07/ 15 / 96 
07 / 15/96 
07 /15 / 96 
07 / 15 / 96 
07 / 15 / 96 
07 / 15/96 
08 / 05 / 96 
07 / 16 / 96 
07 / 15 /9 6 
07 / 15 / 96 
07 / 15 / 96 
07 /19 / 96 
07/15 / 96 
07/17 / 96 
07 / 12/ 96 
08/08 / 96 
07 / 22 /9 6 
07 /15 / 96 
07 / 18/96 
07 /15 / 96 
07 / 15/96 
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NORTHERN LAKE SERVICE, INC. 

Analytical Laboratory and Environmental Services 
400 North Lake Avenue - Crandon, WI 54520 
Tel:(715)478-2777 Fax:(715)478-3060 

- -
Client: Flambeau Mining Company 

~ttn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: #5-10 NLS#: 110293 
Ref. Line 5 of COC 1971 5 Description: 115-10 . 
Collected: 07 /11 /96 Received: 07/12/96 Reported: 08/14/96 

Parameter 

Acidity, tot. as CaCO3 

Aluminum, dis . as Al by ICP 
Antimony, dis. as Sb by ICP 
Arsenic, dis. as As by ICP 
Cadmium, dis. as Cd by ICP 
Calcium, dis. as Ca by ICP 
Chromium, dis. as Cr by ICP 

~Cobalt, dis. as Co by ICP 
Conductivity, lab 
Copper, dis . as Cu by ICP 
Iron, dis . a s Fe by ICP 
Magnesium, dis. as Mg by ICP 
Manganese, dis. as Mn by ICP 
Mercury, dis. as Hg 
Nickel, dis. as Ni by ICP 
Nitrogen, NO2 + NO3 as N (filtered) 
pH, lab 
Potassium, dis . as K 
Selenium, dis . as Se by furnace 
Sodium, dis. as Na by ICP 
Sulfate, as SO4 (filtered) 
Thallium, dis . as Tl by ICP 
Zinc, dis . as Zn by ICP 

- - ---- - - - - - - .. 
WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 5 NLS PROJECT# 28298 

Result Units MDL LOQ Method Date 

79 mg / L 2.0 EPA 305.1 08 / 05 / 96 
Additional Comments: Sample was reanalyzed past the holding 

time to an endpoint of 6 . 5. The initial analysis was within the holding time 
to the method endpoint. 
ND mg/L 0.017 0 . 060 SW846 6010 07 /15 / 96 
ND ug / L 10 38 SW846 6010 07 / 15/96 
ND ug/ L 8.0 28 SW846 6010 07/15 / 96 
16 ug/L 0 . 60 1.9 SW846 6010 07 / 15 / 96 
100 mg / L 1.5 1.5 SW846 6010 07 / 15 / 96 
ND ug / L 1. 3 4.6 SW846 6010 07/15 / 96 
990 ug / L 2 . 2 7 . 5 SW846 6010 07 / 15 / 96 
830 urnho@25C 1 . 0 EPA 120.1 08 / 05 / 96 
16000 ug/ L 2 . 7 9.5 SW846 6010 07 / 15 / 96 
ND mg / L 0.0050 0.018 SW846 6010 07 / 15/ 96 
36 mg / L 1.5 1. 5 SW846 6010 07 / 15 / 96 
4000 ug / L 0.90 3.0 SW846 6010 07 / 15 / 96 
ND ug / L 0.095 0 . 34 SW846 7470A 07 / 19 / 96 
490 ug/L 2.2 8.0 SW846 6010 07 / 15 / 96 
1.0 mg / L 0.023 0 . 083 EPA 353.2 07 / 17/96 
6 . 1 s.u. 1.0 SW846 9045 07/12 / 96 
ND mg/L 2.0 6 . 6 SW846 6010 08 / 08/96 
34 ug / L 1.8 6 . 5 SW846 7740 07 / 22 / 96 
13 mg/L 0.016 0.055 SW846 6010 07 / 15 / 96 
360 mg / L 120 120 SW846 9036 07 / 18 / 96 
ND ug / L 14 50 SW846 6010 07 / 15 / 96 
6800 ug / L 60 60 SW846 6010 07 / 15 / 96 



- - - - -
NORTHERN LAKE SERVICE, INC. 

Analytical Laboratory and Environmental Services 
400 North Lake Avenue - Crandon, WI 54520 
Tel:(715)478-2777 Fax:(715)478-3060 

- -
Client: F~.ambeau Mining Company 

Attn: Richard oachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: #6 NLS#: 110294 
Ref. Line 6 of COC 19715 Description: #6 
Collected: 07/11 /96 Received : 07/12/96 Reported : 08/14/96 

Parameter 

Acidity, tot. as CaCO3 

Aluminum, dis. as Al by ICP 
Antimony, dis. as Sb by ICP 
Arsenic, dis . as As by ICP 
Cadmium, di s. as Cd by ICP 
Calcium, dis . as Ca by ICP 
Chromium, dis. a s Cr by ICP 

~Cobalt, dis . as Co by ICP 
Conductivity, l a b 
Copper, dis. as Cu by ICP 
Iron, dis. as Fe by ICP 
Magnesium, dis. as Mg by ICP 
Manganese, dis. as Mn by ICP 
Mercury, dis. as Hg 
Nickel, dis. as Ni by ICP 
Nitrogen, NO2 + NO3 as N (filtered) 
pH, lab 
Potassium, dis . a s K 
Selenium, dis. as Se by furnace 
Sodium , dis. as Na by ICP 
Sulfate, as SO4 (filtered) 
Thallium, dis . as Tl by ICP 
Zinc, dis . as Zn by ICP 

- - .. ~ .'111111 .... --- ------ - ---------- - - - - --------

WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 6 NLS PROJECT# 28298 

Result Urtits MDL LOO Method Date 

2200 mg / L 2.0 EPA 305.1 08 / 05 / 96 
Additional Comments: Sample was reanalyzed past the holding 

time to an endpoint of 6.5. The initial analysis was within the holding time 
to the method endpoint. 
1.2 mg/L 0.068 0.24 SW846 6010 07 / 15/96 
ND ug / L 42 150 SW846 6010 07/15 / 96 
ND ug / L 32 110 SW846 6010 07 / 15 / 96 
110 ug/L 2.4 7.6 SW846 6010 07/15 / 96 
250 mg / L 6 . 0 6 . 0 SW846 6010 07 / 15 / 96 
7.0 ug / L 5 . 2 19 SW846 6010 07 / 15 / 96 
4100 ug/ L 8. 6 30 SW846 6010 07 / 15 / 96 
3100 umho@25C 1 . 0 EPA 120 . 1 08 / 05 / 96 
1000000 ug / L 110 380 SW846 6010 07/16 / 96 
ND mg/ L 0 . 020 0.070 SW846 6010 07 / 15 / 96 
190 mg / L 6.0 6 . 0 SW846 6010 07/15 / 96 
59000 ug / L 3 . 6 12 SW846 6010 07 / 15 / 96 
ND ug / L 0.095 0.34 SW846 7470A 07 / 19 / 96 
2400 ug / L 8.8 32 SW846 6010 07 / 15 / 96 
1.7 mg / L 0.023 0.083 EPA 353 . 2 07 / 17 / 96 
5.0 s.u. 1.0 SW846 9045 07 / 12/ 96 
ND mg/ L 2.0 6.6 SW846 6010 08 / 08 / 96 
65 ug/L 3.7 13 SW846 7740 07 / 22 / 96 
24 mg / L 0 . 066 0 . 22 SW846 6010 07 / 15 / 96 
2600 mg / L 250 250 SW846 9036 07 / 18 /96 
ND ug/ L 56 200 SW846 6010 07 / 15 / 96 
22000 ug / L 240 240 SW846 6010 07 / 15 / 96 

I 

J 
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NORTHERN LAKE SERVICE, INC. 

Analytical Laboratory and Environmental Services 
400 North Lake Avenue - Crandon, WI 54520 
Tel:(715)478-2777 Fax:(715)478-3060 

,. 

Client: Flambeau Mining Company 
Attn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: #7 NLS#: 110295 
Ref. Line 7 of COC 19715 Description: #7 
Collected: 07 /11 /96 Received : 07 /12/96 Reported: 08/14/96 

Parameter 

Acidity, tot. as CaCO3 

Aluminum, dis. as Al by ICP 
Antimony, dis. as Sb by ICP 
Arsenic, dis. as As by ICP 
Cadmium, dis. as Cd by ICP 
Calcium, dis. as Ca by ICP 
Chromium, dis. as Cr by ICP 

N Cobalt, dis . as Co by ICP 
.i:,. Conductivity, lab 

\ 

Copper, dis. as Cu by ICP 
Iron, dis. as Fe by ICP 
Magnesium, dis. as Mg by ICP 
Manganese, dis. as Mn by ICP 
Mercury, dis . as Hg 
Nickel, dis . as Ni by ICP 
Nitrogen, NO2 + NO3 a s N ( filtered) 
pH, lab 
Potassium, dis . a s K 
Selenium, dis. as Se by furnace 
Sodium, dis. as Na by ICP 
Sulfate, as SO4 (filtered) 
Thallium, dis . as Tl by ICP 
Zinc, dis. as Zn by ICP 

- - 111111 la :lall ~-
---- ·--- ·----- · --- - . .. ·· -- -- ···· ·- ·--· ---- - -. --------··--·-·-------

WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 7 NLS PROJECT# 28298 

Result Units MDL LOQ Method Date 

750 mg/L 2.0 EPA 305.1 08/05/96 
Additional Comments: Sample was reanalyzed past the holding 

time to an endpoint of 6 . 5 . The initial analysis was within the holding time 
to the method endpoint. 
1.8 mg / L 
ND ug / L 
ND ug/L 
73 ug / L 
220 mg / L 
ND ug/L 
3200 ug / L 
2100 umho@25C 
430000 ug/L 
1.0 mg / L 
76 mg/L 
4100 ug/L 
ND ug / L 
1700 ug/L 
30 mg/L 
5. 2 s. u . 
17 mg/L 
40 ug / L 
19 mg / L 
1100 mg/L 
ND ug / L 
15000 ug / L 

0. 068 
42 
32 
2.4 
6.0 
5.2 
8.6 
1 . 0 
54 
0.020 
6.0 
3.6 
0.095 
8 . 8 
1 . 2 
1.0 
2 . 0 
1.8 
0.066 
250 
56 
240 

0.24 SW846 6010 07 / 15 / 96 
150 SW846 6010 07 / 15/ 96 
110 SW846 6010 07/15/96 
7.6 SW8 4 6 6010 07 / 15 / 96 
6.0 SW846 6010 07 / 15 / 96 
19 SW846 6010 07 /15/96 
30 SW846 6010 07 / 15 / 96 

EPA 120.1 08 / 05 / 96 
190 SW846 6010 07 /16/ 96 
0.070 SW846 6010 07 / 15 / 96 
6.0 SW846 6010 07 / 15 / 96 
12 SW846 6010 07/15/96 
0.34 SW846 7470A 07 / 19 / 96 
32 SW846 6010 07/15 / 96 
4 .2 EPA 353.2 07/1 7/ 96 

SW846 9045 07 / 12/96 
6.6 SW846 6010 08/0 8/ 96 
6 . 5 SW846 7740 07 / 22/96 
0.22 SW846 6010 07 / 15 / 96 
250 SW846 9036 07 / 18/96 
2 00 SW846 6010 07 /15/96 
240 SW846 6010 07 / 15 / 96 

\ 
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400 North LAkc Avc1111r - Crn111lo11, WI ~4~10 
Tel:(715)478-2777 Fax:(715)478-3060 

ANALYTICAL REPORT PAGE: 8 NLS PROJECT# 28298 

Client: Flambeau Mining Company 
Attn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: Solution E NLS#: 110296 
Ref. Line 8 of COC 19715 Description: Solution E 
Collected: 07/12/96 Received: 07/12/96 Reported: 08/14/96 

Parameter 

Alkalinity, tot. as CaCO3 
Conductivity, lab 

(unfiltered) 

Sample ID: Soil, 0709GC-Limestone NLS#: 
Ref. Line 9 of COC 19715 Description: Soil, 0709GC-Lime 
Collected: 07/09/96 Received: 07 /12/96 Reported: 08/14/96 

Parameter 
N 
v, Arsenic, tot. as As by furnace 

Cadmium, tot. as Cd 
Calcium, tot. as Ca 
Calcium carbonate equivalence 
Iron, tot. as Fe 
Magnesium, tot. as Mg 
Man~anese, tot. as Mn 
Solids, total on solids 
Sulfur, total as Son solids 
Metals digestion - total (soil/sludge) ICP 
Metals digestion - total (soil/sludge) furnace 

Result Units MDL LOQ Method Date 

290 mg/L 15 53 EPA 310.1 07 /19/96 
260 umho@25C 1.0 EPA 120.1 08/05/96 

110297 

Result Unite MDL LOQ Method Date 

3.2 mg/Kg DWB 1.5 5.1 SW846 7060 07 /29/96 
ND mg/Kg DWB 0.16 0.56 SW846 6010 07 /30/96 
170000 mg/Kg DWB 1300 1300 SW846 6010 07/24/96 
82 % as caCO3 0.10 ASTM C602 07/18/96 
4500 mg/Kg DWB 0. 73 2.5 SW846 6010 07/29/96 
96000 mg/Kg DWB 1300 1300 SW846 6010 07/24/96 
750 mg/Kg DWB 0.56 1.9 SW846 6010 07/24/96 
92.9 \- 0.10 EPA 160.3 07/16/96 
ND mg/Kg DWB 14 LECO 08/05/96 
yes SW846 3050 07/23/96 
yes SW846 3050 07/23/96 

Please note that analytical results greater than the MDL but less than the LOQ are within a region of "Less-Certain Quantitation". 
Results greater than the LOQ are considered to be in the region of "Certain Quantitation". 

MDL= Method Detection Limit 
DWB = Dry Weight Basis 

LOQ = Limit of Quantitation 
NA= Not Applicable 

ND= Not Detected Date 
%-DWB = (mg/kg DWB)/10000 

~ R-~ -~-

= Date Analysis Performed 

Authorized by: 
R. T. Krueger 
Laboratory Manager 
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Appendix C Table 2. Calculated Immediately Extractable Oxidation Products from the Stockplled Flambeau Type II Material 

(¼" - 3" Size Fraction) Single Extractions wHh SHe Groundwater 

Parameter Sample 13-3 Sample 14-1 Sample 14-3 Sample 15-3 
(mg/kg) (mg/kg) (mg/kg) (mg/kg) 

Extraction pH 4.62 3.57 3.72 2.21 
(su) 

Lab pH (su) 3.4 4.2 3.5 2.4 

Conductivity 2,470 2,420 2,400 6,420 
(µS/cm) 

Alkalinity NA NA NA NA 
(pH >6.5) 

Calcium 72 86 84 40 

Acidity 560 270 490 2,300 
(pH <6.5) 

Iron 8.1 1.2 4.3 370 

Sulfate 370 270 350 1,200 

Arsenic 0.0029 0.00086 0.0019 0.20 

Cadmium 0.044 0.016 <0.011 0.015 

Copper 127 37 48 128 

Manganese 11 2.2 2.0 2.8 

Zinc 11 3.2 3.2 4.7 

NA = not analyzed, copper values provided by Flambeau 

... 



N 
-.J 

-
Appendix C Table 2 (cont). Calculated Immediately Extractable Oxidation Products from the Stockpiled Flambeau Type II Material 

(¼" • 3" Size Fraction) Single Extractions with Site Groundwater 

Parameter Sample 16-1 Sample 16-3 Sample 17-1 
(mg/kg) (mg/kg) (mg/kg) 

Extraction pH 5.45 4.65 4.80 
(su) 

Lab pH (su) 3.9 4.7 4.3 

Conductivity 963 1,100 2,600 
(µS/cm) 

Alkalinity NA NA NA 
(pH >6.5) 

Calcium 44 44 90 

Acidity 54 320 520 
(pH <6.5) 

Iron 1.5 0.28 0.64 

Sulfate 160 150 430 

Arsenic 0.00073 0.00065 0.0016 

Cadmium <0.012 <0.011 0.15 

Copper 1.3 2.6 60 

Manganese 2.5 2.2 5.8 

Zinc 0.67 0.82 43 

NA= not analyzed, copper values provided by Flambeau 



NORTHERN LAKE SERVICE, INC. 
Analytical Laboratory nnd Environmental Services 
400 North Lake Avenue - Cr:inclon, WI 54520 
Tel:(715)478-2777 Fax:(715)478-3060 

Client: Flambeau Mining Company 
Attn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: 13-lB-1 NLS#: 112700 
Ref. Line 1 of COC 3607 Description: 13-1 8-1 
Collected: 08/01 /96 Received: 08/16/96 Reported: 09/03/96 

Parameter 

Acidity, tot. as CaCO3 

Arsenic, d s. as As by furnace 
Cadmium, d s. as Cd 
Calcium, d s. as Ca 
Iron, dis. as Fe 
Manganese, dis. as Mn 

~ pH, lab 
Sulfate, as SO4 (filtered) 
Zinc, dis. as Zn 

Sample ID: 13-3B-l NLS#: 112701 
Ref. Line 2 of COC 3607 Description: 13-38-1 
Collected: 08/01 /96 Received: 08/16/96 Reported: 09/03/96 

Parameter 

Acidity, tot. as CaCO3 

Arsenic, dis. as As by furnace 
Cadmium, dis. as Cd 
Calcium, dis. as Ca 
Iron, dis. as Fe 
Manganese, dis. as Mn 
pH, lab 
Sulfate, as SO4 (filtered) 
Zinc, dis. as Zn 

- .. - -
WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 1 NLS PROJECT# 28974 

Result Units LOD LOQ Method Date 

6000 mg/L 2 . 0 EPA 305.1 09/03/96 
Additional Comments: The method calls for an end point pH of 

3.7 or 8.3 s.u. The actual end point used was 6.5 s.u., per client request. 
Sample was received beyond the method holding time. 
120 ug/L 4.8 17 SW846 7060 08/22/96 
0.26 mg/L 0.039 0.14 SW846 6010 08/29/96 
270 mg/L 3.0 3.0 SW846 6010 08/30/96 
840 mg/L 0.079 0.26 SW846 6010 08/30/96 
42 mg/L 0.0086 0.031 SW846 6010 08/29/96 
2.6 s.u. 1.0 SW846 9045 08/16/96 
2100 mg/L 250 250 SW846 9036 08/28/96 
56 mg/L 0.12 0.12 SW846 6010 08/29/96 

Result Units LOO LOQ Method Date 

1800 mg/L 2.0 EPA 305.1 09/03/96 
Additional Comments: The method calls for an end point pH of 

3.7 or 8.3 s.u. The actual end point used was 6.5 s.u., per client request. 
Sample was received beyond the method holding time. 
9.3 ug/L 1.2 4;3 SW846 7060 08/22/96 
0.14 mg/L 0.039 0.14 SW846 6010 08/29/96 
230 mg/L 3.0 3.0 SW846 6010 08/30/96 
26 mg/L 0.079 0.26 SW846 6010 08/30/96 
34 mg/L 0.0086 0.031 SW846 6010 08/29/96 
3.4 s.u. 1.0 SW846 9045 08/16/96 
1200 mg/L 250 250 SW846 9036 08/28/96 
36 mg/L 0.12 0.12 SW846 6010 08/29/96 
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NORTHERN LAKE SERVICE, INC. 

Analytic;il Labor:ilory nnd Environment~! Ser,'ice~ 
400 North L:ike Avenue - Crnnclon, WI 54520 
Trl:(715)478-2777 F:i~:(715)478-JOGO 

Client: Flambeau Mining Company 
Attn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: 14-lB-l NLS#: 112702 
Ref. Line 3 of COC 360 7 Description: 14-1 B-1 
Collected: 08/01 /96 Received: 08/16/96 Reported : 09/03/96 

Parameter 

Acidity, tot. as CaCO3 

Arsenic, d s. as As by furnace 
Cadmium, d s. as Cd 
Calcium, d s. as Ca 
Iron, dis. as Fe 
Manganese, dis . as Mn 
pH, lab 

l'vSulfate, as 504 (filtered) 
Zinc, dis. as Zn 

Sample ID: 14-3B-1 NLS#: 112703 
Ref. Line 4 of COC 3607 Description: 14-38-1 
Collected: 08/01 /96 Received: 08/16/96 Reported: 09/03/96 

Parameter 

Acidity, tot. as CaCO3 

Arsenic, dis. as As by furnace 
Cadmium, dis . as Cd 
Calcium, dis. as Ca 
Iron, dis. as Fe 
Manganese, dis. as Mn 
pH, lab 
Sulfate, as SO4 ( filtered) 
Zinc, dis. as Zn 

- • 
WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 2 NLS PROJECT# 28974 

Result Units LOD LOQ Method Date 

1100 mg/L 2.0 EPA 305.1 09/03/96 
Additional Comments: The method calls for an end point pH of 

3.7 or 8 . 3 s . u. The actual end point used was 6.5 s.u . , per client request. 
Sample was received beyond the method holding time. 
3.5 ug/L 1.2 4.3 SW846 7060 08/22/96 
0.066 mg/L 0.039 0.14 SW846 6010 08/29/96 
350 mg/L 3.0 3.0 SW846 6010 08/30/96 
5.0 mg/L 0.079 0.26 SW846 6010 08/30/96 
9.0 mg/L 0.0086 0.031 SW846 6010 08/29/96 
4 . 2 s.u . 1.0 SW846 9045 08/16/96 
1100 mg/L 250 250 SW846 9036 08/28/96 
13 mg/L 0.12 0.12 SW846 6010 08/29/96 

Result Units LOD LOQ Method Date 

1700 mg/L 2.0 EPA 305 . 1 09/03/96 
Additional Comments: The method calls for an end point pH of 

3.7 or 8.3 s.u . The actual end point used was 6.5 s.u., per client request. 
Sample was received beyond the method holding time. 
6.7 ug/L 1.2 4.3 SW846 7060 08/22/96 
ND mg/L 0.039 0.14 SW846 6010 08/29/96 
290 mg/L 3.0 3.0 SW846 6010 08/30/96 
15 mg/L 0.079 0.26 SW846 6010 08/30/96 
6.8 mg/L 0.0086 0.031 SW846 6010 08/29/96 
3.5 s.u. 1.0 SW846 9045 08/16/96 
1200 mg/L 250 250 SW846 9036 08/28/96 
11 mg/L 0.12 0.12 SW846 6010 08/29/96 
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NORTHERN LAKE SERVICE, INC. 

i\n~lvllc:11 Lal.,oratorv ~ml Environmental Services 
400 North Lake ,\vc~uc - Crandon, WJ 54520 
Td:(715)478-2777 F~~:(715)478-3060 

Client: Flambeau Mining Company 
Attn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: 15-1B-1 NLS#: 112704 
Ref. Line 5 of COC 3607 Description: 1 5-18-1 

· ':ollected: 08/01 /96 Received: 08/16/96 Reported: 09/03/96 

Parameter 

Acidity, tot. as CaCO3 

Arsenic, dis. as As by furnace 
Cadmium, dis. as Cd 
Calcium, dis. a s Ca 
Iron, dis. as Fe 
Mangane se, dis . a s Mn 

WpH, lab 
0 sulfate, as SO4 (filtered) 

Zinc, dis. as Zn 
Me tals digestion - dissolved ICP 

\ 
'· 

- - .. .. .. -
WJS. LAU CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 3 NLS PROJECT# 28974 

Result Units LOD 

>12000 mg/L 2 . 0 
Additional Comments: The method calls for an end 

3.7 or 8 . 3 s.u. The actual end point targeted was 
request. The attainable endpoint was only 3.7 due 
formation . Sample was received beyond the method 
1300 ug/L 120 
0.18 mg/L 0.036 
210 mg / L 3 . 0 
4400 mg/L 1.7 
11 mg/L 0.013 
2.2 s . u. 1.0 
6300 mg/L 2500 
12 mg/L 0.12 
yes 

LOQ Method Date 

EPA 305.1 09/03/96 
point pH of 
6.5 s.u., per client 
to excess precipitate 

holding time. 
430 SW846 7060 08/22/96 
0 .13 SW846 6010 08/29 / 96 
3.0 SW846 6010 08 / 30/96 
5 . 7 SW846 6010 08/30/96 
0.044 SW846 6010 08/29/96 

SW846 9045 08 / 16 / 96 
2500 SW846 9036 08/28/96 
0.12 SW846 6010 08/29 / 96 

SW846 3005 08 / 20 / 96 
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NORTHERN LAKE SERVICE, INC. 

An:1lytlc:1l Laboralory :md Environmenlal Services 
400 North Lake Avenue - Crandon, WI 54520 
Tel:(715)478-2777 Fax:(715)478-3060 

Client: Flambeau Mining Company 
Attn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: 15-3B-1 NLS#: 112705 
Ref. Line 6 of COC 3607 Description: 1 5-38-1 
Collected: 08/01 /96 Received: 08/16/96 Reported: 09/03/96 

Parameter 

Acidity, tot. as CaCO3 

Arsenic, d s. as As by furnace 
Cadmium, d s. as Cd 
Calcium, d s . as Ca 
Iron, dis . as Fe 
Manganese, dis. as Mn 
pH, lab 
Sulfate, as SO4 (filtered) 
Zinc, dis. as Zn 

Sample ID: 16-lB-1 NLS#: 112706 
Ref. Line 7 of COC 3607 Description : 16-18-1 
Collected: 08/05/96 Received: 08/16/96 Reported: 09/03/96 

\, _ 

Parameter 

Acidity, tot. as CaCO3 

Arsenic, dis . as As by furnace 
Cadmium, dis. as Cd 
Calcium, dis. as Ca 
Iron, dis. as Fe 
Manganese, dis. as Mn 
pH, lab 
Sulfate, as S04 ( filtered) 
Zinc, dis. as Zn 

-· -----------•=--------•' - • 
WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 4 NLS PROJECT# 28974 

Result Units LOD LOQ Method Date 

10000 mg/L 2.0 EPA 305.1 09/03/96 
Additional Comments, The method calls for an end point pH of 

3.7 or 8.3 s.u. The actual end point used was 6.5 s.u., per client request. 
Sample was received beyond the method holding time. 
840 ug/L 60 220 SW846 7060 08/22/96 
0.064 mg/L 0.039 0 .14 SW846 6010 08/29/96 
170 mg/L 3.0 3.0 SW846 6010 08/30/96 
1600 mg/L 0.079 0.26 SW846 6010 08/30/96 
12 mg/L 0.0086 0.031 SW846 6010 08/29/96 
2.4 s . u. 1.0 SW846 9045 08/16/96 
5100 mg/L 2500 2500 SW846 9036 08/28/96 
20 mg/L 0.12 0.12 SW846 6010 08/29/96 

Result Units LOD LOQ Method Date 

170 mg/L 2.0 EPJ\ 305.1 09/03/96 
Additional Comments, The method calls for an end point pH of 

3.7 or 8.3 s.u. The actual end point used was 6.5 s.u., per client request. 
Sample was received beyond the method holding time. 
2.3 ug/L 1.2 4.3 SW846 7060 08/22/96 
ND mg/L 0 . 039 0.14 SW846 6010 08/29/96 
140 mg/L 3.0 3.0 SW846 6010 08/30/96 
4.8 mg/L 0.079 0 . 26 SW846 6010 08/30/96 
7 . 8 mg/L 0.0086 0.031 SW846 6010 08/29/96 
3.9 s.u. 1.0 SW846 9045 08/16/96 
510 mg/L 250 250 SW846 9036 08/28/96 
2.1 mg/L 0 . 12 0.12 SW846 6010 08/29/96 
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NORTHERN LAKE SERVICE, INC. 
/\nalyllcal Laboratory and Environmental Services 
400 North Lake /\venue - Crandon, WI 54520 
Tcl:(715)478-2777 Fax:(715)478-3060 

Client: Flambeau Mining Company 
Attn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: 16-3B-1 NLS#: 112707 
Ref . Line 8 of COC 3607 Description: 16-3B-1 
Collected: 08/05/96 Received: 08/16/96 Reported: 09/03/96 

Parameter 

Acidity, tot . as CaCO3 

Arsenic, d s . as As by furnace 
Cadmium, d s . as Cd 
Calcium, d s. as Ca 
Iro n, dis . as Fe 
Manganese, dis. as Mn 
pH, lab 
Sulfate, as SO4 (filtered) 
Zinc, dis. as Zn 

Sample ID: 17-lB-1 NLS#: 112708 
Ref. Line 9 of COC 3607 Description: 17 -1 B-1 
Collected: 08/05/96 Received: 08/16/96 Reported: 09/03/96 

Parameter 

Acidity, tot. as CaCO3 

Arsenic, dis . as As by furnace 
Cadmium, dis. as Cd 
Calcium, dis . as Ca 
Iron , di s. as Fe 
Manganese , dis . as Mn 
pH, lab 
Sulfate , as SO1 (filtered) 
Zinc , dis. as Zn 

----- -· . --- ----·- --• - -
WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 5 NLS PROJECT# 28974 

Result Units LOD LOQ Method Date 

1100 mg / L 2.0 EPA 305.1 09 / 03/ 96 
Additional Comments: The method calls for a n end point pH of 

3.7 or 8.3 s. u. The actual end point used was 6 . 5 s . u . , per client request. 
Sample was received beyond the method holding time . 

08 / 22 / 96 2.2 ug/L 1.2 4 . 3 SW846 7060 
ND mg/L 0 . 039 0.14 SW846 6010 08 / 29 / 96 
150 mg/L 3.0 3.0 SW846 6010 08 / 30 / 96 
0.95 mg/L 0.079 0.26 SW846 6010 08 / 30 / 96 
7.6 mg/L 0 . 0086 0.031 SW846 6010 08 / 29 / 96 
4.7 s.u. 1.0 SW846 9045 08 / 16 / 96 
520 mg/L 250 250 SW846 9036 08 / 28 / 96 
2.8 mg/L 0 . 12 0.12 SW846 6010 08 / 29 / 96 

Result Units LOO LOQ Method Date 

1800 mg / L 2.0 EPA 305.1 09 / 03 /96 
Additional Comments: The method calls for an e nd point pH o f 

3.7 or 8 . 3 s . u . The actual end point used wa s 6 . 5 s . u . , per client request . 
Sample was received beyond the method ho lding time . 
5 . 6 ug / L 1 . 2 4 . 3 SW846 7060 08 / 22 / 96 
0 . 51 mg / L 0.039 0 . 14 SW846 6010 08 / 29 / 96 
310 mg/L 3 . 0 3 . 0 SW846 6010 08 / 30 / 96 
2 . 2 mg/L 0.079 0.26 SW846 6010 08 / 30 / 96 
20 mg/L 0 . 0086 0 . 031 SW846 6010 08 / 29 / 96 
4 . 3 s.u. 1 . 0 SW846 9045 08 / 16 / 96 
1500 mg/L 2 50 250 SW846 9036 08 / 28 / 96 
150 mg/L 1. 2 1. 2 SW846 6010 08 / 29 / 96 



NORTHERN LAKE SERVICE, INC. 
Analyllcol Laborntory and Environmental Services 
400 Nor1h Lake Avenue - Crandon, WI 54520 
Tcl:{715)478-2777 Fax:{715)478-3060 

- - - .. ... - - -
WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 6 NLS PROJECT# 28974 

Client: Flambeau Mining Company 
Attn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: 17-3B-l NLS#: 112709 
Ref. Line 1 0 of COC 3607 Description: 17-38-1 
Collected: 08/05/96 Received: 08/16/96 Reported: 09/03/96 

Parameter 

Acidity, tot . as Ca CO3 

Arsenic, d s. as As by furnace 
Cadmium, d s . as Cd 
Calcium, d s. as Ca 
Iron, dis . as Fe 
Manganese, dis. as Mn 
pH, lab 

WSulfate , as SO4 (filtere d) 
Zinc, dis. as Zn 

Sample ID: 18-lB-l NLS#: 112710 
Ref. Line 11 of COC 3607 Description : 1 8-18-1 
Collected: 08/05/96 Received: 08/16/96 Reported : 09/03/96 

Parameter 

Acidity, tot. a s CaCO3 

Arsenic, d s . as As by furnace 
Cadmium, d s. as Cd 

· Calcium, d s . as Ca 
Iron, dis. as Fe 
Manganese, dis. as Mn 
pH, lab 
Sulfate, as SO4 (filtered) 
Zinc, dis . as Zn 

Result Units LOO LOQ Method Date 

2800 mg/L 2 . 0 EPA 305 . 1 09 / 03 / 96 
Additional Comments: The method calls for an end point pH of 

3.7 or 8 . 3 s . u. The actual end point used wa s 6.5 s . u., per client request . 
Sample was received beyond the method holding time . 
9 . 6 ug/L 1.2 4 . 3 SW846 7060 08 / 22 / 96 
0.95 mg/L 0.039 0 . 14 SW846 6010 08 / 29 / 96 
280 mg/L 3.0 3 . 0 SW846 6010 08 / 30 / 96 
13 mg / L 0.079 0 . 26 SW846 6010 08 / 30 / 96 
17 mg/L 0 . 0086 0.031 SW846 6010 08 / 29 / 96 
3.5 s . u. 1.0 SW846 9045 08 / 16 / 96 
1500 mg / L 250 250 SW846 9036 08 / 28 /9 6 
160 mg / L 1.2 1.2 SW 846 6010 08 / 29 / 96 

Result Units LOD - - -- LOQ Method Date 

70 mg / L 2.0 EPA 305.1 09 / 03 / 96 
Additional Cormnents: The method calls for an end point pH of 

3.7 or 8.3 s . u. The actual end point used was 6 . 5 s . u., per client request. 
Sample was received beyond the method holding time. 

08/22 / 96 2.0 ug / L 1 . 2 4.3 SW846 7060 
0 . 95 mg / L 0.039 0.14 SW846 6010 08/29 / 96 
100 mg / L 3 . 0 3.0 SW846 6010 08/30 / 96 
10 mg / L O. 079 0.26 SW846 6010 08/ 30 / 96 
1.8 mg / L 0 . 0086 0.031 SW846 6010 08/29 / 96 
5.4 s.u. 1 . 0 SW846 9045 08/16 / 96 
230 mg / L 25 25 SW846 9036 08/28 / 96 
2.2 mg / L 0. 12 0.12 SW816 6010 08 /29 / 96 

Please note that analytical results greater than the LOD but less than the LOQ are within a region of "Less-Certain Quantitation". 
Results greater than the LOQ are considered to be in the region of ''Certain Quantitation". 

LOD = Limit of Detection 
DWB = Dry Weight Basis 

LOQ = Limit of Quantita tion 
NA= Not Applicable 

ND= Not Detected Date 
%DWB = (mg / kg DWB) / 10000 

.~A.C · 
~- . IL. ~ 

= Date Analysis Performed 

Authorized by: 
R. T. Krueger 
Laboratory Manager 
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Appendix C Table 3. Calculated Immediately Extractable Oxidation Products from Stockpiled 
Flambeau Type II Material Sing le Extractions (1:1) with Alkall Amendment and Site Groundwater 

Sample No. 13-1A, <¼" fraction 

Parameter Unamended Extraction Extraction Extraction 
Extraction at pH .. 5.5 at pH "" 6.5 at pH "" 7.5 

(mg/kg) (mg/kg) (mg/kg) (mg/kg) 

Paste pH (su) 2.03 NA NA NA 

Extraction pH (su) 2.43 5.76 6.72 7.11 

Lab pH (su) 2.5 5.5 6.8 6.9 

ConductMty (µS/cm) 3,600 1,900 2,500 2,000 

Alkalinity (pH >6.5) NA 20 14D 98 

Calcium 280 710 84D 910 

Magnesium 60 60 57 60 

Potassium <2.0 <2.0 2.9 <200 

Sodium 14 16 14 12 

Acidity (pH <6.5) 3,4D0 NA NA NA 

Iron 320 <0.0050 <0.0050 0.28 

Sulfate 2,100 950 880 1,600 

Aluminum 23 <0.017 <0.017 <0.017 

Antimony 0.0026 <0.0015 <0.0015 <0.0015 

Arsenic 0.070 <0.0080 <0.0080 <0.0080 

Cadmium 0.10 0.065 0.013 0.0054 

Chromium 0.028 0.0022 0.0018 0.0013 

Cobalt 4.6 3.9 1.9 0.90 

Copper 1,200 52 1.7 0 .72 

Manganese 17 14 9.9 7.1 

Mercury 0.00020 0.00020 0.0032 0.0055 

Nickel 2.1 1.7 0.54 0.21 

Selenium 0.027 0.033 0.042 0.038 

Thallium 0.64 <0.014 <0.014 <0.014 

Zinc 23 12 1.5 0.37 

N03 + N02 0.43 0.72 0.83 0.73 
NA = not anal zed y 

34 
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Appendix C Table 4. Calculated Immediate Extractable Oxidation Products from Stockpiled 
Flambeau Type II Material Slngle Extractions (1:1) with Alkali Amendment and Site Groundwater 

Sample No. 15-1A, <¼• fraction 

Parameter Unamended Extraction Extraction Extraction 
Extraction at pH .. 5.5 at pH .. 6.5 at pH .. 7.5 

(mg/kg) (mg/kg) (mg/kg) (mg/kg) 

Paste pH (su) 1.53 NA NA NA 

Extraction pH (su) 2.05 6.30 6.94 7.41 

Lab pH (su) 2.4 5.9 6.6 6.7 

Conductivity (µS/cm) 5,300 2,300 2,300 2,200 

Alkalinity (pH >6.5) NA 140 140 60 

Calcium 140 630 620 600 

Magnesium 53 93 86 74 

Potassium 5.2 2.6 3.8 4.7 

Sodium 7.0 14 14 14 

Acidity (pH <6.5) 8,200 NA NA NA 

Iron 2,000 0.045 1.0 <0.0010 

Sulfate 5,600 740 850 1,400 

Aluminum 56 <0.017 0.038 <0.0034 

Antimony <0.0015 <0.0015 <0.0015 <0.0015 

Arsenic 0.98 <0.0080 <0.0080 <0.0016 

Cadmium 0.22 0.0014 <0.00060 <0.00012 

Chromium 0.12 <0.0013 <0.0013 <0.00026 

Cobalt 2.0 0.59 0.075 0.0096 

Copper 450 0.45 0.29 0.030 

Manganese 5.8 5.4 1.6 0.32 

Mercury 0.00020 <0.000095 <0.000095 <0.000095 

Nickel 0.95 0.14 0.022 0.0036 

Selenium 0.15 0.033 0.024 0.026 

Thallium 4.4 <0.014 <0.014 <0.014 

Zinc 6.8 0.260 <0.060 <0.060 

N03 + N02 0.35 0.79 0.85 0.94 
NA = not anal zed y 

35 
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Appendix C Table 5. Calculated Immediately Extractable Oxidation Products from Stockpiled 
Flambeau Type II Material Slngle Extractions (1:1) with Alkali Amendment and Site Groundwater 

Sample No. 17-3A, < ¼• fraction 

Parameter Unamended Extraction Extraction Extraction 
Extraction at pH ... 5.5 at pH ... 6.5 at pH ,,. 7.5 

(mg/kg) (mg/kg) (mg/kg) (mg/kg) 

Paste pH (su) 4.55 NA NA NA 

Extraction pH (su) 4.56 4.86 6.40 6.82 

Lab pH (su) 4.8 5.2 6.4 6.9 

Conductivity (µS/cm) 2,400 2,500 1,800 1,600 

Alkalinity (pH >6.5) NA NA 95 100 

Calcium 390 520 680 650 

Magnesium 74 78 66 65 

Potassium 7.2 7.8 6.5 6.7 

Sodium 14 14 16 16 

Acidity (pH <6.5) 1,200 970 NA NA 

Iron 0.099 0.019 <0.0050 <0.0050 

Sulfate 860 1,300 510 880 

Aluminum 0.15 0.11 <0.017 <0.017 

Antimony <0.0015 <0.0015 <0.0074 <0.0074 

Arsenic <0.0012 <0.0012 <0.0080 <0.0080 

Cadmium 0.38 0.44 0.15 0.052 

Chromium <0.0067 <0.0067 <0.0013 <0.0013 

Cobalt 2.2 2.3 1.5 0.90 

Copper 640 400 2.5 1.7 

Manganese 11 11 8.6 6.6 

Mercury <0.000095 <0.000095 <0.000095 <0.000095 

Nickel 1.2 1.2 0.68 0.33 

Selenium 0.027 0.027 0.028 0.034 

Thallium 0.10 <0.080 <0.014 <0.014 

Zinc 97 110 24 5.7 

N03 + N02 0.39 0.61 0.71 0.73 
NA = not anal' zed y 

36 
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NORTHERN LAKE SERVICE, INC. 

Analytical Laboratory and Environmental Services 
400 North Lake Avenue - Crandon, WI 54520 
Tel:(715)478-2777 Fax:(715)478-3060 

--
Client: Flambeau Mining Company 

Attn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: 0720C-13-1A-U NLS#: 110837 
Ref. Line 1 of COC 18213 Description: 0720C-13-1 A-U 
Collected: 07/20/96 Received: 07/23/96 Reported: 08/14/96 

Parameter 

Acidity, tot . as CaCO3 

Aluminum, dis. as Al 
Antimony, dis. as Sb by furnace 
Arsenic, dis. as As by furnace 
Cadmium, dis . as Cd 
Calcium, dis. as Ca 
Chromium, dis. as Cr 
Cobalt, dis . as Co 
Conductivity, lab 
Copper, dis. as Cu 
Iron, dis. as Fe 
Magnesium, dis . as Mg 
Manganese, dis . as Mn 
Mercury, dis. as Hg 
Nickel, dis. as Ni 
Nitrogen, NO2 + NO3 as N (filtered) 
pH, lab 
Potassium, dis. as K 
Selenium, dis . as Se by furnace 
Sodium, dis. as Na 
Sulfate, as SO4 (filtered) 
Thallium, dis. as Tl 
Zinc, dis. as Zn 

-- - - ;- - - , .. .. .. ... 
WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 1 NLS PROJECT# 28459 

Result Units MDL LOQ Method Date 

3400 mg/L 2 . 0 EPA 305.1 08 /05/96 
Additional COI11111ents: Sample was reanalyzed past the holding 

time to an endpoint of 6.5 . The initial analysis was within the holding time 
to the method endpoint. 
23 mg/L 0.0073 0 . 023 SW846 6010 07/31 /96 
2.6 ug/L 1.5 5.1 SW846 7041 07 /26/96 
70 ug/L 6 . 0 22 SW846 7060 07 /2 9/96 
0.10 mg/L 0 . 0039 0.014 SW846 6010 07 /30/ 96 
280 mg/ L 3. 0 3.0 SW846 6010 08 / 02 / 96 
0.028 mg/L 0.0067 0.024 SW846 6010 07 / 30 /96 
4 . 6 mg / L 0.0044 0.016 SW846 6010 OB / 06 / 96 
3600 umho@25C 1. 0 EPA 120.1 08 / 05 / 96 
1200 mg / L 0 . 32 1.0 SW846 6010 07 /3 0/ 96 
320 mg / L 0.079 0 . 26 SW846 6010 0B / 02 /9 6 
60 mg/L 3.0 3 . 0 SW846 6010 08 / 02 / 96 
17 mg/L 0.00B6 0.031 SW846 6010 07 / 30 / 96 
0.20 ug / L 0.095 0 . 34 SWB46 7470A 07 /2 6/96 
2.1 mg/L 0.017 0 . 061 SW846 6010 07/30 /96 
0.43 mg / L 0.23 0.83 EPA 353.2 08 / 07 /96 
2.5 s.u . 1.0 SW846 9045 07/23 /9 6 
ND mg/L 2.0 6.6 SW846 6010 08/ 08 /96 
27 ug /L 9.2 32 SW846 7740 07/31/96 
14 mg/L 0.069 0.23 SW846 6010 08 / 14/9 6 
2100 mg / L 250 250 SW84 6 9036 08/ 06/96 
0.64 mg / L 0.080 0 . 2 8 SW846 6010 08 /05/96 
23 mg / L 0.12 0.12 SW846 6010 07/30 /96 



• 
NORTHERN LAKE SERVICE, INC. 

Analytiral Laboratory ancl Environmental Services 
400 North Lnke A,·enuc - Crandon, WI 54520 
Tcl:(715)478-2777 Fax:(715)478-3060 

Client: Flambeau Mining Company 
Attn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: 0720C-13-1A-5.5 NLS#1 110838 
Ref. Line 2 of COC 18213 Description: 0720C-13-1A-5.5 
Collected: 07 /20/96 Received : 07 /23/96 Reported: 08/14/96 

Parameter 

Alkalinity, tot . as CaCO3 (filtered) 

Aluminum, dis. as Al by ICP 
Antimony, dis. as Sb by furnace 
Arsenic, dis. as As by ICP 
Cadmium, dis. as Cd by ICP 
Calcium, dis. as Ca by ICP 
Chromium, dis. as Cr by ICP 

~Cobalt, dis, as Co by ICP 
Conductivity, lab 
Copper, dis. as Cu by ICP 
Iron, dis. as Fe by ICP 
Magnesium, dis. as Mg by ICP 
Manganese, dis. as Mn by ICP 
Mercury, dis. as Hg 
Nickel, dis . as Ni by ICP 
Nitrogen, NO2 + NO3 as N (filtered) 
pH, lab 
Potassium, dis. as K 
Selenium, dis. as Se by furnace 
Sodium, dis. as Na by ICP 
Sulfate, as SO4 (filtered) 
Thallium, dis. as Tl by ICP 
Zinc, dis. as Zn by ICP 

- - - - .. 
--, 

WIS. LAB CERT. NO . 721026460 

ANALYTICAL REPORT PAGE: 2 NLS PROJECT# 28459 

Result Units MDL LOQ Method 

20 mg/L 1.5 5.3 EPA 310.1 
Additional Co1111I1ents: Sample was reanalyzed past the holding 

time to an endpoint of 6.5. The initial analysis was analyzed within the 
holding time to the method endpoint. 
ND mg/L 
ND ug/L 
ND ug/L 
65 ug/L 
710 mg/L 
2,2 ug/L 
3900 ug/L 
1900 umho@2SC 
52000 ug/L 
ND mg/L 
60 mg/L 
14000 ug/L 
0.20 ug/L 
1700 Ug/L 
0.72 mg/L 
5.5 s.u. 
ND mg/L 
33 ug/L 
16 mg/L 
950 mg/L 
ND ug/L 
12000 ug/L 

0.017 
1 . 5 
8.0 
0.60 
1.5 
1. 3 
2.2 
1.0 
2.7 
0.0050 
1.5 
0.90 
0.095 
2 . 2 
0.23 
1.0 
2.0 
9.2 
0.016 
250 
14 
60 

0.060 
5.1 
28 
1. 9 
1.5 
4.6 
7.5 

9.5 
0,018 
1.5 
3.0 
0.34 
8.0 
0.83 

6.6 
32 
0.055 
250 
so 
60 

SW846 6010 
SW846 7041 
SW846 6010 
SW846 6010 
SW846 6010 
SW846 6010 
SW846 6010 
EPA 120.1 
SW846 6010 
SW846 6010 
SW846 6010 
SW846 6010 
SW846 7470A 
SW846 6010 
EPA 353.2 
SW846 9045 
SW846 6010 
SW846 · 7740 
SW846 6010 
SW846 9036 
SW846 6010 
SW846 6010 

Date 

08/05/96 

07 /24/96 
07 /26/96 
07/24/96 
07 /24/96 
07/24/96 
07/24/96 
07/24/96 
08/05/96 
07 /24/96 
07/24/96 
07/24/96 
07/24/96 
07/26/96 
07 /24/96 
08/07/96 
07 /23/96 
08/08/96 
07/31/96 
07 /24/96 
0B/06/96 
07/24/96 
07/24/96 

/ 



NORTHERN LAKE SERVICE, INC. 
Analytical Laboratory and Environmental Services 
400 North Lake Avenue - Crandon, WI 54520 
Tel:(715)478-2777 Fax:(715)478-3060 

Client: Flambeau Mining Company 
Attn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: 0720C-13-1A-6.5 NLS#: 110839 
Ref. Line 3 of COC 18213 Description: 0720C-13-1 A-6.5 
Collected: 07 /20/96 Received: 07/23/96 Reported: 08/14/96 

Parameter 

Alkalinity, tot. as CaC03 (filtered) 

Aluminum, dis. as Al by ICP 
Antimony, dis. as Sb by furnace 
Arsenic, dis. as As by ICP 
Cadmium, dis . as Cd by ICP 
Calcium, dis. as Ca bb ICP 

w Chromium, dis. as Cr y ICP 
-oCobalt, dis. as Co by ICP 

Conductivity, lab 
Copper, dis. as Cu by ICP 
Iron, dis. as Fe by ICP 
Magnesium, dis. as Mg by ICP 
Manganese, dis . as Mn by ICP 
Mercury, dis . as Hg 
Nickel, dis . as Ni by ICP 
Nitrogen, N02 + N03 as N (filtered) 
pH, lab 
Potassium, dis. as K 
Selenium, dis. as Se by furnace 
Sodium, dis. as Na by ICP 
Sulfate, as S04 (filtered) 
Thallium, dis. as Tl by ICP 
Zinc, dis . as Zn by ICP 

\,_ 

- - - -·--- -- -- ·-· - · --·--- - ·---- -·- ------------
\ 

WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 3 NLS PROJECT# 28459 

Result Units MDL LOQ Method Date 

140 mg/L 1. 5 5.3 
Additional Co11U11ents: Sample was reanalyzed past the holding 

EPA 310 . 1 

time to an endpoint of 6.5. The initial analysis was analyzed within the 

08/05/96 

holding time to the method endpoint . 
ND mg/L 0.017 0.060 SW846 6010 07 /24/96 
ND ug/L 1.5 5.1 SW846 7041 07/26/96 
ND ug/L 8.0 28 SW846 6010 07/24/96 
13 ug/L 0.60 1.9 SW846 6010 07/24/96 
840 mg/L 1.5 1.5 SW846 6010 07/24/96 
1,8 ug/L 1.3 4.6 SW846 6010 07/24/96 
1900 ug/L 2.2 7.5 SW846 6010 07/24/96 
2500 umho@25C 1.0 EPA 120.1 08/05/96 
1700 ug/L 2.7 9.5 SW846 6010 07/24/96 
ND mg/L 0.0050 0.018 SW846 6010 07/24/96 
57 mg/L 1.5 1.5 SW846 6010 07/24/96 
9900 ug/L 0.90 3.0 SW846 6010 07 /24/96 
3.2 ug/L 0.095 0.34 SW846 7470A 07/26/96 
540 ug/L 2.2 8.0 SW846 6010 07/24/96 
0.83 mg/L 0 .23 0 . 83 EPA 353.2 08/07 /96 
6 . 8 s . u . 1.0 SW846 9045 07/23/96 
2.9 mg/L 2.0 6. 6 SW846 6010 08/08/96 
42 ug/L 9.2 32 SW846 7740 07/31/96 
14 mg/L 0.016 0.055 SW846 6010 07/24/96 
880 mg/L 250 250 SW846 9036 08/06/96 
ND ug/L 14 50 · SW846 6010 07/24/96 
1500 ug/L 60 60 SW846 6010 07/24/96 

./ 



NORTHERN LAKE SERVICE, INC. 
Analytical Laboratory and Environmental Services 
400 North Lake Annue - Crandon, WI 54520 
Trl :(715)478-2777 Fax:(715)47/1-3060 

-
Client: Flambeau Mining Company 

Attn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: 0720C-13-1A-7.S NLS#: 110840 
Ref. Line 4 of COC 18213 Description: 0720C-13-1A-7.5 
Collected: 07 /20/96 Received: 07/23/96 Reported : 08/14/96 

Parameter 

Alkalinity, tot . as CaCO3 (filtered) 

Aluminum, dis . as Al by ICP 
Antimony, dis. as Sb by furnace 
Arsenic, dis. as As by ICP 
Cadmium, dis. as Cd by ICP 
Calcium, dis. as Ca by ICP 
Chromium, dis. as Cr by ICP 

.t:.cobalt, dis. as Co by ICP 
0 conductivity, lab 

i 
' ', 

Copper, dis. as Cu by ICP 
Iron, dis. as Fe by ICP 
Magnesium, dis. as Mg by ICP 
Manganese, dis. as Mn by ICP 
Mercury, dis. as Hg 
Nickel, dis. as Ni by ICP 
Nitrogen, NO2 + NO3 as N (filtered) 
pH, lab 
Potassium, dis. as K 
Selenium, dis. as Se by furnace 
Sodium, dis. as Na by ICP 
Sulfate, as SO4 (filtered) 
Thallium, dis . as Tl by ICP 
Zinc,· dis . as Zn by ICP 

- • • - - - -
WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 4 NLS PROJECT# 28459 

Result Units MDL LOQ Method 

98 mg/L 1.5 5 . 3 EPA 310.1 
Additional Comments: Sample was reanalyzed past the holding 

time to an endpoint of 6.5. The initial analysis was analyzed within the 
holding time to the method endpoint. 
ND mg/L 
ND ug/L 
ND ug/L 
5 .4 ug/L 
910 mg/L 
1.3 ug/L 
900 ug/L 
2000 umho®25C 
720 ug/L 
0.28 mg/L 
60 mg/L 
7100 ug/L 
5.5 ug/L 
210 ug/L 
0.73 mg/L 
6.9 s.u. 
ND mg/L 
38 ug/L 

.12 mg/L 
1600 mg/L 
ND ug/L 
370 ug/L 

0.017 
1.5 
8.0 
0.60 
1.5 
1. 3 
2.2 
1. 0 
2.7 
0 . 0050 
1.5 
0.90 
0.19 
2.2 
0.23 
1.0 
200 
9.2 
0 . 016 
250 
14 
60 

0.060 
5.1 
28 
1.9 
1.5 
4.6 
7 . 5 

9.5 
0 . 018 
1. 5 
3.0 
0.68 
8.0 
0.83 

670 
32 
0 . 055 
250 
50 
60 

SW846 6010 
SW846 7041 
SW846 6010 
SW846 6010 
SW846 6010 
SW846 6010 
SW846 6010 
EPA 120.1 
SW846 6010 
SW846 6010 
SW846 6010 
SW846 6010 
SW846 7470A 
SW846 6010 
EPA 353.2 
SW846 9045 
SW846 6010 
SW846 7740 
SW846 6010 
SW846 9036 
SW846 6010 
SW846 6010 

Date 

08/05/96 

07/24/96 
07/26/96 
07/24/96 
07 /24/96 
07 /24/96 
07/24/96 
07/24/96 
08/05/96 
07/24/96 
07/24/96 
07/24/96 
07/24/96 
08/02/96 
07/24/96 
08/07/96 
07/23/96 
08/08 / 96 
07/31/96 
07/24/96 
08/06/96 
07/24/96 
07/24/96 



NORTHERN LAKE SERVICE, INC. 
Analytical Laboratory and Environmental Services 
400 North Lake Avenue - Crandon, WI 54520 
Tel:(715)478-2777 Fax:(715)478-3060 

Client: Flambeau Mining Company 
Attn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: 0720C-15-1A-U NLS#: 110841 
Ref. Line 5 of COC 18213 Description: 0720C-15-1A-U 
Collected: 07/20/96 Received: 07/23/96 Reported: 08/14/96 

Parameter 

Acidity, tot. as CaCO3 

Aluminum, dis . as Al 
Antimony, dis . as Sb by furnace 
Arsenic, dis. as As by furnace 
Cadmium, dis. as Cd 
Calcium, dis. as Ca 
Chromium, dis. as Cr 

.:::,. Cobalt, dis. as Co 
1-> Conductivity, lab 

Copper, dis. as Cu 
Iron, dis. as Fe 
Magnesium, dis. as Mg 
Manganese, dis. as Mn 
Mercury, dis. as Hg 
Nickel, dis. as Ni 
Nitrogen, 
pH, lab 

NO2 + NO3 as N (filtered) 

Potassium, dis. as K 
Selenium, dis. as Se by furnace 
Sodium, dis. as Na 
Sulfate, as SO4 (filtered) 
Thallium, dis. as Tl 
Zinc, dis. as Zn 
Metals digestion - dissolved ICP 
Metals digestion - dissolved Furnace 

- ,·---~-· -- - - ---------- ---. ·- ··----- -. ·---. 

WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 5 NLS PROJECT# 28459 

Result Units MDL LOQ Method Date 

8200 mg/L 2 . 0 EPA 305.l 08/05/96 
~dditional Comments: Sample was reanalyzed past the holding 

time to an endpoint of 6.5. The initial analysis was within the holding time 
to the method endpoint. 
56 mg/L 0 . 034 0 . 12 SW846 6010 07/31/96 
ND ug/L 1.5 4.6 SW846 7041 07 /26/96 
980 ug/L 28 96 SW846 7060 07 /29/96 
0 .22 mg/L 0.0036 0. 013 SW846 6010 07 /30/96 
140 mg/L 3.0 3.0 SW846 6010 08/02/96 
0.12 mg/L 0.0093 0.037 SW846 6010 07 /30/96 
2.0 mg/L 0.0090 0.032 SW846 6010 08/06/96 
5300 umho@25C 1.0 EPA 120.1 08/05/96 
450 mg/L 0 . 22 0.79 SW846 6010 07 /30/96 
2000 mg/L 1. 7 5.7 SW846 6010 08/02/96 
53 mg/L 3.0 3.0 SW846 6010 08/02/96 
5.8 mg/L 0. 0013 0.0044 SW846 6010 07/30/96 
0.20 ug/L 0.095 0 . 34 SW846 7470A 07/26/96 
0.95 mg/L 0.013 0.047 SW846 6010 07 /30/96 
0.35 mg/L 0.23 0.83 EPA 353.2 08/07/96 
2.4 s.u. 1.0 SW846 9045 07 /23/96 
5.2 mg/L 3 . 6 12 SW846 6010 08/08/96 
150 ug/L 7.5 25 SW846 7740 07 /31/96 
7.0 mg/L 0.40 1. 4 SW846 6010 08 / 14/96 
5600 mg/L 250 250 SW846 9036 08/06/96 
4.4 mg/L 0.058 0.21 SW846 6010 08/05/96 
6.8 mg/L 0.012 0.012 SW846 6010 07/30/96 
yes SW846 3050 07 /26/96 
yes SW846 3050 07 /26/96 

/ 



.. 
NORTHERN LAKE SERVICE, INC. 

Analytical Laboratory and Environmental Services 
400 North Lake Avenue• Crandon, WI 54520 
Tel:(715)478-2777 Fax:(715)478-3060 

Client: Flambeau Mining Company 
Attn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: 0720C-15-1A-5.5 NLS#: 110842 
Ref . line 6 of COC 18213 Description: 0720C-15-1A-5 .5 
Collected: 07 /20/96 Received : 07 /23/96 Reported: 08/14/96 

Parameter 

Alkalinity, tot . as CaCO3 (filtered) 

Aluminum, dis. as Al by ICP 
Antimony, dis. as Sb by furnace 
Arsenic, dis . as As by ICP 
Cadmium, dis . as Cd by ICP 
Calcium, dis . as Ca by ICP 
Chromium, dis . as Cr by ICP 
Cobalt, dis . as Co by ICP 
Conductivity, lab 
Copper, dis . as Cu by ICP 
Iron, dis. as Fe by ICP 
Magnesium, dis. as Mg by ICP 
Manganese, dis . as Mn by ICP 
Mercury, dis. as Hg 
Nickel, dis . as Ni by ICP 
Nitrogen, NO2 + NO3 as N (filtered) 
pH, lab 
Potassium, dis . as K 
Selenium, dis. as Se by furnace 
Sodium, dis. as Na by ICP 
Sulfate, as SO4 (filtered) 
Thallium, dis. as Tl by ICP 
Zinc, dis. as Zn by ICP 

- - - --- -·-- ---·~-·-----·-- --- - ------· 

WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 6 NLS PROJECT# 28459 

Result Units MDL LOQ Method Date 

140 mg / L 1 . 5 5 . 3 EPA 310 . l 08 / 05/96 
Additional Comments: Sample was reanalyzed past the holding 

time to an endpoint of 6.5. The initial analysis was analyzed within the 
holding time t o the method endpoint. 
ND mg / L 0.017 0.060 SW846 6010 07 /2 4 /96 
ND ug / L 1.5 5.1 SW846 7041 07 /2 6 /96 
ND ug / L 8.0 28 SW846 6010 07 /24/96 
1.4 ug / L 0 . 60 1. 9 SW846 6010 07/2 4 /96 
630 mg / L 1.5 1. 5 SW846 6010 07 /2 4 /96 
ND ug / L 1.3 4.6 SW846 6010 07 /2 4 /96 
590 ug / L 2 . 2 7 . 5 SW846 6010 07 /2 4 /96 
2300 umho@2 5C 1 . 0 EPA 120 . 1 08 / 05 /96 
450 ug / L 2 . 7 9.5 SW846 6010 07 /24/96 
0 . 045 mg / L 0.0050 0 . 018 SW846 6010 07 /24/96 
93 mg / L 1.5 1 .5 SW846 6010 07 /2 4 /96 
5400 ug / L 0.90 3.0 SW846 6010 07 /24/96 
ND ug/L 0 . 095 0.34 SW846 7470A 07 /2 6 /9 6 
140 ug / L 2 . 2 8 .0 SW846 6010 07 /2 4/96 
0 . 79 mg/L 0.23 0 . 83 EPA 353 .2 08 / 07 /9 6 
5 . 9 s . u . 1 . 0 SW846 9045 07 /2 3/ 96 
2.6 mg / L 2 . 0 6 . 6 SW846 6010 08 / 08 /9 6 
33 ug / L 9.2 32 SW846 7740 07 /3 1/9 6 
14 mg/ L 0 . 016 0 . 055 SW846 6010 07 / 24 / 96 
740 mg / L 250 250 SW846 9036 08 / 06 / 96 
ND ug / L 14 50 SW846 6010 07 / 24 / 96 
260 ug / L 60 60 SW846 6010 07 / 24 /9 6 



- - - - • - - - - - - -------------------------------------- ·----·------ -·· 

NORTHERN LAKE SERVICE, INC. 
Analytical Laboratory and Environmental Services 
400 North Lake Avenue - Crandon, WI 54520 
Tel:(715)478-2777 Fax:(715)478-)060 

- - - - - -- -
WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 7 NLS PROJECT# 28459 

Client: Flambeau Mining Company 
Attn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: 0720C-15-1A-6.S NLS#: 110843 
Ref. Line 7 of COC 1 821 3 Description: 0720C-15-1 A-6.5 
Collected : 07 /20/96 Received: 07 /2 3/96 Reported : 08/14/96 

Parameter 

Alkalinity, tot. as CaCO3 (filtered) 

Aluminum, dis. as Al by ICP 
Antimony, dis. a s Sb by furnace 
Arsenic, dis. as As by ICP 
Cadmium, dis. as Cd by ICP 
Calcium, dis. as Ca by ICP 
Chromium, dis. as Cr by ICP 
Cobalt, dis. as Co by ICP 
Conductivity, lab 
Copper, dis. as Cu by ICP 
Iron, dis. as Fe by ICP 
Magnesium, dis. as Mg by ICP 
Manganese, dis. as Mn by ICP 
Mercury, dis. as Hg 
Nickel, dis. as Ni by ICP 
Nitrogen, NO2 + NO3 as N (filtered) 
pH, lab 
Potassium, dis . as K 
Selenium, dis. as Se by furnace 
Sodium, dis. as Na by ICP 
Sulfate, as SO4 (filtered) 
Thallium, dis. as Tl by ICP 
Zinc, dis. as Zn by ICP 

Result Units MDL LOQ Method 

140 mg / L 1.5 5.3 EPA 310.1 
Additional Con:nnents: Sample was reanalyzed past the holding 

time to an endpoint of 6.5. The initial analysis was analyzed within the 
hol d ing time to t he method endpoint. 
0.038 mg/L 
ND ug / L 
ND ug/L 
ND ug / L 
620 mg/L 
ND ug/L 
75 ug / L 
2300 umho@25C 
290 ug / L 
1.0 mg/L 
86 mg / L 
1600 ug/L 
ND ug / L 
22 ug / L 
0.85 mg/L 
6.6 s.u. 
3.8 mg /L 
24 ug / L 
14 mg / L 
850 mg / L 
ND ug /L 
ND ug / L 

0.017 
1.5 
8.0 
0.60 
1.5 
1 .3 
2.2 
1.0 
2.7 
0.0050 
1 .5 
0.90 
0 . 095 
2 . 2 
0.23 
1 . 0 
2 . 0 
9.2 
0.016 
250 
14 
60 

0 . 060 
5.1 
28 
1. 9 
1 .5 
4.6 
7.5 

9.5 
0.018 
1.5 
3 . 0 
0.34 
8.0 
0.83 

6.6 
32 
0.055 
250 
50 
60 

SW846 6010 
SW846 7041 
SW846 6010 
SW846 6010 
SW846 6010 
SW846 6010 
SW846 6010 
EPA 120.1 
SW846 6010 
SW846 6010 
SW846 6010 
SW846 6010 
SW846 7470A 
SW846 6010 
EPA 353.2 
SW846 9045 
SW846 6010 
SW846 7740 
SW846 6010 
SW846 9036 
SW846 6010 
SW846 6010 

Date 

08 / 05 / 96 

07 /24/96 
07 / 26 / 96 
07 / 24 / 96 
07 / 24 / 96 
07 / 24/96 
07 /24 /96 
07 / 24 / 96 
08 / 05 / 96 
07 / 24 / 96 
07 /24/96 
07/24 / 96 
07 / 24/96 
07 / 26 / 96 
07 / 24 / 96 
08/07 /96 
07 / 23/96 
08/08/96 
07 /31 / 96 
07 / 24 / 96 
08 / 06 / 96 
07/24/96 
07/24 / 96 



- - - - -
NORTHERN LAKE SERVICE, INC. 

Analytical Laboratory and Environmental Services 
400 North Lake Avenue - Crandon, WI 54520 
Tel:(715)478-2777 Fax:(715)478-3060 

II , 

Client: Flambeau Mining Company 
Attn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: 0720C-15-1A-7.5 NLS#: 110844 
Ref. Line 8 of COC 18213 Description: 0720C-15-1A-7.5 
Collected: 07/20/96 Received: 07/23/96 Reported: 08/14/96 

Parameter 

Alkalinity, tot. as CaCO3 (filtered) 

Aluminum, dis. as Al by ICP 
Antimony, dis. as Sb by furnace 
Arsenic, dis. as As by ICP 
Cadmium, dis. as Cd by ICP 
Calcium, dis. a s Ca by ICP 
Chromium, dis. as Cr by ICP 

""'Cobalt, dis. as Co by ICP 
""'Conductivity, lab 

Copper, dis. as Cu by ICP 
Iron, dis . a s Fe by ICP 
Magnesium, dis. as Mg by ICP 
Manganese, dis. as Mn by ICP 
Mercury, dis. as Hg 
Nickel, dis . as Ni by ICP 
Nitrogen, NO2 + NO3 as N (filtered) 
pH, lab 

· Potassium, dis. as K 

\ 

Selenium, dis. as Se by furnace 
Sodium, dis. as Na by ICP 
Sulfate, as SO4 (filtered) 
Thallium, dis. as Tl by ICP 
Zinc, dis. as Zn by ICP 

- - - -· .. 
' 

WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 8 NLS PROJECT# 28459 

Result Units MDL LOQ Method Date 

60 mg / L 1. 5 5.3 EPA 310.1 08 / 05 / 96 
Additional Conunents: Sample was reanalyzed past the holding 

time to an endpoint of 6.5. The initial analysis was analyzed within the 
holding time to the method endpoint. 
ND mg/L 0.0034 0.012 SW846 6010 07/24 / 96 
ND ug / L 1.5 5.1 SW846 7041 07 / 26 / 96 
ND ug / L 1. 6 5. 7 SW846 6010 07 /24/96 
ND ug / L 0.12 0.38 SW846 6010 07 /2 4 / 96 
600 mg / L 0 . 30 0.30 SW846 6010 07 / 24 / 96 
ND ug/L 0. 26 0. 93 SW846 6010 07 / 24 / 96 
9.6 ug / L 2 . 2 7.5 SW846 6010 07 / 24 / 96 
2200 umho@25C 1.0 EPA 120.1 08/05/96 
30 ug / L 0.54 1. 9 SW846 6010 07/ 24 / 96 
ND mg / L 0.0010 0 . 0035 SW846 6010 07 /2 4/96 
74 mg/L 0.30 0.30 SW846 6010 07 /2 4 / 96 
320 ug / L 0.18 0.61 SW846 6010 07 / 24 / 96 
ND ug/L 0.095 0.34 SW846 7470A 07/26 / 96 
3 . 6 ug / L 0.44 1. 6 SW846 6010 07 / 24 / 96 
0.94 mg / L 0.23 0.83 EPA 353 . 2 08/07 /96 
6.7 s . u . 1.0 SW846 9045 07 / 23 / 96 
4. 7 mg / L 2.0 6.6 SW846 6010 08 / 08/96 
26 ug/L 9.2 32 SW846 7740 07 /31 / 96 
14 mg / L 0.016 0 . 055 SW846 6010 07 / 24 / 96 
1400 mg/L 250 250 SW846 9036 08/06/96 
ND ug / L 14 so SW846 6010 07 / 24 / 96 
ND ug / L 60 60 SW846 6010 07 /24/96 



Ill • - - -
NORTHERN LAKE SERVICE, INC. 

Analytical Laboratory and Environmental Services 
400 North Lake Avenue• Crandon, WI 54520 
Tel: (715)478-2777 Fax:(715)478-3060 

- -
Client: Flambeau Mining Company 

Attn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: 0720C-17-3A-U NLS#: 110845 
Ref. Line 9 of COC 18213 Description: 07 20C-1 7-3A-U 
Collected: 07/20/96 Received: 07/23/96 Reported: 08/14/96 

Parameter 

Acidity, tot . as CaCO3 

Aluminum, dis . as Al 
Antimony, dis. as Sb by furnace 
Arsenic, dis. as As by furnace 
Cadmium, dis. as Cd 
Calcium, dis. as Ca 
Chromium, dis. as Cr 

~Cobalt, dis . as Co 
~Conductivity, lab 

Copper, dis. as Cu 
Iron, dis. as Fe 
Magnesium, dis . as Mg 
Manganese, dis. as Mn 
Mercury, dis. as Hg 
Nickel, dis . as Ni 
Nitrogen , NO2 + NO3 as N {filtered) 
pH, lab 
Potassium, dis. as K 
Selenium, dis. as Se by furnace 
Sodium, dis. as Na 
Sulfate, as 504 (filtered) 
Thallium, dis. as Tl 
Zinc, dis. as Zn 

-·--- - ----- - · -·-

- - - - - - - - -
\ 

WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 9 NLS PROJECT# 28459 

Result Units MDL LOQ Method Date 

1200 mg/L 2 . 0 EPA 305.1 08/05/96 
Additional Comments: Sample was reanalyzed past the holding 

time to an endpoint of 6.5. The initial analysis was within the holding time 
to the method endpoint. 
0.15 mg/L 0.0073 0.023 SW846 6010 07/31/96 
ND ug / L 1.5 5.1 SW846 7041 07 / 26 / 96 
ND ug / L 1. 2 4.3 SW846 7060 07 / 29 / 96 
0.38 mg/L 0 . 0039 0.014 SW846 6010 07 /30/96 
390 mg/L 3.0 3 . 0 SW846 6010 08/02/96 
ND mg / L 0.0067 0.024 SW846 6010 07 / 30 / 96 
2.2 mg / L 0.0044 0.016 SW846 6010 08 / 06 / 96 
2400 umho@25C 1.0 EPA 120 . 1 08/05/96 
640 mg / L 0.32 1.0 SW846 6010 07 / 30 / 96 
0.099 mg / L 0.0079 0.026 SW846 6010 08 / 02 / 96 
74 mg/L 0.30 0.30 SW846 6010 08/02/96 
11 mg/L 0 . 00086 0.0031 SW846 6010 07 / 30/96 
ND ug / L 0.095 0.34 SW846 7470A 07 / 26 / 96 
1. 2 mg / L 0.017 0 . 061 SW846 6010 07/30 / 96 
0.39 mg/L 0. 23 0.83 EPA 353.2 08/07 /96 
4 . 8 s . u. 1.0 SW846 9045 07 / 23 / 96 
7.2 mg / L 2 . 0 6.6 SW846 6010 08 / 08 / 96 
27 ug/L 9 . 2 32 SW846 7740 07/31/96 
14 mg/L 0 . 069 0.23 SW846 6010 08 / 14/96 
860 mg / L 250 250 SW846 9036 08 / 06 / 96 
0 . 10 mg / L 0.080 0.28 SW846 6010 08 / 05 / 96 
97 mg/L 0 . 12 0.12 SW846 6010 07 /30/96 

/ 



:11 • 
NORTHERN LAKE SERVICE, INC. 

Analytical Laboratory and Environmental Services 
400 North Lake Avenue - Crandon, WI 54520 
T,I:(715)478-2777 Fax:(715)478-3060 

- :-
Client: Flambeau Mining Company 

Attn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: 0720C-17-3A-5.5 NLS#: 110846 
Ref. Line 10 of COC 18213 Description: 0720C-17-3A-5.5 
Collected: 07/20/96 Received: 07 /23/96 Reported: 08/14/96 

Parameter 

Acidity, tot. as CaCO3 

Aluminum, dis. as Al 
Antimony, dis. as Sb by furnace 
Arsenic, dis. as As by furnace 
Cadmium, dis. as Cd 
Calcium, dis. as Ca 
Chromium, dis. as Cr 

~Cobalt, dis. as Co 
Conductivity, lab 
Copper, dis. as Cu 
Iron, dis. as Fe 
Magnesium, dis. as Mg 
Manganese, dis. as Mn 
Mercury, dis. as Hg 
Nickel, dis. as Ni 
Nitrogen, NO2 + NO3 as N (filtered) 
pH, lab 
Potassium, dis. as K 
Selenium, dis. as Se by furnace 
Sodium, dis. as Na 
Sulfate, as SO4 (filtered) 
Thallium, dis. as Tl 
Zinc, dis. as Zn 

ii :a - • - -
WIS. LAil CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 10 NLS PROJECT# 28459 

Result Unite MDL LOQ Method Date 

970 mg / L 2.0 EPA 305.1 08/05/96 
Additional Co1IUT1ents: Sample was reanalyzed past the holding 

time to an endpoint of 6.5. The initial analysis was within the holding time 
to the method endpoint. 
0.11 mg/L 0.0073 0.023 SW846 6010 07/31 /96 
ND ug/L 1.5 5.1 SW846 7041 07 /26 / 96 
ND ug / L 1.2 4.3 SW846 7060 07 /2 9/96 
0.44 mg / L 0.0039 0.014 SW846 6010 07 /30/96 
520 mg/L 3.0 3.0 SW846 6010 08/02 / 96 
ND mg / L 0.0067 0.024 SW846 6010 07 /30/96 
2 . 3 mg / L 0.0044 0.016 SW846 6010 08/06/96 
2500 umho@25C 1. 0 EPA 120.1 08/05/96 
400 mg/L 0.32 1.0 SW846 6010 07 /30/96 
0.019 mg/ L 0 . 0079 0.026 SW846 6010 08 /02/ 96 
78 mg/L 0.30 0.30 SW846 6010 08/02/96 
11 mg/L 0.00086 0.0031 SW846 6010 07 /30 /96 
ND ug/L 0.095 0.34 SW846 7470A 07/26 / 96 
1.2 mg / L 0.017 0.061 SW846 6010 07/30/96 
0 . 61 mg/L 0.23 0.83 EPA 353.2 08/07/96 
5.2 s.u . 1.0 SW846 9045 07 /23/96 
7.8 mg / L 2.0 6.6 SW846 6010 08 / 08/96 
27 ug/L 9.2 32 SW846 7740 07 / 31/96 
14 mg/L 0.069 0.23 SW846 6010 08/14 /96 
1300 mg/L 250 250 SW846 9036 08/06/96 
ND mg / L 0.080 0.28 SW846 6010 08/05/96 
110 mg/L 0.12 0.12 SW846 6010 07 /30/96 



- - - - -
NORTHERN LAKE SERVICE, INC. 

Analytical Laboratory and Environmental Services 
400 North Lake Avenue - Crandon, WI 54520 
Tel:(715)478-2777 Fax:(715)478-3060 

--
Client: Flambeau Mining Company 

Attn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: 0720C-17-3A-6.5 NLS#: 110847 
Ref. Line 11 of COC 18213 Description: 0720C-17-3A-6.5 
Collected: 07/20/96 Received: 07 /23/96 Reported: 08/14/96 

ParaJJ1eter 

Alkalinity, tot. as CaCO3 (filtered) 

Aluminum, dis. as Al by ICP 
Antimony, dis. as Sb by furnace 
Arsenic, dis. as As by ICP 
Cadmium, dis . as Cd by ICP 
Calcium, dis . as Ca by ICP 
Chromium, dis. as Cr by ICP 

,i::,. Cobalt, dis . as Co by ICP 
Co nductivity, lab 
Copper, dis . as Cu by ICP 
Iron , dis. as Fe by ICP 
Magnesium, dis. as Mg by ICP 
Manganese, dis . as Mn by ICP 
Mercury, dis. as Hg 
Nickel, dis . a s Ni by ICP 
Nitrogen, NO2 + NO3 as N (filte r ed ) 
pH, lab 
Po tassium, dis . a s K 
Selenium, dis . a s Se by furna c e 
Sodium, dis. as Na by ICP 
Sulfa te, as SO4 (filtered) 
Thallium, dis. a s Tl by ICP 
Zinc, dis. as Zn by ICP 

' '-

-- - - -
WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 11 NLS PROJECT# 28459 

Result Units MDL LOQ Method Date 

95 mg / L 1.5 5.3 EPA 310.1 08 / 05 /9 6 
Additional Comments: Sample was reanalyzed past the holding 

time to an endpoint of 6.5. The initial analysis was analy zed within the 
holding time to the method endpoint . 
ND mg / L 0 . 017 0 . 060 SW846 6010 07 / 24/96 
ND ug / L 7.4 26 SW846 7041 07 / 31 / 96 
ND ug / L 8. 0 28 SW846 6010 07 / 24/ 96 
150 ug/L 0.60 1.9 SW846 6010 07 / 24 / 96 
680 mg / L 1 . 5 1. 5 SW846 6010 07 / 24 / 96 
ND ug / L 1.3 4.6 SW846 6010 07 / 24 / 96 
1500 ug/L 2.2 7.5 SW846 6010 07/24/9 6 
1800 umho@2 5C 1 . 0 EPA 120 . 1 08 / 05 / 96 
2 500 ug/L 2.7 9.5 SW846 6010 07 /24 / 96 
ND mg / L 0.0 050 0.018 SW846 6010 07 /2 4/96 
66 mg/L 1 . 5 1 . 5 SW846 6010 07 /24 / 96 
8600 ug / L 0. 90 3.0 SW846 6010 07 / 24/96 
ND ug/L 0.095 0 . 34 SW 846 7470A 07/2 6 / 96 
680 ug / L 2 . 2 8 . 0 SW846 6010 07 / 24 / 96 
0. 71 mg / L 0 . 23 0.83 EPA 353 . 2 08 / 07 / 96 
6 . 4 s.u . 1 . 0 SW846 9045 07 / 23 /96 
6.5 mg / L 2 . 0 6 . 6 SW846 6010 08 / 08 /96 
28 ug/L 9 . 2 32 SW846 7740 07 / 31 / 96 
16 mg / L 0.016 0 . 055 SW846 6010 07 /2 4/96 
510 mg/L 250 250 SW846 9036 08/06 / 96 
ND ug / L 14 50 SW846 6010 07 / 24/ 96 
24000 ug / L 60 60 SW846 6010 07/2 4 / 96 

I 



- - • • - • • • • • - - - - - .. .. -
NORTHERN LAKE SERVICE, INC. 

Analytical Laboratory and Environmental Services 
400 North Lake Avenue• Crandon, WI 54520 
Tel:(715)478-2777 Fax:(715)478-3060 

Client: Flambeau Mining Company 
Attn: Richard Dachel 
N4100 Highway 27 
Ladysmith, WI 54848 

Sample ID: 0720C-l7-3A-7.5 NLS#: 110848 
Ref. Line 12 of COC 18213 Description: 0720C-17-3A-7.5 
Collected: 07120/96 Received: 07/23196 Reported: 08/14196 

Parameter 

Alkalinity, tot. as CaCO3 (filtered) 

Aluminum, dis. as Al by ICP 
Antimony, dis. as Sb by furnace 
Arsenic, dis. as As by ICP 
Cadmium, dis. as Cd by ICP 
Calcium, dis. as Ca by ICP 

"'"Chromium, dis. as Cr by ICP 
00 Cobalt, dis. as Co by ICP 

Conductivity, lab 
Copper, dis. as Cu by ICP 
Iron, dis. as Fe by ICP 
Magnesium, dis. as Mg by ICP 
Manganese, dis . as Mn by ICP 
Mercury, dis. as Hg 
Nickel, dis. as Ni by ICP 
Nitrogen, NO2 + NO3 as N (filtered) 
pH, lab 
Potassium, dis . as K 
Selenium, dis . as Se by furnace 
Sodium, dis . as Na by ICP 
Sulfate, as SO4 (filtered) 
Thallium, dis. as Tl by ICP 
Zinc, dis. as Zn by ICP 

WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 12 NLS PROJECT# 28459 

Result Units MDL LOQ Method 

100 mg/L 1.5 5.3 EPA 310.l 
Additional Comments: Sample was reanalyzed past the holding 

time to an endpoint of 6 . 5. The initial analysis was analyzed within the 
holding time to the method endpoint. 
ND mg/L 
ND ug/L 
ND ug/L 
52 ug/L 
650 mg/L 
ND ug/L 
900 ug/L 
1600 umho@25C 
1700 ug/L 
ND mg/L 
65 mg/L 
6600 ug/L 
ND ug/L 
330 ug/L 
0.73 mg/L 
6. 9 s. u. 
6.7 mg/L 
34 ug/L 
16 mg/L 
880 mg/L 
ND ug/L 
5700 ug/L 

0.017 
7.4 
8.0 
0.60 
1. 5 
1. 3 
2.2 
1.0 
2.7 
0.0050 
1.5 
0.90 
0 .0 95 
2.2 
0 . 23 
1.0 
2 . 0 
9.2 
0 . 016 
250 
14 
60 

0 . 060 
26 
28 
1. 9 
1.5 
4.6 
7.5 

9.5 
0 . 018 
1 .5 
3.0 
0 . 34 
8.0 
0.83 

6.6 
32 
0.055 
250 
50 
60 

SW846 6010 
SW846 7041 
SW846 6010 
SW846 6010 
SW846 6010 
SW846 6010 
SW846 6010 
EPA 120.l 
SW846 6010 
SW846 6010 
SW846 6010 
SW846 6010 
SW846 7470A 
SW846 6010 
EPA 353.2 
SW846 9045 
SW846 6010 
SW846 7740 
SW846 6010 
SW846 9036 
SW846 6010 
SW846 6010 

Date 

08/05/96 

07/24/96 
07/31/96 
07/24/96 
07 /24/96 
07 / 24/96 
07/24/96 
07 /24/96 
08/05/96 
07/24/96 
07/24 /96 
07/24/96 
07/24/96 
07/26/96 
07/24/96 
08/0 7 /96 
07 /23/96 
08/08/96 
07 /31/96 
07 /24/96 
08/06/96 
07/24/96 
07/24/96 
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Appendix C Figure 30. Relationship of Extraction pH to Quantity of Copper Extracted 
from the <1/4" Size Fraction of Sample 13-1 
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Appendix C Figure 31. Relationship of Extraction pH to Quantity of Managnese Extracted 
from the < 1 /4" Size Fraction of Sample 13-1 
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Appendix C Figure 32. Relationship of Extraction pH to Quantity of Iron Extracted 
from the <1/4" Size Fraction of Sample 13-1 
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Appendix C Figure 33. Relationship of Extraction pH to Quantity of Sulfate Extracted 
from the <1/4" Size Fraction of Sample 13-1 
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Appendix C Figure 34. Relationship of Extraction pH to Quantity of Copper Extracted 
from the <1/4" Size Fraction of Sample 15-1 
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Appendix C Figure 35. Relationship of Extraction pH to Quantity of Managnese Extracted 
from the <1/4" Size Fraction of Sample 15-1 
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Appendix C Figure 36. Relationship of Extraction pH to Quantity of Iron Extracted 
from the <1/4" Size Fraction of Sample 15-1 
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Appendix C Figure 37. Relationship of Extraction pH to Quantity of Sulfate Extracted 
from the <1/4" Size Fraction of Sample 15-1 
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Appendix C Figure 38. Relationship of Extraction pH to Quantity of Copper Extracted 
from the <1/4" Size Fraction of Sample 17-3 
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Appendix C Figure 39. Relationship of Extraction pH to Quantity of Managnese Extracted 
from the <1/4" Size Fraction of Sample 17-3 
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Appendix C Figure 40. Relationship of Extraction pH to Quantity of Iron Extracted 
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Appendix C Figure 41. Relationship of Extraction pH to Quantity of Sulfate Extracted 
from the <1/4" Size Fraction of Sample 17-3 

54 

0) 

~ 
E --u 
Q) 

t5 
~ x 

UJ 
C 
0 
L-

0) 
~ 
0) 
E --u 
Q) 

t5 co 
L-

~ 
Q) -~ 
::J 

(f) 



I 

I 
I 

I 

• 
I 
I 

• 
I 

Appendix D 

Laboratory and Analytical Data for the Final Screening Tests 

• Appendix D Tables 1-6. Field and Summary Analytical Data for the 
Sequential Extraction Test 

• Laboratory Data Sheets for the Sequential Extraction Tests 

• Appendix D Table 7. Flambeau Limestone Alkali Availability Test Data . 

• Appendix D Figure 1. Presentation of a Portion of the Flambeau Alkali 
Availability Test Data 

• Appendix D Tables 8-15. Field and Summary Analytical Data for the 
Confirmation Test 

• Laboratory Data Sheets for the Confirmation Test 
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Appendix D Table 1. Flambeau Stockpiled Type II Material Sequential Extraction Test Data 

Sample No. 1 (Sample wt. = 500.01 g <¼" fraction waste rock) 

Extractions Conducted Under Slightly Oxidizing Conditions 

Sample Run Time Leachate DI Water pH Conductivity T 
(hrs) Extracted Added (su) (µS/cm @ 25°C) (°C) 

(ml) (ml) 

Start 0 0 500 -- - -
1 26½ 310 310 5.28 2,360 23.3 

2 50½ 280 280 5.13 2,200 23.0 

3 70½ 270 0 4.88 1,138 22.7 

Eh 
(mv) 

-
-

-
-
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Appendix D Table 2. Flambeau Stockpiled Type II Material Sequential Extraction Test 

Analytical Data Summary 

Sample No. 1 (Sample wt. = 500.01 g <¼• fraction waste rock) 

Extractions Conducted Under Slightly Oxidizing Conditions 

Parameter Sample 1 Sample 2 Sample 3 

Lab pH 4.9 5.0 5.0 

Calcium 370 290 120 

Magnesium 110 91 37 

Acidity 190 490 190 

Iron <0.079 0.12 0.41 

Sulfate 450 580 600 

Cadmium 0.060 0.073 0.032 

Copper 81 100 65 

Lead 0.093 0.019 0.0078 

Manganese 22 21 8.6 

Mercury <0.000067 <0.000067 <0.000067 

Selenium 0.25 0.23 0.090 

Zinc 12 11 5.2 

All units are mg/L except pH which are in su . 
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Appendix D Table 3. Flambeau Stockpile Type II Material Sequentlal Extraction Teat Data 

Sample No. 4 (Sample wt. = 499.99 g <¼• fraction waste rock) 

Extractions Conducted Under Slightly Oxidizing Conditions 

Sample Run Time Leachate DI Water pH Conductivity T 
(hrs) Extracted Added (su) (µS/cm @ 25°C) (°C) 

(ml) (ml) 

Start 0 0 500 - -- -
1 26% 370 370 4.31 4,680 23.2 

2 50 1/6 340 340 4.56 2,270 22.7 

3 70¾ 340 0 4.72 896 22.5 

-

Eh 
(mv) 

-
-
-
-
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Appendix D Table 4. Flambeau Stockpiled Type II Material Sequential Extraction Test 

Analytical Data Summary 

Sample No. 4 (Sample wt. = 499.99 g <1/"• fraction waste rock) 

Extractions Conducted Under Slightly Oxidizing Conditions 

Parameter Sample 1 Sample 2 Sample 3 

Lab pH 4.3 4,6 4.8 

Calcium 400 210 59 

Magnesium 97 35 <3.0 

Acidity 4,400 1,800 390 

Iron <8.0 <0.079 <0.010 

Sulfate 3,900 1,100 310 

Cadmium 0.98 0.36 0.10 

Copper 1,700 540 170 

Lead 0.021 0.0082 <0.015 

Manganese 16 4.8 1.6 

Mercury <0.000067 <0.000067 <0.000067 

Selenium 0.031 <0.0092 <0.0092 

Zinc 98 29 9.0 

All units are mg/L except pH which are in su. 
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Appendix D Table 5. Flambeau Stockpiled Type II Material Sequential Extraction Test Data 

Sample No. 15-3 (Sample wt. = 500.07 g <1/,.• fraction waste rock) 

Extractions Conducted Under Slightly Oxidizing Conditions 

Sample Run Time leachate DI Water pH Conductivity T 
(hrs) Extracted Added (su) (µS/cm @ 25°C) (°C) 

(ml) (ml) 

Start 0 0 500 - - -
1 27 340 340 2.29 6,980 23.1 

2 50¼ 280 280 2.44 4,800 22.9 

3 71 250 0 2.54 3,000 22.6 

Eh 
(mv) 

-
-
-
-



Appendix D Table 6. Flambeau Stockplled Type II Material Sequential Extraction Test 

Analytlcal Data Summary 

Sample No. 15-3 (Sample wt. = 500.07 g <¼• fraction waste rock) 

Extractions Conducted Under Slightly Oxidizing Conditions 

Parameter I Sample 1 Sample 2 

Lab pH 2.4 2.5 

Calcium 140 96 

Magnesium 59 34 

Acidity >8,00()8 >4,30()8 

Iron 1,800 950 

Sulfate 7,300 3,200 

Cadmium 0.23 0.090 

Copper 1,200 730 

Lead 0.010 0.0041 

Manganese 7.7 4.6 

Mercury <0.000067 <0.000067 

Selenium 0.13 0.057 

Zinc 18 10 

All units are mg/L except pH which are in su. 

11 = acidity values titrated to a pH = 3.7. 

Sample 3 

2.6 

36 

12 

>1,600" 

280 

550 

<0.0012 

270 

<0.015 

1.8 

<0.000067 

0.019 

3.1 

Due to the accumulation of a precipitate it was 
not possible to titrate to the desired endpoint of pH = 6.5. 
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NORTHERN LAKE SERVICE, INC. 
Analytical Laboratory and Environmental Services 

400 North Lake Avenue• Crandon, WI 54520 

Tel: (715) 478-2777 • Fax: (715) 478-3060 

September 27, 1996 

Russell Janeshek 
Foth & Van Dyke 
2737 S. Ridge Road 
Green Bay, WI 54307 

Re: Flambeau Mining Company, Scope 96F013, NLS Project 29376 

Dear Mr. Janeshek: 

Enclosed is the final analytical report for the first batch of samples, received on September 9, 
1996. The results were submitted to you via FAX transmissions as they became available and 
then a final hardcopy hand delivered on September 24. The attached copy is a revision of the 
September 24 version, correcting the sample identifications of the first 6 samples. 

The assignment of an alkalinity or acidity test to each sample was done at Northern Lake Service 
(NLS) using a pH of 6.5 as the decision point. For a pH ofless than or equal to 6.5, the acidity 
test was assigned to the sample. For a pH of greater than 6.5, the alkalinity test was assigned to 
the sample. The titration was performed to a pH of 6.5 with the exception of samples 
FMC-l 5Sxl, -2 and -3. The actual possible endpoint was 3.7 because of an excessive amount of 
precipitate which formed during the titration. 

A dissolved digestion was performed prior to the ICP and GF AA metals analysis for samples 
FMC-15Sxl and -2. The turbidity and discoloration of the samples indicated the need for the 
preparation step. 

The sample volume available for the testing at NLS was limited. For some tests, quality control 
(QC) samples could not be generated using the actual sample matrix. QC samples were 
generated using a control matrix. 

Some parameters have limits of detection (LOD) higher than those initially thought possible. 
The LODs are raised to reflect dilution steps required to bring target analyte levels within the 
instrument calibration range and/or to reduce the effect of matrix interferences. 
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If you have any questions or require additional information, please feel free to contact me at 

(715) 478-2777. 

Sincerely, 

Steven R. Crupi 
Client Services Manager 

Enclosures 
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NORTHERN LAKE SERVICE, INC. WIS. LAB CERT. NO. 721026460 

Analytical Laboratory and Environmental Services 
400 North Lake Avenue• Crandon, WI 54520 
Tel:(715)478-2777 Fax:(715)478-3060 

ANALYTICAL REPORT PAGE: 1 NLS PROJECT# 29376 

Client: Foth & Van Dyke Associates 
Attn: Russ Janeshek 
2737 S. Ridge Road 
PO Box 19012 
Green Bay, WI 54307 

Project Description: Flambeau Mining 
Project Title: 96F013 

Sample ID: FMC-lS x 1 NLS#: 114322 
Ref. Line 1 of COC 21866 Description: FMC-1S x 1 
Collected: 09/07 /96 Received: 09/09/96 Reported: 09/26/96 Revised 

Parameter Result 

Acidity, tot. as CaCO3 190 

Units LOD LOQ Method Date 

mg/L 2.0 EPA 305.1 09/13/96 
Additional Comments: The method calls for an endpoint pH of 3.7 

The actual endpoint used was 6.5 s.u., per client request. or 8 .3 s.u. 
Cadmium, dis. as Cd 0.060 mg/L 0.039 0.14 SW846 6010 09/20/96 
Calcium, dis. as Ca 370 mg/L 3.0 3.0 SW846 6010 09/13/96 
Copper, dis. as Cu 81 mg/L 0.032 0.10 SW846 6010 09/12/96 
Iron, dis. as Fe ND mg/L 0.079 0.26 SW846 6010 09/13/96 
Lead, dis. as Pb by furnace AAS 93 ug/L 1.9 6.4 SW846 7421 09/12/96 
Magnesium, dis . as Mg 110 mg/L 3.0 3.0 SW846 6010 09/13/96 
Manganese, dis. as Mn 22 mg/L 0.0086 0.031 SW846 6010 09/12/96 
Mercury, dis. as Hg ND ug/L 0.067 0.24 SW846 7470A 09/13/96 
pH, lab 4.9 s.u. 1.0 SW846 9045 09/10/96 
Selenium, dis. as Se by furnace 250 ug/L 9.2 32 SW846 7740 09/12/96 
Sulfate, as SO4 (filtered) 450 mg/L 250 250 SW846 9036 09/10/96 
Zinc, dis. as Zn 12 mg/L 0.12 0.12 SW846 6010 09/12/96 

Please note that analytical results greater than the LOO but less than the LOQ are within ·a region of "Less-Certain Quantitation". 
Results greater than the LOQ are considered to be in the region of "Certain Quantitation". 

LOO= Limit of Detection 
DWB = Dry Weight Basis 

·, 
-----~--------~ --

LOQ = Limit of Quantitation 
NA= Not Applicable 

ND c Not Detected Date= Date Analysis Performed 
\DWB = (mg/kg DWB)/10000 . 

~R-~' 
:p:;;':_ __ J -- - - .3 L. -

Authorized by: 
R. T. Krueger 
Laboratory Manager 
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NORTHERN LAKE SERVICE, INC. WIS. LAB CERT. NO . 721026460 

Analytical Laboralory and Environmental Services 
400 North Lake Avenue - Crandon, WI 54520 
Tel:(715)478-2777 Fax:(715)478-3060 

ANALYTICAL REPORT PAGE: 2 NLS PROJECT# 29376 

Client: Foth & Van Dyke Associates 
Attn: Russ Janeshek 
2737 S. Ridge Road 
PO Box 19012 
Green Bay, WI 54307 

Project Description: Flambeau Mining 
Project Title: 96F013 

Sample ID: FMC-1S x 2 NLS#: 114323 
Ref. Line 2 of COC 21866 Description: FMC-1 Sx 2 
Collected: 09/08/96 Received : 09/09/96 Reported: 09/26/96 Revised 

Parameter Result 

Acidity, tot. as CaCO3 490 

Units LOD LOQ Method Date 

mg/L 2.0 EPA 305.1 09/13/96 
Additional Comments: The method calls for an endpoint pH of 3.7 

or 8. 3 s .u. The actual endpoint used was 6.5 s.u., per client request. 
Cadmium, dis. as Cd by ICP 73 ug/L 0.60 1.9 SW846 6010 09/11/96 
Calcium, dis. as Ca by ICP 290 mg/L 1.5 1.5 SW846 6010 09/11/96 
Copper, dis . as Cu by ICP 100000 ug/L 11 38 SW846 6010 09/11/96 
Iron, dis. as Fe by ICP 0.12 mg/L 0.0050 0.018 SW846 6010 09/11/96 
Lead, dis. as Pb by ICP 19 ug/L 7.3 26 SW846 6010 09/11/96 
Magnesium, dis . as Mg by ICP 91 mg/L 1.5 1.5 SW846 6010 09/11/96 

....., Manganese, dis. as Mn by ICP 21000 ug/L 0.90 3.0 SW846 6010 09/11/96 
o Mercury, dis. as Hg ND ug/L 0.067 0.24 SW846 7470A 09/13/96 

pH, lab 5.0 s.u. 1. 0 SW846 9045 09/10/96 
Selenium, dis. as Se by furnace 230 ug/L 9.2 32 SW846 7740 09/12/96 
Sulfate, as SO4 (filtered) 580 mg/L 250 250 SW846 9036 09/10/96 
Zinc, dis. as Zn by ICP 11000 ug/L 60 60 SW846 6010 09/11/96 

Please note that analytical results greater than the LOD but less than the LOO are within a region of "Less-Certain Ouantitation". 
Results greater than the LOQ are considered to be in the region of "Certain Quantitation". 

LOD = Limit of Detection 
DWB = Dry Weight Basis 

LOO= Limit of Ouantitation 
NA= Not Applicable 

ND• Not Detected Date= Date Analysis Performed 
\DWB = (mg/kg DHB)/10000 

Rdt~-;,._R,~· Authorized by: 
R. T. Krueger 
Laboratory Manager 

-------------------------------------~~-----------------------------------
,/ 
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NORTHERN LAKE SERVICE, INC. WIS. LAB CERT. NO. 721026460 

Analytical Laboratory and Environmental Services 
400 North Lake Avenue - Crandon, WI 54520 
Tel: (715)478-2777 Fax:(715)478-3060 

ANALYTICAL REPORT PAGE: 3 NLS PROJECT# 29376 

Client: Foth & Van Dyke Associates 
Attn: Russ Janeshek 
2737 S. Ridge Road 
PO Box 19012 
Green Bay, WI 54307 

Project Description: Flambeau Mining 
Project Title: 96F013 

Sample ID: FMC-1S x 3 NLS#: 114324 
Ref. Line 3 of COC 21 866 Description: FMC-1 S x 3 
Collected: 09/09/96 Received: 09/09/96 Reported: 09/26/96 Revised 

Parameter Result 

Acidity, tot. as CaCO3 190 

Units LOD LOQ Method Date 

mg/L 2. 0 EPA 305.1 09/13/96 
Additional Comments: The method calls for an endpoint pH of 3.7 

Cadmium, dis. as Cd by ICP 
Calcium, dis. as Ca by ICP 
Copper, dis . as Cu by ICP 
Iron, dis. as Fe by ICP 
Lead, die. as Pb by ICP 
Magnesium, dis. as Mg by ICP 
Manganese, dis. as Mn by ICP 
Mercury, dis. as Hg 
pH, lab 
Selenium, dis. as Se by furnace 
Sulfate, as SO4 (filtered) 
Zinc, dis. as Zn by ICP 

or 8.3 s.u. 
32 
120 
65000 
0.41 
7.8 
37 
8600 
ND 
5.0 
90 
600 
5200 

The actual endpoint used was 6.5 s.u., per client request. 
ug/L 0.60 1 . 9 SW846 6010 09/11/96 
mg/L 1.5 1.5 SW846 6010 09/11/96 
ug/L 11 38 SW846 6010 09/11/96 
mg/L 0.0050 0.018 SW846 6010 09/11/96 
ug/L 7.3 26 SW846 6010 09/11/96 
mg/L 1.5 1 . 5 SW846 6010 09/11/96 
ug/L 0.90 3.0 SW846 6010 09/11/96 
ug/L 0.067 0.24 SW846 7470A 09/13/96 
s.u. 1.0 SW846 9045 09/10/96 
ug/L 9.2 32 SW846 7740 09/12/96 
mg/L 250 250 SW846 9036 09/10/96 
ug/L 60 60 SW846 6010 09/11/96 

Please note that analytical results greater than the LOO but less than the LOQ are within a region of "Less-Certain Quantitation". 
Results greater than the LOQ are considered to be in the region of "Certain Quantitation". 

LOD = Limit of Detection 
DWB = Dry Weight Basis 

,, 
·,. 

LOQ = Limit of Quantitation 
NA= Not Applicable 

ND= Not Detected Date= Date Analysis Performed 
\DWB = (mg/kg DWB)/10000 

~R-~· 
Revewey: 

Authorized by: 
R. T. Krueger 
Laboratory Manager 
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NORTHERN LAKE SERVICE, INC. WIS. LAB CERT. NO. 721026460 

Analyllcal Laboratory and Environmental Services 
400 North Lake Avenue• Crandon, WI 54520 
Tel: (715)478-2777 Fax:(715)478-3060 

ANALYTICAL REPORT PAGE: 4 NLS PROJECT# 29376 

Client: Foth & Van Dyke Associates 
Attn: Russ Janeshek 
2737 S. Ridge Road 
PO Box 19012 
Green Bay, WI 54307 

Project Description: Flambeau Mining 
Project Title: 96F013 

Sample ID: FMC-4S x 1 NLS#: 114325 
Ref. Line 4 of COC 21866 Description: FMC-4S x 1 
Collected: 09/07/96 Received: 09/09/96 Reported : 09/26/96 Revised 

Para:meter Result 

Acidity, tot. as CaCO3 4400 

Units LOD LOQ Method Date 

mg/L 2.0 EPA 305.1 09/13/96 
Additional Comments: The method calls for an endpoint pH of 3.7 

or 8. 3 s. u. The actual endpoint used was 6.5 s.u., per client request . 
Cadmium, dis. as Cd 0.98 mg/L 0.039 0 . 14 SW846 6010 09/20/96 
Calcium, dis. as Ca 400 mg/L 3.0 3.0 SW846 6010 09/13/96 
Copper, dis. as Cu 1700 ~g/L 0.32 1.0 SW846 6010 09/12/96 
Iron, dis. as Fe ND mg/L 8.0 26 SW846 6010 09/13/96 
Lead, dis. as Pb by furnace AAS 21 ug/L 0.37 1. 3 SW846 7421 09/12/96 
Magnesium, dis. as Mg 97 mg/L 3.0 3.0 SW846 6010 09/13/96 
Manganese, dis. as Mn 16 mg/L 0.086 0.31 SW846 6010 09/12/96 
Mercu~, dis. as Hg ND ug/L 0.067 0.24 SW846 7470A 09/13/96 
pH, la 4. 3 9.U. 1. 0 SW846 9045 09/10/96 
Selenium, dis. as Se by furnace 31 ug/L 9.2 32 SW846 7740 09/12/96 
Sulfate, as SO4 (filtered) 3900 mg/L 2500 2500 SW846 9036 09/10/96 
Zinc, dis. as Zn 98 mg/L 1. 2 1. 2 SW846 6010 09/12/96 

Please note that analytical results greater than the LOD but less than the LOQ are within a region of "Less-Certain Quantitation" . 
Results greater than the LOQ are considered to be in the region of "Certain Quantitation". 

LOD = Limit of Detection 
DWB = Dry Weight Basis 

·-

LOQ = Limit of Quantitation 
NA= Not Applicable 

ND= Not Detected Date= Date Analysis Performed 
%DWB = (mg/kg DWB)/10000 

~ B.-~A,,-
Reviewed by: ~ 

Authorized by: 
R. T. Krueger 
Laboratory Manager 
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NORTHERN LAKE SERVICE, INC. 

Analytical Laboratory and Environmental Services 
400 North Lake Avenue - Crandon, WI 54520 
Tel:(715)478-2777 Fax:(715)478-3060 
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WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 5 NLS PROJECT# 29376 

Client: Foth & Van Dyke Associates 
Attn: Russ Janeshek 
2737 S. Ridge Road 
PO Box 19012 
Green Bay, WI 54307 

Project Description: Flambeau Mining 
Project Title: 96F013 

Sample ID: FMC-4S x 2 NLS#: 114326 
Ref. Line 5 of COC 21 866 Description: FMC-4S x 2 
Collected: 09/07 /96 Received: 09/09/96 Reported: 09/26/96 Revised 

Parameter Result 

Acidity, tot. as CaCO3 1800 

Units LOO LOQ Method Date 

mg/L 2.0 EPA 305.1 09/13/96 
Additional Comments: The method calls for an endpoint pH of 3.7 

or 8.3 s.u. The actual endpoint used was 6.5 s.u., per client request. 
Cadmium, dis. as Cd 0.36 mg/L 0.039 0.14 SW846 6010 09/20/96 
Calcium, dis. as Ca 210 mg/L 3.0 3.0 SW846 6010 09/13/96 
Copper, dis. as Cu 540 mg/L 0.32 1.0 SW846 6010 09/12/96 
Iron, dis. as Fe ND mg/L 0.079 0.26 SW846 6010 09/13/96 
Lead, dis. as Pb by furnace AAS 8.2 ug/L 0.37 1.3 SW846 7421 09/12/96 
Magnesium, dis. as Mg 35 mg/L 3.0 3.0 SW846 6010 09/13/96 

...,.Manganese, dis. as Mn 4.8 mg/L 0.086 0.31 SW846 6010 09/12/96 
w Mercury, dis. as Hg ND ug/L 0.067 0.24 SW846 7470A 09/13/96 

pH, lab 4.6 s . u. 1. 0 SW846 9045 09/10/96 
Selenium, dis. as Se by furnace ND ug/L 9.2 32 SW846 7740 09/12/96 
Sulfate, as SO4 (filtered) 1100 mg/L 250 250 SW846 9036 09/10/96 
Zinc, dis. as Zn 29 mg/L 1. 2 1. 2 SW846 6010 09/12/96 

Please note that analytical results greater than the LOO but less than the LOQ are within a region of "Less-Certain Quantitation". 
Results greater than the LOQ are considered to be in the region of "Certain Quantitation". 

LOD = Limit of Detection 
DWB = Dry Weight Basis 

\ 

LOQ = Limit of Quantitation 
NA= Not Applicable 

ND= Not Detected Date= Date Analysis Performed 
\DWB = (mg/kg DWB)/10000 

h~R-~ Authorized by: 
R. T. Krueger 
Laboratory Manager 

',~ -----·------------------------~--~-----------------'----'-~------------------- -------------~ 
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NORTHERN LAKE SERVICE, INC. WIS. LAB CERT. NO. 721026460 

Analytical Laboratory and Environmental Services 
400 Nor1h Lake Avenue - Crandon, WI S4520 
Tel:(715)478-2777 Fax:(715)478-3060 

ANALYTICAL REPORT PAGJ!:: 6 NLS PROJECT# 29376 

Client: Foth & Van Dyke Associates 
Attn: Russ Janeshek 
2737 S. Ridge Road 
PO Box 19012 
Green Bay, WI 54307 

Project Description: Flambeau Mining 
Project Title: 96F013 

Sample ID: FMC-4S x 3 NLS#: 114327 
Ref. line 6 of COC 21866 Description: FMC-4S x 3 
Collected: 09/09/96 Received: 09/09/96 Reported: 09/26/96 Revised 

Parameter Result 

Acidity, tot. as CaCO3 390 

Units LOD LOQ Method Date 

mg/L 2 . 0 EPA 305 . 1 09/13/96 
Additional Co!ITlllents: The method calls for an endpoint pH of 3.7 

or 8.3 s.u. The actual endpoint used was 6.5 s.u., per client request. 
Cadmium, dis. as Cd by ICP 100 ug/L 1.2 3.8 SW846 6010 09/11/96 
Calcium, dis. as Ca by ICP 59 mg/L 3.0 3.0 SW846 6010 09/11/96 
Copper, dis . as Cu by ICP 170000 ug/L 54 190 SW846 6010 09/11/96 
Iron, dis. as Fe by ICP ND mg/L 0.010 0.035 SW846 6010 09/11/96 
Lead, dis. as Pb by ICP ND ug/L 15 52 SW846 6010 09/11/96 
Magnesium, dis. as Mg by ICP ND mg/L 3.0 3 . 0 SW846 6010 09/11/96 

f--' Manganese, dis . as Mn by ICP 1600 ug/L 1.8 6.1 SW846 6010 09/11/96 
.c,. Mercury, dis. as Hg ND ug/L 0.067 0.24 SW846 7470A 09/13/96 

pH, lab 4. 8 s . u. 1.0 SW846 9045 09/10/96 
Selenium, dis. as Se by furnace ND ug/L 9.2 32 SW846 7740 09/1 2 /96 
Sulfate, as SO4 (filtered) 310 mg/L 250 250 SW846 9036 09/10/96 
Zinc, dis. as Zn by ICP 9000 ug/L 120 120 SW846 6010 09/11/96 

Please note that analytical results greater than the LOD but less than the LOQ are within a region of "Less-Certain Quantitation" . 
Results greater than the LOQ are considered to be in the region of "Certain Quantitation". 

LOD = Limit of Detection 
DWB = Dry Weight Basis 

' 

LOQ = Limit of Quantitation 
NA= Not Applicable 

ND= Not Detected Date 
\DWB = (mg/kg DWB)/10000 

~f<.-~ 
Reviewed by : 

= Date Analysis Performed 

Authorized by: 
R. T. Krueger 
Laboratory Manager 

_/ 
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NORTHERN LAKE SERVICE, INC. 

Analytical Laboratory and Environmental Services 
400 North Lake Avenue• Crandon, WI 54520 
Tel:(715)478-2777 Fax:(715)478-3060 
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WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 7 NLS PROJECT# 29376 

Client: Foth & Van Dyke Associates 
Attn: Russ Janeshek 
2737 S. Ridge Road 
PO Box 19012 
Green Bay, WI 54307 

Project Description: Flambeau Mining 
Project Title: 96F013 

Sample ID: FMC-15S x 1 NLS#: 114328 
Ref. Line 7 of COC 21 866 Description: FMC-15S x 1 
Collected: 09/07/96 Received: 09/09/96 Reported: 09/26/96 Revised 

Parameter Result Units LOD LOQ Method 

Acidity, tot. as CaCO3 >8000 mg/L 2.0 EPA 305.1 
Additional COI11111ents: The method calls for an endpoint pH of 3.7 

or 8.3 s.u. The attainable endpoint was 3.7 s.u. due to excessive 
precipitate formation. 

Cadmium, dis. as Cd 0.23 mg/L 0.036 0 . 13 SW846 6010 
Calcium, dis. as Ca 140 mg/L 3.0 3. 0 SW846 6010 
Copper, dis. as CU 1200 mg/L 0.22 0.79 SWB46 6010 
Iron, dis. as Fe 1800 mg/L 0.17 0.57 SW846 6010 
Lead, dis . as Pb by furnace AAS 10 ug/L 0.78 2.6 SW846 7421 

....., Magnesium, dis . as Mg 59 mg/L 3.0 3.0 SW846 6010 
u, Manganese, dis. as Mn 7.7 mg/L 0.13 0 . 44 SW846 6010 

Date 

09/13/96 

09/20/96 
09/13/96 
09/12/96 
09/13/96 
09/12/96 
09/13/96 
09/12/96 

Mercu~, dis. as Hg ND ug/L 0.067 0.24 SW846 7470A 09/13/96 
pH, la 2.4 s.u. 1.0 SW846 9045 09/10/96 
Selenium, dis. as Se by furnace 130 ug/L 7.5 25 SW846 7740 09/12/96 
Sulfate, as SO4 (filtered) 7300 mg/L 2500 2500 SW846 9036 09/10/96 
Zinc, dis. as Zn 18 mg/L 1. 2 1. 2 SW846 6010 09/12/96 
Metals digestion - dissolved ICP yes SW846 3005 09/11/96 
Metals digestion - dissolved Furnace yes SW846 3005 09/11/96 

Please note that analytical results greater than the LOD but less than the LOQ are within a region of "Less-Certain Quantitation". 
Results greater than the LOQ are considered to be in the region of "Certain Quantitation". 

LOD = Limit of Detection 
DWB = Dry Weight Basis 

LOQ = Limit of Quantitation 
NA= Not Applicable 

ND= Not Detected Date= Date Analysis Performed 
\DWB = (mg/kg DWB)/10000 

At~A-~ 
Reviewed by: 

Authorized by: 
R . T. Krueger 
Laboratory Manager 
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NORTHERN LAKE SERVICE, INC. 

Analytical Laboratory and Environmental Services 
400 North Lake Avenue - Crandon, WI 54520 
Tel:(715)478-2777 Fax:(715)478-3060 
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WIS. LAB CERT. NO. 721026460 

ANALYTICAL REPORT PAGE: 8 NLS PROJECT# 29376 

Client: Foth & Van Dyke Associates 
Attn: Russ Janeshek 
2737 S. Ridge Road 
PO Box 19012 
Green Bay, WI 54307 

Project Description: Flambeau Mining 
Project Title: 96F013 

Sample ID: FMC-15S x 2 NLS#: 114329 
Ref. Line 8 of COC 21866 Description: FMC-15S x 2 
Collected: 09/08/96 Received: 09/09/96 Reported: 09/26/96 Revised 

Parameter Result Units LOtl ~ Method 

Acidity, tot. as CaC03 >4300 mg/L 2.0 EPA 305.1 
Additional Comments: The method calls for an endpoint pH of 3.7 

or 8.3 s.u. The attainable endpoint was 3.7 s.u. due to excessive 
precipitate formation. 

Cadmium, dis. as Cd 0.090 mg/L 0.036 0 .13 SW846 6010 
Calcium, dis. as Ca 96 mg/L 3.0 3.0 SW846 6010 
Copper, dis. as Cu 730 mg/L 0.22 0.79 SWB46 6010 
Iron, dis. as Fe 950 mg/L 0.17 0.57 SW846 6010 
Lead, dis. as Pb by furnace AAS 4.1 ug/L 0.78 2.6 SW846 7421 
Magnesium, dis. as Mg 34 mg/L 3.0 3.0 SW846 6010 

as Mn 4.6 0 . 13 0.44 SWB46 6010 

Date 

09/13/96 

09/20/96 
09/13/96 
09/12/96 
09/13/96 
09/12/96 
09/13/96 
09/12/96 Manganese, dis. mg/L 

Mercury, dis. as Hg ND ug/L 0 . 067 0.24 SW846 7470A 09/13/96 
pH, lab 2.5 s.u. 1.0 SWB46 9045 09/10/96 
Selenium, dis. as Se by furnace 57 ug/L 7.5 25 SWB46 7740 09/12/96 
Sulfate, as S04 (filtered) 3200 mg/L 250 250 SW846 9036 09/10/96 
Zinc, dis. as Zn 10 mg/L 1. 2 1. 2 SW846 6010 09/12/96 
Metals digestion - dissolved ICP yes SWB46 3005 09/11/96 
Metals digestion - dissolved Furnace yes SW846 3005 09/11/96 

Please note that analytical results greater than the LOD but less than the LOQ are within a region of "Less-Certain Quantitation". 
Results greater than the LOQ are considered to be in the region of "Certain Quantitation". 

LOO= Limit of Detection 
DWB = Dry Weight Basis 

LOQ = Limit of Quantitation 
NA= Not Applicable 

ND= Not Detected Date= Date Analysis Performed 
\DWB = (mg/kg DWB)/10000 

~ A.~· 
Reviewed by: 

Authorized by: 
R. T. Krueger 
Laboratory Manager 

--------- - - -·····-----·----- - --------- - - - - ----------------------------- - ------------------------------
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NORTHERN LAKE SERVICE, INC. 

Analytical Laboratory and Environmental Services 
400 North Lake Avenue - Crandon, WI 54520 
Tel:(715)478-2777 Fax:(715)478-3060 

ANALYTICAL REPORT 
Client: Foth & Van Dyke Associates 

Attn: Russ Janeshek 
2737 S. Ridge Road 
PO Box 19012 
Green Bay, WI 54307 

Project Description: Flambeau Mining 
Project Title: 96F013 

Sample ID: FMC-15S x 3 NLS#: 114330 
Ref. Line 9 of COC 21866 Description: FMC-15S x 3 
Collected: 09/09/96 Received: 09/09/96 Reported: 09/26/96 Revised 

Parll!Jleter 

Acidity, tot . as CaC03 

Result 

>1600 mg/L 

Units 

WIS. LAB CERT. NO. 721026460 

PAGE: 9 NLS PROJECT# 29376 

LOD LOQ Method 

2.0 EPA 305.1 

Date 

09/13/96 
Additional 

or 8. 3 s .u. 
precipitate 
ND 

C0111111enta: The method calls for an endpoint pH of 3.7 
The attainable endpoint was 3 . 7 s.u. due to excessive 

Cadmium, dis . as Cd by ICP 
Calcium, dis. as Ca by ICP 
Copper, dis. as Cu by ICP 
Iron, dis. as Fe by ICP 
Lead, dis. as Pb by ICP 
Magnesium, dis. as Mg by ICP 
Manganese, dis. as Mn by ICP 
Mercury, dis. as Hg 
pH, lab 
Selenium, dis. as Se by furnace 
Sulfate, as S04 (filtered) 
Zinc, dis. as Zn by ICP 

36 
270000 
280 
ND 
12 
1800 
ND 
2.6 
19 
550 
3100 

formation. 
ug/L 
mg/L 
ug/L 
mg/L 
ug/L 
mg/L 
ug/L 
ug/L 
s.u. 
ug/L 
mg/L 
ug/L 

Please note that analytical results greater than the LOD but less than the LOQ are within a 
Results greater than the LOQ are considered to be in the region of "Certain Quantitation" . 

1.2 3.8 SW846 6010 09/11/96 
3.0 3.0 SW846 6010 09/11/96 
54 i90 SW846 6010 09/11/96 
0.010 0 . 035 SW846 6010 09/11/96 
15 52 SW846 6010 09 /11/96 
3.0 3.0 SWB46 6010 09/11/96 
1.8 6.1 SW846 6010 09/11/96 
0.067 0.24 SWB46 7470A 09/13/96 
1.0 SW846 9045 09/10/96 
9.2 32 SWB46 7740 09/12/96 
250 250 SWB46 9036 09/10/96 
120 120 SW846 6010 09/11/96 

region of "Less-Certain Quantitation". 

LOO= Limit of Detection 
DWB = Dry Weight Bas is 

LOQ = Limit of Quantitation 
NA= Not Applica ble 

ND= Not Detected Date= Date Analysis Performed 
%DWB = (mg/kg DWB)/10000 

-~~R,~ 
Reviewed by: 

Authorized by: 
R. T. Krueger 
Laboratory Manager 

\ 

_________________________________________________________________ _ / 
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Appendix D Table 7. Flambeau Limestone Alkali Availablity Test 

Great Lakes Limestone, 40-100 (Sample wt. = 25.00 g) 

0.387 N Sulfuric pH 0.387 N Sulfuric pH 
Acid (su) Acid (su) 

Added (ml) Added (ml) · 

330 7.86 890 7.99 

370 7.81 950 7.90 

410 7.80 1010 7.92 

450 7.81 1050 7.89 

490 7.85 1100 7.90 

530 7.89 1140 7.85 

570 7.90 1200 7.65 

610 7.88 1220 7.39 

650 7.85 1230 7.09 

690 7.89 1240 6.74 

730 7.90 1250 6.41 

770 7.88 1260 5.88 

810 7.98 1270 4.63 

850 7.97 1280 2.57 

Standardization of acid performed in triplicate. 

18 
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Appendix D Figure 1. Presentation of a Portion of the Flambeau Alkali Availability Test Data 
for Great Lakes Limestone 40-100. 
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Appendix D Table 8. Flambeau Stockpiled Type II Material Confirmation Test Data 

Sample No. 15-3 Test A (Sample wt. = 500.02 g <¼• fraction waste rock + 11.56 g limestone) 

Extractions Conducted Under Anoxlc Conditions, Maintained by Sparglng with Argon Gas 

Sample Run Time Leachate DI Water pH Conductivity T 
(hrs) Extracted Added (su) (µS/cm @ 25°C) (°C) 

(ml) (ml) 

Start 0 0 4,000 - - -
1 2 234 0 2.71 1,580 19.6 

2 7 250 0 3.23 1,640 19.8 

3 22 248 0 4.14 1,680 20.2 

4 51 256 0 5.94 1,930 20.8 

5 72 244 0 6.22 2,010 19.9 

6 102 273 0 6.80 2,060 20.8 

Eh 
(mv) 

-
+282 

+2n 

+170 

+136 

+61 

+157 

7 449 384 0 7.51 2,180 20.9 +41.6 

• 
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Parameter 

Lab pH 

Alkalinity 

Calcium 

Magnesium 

Acidity 

Iron 

Sulfate 

Cadmium 

Copper 

Lead 

Manganese 

Mercury 

Selenium . 

Zinc 

-
Appendix D Table 9. Flambeau Stockpiled Type II Material Confirmation Test 

Analytical Data Summary 

Sample No. 15-3 T~st A (Sample wt. = 500.02 g <1/•• fraction waste rock+ 11.56 g limestone) 

Extractions Conducted Under Anoxic Conditions, Maintained by Sparglng with Argon Gas 

Sample Sample Sample Sample Sample Sample 
1 2 3 4 5 6 

3,9 4.1 4.9 5,7 6.3 6.8 

- -- - - - 19 

170 190 270 440 520 540 

12 13 10 7.2 12 13 

350 500 590 340 78 -
18 5.7 0.20 0.19 0.13 0.16 

290 500 350 780 880 720 

<0.039 <0.039 <0.039 <0.039 <0.039 <0.039 

130 150 120 52 19 2.3 

0.0098 0.0025 0.0023 <0.0019 <0.0019 0.11 

1.4 1.5 1.5 1.4 1.6 1.7 

<0.00027 <0.00027 <0.00027 <0.00027 <0.00027 <0.00027 

0.17 0.12 0.046 <0.0092 <0.0092 <0.0092 

3.2 3.4 3.0 2.4 2.3 1.4 

--
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Appendix D Table 10. Flambeau Stockpiled Type II Material Confirmation Test Data 

Sample No. 15-3 Test B (Sample wt.= 500.03 g <¼• fraction waste rock+ 11.00 g limestone) 

Extractions Conducted Under Anoxlc Conditions, Maintained by Sparglng with Argon Gas 

Sample Run Time Leachate DI Water pH Conductivity T 
(hrs) Extracted Added (su) (µS/cm@ 25°C) (°C) 

(ml) (ml) 

Start 0 0 4,000 - - -
1" 102 239 0 5.64 1,320 20.8 

2 123 236 0 7.18 7,910 20.9 

3 144 259 0 7.40 8,270 22.3 

Eh 
(mv) 

-
+180 

+3.5 

+1.3 

4 449 405 0 7.85 8,410 20.4 +33.6 

" Following extraction no. 1, 22.70 g of Nc¾S20 3 were added to the tank, thereby creating 
anoxic reducing conditions in the tank which were maintained for the remainder of the test. 
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Appendix D Table 11. Flambeau Stockpiled Type II Material Confirmation Test 

Analytical Data Summary 

----
Sample No. 15-3 Test B (Sample wt. = 500.03 g <¼• fraction waste rock + .11.00 g llmestone) 

Extractions Initially Conducted Under Anoxlc Conditions, Maintained by Sparglng with Argon Gas, 
Followed by Anoxlc Reducing Conditions 

Parameter Sample Sample Sample 
1 2 3 

Lab pH 5.8 8.4 7.7 

Alkalinity - 74 60 

Calcium 440 440 450 

Magnesium 11 6.4 11 

Acidity 280 - -
Iron 0.22 <0.17 0.62 

Sulfate 650 1,800 2,300 

Cadmium <0.039 <0.036 <0.036 

Copper 120 140 170 

Lead 1.2 <0.0039 <0.0039 

Manganese 1.5 1.0 0.82 

Mercury 0.00052 - --
Selenium <0.0092 <0.075 <0.075 

Zinc 10 0.72 0 .74 
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Appendix D Table 12. Flambeau Stockpiled Type II Material Confirmation Test Data 

Sample No. 16-1 Test A (Sample wt. = 499.99 g <1/•• fraction waste rock + 2.90 g limestone) 

Extractions Conducted Under Anoxlc Conditions, Maintained by Sparglng with Argon Gas 

Sample Run Time Leachate DI Water pH Conductivity T 
(hrs) Extracted Added (su) (µS/cm @ 25°0) (°C) 

(ml) (ml) 

Start 0 0 4,000 -- - -
1 2 266 0 6.58 280 19.6 

2 7 254 0 6.20 287 19.8 

3 22 241 0 6.66 332 20.1 

4 51 279 0 7.47 371 20.8 

5 72 248 0 7.74 404 19.8 

6 102 274 0 7.82 414 20.5 

7 449 387 0 8.13 435 20.4 

Eh 
(mv) 

-
+177 

+196 

+111 

+114 

+33 

+100 

+15.2 



IV 
V1 

Parameter 

Lab pH 

Alkalinity 

Calcium 

Magnesium 

Acidity 

Iron 

Sulfate 

Cadmium 

Copper 

Lead 

Manganese 

Mercury 

Selenium 

Zinc 

•••---

Appendix D Table 13. Flambeau Stockpiled Type II Material Confirmation Teat 

Analytical Data Summary 

Sample No. 16-1 Test A (Sample wt. = 500.03 g <¼• fraction waste rock + 2.90 g llmestone) 

Extractions Conducted Under Anoxlc Conditions, Maintained by Sparglng with Argon Gas 

Sample Sample Sample Sample Sample Sample 
1 2 3 4 5 6 

6.4 6.5 7.1 7.0 7.2 7.3 

- - 11 26 28 32 

24 30 51 64 69 69 

5.4 4.8 4.8 <3.0 <3.0 3.1 

36 34 - -- - -
<0.079 <0.079 <0.079 <0.079 <0.079 <0.079 

72 75 92 92 95 110 

<0.039 <0.039 <0.039 <0.039 <0.039 <0.039 

28 23 44 0.45 0.32 0.086 

0.0018 0.00064 <0.00037 <0.0019 <0.0019 0.021 

1.5 1.5 1.5 1.7 1.3 1.0 

<0.00027 <0.00027 <0.00027 <0.00027 <0.00027 <0.00027 

<0.0092 <0.0092 <0.0092 <0.0092 <0.0092 <0.0092 

0.43 0.41 0.27 <0.12 <0.12 0.80 
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Appendix D Table 14. Flambeau Stockpiled Type II Materlala Confirmation Test Data 

Sample No. 16-1 Teat B (Sample wt. = 500.03 g <Y,• fraction waste rock + 2.90 g llmeatone) 

Extractions Conducted Under Anoxlc Conditions, Maintained by Sparglng with Argon Gas 

Sample 

Start 

1" 

2 

3 

4 

Run Time Leachate DI Water pH Conductivity T 
(hrs) Extracted Added (su) (µ$/cm @ 25°C) (°C) 

(ml) (ml) 

0 0 4,000 - - -
102 240 0 7.47 418 20.5 

123 264 0 9.13 7,070 20.8 

144 264 0 9.08 7,420 22.3 

449 407 0 8.13 7,640 20.4 

" Following extraction no. 1, 22.70 g of N8:2S20 3 were added to the tank, thereby creating 
anoxic reducing conditions in the tank which were maintained for the remainder of the test. 

,- .. -

Eh 
(mv) 

-
+97 

-7.6 

-36.9 

+23.1 
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Appendix D Table 15. Flambeau Stockplled Type II Materlal Confirmation Test 

Analytical Data Summary 

Sample No. 16-1 Test B (Sample wt. == 499.99 g <Ye• fraction waste rock + 2.90 g limestone) 

Extractions lnltlally Conducted Under Anoxlc Conditions, Maintained by Sparglng with Argon Gas, 
Followed by Anoxlc Reducing Conditions 

Parameter Sample Sample Sample 
1 2 3 

Lab pH 7.1 9.0 8.8 

Alkalinity 46 56 44 

Calcium 73 35 55 

Magnesium <3.0 <3.0 3.6 

Acidity - -- -
Iron <0.079 <0.17 0.21 

Sulfate 120 1,400 1,100 

Cadmium <0.039 <0.036 <0.036 

Copper 0.59 26 48 

Lead 0.047 <0.0039 <0.0039 

Manganese 1.5 0.014 0.013 

Mercury <0.00027 -- --
Selenium <0.0092 -- --

Zinc 1.6 <0.12 0.21 
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NORTHERN LAKE SERVICE, INC. 
Analytical Laboratory and Environmental Services 

400 North Lake Avenue. Crandon, WI 54520 

Tel: (715) 478-2777 • Fax: (715) 478-3060 

October 7, 1996 

Russell Janeshek 
Foth & Van Dyke 
2737 S. Ridge Road 
Green Bay, WI 54307 

Re: Flambeau Mining Company, Scope 96F013, NLS Projects 29675 and 29683 

Dear Mr. Janeshek: 

Enclosed are the final analytical reports for the samples received on September 20 and 23, 1996. 
The results were submitted to you via FAX transmissions as they became available. 

The assignment of an alkalinity or acidity test to each sample was done at Northern Lake Service 
(NLS) using a pH of 6.5 as the decision point. For a pH of less than or equal to 6.5, the acidity 
test was assigned to the sample. For a pH of greater than 6.5, the alkalinity test was assigned to 
the sample. The intention was to titrate to 6.5 for the alkalinity and acidity tests. The titration 
was performed to a pH of 6.5 for the acidity test, but titration for the alkalinity tests was 
conducted as per the method (i.e., to a range of 4.3 - 4.7, with a goal of 4.5). The net effect may 
be a slight high bias on the alkalinity results. The term "slight" is used because the movement of 
the pH from near neutral (i.e., pH of 6.5) to the method pH (i.e., 4 .5) is usually quick. It usually 
takes a small amount of acid for this change to occur. Given sufficient sample volume, the test 
could be redone to a pH of 6.5. However, the amount of time which has elapsed from sample 
collection could be a significant variable considering the relatively low numbers reported for 
alkalinity . 

The sample volume available for the testing at NLS was limited. For some tests, quality control 
(QC) samples could not be generated using the actual sample matrix. QC samples were 
generated using a control matrix. The limited volume available for the metals analysis of four 
samples necessitated shortening the list of metals. Mercury analysis was deleted from the 
requested list of metals as discussed in the September 24, 1996, meeting at Foth & Van Dyke. 
The affected samples are -

FMC-15SXB-l 23 
FMC-16SXB-123 

FMC-15SXB-144 
FMC-16SXB-144 

28 
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Some parameters have limits of detection (LOD) higher than those listed in the quote. The 
LODs are raised to reflect dilution steps required to bring target analyte levels within the 
instrument calibration range and/or to reduce the effect of matrix interferences. 

Four samples required an acid digestion prior to metals analysis. The samples were turbid and 
colored. A dissolved digestion was performed for these samples. The affected samples are-

FMC-15SXB-123 
FMC-16SXB-123 

FMC-15SXB-144 
FMC-16SXB-144 

If you have any questions or require additional information, please feel free to contact me at 
(715) 478-2777. 

Sincerely, 

~""R-~ 
Steven R. Crupi 
Client Services Manager 

Enclosures 

29 
...__ ___ ___ NORTHERN LAKE SERVICE, INC. Analytical laboratory and environmental services ------ --
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NORTHERN LAKE SERVICE, INC. WIS. LAB CERT. NO. 721026460 

Analytlcal Laboratory and Environmental Services 
400 North Lake Avenue• Crandon , WI 54520 
T cl:(715)478-2777 fa,c:(715)478-3060 

ANALYTICAL REPORT PAGE: 1 NLS PROJECT# 29675 

Client: Foth & Van Dyke Associates 
Attn: Russ Janeshek 
2737 S. Ridge Road 
PO Box 19012 
Green Bay, WI 54307 

Project Description: Flambeau Mining 
Project Title: 96F013 

Sample ID: FMC-15SxA-51 NLS#: 115815 
Ref. Line 1 of COC 22175 Description: FMC-15SxA-51 
Collected: 09/16/96 Received : 09/20/96 Reported: 10/07/96 

Parameter 

Acidity, tot . as CaCO3 

Result 

340 

Units LOD LOQ Method Date 

mg/L 2.0 EPA 305.1 09/23/96 
Additional Colltlllents: Method rerires an end point pH of 3.7 or 

8.3 s.u. Client reqeusted an en point pH of 6.5 s.u. 
Cadmium, dis. as Cd 
Calcium, dis. as Ca 
Chloride, as Cl (filtered) 
Copper, dis. as Cu 
Iron, dis. as Fe 

~ Lead, dis. as Pb by furnace AAS 
Magnesium, dis. as Mg 
Manganese, dis. as Mn 
Mercury, dis. as Hg 
pH, lab 
Selenium, dis. as Se by furnace 
Sulfate, as SO4 (filtered) 
Zinc, dis. as Zn 

ND 
440 
3.2 
52 
0.19 
ND 
7.2 
1.4 
ND 
5.7 
ND 
780 
2.4 

mg/L 0.039 0.14 SW846 6010 09/27/96 
mg/L 3.0 3.0 SW846 6010 09/27/96 
mg/L 0.36 1.3 SW846 9251 09/24/96 
mg/L 0.032 0.10 SW846 6010 09/27/96 
mg/L 0.079 0 . 26 SW846 6010 09/27/96 
ug/L 1.9 6.4 SW846 7421 09/27/96 
mg/L 3 . 0 3.0 SW846 6010 09/27/96 
mg/L 0 . 0086 0.031 SW846 6010 09/27/96 
ug/L 0.27 0.95 SW846 7470A 09/27/96 
s.u. 1.0 SWB46 9045 09/20/96 
ug/L 9.2 32 SW846 7740 09/25/96 
mg/L 250 250 SW846 9036 09/25/96 
mg/L 0 . 12 0.12 SWB46 6010 09/27 /96 

Please note that analytical results greater than the LOD but less than the LOQ are within a region of "Less-Certain Quantitation". 
Results greater than the LOQ are considered to be in the region of "Certain Quantitation". 

LOD = Limit of Detection 
DWB = Dry Weight Basis 

LOQ = Limit of Quantitation 
NA= Not Applicable 

ND= Not Detected 
%DWB = (mg/kg DWB)/10000 

~a& 
Reviewed by: 

Date= Date Analysis Performed 

Authorized by: 

R. T. Krueger 
Laboratory Manager 

\ 
I 

I 
I 

\ 
I 

I 
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NORTHERN LAKE SERVICE, INC. 

Annlytical L:iborntory and Envlronmcnlal Services 
400 North Lake Avenue - Cr:imlon, WI 54520 
Tcl :(7 J ~) 173-2777 F:i~ :(715)178-.1060 

ANALYTICAL REPORT 

Client: Foth & Van Dyke Associates 
Attn: Russ Janeshek 
2737 S. Ridge Road 
PO Box 19012 
Green Bay, WI 54307 

Project Description: Flambeau Mining 
Project Title: 96F013 

Sample ID: FMC-16SXA-51 NLS#: 
Ref. Line 2 of COC 22175 Description: FMC-16SXA-51 

115816 

Collected: 09/16/96 Received: 09/20/96 Reported: 10/07/96 

Parameter 

Alkalinity, tot. as CaC03 
Cadmium, dis . as Cd 

(filtered) 

Calcium, dis. as Ca 
Chloride, as Cl (filtered) 
Copper, dis. as Cu 
Iron, dis. as Fe 
Lead, dis. as Pb by furnace MS 
Magnesium, dis . as Mg 
Manganese, dis. as Mn 

~ Mercu~, dis . as Hg 
pH, la 
Selenium, dis. as Se by furnace 
Sulfate, as S04 (filtered) 
Zinc, dis . as Zn 

Result 

26 
ND 
64 
33 
0.45 
ND 
ND 
ND 
1. 7 
ND 
7.0 
ND 
92 
ND 

Uni ts -

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
ug/L 
mg/L 
mg/L 
ug/L 
s.u . 
ug/L 
mg/L 
mg/L 

WIS. LAB CERT. NO. 721026460 

PAGE: 2 NLS PROJECT# 29675 

LOD LOQ Method Date 

3. 0 11 EPA 310 . l 09/25/96 
0.039 0 .14 SW846 6010 09/27 /96 
3.0 3.0 SW846 6010 09/27/96 
0 . 36 1. 3 SW846 9251 09/24/96 
0 . 032 0 . 10 SW846 6010 09/27 /96 
0.079 0.26 SW846 6010 09/27/96 
1.9 6.4 SW846 7421 09/27/96 
3.0 3 . 0 SW846 6010 09/27/96 
0.0086 0.031 SW846 6010 09/27/96 
0.27 0.95 SW846 7470A 09/27/96 
1.0 SW846 9045 09/20/96 
9.2 32 SW846 7740 09/25/96 
25 25 SW846 9036 09/25/96 
0.12 0.12 SW846 6010 09/27/96 

Please note that analytical results greater than the LOD but less than the LOQ are within a region of "Less-Certain Quantitation" . 
Results greater than the LOQ are considered to be in the region of "Certain Quantitation" . 

LOD = Limit of Detection 
DWB c Dry Weight Basis 

' 
' 

LOQ = Limit of Quantitation 
NA= Not Applicable 

ND~ Not Detected 
%DW8 = (mg/kg DWB)/10000 

~&;& 
Reviewed by: 

Date= Date Analysis Performed 

Authorized by: 

R. T. Krueger 
Laboratory Manager 

I 
I 

I 
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NORTHERN LAKE SERVICE, INC. WIS. LAB CERT. NO. 721026460 
Analytical Laboratory and Environmental Scniccs 
400 Norlh Lake A,·rnue - Cramlon, \VI 54520 
Td:(715)478-2777 Fax:(715)-171!-3060 

ANALYTICAL REPORT PAGE: 3 NLS PROJECT# 29675 

Client: Foth & Van Dyke Associates 
Attn: Russ Janeshek 
2737 S. Ridge Road 
PO Box 19012 
Green Bay, WI 54307 

Project Description: Flambeau Mining 
Project Title: 96F013 

Sample ID: FMC-15SXA-72 NLS#: 115817 
Ref. Line 3 of COC 22175 Description: FMC-15SXA-72 
Collected : 09/17 /96 Received: 09/20/96 Reported: 10/07 /96 

Parameter 

Acidity, tot. as CaCO3 

Result 

78 

Units LOD LOQ Method Date 

mg/L 2.0 EPA 305 . 1 09/23/96 
Additional Comments: Method requires an end point pH of 3.7 or 

8 . 3 s.u. Client reqeusted an end point pH of 6.5 s.u. 
Cadmium, dis. as Cd ND mg/L 0.039 0.14 SW846 6010 09/27/96 
Calcium, dis. as Ca 520 mg/L 3.0 3 . 0 SW846 6010 09/27/96 
Chloride, as Cl ( filtered) 3.0 mg/L 0.36 1.3 SW846 9251 09/24/96 
Copper, dis. as Cu 19 mg/L 0.032 0.10 SW846 6010 09/27 /96 
Iron, dis. as Fe 0 .13 mg/L 0.079 0.26 SW846 6010 09/27/96 
rJead, dis. as Pb by furnace AAS ND ug/L 1.9 6 . 4 SW846 7421 09/27 /96 
Magnesium, dis. as Mg 12 mg/L 3.0 3 . 0 SW846 6010 09/27/96 
Manganese, dis. as Mn 1. 6 mg/L 0 . 0086 0.031 SW846 6010 09/27 /96 
Mercu~, dis . as Hg ND ug/L 0.27 0.95 SW846 7470A 09/27/96 
pH, la 6.3 s.u. 1. 0 SW846 9045 09/20/96 
Selenium, dis . as Se by furnace ND ug/L 9.2 32 SW846 7740 09/25/96 
Sulfate, as SO4 (filtered) 880 mg/L 250 250 SW846 9036 09/25/96 
Zinc, dis. as Zn 2.3 mg/L 0.12 0.12 SW846 6010 09/27 /96 

Please note that analytical results greater than the LOO but less than the LOQ are within a region of "Less-Certain Quantitation". 
Results greater than the LOQ are considered to be in the region of "Certain Quantitation". 

LOO= Limit of Detection 
DWB = Dry Weight Basis 

'-

LOQ = Limit of Quantitation 
NA= Not Applicable 

ND= Not Detected 
%DWB = (mg/kg DWB)/10000 

~bl~~ 
Reviewed by: 

Date= Date Analysis Performed 

Authorized by: 

R. T. Krueger 
Laboratory Manager 

\ 
I 

I 
\ 
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NORTHERN LAKE SERVICE, INC. 

i\n~lylical Laboratory nnd Environmental Services 
400 Norlh Lake Avenue - Cr~ndon, WI 54520 
Td:(715)478-2777 F:u::(715)4711-3060 

ANALYTICAL REPORT 
Client: Foth & Van Dyke Associates 

Attn: Russ Janeshek 
2737 S. Ridge Road 
PO Box 19012 
Green Bay, WI 54307 

Project Description: Flambeau Mining 
Project Title: 96F013 

Sample ID: FMC-16SXA-72 NLS#: 
Ref. Line 4 of COC 22175 Description: FMC-16SXA-72 

115818 

• -::ollected: 09/17/96 Received: 09/20/96 Reported: 10/07/96 

Parameter 

Alkalinity, tot. as CaCO3 (filtered) 
Cadmium, dis. as Cd 
Calcium, dis. as Ca 
Chloride, as Cl (filtered) 
Copper, dis. as Cu 
Iron, dis. as Fe 
Lead, dis. as Pb by furnace AAS 
Magnesium, dis. as Mg 

wManganese, dis. as Mn 
wMercury, dis. as Hg 

pH, lab 
Selenium, dis. as Se by furnace 
Sulfate, as SO'1 ( filtered) 
Zinc, dis. as Zn 

Result 

28 
ND 
69 
0. 96 
0.32 
ND 
ND 
ND 
1.3 
ND 
7.2 
ND 
95 
ND 

Units 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
ug/L 
mg/L 
mg/L 
ug/L 
s.u. 
ug/L 
mg/L 
mg/L 

WIS. Li\Il CERT. NO. 721026460 

PAGE: 4 NLS PROJECT# 29675 

LOD LOQ Method Date 

3.0 11 EPA 310.1 09/25/96 
0.039 0.14 SW846 6010 09/27 /96 
3.0 3.0 SW846 6010 09/27/96 
0 . 36 1. 3 SW846 9251 09/24/96 
0.032 0.10 SW846 6010 09/27/96 
0.079 0.26 SW846 6010 09/27/96 
1.9 6.4 SW846 7421 09/27 /96 
3.0 3.0 SW846 6010 09/27/96 
0.0086 0.031 SW846 6010 09/27/96 
0.27 0.95 SW846 7470A 09/27/96 
1.0 SW846 9045 09/20/96 
9.2 32 SW846 7740 09/25/96 
25 25 SW846 9036 09/25/96 
0.12 0.12 SW846 6010 09/27/96 

Please note that analytical results greater than the LOO but less than the LOQ are within a region of "Less-Certain Quantitation". 
Results greater than the LOQ are considered to be in the region of ''Certain Quantitation". 

LOD = Limit of Detection 
DWB = Dry Weight Basis 

', 

LOQ = Limit of Quantitation 
NA= Not Applicable 

ND= Not Detected 
%DWB = (mg/kg DWB)/10000 

Reviewed by: 

Date= Date Analysis Performed 

Authorized by: 

R. T . Krueger 
Laboratory Manager 
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NORTHERN LAKE SERVICE, INC . 

/\n:llylical L.1boratory Rnd Environmental Services 
400 North Lnke Avenue - Cr~ndon, WI 54520 
Td:(715)478-2777 Fa:ot:(715)478-3060 

ANALYTICAL REPORT 

Client: Foth & Van Dyke Associates 
Attn: Russ Janeshek 
2737 S. Ridge Road 
PO Box 19012 
Green Bay, WI 54307 

Project Description: Flambeau Mining 
Project Title: 96F013 

Sample ID: FMC-15SXA-102 NLS#: 
Ref. Line 5 of COC 22175 Description: FMC-15SXA-102 

115819 

Collected : 09/18/96 Received: 09/20/96 Reported : 10/07 /96 

Parameter 

Alkalinity, tot . as CaC03 (filtered) 
Cadmium, dis. as Cd 
Calcium, dis. as Ca 
Chloride, as Cl (filtered) 
Copper, dis. as Cu 
Iron, dis. as Fe 

· Lead, dis . as Pb by furnace AAS 
Magnesium, dis. as Mg 
Manganese, dis. as Mn 

w Mercury, dis . as Hg 
.i,. pH, lab 

Selenium, dis. as Se b y furnace 
Sulfate, as S04 (filtered) 
Zinc, dis . as Zn 

Result 

19 
ND 
540 
2.4 
2.3 
0.16 
110 
13 
1.7 
ND 
6.8 
ND 
720 
1. 4 

Units 

mg/L 
mg/L 
mg / L 
mg/L 
mg/L 
mg / L 
ug / L 
mg/L 
mg / L 
ug/L 
s.u . 
ug / L 
mg / L 
mg/L 

wrs. LAn CERT. NO. 721026460 

PAGE: 5 NLS PROJECT# 29675 

LOD LOQ Method Date 

3.0 11 EPA 310.1 09/25 / 96 
0 . 039 0 .14 SW846 6010 09/27 / 96 
3 . 0 3.0 SW846 6010 09 / 27 /96 
0.36 1. 3 SW846 9251 09/24 / 96 
0.032 0.10 SW846 6010 09/27 / 96 
0 . 079 0.26 SW846 6010 09 / 27 /96 
1 . 9 6.4 SW846 7421 0 9 /27 / 96 
3.0 3.0 SW846 6010 09/27 / 96 
0.0086 0.031 SW846 6010 09 / 27 /96 
0.27 0.95 SW846 7470A 09/27/96 
1 . 0 SW846 9045 09/20 / 96 
9 . 2 32 SW846 7740 09 / 25 / 96 
250 250 SW846 9036 09 / 25/96 
0.12 0.12 SW846 6010 09/27 / 96 

Pleas e note that analytical results greater than the LOO but le s s than the LOQ are within a region of "Less-Certain Quantitation''. 
Re sults greater than the LOQ are conside red to b e in the region of ''Certain Quantitation". 

\ 

LOO 
DWB 

Limit of Dete c tion 
Dry Weight Bas i s 

LOQ = Limit of Quantitation 
NA= Not Applicable 

ND= Not Detected 
%DWB = (mg / kg DWB) / 10000 

~~ 
Reviewed by: 

Date= Date Analysis Performed 

Autho rized by : 

R . T. Krueger 
Laboratory Manager 

\ 
I 
I 

I 

\ 
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NORTHERN LAKE SERVICE, INC. WIS. LAB CERT. NO. 721026460 
Analytical Laboratory and Environmental Services 
400 North Lake Avenue - Crandon, WI 54520 
Tel:(715),178-2777 FRx:(715)478-3060 

ANALYTICAL REPORT PAGE: 6 NLS PROJECT# 29675 

Client: Foth & Van Dyke Associates 
Attn: Russ Janeshek 
2737 S. Ridge Road 
PO Box 19012 
Green Bay, WI 54307 

Pro• ect Description: Flambeau Mining 
ProJect Title: 96F013 

Sample ID: FMC-16SXA-102 NLS#: 115820 
Ref. Line 6 of COC 22175 Description: FMC-16SXA-102 
Collected: 09/18/96 Received: 09/20/96 Reported: 10/07 /96 

Parameter 

Alkalinity, tot. as CaCO3 (filtered) 
Cadmium, dis . as Cd 
Calcium, dis. as Ca 
Chloride, as Cl (filtered) 
Copper, dis. as Cu 
Iron, dis. as Fe 
Lead, dis. as Pb by furnace AAS 
Magnesium, dis. as Mg 
Manganese, dis. as Mn 

WMercury, dis. as Hg 
lJl pH, lab 

Selenium, dis. as Se by furnace 
Sulfate, as SO4 (filtered) 
Zinc, dis. as Zn 

Result 

32 
ND 
69 
ND 
0.086 
ND 
21 
3.1 
1. 0 
ND 
7.3 
ND 
110 
0.80 

Units 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
ug/L 
mg/L 
mg/L 
ug/L 
s.u. 
ug/L 
mg/L 
mg/L 

LOO LOQ Method Date 

3.0 11 EPA 310.1 09/25/96 
0 . 039 0.14 SW846 6010 09/27 /96 
3.0 3 . 0 SW846 6010 09/27/96 
0.36 1.3 SW846 9251 09/24/96 
0.032 0.10 SW846 6010 09/27 /96 
0 . 079 0.26 SW846 6010 09/27 /96 
1.9 6.4 SW846 7421 09/27/96 
3 . 0 3.0 SW846 6010 09/27/96 
0.0086 0.031 SW846 6010 09/27 /96 
0.27 0.95 SW846 7470A 09/27/96 
1 . 0 SW846 9045 09/20/96 
9.2 32 SW846 7740 09/25/96 
25 25 SW846 9036 09/25/96 
0.12 0.12 SW846 6010 09/27/96 

Please note that analytical results greater than the LOD but less than the LOQ are within a region of ''Less-Certain Quantitation". 
,:esults greater than the LOQ are considered to be in the region of "Certain Quantitation". 

LOO= Limit of Detection 
DWB = Dry Weight Basis 

', 

LOQ = Limit of Quantitation 
NA= Not Applicable 

ND= Not Detected Date= Date Analysis Performed 
%DWB = (mg/kg DWB)/10000 

~~ Authorized by : 

Reviewed by: R. T . Krueger 
Laboratory Manager 

\ 

\ 
I 

\ 
I 
I 
I 

I 
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NORTHERN LAKE SERVICE, INC. WIS. LAB CERT. NO. 721026460 
Analytical Laboratory and Environmental Services 
400 North Lake Avenue - Crandon, WI 54520 
Tel: (715)478-2777 Fax :(715)478-3060 

ANALYTICAL REPORT PAGE: 7 NLS PROJECT# 29675 

Client: Foth & Van Dyke Associates 
Attn: Russ Janeshek 
2737 S. Ridge Road 
PO Box 19012 
Green Bay, WI 54307 

Project Description: Flambeau Mining 
ProJect Title: 96F013 

Sample ID: FMC-lSSXB-102 NLS#: 115821 
Ref. Line 7 of COC 22175 Description : FMC-1SSXB-102 
Collected: 09/18/96 Received: 09/20/96 Reported: 10/07 /96 

Parameter 

Acidity, tot . as CaC03 

Result 

2 B0 

Units LOD LOQ Method Date 

mg / L 2.0 EPA 305.1 09 / 23 / 96 
Additional Comments: Method requires an end point pH of 3.7 or 

Cadmium, dis. as Cd 
Calcium, di s. a s Ca 
Chloride, as Cl (filtered) 
Copper, dis . as Cu 
Iron, dis. as Fe 
Lead, dis. as Pb br furna c e MS 
Magnesium, dis. as Mg 
Manganese, dis. as Mn 
Mercury, dis. as Hg 
pH, lab 
Selenium, dis. as Se by furnace 
Sulfate, as S04 (filtered) 
Zinc, dis. as Zn 

8 . 3 s . u. 
ND 
440 
2.5 
12 0 
0 . 22 
1200 
11 
1 . 5 
0 . 52 
5 . 8 
ND 
650 
10 

Client regeusted an end point pH of 6 . 5 s . u. 
mg / L 0.039 0 . 14 SW846 6010 09 / 27 / 96 
mg / L 3.0 3.0 SW846 6010 09 / 27 / 96 
mg / L 0 . 36 1.3 SW846 9251 09 / 24 / 96 
mg / L 0.032 0.10 SW846 6010 09 / 27 / 96 
mg / L 0.079 0.26 SW846 6010 09 / 27 / 96 
ug / L 30 100 SW846 7421 09/30/96 
mg / L 3.0 3.0 SW846 6010 09/27/96 
mg/L 0.0086 0.031 SW846 6010 09/27 /96 
ug/L 0.27 0.95 SW846 7470A 09/27/96 
s.u. 1. 0 SW846 9045 09/20/96 
ug/L 9.2 32 SW846 7740 09/25/96 
mg/L 250 250 SWB46 9036 09/25/96 
mg/IJ 0.12 0.12 SW846 6010 09/27/96 

Please note that analytical results greater than the LOO but less than the LOQ are within a region of "Less-Certain Quantitation". 
Results greater than the LOQ are considered to be in the region of "Certain Quantitation". 

LOO= Limit of De tection 
DWB = Dry Weight Basis 

LOQ = Limit of Quantitation 
NA= Not Applicable 

ND= Not Detec t ed 
%DWB = (mg / kg DWB) / 10000 

-~~ 
Reviewed by : 

Date= Date Analysis Performed 

Authorized by: 

R. T. Krueger 
Laboratory Ma nager 



- - - - ~ 
NORTHERN LAKE SERVICE, INC. 

Analytical Labornlory and Environmental Services 
400 North Lake Avenue - Crandon, WI 54520 
Tci:(7 l5)478-2777 Fax:(7l5)'178-3060 

ANALYTICAL REPORT 

Client: Foth & Van Dyke Associates 
Attn: Russ Janeshek 
2737 S. Ridge Road 
PO Box 19012 
Green Bay, WI 54307 

Pro~ect Description: Flambeau Mining 
ProJeCt Title: 96F013 

Sample ID: FMC-16SXB-102 NLS#: 115822 
Ref. Line 8 of COG 22175 Description: FMC-16SXB-102 
Collected: 09/18/96 Received: 09/20/96 Reported: 10/07 /96 

Parameter 

Alkalinity, tot. as CaC03 (filtered) 
Cadmium, dis. as Cd 
Calcium, dis. as Ca 
Chloride, as Cl (filtered) 
Copper, dis. as Cu 
Iron, dis. as Fe 
Lead, dis. as Pb by furnace AAS 
Magnesium, dis. as Mg 
Manganese, dis. as Mn 

WMercury, dis. as Hg 
-...J pH, lab 

Selenium, dis. as Se by furnace 
Sulfate, as S04 (filtered) 
Zinc, dis. as Zn 

Result 

46 
ND 
73 
ND 
0.59 
ND 
47 
ND 
1.5 
ND 
7.1 
ND 
120 
1. 6 

Units 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
ug/L 
mg/L 
mg/L 
ug/L 
s.u . 
ug/L 
mg/L 
mg/L 

Please note that analytical results greater than the LOD but less than the LOQ are within a 
Results greater than the LOQ are considered to be in the region of "Certain Quantitation". 

WIS. LAB CERT. NO. 721026460 

PAGE: 8 NLS PROJECT# 29675 

LOD LOQ Method Date 

3 . 0 11 EPA 310.1 09 / 25/96 
0.039 0.14 SWB46 6010 09/27 /96 
3.0 3 . 0 SW846 6010 09/27/96 
0 . 36 1.3 SW846 9251 09/24/96 
0.032 0.10 SW846 6010 09/27 / 96 
0.079 0.26 SWB46 6010 09/27 /96 
1.9 6.4 SWB46 7421 09/27/96 
3.0 3.0 SW846 6010 09/27/96 
0.0086 0.031 SWB46 6010 09/27 /96 
0.27 0.95 SW846 7470A 09/27/96 
1.0 SW846 9045 09/20/96 
9.2 32 SWB46 7740 09/25/96 
25 25 SWB46 9036 09/25/96 
0.12 0.12 SW846 6010 09/27 /96 

region of "Less-Certain Ouantitation". 

LOD 
DWB 

Limit of Detection 
Dry Weight Basis 

LOQ = Limit of Quantitation 
NA= Not Applicable 

ND= Not Detected Date Date Analysis Performed 
%DWB = (mg/kg DWB)/10000 

Reviewed by: 

Authorized by: 

R. T. Krueger 
Laboratory Manager 
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NORTHERN LAKE SERVICE, INC. 
Analytical Labornlory and Environmcnl:il Services 
400 North Lake Avenue - Crandon, WI 54520 
Tel:(715)478-2777 F:ix:(715)478-J0G0 

ANALYTICAL REPORT 

Client: Foth & Van Dyke Associates 
Attn: Russ Janeshek 
2737 S. Ridge Road 
PO Box 19012 
Green Bay, WI 54307 

Project Description: Flambeau Mining 
Project Title: 96F013 

Sample ID: FMC-lSSXB-123 NLS#: 115823 
Ref. Line 9 of COC 22175 Description: FMC-15SXB-123 
Collected: 09/19/96 Received: 09/20/96 Reported : 10/07/96 

Parameter 

Alkalinity, tot . as CaC03 
Cadmium, dis . as Cd 

(filtered) 

Calcium, dis. as Ca 
Chloride, as Cl (filtered) 
Copper, dis. as Cu 
Iron, dis. as Fe 
Lead, dis. as Pb by furnace AAS 
Magnesium, dis. as Mg 

W Manganese, dis. as Mn 
OJpH, lab 

Selenium, dis. as Se by furnace 
Sulfate, as S04 (filt e red) 
Zinc, dis. as Zn 
Metals digestion - d i ssolved ICP 
Me tals digestion - dissolved Furnace 

Result 

74 
ND 
440 
2700 
140 . 
ND 
ND 
6.4 
1.0 
8.4 
ND 
1800 
0.72 
yes 
yes 

Units 

mg / L 
mg/L 
mg / L 
mg/L 
mg/L 
mg / L 
ug/L 
mg / L 
mg/L 
s . u. 
ug / L 
mg/L 
mg/L 

WIS. LAD CERT. NO. 721026460 

PAGE: 9 NLS PROJECT# 29675 

LOD LOQ Method Date 

3 . 0 11 EPA 310.l 09 / 25 / 96 
0 . 036 0.13 SW846 6010 09/27/96 
3.0 3.0 SW846 6010 09 / 27 /96 
180 650 SW846 9251 09/24 / 96 
0 . 022 0.079 SW846 6010 09 / 27/96 
0.17 0 . 57 SW846 6010 09/27 / 96 
3.9 13 SW846 7421 09/27 / 96 
3 . 0 3.0 SW846 6010 09 / 27/ 96 
0. 013 0.044 SW846 6010 09/27 / 96 
1. 0 SW846 9045 09/20/96 
75 250 SW846 7740 10 / 06/96 
25 0 250 SW846 9036 09/25/96 
0.12 0.12 SW846 6010 09 / 27/ 96 

SW846 3005 09/25 / 96 
SW846 3005 09/25/96 

Please note that analytical results greater than the LOO but less than the LOQ are within a region of "Less-Certa in Quantitation" . 
Results greater than the LOQ are considered to be in the region of "Certain Quantitation". 

LOO= Limit of Detection 
DWB = Dry Weight Basis 

LOQ = Limit of Quantitation 
NA= Not Applicable 

ND= Not Detected Date 
%DWB = (mg/kg DWB)/10000 

:J~KU 
Reviewed by: 

= Date Analysis Pe rformed 

Authorized by: 
R. T . Krueger 
Laboratory Ma nager 

1 

/ 
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NORTHERN LAKE SERVICE, INC. WIS. LAB CERT. NO. 721026460 
Analytlcal L:ibornlory nnd Environmental Services 
400 North Lake Avenue - Crnndon, WI 54520 
Tel:(715)478-2777 Fax:(715)478-3060 

ANALYTICAL REPORT PAGE: 10 NLS PROJECT# 29675 

Client: Foth & Van Dyke Associates 
Attn: Russ Janeshek 
2737 S. Ridge Road 
PO Box 19012 
Green Bay, WI 54307 

Project Description: Flambeau Mining 
Project Title: 96F013 

Sample ID: FMC-16SXB-123 NLS#: 115824 
Ref. Line 10 of COC 22175 Description: FMC-16SXB-123 
Collected: 09/19/96 Received: 09/20/96 Reported: 1 0/07 /96 

Parameter 

Alkalinity, tot. as CaCO3 (filtered) 
Cadmium, dis . as Cd 
Calcium, dis. as Ca 
Chloride, as Cl (filtered) 
Copper, dis. as Cu 
Iron, dis. as Fe 
Lead, dis. as Pb by furnace AAS 
Magnesium, dis . as Mg 

~Manganese, dis. as Mn 
pH, lab 
Selenium, dis. as Se by furnace 
Sulfate, as SO4 (filtered) 
Zinc, dis. as Zn 
Metals digestion - dissolved ICP 
Metals digestion - dissolved Furnace 

Result 

56 
ND 
35 
3000 
26 
ND 
ND 
ND 
0.014 
9.0 
ND 
1400 
ND 
yes 
yes 

Units LOD LOQ Method Date 

mg/L 3.0 11 EPA 310.1 09/25/96 
mg/L 0.036 0 .13 SW846 6010 09/27/96 
mg/L 3.0 3 . 0 SW846 6010 09/27/96 
mg/L 180 650 SWB46 9251 09/24/96 
mg/L 0.022 0.079 SW846 6010 09/27/96 
mg/L 0.17 0.57 SW846 6010 09/27/96 
ug/L 3.9 13 SW846 7421 09/27/96 
mg/L 3.0 3.0 SW846 6010 09/27/96 
mg/L 0. 013 0.044 SW846 6010 09/27 /96 
s.u. 1. 0 SW846 9045 09/20/96 
ug/L 75 250 SW846 7740 10/06/96 
mg/L 250 250 SW846 9036 09/25/96 
mg/L 0.12 0.12 SW846 6010 09/27/96 

SW846 3005 09/25/96 
SW846 3005 09/25/96 

Please note that analytical results greater than the LOO but less than the LOQ are within a region of "Less-Certain Quantitation". 
Results greater than the LOQ are considered to be in the region of "Certain Quantitation". 

LOO= Limit of Detection 
DWB = Dry Weight Basis 

LOQ = Limit of Quantitation 
NA= Not Applicable 

ND= Not Detected Date 
%DWB = (mg/kg DWB)/10000 

~~ 
= Date Analysis Performed 

Authorized by: 
R. T . Krueger 
Laboratory Manager 
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I NORTHERN LAKE SERVICE, INC. 
A11alytical Laboratory anil Emironmcntal Services 
400 North Lake Avrn11c • Crandon, WI 5-1520 
Tcl :(715)478-2777 Fax:(7 ISJ -178-3060 

ANALYTICAL REPORT 

Client: Foth & Van Dyke Associates 
Attn: Russ Janeshek 
2737 S. Ridge Road 
PO Box 19012 
Green Bay, WI 54307 

Pro1ect Description: Flambeau Mining 
ProJect Title: 96F013 

Sample ID: FMC-lSSXB-144 NLS#: 115861 
Ref. Line 1 of COC 22176 Description: FMC-1 5SXB-144 
Collected: 09/20/96 Received: 09/23/96 Reported: 10/07 /96 

Parameter 

Alkalinity, tot. as CaCO3 (filtered) 
Cadmium, dis. as Cd 
Calcium, dis. as Ca 
Chloride, as Cl (filtered) 
Copper, dis. as Cu 
Iron, dis. as Fe 
Lead, dis. as Pb by furnace AAS 
Magnesium, dis. as Mg 

j.i:,. Manganese, dis. as Mn 
o pH, lab 

Selenium, dis. as Se by furnace 
Sulfate, as SO4 (filtered) 
Zinc, dis. as Zn 
Metals digestion - dissolved ICP 
Metals digestion - dissolved Furnace 

Result 

44 
ND 
55 
3000 
48 
0.21 
ND 
3. 6 
0. 013 
B.B 
ND 
llOO 
0.21 
yes 
yes 

Units 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
ug/L 
mg/L 
mg/L 
s.u. 
ug/L 
mg/L 
mg/L 

- ---~• 
WIS. LAB CERT. NO. 721026460 

PAGE: 1 NLS PROJECT# 29683 

\ 

I 
LOD LOQ Method Date 

3 . 0 ll EPA 310 . 1 09/25/96 
0.036 0 .13 SWB46 6010 09/27/96 
3.0 3.0 SWB46 6010 09/27/96 
36 130 SW846 9251 10/01/96 
0.022 0 . 079 SWB46 6010 09/27/96 
0 . 17 0.57 SW846 6010 09/27/96 
3.9 13 SW846 7421 09/27 /96 
3.0 3.0 SW846 6010 09/27/96 
0 . 013 0.044 SW846 6010 09/27/96 
1.0 SW846 9045 09/24/96 
75 250 SW846 7740 10/06/96 
250 250 SWB46 9036 09/25/96 
0.12 0.12 SW846 6010 09/27/96 

SW846 3005 09/25/96 
SW846 3005 09/25/96 
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NORTHERN LAKE SERVICE, INC. WIS. LAB CERT. NO. 721026460 

Analytical Laboralory and Environmental Services 
400 North Lake Avenue - Cr:inclon, WI 54520 
Tel:(7 I 5)478-2777 F:1x:(7 I 5).J78-3060 

ANALYTICAL REPORT PAGE: 2 NLS PROJECT# 29683 

Client: Foth & Van Dyke Associates 
Attn: Russ Janeshek 
2737 S. Ridge Road 
PO Box 19012 
Green Bay, WI 54307 

Project Description: Flambeau Mining 
ProJect Title: 96F013 

Sample ID: FMC-16SXB-144 NLS#: 
Ref. Line 2 of COC 22176 Description: FMC-16SXB-144 

115862 

Collected: 09/20/96 Received: 09/23/96 Reported: 10/07 /96 

Parameter 

Alkalinity, tot. as CaC03 (filtered) 
Cadmium, dis. as Cd 
Calcium, dis. as Ca 
Chloride, as Cl (filtered) 
Copper, dis . as Cu 
Iron, dis. as Fe 
Lead, dis. as Pb by furnace AAS 
Magnesium, dis. as Mg 

.i:::. Manganese, dis. as Mn 
1--'pH, lab 

Selenium, dis. as Se by furnace 
Sulfate, as S04 (filtered) 
Zinc, dis. as Zn 
Metals digestion - dissolved ICP 
Metals digestion - dissolved Furnace 

Result 

60 
ND 
450 
2600 
170 
0.62 
ND 
11 
0.82 
7.7 
ND 
2300 
0.74 
yes 
yes 

Units LOD LOQ Method Date 

mg/L 3.0 11 EPA 310.l 09/25/96 
mg/L 0.036 0.13 SW846 6010 09/27/96 
mg/L 3.0 3.0 SW846 6010 09/27/96 
mg/L 36 130 SW846 9251 10/01/96 
mg/L 0.022 0.079 SW846 6010 09/27/96 
mg/L 0.17 0.57 SW846 6010 09/27/96 
ug/L 3.9 13 SW846 7421 09/27/96 
mg/L 3.0 3.0 SW846 6010 09/27/96 
mg/L 0.013 0.044 SW846 6010 09/27/96 
s.u. 1. 0 SW846 9045 09/24/96 
ug/L 75 250 SW846 7740 10/06/96 
mg/L 250 250 SW846 9036 09/25/96 
mg/L 0.12 0.12 SW846 6010 09/27/96 

SW846 3005 09/25/96 
SW846 3005 09/25/96 

Please note that analytical results greater than the LOD but les~ than the LOQ are within a region of "Less-Certain Quantitation". 
Results greater than the LOQ are considered to be in the region of "Certain Quantitation". 

LOD = Limit of Detection 
DWB = Dry Weight Basis 

LOQ = Limit of Quantitation 
NA= Not Applicable 

ND= Not Detected Date= Date Analysis Performed 
%DWB = (mg/kg DWB) /1000,0 

Authorized by: 
R. T. Krueger 
Laboratory Manager 

I 
i. 

/ 
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