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1.0 EXECUTIVE SUMMARY 

In 2007, the Engineering Technical Support Center, Office of Research and Development of the 

United States Environmental Protection Agency directed Golder Associates Inc. to develop plans, 

procure material, and construct a pilot-scale system (Pilot) to treat mine influenced water (MIW) at 

the Standard Mine Superfund Site near Crested Butte, Colorado.  The constituents of concern are 

cadmium, copper, iron, lead, manganese, and zinc.  The Pilot consists of three passive treatment unit 

processes: a biochemical reactor, a chitin reactor, and an aerobic polishing cell.  Passive treatment 

systems are low-maintenance, low-operating cost water treatment methods that require neither 

continuous input of chemicals nor generate a significant waste stream.  The goal of the Pilot test was 

to operate and monitor the performance of a passive water treatment system year-round at cold, 

remote site.  The treatment goal of the Pilot test is to reduce the COCs to levels below the applicable 

standards. 

Passive treatment systems have been widely employed to treat MIW over the past 20 years at multiple 

sites across the U.S. and abroad (Gusek and Wildeman, 2002).  More specifically, the biochemical 

reactor (BCR) technology has been effective at treating metal-laden MIW via biological reduction of 

sulfate and removal of metals as metal sulfide precipitates (Gusek, 2002).  As with any biological 

process, the rate of microbial treatment is dependent on temperature.  Hence, one of the goals of the 

Pilot is to document the performance of biological treatment (e.g., BCR) in a high-altitude 

environment with a cold climate.  Although significant research has been completed on BCR 

treatment performance, there has been limited distribution of information on cold-weather 

performance of BCRs (Ether 2007, Kuyacak et al. 2006, Smith and Kalin 1997, Higgins and Mattes 

2003, Reisinger and Gusek 1999, Eger and Wagner 2001).  Of the three unit processes, the Pilot BCR 

has been in operation the longest, 13 months, and is therefore the focus of this treatment report.  The 

chitin reactor was monitored for two months and the aerobic polishing cell was constructed in late 

2008 and has not yet been monitored.  This report is intended to be a record of the Pilot design, 

construction, operation, and treatment performance for the period of August 2007 to September 2008. 

Treatment results from the first 13 months of BCR operation demonstrate high levels of metal 

removal; removal rates for cadmium, copper, lead and zinc were 98% or 99%.  High levels of iron 

levels of iron and manganese removal will occur aerobically in the aerobic polishing cell.  The Pilot 

performance has demonstrated that passive, biological treatment of MIW is feasible at cold, remote 

sites.  Despite the high removal rate, however, the BCR effluent exceeds the stringent water quality 
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standards for cadmium, lead, and zinc.  Results from the first two months of chitin reactor show 

inconsistent manganese removal rates; further monitoring of this reactor is recommended. 
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2.0 INTRODUCTION 

In 2007, the Engineering Technical Support Center (ETSC), Office of Research and Development of 

the United States Environmental Protection Agency (EPA) directed Golder Associates Inc. (Golder) 

to develop plans, procure materials, and construct a Pilot to treat MIW at the Standard Mine 

Superfund Site (Site) near Crested Butte, Colorado.  The constituents of concern (COCs) are 

cadmium, copper, iron, lead, manganese, and zinc.  The Pilot consists of three passive treatment unit 

processes: a BCR, a chitin reactor, and an aerobic polishing cell (APC).  Passive treatment systems 

are low-maintenance, low-operating cost water treatment methods that require neither continuous 

input of chemicals nor generate a significant waste stream, and most require little or no energy inputs.  

The goal of the Pilot test was to operate and monitor the performance of a passive water treatment 

system year-round at a cold, remote site.  The treatment goal of the Pilot test is to reduce the COCs to 

levels below the applicable standards. 

Passive treatment systems have been widely employed to treat MIW over the past 20 years at multiple 

sites across the U.S. and abroad (Gusek and Wildeman, 2002).  More specifically, the BCR 

technology has been effective at treating metal-laden MIW via biological reduction of sulfate and 

removal of metals as metal sulfide precipitates (Gusek, 2002).  As with any biological process, the 

rate of microbial treatment is dependent on temperature.  Hence, one of the goals of the Pilot is to 

document the performance of biological treatment (BCR) in a high-altitude environment with a cold 

climate.  Although significant research has been completed on BCR treatment performance, there has 

been limited distribution of information on cold-weather performance of BCRs.  A literature search 

revealed that only a handful of BCRs has been installed in cold or arctic climates (Ether 2007, 

Kuyacak et al. 2006, Smith and Kalin 1997, Higgins and Mattes 2003, Reisinger and Gusek 1999, 

Eger and Wagner 2001).  In addition to cold weather, the Pilot was configured to withstand annual 

snowfall of up to 700 inches and was instrumented to allow remote monitoring of treatment 

performance.  Of the three unit processes, the Pilot BCR has been in operation the longest, 13 months, 

and is therefore the focus of this treatment report.  The chitin reactor was monitored for two months 

and the APC (constructed in late 2008) has yet to be monitored. 

This report is intended to be a comprehensive record of the Pilot layout development, construction, 

operation, and treatment performance.  The main body of the report contains site background 

information and Pilot treatment performance results.  A detailed description of the Pilot layout and 

construction, including construction photographs, is provided in Appendix A.  The results of frozen 
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sample analysis are provided in Appendix B; field sheets and laboratory results are provided in 

Appendices C – G, and PHREEQC modeling results are provided in Appendix H. 

2.1 Site Background 

The Standard Mine is located on 10 acres in the Ruby Mining District of the Gunnison National 

Forest approximately 30 miles north of Gunnison and 10 miles west of the Town of Crested Butte, 

Gunnison County, Colorado (Figure 1).  Mining activity began at Standard Mine around 1874. 

However, the most significant operations began in 1931 with the mining of lead, zinc, silver, 

and gold.  Operations ceased in 1966 and the mine was abandoned.  Wastes at Standard Mine 

continue to impact surface water in the area.  The Level 1 Adit water drains into Elk Creek, 

which is devoid of all aquatic life, and feeds directly into Coal Creek.  Crested Butte’s drinking 

water supply intake is located on Coal Creek four miles downstream from the former mine. 

From a water treatment perspective, the site  presented several challenges since the mine adit was at 

an elevation of 11,000 feet a.m.s.l.(3,353 meters), had no available electric power, and limited access 

for six or more months during the winter season. 

2.2 Climate 

The Site climate is characterized by long cold winters and short summers.  A NRCS weather station 

on Schofield Pass (Station No. CO07K115) is the closest weather station located at a similar elevation 

(10,700 feet a.m.s.l.) to the Site.  The Schofield Pass average annual temperature is -0.1 °C, the 

average winter (December through February) temperature is -9.2 °C, and the average summer (June 

through August) temperature is 9.6 °C.  Snow cover usually exists from mid November through May 

or June.  The annual snowfall typically ranges from 400 to 700 inches (1.0 to 1.8 meters). 

2.3 Constituents of Concern and Regulatory Criteria 

The COCs which exceed the surface water quality standards for Elk Creek are cadmium, copper, iron, 

lead, manganese, and zinc.  The Pilot influent COC concentrations for the treatment period (August 

2007 – September 2008), as well as the applicable standards, are provided in Table 1. 
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3.0 DESCRIPTION OF TREATMENT TECHNOLOGIES 

The initial Pilot concept included a biochemical reactor (BCR) for metals removal, an APC to polish 

the BCR effluent, and a manganese removal bed (MRB) to reduce effluent manganese concentrations. 

The MRB has yet to be completed; it may be constructed at a later date.  During the summer of 2008, 

a chitin reactor was installed as an alternative method of manganese removal.  The Pilot layout is 

shown on Figure 2.  A description of the three technologies that have been installed (BCR, chitin, 

APC) follows. 

3.1 Biochemical Reactors 

A BCR is a gravity-flow bioreactor with a limestone-buffered organic treatment media which requires 

minimal operation and maintenance (Gusek, 2002).  Typical full-scale BCRs resemble bermed ponds 

and operate as vertical-flow reactors.  The limestone-buffered organic substrate (LBOS) is typically a 

mixture of organic materials (hay, wood chips, sawdust), fine-grained limestone, and a bacterial 

inoculum (e.g. cow manure).  Thomas (2002) characterized the following BCR treatment processes: 

· biological reduction of sulfate to sulfide, and subsequent precipitation of metal 
sulfides; 

· alkalinity increase due to dissolution of limestone contained within the substrate; 

· precipitation of metal hydroxides, and 

· sorption of trace metals (e.g., cadmium, copper, lead, zinc) to metal hydroxides 
and the organic media. 

The biological production of alkalinity in concert with sulfate reduction is also a well-documented 

BCR process (Wildeman et al. 1993). 

The Pilot BCR cell was completed in August 2007 and began treating water in September 2007. 

3.2 Aerobic Polishing Cells 

BCR treatment can generate elevated levels of nuisance parameters as a result of the biological 

treatment, including biochemical oxygen demand (BOD), total suspended solids (TSS), ammonia, 

nitrate/nitrite, and E. coli bacteria.  APCs are a type of aerobic polishing treatment that can reduce the 
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concentrations of nuisance parameters.  In addition, APCs can reduce iron and manganese 

concentrations after BOD levels decrease.  Aerobic polishing cells are usually constructed as surface-

flow systems and typically contain planted areas and open water zones.  Typical APCs are 

constructed as several small, terraced cells with intermediate spill points. 

The Pilot APC is a horizontal-flow system consisting of three treatment cells.  The first and last cells 

were constructed with a combination of free water surface and planted areas.  The second cell was 

constructed as a free water surface zone.  The free water surface areas of the APC are intended to 

promote aeration/oxidation, settling, and BOD removal from the BCR effluent.  The planted areas 

help to filter out TSS.  The Pilot APC was completed and began treatment in September 2008. 

3.3 Chitin Reactor 

The chitin reactor treatment media is ChitoRem™, a commercially-available remediation product 

available from JRW Bioremediation (Lenexa, KS).  The ChitoRem™ used in the testing was the SC-

20 product which is largely composed of crab-shell chitin.  ChitoRem™ is used for the 

bioremediation of a broad range of constituents including chlorinated solvents, metals, and mining 

influenced waters (Korte et al. 2008).  The material is about 20% chitin (general formula C9H15O5N), 

40% limestone (CaCO3), and 30% protein (Ruiz et al. 2008, JRW Bioremediation, personal 

communication).  Similar to the BCR technology, ChitoRem™ can be placed in a flow through 

reactor which should subsequently create anaerobic conditions conducive to sulfate reduction and 

metal removal.  ChitoRem™ has also been shown to be effective at manganese removal (Venot et al. 

2008).  The chitin reactor is an emerging technology whose chemical reactions and manganese 

removal mechanisms are not completely understood.  Unlike the BCR technology, the use of 

ChitoRemTM to treat MIW has only begun to receive attention over the past several years and long-

term treatment performance has not been documented. 

To further evaluate the technology, a Pilot chitin reactor was installed at the site to remove 

manganese from the Pilot BCR effluent.  The chitin reactor was constructed and began treatment in 

July 2008.  The BCR effluent is evenly split between the chitin reactor and the APC as shown in 

Figure 2.  In 2009, the APC and chitin reactor will continue to operate in parallel in order to allow 

direct comparison of the two technologies. 

A detailed description of the Pilot sizing and construction is provided in Appendix A. 
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4.0 PILOT SAMPLING, FLOW MONITORING, DATA TRANSMISSION, 

OPERATIONAL HISTORY 

Monitoring of the Pilot was limited to the BCR and chitin reactors; monitoring of the APC will begin 

in 2009.  The BCR was equipped with ISCO™ 6712 autosamplers, Hydrolab™ sondes, and data 

transmission hardware.  The chitin reactor was monitored manually by field personnel only. 

4.1 SAMPLING 

Sampling procedures varied during seasons when the Site was accessible (July through October) and 

months when the Site was inaccessible due to snow (November through June).  These two periods 

will be termed summer and winter for the purposes of this report.  Winter access to the Site was 

limited and was only possible on snowshoes and skis when weather and avalanche conditions 

permitted.  Three winter trips were made to the Site during the 2007-2008 winter for Pilot 

maintenance and sample collection. 

During summer months when the Site was accessible, BCR and chitin field parameter measurements 

were conducted by URS Operating Services Inc. or EPA personnel according to the schedules 

presented in Tables 2 and 3.  Field measurements of pH, temperature, oxidation reduction potential, 

(ORP), dissolved oxygen, and specific conductance were performed using a field-calibrated YSI™ 

556 multi-meter.  Influent and effluent BCR field parameters (pH, temperature, ORP) were also 

measured at 15 minute intervals on a year-round basis by Hach™ sondes. 

4.1.1 Summer Sampling  

Summer water quality samples were collected for laboratory analysis of target analytes presented in 

Tables 2 and 3.  Samples to be analyzed for dissolved metals, total metals, alkalinity, and sulfate 

concentrations were stored on-ice and submitted to the EPA ORD laboratory in Cincinnati, OH under 

chain-of-custody protocols.  Samples collected for analysis of BOD, E. coli, sulfide, nitrate/nitrite, 

and ammonia were stored on ice and transported to the Gunnison Wastewater Treatment Facility 

Laboratory under chain of custody protocols.  Sulfide samples were submitted to ACZ Laboratories in 

Steamboat Springs, CO under chain of custody protocols. 
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Winter BCR influent and effluent water quality samples were collected by ISCO™ 6712 

autosamplers.  The autosampler bottles were pre-filled with nitric acid in order to preserve the 

samples.  The ISCO samples were periodically collected on site visits and submitted to the EPA ORD 

laboratory under chain-of-custody protocols for analysis of total metals.  When collected, the ISCO 

samples were not observed to be frozen; this probably occurred because the autosamplers were 

housed in an insulated and quasi-heated shed.  The potential effects of frozen samples on laboratory 

metals analysis was a concern at the outset of the project and laboratory testing was completed to 

address this concern.  The detailed results of this testing are provided in Appendix B but the test data 

suggest that sample freezing did not affect analytical results.  The chitin reactor is not equipped with 

autosampling equipment and therefore can only be sampled during summer months. 

4.1.2 Winter Sampling 

4.2 Flow Monitoring  

The BCR influent flow rate was monitored using a TRACOM™ 60o trapezoidal flume and an 

ISCO™ 700 bubbler module installed on the influent ISCO™ 6712 autosampler.  The bubbler 

module enabled the ISCO™ sampler to measure the water level in the flume and calculate the 

associated flow rate. 

4.3 Remote Monitoring 

In order to remotely monitor the BCR performance during the winter, the Pilot was equipped with 

Stratolink™ satellite units that transmitted field parameter (pH, temperature, ORP) and flow data.  

The data were typically viewable within several hours on ISCO’s Sampler Station Access™ 

webpage.  Field parameter and flow data were typically downloaded from the webpage on a monthly 

schedule. 

4.4 Operational History 

Upon completion of BCR construction, the cell was filled with Level 1 Adit MIW on 8/9/07 and 

allowed to incubate for two weeks.  Beginning on 8/22/07, BCR effluent water was pumped back into 

the BCR for four weeks in order to re-circulate the high organic matter in the effluent water and to 

4.4.1 BCR Operational History   
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stimulate biological activity.  The volume of the re-circulation water was equivalent to three BCR 

pore volumes, or about 54,000_liters.  BCR effluent temperature was typically about 50C higher than 

the influent temperature during the start up period. 

On 9/19/07, after two weeks of incubation and four weeks of recirculation, the BCR began receiving 

an average daily flow of 1 gpm (3.8 liters per minute) of adit water.  The BCR effluent was routed 

directly to Elk Creek, as the APC had not been completed.  Between 9/19/07 and 10/15/08, flow to 

the BCR varied from the design flow rate of 1 gpm during the following periods: 

· 1/4/08 - 1/25/08 - This flow stoppage was likely due to persistent cloudy weather 
which did not allow the solar-powered influent pump to recharge. 

· 2/28/08 – 4/2/08 – This flow stoppage was due to influent pump failure.  The 
pump was replaced during a Site visit on 4/2/08. 

· 4/2/08 – 4/28/08 -  Flow to the system stopped most likely due to clogging of the 
infiltration gallery. 

· 6/ 27/08 – 7/23/08 – Flow to the BCR stopped due to clogged delivery pipes. 

· 7/23/08 – 10/8/08 - The BCR flow rate was increased to 2 gpm from July 23 
through October 8, 2008 to test BCR performance at a higher flow rate. 

In summary, flow to the BCR was unintentionally suspended for about 15 weeks during the first year 

of operation due to pump failure, infiltration gallery clogging, and delivery pipe clogging.  The 

average daily BCR flow rate from September 2007 through September 2008 is provided on Figure 3. 

The chitin reactor receives gravity flow of BCR effluent.  The chitin reactor began treating water on 

7/30/08 and continued to receive flow through 10/2/08 without apparent interruption.  BCR effluent 

flows into a gravity distribution box, which is intended to evenly split the effluent flow between the 

APC and the chitin reactor.  There are no flow measuring devices for the chitin reactor; the chitin 

flow rate is assumed to be one-half of the BCR flow rate.  The chitin flow rate is also shown on 

Figure 3. 

4.4.2  Chitin Operational History 
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5.0 BCR TREATMENT RESULTS 

The BCR treatment results are divided into field parameters, COCs, general performance parameters, 

and nuisance parameters.  The numeric results presented below are limited to the operating period 

(9/19/07 -10/15/08) and for simplicity do not include the samples collected during the startup period 

(incubation or re-circulation period 8/9/07 -9/19/07) or periods of flow stoppage as these are atypical 

operating conditions.  The BCR results are shown on Figures 4 – 14.  Unlike the numeric results 

presented below, the data presented on the figures include the results from the startup period, 

treatment period, and periods of flow stoppage.  All data points were included on the graphs for the 

sake of completeness. 

5.1 Field Results 

The field results include field parameters measured manually and sonde measurements. 

pH-  Field and sonde measurements collected at the BCR influent and effluent are provided in Figure 

4.  Sonde measurements were consistent with field measurements recorded during sample collection 

activities.  Influent field and sonde pH readings ranged from 3.8  to 7.1 s.u.; effluent field and sonde 

pH ranged from 5.7 to 7.8 s.u.  The stream standard for pH is 6.5 to 9.5 s.u.  The BCR effluent pH 

was less than 6.5 s.u. at the beginning of the operating period and again during late July and August 

2008, perhaps in response to the higher than minimal flow.  The low effluent pH values during the 

startup period are typical and are likely due to biological fermentation which produces acidity.  BCR 

effluent typically ranges from 6.0 to 8.0 s.u.; values between 6.0 and 6.5 s.u. are not unexpected. 

Temperature - In general, the rate of biological treatment is positively correlated with temperature.  

Influent field and sonde temperature measurements varied from 1.2 to 13 degrees Celsius (oC), 

effluent  field and sonde temperature ranged from 1.6 to 11.9 oC.  The average influent and effluent 

sonde measurements were 3.2 and 3.9 oC for the operating period.  As expected at a cold site, the 

sonde data revealed significant seasonal variation in both the influent and effluent BCR water 

temperature.  Notable differences were observed between field and sonde temperature measurements 

(Figure 5).  These differences are likely due to ambient temperature influencing the field 

measurements during sample collection activities.  Daily minimum ambient temperature, as measured 

at the Schofield Pass weather station, is included on Figure 5.  The lowest daily minimum 

temperature was -28oC on 12/29/07, 1/17/08, and 1/18/08. 
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Oxidation Reduction Potential -  Negative ORP values indicate anaerobic conditions conducive to 

sulfate reduction.  Influent ORP field and sonde measurements ranged from 19 to 748 millivolts (mv); 

effluent sonde readings ranged from -62 to –543 mv.  Significant differences were observed between 

the sonde and the field measurements because the sonde ORP probes did not hold calibration.  The 

sondes were calibrated infrequently during the winter due to limited site access and the ORP 

calibration only appeared to hold for several days.  As such, the sonde ORP data are considered 

qualitative and only indicative of reducing or oxidizing conditions in general.  Both the field 

measurements and sonde data indicated that the BCR effluent was consistently anaerobic, which was 

a primary operational goal. 

Dissolved Oxygen -  Dissolved oxygen was measured during summer sampling only.  Influent 

dissolved oxygen ranged from 4.0 to 11 mg/L.  BCR effluent dissolved oxygen ranged from 3.5 to 

0.37 mg/L.  Generally, the effluent dissolved oxygen concentrations were less than 2 mg/L. 

Specific Conductance - Influent specific conductance (conductivity) measurements ranged from 0.32 

to 0.68 mS/cm.  Effluent conductivity readings varied from 0.57 to 2.6 mS/cm.  The elevated effluent 

conductivity readings observed during startup were likely due to the dissolution of limestone and 

organic matter.  As the BCR matured, effluent conductivity measurements decreased and were similar 

to influent concentrations. 

5.2 Contaminants of Concern 

The water quality standards for five of the six COCs (cadmium, copper, lead, manganese, and zinc) 

are for the dissolved fraction.  The iron standard is the only total recoverable standard.  Total and total 

recoverable analysis is considered identical and the terms are used interchangeably.  From 2007 to 

2008, 48 samples were analyzed for total concentrations and 21 dissolved analyses were performed 

(Section 4.1).  The laboratory results are presented in Table 4.  A summary table of COC 

concentrations and the applicable standards is provided in Table 6.  For graphing purposes and data 

analysis, laboratory results that were below the detection limit were assumed to be equal to one-half 

the laboratory detection limit.  Similar to the presentation of field parameters, the COC results 

discussed below are limited to the period when the BCR cell was in operation.  The figures, on the 

other hand, contain all data measurements including those collected during periods of flow stoppage.  

All data points were included on the graphs for the sake of completeness. 
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Cadmium - Influent dissolved cadmium concentrations were fairly consistent, ranging from 0.11 to 

0.17 mg/L.  Total and dissolved concentrations were generally equal, indicating the influent cadmium 

is predominantly  in the dissolved (particle size less than 0.45 microns) form.  BCR effluent dissolved 

cadmium concentrations ranged from below the detection limit of 0.0024 mg/L to 0.0049 mg/L.  Of 

the 17 dissolved analyses performed, six resulted in dissolved concentrations greater than the 

detection limit (36%).  The average percent removal for cadmium was 98.5%. 

The chronic cadmium water quality standard (0.00025 mg/L) is less than the EPA laboratory 

detection limit for cadmium (0.002 mg/L).  As seen on Figure 7, it appears that the effluent cadmium 

concentrations were consistently above the chronic standard.  However, given the relatively high 

detection limit, it is possible that the effluent concentrations were below the chronic standard. 

Copper - Influent dissolved copper concentrations ranged from 0.04 to 1.06 mg/L.  Dissolved 

concentrations were generally similar to total concentrations.  Of the 17 dissolved copper analyses 

performed on BCR effluent water, only one sample (6% of analyses) exceeded the chronic standard.  

These results indicate the BCR is capable treating dissolved copper to levels below the chronic 

standard.  The average dissolved copper percent removal was 98.6%. 

Iron -   Unlike the other COCs, the water quality standard for iron is for the total recoverable fraction.  

Influent total iron concentrations ranged from 0.16 to 21 mg/L.  BCR effluent iron concentrations 

varied considerably.  From August 2007 through November 14, 2007, BCR effluent total and 

dissolved iron concentrations were consistently greater than influent concentrations, and consistently 

greater than the chronic standard of 1 mg/L.  The reducing conditions in the BCR have the potential 

to mobilize redox sensitive metals, such as iron and manganese.  This condition has been observed 

before during startup of new BCR cells and is due to the release of iron from the BCR substrate 

material.  Once the iron present in the substrate had been depleted, the Pilot BCR began consistently 

reducing influent iron concentrations.  Of the 36 total iron analyses performed on BCR effluent after 

November 14, 2007, eight (22% of analyses) exhibited iron concentrations above the chronic standard 

of 1 mg/L.  Total and dissolved concentrations have been below 1 mg/L since August 1, 2008.  The 

average percent removal for total iron was 65%. 

Lead -  Influent dissolved lead concentrations ranged from below the detection limit of 0.008 mg/L to 

2.23 mg/L.  Dissolved influent concentrations were generally slightly lower than the total 

concentrations.  The BCR effluent lead concentrations varied from below the detection limit of 0.008 
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mg/L to 0.034 mg/L.  The highest effluent lead concentrations were observed during startup of the 

cell.  Dissolved lead concentrations were below the laboratory detection limit in all samples collected 

in 2008.  The average percent removal for dissolved lead was 98.1%. 

The chronic water quality standard for lead (0.0012 mg/L) is less than the EPA laboratory detection 

limit for lead (0.008 mg/L). 

Manganese -  Dissolved influent manganese concentrations ranged from 5.3 to 12.7 mg/L.  Dissolved 

influent concentrations were comparable to total concentrations; practically all of the manganese 

present in the BCR influent was present in the dissolved from.  BCR effluent manganese varied 

considerably throughout the monitoring period.  Initially, BCR effluent manganese concentrations 

were greater than influent concentrations, indicating manganese was being released by the substrate.  

Similar to iron behavior, the effluent manganese concentrations decreased to less than influent 

concentrations around November 14, 2007.  However, during the 2007-2008 winter, effluent 

manganese concentrations increased considerably, reaching a peak concentration of 21 mg/L on May 

7, 2008.  From August 2, 2008 through October 2, 2008, BCR effluent manganese concentrations 

were consistently lower than influent concentrations.  Influent and effluent dissolved manganese 

concentrations were above the water quality standards in all samples.  The BCR technology does not 

treat manganese; the chitin and APC reactors were installed to remove manganese from BCR effluent. 

Zinc -  Influent dissolved zinc concentrations ranged from 21.0 to 30.9 mg/L.  Total and dissolved 

concentrations were almost identical during the monitoring period.  Compared to other COCs, 

influent zinc concentrations were relatively stable during the monitoring period.  Dissolved effluent 

zinc concentrations ranged from below 0.009 mg/L to 1.5 mg/L.  The average dissolved effluent 

concentration, 0.55 mg/L, exceeded the chronic standard, 0.069 mg/L.  The average percent removal 

rate for dissolved zinc was 97.9%. 

5.3 General Performance Parameters 

Calcium -  Calcium concentrations indicate whether the limestone present in the BCR cell is being 

dissolved and if so, its rate of dissolution.  The dissolution rate can be used to estimate the limestone 

longevity as discussed further in Section 7.0.  Influent total calcium concentrations ranged from 34 to 

93 mg/L.  BCR effluent calcium concentrations ranged from 80 to 265 mg/L.  Dissolved and total 

calcium concentrations were practically identical during the monitoring period. 
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Alkalinity -  Influent alkalinity concentrations varied from 26 to 73 mg/L as CaCO3.  BCR effluent 

alkalinity concentrations ranged from 242 to 1,270 mg/L as CaCO3.  The increase in alkalinity is due 

to limestone dissolution and sulfate reduction, which generates one mole of alkalinity per mole of 

sulfate reduction.  The highest effluent alkalinity concentrations were observed in the fall of 2007 

during BCR startup.  In 2008, effluent concentrations ranged from 156 to 468 mg/L as CaCO3. 

Sulfate and Sulfide -  BCR effluent sulfate concentrations were consistently less than influent sulfate 

concentrations (Figure 14) indicating that sulfate reduction was occurring in the BCR.  Influent and 

effluent sulfide concentrations were measured 12 times during the 2007 and 2008 sampling seasons.  

Sulfide was not detected in the influent samples at concentrations above the laboratory detection 

limits.  Effluent sulfide concentrations ranged from 0.9 to 27.5 mg/L.  During 2008, the average 

effluent sulfide concentration was 21 mg/L.  The presence of sulfide is a direct indicator of sulfate 

reduction. 

5.4 Nuisance Parameters 

BCR effluent water can contain nuisance parameters including BOD, E. coli bacteria, and nitrogen 

species.  In a full-scale treatment system, the BCR is a single unit process that is typically followed 

by an aerobic unit process which treats the nuisance parameters.  The recently completed APC at the 

Site will reduce the concentrations of the nuisance parameters. 

Biochemical Oxygen Demand – Nine influent and effluent samples were analyzed for BOD from 

September 2007 through October 1, 2008.  Influent BOD concentrations ranged from below the 

laboratory detection limit of 0.05 mg/L to 3.91 mg/L.  Effluent concentrations ranged from 30 mg/L 

to 314 mg/L.  The source of the BOD is the organic material that is being microbially degraded within 

the BCR cell.  Higher effluent BOD concentrations were observed in the fall of 2007, during BCR 

startup.  In 2008, effluent BOD ranged from 30 to 139 mg/L, indicating the BCR was approaching 

maturity.  BCR effluent BOD concentrations are expected to decrease as the cell ages. 

E. coli  - E. coli bacteria are an indicator of fecal contamination.  Since animal manure was used as a 

BCR substrate ingredient, BCR effluent samples were analyzed for E. coli concentrations.  From 

September 2007 through October 2008, nine BCR effluent samples were collected and analyzed for 

E. coli, one influent sample was analyzed for E. coli during this time.  The analysis of the influent 

sample resulted in a concentration below the laboratory detection limit.  BCR effluent concentrations 
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ranged from below the laboratory detection limits to 1.2x107 counts per 100 mL.  E. coli was not 

detected in BCR effluent samples collected in 2008.  The decrease in E. coli is expected as the 

manure is flushed from the cell or the E. coli bacteria are destroyed by the environmental conditions 

at the Site (e.g., cold temperature, acidic water). 

Nitrogen - Nitrogen is a vital nutrient for biological treatment.  All of the organic materials in the 

BCR contain nitrogen that is mobilized and partially consumed during biological treatment.  

Ammonia and combined nitrate and nitrite (nitrate/nitrite) analyses were performed on influent and 

effluent samples.  Nine BCR effluent samples were analyzed for nitrate/nitrite from September 2007 

to October 2, 2008.  Seven effluent samples were analyzed for ammonia during the summer of 2008.  

Two BCR influent samples were analyzed for ammonia and seven influent samples were analyzed for 

nitrate/nitrite during this time.  Influent nitrate/nitrite ranged from 0.33 to 1.7 mg/L as N, with an 

average concentration of 1.1 mg/L as N.  BCR effluent concentrations ranged from 0.27 to 1.1 mg/L 

as N, with an average of 1.5 mg/L as N.  Effluent ammonia concentrations ranged from 1.1 to 20 

mg/L as N, with an average concentration of 7.2 mg/L as N.  Influent ammonia concentrations were 

0.42 and 0.35 mg/L as N.  The aerobic polishing cell, once commissioned, is expected to reduce 

ammonia concentrations.  The APC should be monitored for effluent ammonia concentrations during 

2009. 
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6.0 CHITIN TREATMENT RESULTS 

The influent water to the chitin reactor was BCR effluent water.  The discussion of the chitin reactor 

results are organized into field parameters, manganese removal, other metals, general performance 

parameters, and nuisance parameters.  Chitin results are provided in Table 5. 

6.1 Chitin Field Results 

Flow Rate - Chitin flow rates were not measured directly; the BCR effluent distribution box 

constructed in 2008 was assumed to evenly split the BCR effluent flow between the APC and the 

chitin reactor.  Chitin flow rates were assumed to be half of the BCR flow rates observed from 7/30 to 

10/2/08.  The average flow rate to the reactor was 0.8 gpm, which is greater than the design flow rate 

of 0.5 gpm. 

pH -  Chitin effluent pH ranged from 7.0 to 8.2 s.u.  The typical chitin effluent pH was slightly 

greater than the influent pH, except for measurements observed on 10/2/08.  These data indicate the 

chitin reactor was increasing the alkalinity of the influent water.  Chitin effluent pH was consistently 

within the water quality criteria range of 6.5 to 9.0 s.u. 

Temperature - Chitin effluent temperature varied from 4.6 to 13.1oC.  Effluent temperature was 

usually comparable to the influent temperature. 

Oxidation Reduction Potential -  Chitin effluent ORP measurements were consistently less than -100 

mv, indicating reducing conditions existed in the reactor throughout the study. 

Conductivity -  Influent conductivity measurements varied between 0.57 and 1.3 mS/cm.  Chitin 

effluent conductivity measurements varied from 0.71 to 6.59 mS/cm.  The peak effluent conductivity 

measurement was observed on 10/2/08, and was significantly higher than other effluent 

measurements.  The elevated conductivity value on 10/2/08 is consistent with the elevated calcium 

concentration measured during the same sampling event. 

Dissolved Oxygen - Chitin influent typically contained low dissolved oxygen concentrations.  Chitin 

effluent dissolved oxygen concentrations were also typically low, and consistent with what would be 

expected for anaerobic conditions. 
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6.2 Manganese Removal 

The goal of the chitin reactor was to treat the BCR effluent for manganese.  Influent total and 

dissolved manganese concentrations were practically identical during the monitoring period.  

Dissolved influent concentrations ranged from 7.5 to 14.7 mg/L, with an average concentration of 11 

mg/L.  Chitin effluent total and dissolved manganese concentrations were similar during the 

monitoring period.  Dissolved effluent concentrations ranged from 1.1 to 16 mg/L.  Effluent samples 

collected on 7/30/08 and 8/7/08 contained manganese concentrations below the water quality standard 

of 1.65 mg/L.  The other effluent samples collected contained manganese concentrations significantly 

above the water quality standard of 1.6 mg/L.  The largest effluent manganese concentrations were 

observed during the final two sampling events of 2008; these samples contained total and dissolved 

manganese concentrations greater than influent concentrations.  The average percent removal of 

manganese was 23%; the maximum percent removal was 90%. 

6.3 Other Metals 

In addition to manganese, the Chitin reactor influent contained concentrations of iron and zinc.  The 

Chitin reactor reduced the concentrations of these metals until mid-September 2008 when effluent 

concentrations of iron and total zinc increased to levels greater than influent concentrations.  This 

upset condition is consistent with the increased manganese concentrations and an increase in 

conductivity.  It is unclear what caused the upset condition. 

6.4 General Performance Parameters 

Alkalinity -  Influent alkalinity ranged from 156 to 468 mg/L as CaCO3.  Effluent alkalinity 

concentrations range from 442 to 4,875 mg/L as CaCO3.  Elevated effluent alkalinity concentrations 

indicate desirable biological processes were occurring in the reactor, and that the calcium carbonate 

(calcite) present in the chitin material was dissolving. 

Calcium -  Dissolved chitin effluent calcium concentrations were consistently greater than influent 

concentrations due to the dissolution of calcium carbonate present in the reactor.  Dissolved and total 

effluent calcium concentrations reported for samples collected on 9/18/08 show a significant 

discrepancy between reported total and dissolved concentrations. 
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Sulfate - Influent sulfate concentrations ranged from 24 to 206 mg/L, effluent concentrations ranged 

from 0.025 to 164 mg/L.  Effluent sulfate concentrations were generally less than influent sulfate 

concentrations, indicating sulfate reduction was likely occurring in the chitin reactor. 

6.5 Nuisance Parameters 

The chitin reactor is similar to the BCR cell in that it generates effluent nuisance parameters: BOD, E. 

coli, and nitrogen species. 

BOD -  Chitin effluent BOD concentrations ranged from 170 to 387 mg/L, while influent 

concentrations ranged from below the laboratory detection limit of 30 mg/L to 140 mg/L.  The 

effluent BOD concentrations were consistently higher than influent concentrations, which is typical 

for systems with reducing conditions and biological activity.  The chitin effluent BOD concentrations 

were similar to BCR effluent BOD concentrations observed during startup conditions. 

E. coli  -  Effluent E. coli concentrations ranged from 8 to greater than the laboratory upper detection 

range of 2,900 counts/100 mL.  The influent, or BCR effluent, E. coli was below the laboratory 

detection limit for all chitin reactor sampling events.  The effluent E. coli data was highly variable, 

and inconclusive.  Further monitoring is required to accurately assess chitin effluent behavior with 

respect to E. coli. 

Nitrogen - Chitin effluent nitrate/nitrite concentrations were similar to influent nitrate/nitrite 

concentrations.  Influent ammonia concentrations ranged from 1.1 to 20 mg/L, effluent ammonia 

concentrations ranged from 5.8 mg/L to above the laboratory upper detection range of 36.25 mg/L.  

Effluent concentrations were consistently above influent concentrations, and were consistently higher 

than the estimated water quality standard of 3.08 mg/L.  The ammonia standard is a table value 

standard which was estimated based on pH of 7 s.u. and a temperature of 4ºC.  The chitin material is a 

source of ammonia; aerobic polishing of chitin effluent should be considered to decrease effluent 

ammonia concentrations; however the resulting nitrate would require treatment. 

6.6 Water Quality Modeling 

The chitin reactor used Chitorem™ as the substrate mixture.  This technology has a limited history of 

field implementations for treating MIW.  Manganese removal in a chitin reactor had been observed 

during bench-scale studies at the National Tunnel in Blackhawk, Colorado (Venot 2008).  PHREEQC 
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geochemical modeling software (Parkhurst and Appelo 1999) was used to calculate saturation indices 

for the influent and effluent waters and to thereby identify possible manganese removal mechanisms. 

Inputs to the model included influent and effluent average concentrations  of metals, sulfate, and 

sulfide from the period 7/30/08 to 10/2/08.  The chitin cell average effluent alkalinity concentration 

was also added to the model.  The modeling results include a saturation index for rhodochrosite 

(MnCO3) of 0.97, indicating the mineral’s concentration is above saturation, and precipitates would 

likely form.  The resulting saturation index for manganese sulfide was -5.6, indicating the solution is 

under saturated, and that manganese sulfide would be unlikely to precipitate from the solution.  The 

model output is provided in Appendix H. 
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7.0 QUALITY ASSURANCE/QUALITY CONTROL SAMPLES 

The Sampling and Analysis Plan (Golder, 2007) prescribed a collection rate of 10% for blind 

duplicate samples.  The collection of blind duplicates was limited to summer sampling when the site 

was accessible.  Three blind duplicates were collected during the summer sampling events during 

which 38 BCR samples were taken.  This is a collection rate of 7.8% which is less than the  specified 

rate of 10%.  The field duplicate results were compared with primary sample results using relative 

percentage differences (RPDs).  For all analytes present at concentrations greater than or equal to five 

times the quantitation limit, the RPD must be less than or equal to 30% RPD (US EPA 2008).  RPDs 

are calculated according to the following formula: 

 

where A is the concentration of the primary laboratory result per analyte and B is the corresponding 

duplicate result.  For all analytes present at concentrations less than five times the quantitation limit, 

the absolute difference must be less than or equal to twice the sample quantitation limit.  Data 

validation of quality assurance samples was limited to metals analysis of the six contaminants of 

concern.  The average RPD for the constituents of concern for the three duplicates samples was 2.5% 

which is well below the recommended criteria of 30%.  The maximum RPD value was 5.6%, well 

below the maximum recommended value of 30%.  For all analytes present at concentrations less than 

five times the quantitation limit, the absolute difference was less than or equal to twice the 

quantitation limit. 
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8.0 BCR AND CHITIN LONGEVITY ANALYSIS 

The theoretical longevity of BCR and chitin reactors can be estimated based on the consumption rate 

of organic carbon and dissolution rate of limestone.  Once the organic carbon supply is depleted, the 

bacteria in the BCR will become starved, microbial kinetics will decrease, and reactor performance 

will decline.  Once the limestone has been completely dissolved from the cell, the non-microbial 

buffering capacity of the BCR media will be depleted and biological treatment may decrease or cease 

altogether.  Using the laboratory results, organic carbon and limestone consumption rates were 

calculated to estimate the expected lifespan of the BCR and chitin reactors. 

8.1 Organic Substrate Longevity 

Organic substrate longevity was calculated based on the amount of carbon required to support the 

sulfate reduction occurring in the reactor.  The biological reduction of sulfate to sulfide requires two 

moles of carbon for every mole of sulfate reduced or 24 grams of carbon for every 96 grams of sulfate 

(Wildeman et al. 1993).  Organic substrate longevity calculations were based on the initial organic 

carbon content of the substrate components, the observed sulfate reduction rates, and the flow rate 

data. 

The initial organic carbon content of the BCR cell was determined by assuming values for hay and 

woodchip moisture contents and loss on ignition values.  The hay moisture content and loss on 

ignition (LOI) were assumed to be 5% and 99%, respectively.  Woodchip moisture content and LOI 

were assumed to be 5% and 95%, respectively.  These assumptions were made based on LOI and 

percent moisture analyses performed on similar substrate mixtures used for the Elizabeth Mine 

Bench-Scale Study (Golder 2007), and the Luttrell Pilot-scale SRBR demonstration (Golder 2006). 

The sulfate data obtained from influent and BCR effluent samples and the BCR flow rate data were 

used to calculate a carbon consumption rate.  Based on the carbon consumption rate and the initial 

carbon content of the Pilot, the carbon longevity of cell is 21 years.  The carbon content of Pilot 

based on the LOI values included both the cellulose and lignin fractions of organic matter.  Cellulose 

is more bio-available than the lignin.  Wood fiber is typically 15% to 25% lignin.  The carbon 

longevity analysis assumes that the lignin is eventually consumed. 

The initial organic carbon content of the chitin reactor was estimated by assuming a 10% moisture 

content and the generalized formula for chitin (C9H15O5N).  The average carbon consumption rate for 

the chitin reactor was calculated based on the average observed sulfate reduction.  The sulfate data 

obtained from influent and chitin effluent samples and the assumed chitin flow rates were used to 
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calculate an average carbon consumption rate, which was used to estimate a carbon longevity of 4.5 

years. 

8.2 Limestone Longevity 

Influent and effluent calcium concentrations were used to estimate the limestone dissolution rate in 

the BCR, and to estimate the length of time to deplete the limestone under steady –state conditions.  

The calcium dissolution rate was calculated as the difference in the BCR influent and effluent calcium 

concentrations multiplied by the daily flow rate.  The calcium dissolution rate was then converted to a 

limestone dissolution mass rate (grams per day).  Assuming a 90% pure calcium carbonate limestone, 

the limestone dissolution rate was then subtracted from the initial mass of limestone placed in the cell 

to estimate the limestone longevity.  The BCR limestone longevity is estimated as 6 years. 

Chitin influent and effluent calcium concentrations were used to estimate the longevity of the chitin 

reactor.  The calcium dissolution rate was calculated as the difference in the influent and effluent 

calcium concentrations multiplied by the daily flow rate.  The calcium dissolution rate was then used 

to develop a limestone dissolution rate.  Due to the variability in effluent calcium concentrations, the 

calcium dissolution rate for samples collected on 8/7/08, 8/21/08, and 8/27/08 were averaged to 

determine an average limestone dissolution rate for the chitin reactor.  This dissolution rate was used 

to calculate a limestone lifespan of 0.6 years.  This calculated lifespan is based on a flow rate of 1 

gpm, which is twice the design flow of the reactor.  Since the reactor flow rate was reduced to 0.5 

gpm in October 2008, the limestone mass in the chitin reactor is projected to be depleted in about 1.5 

years. 
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9.0 DISCUSSION 

9.1 Influent Water Quality 

The Level 1 Adit water quality, or Pilot influent, was relatively consistent for the majority of the year 

except for a significant drop in pH in May, June, and July 2008 that was likely due to the high flows 

associated with seasonal snowmelt.  The adit concentrations of cadmium, copper, and iron decreased 

during this snowmelt period while the concentrations of manganese and zinc remained relatively 

constant. 

9.2 Pilot Construction and Operation 

Construction of the Pilot at the remote Site posed unique challenges.  The primary operational issue 

has been stoppage of flow to the system due to periods of inadequate solar power, pump failure, 

infiltration gallery plugging, and clogging of the influent pipes. 

9.3 BCR Molar Metal and Sulfate Removal 

In order for metals to be removed as metal sulfide precipitates, the BCR cell must reduce sufficient 

sulfate to sulfide.  The Pilot BCR was sized based on removing 0.3 moles per day per cubic meter of 

substrate (mol/day/m3) of sulfate and metals (Wildeman et al. 1993).  The actual molar metal removal 

rate was estimated using influent and effluent cadmium, copper, iron, lead, and zinc concentrations, 

the flow rate, and the volume of substrate.  The metal removal rate, shown on Figure 17, varied from 

0.04 to 1.0 mol/day/m3, with an average value of 0.29 mole/d/m3, which is slightly below the 

benchmark criteria of 0.3 mol/day/m3.  The metal removal rate was only calculated for periods when 

the cell was operation.  During the monitoring period, sulfate reduction varied from 0.2 to 1.1 

moles/day/m3 with an average of 0.32 moles/day/m3.  During the summer 2008, the BCR flow rate 

was doubled in order to optimize treatment performance.  As seen on Figure 17, the molar sulfate 

removal rates increased indicating that the BCR cell was able to handle the increased metal loading. 

9.4 Ability of BCR to Meet Water Quality Standards for Metals 

The BCR has been operating successfully since startup with little variation in effluent quality.  The 

cold winter temperatures and flow stoppages did not appear to significantly affect the treatment 

process.  The BCR achieved average removal percentages for cadmium, copper, lead, and zinc of 

about 98%.  Copper was consistently removed to concentrations below the chronic water quality 

standard.  The detection limits for cadmium and lead were not sufficiently low to verify compliance 
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with water quality standards.  Effluent zinc concentrations were consistently above the chronic water 

quality standard.  The high removal rates for cadmium, copper, lead, and zinc are consistent with 

those measured in other BCR systems (Gusek et al. 2008).  The BCR iron removal rate was 61% and 

the manganese removal rate was 4%.  Iron and manganese are not consistently removed under 

anaerobic conditions but can be removed in an aerobic polishing process such as an APC. 

The removal of COCs as metal sulfide precipitates occurs via the generalized formula: 

Me2+ + HS-                  MeS(S)  + H+ 

The reaction is dependent on the pH, Eh, and sulfide concentration of the system, but is also governed 

by solubility constants which vary for each metal.  Solubility constants (pK values) for the COCs are 

provided in Table 7 and provide an indication of the relative solubility of the various metal sulfides.  

The values are listed in Table 7 in order of increasing solubility; for example, the sulfide mineral in 

the first column (CuS) is the least soluble, and therefore more likely to precipitate than all of the other 

minerals.  Based on the values shown, the sulfide solubility of the COCs from lowest to highest is: 

 Cu < Cd < Pb < Zn < Fe < Mn 

The list shown above attempts takes into account the form of metal sulfide that is most likely to 

precipitate in the BCR.  For example, pyrite is excluded from the list above because is a crystalline 

mineral unlikely to form in a BCR; the more likely iron sulfide precipitate is an amorphous iron 

sulfide (FeS [ppt]).  Therefore, the pK value for amorphous iron sulfide is included in the list above.  

It should be recognized that pK values for all amorphous sulfide minerals are not necessarily 

available, so the order of metal sulfide solubility is considered approximate.  Regardless, the removal 

of metals in the BCR is represented well by the order of solubility constants shown above.  The 

extremely low solubilities of copper and cadmium were exhibited by low BCR effluent 

concentrations.  The solubility of zinc sulfide (ZnS [am]), on the other hand, is thirteen orders of 

magnitude greater than that of copper sulfide and zinc effluent concentrations were correspondingly 

higher.  The Pilot BCR could likely achieve higher zinc removal rates with a longer hydraulic 

retention time under which more sulfide would be generated; this should increase the precipitation of 

zinc sulfide.  Iron and manganese are the most soluble metal sulfides and are therefore more difficult 

to remove as metal sulfides in a BCR.  Further iron removal and manganese removal would be 

expected to occur in the APC and MRB cells. 
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9.5 Chitin Results 

The chitin reactor was constructed for manganese treatment.  During the first two months of 

operation, the chitin reactor achieved an average manganese removal rate of 23%.  During the last 

few sampling events, the chitin effluent manganese concentration was greater than the influent 

concentration indicating that manganese was being released from the reactor.  One possible 

explanation for the low manganese removal rate is that the flow rate to cell was greater than the 

design flow rate.  Continued operation and monitoring of the chitin reactor is recommended to better 

understand the treatment process. 

9.6 Nuisance Parameters 

The BCR and chitin reactors generate nuisance parameters such as BOD, E. coli, and ammonia that 

will require treatment prior to discharge.  These parameters are amenable to treatment in an APC.  

Monitoring of the APC in 2009 will help determine the proper APC dimensions to treat these 

nuisance parameters. 

9.7 Longevity Estimates 

The estimated BCR carbon and limestone longevities are 51and 7 years, respectively.  For future 

treatment efforts on Site, increasing the amount of limestone in the substrate mixture at the expense of 

wood chips would extend the combined carbon/limestone longevity.  A reasonable goal for the carbon 

and limestone longevity estimate is 20 years.  The estimated chitin reactor carbon and limestone 

longevities are 7 and 1.5 years, respectively.  The chitin longevity estimates are based on only two 

months of data; further evaluation is recommended. 

9.8 Remote Monitoring 

The ISCO™ Stratolink transmitters did not operate consistently.  Typically, transmissions from only 

one of the two transmitters were received at a time.  When it was operational, the advantage of the 

Stratolink system was that field parameters and flow data could be viewed on an internet webpage 

within several hours.  This was a valuable tool because the daily cell performance could be monitored 

closely from a remote location.  In the summer 2008, ISCO decided to abandon the use of the 

Stratolink transmitters because of the operational issues and replaced the transmitters with satellite 

phones.  During the first few months of operation, data retrieval via the satellite phones has also been 
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problematic.  Overall, remote monitoring of the Pilot has been a significant challenge and warrants 

further study. 
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10.0 CONCLUSIONS 

To date, three pilot-scale passive treatment technologies (BCR, chitin reactor, APC) have been 

constructed at the Standard Mine Superfund Site to test their ability to operate at a high-altitude, cold, 

remote site.  The Pilot BCR has been in operation the longest, approximately 13 months.  Despite the 

cold climate and cold influent water temperature, the startup and operation of the BCR process was 

successful; metal removal rates for cadmium, copper, lead, and zinc were, on average, 98% for the 

treatment period.  The Pilot performance has further demonstrated that passive, biological treatment 

of MIW is feasible at cold, remote sites.  Despite the high removal rate, the BCR effluent exceeds the 

water quality standards for cadmium, lead, and zinc.  Results from the first two months of chitin 

reactor show inconsistent manganese removal rates; further monitoring of the reactor is 

recommended.  The third passive technology, the APC, was completed in the fall 2008 and 

monitoring of the APC will begin in 2009. 
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11.0 RECOMMENDATIONS 

The following recommendations are provided for future operations of the Pilot: 

· Perform weekly monitoring events on the chitin reactor during 2009.  The 2008 
chitin reactor data set included only eight sampling events, and there was 
significant variation in the data.  Flow measurements should also be monitored to 
ensure the chitin cell is being loaded appropriately.  Additional information about 
the chitin reactor performance is necessary to evaluate the technology with 
regard to its MIW treatment potential. 

· Monitor the APC according to the project sampling and analysis plan in 2009. 

· Establish a gravity flow regime to convey adit water to the Pilot  in order to 
eliminate the need for the influent pump and thereby increase the reliability of 
the BCR. 

· On October 6, 2008, the flow rate through the BCR was reduced to 0.75 gpm.  
This operational change was implemented to investigate a potential relationship 
between hydraulic retention time and effluent zinc concentrations.  Data 
collected during 2008 and 2009 will provide valuable information regarding zinc 
removal. 

The EPA ORD detection limits for cadmium and copper were above or close to the water quality 

standards.  Future samples should be analyzed to a lower detection limit. 
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Cadmium, dissolved (mg/L) 0.0024 0.0009 (tr)2 0.00025 0.14 0.11 0.17
Copper, dissolved (mg/L) 0.0036 0.007 0.005 0.26 0.04 1.06
Iron, total (mg/L) 0.021 NA 1.0 (Trec)3 5.61 0.16 21.22
Lead, dissolved (mg/L)                         0.008 0.03 0.0012 0.502 0.004 2.23
Manganese, dissolved (mg/L)                0.0066 2.37 1.31 11.0 5.3 12.7
Zinc, dissolved (mg/L)               0.0067 0.079 0.069 26.5 21.0 30.9
Notes:
1 - Metal table value standards were calculated based on a hardness of 50 mg/L
2 - tr- trout standard
3 - Trec - the standard is total recoverable. The summary data for iron are all total concentrations.
4 - Shaded values exceed the acute and/or chronic standards.

Table 1

STANDARD MINE PILOT INFLUENT WATER QUALITY SUMMARY TABLE WITH ELK CREEK 
WATER QUALITY STANDARDS FOR THE TREATMENT PERIOD

(AUGUST 2007 - SEPTEMBER 2008)

Parameter

EPA 
Laboratory 
Detection 

Limit

Acute 
Standard1

Chronic 
Standard1 Influent 

Average
Influent 

Minimum
Influent 

Maximum
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Date Event Type Total Metals Dissolved Metals Alkalinity BOD E. Coli Ammonia Nitrate Sulfide Sulfate Total Metals Dissolved Metals Alkalinity BOD E. Coli Ammonia Nitrate Sulfide Sulfate
8/9/2007 Field Sample Collection X X X X X X X X X X X X X X X X

8/15/2007 Field Sample Collection X X X X X X X X
8/22/2007 Field Sample Collection X XX X X X X X X X X XX X X X X X X X
8/28/2007 Field Sample Collection X X X X X X X X X X
9/6/2007 Field Sample Collection X X X X X X X X X X

9/12/2007 Field Sample Collection X X X X X X X X X X
9/19/2007 Field Sample Collection X X X X X X X X
9/26/2007 Field Sample Collection X X X X X X X X X X
10/4/2007 Field Sample Collection X X X X X X X X
10/15/2007 Field Sample Collection X X X X X X X X X X
11/1/2007 Field Sample Collection X X X X X XX XX X X X
11/14/2007 ISCO Sample Collection X X X X
11/21/2007 ISCO Sample Collection X X X X
11/28/2007 ISCO Sample Collection X X X X
12/05/07 ISCO Sample Collection X X
12/12/07 ISCO Sample Collection X X
12/26/07 ISCO Sample Collection X X X X
01/02/08 ISCO Sample Collection X X X X
01/09/08 ISCO Sample Collection X X X X
01/16/08 ISCO Sample Collection X X X X
01/23/08 ISCO Sample Collection X X X X
02/06/08 ISCO Sample Collection X X X X
02/13/08 ISCO Sample Collection X X X X
02/20/08 ISCO Sample Collection X X X X
02/27/08 ISCO Sample Collection X X X X
03/05/08 ISCO Sample Collection X X X X
03/12/08 ISCO Sample Collection X X X X
03/19/08 ISCO Sample Collection X X X X
03/26/08 ISCO Sample Collection X X X X
04/02/08 ISCO Sample Collection X X X X
04/09/08 ISCO Sample Collection X X X X
04/16/08 ISCO Sample Collection X X X X
04/23/08 ISCO Sample Collection X X X X
04/30/08 ISCO Sample Collection X X X X
05/07/08 ISCO Sample Collection X X X X
05/14/08 ISCO Sample Collection X X
05/21/08 ISCO Sample Collection X X
05/28/08 ISCO Sample Collection X X
06/04/08 ISCO Sample Collection X X X X
06/11/08 ISCO Sample Collection X X X X
07/30/08 Field Sample Collection X X X X X X X X
08/07/08 Field Sample Collection X X X X X X X X X X X X X X X
08/14/08 Field Sample Collection X X X X X X X X X X X X X X X
08/21/08 Field Sample Collection X X X X X X X X X X X X X X X
08/27/08 Field Sample Collection X X X X X X X X X X X X X X X
09/04/08 Field Sample Collection X X X X X X X X X X X X X X X
09/18/08 Field Sample Collection X X X X X X X X X X X X X X X
10/02/08 Field Sample Collection X X X X X X X X X X X X X X X

X denotes routine sample collection event; XX denotes duplicate sample collection event

Table 2
BCR Sample Collection Schedule and Sampling Suites

Standard Mine Passive Treatment System 

Target Laboratory Analytes
Influent Sample Effluent Sample

Target Laboratory Analytes
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Date Event Type Total 
Metals

Dissolved 
Metals Alkalinity BOD E. Coli Ammonia Nitrate Sulfide Sulfate

07/30/08 Field Sample Collection X X X X X X X
08/07/08 Field Sample Collection X X X X X X X X
08/14/08 Field Sample Collection X X X X X X X X
08/21/08 Field Sample Collection X X X X X X X X
08/27/08 Field Sample Collection X X X X X X X X
09/04/08 Field Sample Collection X X X X X X X X
09/18/08 Field Sample Collection X X X X X X X X
10/02/08 Field Sample Collection X X X X X X X X

Date Event Type Total 
Metals

Dissolved 
Metals Alkalinity BOD E. Coli Ammonia Nitrate Sulfide Sulfate

07/30/08 Field Sample Collection X
08/07/08 Field Sample Collection X X X X X X X X X
08/14/08 Field Sample Collection X X X X X X X X X
08/21/08 Field Sample Collection X X X X X X X X X
08/27/08 Field Sample Collection X X X X X X X X X
09/04/08 Field Sample Collection X X X X X X X X X
09/18/08 Field Sample Collection X X X X X X X X X
10/02/08 Field Sample Collection X X X X X X X X X

Target Laboratory Analytes

Target Laboratory Analytes

Influent Sample

Effluent Sample

Table 3
Chitin Reactor Sample Collection Schedule and Sampling Suites

Standard Mine Pilot Passive Treatment System 



Table 4

BCR Laboratory Data for Samples Collected from 8/15/07 through 10/2/08

Standard Mine Pilot Scale Passive Treatment System

Crested Butte, CO

Date

Parameter

Detection 

Limit

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

Cadmium, mg/L 0.0024 NA 0.0057 0.14 0.0012 0.14 0.0043 0.11 0.0046 0.14 0.0043 0.13 0.0012

Calcium, mg/L NA NA NA NA NA 86 NA 85 NA 81 NA 66 219

Copper, mg/L 0.0023 NA 0.030 0.13 0.0011 0.13 0.0060 0.039 0.010 0.19 0.0011 0.18 0.0011

Iron, mg/L 0.021 NA 4.5 0.20 15 0.16 13 0.11 15 0.13 13 0.092 11

Lead, mg/L 0.0080 NA 0.23 0.27 0.037 0.25 0.028 0.12 0.029 0.50 0.025 0.49 0.034

Magnesium, mg/L NA NA 48 7.7 45 7.7 37 7.7 32 7.2 25 6.4 16

Manganese, mg/L 0.0066 NA NA NA NA 11 14 10 15 11 13 9.9 11

Zinc, mg/L 0.0067 NA 2.9 24 0.65 24 1.1 21 0.84 24 0.64 23 0.84

Cadmium, mg/L 0.0024 NA 0.015 0.13 0.0063 0.13 0.017 0.11 0.015 0.13 0.013 0.12 0.0061

Calcium, mg/L NA NA NA NA NA 85 265 88 NA 85 NA 65 222

Copper, mg/L 0.0023 NA 0.063 0.19 0.014 0.19 0.034 0.12 0.031 0.25 0.039 0.24 0.026

Iron, mg/L 0.021 NA 5.0 0.83 15 0.70 13 0.40 16 0.79 13 0.78 11

Lead, mg/L 0.0080 NA 0.24 0.55 0.15 0.53 0.13 0.25 0.12 0.90 0.10 0.90 0.091

Magnesium, mg/L NA NA NA 7.7 45 7.2 36 7.8 34 7.3 27 6.0 16

Manganese, mg/L 0.0066 NA NA NA NA 11 15 11 15 11 13 9.9 11

Zinc, mg/L 0.0067 NA 3.1 24 2.4 24 3.2 25 1.8 23 2.1 26 0.42

Sulfate, mg/L NA NA 71 245 55 241 53 212 27 245 33 339 57

Alkalinity, mg/L as CaCO3 NA NA NA 42 1269 42 1102 73 1071 31 936 31 759

Sulfide, mg/L NA NA NA 0.050 1.7 0.050 3.1 NA 2.2 0.010 2.6 0.010 2.4

BOD, mg/L NA NA NA NA NA NA NA NA NA NA NA NA NA

Nitrate-Nitrite, mg/L as N NA NA NA NA NA NA NA NA NA NA NA NA NA

Ammonia, mg/L as N NA NA NA NA NA NA NA NA NA NA NA NA NA

E. Coli, Cnts. per 100 mL. NA NA NA NA NA NA NA NA NA NA NA NA NA

Notes:

Detection limits are only provided for the constituents of 

concern. 

NA = parameter was not analyzed or not applicable.  

Concentrations not detected above laboratory detection 

limits are shown as  italics as half the detection limit
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Table 4

BCR Laboratory Data for Samples Collected from 8/15/07 through 10/2/08

Standard Mine Pilot Scale Passive Treatment System

Crested Butte, CO

Date

Parameter

Detection 

Limit

Cadmium, mg/L 0.0024

Calcium, mg/L NA

Copper, mg/L 0.0023

Iron, mg/L 0.021

Lead, mg/L 0.0080

Magnesium, mg/L NA

Manganese, mg/L 0.0066

Zinc, mg/L 0.0067

Cadmium, mg/L 0.0024

Calcium, mg/L NA

Copper, mg/L 0.0023

Iron, mg/L 0.021

Lead, mg/L 0.0080

Magnesium, mg/L NA

Manganese, mg/L 0.0066

Zinc, mg/L 0.0067

Sulfate, mg/L NA

Alkalinity, mg/L as CaCO3 NA

Sulfide, mg/L NA

BOD, mg/L NA

Nitrate-Nitrite, mg/L as N NA

Ammonia, mg/L as N NA

E. Coli, Cnts. per 100 mL. NA

Notes:

Detection limits are only provided for the constituents of 

concern. 

NA = parameter was not analyzed or not applicable.  

Concentrations not detected above laboratory detection 

limits are shown as  italics as half the detection limit
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BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

0.13 0.0012 0.14 0.0012 NA NA NA NA NA NA NA NA

80 255 76 175 NA NA NA NA NA NA NA NA

0.12 0.0011 0.14 0.0011 NA NA NA NA NA NA NA NA

0.14 1.0 0.011 4.4 NA NA NA NA NA NA NA NA

0.22 0.0040 0.020 0.0081 NA NA NA NA NA NA NA NA

7.8 19 7.4 12 NA NA NA NA NA NA NA NA

11 12 11 7.4 NA NA NA NA NA NA NA NA

26 0.26 26 0.0088 NA NA NA NA NA NA NA NA

0.13 0.0012 0.14 0.0012 0.14 0.0012 0.13 0.0012 0.13 0.0012 NA 0.0012

81 265 77 190 80 142 82 141 83 136 NA 134

0.12 0.0011 0.85 0.0052 0.71 0.0070 0.81 0.0063 0.37 0.0011 NA 0.0011

0.16 15 13 5.0 8.5 0.99 11 0.91 3.8 0.63 NA 0.44

0.22 0.016 4.1 0.024 3.2 0.012 3.8 0.011 1.5 0.010 NA 0.0045

7.8 20 8.2 13 8.0 10 8.5 10 8.5 10.0 NA 9.9

11 12 11 8.1 12 8.3 12 8.3 12 9.0 NA 9.8

26 0.42 27 0.61 27 0.94 27 0.94 26 1.3 NA 1.2

374 8.7 348 144 NA NA NA NA NA NA NA NA

62 832 31 426 NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

11/14/2007 11/21/2007 11/28/2007 12/5/200710/15/2007 11/1/2007
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Table 4

BCR Laboratory Data for Samples Collected from 8/15/07 through 10/2/08

Standard Mine Pilot Scale Passive Treatment System

Crested Butte, CO

Date

Parameter

Detection 

Limit

Cadmium, mg/L 0.0024

Calcium, mg/L NA

Copper, mg/L 0.0023

Iron, mg/L 0.021

Lead, mg/L 0.0080

Magnesium, mg/L NA

Manganese, mg/L 0.0066

Zinc, mg/L 0.0067

Cadmium, mg/L 0.0024

Calcium, mg/L NA

Copper, mg/L 0.0023

Iron, mg/L 0.021

Lead, mg/L 0.0080

Magnesium, mg/L NA

Manganese, mg/L 0.0066

Zinc, mg/L 0.0067

Sulfate, mg/L NA

Alkalinity, mg/L as CaCO3 NA

Sulfide, mg/L NA

BOD, mg/L NA

Nitrate-Nitrite, mg/L as N NA

Ammonia, mg/L as N NA

E. Coli, Cnts. per 100 mL. NA

Notes:

Detection limits are only provided for the constituents of 

concern. 

NA = parameter was not analyzed or not applicable.  

Concentrations not detected above laboratory detection 

limits are shown as  italics as half the detection limit
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BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA 0.0012 0.13 0.0012 0.13 0.0012 0.13 0.0012 0.14 0.0012 0.14 0.0012

NA 131 87 NA 87 NA 88 127 91 138 94 161

NA 0.0011 0.35 0.0018 0.35 0.0018 0.37 0.013 0.63 0.052 0.28 0.0078

NA 0.36 4.3 0.011 4.3 0.011 4.5 0.39 4.4 0.67 4.4 1.9

NA 0.0047 1.3 0.0040 1.3 0.0040 1.2 0.0076 1.1 0.013 1.00 0.010

NA 9.5 8.9 NA 8.9 NA 9.2 9.6 9.6 9.1 9.9 13

NA 10 12 NA 12 NA 12 11 10 11 11 14

NA 1.4 28 0.0034 28 0.0034 28 2.1 31 0.69 30 0.77

NA NA 265 173 265 173 265 173 277 173 281 27

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

12/26/2007 12/26/2007 1/2/2008 1/9/2008 1/16/200812/12/2007
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Table 4

BCR Laboratory Data for Samples Collected from 8/15/07 through 10/2/08

Standard Mine Pilot Scale Passive Treatment System

Crested Butte, CO

Date

Parameter

Detection 

Limit

Cadmium, mg/L 0.0024

Calcium, mg/L NA

Copper, mg/L 0.0023

Iron, mg/L 0.021

Lead, mg/L 0.0080

Magnesium, mg/L NA

Manganese, mg/L 0.0066

Zinc, mg/L 0.0067

Cadmium, mg/L 0.0024

Calcium, mg/L NA

Copper, mg/L 0.0023

Iron, mg/L 0.021

Lead, mg/L 0.0080

Magnesium, mg/L NA

Manganese, mg/L 0.0066

Zinc, mg/L 0.0067

Sulfate, mg/L NA

Alkalinity, mg/L as CaCO3 NA

Sulfide, mg/L NA

BOD, mg/L NA

Nitrate-Nitrite, mg/L as N NA

Ammonia, mg/L as N NA

E. Coli, Cnts. per 100 mL. NA

Notes:

Detection limits are only provided for the constituents of 

concern. 

NA = parameter was not analyzed or not applicable.  

Concentrations not detected above laboratory detection 

limits are shown as  italics as half the detection limit
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BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

0.13 0.0012 0.12 0.0012 0.12 0.0012 0.12 0.0089 0.12 0.0012 0.14 0.0012

89 138 86 123 88 126 90 126 91 126 91 126

0.87 0.0018 1.3 0.0056 0.79 0.0018 0.61 0.034 0.86 0.10 0.52 0.0018

15 0.47 21 0.21 13 0.13 9.0 0.13 8.8 0.087 3.3 0.50

3.7 0.0040 5.8 0.0040 3.2 0.0040 2.6 0.036 2.6 0.0040 1.1 0.0040

9.6 11 9.2 9.7 9.2 10 9.5 10 9.6 10 9.6 10

12 11 12 11 11 11 11 11 11 11 10 11

28 2.1 28 1.5 27 1.3 29 1.2 29 1.1 31 1.0

273 194 270 187 273 183 274 153 278 86 278 72

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

3/12/20081/23/2008 2/6/2008 2/13/2008 2/27/2008 3/5/2008
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Table 4

BCR Laboratory Data for Samples Collected from 8/15/07 through 10/2/08

Standard Mine Pilot Scale Passive Treatment System

Crested Butte, CO

Date

Parameter

Detection 

Limit

Cadmium, mg/L 0.0024

Calcium, mg/L NA

Copper, mg/L 0.0023

Iron, mg/L 0.021

Lead, mg/L 0.0080

Magnesium, mg/L NA

Manganese, mg/L 0.0066

Zinc, mg/L 0.0067

Cadmium, mg/L 0.0024

Calcium, mg/L NA

Copper, mg/L 0.0023

Iron, mg/L 0.021

Lead, mg/L 0.0080

Magnesium, mg/L NA

Manganese, mg/L 0.0066

Zinc, mg/L 0.0067

Sulfate, mg/L NA

Alkalinity, mg/L as CaCO3 NA

Sulfide, mg/L NA

BOD, mg/L NA

Nitrate-Nitrite, mg/L as N NA

Ammonia, mg/L as N NA

E. Coli, Cnts. per 100 mL. NA

Notes:

Detection limits are only provided for the constituents of 

concern. 

NA = parameter was not analyzed or not applicable.  

Concentrations not detected above laboratory detection 

limits are shown as  italics as half the detection limit
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BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

0.17 0.0012 0.16 0.0012 0.15 0.0012 0.15 0.0012 0.14 0.0012 0.13 0.0012

91 127 90 131 89 137 91 144 92 161 92 183

0.56 0.0018 0.41 0.0018 0.74 0.0018 0.24 0.0018 0.25 0.0067 0.20 0.054

2.7 0.73 1.9 0.93 1.8 1.1 1.8 1.1 2.3 1.7 1.5 1.5

0.93 0.0040 0.70 0.0040 0.71 0.0040 0.75 0.0040 0.93 0.0040 0.58 0.0040

9.5 10 9.4 11 9.3 11 9.5 12 9.6 13 9.6 14

10 11 11 12 11 12 12 13 11 14 11 16

31 1.0 30 0.94 29 0.90 29 0.78 29 0.76 29 0.71

284 67 280 49 278 49 285 33 282 27 277 21

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

3/19/2008 3/26/2008 4/2/2008 4/9/2008 4/16/2008 4/23/2008
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Table 4

BCR Laboratory Data for Samples Collected from 8/15/07 through 10/2/08

Standard Mine Pilot Scale Passive Treatment System

Crested Butte, CO

Date

Parameter

Detection 

Limit

Cadmium, mg/L 0.0024

Calcium, mg/L NA

Copper, mg/L 0.0023

Iron, mg/L 0.021

Lead, mg/L 0.0080

Magnesium, mg/L NA

Manganese, mg/L 0.0066

Zinc, mg/L 0.0067

Cadmium, mg/L 0.0024

Calcium, mg/L NA

Copper, mg/L 0.0023

Iron, mg/L 0.021

Lead, mg/L 0.0080

Magnesium, mg/L NA

Manganese, mg/L 0.0066

Zinc, mg/L 0.0067

Sulfate, mg/L NA

Alkalinity, mg/L as CaCO3 NA

Sulfide, mg/L NA

BOD, mg/L NA

Nitrate-Nitrite, mg/L as N NA

Ammonia, mg/L as N NA

E. Coli, Cnts. per 100 mL. NA

Notes:

Detection limits are only provided for the constituents of 

concern. 

NA = parameter was not analyzed or not applicable.  

Concentrations not detected above laboratory detection 

limits are shown as  italics as half the detection limit
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BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

0.13 0.0012 0.13 0.0078 NA 0.0031 NA 0.0012 NA 0.0012 NA 0.0012

90 205 88 249 NA 163 NA 137 NA 124 NA 111

0.21 0.0018 0.20 0.031 NA 0.0018 NA 0.012 NA 0.0018 NA 0.0018

1.5 1.9 1.6 1.2 NA 0.70 NA 0.66 NA 0.74 NA 0.53

0.55 0.0040 0.58 0.067 NA 0.020 NA 0.0096 NA 0.0040 NA 0.0040

9.5 16 9.2 17 NA 11 NA 9.0 NA 8.2 NA 7.4

11 18 10 21 NA 14 NA 11 NA 10 NA 9.0

28 0.72 28 0.83 NA 0.68 NA 0.73 NA 0.74 NA 0.79

271 19 272 163 NA 180 NA 173 NA 153 NA 122

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA

4/30/2008 5/7/2008 5/14/2008 5/21/2008 5/28/2008 6/4/2008
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Table 4

BCR Laboratory Data for Samples Collected from 8/15/07 through 10/2/08

Standard Mine Pilot Scale Passive Treatment System

Crested Butte, CO

Date

Parameter

Detection 

Limit

Cadmium, mg/L 0.0024

Calcium, mg/L NA

Copper, mg/L 0.0023

Iron, mg/L 0.021

Lead, mg/L 0.0080

Magnesium, mg/L NA

Manganese, mg/L 0.0066

Zinc, mg/L 0.0067

Cadmium, mg/L 0.0024

Calcium, mg/L NA

Copper, mg/L 0.0023

Iron, mg/L 0.021

Lead, mg/L 0.0080

Magnesium, mg/L NA

Manganese, mg/L 0.0066

Zinc, mg/L 0.0067

Sulfate, mg/L NA

Alkalinity, mg/L as CaCO3 NA

Sulfide, mg/L NA

BOD, mg/L NA

Nitrate-Nitrite, mg/L as N NA

Ammonia, mg/L as N NA

E. Coli, Cnts. per 100 mL. NA

Notes:

Detection limits are only provided for the constituents of 

concern. 

NA = parameter was not analyzed or not applicable.  

Concentrations not detected above laboratory detection 

limits are shown as  italics as half the detection limit
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BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

0.12 0.0012 0.17 0.0012 0.16 0.0049 0.16 0.0012 0.16 0.0012 0.16 0.0036

34 107 72 185 74 133 72 123 75 121 78 122

1.1 0.0018 0.31 0.0060 0.20 0.0050 0.19 0.0060 0.65 0.0050 0.081 0.0050

4.5 0.20 0.21 1.1 0.21 0.21 0.19 0.10 7.8 0.16 0.011 0.10

1.8 0.0040 0.46 0.0040 0.33 0.0040 0.36 0.0040 2.2 0.0040 0.0040 0.0040

3.0 6.9 7.4 9.5 7.3 7.1 7.2 7.1 7.4 7.5 7.7 7.7

5.3 8.4 11 13 11 8.9 11 9.1 12 9.7 12 10.0

21 1.5 31 0.42 29 0.58 28 0.50 29 0.46 29 0.47

0.12 0.0012 0.16 0.0033 0.16 0.0050 0.15 0.0043 0.15 0.0012 0.15 0.0040

34 98 73 184 76 129 73 124 75 120 75 120

1.1 0.0018 0.39 0.014 0.58 0.021 0.51 0.013 0.19 0.020 0.26 0.0096

4.9 0.19 2.0 1.0 10 0.23 8.8 0.15 0.22 0.30 1.9 0.13

1.9 0.0040 0.87 0.014 2.0 0.0040 1.9 0.0040 0.31 0.0040 0.69 0.0040

3.4 6.3 7.0 9.3 7.7 6.9 7.4 7.0 7.4 7.5 7.8 7.9

5.9 7.8 11 13 12 8.7 11 9.0 12 9.7 12 10.0

20 0.83 30 0.82 30 1.5 28 1.4 28 1.4 29 1.5

144 92 366 24 358 169 324 123 323 153 267 134

NA NA 26 468 26 221 26 208 26 182 26 182

NA NA NA NA 0.050 19 0.050 23 0.050 17 0.050 15

NA NA NA NA 0.050 73 1.2 56 0.050 55 0.050 37

NA NA NA NA 1.7 0.88 1.5 0.27 0.69 1.1 0.34 1.1

NA NA NA NA NA 1.1 NA 5.2 NA 5.6 NA 6.3

NA NA NA NA NA 0.50 NA 0.50 NA 0.05 NA 0.50

7/30/2008 8/7/2008 8/14/2008 8/21/2008 8/27/20086/11/2008
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Table 4

BCR Laboratory Data for Samples Collected from 8/15/07 through 10/2/08

Standard Mine Pilot Scale Passive Treatment System

Crested Butte, CO

Date

Parameter

Detection 

Limit

Cadmium, mg/L 0.0024

Calcium, mg/L NA

Copper, mg/L 0.0023

Iron, mg/L 0.021

Lead, mg/L 0.0080

Magnesium, mg/L NA

Manganese, mg/L 0.0066

Zinc, mg/L 0.0067

Cadmium, mg/L 0.0024

Calcium, mg/L NA

Copper, mg/L 0.0023

Iron, mg/L 0.021

Lead, mg/L 0.0080

Magnesium, mg/L NA

Manganese, mg/L 0.0066

Zinc, mg/L 0.0067

Sulfate, mg/L NA

Alkalinity, mg/L as CaCO3 NA

Sulfide, mg/L NA

BOD, mg/L NA

Nitrate-Nitrite, mg/L as N NA

Ammonia, mg/L as N NA

E. Coli, Cnts. per 100 mL. NA

Notes:

Detection limits are only provided for the constituents of 

concern. 

NA = parameter was not analyzed or not applicable.  

Concentrations not detected above laboratory detection 

limits are shown as  italics as half the detection limit
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BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

BCR 

Influent

BCR 

Effluent

0.15 0.0012 0.15 0.0012 0.14 0.0012

78 124 80 121 48 94

0.17 0.0018 0.11 0.0018 0.14 0.0018

0.090 0.026 0.074 0.011 0.38 0.011

0.22 0.0040 0.12 0.0040 0.16 0.0040

2.7 2.9 0.95 0.71 7.4 0.0034

13 11 12 10 12 9.7

28 0.40 28 0.45 27 0.36

0.15 0.0012 0.0012 0.0012 0.12 0.0012

78 123 80 120 37 80

0.38 0.0018 0.0022 0.0093 0.36 0.023

1.00 0.026 4.1 0.28 1.6 0.34

0.77 0.0040 0.0040 0.0040 1.1 0.0090

2.7 2.9 NA NA NA NA

13 11 14 9.9 11 8.9

28 1.1 0.11 1.7 27 1.5

184 207 390 108 258 38

26 156 46 202 33 325

0.050 18 0.050 26 0.050 28

0.37 0.050 0.88 30 0.30 139

NA 0.71 1.2 3.1 NA 3.5

NA 20 NA 6.1 NA 6.5

NA 0.50 NA 0.50 NA 0.50

9/18/20089/4/2008 10/2/2008
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Table 5
Chitin Laboratory Data For Samples Collected From July 30, 2008 through October 2, 2008.  

Standard Mine Pilot Scale Passive Treatment System

August 20009
I:\04\2269\0400\0406 Std Mine EPA Aug09\Standard Mine April09\043-2269 DrftRpt StndMn Tbls_Figs  19AUG2009

Golder Associates  043-2269
Page 1 of 1

Date

Parameter
Detection 

Limit
BCR 

Effluent
Chitin 

Effluent
BCR 

Effluent
Chitin 

Effluent
BCR 

Effluent
Chitin 

Effluent
BCR 

Effluent
Chitin 

Effluent
BCR 

Effluent
Chitin 

Effluent
BCR 

Effluent
Chitin 

Effluent
BCR 

Effluent
Chitin 

Effluent
BCR 

Effluent
Chitin 

Effluent
Cadmium, mg/ 0.0024 0.0012 0.0018 0.0049 0.0018 0.0012 NA 0.0012 0.0018 0.0036 0.0018 0.0012 0.0018 0.0012 0.0018 0.0012 0.0018
Calcium, mg/L NA 185 175 133 211 123 NA 121 208 122 301 124 229 121 1282 94 1444
Copper, mg/L 0.0036 0.0060 0.036 0.0050 0.0018 0.0060 NA 0.0050 0.0050 0.0050 0.0050 0.0018 0.0018 0.0018 0.0018 0.0018 0.011
Iron, mg/L 0.021 1.1 0.14 0.21 0.064 0.10 NA 0.16 0.039 0.10 0.055 0.026 0.011 0.011 0.20 0.011 7.4
Lead, mg/L 0.0080 0.0040 0.0040 0.0040 0.0040 0.0040 NA 0.0040 0.0040 0.0040 NA 0.0040 0.0040 0.0040 0.0040 0.0040 0.0040
Magnesium, m NA 9.5 46 7.1 21 7.1 NA 7.5 13 7.7 19 2.9 7.7 0.71 106 0.0034 27
Manganese, mg 0.0066 13 1.1 8.9 1.6 9.1 NA 9.7 6.8 10.0 7.3 11 4.9 10 11 9.7 16
Zinc, mg/L 0.0067 0.42 0.39 0.58 0.45 0.50 NA 0.46 0.39 0.47 0.019 0.40 0.33 0.45 0.0034 0.36 0.0034
Cadmium, mg/ 0.0024 0.0033 0.0012 0.0050 0.0059 0.0043 NA 0.0012 0.0012 0.0040 0.0033 0.0012 0.0033 0.0012 0.15 0.0012 0.0012
Calcium, mg/L NA 184 175 129 NA 124 NA 120 NA 120 191 123 226 120 80 80 1444
Copper, mg/L 0.0036 0.014 0.068 0.021 0.012 0.013 NA 0.020 0.011 0.0096 0.0018 0.0018 0.0015 0.0093 1.7 0.023 0.011
Iron, mg/L 0.021 1.0 0.18 0.23 0.10 0.15 NA 0.30 0.18 0.13 0.081 0.026 0.011 0.28 44 0.34 7.4
Lead, mg/L 0.0080 0.014 0.018 0.0040 0.0040 0.0040 NA 0.0040 0.0040 0.0040 0.0040 0.0040 0.0040 0.0040 6.4 0.0090 0.0040
Magnesium, m NA 9.3 46 6.9 21 7.0 NA 7.5 11 7.9 19 2.9 6.3 NA 0.50 NA 27
Manganese, mg 0.0066 13 1.3 8.7 1.7 9.0 NA 9.7 7.3 10.0 7.0 11 4.7 9.9 14 8.9 16
Zinc, mg/L 0.0067 0.82 0.64 1.5 1.13 1.4 NA 1.4 1.0 1.5 NA 1.1 507 1.7 46 1.5 NA
Sulfate, mg/L NA 24 41 169 142 123 NA 153 117 134 122 207 164 108 6.4 38 NA
Alkalinity, 
mg/L as 
CaCO3 NA 468 1092 221 494 208 NA 182 442 182 676 156 507 202 585 325 4875
Sulfide, mg/L NA NA NA 19 1.13 23 NA 17 17 15 7.1 18 15 26 17 28 1.7
BOD, mg/L NA NA NA NA 194 NA NA NA 208 NA 353 NA 170 NA 388 NA 354
Nitrate/Nitrite 
mg/l  as N NA NA NA NA 1.0 NA NA NA 1.0 NA 1.1 NA 0.96 NA 4.1 NA 1.2
Ammonia, 
mg/L as N NA NA NA NA 9.0 NA NA NA 15 NA 28 NA 5.9 NA 37 NA 7.2
E. Coli, 
Cnts/100 mL NA NA NA NA 187 NA NA NA 20 NA >2400 NA 8.6 NA >2900 NA 8.6
Notes:
Detection limits are only provided for the constituents of concern. 
NA = parameter was not analyzed or not applicable.  
Concentrations not detected above laboratory detection limits are shown as  italics as half the detection limit
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10/2/20087/30/2008 8/7/2008 8/14/2008 8/21/2008 8/27/2008 9/4/2008 9/18/2008
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Cadmium, dissolved (mg/L) 0.0024 0.0009 (tr)3 0.00025 0.14 0.11 0.17 0.0021 0.0012 0.0049 99%
Copper, dissolved (mg/L) 0.0036 0.007 0.005 0.26 0.04 1.06 0.0035 0.0011 0.010 99%
Iron, total (mg/L) 0.021 NA 1.0 (Trec)4 5.23 0.16 21.22 2.01 0.01 16.48 61%
Lead, dissolved (mg/L)                         0.008 0.03 0.0012 0.502 0.004 2.23 0.010 0.004 0.034 98%
Manganese, dissolved (mg/L)                0.0066 2.37 1.31 11.0 5.3 12.7 10.5 7.4 14.7 4%
Zinc, dissolved (mg/L)               0.0067 0.079 0.069 26.5 21.0 30.9 0.55 0.009 1.50 98%
Note:
1 - Metal table value standards are based on a hardness of 50 mg/L
2 - The percent removal was calculated with the average influent and the average effluent concentrations.
3 - tr- trout standard
4 - Trec - the standard is total recoverable. The summary data for iron are all total concentrations.
 Shaded values exceed the acute and/or chronic standards.

Bold italicized values are below the detection limit.

Table 6
Summary Statistics for Contaminants of Concern for the Treatment Period, 9/19/07 to 10/2/08 with Water Quality Standards

Parameter

Chronic1Acute1

Influent 
Average

Influent 
Minimum

Influent 
Maximum

Effluent 
Average

Effluent 
Minimum

Effluent 
Maximum

Percent 
Removal2

EPA 
Laboratory 
Detection 

Limit
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Less Soluble More Soluble

Element Copper Iron Cadmium Lead Zinc Zinc Zinc Iron Iron Manganese Manganese
Mineral Covellite Pyrite Greenockite Galena Sphalerite ZnS(am) Wurtzite Mackinawite FeS(ppt) MnS(grn) MnS(pnk)
Formula CuS FeS2 CdS PbS ZnS ZnS(am) ZnS FeS FeS(ppt) MnS(grn) MnS(pnk)
pK values (minteq.v4.dat) 22.30 18.51 14.36 13.97 11.45 9.05 8.95 3.60 2.95 -0.17 -3.34
pK values (minteq.dat) 23.04 18.48 15.93 15.13 11.62 9.05 9.68 4.65 3.92 -3.80 --
Notes:

-Minteq databases derived from MINTEQA2 (Allison et al. 1990)
-Values from databases provided with Phreeqc 2.15.0 

Table 7
Sulfide Mineral Solubility Constants for the Constituents of Concern
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DESCRIPTION OF PILOT DESIGN AND CONSTRUCTION WITH 
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1.0 PILOT SYSTEM LAYOUT AND CONSTRUCTION 

1.1 BCR Sizing 

Water quality samples were collected from the Level 1 Adit from 1996 to 2001.   The average and 

maximum metal concentrations from this dataset are provided in Table A-1.  The Level 1 Adit 

discharges continuously.  The maximum concentrations were used as the design basis water quality 

for the Pilot system.  Based on the maximum concentrations, a flow rate of 1 gallon per minute 

(gpm), and a metals loading rate of 0.3 moles/day/m3 of substrate, a required volume of 14 cubic 

yards (CY) of organic substrate was calculated.  Due to freezing concerns, the BCR layout included 

below-grade construction and an insulating cover. 

The BCR substrate mixture included wood chips, cow manure, hay, and limestone. Table A-2 

presents a summary of the substrate ingredients and used in the BCR.  Approximately 47 CY of 

substrate were mixed and installed in the BCR, resulting in a constructed pore volume of 

approximately 4,750 gallons, which translates to a hydraulic retention time of 79 hours (3.3 days) at a 

flow of 1 gpm.  The installed volume of substrate (47 CY) is greater than the design volume (14 CY) 

because the installed volume includes the substrate required to fill the sideslopes of the cell. 

1.2 APC 

The initial APC Pilot sizing was for a surface area of 4,800 ft2, which was considered impracticable 

given the available area at the Site.  Consequently, the constructed APC area was field-fit and the 

final area of the cell was approximately 900 ft2. 

1.3 Chitin Design 

The chitin reactor was designed to operate with a 12-hour retention time, based on the 

recommendations of Rachel Brennan (Personal correspondence).  The reactor was sized to be housed 

in a 1,500 gallon septic tank, and included a mixture of Chitoremtm and coarse sand.  As constructed, 

the Chitin reactor was filled with 2,500 pounds of Chitoremtm material well-mixed with 10,000 

pounds of coarse sand.  This mixture comprised the substrate of the chitin reactor.  The chitin reactor 

was designed to operate similarly to the BCR; the reactor would receive influent at the surface of the 

substrate.  Water would flow vertically through the reactor to perforated PVC effluent collection 
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pipes located in the bottom of the reactor.  A non-perforated vertical standpipe set the water level in 

the cell to a fixed elevation.  Flow was designed to be discharged from this standpipe directly to Elk 

Creek via a gravity pipeline. 

1.4 BCR Construction 

The Pilot BCR was constructed as a downward flow vertical reactor.  The BCR is comprised of three 

distinct zones:  the bottom zone is a 6 inch (15 centimeter)-thick limestone drainage layer, the middle 

zone is a 3 foot (91 centimeter)-thick organic substrate layer, and the top zone consists of 6” (15 

centimeters) of standing water.  BCR construction photos are included at Attachment 1. Detailed 

descriptions of construction activities follow. 

Excavations.  The Pilot BCR was located near the Level 1 Adit at the Site.  The BCR excavation was 

completed with a bottom footprint of 170 square feet (15.8 square meters) and a top-of-berm area of 

about 1,100 square feet (102 square meters).  An effluent collection pipeline was installed as a 

horizontal run from the center of the cell to the south side of the BCR wall.  The excavation floor and 

side slopes were compacted using a hand operated mechanical compactor. 

Geosynthetics.  A layer of six-ounce protective geotextile was overlaid on the final excavated grades.  

A Permalon™ PLY X-210R impermeable liner was set above the geotextile.  A Permalon™ pipe 

boot was installed to allow the effluent collection pipeline to penetrate the liner.  The pipe boot was 

installed using Fab™ Tape and approximately 50 lbs. of bentonite to seal the area of the liner 

penetration.  Finally, a six-ounce geotextile layer was laid on top of the permalon liner to protect the 

floor of the BCR cell. 

Effluent Collection Piping.  Two-inch diameter perforated HDPE DR 17 pipe was set on the floor of 

the BCR to form an X pattern.  Non-perforated two-inch diameter HDPE pipe and fittings were 

placed in the center of the cell to connect the perforated pipes to the non-perforated effluent collection 

pipeline.  All HDPE pipe connections were made with a butt fusion welder.  The HDPE pipe was 

covered with a layer of 3/4-inch (19 mm) limestone gravel.  The gravel was placed in the cell using 

an excavator and hand-rakes to create an even, level surface. 

Substrate.  Pilot cell substrate included a mixture of hay, limestone, wood chips, and animal manure 

(Table A-2).  Substrate components were delivered to the Site trailer located on Kebler Pass Road, in 

proximity to the Site access road.  The substrate components were mixed on top of a plastic liner 
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using a skid-steer loader.  The mixed substrate was loaded into a dump truck and transported to the 

Pilot BCR area.  The mixed substrate was briefly stockpiled in the vicinity of the BCR before being 

placed in the cell using an excavator.  Additionally, a bacterial inoculum was used from another 

EPA/Golder treatability study conducted at the Elizabeth Mine site in Vermont from 2005 to 2006 

(Smart, 2008).  These bacteria were contained in a 55 gallon (208 liter) non-metallic drum that treated 

two different MIWs at the Elizabeth Mine. Afterwards, the drum was drained and shipped to the 

Golder laboratory facilities in Lakewood, Colorado (Golder Lab). A new batch of substrate 

containing the same ingredients as the Pilot BCR was mixed and placed in a 55-gallon (208 liter) 

drum at the Golder Lab. This fresh batch of substrate was inoculated with Elizabeth Mine substrate. 

The new drums were filled with water from the Standard Mine, covered and incubated at the Golder 

Lab to allow the bacteria to adapt to the new MIW.  This inoculated substrate was added to the fresh 

substrate placed in the BCR cell during construction. 

1.5 Piping and Flow Control System Construction 

Prior to Pilot construction, MIW generated in the Level 1 Adit was discharged via uncontrolled 

surface flow from the mouth of the adit to Elk Creek.  As part of the Pilot construction, new pipelines 

and flow control structures were installed to convey MIW from the adit into the BCR cell.  The 

influent delivery system includes a storage tank and influent pump, whose circuit is controlled by an 

electric timer.  The pump operation time would then be set to deliver a daily flow of 1 gpm.  The 

pump and influent storage tank is located near the BCR, an influent pipeline delivers MIW from the 

adit to the storage tank.  From the storage tank, MIW is pumped into the BCR and excess flow to the 

storage tank flows to Elk Creek via an overflow gravity pipeline.  Due to concerns of suspended 

sediments and iron possibly clogging the influent pipeline, an infiltration gallery and sediment basin 

was constructed at the adit. 

A pump was included in the system layout in order to allow more precise deliver of the 1 gpm design 

flow rate. With limited knowledge of the Site, it was also unclear whether the BCR could be fed by 

gravity flow. 

The infiltration gallery consists of a cast-in-place concrete basin lined with a geosynthetic membrane.  

The infiltration gallery is approximately 2 feet (0.6 meters) long by 4 feet (1.2 meters) wide by 2 feet 

(0.6 meters) deep.  The gallery is filled with pea gravel to prevent freezing and partially filter 

sediment before it reaches the pipes. Two perforated two-inch diameter HDPE pipes were laid 
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horizontally across the bottom of the infiltration gallery.  A one-foot layer of inert three-quarter-inch 

diameter inert gravel was placed over the perforated pipes.  Finally, two four -inch diameter schedule 

40 PVC pipes were installed near the top of the concrete basin.  The perforated HDPE pipes were 

connected to the BCR influent pipelines which delivered MIW to the influent storage tank.  The white 

PVC pipes, installed as overflow pipes, run directly to Elk Creek from the infiltration gallery.  Under 

typical operating conditions, the BCR influent pipelines would collect all the MIW discharged from 

the adit.  The overflow pipes would receive MIW only during peak flow conditions, or if the influent 

pipes became clogged.  Two influent and two overflow pipes were installed to provide system 

redundancy and minimize the potential for system failure due to clogged pipes. 

The 2-inch diameter influent pipes connect the infiltration gallery to the influent storage tank.  

Flanged fittings transition from HDPE to Schedule 40 PVC pipe, which connects to the surge tank via 

bulkhead fittings installed on the tank sidewall near the tank bottom.  Two Schedule 40 PVC 

overflow pipes were installed to allow gravity flow from the influent storage tank to Elk Creek.  

These pipes were installed using bulkhead fittings near the top of the storage tank, located on the 

sidewall opposite the influent pipelines. Thus, the influent storage tank is designed to be continuously 

flushed with fresh MIW to avoid stagnant conditions. 

The severe winter climate of the Site required burying pipes and storage tank as deep as practical to 

provide freeze protection.  Influent and overflow pipes were buried several feet below the ground 

surface from the infiltration gallery to the discharge point in Elk Creek.  The pipelines were installed 

by excavating a pipe trench using an excavator, placing the pipe, and backfilling the pipe with 

excavation material.  Typically, pipe trenches were excavated to a depth of at least three feet below 

the prevailing ground surface. 

The installed surge tank is a 500 gallon capacity plastic tank.  Size was selected based on providing a 

reservoir for the influent BCR pump to draw down in cases of low flow conditions.  Significant tank 

features include influent and effluent pipes, and a four-inch PVC pump casing installed through the 

roof of the tank.  This casing provides a conduit between the surge tank and the monitoring shed, and 

allows for easy installation and maintenance of the influent pump and monitoring equipment. 

Raw MIW is pumped into the top of the BCR cell and flows vertically downward to the perforate 

collection pipes at the bottom of the cell.  BCR effluent water flows from the collection pipes into the 

effluent pipe which runs horizontally underneath the BCR cell (via a pipe boot liner penetration), and 
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enters an effluent water control unit located underneath the monitoring shed.  The effluent water 

control unit includes a flanged transition fitting from HDPE to two-inch diameter PVC pipe, a two-

inch diameter ball valve, vertical two-inch pipe connected to four-inch pipe via a flexible rubber 

connector fastened with hose clamps, four-inch diameter PVC pipe, and a tee fitting (anti-siphon).  

The flexible rubber hose clamps allow the four-inch diameter pipe to slip over the two-inch diameter 

pipe.  The water level of the BCR cell can be adjusted by loosening the rubber connection, adjusting 

the position of the four-inch pipe, and then tightening the connectors.  This water level control system 

allows the water level of the BCR to be adjusted by approximately 6 inches. 

BCR effluent spills from the tee fitting of the effluent water level control unit into a plastic five-

gallon bucket which functions as a flow distribution box.  The bucket has two bulkhead fittings that 

are connected to pipelines which deliver the BCR effluent to either the APC or directly to Elk Creek.  

Flow through these pipelines is controlled via two-inch diameter PVC ball valves installed adjacent to 

the bulkhead fittings. 

1.7 APC and MRB Construction 

APC construction began in August 2007 and was completed in September 2008 due to the shortened 

construction seasons.  The footprints of three APC cells and a MRB cell were excavated into waste 

rock material approximately 35 feet southeast of the BCR.  The excavated APC cells had bottom floor 

footprints of approximately 10 feet by 15 feet.  The excavation was lined with a Permalon™ PLY X-

210R impermeable liner.  The APC influent pipeline consists of a buried two-inch diameter PVC pipe 

running from the BCR effluent water level control unit (5 gallon bucket) to the southwest corner of 

the APC, where it enters the APC via a pipe boot.  The pipeline was designed to terminate near the 

bottom of the APC cell, where it would be submerged under a foot of water to prevent freezing.  The 

water level and flow between each APC cell is controlled by earthen berms, with spill points to direct 

water flow.  Approximately 12 inches of soil was placed in the APC cells and two of the cells were 

planted with wetland plants (Water Sedge and Blue-joint Reedgrass). 

1.8 Chitin reactor Construction 

Chitin reactor construction occurred from July 23 to July 25, 2008.  Representatives from EPA, JRW 

Bioremediation, and Golder provided direction and construction support to Gunnison Valley 

Contractors Inc.  The downflow chitin reactor was constructed using a 1,500 gallon plastic septic tank 
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that was subsequently buried.  A network of perforated collection pipes was installed in the bottom of 

the tank, and overlain with ¾ -inch diameter gravel to facilitate effluent collection.  Coarse sand 

(10,000 lbs.) was mixed with Chitorem™ (2,500 lbs.)  at a ratio of about 1:1 by volume, and placed 

in the tank above the gravel layer.  The Chitorem™/sand mixture essentially filled the septic tank up 

to the manhole lids with an approximate media volume of 1,400 gallons.  Bulkhead fittings were used 

to connect influent and effluent pipelines to the reactor.  Figure A-1 presents a flow diagram of the 

constructed chitin reactor. 

During chitin construction, a the BCR effluent flow distribution box was modified to accept another 

pipe to the chitin reactor.  A two-inch schedule (SCH.) 40 PVC gravity pipeline was installed from 

the distribution box to the chitin influent bulkhead fitting.  This trench was installed approximately 

four feet below grade, and backfilled to provide freeze protection.  A two-inch SCH. 40 PVC effluent 

pipeline was installed from the chitin reactor effluent bulkhead to a discharge point in Elk Creek.  

This pipeline was backfilled with approximately one foot of cover.  The discharge point was located 

below the surface water level of Elk Creek to provide freeze protection.  Attachment 1 provides  

photographs of the construction activities. 

1.9 Construction Challenges 

The high altitude and remote location of the Site presented logistical challenges during construction.  

Due to lingering snow pack, the Site was not accessible by road until late June 2007.  In 2008, the 

Site access roads were impassable until late July; even in a typical four-wheel drive vehicle, travel 

time from the Kebler Pass Road to the Site was about 45 minutes.  Transporting construction 

equipment and materials took significantly longer.  Additionally, transportation concerns were 

complicated by off-highway dump truck and other heavy equipment traffic related to the ongoing 

removal actions being conducted at the Site.  Pilot construction activities had to be carefully planned 

not to interfere with the removal actions.  Finally, the remote location of the Site made material 

procurement difficult.  A simple trip to the hardware store would take at least two hours.  Efforts were 

made to minimize shopping trips. 

Positioning of Pilot construction materials and equipment were a constant concern.  The amount of 

level space available near the adit limited efficient material stockpiling and maneuvering of 

construction equipment.  Stockpiles were frequently moved several times before being used for their 
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intended purposes.  The Pilot construction site was typically congested with equipment, materials, 

and personnel. 
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TABLES
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Parameter Units Design Value Average Value

pH s.u. 3.3 5.1
Aluminum, dissolved mg/L 1.84 0.81
Copper, dissolved mg/L 0.87 0.49
Iron, dissolved mg/L 2.33 1.15
Lead, dissolved mg/L 1.53 0.90
Manganese, dissolved mg/L 11.20 8.69
Zinc, dissolved mg/L 32.00 24.04
Flow gpm 1 NA
Notes:

TABLE A1

Standard Mine Pilot Passive Treatment system
Historic Adit Water Quality and Design Criteria

Design values in the above table are maximum concentration measured at the mine between 
1999-2006.  The average values were taken from the same dataset.  Data were provided by the 
EPA.
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Golder Associates Inc. 043-2269

Substrate Component Recipe Ordered Weight 
Units

Ordered  Wt. 
Unit Source

Manure 10.0% 0.86 tons

Lost Miner Ranch, 45090 US Highway 50, Gunnison, CO 
(Gary Hausler, owner, 970-209-9515) - manure is 6 miles 
east of Gunnison, next to highway.

Wood Chips 50.0% 4.3 tons On-site.  Pine and Spruce sources.
Limestone Screenings 30.0% 2.6 tons Colorado Lime Company, Salida CO 719-539-3525
Hay/alfalfa 10.0% 0.86 tons Gunnison Auto Feed & Supply 970-641-5331
Total 100.0% 8.6 tons NA

Note:
NA - not applicable

Table A2
Bioreactor Substrate Quantities

Standard Mine Pilot Treatment System
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FROZEN SAMPLE ANALYSES 

The collection and storage of samples in the autosamplers throughout the winter months raised the 

possibility that samples would be collected and would then potentially freeze for several weeks or months 

prior to retrieval and laboratory analysis.  In order to investigate the potential effects of freezing on 

samples for metal analysis, influent and effluent split samples were intentionally frozen and then 

analyzed. 

On September 19, 2007, unpreserved and unfiltered influent and effluent samples were collected and 

transported back to the EPA Laboratory. Each sample was split at the laboratory into an unfrozen and a 

frozen sample.  The unfrozen influent and effluent samples were analyzed for total and dissolved metals 

by EPA Method 6010B.  The frozen samples were placed in a freezer and frozen for one month without 

preservative.  After a month, the frozen samples were thawed and analyzed for total and dissolved metals 

by EPA Method 6010B. 

The purpose of this analysis was to determine if frozen samples would impact the laboratory analyses of 

target metals.  Laboratory results for frozen and unfrozen sample are presented below in Tables B1-B4.  

Data validation criteria for field duplicates were used to compare the frozen and unfrozen samples.  The 

frozen and unfrozen sample laboratory concentrations were compared using relative percentage 

differences (RPDs).  For all analytes present at concentrations greater than or equal to five times the 

quantitation limit, the RPD must be less than or equal to 30% RPD (US EPA 2008).  RPDs are calculated 

according to the following formula: 

200% ×
+
−

=
BA
BARPD  

where A is the concentration of the primary laboratory result per analyte and B is the corresponding 

duplicate result.   For all analytes present at concentrations less than five times the quantitation limit, the 

absolute difference must be less than or equal to twice the sample quantitation limit.  Data validation of 

quality assurance samples was limited to metals analysis of the six contaminants of concern.  The data 

quality analysis and associated data flags are provided in Table B1.  The results of the frozen and 

unfrozen sample laboratory analyses are inconsistent; some frozen sample concentrations are higher than 

concentrations reported for the unfrozen sample (e.g., influent total copper, cadmium, and zinc), while 

other reported concentrations were lower for the frozen sample than for the unfrozen sample (e.g., 
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influent dissolved iron, effluent iron).  In the effluent dissolved samples (Table B2), the concentrations of 

cadmium, copper, lead, and zinc were above the detection limit in the unfrozen sample and below the 

detection limit in the frozen sample. In general, the dissolved concentrations decreased in the frozen 

sample which may be due to metals coming out of solution.  This is particularly evident for effluent 

dissolved iron (Table B2) which decreased from 15 mg/L to 1 mg/L from the unfrozen to the frozen 

sample. Corresponding increases in total concentrations were consistently observed in influent total 

results (Table B3) but not in the effluent total results (Table B4).  The results of these sample 

comparisons indicate that freezing of samples may have an impact on metal analysis. Further 

investigation is recommended. 
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Laboratory Results for Unfrozen and Frozen BCR Samples Collected September 19, 2007 

Standard Mine Pilot Passive Treatment System 
 
 

Table B1 
 Influent Dissolved Concentrations 

Target 
Analyte Units 

Practical 
Quantitation 

Limit 

Detection 
Limit 

BCR 
Influent 

BCR 
Influent 
Frozen 

Are both 
concentrations 
greater than 5 

times the PQL? 

RPD 
Is Abs. 
Diff ≤ 2 
PQL? 

Data 
Flag1 

Cd mg/L 0.0075 0.0024 0.11 0.14 YES 17     
Cu mg/L 0.0115 0.0036 0.039 0.25 NO NA NO J 
Fe mg/L 0.0668 0.021 0.11 0.021 NO NA YES U 
Mn mg/L 0.021 0.0066 10.4 10.9 YES 4.1     
Pb mg/L 0.0251 0.0080 0.12 0.008 NO NA NO UJ 
Zn mg/L 0.0213 0.0067 21.0 23.4 YES 11     

Table B2 
Effluent Dissolved Concentrations 

Target 
Analyte Units 

Practical 
Quantitation 

Limit 

Detection 
Limit 

BCR 
Effluent 

BCR 
Effluent 
Frozen 

Are both 
concentrations 
greater than 5 

times the PQL? 

RPD 

Is Abs. 
Diff ≤ 

2 
PQL? 

Data 
Flag1 

Cd mg/L 0.0075 0.0024 0.0046 0.0024 NO NA YES U 
Cu mg/L 0.0115 0.0036 0.010 0.0036 NO NA YES U 
Fe mg/L 0.0668 0.021 15 1.0 YES 174   J 
Mn mg/L 0.021 0.0066 15 13 YES 14     
Pb mg/L 0.0251 0.0080 0.029 0.0080 NO NA YES U 
Zn mg/L 0.0213 0.0067 0.84 0.0067 NO NA NO UJ 
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Table B3 
 Influent Total Concentrations 

Target 
Analyte Units 

Practical 
Quantitation 

Limit 

Detection 
Limit 

BCR 
Influent 

BCR 
Influent 
Frozen 

Are both 
concentrations 
greater than 5 

times the PQL? 

RPD 

Is Abs. 
Diff ≤ 

2 
PQL? 

Data 
Flag1 

Cd mg/L 0.0075 0.0024 0.11 0.13 YES 18     
Cu mg/L 0.0115 0.0036 0.12 0.38 YES 102   J 
Fe mg/L 0.0668 0.021 0.40 1.9 YES 130   J 
Mn mg/L 0.021 0.0066 11 11 YES 4.7     
Pb mg/L 0.0251 0.0080 0.25 0.82 YES 108   J 
Zn mg/L 0.0213 0.0067 21.0 25.1 YES 18     

Table B4 
Effluent Total Concentrations 

Target 
Analyte Units 

Practical 
Quantitation 

Limit 

Detection 
Limit 

BCR 
Effluent 

BCR 
Effluent 
Frozen 

Are both 
concentrations 
greater than 5 

times the PQL? 

RPD 

Is Abs. 
Diff ≤ 

2 
PQL? 

Data 
Flag1 

Cd mg/L 0.0075 0.0024 0.015 0.0071 NO NA YES   
Cu mg/L 0.0115 0.0036 0.031 0.061 NO NA NO J 
Fe mg/L 0.0668 0.021 16.5 14.3 YES 14     
Mn mg/L 0.021 0.0066 15.1 13.8 YES 8.9     
Pb mg/L 0.0251 0.0080 0.12 0.10 NO 15 YES   
Zn mg/L 0.0213 0.0067 2.6 1.9 YES 34   J 

Notes:          
The above data quality analysis was performed according to EPA Inorganic Data Validation Functional Guidelines (EPA 2008) 

RPD = relative percent difference. 

Shaded RPD values are greater than 30%. 

Frozen samples were frozen for one month prior to laboratory analysis. 

Samples not detected at concentrations at or above the laboratory detection limit are shown in italics as the detection limit. 

NA = Not applicable; the sample result was less than 5 times the value of the practical quantitation limit (PQL) and therefore the RPD value is not 
valid.  
1 - J - value is an estimate due to an RPD >30%  or an absolute difference less than or equal to twice the value of the PQL. 
U - value was not detected above the laboratory detection limit.  All non-detect values were in the frozen samples.   
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APPENDIX C 

SONDE AND YSI FIELD PARAMETER DATA 



Date pH ORP Temperature pH ORP Temperature
9/18/2007
9/19/2007 6.4 88 9.5
9/20/2007 6.3 ‐303 8.4
9/21/2007 6.3 ‐318 8.1
9/22/2007 6.3 ‐342 8.8
9/23/2007 6.3 ‐355 8.7
9/24/2007 6.3 ‐364 8.6
9/25/2007 6.3 ‐370 8.5
9/26/2007 6.1 95 5.2 6.3 ‐375 8.3
9/27/2007 6.4 ‐379 8.2
9/28/2007 6.4 ‐383 8.1
9/29/2007 6.4 ‐387 8.0
9/30/2007 6.4 ‐391 7.9
10/1/2007
10/2/2007 6.5 ‐397 7.6
10/3/2007 6.5 ‐400 7.6

Appendix C
Biochemical Reactor Average Daily Sonde Measurements 9/18/08 through 10/2/08

Standard Mine Pilot Scale Passive Treatment System Crested Butte, CO

BCR Influent Sonde BCR Effluent Sonde

10/3/2007 6.5 400 7.6
10/4/2007 7.1 76 4.8 6.4 ‐402 7.5
10/5/2007 6.4 ‐401 7.6
10/6/2007 6.4 ‐401 7.6
10/7/2007 6.4 ‐401 7.6
10/8/2007 6.4 ‐401 7.6
10/9/2007 6.4 ‐401 7.6

10/10/2007 6.4 ‐401 7.6
10/11/2007 6.4 ‐401 7.6
10/12/2007 6.4 ‐401 7.6
10/13/2007 6.4 ‐401 7.6
10/14/2007 6.4 ‐401 7.6
10/15/2007 6.4 203.2 4.2 6.7 ‐319 6.7
10/16/2007 6.8 172 4.2 6.7 ‐339 7.3
10/17/2007 6.7 ‐372 7.1
10/18/2007 6.7 ‐383 7.1
10/19/2007 6.8 ‐391 7.0
10/20/2007 6.8 ‐399 6.9
10/21/2007 6.8 ‐404 6.9
10/22/2007 6.8 ‐408 6.8
10/23/2007 6.9 ‐412 6.6
10/24/2007 6.9 ‐415 6.5
10/25/2007 6.9 ‐417 6.5
10/26/2007 6.9 ‐419 6.4
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Appendix C
Biochemical Reactor Average Daily Sonde Measurements 9/18/08 through 10/2/08

Standard Mine Pilot Scale Passive Treatment System Crested Butte, CO

BCR Influent Sonde BCR Effluent Sonde

10/27/2007 6.9 ‐421 6.4
10/28/2007 6.9 ‐421 6.4
10/29/2007 6.9 ‐421 6.3
10/30/2007 6.9 ‐423 6.2
10/31/2007 6.7 154 4.0 6.9 ‐424 6.2
11/1/2007 6.7 154 4.0 7.0 ‐406 6.2
11/2/2007 6.7 154 4.0 7.0 ‐394 6.0
11/3/2007 6.7 154 4.0 7.0 ‐417 5.8
11/4/2007 6.7 154 4.0 7.0 ‐423 5.6
11/5/2007 6.7 154 4.0 7.1 ‐426 5.5
11/6/2007 6.7 154 4.0 7.1 ‐429 5.4
11/7/2007 6.7 154 4.0 7.1 ‐431 5.3
11/8/2007 6.7 154 4.0 7.1 ‐433 5.2
11/9/2007 6.7 154 4.0 7.2 ‐435 5.1

11/10/2007 6.7 154 4.0 7.2 ‐436 5.0
11/11/2007 6.7 154 4.0 7.2 ‐438 5.011/11/2007 6.7 154 4.0 7.2 438 5.0
11/12/2007 6.7 154 4.0 7.2 ‐439 4.9
11/13/2007 6.7 154 4.0 7.2 ‐440 4.9
11/14/2007 6.7 154 4.0 7.2 ‐442 4.9
11/15/2007 6.7 154 4.0 7.2 ‐442 4.8
11/16/2007 6.7 154 4.0 7.2 ‐443 4.8
11/17/2007 6.7 154 4.0 7.3 ‐444 4.7
11/18/2007 6.7 154 4.0 7.3 ‐445 4.7
11/19/2007 6.7 154 4.0 7.3 ‐445 4.6
11/20/2007 6.7 154 4.0 7.3 ‐446 4.6
11/21/2007 6.7 154 4.0 7.3 ‐446 4.6
11/22/2007 6.7 154 4.0 7.3 ‐446 4.5
11/23/2007 6.7 154 4.0 7.3 ‐447 4.5
11/24/2007 6.7 154 4.0 7.3 ‐447 4.4
11/25/2007 6.7 154 4.0 7.3 ‐447 4.3
11/26/2007 6.7 154 4.0 7.3 ‐448 4.2
11/27/2007 6.7 154 4.0 7.3 ‐449 4.2
11/28/2007
11/29/2007
11/30/2007
12/1/2007
12/2/2007
12/3/2007
12/4/2007
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Appendix C
Biochemical Reactor Average Daily Sonde Measurements 9/18/08 through 10/2/08

Standard Mine Pilot Scale Passive Treatment System Crested Butte, CO

BCR Influent Sonde BCR Effluent Sonde

12/5/2007
12/6/2007
12/7/2007
12/8/2007
12/9/2007

12/10/2007 6.7 154 4.0
12/11/2007 6.7 154 4.0 7.4 ‐454 3.7
12/12/2007 6.7 154 4.0 7.4 ‐456 3.7
12/13/2007 6.7 154 4.0 7.4 ‐455 3.8
12/14/2007 6.7 154 4.0 7.4 ‐455 3.7
12/15/2007 6.7 154 4.0 7.3 ‐456 3.6
12/16/2007 6.7 154 4.0 7.3 ‐457 3.5
12/17/2007 6.7 154 4.0 7.3 ‐457 3.5
12/18/2007 7.1 262 3.2 7.3 ‐458 3.4
12/19/2007 7.4 348 2.5 7.3 ‐458 3.3
12/20/2007 7.5 358 2.5 7.4 ‐459 3.312/20/2007 7.5 358 2.5 7.4 459 3.3
12/21/2007 7.5 360 2.5 7.4 ‐459 3.3
12/22/2007 7.5 364 2.1 7.4 ‐461 3.3
12/23/2007 7.5 367 2.1 7.4 ‐461 3.2
12/24/2007 7.5 371 2.2 7.4 ‐462 3.2
12/25/2007 7.5 374 2.2 7.4 ‐462 3.1
12/26/2007 7.5 377 1.9 7.4 ‐463 3.1
12/27/2007 7.5 382 1.8 7.4 ‐463 3.1
12/28/2007 7.5 386 1.5 7.4 ‐463 3.0
12/29/2007 7.5 390 1.6 7.4 ‐463 3.0
12/30/2007 7.5 394 1.8 7.4 ‐462 3.0
12/31/2007 7.5 397 1.8 7.4 ‐463 3.0

1/1/2008
1/2/2008 7.5 401 1.7 7.4 ‐459 3.0
1/3/2008 7.5 409 2.2 7.4 ‐460 2.9
1/4/2008 7.5 411 2.2 7.4 ‐460 2.8
1/5/2008 7.4 ‐461 2.7
1/6/2008 7.4 ‐461 2.7
1/7/2008 7.4 ‐462 2.7
1/8/2008 7.4 ‐463 2.7
1/9/2008 7.4 ‐464 2.7

1/10/2008 7.4 ‐463 2.8
1/11/2008 7.4 ‐460 2.5
1/12/2008 7.4 ‐456 2.5
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Appendix C
Biochemical Reactor Average Daily Sonde Measurements 9/18/08 through 10/2/08

Standard Mine Pilot Scale Passive Treatment System Crested Butte, CO

BCR Influent Sonde BCR Effluent Sonde

1/13/2008 7.4 ‐454 2.5
1/14/2008 7.4 ‐452 2.5
1/15/2008 7.4 ‐454 2.8
1/16/2008 7.4 ‐462 2.9
1/17/2008 7.4 ‐465 2.9
1/18/2008 7.4 ‐467 2.8
1/19/2008 7.4 ‐468 2.8
1/20/2008 7.4 ‐467 2.8
1/21/2008 7.4 ‐466 2.8
1/22/2008 7.4 ‐464 2.8
1/23/2008 7.4 ‐463 2.8
1/24/2008 7.5 472 2.6 7.4 ‐462 2.8
1/25/2008 7.5 471 2.6 7.4 ‐463 2.7
1/26/2008 7.5 474 2.6 7.5 ‐464 2.7
1/27/2008 7.5 476 2.6 7.5 ‐465 2.7
1/28/2008 7.5 478 2.6 7.5 ‐466 2.81/28/2008 7.5 478 2.6 7.5 466 2.8
1/29/2008 7.5 ‐470 2.7
1/30/2008 7.5 419 2.5 7.5 ‐471 2.7
1/31/2008 7.4 338 2.5 7.5 ‐471 2.8
2/1/2008 7.5 417 2.5 7.5 ‐473 2.8
2/2/2008 7.5 446 2.4 7.5 ‐470 2.8
2/3/2008 7.5 461 2.4 7.5 ‐472 2.8
2/4/2008 7.5 473 2.5 7.5 ‐473 2.8
2/5/2008 7.5 481 2.4 7.5 ‐474 2.9
2/6/2008 7.5 484 2.4 7.5 ‐475 2.9
2/7/2008 7.5 492 2.4 7.5 ‐476 2.9
2/8/2008 7.4 380 2.4 7.5 ‐478 2.8
2/9/2008 7.3 317 2.4 7.5 ‐487 2.8

2/10/2008 7.3 317 2.5 7.5 ‐491 2.8
2/11/2008 7.2 300 2.5 7.5 ‐489 2.8
2/12/2008 7.3 311 2.5 7.5 ‐489 2.8
2/13/2008 7.3 348 2.4 7.5 ‐487 2.8
2/14/2008 7.2 292 2.4 7.5 ‐486 2.8
2/15/2008 7.2 297 2.3 7.5 ‐483 2.8
2/16/2008 7.1 298 2.3 7.5 ‐479 2.8
2/17/2008 7.1 295 2.3 7.5 ‐476 2.8
2/18/2008 7.1 292 2.3 7.5 ‐474 2.8
2/19/2008 7.0 290 2.3 7.5 ‐473 2.8
2/20/2008 7.2 330 2.2 7.5 ‐472 2.8
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Appendix C
Biochemical Reactor Average Daily Sonde Measurements 9/18/08 through 10/2/08

Standard Mine Pilot Scale Passive Treatment System Crested Butte, CO

BCR Influent Sonde BCR Effluent Sonde

2/21/2008 6.7 249 2.2 7.5 ‐471 2.8
2/22/2008 6.8 272 2.2 7.5 ‐470 2.8
2/23/2008 6.8 272 2.1 7.5 ‐468 2.8
2/24/2008 6.7 269 2.1 7.5 ‐467 2.8
2/25/2008 7.3 342 2.0 7.5 ‐464 2.7
2/26/2008 6.8 287 2.1 7.5 ‐459 2.5
2/27/2008 7.3 335 2.0 7.5 ‐459 2.7
2/28/2008 7.3 374 2.1 7.5 ‐457 2.4
2/29/2008 7.3 379 2.1 7.5 ‐455 2.4
3/1/2008 7.3 386 2.1 7.5 ‐473 2.8
3/2/2008 7.3 391 2.2 7.5 ‐456 2.3
3/3/2008 7.3 395 2.2 7.5 ‐456 2.3
3/4/2008 7.3 399 2.2 7.5 ‐456 2.3
3/5/2008 7.3 401 2.1 7.6 ‐457 2.3
3/6/2008 7.3 405 2.1 7.6 ‐459 2.3
3/7/2008 7.3 406 2.1 7.6 ‐459 2.33/7/2008 7.3 406 2.1 7.6 459 2.3
3/8/2008 7.3 409 2.1 7.6 ‐459 2.3
3/9/2008 7.3 411 2.1 7.6 ‐459 2.3

3/10/2008 7.3 413 2.1 7.6 ‐459 2.3
3/11/2008 7.3 415 2.0 7.6 ‐459 2.3
3/12/2008 7.3 416 2.0 7.5 ‐455 2.3
3/13/2008 7.3 418 1.9 7.4 ‐454 2.3
3/14/2008 7.3 420 1.9 7.4 ‐459 2.2
3/15/2008 7.4 421 1.9 7.5 ‐467 2.2
3/16/2008 7.3 423 1.9 7.5 ‐473 2.2
3/17/2008 7.4 425 1.9 7.5 ‐477 2.2
3/18/2008 7.4 426 1.9 7.5 ‐481 2.2
3/19/2008 7.4 427 1.9 7.4 ‐480 2.2
3/20/2008 7.4 430 1.9 7.3 ‐480 2.2
3/21/2008 7.4 431 1.9 7.4 ‐484 2.2
3/22/2008 7.4 433 1.9 7.4 ‐487 2.2
3/23/2008 7.4 434 1.9 7.4 ‐489 2.2
3/24/2008 7.4 435 1.9 7.4 ‐491 2.2
3/25/2008 7.4 437 1.9 7.4 ‐493 2.2
3/26/2008 7.4 436 1.9 7.4 ‐491 2.2
3/27/2008 7.3 439 1.9 7.3 ‐488 2.2
3/28/2008 7.3 439 1.9 7.3 ‐490 2.2
3/29/2008 7.3 440 1.9 7.3 ‐492 2.2
3/30/2008 7.4 441 1.9 7.3 ‐494 2.2
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Appendix C
Biochemical Reactor Average Daily Sonde Measurements 9/18/08 through 10/2/08

Standard Mine Pilot Scale Passive Treatment System Crested Butte, CO

BCR Influent Sonde BCR Effluent Sonde

3/31/2008 7.3 442 1.9 7.3 ‐495 2.2
4/1/2008 7.4 443 1.9 7.3 ‐496 2.2
4/2/2008 7.3 ‐495 2.2
4/3/2008 6.8 468 2.0 7.2 ‐489 2.2
4/4/2008 6.8 425 2.1 7.3 ‐489 2.2
4/5/2008 6.9 430 2.2 7.3 ‐490 2.1
4/6/2008 6.9 436 2.2 7.3 ‐491 2.1
4/7/2008 6.9 439 2.2 7.3 ‐493 2.1
4/8/2008 6.9 440 2.2 7.3 ‐494 2.1
4/9/2008 7.0 440 2.1 7.3 ‐495 2.1

4/10/2008 7.0 445 2.2 7.3 ‐497 2.1
4/11/2008 7.0 449 2.2 7.3 ‐498 2.1
4/12/2008 7.0 454 2.1 7.4 ‐498 2.1
4/13/2008 7.0 458 2.1 7.4 ‐499 2.1
4/14/2008 7.4 ‐500 2.1
4/15/2008 7.4 ‐500 2.14/15/2008 7.4 500 2.1
4/16/2008 7.3 ‐496 2.0
4/17/2008 7.1 401 1.9 7.3 ‐493 2.0
4/18/2008 7.1 386 1.8 7.3 ‐493 2.0
4/19/2008 7.1 389 1.9 7.3 ‐494 2.0
4/20/2008 7.1 351 1.9 7.3 ‐494 2.0
4/21/2008 7.1 349 1.9 7.3 ‐495 2.0
4/22/2008 7.1 335 1.8 7.3 ‐495 2.0
4/23/2008 7.1 330 1.8 7.2 ‐493 1.9
4/24/2008 7.1 329 1.7 7.2 ‐492 1.9
4/25/2008 7.1 334 1.7 7.2 ‐492 1.9
4/26/2008 7.0 338 1.6 7.2 ‐492 1.8
4/27/2008 7.0 342 1.6 7.2 ‐492 1.8
4/28/2008 7.0 350 1.5 7.2 ‐493 1.7
4/29/2008 7.0 350 1.5 7.2 ‐493 1.7
4/30/2008 6.1 425 2.0 7.2 ‐492 1.7
5/1/2008 4.9 547 2.4 7.2 ‐489 1.6
5/2/2008 4.9 547 2.3 7.2 ‐487 1.6
5/3/2008 5.1 509 2.3 7.2 ‐486 2.0
5/4/2008 5.5 446 2.5 7.2 ‐479 2.7
5/5/2008 5.9 381 2.7 7.2 ‐476 2.7
5/6/2008 6.1 344 2.7 7.2 ‐472 2.7
5/7/2008 6.1 343 2.8 7.2 ‐469 2.7
5/8/2008 5.5 422 2.7 7.2 ‐465 2.7
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Appendix C
Biochemical Reactor Average Daily Sonde Measurements 9/18/08 through 10/2/08

Standard Mine Pilot Scale Passive Treatment System Crested Butte, CO

BCR Influent Sonde BCR Effluent Sonde

5/9/2008 5.0 498 2.6 7.2 ‐463 2.7
5/10/2008 4.9 508 2.6 7.3 ‐461 2.6
5/11/2008 5.0 484 2.6 7.3 ‐461 2.6
5/12/2008 5.1 469 2.7 7.4 ‐461 2.6
5/13/2008 4.9 498 2.6 7.4 ‐463 2.6
5/14/2008 4.7 521 2.5 7.5 ‐466 2.6
5/15/2008 4.7 516 2.5 7.5 ‐471 2.5
5/16/2008 4.6 533 2.4 7.5 ‐477 2.5
5/17/2008 4.2 584 2.4 7.6 ‐483 2.5
5/18/2008 3.8 631 2.2 7.6 ‐491 2.5
5/19/2008 3.9 630 2.0 7.6 ‐498 2.4
5/20/2008 3.9 631 1.8 7.6 ‐504 2.4
5/21/2008 4.1 640 1.6 7.6 ‐510 2.4
5/22/2008 4.2 643 1.8 7.6 ‐515 2.3
5/23/2008 4.4 648 2.0 7.6 ‐520 2.3
5/24/2008 4.6 652 2.1 7.6 ‐524 2.35/24/2008 4.6 652 2.1 7.6 524 2.3
5/25/2008 4.7 653 2.1 7.7 ‐527 2.2
5/26/2008 4.6 651 2.2 7.7 ‐530 2.2
5/27/2008 4.5 660 2.1 7.7 ‐532 2.2
5/28/2008 4.5 659 2.0 7.7 ‐534 2.1
5/29/2008 4.5 672 2.0 7.7 ‐537 2.1
5/30/2008 4.4 696 2.0 7.7 ‐541 2.1
5/31/2008 4.2 712 2.0 7.7 ‐542 2.1
6/1/2008 4.9 547 2.4 7.2 ‐489 1.6
6/2/2008 4.2 727 2.0 7.7 ‐543 2.0
6/3/2008 4.1 734 2.2 7.7 ‐543 2.0
6/4/2008 4.1 736 2.2 7.7 ‐543 2.0
6/5/2008 4.1 738 2.2 7.7 ‐542 2.0
6/6/2008 4.2 737 2.1 7.7 ‐541 2.0
6/7/2008 4.2 738 1.9 7.8 ‐540 2.0
6/8/2008 4.2 736 1.9 7.8 ‐538 2.0
6/9/2008 4.2 741 2.0 7.8 ‐536 2.0

6/10/2008 4.2 744 2.0 7.8 ‐534 2.0
6/11/2008 4.1 711 2.3 7.8 ‐530 1.9
6/12/2008 4.0 691 3.0 7.8 ‐528 1.9
6/13/2008 4.1 682 2.9 7.8 ‐526 1.9
6/14/2008 4.1 679 2.9 7.8 ‐523 1.9
6/15/2008 4.1 694 3.2 7.8 ‐520 2.0
6/16/2008 4.0 722 2.9 7.8 ‐517 2.0
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Appendix C
Biochemical Reactor Average Daily Sonde Measurements 9/18/08 through 10/2/08

Standard Mine Pilot Scale Passive Treatment System Crested Butte, CO

BCR Influent Sonde BCR Effluent Sonde

6/17/2008 4.0 735 2.1 7.8 ‐514 2.0
6/18/2008 4.1 736 2.0 7.8 ‐511 2.1
6/19/2008 4.1 734 1.9 7.8 ‐509 2.1
6/20/2008 4.2 737 1.7 7.8 ‐506 2.0
6/21/2008 4.3 742 1.6 7.8 ‐504 2.0
6/22/2008 4.3 740 1.6 7.8 ‐502 2.0
6/23/2008 4.4 748 1.4 7.8 ‐501 2.0
6/24/2008 4.4 746 1.2 7.7 ‐497 1.9
6/25/2008 4.4 747 1.2 7.6 ‐494 1.7
6/26/2008 4.5 744 1.3 7.7 ‐494 1.7
6/27/2008 4.5 743 1.5 7.7 ‐496 1.7
6/28/2008 4.6 738 1.7 7.7 ‐499 1.7
6/29/2008 4.6 735 1.9 7.7 ‐501 1.7
6/30/2008 4.6 730 2.2 7.7 ‐503 1.8
7/1/2008 4.6 725 2.5 7.7 ‐543 2.0
7/2/2008 4.6 723 2.9 7.7 ‐506 2.17/2/2008 4.6 723 2.9 7.7 506 2.1
7/3/2008 4.7 722 3.3 7.7 ‐508 2.2
7/4/2008 4.7 718 3.7 7.7 ‐510 2.4
7/5/2008 4.7 714 4.0 7.7 ‐512 2.6
7/6/2008 4.7 712 4.3 7.7 ‐513 2.8
7/7/2008 4.7 709 4.6 7.7 ‐515 3.1
7/8/2008 4.8 707 4.9 7.7 ‐517 3.3
7/9/2008 4.8 705 5.0 7.7 ‐518 3.5

7/10/2008 4.8 705 5.2 7.7 ‐520 3.7
7/11/2008 4.8 701 5.3 7.7 ‐521 3.8
7/12/2008 4.8 697 5.3 7.7 ‐522 4.0
7/13/2008 4.9 693 5.3 7.7 ‐523 4.1
7/14/2008 4.9 690 5.2 7.7 ‐524 4.3
7/15/2008 4.9 688 5.2 7.7 ‐525 4.4
7/16/2008 4.9 688 5.2 7.7 ‐526 4.5
7/17/2008 4.9 690 5.2 7.7 ‐527 4.6
7/18/2008 4.9 687 5.2 7.7 ‐528 4.7
7/19/2008 5.0 685 5.2 7.7 ‐529 4.8
7/20/2008 5.0 683 5.1 7.7 ‐529 4.9
7/21/2008 5.0 681 5.2 7.7 ‐530 5.0
7/22/2008 5.0 680 5.2 7.7 ‐531 5.1
7/23/2008 5.0 677 5.2 7.7 ‐527 5.2
7/24/2008 6.2 ‐129 9.8
7/25/2008 6.1 ‐62 7.2
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Appendix C
Biochemical Reactor Average Daily Sonde Measurements 9/18/08 through 10/2/08

Standard Mine Pilot Scale Passive Treatment System Crested Butte, CO

BCR Influent Sonde BCR Effluent Sonde

7/26/2008 7.4 ‐396 3.6
7/27/2008 7.4 ‐409 3.9
7/28/2008 7.4 ‐413 4.1
7/29/2008 5.0 668 5.3 7.4 ‐410 4.4
7/30/2008 5.3 546 5.1 6.8 ‐342 4.4
7/31/2008 6.4 149 4.4 6.4 ‐320 4.4
8/1/2008 6.4 149 4.4 6.4 ‐335 4.6
8/2/2008 6.4 149 4.4 6.5 ‐339 5.1
8/3/2008 6.4 149 4.4 6.5 ‐351 5.1
8/4/2008 6.4 149 4.4 6.5 ‐362 5.1
8/5/2008 6.4 149 4.4 6.6 ‐371 4.9
8/6/2008 6.4 149 4.4 6.6 ‐379 4.9
8/7/2008 6.4 149 4.4 6.6 ‐385 4.9
8/8/2008 6.4 149 4.4 6.7 ‐389 5.0
8/9/2008 6.4 149 4.4 6.7 ‐397 4.9

8/10/2008 6.4 149 4.4 6.7 ‐403 5.08/10/2008 6.4 149 4.4 6.7 403 5.0
8/11/2008 6.4 149 4.4 6.7 ‐405 5.1
8/12/2008 6.4 149 4.4 6.7 ‐407 5.1
8/13/2008 6.4 149 4.4 6.7 ‐407 5.2
8/14/2008 6.4 149 4.4 6.6 ‐406 5.2
8/15/2008 6.4 149 4.4 6.7 ‐406 5.2
8/16/2008 6.4 149 4.4 6.6 ‐409 5.2
8/17/2008 6.4 149 4.4 6.7 ‐410 5.2
8/18/2008 6.4 149 4.4 6.7 ‐412 5.2
8/19/2008 6.4 149 4.4 6.7 ‐414 5.2
8/20/2008 6.4 149 4.4 6.7 ‐416 5.2
8/21/2008 6.4 149 4.4 6.7 ‐415 5.3
8/22/2008 6.4 149 4.4 6.7 ‐415 5.2
8/23/2008 6.4 149 4.4 6.7 ‐418 5.2
8/24/2008 6.4 149 4.4 6.7 ‐418 5.2
8/25/2008 6.4 149 4.4 6.7 ‐417 5.3
8/26/2008 6.4 149 4.4 6.7 ‐415 5.3
8/27/2008 6.4 149 4.4 6.7 ‐414 5.3
8/28/2008 6.4 149 4.4 6.7 ‐413 5.3
8/29/2008 6.4 149 4.4 6.8 ‐414 5.3
8/30/2008 6.4 149 4.4 6.7 ‐417 5.3
8/31/2008 6.4 149 4.4 6.8 ‐417 5.4
9/1/2008 6.4 149 4.4 6.8 ‐416 5.4
9/2/2008 6.4 149 4.4 6.8 ‐416 5.4

April 2009
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Date pH ORP Temperature pH ORP Temperature

Appendix C
Biochemical Reactor Average Daily Sonde Measurements 9/18/08 through 10/2/08

Standard Mine Pilot Scale Passive Treatment System Crested Butte, CO

BCR Influent Sonde BCR Effluent Sonde

9/3/2008 6.4 149 4.4 6.8 ‐416 5.4
9/4/2008 6.4 149 4.4 6.8 ‐416 5.4
9/5/2008 6.4 149 4.4 6.8 ‐416 5.4
9/6/2008 6.4 149 4.4 6.8 ‐418 5.4
9/7/2008 6.4 149 4.4 6.8 ‐419 5.4
9/8/2008 6.4 149 4.4 6.8 ‐418 5.4
9/9/2008 6.4 149 4.4 6.8 ‐419 5.4

9/10/2008 6.4 149 4.4 6.8 ‐417 5.9
9/11/2008 6.4 149 4.4 6.8 ‐408 6.0
9/12/2008 6.4 149 4.4 6.8 ‐401 6.0
9/13/2008 6.4 149 4.4 6.8 ‐400 6.0
9/14/2008 6.4 149 4.4 6.9 ‐400 5.9
9/15/2008 6.4 149 4.4 6.9 ‐401 5.9
9/16/2008 6.7 142 5.0 6.8 ‐408 5.7
9/17/2008 6.8 125 4.6 6.5 ‐416 5.7
9/18/2008 6.50 140 4.6 6.4 ‐369 5.79/18/2008 6.50 140 4.6 6.4 369 5.7
9/19/2008 6.50 144 4.6 6.4 ‐385 5.7
9/20/2008 6.5 148 4.5 6.5 ‐373 5.7
9/21/2008 6.5 152 4.6 6.5 ‐370 5.8
9/22/2008 6.5 156 4.6 6.5 ‐374 5.8
9/23/2008 6.5 154 4.5 6.5 ‐380 5.8
9/24/2008 6.6 157 4.5 6.5 ‐390 5.8
9/25/2008 6.5 159 4.6 6.5 ‐399 5.7
9/26/2008 6.6 160 4.6 6.5 ‐404 5.7
9/27/2008 6.6 158 4.5 6.5 ‐406 5.7
9/28/2008 6.6 158 4.6 6.5 ‐409 5.7
9/29/2008 6.6 160 4.6 6.5 ‐412 5.6
9/30/2008 6.6 161 4.6 6.4 ‐431 5.7
10/1/2008 6.6 161 4.6 6.2 ‐471 6.0
10/2/2008 6.6 162 4.5 6.2 ‐469 6.1
10/3/2008 6.6 162 4.5 6.2 ‐458 6.1
10/4/2008 6.6 162 4.5 6.3 ‐449 6.1
10/5/2008 6.7 164 4.3 6.3 ‐442 6.0
10/6/2008 6.7 166 4.2 6.3 ‐438 6.0
10/7/2008 6.7 169 4.1 6.3 ‐435 5.9
10/8/2008 6.7 172 4.1 6.3 ‐426 5.8

max 7.5 747.7 9.5 7.8 ‐61.8 9.8
min 3.8 76.0 1.2 6.1 ‐543.0 1.6
average 6.3 378.0 3.2 7.2 ‐453.8 3.9

April 2009
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FIELD INFORMATION FORMS AND CHAIN OF CUSTODY FORMS 
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Gunnslon WWfP Laboratory

:T)

GwcicyWaeteater1eateieeP1ent
524 Q,untyRd 32 Gw on, CO 81230

CHAIN OF CUSTODY RECORD

EDB)

BY:

nple Type): 1-DrJn1dng Water, xGroimd Water, -Wute Water, 1WIpe. SoHd/5oll, 43udge, ADAIt = 011/Organic lAquld, Q.iOther

rLABEY:

invoice information01t/Report1ng Information

p

LL 30c?
State: Zip:

C)

— -c,_
*

F. Nun,r
C2s iisc 2or’

biFo2 )+

clt, State: Zip:

e Number

ProfeName:
Stendard MIne Pll

Pgzam N-NPDES, URcRA, 2=Drinldng Water, Sludge, Q=Other
(Plue,iele U

ddASw.rhfrçda) RihrAøW Irdap) BWeIIiC7TA73wD!liIdI))

SIW’P!D VIA: SEAL

AIRDILL SEAL DATE
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Hug l3 U•/ Ub:4p

Sample pH Temp (°C) Conductivity OR? (mV) Dissolved

Location (mS/cm) & Mess. Oxygen
Sequence (mg/L)

BCREffluent 5C 2.1 -19_I

APC Effluent
2nd

MRB Effluent

Influent 7 ( ) 53 4 7, L,t
‘

ORP Standard Standard Value = 270 Always Last

Sample Site Odor Color Presence of molds/Comments

BCR Effluent OutrI
13 NoivcZ’//vo Ic LU ‘ v S 75 *LJ?)

ee//dk) cIIeki W/OOxi$lb//c
‘ 2-s-_-_iw

APC Effluent

MRB Effluent

Influent rn’ ‘y
d:p;.1c j7c1t1Q ,

Please Fax field sheet to Tom Rutkowskl/Pat Smart at Golder Associates at Fax No.
303-985-2080

Standard Mine Pilot fleld Parameters and Observation Sheet

Date: 2’ O7 Sampled by: . d€ct- Tune: /6 0

I
I
I
I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
I

J:O4JO8S’,O43-2269 EPA GSA Ifawidard WFSAPdad 1daeSAP.doc
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US EPA/FISC-Cindnnatl Lab
c

Mail Locailon CHL 5995 Center lUll Ave. CHAIN OF CUS1ODY RBCORD
Onclnnat4 OH 45224

cowis
Client/Reporting Information I Invoice Information PARAMErEI/CONTA1NER TYPE

Company Name

Address:

City: State: Zip:

Contact: E-mail: - Contact: E-mail:

m1Lf-4iik’;__
Phone Nuntb: Fax Number:

mple?s Name

ProiectName

5AMFt IDT1IqCM1
LZ Otuiar use)

C

C
a:
4
4
-

I (Please n n-.landsrd tunwowid. Rush & Eneigency sukrct to additicnal chugs)

Regulatosy PmVant NPDES, K=RA, D=Drinldng Water, 5O3 Sludge, Q=Other I S4IdSd TAT: (13 wwidzdiye) R.hTAT: (5 workIng days) Dirgeniy TAT: (5wulng dayi)

Matrix (Sample Type): Py=Drinking Water, 3=Ground Water, Waste Water, YlWipe, =Solid/Soil, L=Sludgc, A=Air, QL = Oil/Organic Liquid, Q=Other

DATE:

2
RE.INQUISRED BY:

RECEIVED AT LAB BY:

I A C,i,&.ANKCtC
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‘op ri-i rn 1 1 ‘1

I

I

I
Standard Mine Pilot Field Parameters and Observation Sheet

Date:

__________Sampled

by: iCy (J+ Time: I 2’f

I

I
I
I

I

a
I

I

I

Sample pH Temp (°C) Conductivity ORP (mV) Dissolved
Location (mS/cm) & Meas. Oxygen

Sequence (mgfL)

BCR Effluent 123 2 far ‘ 1, vb
APC Effluent 2

MRB Effluent
37d

Influent j3 4th 7fLft

ORP Standard Standard Value = 07 Always Last

Sample Site Odor Color Presence of molds/Comments
j3’cO_

ç C’ “ 1.41/
“ Fr.L,€. oq be-v) ,i ce 1 /

BCR Effluent / tk— c 7’QdEt3
f.w4yJ sft’ i’ rec ift

APC Effluent

MRB Effluent V

V

Influent C1L0r

I
I
1
I
I

Please Fax field sheet to Tom RutkowskifPat Smart at Golder Associates at Fax No.

I 303-985-2080

J:O4JO5SO43-2269 EPA GSA I Stdid MIII.WPSAP%SId MrneSAP4ac
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SHIP TO:

UOS URS Operalrng Services, Inc. CHAIN OF CUSTODY RECORD

1099 18th SLrccI, Suite 710, Denver, CO 80202

PROJECT NOJNAME: SITE MANAGER:

..‘:_!.; __,:

;_•

SAMPLER’S SIGNATURE:

:
... .V.

‘-

STATION
DATE TIME COMP. GRAB STATION LOCATION

REMARKS

l!•..,7 7J’ / (

(((i) /,)i,,If ‘ !.‘i :•. V

RELINQULSHED B: (Signature) DATE TIME RECEIVEP BY: (Signature) RELINQUISHED BY: (Signature) [PATE TIME RECEIVED BY:

A I I (Signature)

RELINQUISHED BY: (Signature) DATE TIME RECEIVED BY: (Signature) RELINQUISHED BY: (Signawrc) DATE TIME RECEIVED BY:

I I (Signature)

RELINQUISHED BY: (Signature) DATE TIME RECEIVED FOR LABORATORY DATE TIME REMARKS:

BY: (Signature) 1 MRBILL NUMBER / V

.‘

D
.5

£

U

-5

-F

75-50903.03
\START\PSOForm.sCustody . Frin: bas

V

;:.7:V

•VV V

V V

: V

White - Original to Accompany Samples Yellow - UOS Main Office Pink - UOS Field Office

V

DN 5 2 U 9



Sep 21 07 O9:15a p.1
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Sep 21 07 O9:15a p.2

tandard Mine Pilot Field Parameters id Observations 1 0Date: ‘7/17/0 1 Sampled by: ‘Th Time:

_______

Sample pH Temp (°C) Conductivity ORP (mV) Dissolved
Location (niS/cm) & Mess. Oxygen

Sequence (mg/L)

BCR Effluent \ 900 1 5L

APC Effluent

MRB Effluent 3rd

51c)

ORP Standard Standard Value =_____ Always La

Sample Site Odor Color Presence of molds/Comments

BCR Effluent 2. C 0( ç C S2

APC Effluent

MRB Effluent

Influent
XJJ

Please Paz field sheet to Jim GuseWFom Rutkowski at Golder Associates at Fax No.
303-985-2080

SAP4oc

25
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Sep fb U/ U:bp

Standard Mine Pilot Field Parameters and Observations
Date: /2. 4/o 7 Sampled by: T2% Time: p

Sample pH Temp (°C) Conductivity ORP (mV) Dissolved

Location (mS/cm) & Meas. Oxygen

, Sequence. (mgIL)

BCR Effluent ç
.

1. 71( i &3 7
(elti I. 7

. 17
APC Effluent

. 2Td

._________ ci3 i/Z.

MRB Effluent
L-4.,>2’..)

Influent I & ‘1 0. 5 4th 7Y

ORP Standard Standard Value = CC3
.

Always Last

Sample Site Odor olor Presence of molds/Comments

BEffluent
Is C 9c /21t5
pJ “ -tr,p

2re’,i1. of —:373 5i C_

PC’ , yria(I aQ 4• ;€e.-
APCEffluent ,, Icfl dW/fr,

L’aI’( i pea (of bc fi/’L

MRB Effluent

Iniiuent c(pe
COef€ frtI€r fe EJ-co J... t Q,1)cMfo?cc QqPt. .41

Please Fax field sheet to Jim Gusekrrom Rutkowski at Colder Associates at Fax No.

((,4 L’/.) /1)J14i

25
e
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URS Operating Services, Inc. SHIP TO: IUOS
c LCHMN OF CUSTODY RECORD303.291 8200 ‘

PROJECT NUMBER / PURCHASE ORDER NUMBER: SITE MANAGER / PHONE NUMBER: — — — — TURNAROUND REQUESTED:
c)3 22/Sz Pki-j Goed&4’

ISAMPLER’S IGNATURE: )
/%/-

SAMPLE ID DATE TIME COMP/
REMARKS TAG NUMBERSGRAB z

iprpi-oqO7 %4,IooO c, I
%4/oi d9c ,

— — —

4)

5)

6)

7)

8)

9)

JO)

ii)

12)

I))

N)

‘5)

REL NQUISIjEp Yjlg,ature) DATE TIME RECEIVED BY: (Signature) OTHER INFORMATION:‘71CY1/— 1
RE IN UIHED BY: (Signature) DATE TiME RECEIVED BY: (Signature)

RELINQUISHED BY: (Signature) DATE TIME RECEIVED FOR LABORATORY BY: DATE TIME A1RBILL NUMBER: i_c L ‘

I (Signature) LAB REMARKS: £4 ôi 9 So
1\)r,c tA,

‘
7/i)

Pink - UOS Project Manager ‘- 1
‘ DN

C

ci:
tD

C

C

ci.

Whitc- Original to Accompany Samples Yellow- UOS Chemist



10/08/07 15:56 FAX I001

WAX CDV]EIR IEIIE

To:

From:

Subject:

‘rM LOL41l(

7 o+

Date; Ic-g-o7

Fax#: O3

Phone #

_____

No. ofPages (including this one) 4 Sender

Jf this Fsx is not received in full orin good condition, please call (303) 296-3523.

NOThS:

ra S° c-+!L c-IQ gA1

Lh111 .-HL

URS OPERATING SERVICES, iNC. [11099 18TH ST.. STE 710 [1 DENVR. Co U 80202-1908
PHONE (303) 296-3523 [1 FAX (303) 291-8296



10/08/07 15:57 FAX 1i 002

Sample pH Temp (°C) Conductivity OR? (in’)) DissolvedLocation (mS/cm) & Meas Oxygen
Sequence (mgIL)

BCRffluent .3 -

—
— — /Z7

APCEfflutent 2 /.7 1.Q15E 23f’ôc((l

MRBEffluent

iiit - z ( o. s 27/
—

-
-

OR? Standard Standard Value = Z of
-

.—‘....

Date:
Standard Mine Pilot Field Parameters and Observations

Sampled by:
- ;r. r ()Jj Time:

_______

Saniple Site

HCR Effluent

APC Effluent

MRB Effluent

Color Presence ofmolds!Comments

/Vo

I

Qdt DI (er oPJLAIv5c
frtSLf

,VitrO.—

e
- Please Fax field sheet to Jim Gusekflom Rutkowsld at Guider Associates at 1ax No.

303-985-20S0

tc’ (-(I1OL)1_..
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US EPA/ETSC-OncirLnati Lab Mall LocatfonCHL 5995 Cmitor Hill Ave.

Qiteinnaff, OH 45224

cuing

I____ —

Addreaz
fi(

CHAIN OF CIJSIOD’Y RECORD

PUe t7uzn
0V3 -zi9

Ph;n.xuuam-
PioneNaiinbar PacNumer: CJfc4i

3t33 5Lj)
(32s

5imp1erNla2e:
I
Iô’13-2 ‘Aci

(1’Iie. 4bLdtvnwcIm4

cpj =1rixildzg Water, L5O3 Stud9, Q0tl SljjiidTAT: (1awhbdq TAT cSwo idqi !wixyT*1 PwrkhIgdII)

iratdx iipleType) p=D Jdngwatr, WGiound Watet, ?JW’Waste Water, WaWipe, Soid/SoI Sludge, A=Afr, QL = Ofl/Orga&c UquJd, Q-Olher

I’TMV InWCIvPriflV
j

REcEIvED TLAa W:

FM E
S!Att

SEALDA
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C

J
U1tS Opcreling Scrytca, Lw. I SHIP TO:

LCILF CUSTODY RECORDDenver, CO 80202
303-291.H200

PROJECT NUMBER I PURCHASE ORDER NUMBER: SITE MANAGER! PHONE NUMBER: — — — TURNAROUND REQUESTED:

P;k I (eda-#
0
U

SAI%4PL.ER’S IGNATURjg7

‘ t)
..
a)

COMP!
SAMPLE H) DATE TIME REMARKS

‘ (j TAG NUMBERS
GRAB

“¾Ai O9Jc 6 T
— — —

cMp-EF-,OcDYO7 IO/q/oO9oo (
—

4) — —

C- -

7) — — —

C-

C

10) — —

II) —

:3) — — —— —

I_fl — — — — — —

I) — ——

Iii) — ——

(Signature) OTHER INFORMATION:RE INQUISHEtY BY ‘Signature) DATE TIME

jjjt )skittZ- ftg,/o7I ,
RECEIVED BY: -

RECE1VED BY: (SignotLut)QIJJSHED BY: (Signature) ) DATE TIME -

RELINQUISHED BY:{Sigraturej4/y DATE TIME RECEIVED FOR LABORATORY BY: DATE TIME I AtRBILLNUMBER: fl/ti qCIg Sir?
(Signature) LAB REMARKS:

WhiLc — Dilginal LnAccDhIlpaIlySnmpIts YeIIc,w-UOS Chemist
Re.iur’n -)3rt,cs ç1&3fr Stl%NPink - UGS Projeci Mnaggr
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2008 STANDARD MINE PILOT FIELD PARAMETERS AND OBSERVATION SHEFT

l)a 1e Sampled b: Time:

Chum [‘fflucnt

PC F.ftluent

‘IRB Effluent

tL
I”a’s.$

Sample Site Odor (i.e., Color (i.e., Presence of molds/Comments
sulfur/rotten light brown,
eggs, manure, dark green)

hai)

11CR Effluent

Chitin Effluent
k —

Al’( Effluent

MRB Effluent

Please Fa field sheet to Tom Rutkowski!Pat Smart at Golder Associates at Fa No.

303-985-2080

Sample
Location

11CR Fffluent I
hD ‘

pH Temp(°C)

U ‘7

lnflueiit

ORI’ Standard Standard Value — —

l)issol ed
gen

(nig/L)

1b33

U

-I

Conducti it
(niS cm)

O.L-13t:.,
S-’.

, c...
•.c_—•

•.

OR? (my) &
Meas.

Sequence

[5L)

I1•• 4

L-k4
lufluent

r’.4
‘i&koe... v’ 4-oer br//OS UIvlc,

3-rb trchic1uoi ei’e.r.



2008 STANDARD MINE PILOT FIELD PARAMETERS AND OBSERVATION SHEEr

Pate: a: Sampled b: Time:

Sample Site

BCR rffliient

Odor (i.e.,
sulfurlrotten
eggs, manure,

ha)

Ro+#v es

Color (i.e.,
light brosn,
dark green)

Presence of moidslComments

Lq1t
Lk-

Please Ia field sheet to Tom RutkoskiIPat Smart at Golder Associates at Fa No.

Sample pH Temp (°C) Conductiity ORP (mV) & DissoIcd
Location (mS/cm) Meas. O gen

Sequence (rng/L)

11CR Uffluent
- 7 (( &7’4 4 —I ô

C hitin I mimtnt

AP( Iffluent 2

MRH Fffluent — 3

infiuieni 5 O. 0’?J0

ORP Standai (I Standard Vilue = -
I d’s I i1

(hitin Effluent

Al’C Fffluent

IRB Ftfluenl

Influent
rle.

303-985-2080



2008 STANDARD MiNE PILOT FIFLD PARAMETERS AND OBSERVATION SHEEF

flaic: /1L/f) Sampled b: Time:

Sample p1-I Temp (°C) Conducti ity ORP (ms) & Dissolcd
Location (mS cm) Meas. O3gen

Sequence mg L)

BCR Ifflucnt (O o7q 4 —I o —

(hitin I mt

A C Fffluent

IRLI [‘fflucnt

Influeni O 9E e

ORP Standat d Standard Value . \1V..p.s L1’4

Sample Site Odor (i.e., Color (i.e., Presence of molds/Comments
sulfur rotten light bron,
eggs, manure, dark green)

ha)

LICH rfflucnt Ro-Reve3S

Chitin Effluent

Al’C Fifiucat

IRLI Effluent

Iniluent 1
I’Jbne.

Please I’a field sheet to Tom RutkoskiIPat Smart at Golder Associates at Fa No.
303-985-2080
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FAX

Attention: Tom Rutkowski and Pat Smart

Fax #: 303-985-2080

From: Shelby Frail (UOS)

Tom and Pat,

Attached are all the COCs from the three sampling rounds that have been conducted at the

Standard Mine and the parameter sheet from the 8/7/0 8 sampling event. There were some

technical difficulties that day and I had to go back on 8/8/08 to obtain DO values. I was riot

able to obtain a DO value for the Chitorem. Also, I did not realize there was specific order

for sampling ORP, so I started at the BCR influent, to the effluent, and my last sample was

at the Chitorem. I’ll be sample again tomorrow, hopefully all the kinks are worked out and

it should go smoothly. If you have any questions let me know.

Thank you,

Shelby
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2008 STANDARD MINE PILOT FIELD PARAMETERS AND OBSERVATION SHEET

Sample Site Odor (i.e., Color (i.e., Presence of molds/Comments
sulfur/rotten light brown,
eggs, manure, dark green)

hay)

BCR Effluent

Chitin Effluent

Q..c-c

APC Effluent - —

MRB Effluent — —

Influent

Please Fax field sheet to Tom Rutkowski/Pat Smart at Golder Associates at Fax No.
303-985-2080

i cjc

Date: I9-fC Sampledby: Time: tc3(- SSc



S
URS Operating Scrvicca, Inc. SHIP TO:JJ() 1099 I8 Street, STE 710
Deiiver, CO 80202

.‘ 303.291.8200

PROJECT NUMBER 1 PURCHASE ORI)F.R NUMBER:

‘/ /

SAMPLER’S SIGNATURE:

SAMPLE ID

RELINQUISHED BY: (Signature)

RELINQUISHED BY: (Signature)

DATE TIME

: • •:

TIME RECEIVED BY: (Signaturc)

TIME RECEIVED BY: (Signature)

0

I’-,
e

CHAIN OF CUSTODY RECORD

TURNAROUND REQUESTED:

TAG NUMBERS

SITE MANAGER I PHONE NUMBER;

I

REMARKS

,.c/;. .\•

/

I)
--r,. ..J i.

2)

)—‘ .(,... ! ..—c’/,L.
3)

4)

5)

7)

8)

IC)

I))

IS)

13)

I)

I
L

DATE

DATE

OTHER INFORMATION:

RELINQUISHED BY: (Signature) DATE TIME RECEIVED FOR LABORATORY BY: Lm TIME AIRBILI.. NUMBER:
(Signature) LAB REMARKS:

White - Osiginal to Accompany Samples Ydlluw - UOS Chcmi.st Pink - UOS Project Manager DN .



Uos URS Opvratiflg Scrvices, Inc. SHIP TO: C.

1099 1l5 Street, STE 710 .

Denver, C080202 CHAIN OF CUSTODYRECORD
103 191 8200 .- . .

PROJECT NUMBER! PURCHASE ORDER NUMBER: SiTE MANAGER! PHONE NUMBER: TURNAROUND REQUESTED:

.
.. .,,..• .

‘.
SAMPLERS SIGNATURE:

• ‘.-. .1••• ... 0 -,

— . .... I..
as

I)

SAMPLE ID DATE TIME REMARKS
I. —

— TAG NUMBERS

2 1

..‘ — —

,iIt.1.’ , y;l .....!............i..................._ —

jrJ

-F

4)
-F -

:: Z Z
7) I

8) — — ——

2) ZEEZEZ ... -.

:3) — — —

.—

IC) -
15) . -.

‘f—

RI3L.INQUISKED BY: (Signature) DATE TiME RECEIVED BY: (Signature) OTHER INFORMATION:
11 •I.’) 1-..I,

RELINQUISHED BY: (Signature) DATE TIME RECEIVED BY: (Signature)

RELINQUISHED BY: (Signature) DATE TIME RECEIVED FOR LABORATORY BY: DATE TIME AIRBILL NUMBER:

I (Signature) LAB REMARKS;

White - Ongnal to Accompany Samples Yellow - UOS Chemist Pink DOS Project Manager DN



URS Operating Services, Inc. SHIP TO; IUos :Vr:2TE
710

Lc1N OF CUSTODY RECORD301 291 8200

PROJECF NLJMBERI PURChASE ORDER NUMBER: SITE MANAGER(PHONE NUMBER: TURNAROUND REQUESTED;

SAMPLER’S SIGNATURE:
.. V. c_)r.. I,.,

S . 0

4.)

SAMPLE ID DATE TIME
°R - REMARKS TAG NUMBERS

I0)

I I)

iZ)

i3)

14)

13)

REJ.INQUIHED BY: (Signature) — DATE TIME RECEIVED BY: (Signature) OTHER INFORMATION:

1-’ -u - !“ V. •: •... •. V

RELINQUISHED BY: (Signature) DATE TIME RECEIVED BY: (Signature)
V

RELINQUISHED BY: (SignaLure) DATE TIME RECEIVED FOR LABORATORY BY: DATE TIME AIRBILL NUMBER:

i (Signature) LAB REMARKS:

White - Original to Accompany Samples Yellow - UOS Chemist Pink - UOS Project Manager DN



L)RS Operating Services, Inc. SHIP TO: ‘ ‘ ‘ ‘ ‘‘I 1099 18 Street, STE 710 5s . .. 4
-

Denver, CO 80202 .• 14 ‘ CHAIN OF CUSTODYRECORD
101491 8204)

PROJECT NUMBER I PURCHASF ORDFR NUMBER SITE MANAGER / PHONE NUMBER — —
— TURNAROUND REQUESTED

4,•4,.

‘•‘.‘.
‘‘

..:•

‘:‘‘‘‘‘ ‘•‘•1 2
SAMPLER’S SIGNATURE: ‘. ‘ . .

‘

, ,..5, .

\,s•,_’’..,
1’.)•$_ s______

. I - -. 4 —

.

SAMPLE ID DATE TIME REMARKS TAG NUMBERS
. z ,

I).
• -‘?

\‘ “L r ., ,_,
— i s”

4) . , —

: ‘
‘. 4 , ‘ 11: 4.’ ., S

4. 14 X )
4) •-

‘,..)‘s) \...\ ••\(
_,____,,__:.-—.‘

3)

0) .. — —— — ——

•1)

11)

,)

In)

II)

2)

13)

14)

is:

RE[NQUISHED BY: (Signaturc) DATE TIME RECEIVED BY: (Signature) OTHER INFORMATION:

., -- - I
RELINQUISHED BY: (Signftture) DATE TIME RECEIVED BY: (Signature)

RELINQUISHED BY: (Signiture) DATE TIME RECEIVED FOR LABORATORY BY: DATE TIME AIRBILL NUMBER:
. (Signature) LAB REMARKS:

White - Original to Accompany Samples Yellow - UOS Chemist Pink - UOS Project Manager DN



os URS Operating Servicca, Inc. SHIP TO:
jJ lO99lSthStrcet,STE71O .

Denver, CO 80202 .. • CHAIN OF CUSTODYRECORD
303-291.8200

PROJECT NIThfBER / PURChASE ORDER NUMBER: SITE MANAGER/PHONE NUMBER: TURNAROUND REQUESTE1.

SAMPLER’S SIGNATURE:
CS)
,-

0 -

‘S
0? .1 .‘

SAMPLE ID DATE; I ‘. ‘ TAG NUMBERS

•\); -: •. e%’(,.?

-. l.•’ t.- •?‘
S .s_ — ,. S ‘S • 5 s - . .

— —
4)

5)

6)

7)

6)

9)

10)

I))

12)

13)

4)

I 51

RELINQUISHED BY: (Signature) DATE TiME RECEIVED BY: (Signature) OThER ll4FOI.MA,TION:

.‘ . I I •‘S
.‘. : ;-. .• . ‘ ‘. ..

RELINQUlS)-iED BY: (Signature) DATE TIME RECEIVED BY: (Signature)

I .-‘.•. .‘
sc...— c .

RELINQUISHED BY: (Signature) DATE TIME RECEIVED FOR LABORATORY BY: DATE TIME ALRBILL NUMBER:

I (Signature) LAB REMARKS:

Whiie - Original to Accompany Samples Yellow - UOS Chemist Pink - UOS Projeel Manager UN



.. URS Operating Services, Inc. SHIP TO: • I
U () 1099 IW Street, STE 710 . - I. -

Denver CO 80202
= LCHAIN OF CUSTODY RECORD103 291-8200

• . I . ir — ..——-.-— — —

PROJECT NUMBER, PURCHASE ORDER NUMBER: SITE MANAGER! PHONE NUMBER:
- TURNAROUND REQUESTED:

. .•.. .•.,,•. . ..
. :_.

-

. . -

SAMPLERS SIGNATURE:.
V .

. - .

. .
.. Q

Li -
a
.0

SAMPLE ID DATE TIME REMARKS
V -: TAG NUMBERS

i_• •.. /, ;.. V —. —..—.‘,
V,

.•‘ f/V1

• .-—..—— . I. • £ • •VV S
2) - I . .

•V
V

-

L ‘‘1 i I • ‘ .t.;....._ ..._!_..... ....._...‘__________________________:: V’ .,. .ie7 •1VVj .-- .k — — ..]t7

.%)

6)

I) .. V

6)
V . ,.=- —

9)

I0)

II V V

12)

13)

14)
V

II)

REWNQUISHED BY (Signature) — DATE TIME RECEIVED BY: (Signature) OTHER INFORMATION:
V

/:--; •f. .‘j I
RELINQUISHED BY; (Signature) DATE TIME RECEIVED BY: (Signature)

RELINQUISHED BY(Signatrc) .. DATE TIME RECEIVED FOR LABORATORY BY: DATE TIME AIRB1LL NUMBER: .‘.
/. :

j (Signature) 1 LAB REMARKS:

While - Original to Accornpaiiy Samples Yellow - UOS Chemist Pink - UOS Project Manager DN



os URS Operating Services, Inc. SHIP TO:1J lo9glsStreet,sTE7lo -

Denver, CO 80202 CHAIN OF CUSTODY RECORD
303-291-11200

PROJECT NUMBER I PURChASE ORDER NUMBER: SITE MANAGER! PHONE NUMBER: TURNAROUND REQUESTED:

. .-,

.- f

SAMPLER’S SIGNATUR&
. c,)

‘I

. 0 -

SAMPLE ID DATE TIME REMARKS -. TAG NUMBERS
. Z

I) , - — — — — — —

L’ /
‘

In)

I)

12)

‘3)

‘4)

‘5)

RELINQUISHED BY: (Signature) DATE TIME RECEIVED BY: (Signaturc) OTHER INFORMATION:

RELINQUISHED BY: (Signature) DATE TIME RECEIVED BY: (Signature)

RELINQUISHED BY: (Signature) DATE TIME RECEIVED FOR LABORATORY BY: DATE TIME AIRBILL NUMBER:
. (Signature)

-

LAB REMARKS:

White - Original to Accompany Samplcs Yellow - UOS Chemist Pink - UOS Project Managcr DN



os URS Operating Services, Inc. SHIP TO: ?{J 1099 18” Street, STE 710 -

Denver, CO 80202 ‘ ‘ CHAIN OF CUSTODY RECORD
3032918200 — — —

PROJECT NUMBER / PURChASE ORDER NUMBER: SITE MANAGER / PHONE NUMBER: TURNAROUND REQUESTED:
•,

•‘
I

:

SAMPLER’S SIGNATURE:
-j..

I G) ;:
0
1_

SAMPLE ID DATE TIME REMARKS TAG NUMBERS

I’ .‘/ I,1 1\,j

10) -

ii)

— — — — — —12)

‘3)

14)

‘5)

RELINQUISHED BY: (Signature) DATE TIME RECEIVED BY: (Signature) OTHER INFORMATION:

RELINQUISHED BY: (Signawre) DATE TIME RECEIVED BY: (Signature)

1
RELINQUISHED BY: (Signature) DATE TIME RECEIVED FOR LABORATORY BY: DATE TIME AIRBILL NUMBER:

i (Signature) LAB REMARKS:

White - Original to Accompany Samples Yellow - UOS Chemist Pink - VOS Project Manager UN



Au 22 08 08:14a p.1

FAX

Attention: Tom Rutkowski

Fax #: 303-985-2080

From: Shelby Frail (UOS)

Tom,

Attached are all the COC’s including the ones from the samples I collected yesterday and a copy of
the field parameter form. 1 tried emaing you a scanned copy of these, but the file was too large for
my email server to send out. So, I darkened them on a photo copy machine and am trying to refax
them. Hopefully, this will woric. If not send me an email and I’ll try something else. Ahh the joys of
working in the fieldll!

Here’s a brief rundown on the samples taken so far. For the 8/7108 samples the COC form to ACZ
for the sulfide analysis is missing, but you should have already received those results. I must have
forgotten to rip off the carbon copy when I mailed it. If you really need it I am sure ACZ can fax me a
copy.

Sulfate samples were not collect on 7/30/08 because we did not have the correct preservatives and
samples were not collect from the Chitorem effluent last week because there was no flow to the tank
due to a clog in one of the pipes.

Let me know if you need anything else.

Thank you,

Shelby
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2008 STANDARD MINE PILOT FIELD PARAMETERS AND OBSERVATION SHEET

Date: & Sampled by: Time: ¶cvc4 cC2O

Dissolved

Oxygen

(mgfL)

Chitin Effluent iC. “-S

APC Effluent

MRB Effluent

Infhient

2

3rd

4111

-z çj

ORP Standard Standard Value = \ S3 Always Last

Sample Site Odor (i.e., Color (i.e., Presence of molds/Comments

sulfur/rotten light brown,

eggs, manure, dark green)
hay)

BCR Effluent

‘

Chitin Effluent .

4(r’-’

APC Effluent

MRB Effluent

Influent
cWr

%)“

Please Fax field sheet to Tom RutkowskilPat Smart at Golder Associates at Fax No.
303-985-2080

Sample

Location

BC.R Effluent

pH Temp (°C) Conductivity ORP (mV) &
(mS/cm) Mess.

Sequence

—2o
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URS Operating Services, Inc. SHIP TO:
1099 18’ Sired, STE 710
Denver, CO 80202 \-r CHAIN OF CUSTODY RECORD
303 291 8200

— —

PROJECT NUMBER! PURCHASE ORDER NUMBER: SITE MANAGER! PHONE NUMBER: TURNAROUND REQUESTED:
—) -.SU,SLcLL co - o—c c

SAMPLER’S SIGNATURE;

SAMPLE ID DATE TIME REMARKS 3 TAG NUMBERS
• Z

...L. — — —

V-” CS S?C — — — —

-4 t4L7 iiL\t O1c CcNv Q9— —

*
::
:
2)

I

REMNQUTSHED BY: (Signature) DATE TIME RECEIVED BY: (Signature) OTHER INFORMATION:
t4 jo It

RELINQUISHED BY: (Signature) DATE TIME RECEIVED BY: (Signature)

--------- I
RELLNQLIIS1D BY: (Signature) DATE TIME RECEIVED FOR LABORATORY BY: DATE TIME AIRBILL NUMBER:

(Signature) I LAB REMARKS;

k.

bD
white - Original to Accompany Samples Yellow - UOS Chemist Pink - UOS Project Manager DN 7437



URS Opcratbig Services, mc, SIUP TO:

U(.)S 109918”Street,STE71O — —

Denver, CO 80202 C(\ Lj) ? CHAIN OF CUSTODY RECORD
303491$ZOO

PROJECT NUMBER I PURCHASE ORDER NUMBER: SITE MANAGER! PHONE NUMBER: TURNAROUND REQUESTED:
)

-

SAMPLER’S SIGNATURE: g
.

-

SAMPLE ID DATE TIME REMARKS a) TAG NUMBERS

tIaij ‘\S QXt-c (\\
L.j \ \ \ —

L1 O6 ‘ç LIV\

4% 6 ( zi J( it 1S crc i i

) —

i6

\
II

)
—z.

W1SH BY: &gturc) DATE TIME R,CIV Y:Sign.tiire) /) OTI-1ER INFORMATION:

V’4- C LI-I)Li4-lr i b,

ReINQuISHED BY (Signature) DATE TIME RECEIV) 1/: (Signature)

.;? I
RELINQUISHED BY: (Signature) DATE TIME RECEIVED FOR LABORATORY BY: DATE TiME AIRBILL NUMBER:

I (Signature) I LAB REMARKS:

White - Orig:nal to Acoompany Samples Yellow - UOS Chemist Pink - UOS Project Manager DN 7 4 3 8
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URS Operetbg Services, Inc. SHU’ TO; I1rc1 L.’1Q5

UOS 1099 18d Street, s’rit 710
Denver, CO 80202 I i’13

S 303.291.8200 I
CHAIN OF CUSTODYRECORD

PROJECT NUMBER I PURCHASE ORDER NUMBER: SITE MANAER IPHONE NUMBER: — — — — TURNAROUND REQUESTED
sJ.s.. Cn’1.—.._r
7°.1D.o--c’

SAMPLER’S SIGNATURE:

3?/L---—-_________
SAMPLE ID DATE TIME REMARKS TAG NUMBERS

/lIjo Dg,I, ?cZ.T4s.v’r IZ E
2t5Mi4:Ir_ CIt4 5i,’Jiov TICV.. L — — — — 327’

:________
.

:_______________
:_____
ID) V —

::_____________

13) V — —

I)

—
,s____

RL4NQUISHED BY: (Signature) DATE TIME RECEIVED BY: (Signature) OTHER INFORMATION:

/rIi27 V

RELINQUISHED BY: (Signature) DATE TIME RECEIVED BY: (Signature)

RELINQUISHED BY: (Signature) DATE TiME RECEIVED FOR LABORATORY BY: DATE
V

TIME AIRBILL NUMBER:

‘ I (Signature) LAB REMARKS:

DN 7110White - Original to Accompany Samples Yellow UOS Chemist Pink - UOS Project Manager
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URSOperattngServlces,Inc. SHIPTO: 1I-l5j IUOS 1099 18 StreeSTE71O i-... ‘ LCHAIN OF CUSTODYRECORI)
101491 8200 .-

Q•1 LS22’.

PRQjK( NUMBER! PURCHASE ORDER NUMBER: JSITE MANAGER I PHONE NUMBER: vi TURNAROUND REQUESTED:
jC; - 541oc,o

V

-
— -z1,’i t% cyoc’3 Im— y si: - -e,c •

.SAMP73NATURE: V

COMPISAMPLE ID DATE TIME
GR B REMARKS 1±. TAG NUMBERSV A V•
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R INQUISHED BY: (Signature) DATE TIME RECEIVED BY: (Signature) OTHER iNFORMATION: V

-/--——-- •‘1’-iI’1 i-z:, 1rJi,
RELINQUISHED BY: (Signature) DATE TIME RECEIVED BY: (Signature) V

RELINQUISHED BY: (Signature) DATE TIME RECEIVED FOR LABORATORY BY: DATE TIME AIRBILL NUMBER:
V

(Signature) LAB REMARKS:

While . Original 10 Accompany Samples Yellow - UOS Chemist Pink. UOSVpjManager DN 7 1 1 2



URS Operating Services, Inc. SHIP TO: I
UOS • ‘-z’ I CHAIN. OF CUSTODY RECORD.

303.291-SZOO V V

V V

PROJECT NUMBER IPURCHASE ORDER NUMBER: SITE MANAGER / PHONE NVMBER: TURNAROUND REQUESTED:

‘ciEz. c-)4!! %‘)CC1 -4- V

SAMPLERS SIGNATURE: V
-

4-_V V

SAMPLE ID DATE TIME CG REMARKS V TAG NUMBERS

8/hL164 )E2C’ ( V
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RpIHEDBY: (Signature) — DATE TIME 1u17 PTHERy4FORMATION:

RELINQUISHED BY: (Signature) DATE TIME RECEIV BY: (Signature)
V V

RELINQUISHED BY: (Signature) DATE TIME RECEIVED FOR LABORATORY BY: DATE TIME AIRBILL NUMBER:

i (Signatui) I LAB REMARKS:

White - Original to Accompany Samples Yellow. UOS Chemist Pink- UOSVProjec Manager DN / 1 ‘1 1



URS Operating Services, Inc. SIUPTO: f-’C “ \\- C.

UOS ‘° c
CHAIN OF CUSTODYRECORD

303491.8200 c%—ScS -.... -c — — — —

PROJECT NUMBER / PURCHASE ORDER NUMBER: SITE MANAGER I PHONE NUMBER: TURNAROUND REQUESTED:
iJ.

- c\- ---

cL43 - Z1-C r’c c3&’ Tc 4
SAMPLER’S SiGNATURE: -o’t

2

SAMPLE TI) DATE TIME REMARKS TAG NUMBERS
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V
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REL1NQUISH’: 4Jmure) DATE TIME RECEIVED FOR LABORATORY BY: DATE TIME AIREILL NUMBER:
V

(Signature) LAB REMARKS:

White - Original to Accompany Samples Yellow - UOS Chemist Pink. UOS Project Manager DN 7 ‘j 1 3



tJRS Opereting Services, Inc SHIP TO:

{J() 1099 18’ Strect1STE 710

.

Denver, CO 80202
LA) ---‘ ‘

CHAIN OF CUSTODY RECORD

303.291-8200

PROJECT NUMBERIPURCHASE ORDERNUMBER; SITE MANAGER/PHONE NUMBER: TURNAROUND REQUESTED:

3, ,

.

SAMPLER’S SIGNATURE: -

C.) —

. ‘J
SAMPLE ID DATE TIME REMARKS ( TAG NUMBERS

S%—ios hk IOLIO Gvc 3 ‘

1IIo OS 2)

-< ki rso c- c-v —

4)

,

— — -—
:‘)

6)

7)

8)

9)

10) -

II)

12)

13)

II)

IS)

RINQUTSHED BY; (Signature) DATE TIME RECEIVED BY: (Signature) OTHE dA.TION:

SA)1 •t;t-: I •‘ I iw 0)0 ‘) rc

RELINQUIH’ED BY: (Signature) DATE TIME RECEIVED BY: (Signature) c ço

—,

RELINQUISHED BY: (Signature) DATE TIME RECEIVED FOR LABORATORY BY: DATE TIME AIRBILL NUMBER:

-—
I

(Signature) LAB REMARKS;

While - Original to Accompany Samples Yellow - UOS Chemist Pink - UOS Project Manager DN / 4 3



SUIP TO: OU” ii A -
V

UEPAJECC.iCivcL+S .

OF CUSTODY RECORD
r1i 4.4 CL4 ‘4

V V

V

?ROECTNUMBEtPJRCRASEORDER NUMBER: TURNAROUND REQUESTED:

(
•VVV

V

V

SAMPI ‘S SIGNATURE: — V ic’— ei6’Ici
V

V
V

SAMPLE ID V

REMARKS TAG NUMBERS

DATE TIME

RCR &-IIvr+

‘ELINQUISHED: (Signature) DATE TiME RECEIVth) Y: (Sflrc
V

REUNQUISH’?fjIa ..L2AVI TIME RECEIVES F•R LAI•RAT•RY BY: DATE TIME ATRBILL NUMBER: ‘575I5 75’4ti (c,.
(Signature) LAB REMARKS: V

OTHER INFORMATION:

White - Original to Accompany Samples Yellow - UOS Chemist Pink - UOS Project Manager DN 7107



URS Operating ServIces, Inc. SHIP TO; I
UOS 710

LCHAIN OF

PROJECT NVMBER / PURCHASE ORDER NUMBER SITE MANAGER I PHONE NUMBER: — TURNAROUND REQUESTED:

SAMPLEWSiGATURJ.).. 2.

AAMPLE ID DATE TIME REMARKS ... TAG NUMBERS

‘IbIôr l3qL _ .R’ LIck )‘r1T .1 J ...L — —

7hDiD ii —

T_7U ‘Y3ü/oi )4oO E6(o-4 V /4ifl’ LcL,-k- ..L. ....L —

::V

V

i) V

V

_______________

— —————

)
V

-‘

9) V

V

tO)
V

V

II)
V

V

V

2)
V

.1)
V V

V

14)
V

15)
V

V

V V
V V

RELINQUISHED BY: (Signature) DATE TIME REtiEIVED BY: (Signature) V OTHER INFORMATION:

RELINQUISHED BY: (Signature) DATE TIME RECEIVED BY: (Signature) V

RELINQUISHED BY (Signature) DATE TIME RECEIVED FOR LABORATORY BY: DATE
V

TIME AIRBILL NUMBER

I
V•

V

V I
V LAB REMARKS: V

White -Original to Acc4mpany Samples Yellow - UOS Chemist Pink - UOS Prcect Manager DN / b



09/02/2008 12:58 FAX 3032918298 URS OPERATING SERVICES Ej001/005

FAX

Attention: Tom RutkowskilPat Smart

Fax #: 303-985-2080

From: Shelby Frail

Reference: COC’s for the week of 8/25/08

Attached are the COC’s from the sampling event on 8127108. L.et me know it you have any questions.



09/02/2008 12:57 FAX 3032918298 URS OPERATING SERVICES

2008 STANDARD MINE PILOT FIELD PARAMETERS AND OBSERVATION SHEET
Date; LR— Sampled by I

Sample Site Odor (i.e., Color (i.e., Presence of molds/Comments
sulfur/rotten light brown,
eggs, manure, dark green)

hay)

BCR Effluent
Qce.r tc Oc,-r’
c_-’_4_-.

Chitin Effluent
—t:Dc-ii.

-

APC Effluent

MRB Efflueni
-:

Influent vr
Please Fax field sheet to Tom Rutkowski/Pat Smart at Golder Associates at Fax No.

303-985-2080

Ij 002/005

Thue:

Temp (°C) Conductivity ORP (mV) & Dissolved
(mS/cm) Mess. Oxygen

L_ Sequence (mgfL)

IblC

c-’-

Sample
Location

BCR Effluent

Chitin Effluent

APC Effluent

MRB Effluent

Influent

OR.P Standard Always Last

Ii



CD
C)
CJ
C)

0)
CJ
CV)
0
CV)

‘C

LI.

LO

c’J

C)
0
0
c’J

CVJ

0

0)
0

UOS
fiRS Operating Sanicts, ice. 5IHP TO:
IOfl ir Sfteefl71o I apr4 tflt’ C’ -t3vc cA Ce c. C CHAIN OF CUSTODYRECORI)Denver CO 80202
30329142*0 1 n cM ‘-ic-rz..’-j

PROJECT r%’UMBERIPURCIIASE ORDER NUMBER: SITE MANAGER INTONE NUMBER: — — — TURNAROUND REQUESTEThLOS 3% s-ti st3t • 003 I fln.i (Jts’4i

Ca 4. c. 5tC 2.L tact jIr emj t%p...

SAATURE:

“
C

£—“ 6

SAMPLE ID DATE TIME
COMP!

REMARKS j TAG NUMBERSGRAB

I)

Sb-i cfl-r -t?vpna ‘fl- aqn Cçt’t cs- ccct I Ji. -X .._S. — — tnnc1 zxc1 tn)

.€ cc- .z.. . I. — — —
r

1)

-t.c,’Ja .r-rice io’ie èc Q —c.st. a _
j — — o-j3ts-1 ‘1St rn4)

3

,)

5)

fl

9)

II
— ——— ——

-

2)
—

I.)’

141

IS)
— —

DATE TiME RECEIVED BY: (Signature) OTHER INFORMATION:
osjtuJe’I izac

RELINQUISHED BY: (Signature) DATE TIME RECEIVED BY: (SigliaLure)

RELINQUISHED BY: (Signalum) DATE TIME RECEIVED FOR LABORATORY BY: DATE TIME AIRBILL NUMBER;

I (Signature) LAS REMARKS:

C

DN. 7446WhiLe - Original to Accompany Samples Yellow - UOS Chemist PInk UOS Ptnjecl Manager



CD
a)
c’J
a)

a)
c’J
a)
=
a)

Lj

a)
LC)

c’j

a)

c’J

c’J
-S.

a)
Q

V

URS Operaffn SuvIa, Inc. $RIPTO; I
UOS I303.291-8200 I
PROJECT NUMBER I PURCHASE ORDER NUMBER: SITE MANAGER I PHONE NUMBER: — — — — — TURNAROUND REQUESTED:

V

cc3 -Ir--6-isc •1SAMPL RS SIGNATURE:
V

V

- I
V’

SAMPLE ID DATE TIME REMARKS ç V

TAG NUMBERS
V

fl

Si.cMitvc p . ç I — V

1 — V V

41
—

61
V

V

71

——I)
V

V V

91 V

mi

Ill

Z)

I4

P.5)
V

INQUISHED BY: (Sgnatiire) DATE TIME REq Th.Sliurc) /“7 YrHER 1NFORMATION

cA O I
V

V

RELINQUTS RED BY: (Signature) DATE TIME RECEIV9FBY: (Signature) ‘— -

V RELINQUISHED BY: (Signacwc) DATE TIME RECEIVED FOR LABORATORY BY: DATE TiME AJRHILL NUMBER:
V

V.

(Signtur) V LAB RBMARKS
V

DN 7442While - OTigin]1 io Accompany Saniplrs Yellow - UOS Chemist Pln - (lOS Pmjc1 Managec



0
0

LC)
0
0

S

CD
m
C’J
CD

a,

a,
0
C.,

‘C

Li

CD
LO

c.J

CD
0
0
c’J
c’J
0

0)
0

Uos t=6Tue. .SHIPTO:. Lca’ts I
Denver CO 50302 ty1i cse\\ 0r. CHAiN OF CUSTODY RECORD3(14913200

co j_•• —

PROJECT NUMBER! PURCHASE ORDER NUMBER: SITE MANAGER I PUONE NUMBER: TURNAROUND REQUESTED:C)nci%ntr
3.pS’-tflflcsnpo3 jSASIGNATU

SAMPLE TD DATE TIME REMARKS I TAG NUMBERS

£t.%C.W1-nsewnoZ at’nei )tflo Cn.L C-iW cne* \
2h4CCC1r

:sbIaca- tn.oszie8 fl;b$ IbIS Cec3n €CS LF+L%cn b j- j — — —

Sb’s .9..- na ts-n- I ti±f c...- PcJa. -r1s .L. .L — — —

:
rn__

R54NQUJSHED3$SLgsiature) DATE TEME RECEIVED BY: (Signawic) OTHER INFORMATION:
“29AL43c1.bj LsaA4 atz*-ttlipts
RELJNQUISHD BY: (Signature) DAm TIME RECEiVED BY: (SignatuTc)

RELINQUISHED BY: (Signature) DATE TIME RECEIVED FOR LABORATORY BY: DATE TIME AIRBILt. NUMBER:

I (tu LAB REMARKS:

Pink - (105 hejecI Managar DN 7443While - Original to Accompany Sampics Yellow - UOS Chemist



sep 0 08 0:p p.1

2008 STANDARD MINE PILOT FIELD PARAMETERS AND OBSERVATION SHEET

- Time: cQm

Sample Site Odor (i.e., Color (i.e., Presence of molds/Comments
sulfur/rotten light brown,
eggs, manure, dark green)

bay)

BCR Effluent I’’ c
CVc

a e-%% ç-Chitin Effluent
cx-co 9’%S “

‘çY%_ W4Th-ç

3 Ct\C \

APC Effluent ‘

‘%.k

MRB Effluent —

Q..\eo.4-
c_— -cInfluent

Please Fax field sheet lo om RutkowskiIPat Siñar at Colder Associates at Fd No.
303-985-2080

Date: g,L1- Sampled by:



URS Operating Servtces. Inc. SHIP TO: c\r LcPrt’UOS 1099 Is’ s:reet,s’rE 710
Dcnver Co 80202 I 2

‘ CHAiN OF CUSTODY RECORD
303-291.8200

— —
PROJECT NUMBER I PURCIIj%SE ORDER NUMBER: T SITE MANAGER I PHONE NUMBER; TURNAROUND REQUESTED:I ‘-‘‘-z-z
SAMPSçURE:

4.)

COMP!SAMPLE ID DATE TIME REMARKS E I TAG NUMBERSGRAB
:)

(Wc E .c - \ S_ — — —£)

$%kC2 — — — —
,)

L’ cC&) Q .i — — — —4)

))

6)

7)

)

I0>

II)

DATE TIME RECEIVED BY: (Signature) OTHER INFORMATION:tIQUISHEDBYgçattre)

(Signature)
- DATE TIME RECEIVED BY: (Signature)

RELINQUISHED BY: (Signature) DATE TIME RECEIVED FOR LABORATORY BY: DATE TIME AIRBILL. NUMBER:
. (Signature) LAB REMARKS:

-Original to Accompany Samples Yellow - UOS Chemist Pink - UOS Project Manager DN



Uos
URSOpcredngSe)iccs,Inc. I SIlT? TO: c

$JCHAIN OF CUSTODYRECORD1099 18 Strect,STE 710 I.se j sc.- C %c crs -\ Ce.Q
Denver, CO 0202
303491.8100 I .QçX--\ M ‘-sZ:::4:_

PROJECT NUMBER I PURCHASE ORDER NUMBER: SITE MANAGER / PHONE NUMBER: TURNAROUND REQUESTED:
3L £2.3Z.. ccOS I-ç,

(p-‘zzj I cO
SAMPLFATU:

— J
i)0

— L
4.) ,1

COMP/ E TAG NUMBERSSAMPLILID DATE TIME
GRAB

REMARKS -
Z I

I)
° k-., I ;d c c:1->- Or! 3 i_ \ tS \ ,1g

a)

Sfl%..c- -c e+-..c ‘I1c4tt 91 1- 1 i.. ...L L.. —
3)

cco L 1_.
4)

__________

6)

)

a)

ID)

II)

t UIS ED BY (Signature) DATE TIME RECEIVED BY: (Signature) OTHER INFORMATION’

QUHEDYgnature) DATE TIME RECEIVED BY: (Signature)

RELINQUISHED BY: (Signature) DATE TIME RECEIVED FOR LABORATORY BY: DATE TIME 1 AIRBILL NUMBER:

- (Signature) LAB REMARKS:

White - Original to Accompany Samples Yellow. UOS Chemist Pink - UOS Project Manager DN



• URS Opcrdtlng Services, Inc. SHIP TO: I
UOS ::;7b0 3)T? I CHAIN OF CUSTODY RECORD

303-291.8200

PROJECT NIJMBER I PURCHASE ORDER NUMBER: SITE MANAGER / PRONE NUMBER: — — — TURNAROUND REQUESTED:
V -,% C%P,Y%#?.d

-Z. oo — - t
SAMPLER’S SIGNATURE -

V

c 2
V ‘I—

—0 J — V
V ..

SAMPLE II) DATE TIME REMARKS . TAG NUMBERS
V

:4C3c -

V
—.__V

c%Ac9- c-v-cLOl( e41 L.\ 1 1 — V

:- I

:)
V

V

6)

7)

8) V

9)

In)
V

II)
V

V

U) V

‘3)

4)
V V

V

RELINQUiSHED BY: (Signature) DATE TIME RECEIVED BY: (Signature) OTHER INFORMATION:

RELINQUISHED BY: (Signature) DATE TIME RECEIVED BY: (Signature) V

V

RELINQUISHED BY: (Signature) DATE TIME RECEIVED FOR LABORATORY BY: DATE TIME AIRBILL NUMBER: V

. I (Signaturc) I LAB REMARKS:

Whitc - OriginaL tO Accompany Samples Yellow UOS Chcmi5t Pink - UOS Project Manager DN



10/08/2008 08:05 FAX 3032818288 URS OPERATING SERVICES IJ001/002

FAX
Attention: Tom Rutkowski

Fax #: 303-985-2080

From: Shelby Frail

Hi Torn,

Attached is the field parameter form from the 10/02/08 sampling event, Christina and I
were unable to obtain DO measurements because our YSI meter would not calibrate. Also,
the ORP and pH values we obtained using our meters differed significantly from the
measured values on the ISCO samplers for the BCE. influent and effluent. I recorded the
ISCO readings in the comment sections on the field parameter form. Let me know if you
have any questions.

Thank you,

Shelby

I URS OPERATiNG SERVICES, INC. • 1099 18TR ST., 5Th 710 • DENVER, CO 1
80202-1908

PHONE (303) 296-3523 • FAX (303) 291-8296



10/08/2008 08:05 FAX 3032818288 IJRS OPERATING SERVICES l 002/002

2008 STANDARD MINE PILOT FIELD PARAMETERS AND OBSERVATION SHEET

V,-a L Time: ng3t
VS

Temp (°C) Conductivity
(mS/em)

Dissolved
Oxygen
(mglL)

BCR Effluent

ORP Standard Standard Value yVf

02

Always Last

Sample Site Odor (i.e., Color (i.e., Presence of molds/Comments
suliur/rotten light bruwn,
eggs, manure, dark green)

buy)
.

1 rr.r4c4 Son Ccar oap %. —

Bfl Effluent (‘* &t 4OA%4 Ca tfl.S1 øat -4ctS
.ccL ctt
on%c.j sce-EAtrQ¼4(.S

ç’.e. Q\’çflqs-% tC.tnb a.4 —

ChitinEffluent
çntAi &. t ‘‘ -

ws.t U.k-s - ..Ja tthinst,

APC Effluent

MED Effluent

Vc# j .t &h
Influent — kit -sc.a ‘-• ea (s.c,

ChQ.fl icF

Date: ijLjO Sampled by: 4Sçy

Sample pH
Location

I

ORP(mV)&
Mess.

Sequence

Chitin Effluent

APC Effluent

MRS Effluent

Influent

‘I’’

20
It

4S

Please Fax field sheet to Tom Rutkowskl/Pat Smart at Colder Associates at Fax No.
303-985-2080



Standard Mine Pilot Field Parameters and Observations

Date: Sampledby: ‘t\ L Time:

Sample pH Temp (°C) Conductivity ORP (mV) Dissolved

Location (mS/cm) & Meas. Oxygen

V

Sequence (ai)

BCR Effluent 5 f ‘7 J/ 7t) 2J2Jj- fl.7 ‘ M34.. L4

APC Effluent 2’

MRB Effluent

Influent 654 t 0’ 1 JO 4th 10 3!
ORP Standard Standard Value

= - Always Last

,2o V

-

Sample Site Odor Color Presence of molds/Comments

BCR Effluent Q: V V

APC Effluent V
V

V

MRB Effluent

1LtM
Influent

Please Fax field sheet to Jim Gusek/Tom Rutkowski at Golder Associates at Fax No.
303-985-2080

3 O4iOBS’O43-269 tPA GSA ilSiundaid Mute WrSAP QAPP turned SAP dec

25



Standard Mine Pilot Field Parameters and Observation Sheet

Date: Sampled by: Pk SfvvS Time:________

Sample pH Temp (°C) Conductivity ORP (mV) Dissolved
Location (mS/cm) & Meas. Oxygen

Sequence (mgfL)

PpPf

BCR Effluent 5 ( i S

APC Effluent NT s d — —-----

-—MRB Effluent 1vT a S
3

,‘,S/ 4th

Influent Lf .
.s / ÷ s s

ORP Standard Value = Always Last

Standard

Sample Site

S4’c”’ If”]
ciS€r Ccfl’C17

Odor (i.e., Color (i.e.,
sulfur/rotten light
eggs, manure, brown,

hay) dark
green)

i-cJt ,e
BCR Effluent

ivr

APC Effluent

MRB Effluent

Influent

Presence of moIdIComments

No ,‘e

c1

tc7f

NON

Please Fax field sheet to Tom RutkowskiIPat Smart at Golder Associates at Fax No.
303-985-2080



Date: LZOô:
Standard Mine Pilot Field Parameters and Observations

Sampled by Time: j.41c

Sample p11 Temp (°C) Conductivity OR? (my) Dissolved
Location (mS/cm) & Meas. Oxygen

V V Sequence (mg!L)

BCREffluent ic.i ‘
V

V

APC Effluent 2 V

MRB Effluent V
3id

Influent
V i 31’?

OR? Standard Standard Value iw *.“ r # - -

‘Vi.-

Odor Color Presence of molds/CommentsSample Site

V

BEent
V

V

s4tA’t.L I

APC Effluent

MRB Eient

Please Fax field sheet to Jim GuseWIom Rutkowski at Colder Associates at Fax No.
303-985-2080

3OIJOaSO43.U69 EPA GSA USi.âd IC’LWPSAPQAPP SAPc

25

efr:nn /.n q? flH



  

August 2009 Golder Associates 043-2269 
I:\04\2269\0400\0406 Std Mine EPA Aug09\Standard Mine April09\043-2269 FNLRpt StdMine 19AUG2009.docx 

APPENDIX E 

EPA ORD LABORATORY REPORTS 



Log Sheet
Sample Taken 8/16/2007

Bottle # Sample Name Matrix

#1 BCR Eff  8/16 Aqueous

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 12, 2007



Sample Name Al As Cd Co Cu Fe Mg Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

STD MINE BCR EFF-1 -0.546 0.084 0.026 0.110 0.100 4.470 42.900 0.104 0.259 64.300 0.030 0.834 2.776
STD MINE BCR EFF-2 -0.599 0.024 0.007 0.032 0.035 4.450 43.100 0.037 0.195 63.900 0.016 0.813 2.786
STD MINE BCR EFF-3 -0.586 0.020 0.007 0.031 0.035 4.550 43.100 0.038 0.196 64.300 0.020 0.800 2.803

BCR Eff DM -0.648 0.027 0.006 0.037 0.030 4.480 47.900 0.039 0.226 74.500 0.014 0.872 2.901

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 12, 2007



Method:  ICP analysis (6010B)

Sample Al As Cd Co Cu Fe Mg Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

DISSOLVED CONCENTRATIONS
BCR Eff DM 0 0.027 0.0057 0.037 0.03 4.48 47.9 0.0387 0.2255 74.5 0.014 0.8716 2.901

TOTAL CONCENTRATIONS
Std Mine BCR EFF 0.000 0.047 0.015 0.064 0.063 4.989 47.815 0.066 0.241 71.296 0.024 0.906 3.098

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected August 16, 2007



# Sample Name pH Vol. of Titrant Alkalinity 
(ml) (mg/L as CaCo3)

1 BCR Eff 6.28 9.4 977.6

Data of Analysis: 09/11/07
Normality of HCl =0.104

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected August 16, 2007
pH and Alkalinity for Standard mine samples

Method:310.1 ( Potentiometric titration to end point 3.9)
Sample Preparation: None, samples used as received



Log Sheet
Sample Taken 9/6/2007

Bottle # Sample Name Matrix

# 1 SMP Inf Aqueous
# 2 SMP Eff Aqueous

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 12, 2007



Sample Name Al As Cd Co Cu Fe Mg Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

SMP EFF -1 -0.859 0.019 0.006 0.016 0.013 13.700 40.300 0.024 0.133 16.400 -0.019 0.980 2.174
SMP EFF -2 -0.962 0.010 0.005 0.016 0.012 13.400 40.700 0.023 0.132 16.200 0.016 0.992 2.163
SMP EFF -3 -0.913 0.012 0.006 0.017 0.014 13.400 41.000 0.026 0.130 16.500 0.019 0.992 2.153
SMP INF -1 0.107 0.006 0.120 0.014 0.174 0.762 6.960 0.012 0.491 74.500 0.013 0.550 21.640
SMP INF -2 0.095 0.007 0.122 0.014 0.178 0.779 6.960 0.022 0.498 73.600 0.012 0.557 21.890
SMP INF -3 0.088 0.006 0.122 0.014 0.174 0.690 6.750 0.011 0.490 72.000 0.017 0.547 21.650

SMP Eff DM -1.040 0.013 0.000 0.024 0.002 15.200 45.100 0.027 0.037 18.700 0.007 1.084 0.653
SMP Inf DM -0.333 0.007 0.137 0.019 0.134 0.195 7.690 0.015 0.273 84.500 0.014 0.615 23.870

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 12, 2007



Total Metal Data of Standard Mine samples
Method:  ICP analysis (6010B)

Sample Dilution Al As Cd Co Cu Fe Mg Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

SMP EFF -1 1.11 0.000 0.021 0.006 0.018 0.014 15.222 44.778 0.027 0.148 18.222 -0.021 1.089 2.416
SMP EFF -2 1.11 0.000 0.011 0.006 0.018 0.013 14.889 45.222 0.026 0.147 18.000 0.018 1.102 2.403
SMP EFF -3 1.11 0.000 0.013 0.007 0.019 0.016 14.889 45.556 0.029 0.144 18.333 0.021 1.103 2.392
SMP INF -1 1.11 0.119 0.007 0.133 0.016 0.193 0.847 7.733 0.013 0.546 82.778 0.014 0.611 24.044
SMP INF -2 1.11 0.106 0.008 0.136 0.016 0.198 0.866 7.733 0.025 0.554 81.778 0.013 0.619 24.322
SMP INF -3 1.11 0.098 0.007 0.136 0.016 0.193 0.767 7.500 0.013 0.545 80.000 0.019 0.607 24.056

SMP Eff DM 0 0.013 0 0.024 0.002 15.2 45.1 0.0266 0.037 18.7 0.007 1.084 0.6527
SMP Inf DM 0 0.007 0.1369 0.019 0.134 0.195 7.69 0.0148 0.2727 84.5 0.014 0.6154 23.87

Average Concentrations
Sample Al As Cd Co Cu Fe Mg Ni Pb S Se Sr Zn

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 12, 2007

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
SMP Eff 0.000 0.015 0.006 0.018 0.014 15.000 45.185 0.027 0.146 18.185 0.006 1.098 2.404
SMP Inf 0.107 0.007 0.135 0.016 0.195 0.826 7.656 0.017 0.548 81.519 0.016 0.612 24.141

Stdev
Sample Al As Cd Co Cu Fe Mg Ni Pb S Se Sr Zn

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

SMP Eff 0.000 0.005 0.001 0.001 0.001 0.192 0.390 0.002 0.002 0.170 0.023 0.008 0.012
SMP Inf 0.011 0.001 0.002 0.000 0.003 0.052 0.135 0.007 0.005 1.407 0.003 0.006 0.157



pH and Alkalinity for Standard mine samples
Method:310.1 ( Potentiometric titration to end point 3.9)
Sample Preparation: None, samples used as received
Data of Analysis: 09/11/07
Normality of HCl =0.104

# Sample Name pH Vol. of Titrant Alkalinity 
(mg/L as CaCo3)

1 SMP Inf 6.63 0.4 41.6
2 SMP Eff 6.14 12.2 1268.8

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 12, 2007



Total Metal Data of Standard Mine samples
Method:  ICP analysis (6010B)

Sample Dilution Al As Cd Co Cu Fe Mg Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

SMP Inf-1 1.11 0 0.000 0.145 0.018 0.191 0.912 8.211 0.012 0.627 82.778 0.019 0.698 24.756
SMP Inf-2 1.11 0 0.000 0.144 0.017 0.197 0.926 8.000 0.012 0.636 83.556 0.006 0.653 25.067

SMP Inf Dup-1 1.11 0 0.000 0.149 0.018 0.203 0.846 7.233 0.013 0.638 81.667 0.002 0.604 25.233
SMP Inf Dup-2 1.11 0 0.000 0.149 0.017 0.204 0.892 7.078 0.013 0.635 80.444 0.002 0.591 25.378

SMP Eff-1 1.11 0 0.013 0.015 0.031 0.031 5.356 40.333 0.037 0.231 67.111 0.011 0.825 3.218
SMP Eff-2 1.11 0 0.014 0.011 0.030 0.037 5.422 40.778 0.037 0.229 67.667 0.009 0.818 3.282

SMP Eff Dup-1 1.11 0 0.011 0.011 0.030 0.031 4.900 43.111 0.034 0.189 67.111 0.003 0.890 3.260
SMP Eff Dup-2 1.11 0 0.012 0.009 0.030 0.026 5.322 47.111 0.033 0.189 68.889 0.007 0.954 3.264

SMP Inf DM 0.000 0.006 0.148 0.017 0.170 0.156 7.650 0.015 0.376 88.900 0.017 0.607 26.040
SMP Eff DM 0.000 0.010 0.000 0.022 0.004 4.960 41.300 0.026 0.055 68.500 0.015 0.857 1.372

Average Concentrations
Sample Al As Cd Co Cu Fe Mg Ni Pb S Se Sr Zn

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 12, 2007

Sample Al As Cd Co Cu Fe Mg Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

SMP Inf 0.000 0.000 0.145 0.017 0.194 0.919 8.106 0.012 0.631 83.167 0.012 0.675 24.911
SMP Inf Dup 0.000 0.000 0.149 0.017 0.204 0.869 7.156 0.013 0.637 81.056 0.002 0.598 25.306

SMP Eff 0.000 0.014 0.013 0.031 0.034 5.389 40.556 0.037 0.230 67.389 0.010 0.821 3.250
SMP Eff Dup 0.000 0.012 0.010 0.030 0.028 5.111 45.111 0.033 0.189 68.000 0.005 0.922 3.262

Stdev
Sample Al As Cd Co Cu Fe Mg Ni Pb S Se Sr Zn

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

SMP Inf 0.000 0.000 0.001 0.001 0.004 0.009 0.149 0.000 0.007 0.550 0.009 0.032 0.220
SMP Inf Dup 0.000 0.000 0.000 0.001 0.001 0.033 0.110 0.000 0.002 0.864 0.000 0.009 0.102

SMP Eff 0.000 0.001 0.003 0.001 0.004 0.047 0.314 0.000 0.001 0.393 0.002 0.005 0.046
SMP Eff Dup 0.000 0.001 0.001 0.000 0.004 0.299 2.828 0.000 0.000 1.257 0.002 0.045 0.003



Sample Name Al As Cd Co Cu Fe Mg Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

SMP Inf-1 -0.102 -0.002 0.1306 0.016 0.172 0.821 7.39 0.0104 0.5639 74.5 0.017 0.6284 22.28
SMP Inf-2 -0.092 0 0.1298 0.015 0.177 0.833 7.2 0.011 0.5725 75.2 0.005 0.5874 22.56

SMP Inf Dup-1 -0.181 -0.005 0.1345 0.016 0.183 0.761 6.51 0.0119 0.574 73.5 0.002 0.5435 22.71
SMP Inf Dup-2 0.218 -0.005 0.1341 0.015 0.184 0.803 6.37 0.0113 0.5719 72.4 0.002 0.5322 22.84

SMP Eff-1 -0.348 0.012 0.0137 0.028 0.028 4.82 36.3 0.0331 0.2078 60.4 0.01 0.7422 2.896
SMP Eff-2 0.074 0.013 0.0097 0.027 0.033 4.88 36.7 0.0331 0.2061 60.9 0.008 0.7364 2.954

SMP Eff Dup-1 -0.755 0.01 0.0099 0.027 0.028 4.41 38.8 0.0302 0.1703 60.4 0.003 0.8011 2.934
SMP Eff Dup-2 -0.748 0.011 0.0085 0.027 0.023 4.79 42.4 0.0296 0.1698 62 0.006 0.8589 2.938

SMP Inf DM -0.257 0.006 0.148 0.017 0.170 0.156 7.650 0.015 0.376 88.900 0.017 0.607 26.040
SMP Eff DM -0.757 0.010 -0.003 0.022 0.004 4.960 41.300 0.026 0.055 68.500 0.015 0.857 1.372

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 12, 2007



Log Sheet
Sample Taken 8/22/2007

Bottle # Sample Name Matrix

# 1 SMP Inf Aqueous
# 2 SMP Inf Dup Aqueous
# 3 SMP Eff Aqueous
# 4 SMP Eff Dup Aqueous

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 12, 2007



pH and Alkalinity for Standard mine samples
Method:310.1 ( Potentiometric titration to end point 3.9)
Sample Preparation: None, samples used as received
Data of Analysis: 08/24/07
Normality of HCl =0.104

# Sample Name pH Vol. of Titrant Alkalinity 
(mg/L as CaCo3)

1 SMP Inf 6.51 0.3 31.2
2 SMP Eff 6.28 8.3 863.2

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 12, 2007



Log Sheet
Sample Taken 9/6/2007

Bottle # Sample Name Matrix

# 1 SMP Inf Aqueous
# 2 SMP Eff Aqueous

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 6, 2007



Sample Name Al As Cd Co Cu Fe Mg Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

SMP EFF -1 -0.859 0.019 0.006 0.016 0.013 13.700 40.300 0.024 0.133 16.400 -0.019 0.980 2.174
SMP EFF -2 -0.962 0.010 0.005 0.016 0.012 13.400 40.700 0.023 0.132 16.200 0.016 0.992 2.163
SMP EFF -3 -0.913 0.012 0.006 0.017 0.014 13.400 41.000 0.026 0.130 16.500 0.019 0.992 2.153
SMP INF -1 0.107 0.006 0.120 0.014 0.174 0.762 6.960 0.012 0.491 74.500 0.013 0.550 21.640
SMP INF -2 0.095 0.007 0.122 0.014 0.178 0.779 6.960 0.022 0.498 73.600 0.012 0.557 21.890
SMP INF -3 0.088 0.006 0.122 0.014 0.174 0.690 6.750 0.011 0.490 72.000 0.017 0.547 21.650

SMP Eff DM -1.040 0.013 0.000 0.024 0.002 15.200 45.100 0.027 0.037 18.700 0.007 1.084 0.653
SMP Inf DM -0.333 0.007 0.137 0.019 0.134 0.195 7.690 0.015 0.273 84.500 0.014 0.615 23.870 0.972656

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 6, 2007



Sample Al As Cd Co Cu Fe Mg Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

DISSOLVED CONCENTRATIONS
SMP Eff DM 0 0.013 0 0.024 0.002 15.2 45.1 0.0266 0.037 18.7 0.007 1.084 0.6527
SMP Inf DM 0 0.007 0.1369 0.019 0.134 0.195 7.69 0.0148 0.2727 84.5 0.014 0.6154 23.87

TOTAL CONCENTRATIONS
SMP Eff 0.000 0.015 0.006 0.018 0.014 15.000 45.185 0.027 0.146 18.185 0.006 1.098 2.404
SMP Inf 0.107 0.007 0.135 0.016 0.195 0.826 7.656 0.017 0.548 81.519 0.016 0.612 24.141

Total Metal Data of Standard Mine samples
Method:  ICP analysis (6010B)

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 6, 2007



# Sample Name pH Vol. of Titrant Alkalinity 
(mg/L as CaCo3)

1 SMP Inf 6.63 0.4 41.6
2 SMP Eff 6.14 12.2 1268.8

Data of Analysis: 09/11/07
Normality of HCl =0.104

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 6, 2007
pH and Alkalinity for Standard mine samples

Method:310.1 ( Potentiometric titration to end point 3.9)
Sample Preparation: None, samples used as received



Log Sheet
Sample Taken 9/12/2007

Bottle # Sample Name Matrix

# 1 SMP Inf Aqueous
# 2 SMP Eff Aqueous

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 12, 2007



Sample Name Al As Cd Co Cu Fe Mg Ni Pb S Se Sr Zn Ca Mn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

SMP-9/12-INF-AD-1 0.352 0.053 0.1175 0.063 0.181 0.632 6.49 0.0433 0.4884 71.6 0.064 0.5722 20.84 76.81 10.36
SMP-9/12-INF-AD-2 0.352 0.011 0.1147 0.014 0.162 0.609 6.53 0.0153 0.4737 72.9 0 0.5655 21.22 77.56 10.36
SMP-9/12-INF-AD-3 0.341 0.008 0.1165 0.015 0.163 0.645 6.48 0.0154 0.4743 72.4 0.001 0.5756 21.43 75.81 10.07
SMP-9/12-EFF-AD-1 -0.469 0.012 0.0145 0.011 0.031 11.5 31.9 0.0129 0.1141 15.8 0.037 0.966 2.945 238.7 13.16
SMP-9/12-EFF-AD-2 -0.504 0.012 0.0159 0.011 0.031 11.4 32.2 0.0109 0.1181 15.9 0.04 0.9594 2.915 s 231.5 13.17
SMP-9/12-EFF-AD-3 -0.478 0.01 0.0148 0.011 0.03 11.3 32.1 0.0129 0.1153 16.1 0.04 0.9441 2.871 s 226.4 13.18

SMP-9/12-EFF-DM -0.725 0.012 0.0043 0.015 0.006 12.6 36.9 0.0134 0.0283 21.4 0.046 1.068 1.145 s 231.6 14.49
SMP-9/12-INF-DM -0.09 0.005 0.1381 0.022 0.13 0.161 7.68 0.0168 0.2501 85.5 0.038 0.6497 24.36 86.49 11.45

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 12, 2007



Sample Al As Cd Co Cu Fe Mg Ni Pb S Se Sr Zn Ca Mn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

DISSOLVED CONCENTRATIONS
SMP-9/12-EFF-DM 0 0.012 0.0043 0.015 0.006 12.6 36.9 0.0134 0.0283 21.4 0.046 1.068 1.145 OCR 14.49
SMP-9/12-INF-DM 0 0.005 0.1381 0.022 0.13 0.161 7.68 0.0168 0.2501 85.5 0.038 0.6497 24.36 86.49 11.45

TOTAL CONCENTRATIONS
SMP Inf 9/12 0.387 0.027 0.129 0.034 0.187 0.699 7.222 0.027 0.532 80.333 0.024 0.635 23.515 85.252 11.404
SMP Eff 9/12 0.000 0.013 0.017 0.012 0.034 12.667 35.630 0.014 0.129 17.704 0.043 1.063 3.234 265.222 14.633

OCR- Outside Calibration Range

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 12, 2007
Total Metal Data of Standard Mine samples

Method:  ICP analysis (6010B)



# pH Vol. of Titrant Alkalinity 
(mg/L as CaCo3)

1 5.87 0.4 41.6
2 6.12 10.6 1102.4

Data of Analysis: 09/14/07
Normality of HCl =0.104

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 12, 2007
pH and Alkalinity for Standard mine samples

Method:310.1 ( Potentiometric titration to end point 3.9)
Sample Preparation: None, samples used as received



Log Sheet
Sample Taken 9/19/2007

Bottle # Sample Name Matrix

# 1 SMP Inf Aqueous
# 2 SMP Eff Aqueous

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 19, 2007



Sample Name Al As Cd Co Cu Fe Mg Ni Pb S Se Sr Zn Ca Mn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

SMP-9/19-INF-AD-1 0.286 0.05 0.1018 0.074 0.13 0.371 6.97 0.0211 0.2395 64.1 0.072 0.5494 18.56 78.15 9.415
SMP-9/19-INF-AD-2 0.289 0.003 0.1015 0.014 0.102 0.362 7.15 -0.0053 0.2129 64 0.051 0.5505 19.2 79.88 9.517
SMP-9/19-INF-AD-3 0.216 -0.001 0.0997 0.014 0.103 0.348 6.92 -0.0037 0.2136 62.9 0.05 0.5531 18.88 80.34 9.513
SMP-9/19-EFF-AD-1 -0.451 0.003 0.0132 0.006 0.026 14.8 30.2 -0.0893 0.1053 7.95 0.047 0.9891 2.366 OCR 13.45
SMP-9/19-EFF-AD-2 -0.473 0.009 0.0128 0.006 0.029 14.8 30.8 -0.1178 0.1148 8.24 0.049 0.9909 2.396 OCR 13.63
SMP-9/19-EFF-AD-3 -0.482 0.003 0.0139 0.007 0.028 14.9 30.6 -0.1171 0.1092 8.21 0.046 0.9918 2.357 OCR 13.61

SMP-9/19-EFF-DM -0.73 0.018 0.0046 0.01 0.01 15 32.1 0.0118 0.0286 19.1 0.057 0.9973 0.8368 OCR 14.67
SMP-9/19-INF-DM -0.139 0.007 0.1143 0.015 0.039 0.108 7.71 0.0154 0.12 74 0.032 0.6106 20.98 84.93 10.44

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 19, 2007



Sample Al As Cd Co Cu Fe Mg Ni Pb S Se Sr Zn Ca Mn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

DISSOLVED CONCENTRATIONS
SMP-9/19-EFF-DM 0 0.018 0.0046 0.01 0.01 15 32.1 0.0118 0.0286 19.1 0.057 0.9973 0.8368 OCR 14.67
SMP-9/19-INF-DM 0 0.007 0.1143 0.015 0.039 0.108 7.71 0.0154 0.12 74 0.032 0.6106 20.98 84.93 10.44

TOTAL CONCENTRATIONS
SMP Inf 9/19 0.293 0.020 0.112 0.038 0.124 0.400 7.793 0.008 0.247 70.741 0.064 0.612 20.978 88.285 10.535
SMP Eff 9/19 0.000 0.006 0.015 0.007 0.031 16.481 33.926 0.000 0.122 9.037 0.053 1.101 2.637 0.000 15.070

OCR- Outside Calibration Range

Method:  ICP analysis (6010B)
Total Metal Data of Standard Mine samples

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 19, 2007



# Sample Name pH Vol. of Titrant Alkalinity 
(mg/L as CaCo3)

1 SMP Inf 9/19 6.59 0.7 72.8
2 SMP Eff 9/19 6.2 10.3 1071.2

Data of Analysis: 09/14/07
Normality of HCl =0.104

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 19, 2007
pH and Alkalinity for Standard mine samples

Method:310.1 ( Potentiometric titration to end point 3.9)
Sample Preparation: None, samples used as received



Log Sheet
Sample Taken 9/26/2007

Bottle # Sample Name Matrix

# 1 SMP Inf Aqueous
# 2 SMP Eff Aqueous

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 27, 2007



Sample Name Al As Cd Co Cu Fe Mg Ni Pb S Se Sr Zn Ca Mn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

SMP-9/26-INF-AD-1 0.608 -0.002 0.1151 0.015 0.216 0.698 6.58 -0.0054 0.7968 72.5 0.009 0.5744 22.01 74.65 9.712
SMP-9/26-INF-AD-2 0.651 0 0.1201 0.016 0.233 0.713 6.55 -0.0053 0.8078 73.6 0.055 0.5729 22.49 78.65 9.995
SMP-9/26-INF-AD-3 0.622 0.002 0.1208 0.016 0.226 0.716 6.61 -0.0046 0.822 74.2 0.05 0.5784 22.73 76.39 9.937
SMP-9/26-EFF-AD-1 -0.312 0.005 0.0124 0.006 0.035 12.1 23.7 -0.0903 0.0928 9.76 0.046 0.8171 1.646 OCR 11.35
SMP-9/26-EFF-AD-2 -0.367 0.005 0.0118 0.007 0.036 12.1 24 -0.1196 0.0947 10.1 0.054 0.813 1.649 OCR 11.53
SMP-9/26-EFF-AD-3 -0.295 0.004 0.0116 0.004 0.034 12 23.9 -0.13 0.0867 9.97 0.053 0.7952 1.618 OCR 11.28

SMP-9/26-EFF-DM -0.6 0.008 0.0043 0.009 0.002 12.7 25.1 0.0087 0.0254 23.3 0.044 0.8395 0.639 OCR 12.52
SMP-9/26-INF-DM -0.07 0.007 0.1359 0.021 0.193 0.125 7.15 0.0173 0.4998 81.6 0.036 0.6207 24.09 80.61 10.73

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 27, 2007



Sample Al As Cd Co Cu Fe Mg Ni Pb S Se Sr Zn Ca Mn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

DISSOLVED METALS CONCENTRATIONS
SMP-9/26-EFF-DM 0 0.008 0.0043 0.009 0.002 12.7 25.1 0.0087 0.0254 23.3 0.044 0.8395 0.639 OCR 12.52
SMP-9/26-INF-DM 0 0.007 0.1359 0.021 0.193 0.125 7.15 0.0173 0.4998 81.6 0.036 0.6207 24.09 80.61 10.73

TOTAL METALS CONCENTRATIONS
SMP Inf 9/26 0.697 0.001 0.132 0.017 0.250 0.788 7.311 0.000 0.899 81.593 0.042 0.639 24.900 85.070 10.979
SMP Eff 9/26 0.000 0.005 0.013 0.006 0.039 13.407 26.519 0.000 0.102 11.048 0.057 0.898 1.820 0.000 12.652

OCR - Outside Calibration Range

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 27, 2007
Total Metal Data of Standard Mine samples

Method:  ICP analysis (6010B)



# Sample Name pH Vol. of Titrant Alkalinity 
(mg/L as CaCo3)

1 SMP Inf 9/26 6.57 0.3 31.2
2 SMP Eff 9/26 6.29 9 936

Data of Analysis: 09/28/07
Normality of HCl =0.104

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 27, 2007
pH and Alkalinity for Standard Mine samples

Method:310.1 ( Potentiometric titration to end point 3.9)
Sample Preparation: None, samples used as received



Bottle # Sample Name Matrix

# 1 SMP Inf Aqueous
# 2 SMP Eff Aqueous

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected October 4, 2007



Sample Name Al As Ca Cd Co Cu Fe Mg Mn Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

SMP-INF-10/4-AD-1 0.638 0.004 58.9 0.1052 0.013 0.216 0.704 5.4 8.834 0.0066 0.8118 66.5 0.009 0.4365 20.41
SMP-INF-10/4-AD-2 0.592 -0.001 58.59 0.1112 0.012 0.217 0.701 5.4 8.878 0.0057 0.8095 66.1 0.006 0.4386 20.38
SMP-INF-10/4-AD-3 0.657 -0.002 59.08 0.1078 0.013 0.215 0.707 5.42 8.94 0.0052 0.8096 66.4 0.009 0.4417 20.33
SMP-EFF-10/4-AD-1 -0.004 0.003 200.1 0.0056 0.004 0.02 9.97 14.8 9.796 -0.0044 0.0819 12.2 0.007 0.5592 1.929
SMP-EFF-10/4-AD-2 0.013 0 200 0.006 0.005 0.021 10 14.9 9.805 -0.0057 0.0819 12.3 0.008 0.5516 1.929
SMP-EFF-10/4-AD-3 0.006 0.003 199.2 0.005 0.004 0.028 9.99 14.8 9.765 -0.0038 0.0823 12 0.007 0.5406 1.886

INF-10/4-DM -0.037 0.014 66.3 0.1283 0.032 0.18 0.092 6.39 9.93 0.0152 0.4859 78 0.014 0.4987 22.82
EFF-10/4-DM -0.406 0.009 219.2 -0.0001 0.012 0 10.5 16.4 10.72 -0.0014 0.0343 13.9 0.008 0.6073 0.8385

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected October 4, 2007



Sample Al As Ca Cd Co Cu Fe Mg Mn Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

DISSOLVED METALS CONCENTRATIONS
INF-10/4-DM 0 0.014 66.3 0.1283 0.032 0.18 0.092 6.39 9.93 0.0152 0.4859 78 0.014 0.4987 22.82
EFF-10/4-DM 0 0.009 219.2 0 0.012 0 10.5 16.4 10.72 0 0.0343 13.9 0.008 0.6073 0.8385

TOTAL METALS CONCENTRATIONS
SMP Inf 10/4 0.699 0.001 65.396 0.120 0.014 0.240 0.782 6.007 9.871 0.006 0.900 73.704 0.009 0.488 22.637
SMP Eff 10/4 0.007 0.002 221.963 0.006 0.005 0.026 11.096 16.481 10.876 0.000 0.091 13.519 0.008 0.000 2.127

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected October 4, 2007
Total Metal Data of Standard Mine samples

Method:  ICP analysis (6010B)



# Sample Name pH Vol. of Titrant Alkalinity 
(mg/L as CaCo3)

1 SMP Inf 10/04 6.62 0.3 31.2
2 SMP Eff 10/04 6.4 7.3 759.2

Data of Analysis: 10/08/07
Normality of HCl =0.104

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected October 4, 2007
pH and Alkalinity for Standard Mine samples

Method:310.1 ( Potentiometric titration to end point 3.9)
Sample Preparation: None, samples used as received



Measured Actual
# Sample Name Dilution SO4

2- SO4
2- Average

1 Inf   10/04-1 20X 16.861 337.221 338.918
Inf   10/04-2 20X 16.990 339.794
Inf   10/04-3 20X 16.987 339.738

2 Eff   10/04 -1 20X 2.761 55.214 56.706
Eff   10/04 -2 20X 2.985 59.691
Eff   10/04 -3 20X 2.761 55.213

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected October 4, 2007
Sulfate Data of Standard Mine samples

Method: 300 IC



Log Sheet
Sample Taken 10/16/2007

Bottle # Sample Name Matrix

# 1 SMP Inf Aqueous
# 2 SMP Eff Aqueous

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected October 16, 2007



Sample Name Al As Ca Cd Co Cu Fe Mg Mn Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

10/16-SMP-INF-1 0.058 0.014 72.98 0.1183 0.025 0.114 0.149 7 10.1 0.0154 0.2048 80.1 0.009 0.6027 23.11
10/16-SMP-INF-2 0.004 0 72.88 0.1154 0.024 0.111 0.15 7.01 10.14 0.0223 0.2011 80.3 0.004 0.5922 22.9
10/16-SMP-INF-3 0.017 -0.002 72.67 0.1154 0.023 0.111 0.146 7.02 10.06 0.0149 0.2009 79.5 0.012 0.5922 23.02
10/16-SMP-EFF-1 -0.345 0.002 238 -0.005 0.016 -0.002 13.7 17.6 10.94 0.0041 0.0159 3.97 -0.007 0.6426 0.3859
10/16-SMP-EFF-2 -0.351 -0.003 239.1 -0.0047 0.015 0 13.8 17.9 11.09 0.0038 0.0144 3.98 -0.004 0.6598 0.3733
10/16-SMP-EFF-3 -0.411 -0.005 237.5 -0.0038 0.013 -0.001 13.7 17.8 11.02 0.0043 0.0139 3.98 0.007 0.6465 0.3801

10/16-SMP-INF-DM -0.086 0.001 79.97 0.1339 0.029 0.123 0.137 7.78 11.28 0.0171 0.2232 93.1 0.012 0.6573 25.88
10/16-SMP-EFF-DM -0.647 -0.001 255.3 -0.006 0.016 -0.001 1.02 19.2 11.79 0.0044 -0.0009 4.48 0.003 0.6682 0.2588

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected October 16, 2007



Sample Al As Ca Cd Co Cu Fe Mg Mn Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

DISSOLVED METALS CONCENTRATIONS
10/16-SMP-INF-DM 0 0.001 79.97 0.1339 0.029 0.123 0.137 7.78 11.28 0.0171 0.2232 93.1 0.012 0.6573 25.88
10/16-SMP-EFF-DM 0 0 255.3 0 0.016 0 1.02 19.2 11.79 0.0044 0 4.48 0.003 0.6682 0.2588

TOTAL METALS CONCENTRATIONS
10/16 SMP INF 0.029 0.005 80.937 0.129 0.027 0.124 0.165 7.789 11.222 0.019 0.225 88.852 0.009 0.662 25.567
10/16 SMP EFF 0.001 264.667 0.016 15.259 19.741 12.241 0.005 0.016 4.419 0.003 0.722 0.422

Highlighted cell < Detection Limit

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected October 16, 2007
Total Metal Data of Standard Mine samples

Method:  ICP analysis (6010B)



# Sample Name pH Vol. of Titrant Alkalinity 
(mg/L as CaCo3)

1 SMP Inf 10/16 6.4 0.3 62.4
2 SMP Eff 10/16 6.36 4 832

Normality of HCl =0.104

Sample Preparation: None, samples used as received

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected October 16, 2007
pH and Alkalinity for Standard Mine samples

Method:310.1 ( Potentiometric titration to end point 3.9)

Data of Analysis: 11/05/07



Measured Actual
# Sample Name Dilution SO4

2- SO4
2- Average

1 SMP Inf 10/16  10X-1 10 37.390 373.903 374.277
SMP Inf 10/16  10X-2 10 37.434 374.337
SMP Inf 10/16  10X-3 10 37.459 374.592

2 SMP Eff 10/16  5X-1 5 1.953 9.764 8.709
SMP Eff 10/16  5X-2 5 1.590 7.952
SMP Eff 10/16  5X-3 5 1.682 8.409

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected October 16, 2007
Sulfate Data of Standard Mine samples

Method: 300 IC



Log Sheet
Sample Taken 11/1/2007

Bottle # Sample Name Matrix

# 1 SMP Inf Aqueous
# 2 SMP Eff Aqueous
# 3 Elk Creek Aqueous

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected November 1, 2007



Sample Name Al As Ca Cd Co Cu Fe Mg Mn Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

11/01-STD MINE-INF-1 7.25 0.014 69.61 0.1238 0.017 0.718 8.65 7.16 10.22 0.0186 3.417 81.6 -0.003 0.5627 24.25
11/01-STD MINE-INF-2 4.73 0.006 68.93 0.123 0.015 0.666 5.93 7.18 10.16 0.0189 3.13 80.9 0.002 0.5556 24.22
11/01-STD MINE-INF-3 18.2 0.05 69.78 0.1248 0.018 0.92 20.3 7.67 10.36 0.0166 4.62 82.5 -0.004 0.5623 24.51
11/01-STD MINE-EFF-1 -0.179 0.003 170.8 -0.0034 0.001 0.004 4.52 12 7.302 -0.0013 0.0226 31.9 0.006 0.4352 0.5727
11/01-STD MINE-EFF-2 -0.177 0 171.2 -0.0033 0 0.003 4.5 12.1 7.3 -0.0025 0.0219 31.9 0.012 0.437 0.542
11/01-STD MINE-EFF-3 -0.206 0.015 171.3 -0.0026 0.002 0.007 4.51 12.1 7.292 -0.0007 0.0191 31.7 0.016 0.446 0.5274

11/01-ELK CREEK-1 -0.212 0.004 172.5 -0.0036 0 0.003 4.54 12.2 7.314 -0.0022 0.0224 31.5 0.002 0.4485 0.5462
11/01-ELK CREEK-2 -0.2 0.011 173.4 -0.0031 0 0.002 4.55 12.3 7.381 -0.0021 0.0151 31.5 -0.002 0.4436 0.5852
11/01-ELK CREEK-3 -0.24 0.002 172.1 -0.0041 -0.001 0.002 4.48 12 7.303 -0.002 0.0185 31.1 0.007 0.4369 0.5791

11/1-STD MINE-INF-DM -0.266 0.002 75.9 0.1387 0.018 0.139 -0.019 7.35 11.01 0.0169 0.0198 94.3 0.006 0.5991 25.61
11/1-STD MINE-EFF-DM -0.409 0.002 174.9 -0.0049 -0.001 -0.001 4.39 12.4 7.442 -0.0021 0.0081 39 0.002 0.4471 0.0088
11/01-ELK CREEK-DM -0.39 0.001 173.8 -0.0058 -0.001 -0.002 4.18 12.3 7.454 -0.003 0.0066 38.9 -0.003 0.447 0.0185

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected November 1, 2007



Sample Al As Ca Cd Co Cu Fe Mg Mn Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

DISSOLVED METALS CONCENTRATIONS
11/1-STD MINE-INF-DM 0.002 75.9 0.1387 0.018 0.139 7.35 11.01 0.0169 0.0198 94.3 0.006 0.5991 25.61
11/1-STD MINE-EFF-DM 0.002 174.9 4.39 12.4 7.442 0.0081 39 0.002 0.4471 0.0088
11/01-ELK CREEK-DM 0.001 173.8 4.18 12.3 7.454 0.0066 38.9 0.447 0.0185

TOTAL METALS CONCENTRATIONS
11/1 SMP INF 11.178 0.026 77.156 0.138 0.019 0.853 12.919 8.152 11.385 0.020 4.136 90.741 0.001 0.622 27.030
11/1 SMP EFF 0.007 190.111 0.001 0.005 5.011 13.407 8.109 0.024 35.370 0.013 0.488 0.608

11/1 ELK CREEK 0.006 191.852 0.003 5.026 13.519 8.147 0.021 34.852 0.003 0.492 0.634

Highlighted cell < Detection Limit

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected November 1, 2007
Total Metal Data of Standard Mine samples

Method:  ICP analysis (6010B)



# Sample Name pH Vol. of Titrant Alkalinity 
(mg/L as CaCo3)

1 11/1 SMP INF 6.47 0.3 31.2
2 11/1 SMP EFF 6.56 4.1 426.4
3 11/1 ELK CREEK 6.87 4.5 468

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected November 1, 2007
pH and Alkalinity for Standard Mine samples

Method:310.1 ( Potentiometric titration to end point 3.9)

Data of Analysis: 11/13/07
Normality of HCl =0.104

Sample Preparation: None, samples used as received



Measured Actual
# Sample Name Dilution SO4

2- SO4
2- Average

1 SMP Inf 11/1 10X-1 10 34.4545 344.54488 348.46
SMP Inf 11/1 10X-2 10 34.5267 345.26699
SMP Inf 11/1 10X-3 10 35.5556 355.55603

2 SMP Eff 11/1 10X-1 10 14.4703 144.70319 143.96
SMP Eff 11/1 10X-2 10 14.2469 142.4687
SMP Eff 11/1 10X-3 10 14.4716 144.71592

3 ELK Creek 11/1 10X  -1 10 12.6457 126.45657 126.57
ELK Creek 11/1 10X  -2 10 12.7962 127.96169
ELK Creek 11/1 10X  -3 10 12.5303 125.30292

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected November 1, 2007
Sulfate Data of Standard Mine samples

Method: 300 IC



Sample Name Al As Ca Cd Co Cr Cu Fe Mg Mn Mo Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

SMP-INF-TM-12/26/07 1.64 -0.0006 78 0.1149 0.011 0.0098 0.311 3.88 8.04 10.62 0.0091 0.0158 1.164 79.5 0.011 0.6453 24.94
SMP-INF-TM-1/2/08 1.42 -0.0021 79.4 0.1135 0.011 0.0105 0.335 4.03 8.28 10.85 0.0079 0.0129 1.046 79.4 0.046 0.6567 25.09
SMP-INF-TM-1/9/08 2.36 0.0008 82.23 0.1293 0.008 0.0139 0.571 3.94 8.67 9.151 0.0073 0.0106 1.015 83.2 0.005 0.689 27.71

SMP-INF-TM-1/16/08 2.64 0.0023 84.39 0.1287 0.011 0.0159 0.252 3.94 8.9 9.987 0.0064 0.0116 0.8984 84.3 0.011 0.716 26.76
SMP-INF-TM-1/23/08 6.88 0.0031 80.17 0.1127 0.01 0.0153 0.781 13.6 8.62 10.36 0.007 0.0103 3.293 81.9 0.048 0.6736 25.55
SMP-INF-TM-2/6/08 5.18 -0.0023 77.47 0.1114 0.011 0.0202 1.18 19.1 8.31 10.44 0.006 0.0098 5.238 81.1 0.043 0.6476 25.4

SMP-INF-TM-2/13/08 2.88 -0.0052 78.78 0.1089 0.01 0.0196 0.709 11.5 8.32 10.15 0.0059 0.0114 2.907 82 0.009 0.6617 24.69

SMP-INF-TM-2/20/08 3.21 0.0295 79.64 0.1215 0.053 0.0298 0.75 11.1 8.46 10.32 0.0236 0.032 3.215 81.5 0.071 0.6683 25.58
SMP-INF-TM-2/27/08 2.37 0.004 81.03 0.1123 0.013 0.0158 0.548 8.13 8.53 10.13 0.0077 0.0117 2.296 82.3 0.017 0.6813 25.8
SMP-INF-TM-3/5/08 2.56 0.0015 81.8 0.1072 0.01 0.0151 0.771 7.96 8.64 10.04 0.0061 0.0128 2.372 83.5 0.049 0.6857 25.96

SMP-INF-TM-3/12/08 1.03 -0.0016 81.85 0.128 0.008 0.0093 0.471 2.96 8.68 9.164 0.0061 0.0109 0.9926 83.5 0.012 0.6863 27.99
SMP-INF-TM-3/19/08 1.1 -0.0008 81.91 0.1543 0.008 0.0131 0.5 2.44 8.59 9.21 0.0061 0.0101 0.8394 85.1 0.049 0.6856 28.33
SMP-INF-TM-3/26/08 0.702 -0.0038 80.91 0.1427 0.009 0.015 0.371 1.72 8.47 9.881 0.0055 0.0136 0.6296 83.9 0.049 0.6777 27.09
SMP-INF-TM-4/2/08 0.729 -0.0038 80.31 0.1334 0.008 0.0109 0.67 1.64 8.37 10.3 0.0057 0.0095 0.641 83.3 0.049 0.6711 26
SMP-INF-TM-4/9/08 0.708 -0.0022 81.98 0.1332 0.01 0.0098 0.214 1.66 8.51 10.67 0.0052 0.012 0.6726 85.5 0.053 0.6775 26.37

SMP-INF-TM-4/16/08 0.844 -0.0016 82.96 0.1271 0.01 0.0087 0.224 2.1 8.61 9.835 0.0046 0.011 0.8325 84.5 0.005 0.6937 26.39
SMP-INF-TM-4/23/08 0.676 -0.0045 82.44 0.1205 0.009 0.0138 0.181 1.31 8.68 9.808 0.0047 0.0121 0.5208 83 0.01 0.6899 25.93

SMP-INF-TM-4/30/08 0.582 0.0296 81.44 0.1158 0.053 0.0203 0.186 1.32 8.55 9.547 0.0229 0.034 0.4978 81.3 0.075 0.6814 24.78
SMP-INF-TM-5/7/08 0.74 0.0011 79.05 0.1162 0.01 0.0162 0.177 1.43 8.32 9.344 0.007 0.0119 0.5236 81.7 0.012 0.6615 25.37

SMP-INF-TM-6/11/08 1.88 -0.0011 30.28 0.1066 0.058 0.0338 0.977 4.41 3.08 5.269 0.005 0.0074 1.671 43.1 0.008 0.2562 18.35
SMP-EFF-TM-1/2/08 0.058 -0.0004 114.7 0.002 0 0.0108 0.012 0.353 8.67 9.504 0.0012 -0.0002 0.0068 51.8 0.014 0.4841 1.869
SMP-EFF-TM-1/9/08 0.079 0.0012 124.2 0.0009 -0.002 0.0125 0.047 0.601 8.19 10.22 -0.0002 0.002 0.0115 51.8 0.051 0.5358 0.6188

SMP-EFF-TM-1/16/08 0.166 -0.0032 144.5 0.0014 0.004 0.0112 0.007 1.67 11.9 12.88 0.0016 0.0301 0.0093 8.12 0.054 0.6271 0.6941
SMP-EFF-TM-1/30/08 0.043 0.0018 124.1 0.0003 0.001 0.0124 0.002 0.421 9.49 10.29 0.0005 0.0032 0.0018 58.3 0.044 0.5243 1.905
SMP-EFF-TM-2/6/08 -0.058 -0.003 110.9 0.0019 -0.001 0.0302 0.005 0.191 8.74 9.884 0.0004 0.017 0.0022 56.2 0.051 0.5454 1.312

SMP-EFF-TM-2/13/08 -0.022 0.0011 113.4 0.0019 -0.001 0.0152 -0.001 0.12 9.02 10.02 0 0.0034 0.0034 55 0.049 0.5564 1.183
SMP-EFF-TM-2/20/08 -0.048 -0.0044 111.2 0.0008 -0.001 0.0139 -0.001 0.086 8.96 9.763 0.0006 0.0039 0.0019 49.3 0.019 0.5561 1.138

SMP-EFF-TM-2/27/08 0.011 0.036 113.6 0.008 0.055 0.0265 0.031 0.117 9.11 9.795 0.0202 0.0289 0.0321 46 0.091 0.5745 1.086
SMP-EFF-TM-3/5/08 0.054 0.0047 113.4 0.001 0 0.0132 0.093 0.078 9.35 9.96 0.0025 0.0005 0.0045 25.7 0.049 0.5651 0.9588

SMP-EFF-TM-3/12/08 0.062 -0.0014 113.3 0.0017 0.002 0.0127 0 0.449 9.44 9.986 0.0015 0.001 0.0037 21.6 0.057 0.5692 0.9422
SMP-EFF-TM-3/19/08 0.051 0.0036 113.9 0.0006 0 0.013 -0.001 0.661 9.41 10 0.0007 0.0089 0.0034 20.1 0.013 0.5623 0.9203
SMP-EFF-TM-3/26/08 0.028 -0.0038 117.9 0.0016 0 0.0106 0 0.836 9.82 10.49 0.0006 0.0172 0.0002 14.6 0.052 0.5609 0.8415
SMP-EFF-TM-4/2/08 0.007 0.0013 122.9 0.0008 0.003 0.0114 -0.001 0.958 10.2 10.96 0.0008 0.0219 0.0056 14.7 0.049 0.5707 0.8129
SMP-EFF-TM-4/9/08 0.067 0.002 130 0.0015 0.002 0.0109 -0.001 0.996 10.9 11.45 0.001 0.0275 0.0023 9.81 0.012 0.5636 0.6989

SMP-EFF-TM-4/16/08 0.086 -0.0033 145 0.0019 0.005 0.0099 0.006 1.54 11.9 12.83 0.0012 0.0276 0.0049 8.15 0.053 0.6333 0.682
SMP-EFF-TM-4/23/08 -0.03 0.0033 165.1 0.0017 0.003 0.0127 0.049 1.34 13 14.73 0.0004 0.0193 0.0036 6.41 0.054 0.7217 0.638
SMP-EFF-TM-4/30/08 -0.086 -0.0032 184.7 0.0007 0.001 0.0229 0 1.72 14.4 16.49 0.0002 0.0171 0.0049 5.65 0.05 0.8355 0.6501

SMP-EFF-TM-5/7/08 -0.08 0.0264 224.1 0.007 0.032 0.0256 0.028 1.09 15.7 19 0.0152 0.0183 0.0605 49 0.081 0.9694 0.7472
SMP-EFF-TM-5/14/08 0.005 0.003 146.8 0.0028 0.002 0.0186 0.003 0.626 10.1 12.37 0.0018 0.004 0.0177 54.1 0.05 0.634 0.6104
SMP-EFF-TM-5/21/08 0.082 0.0005 123.4 0.0003 -0.001 0.0102 0.011 0.595 8.11 10.18 0.0005 0 0.0086 52 0.009 0.5372 0.6565
SMP-EFF-TM-5/28/08 0.066 -0.0019 111.9 0.0013 -0.001 0.0097 -0.003 0.667 7.42 9.337 0.0002 0 0.0026 45.9 0.05 0.4881 0.6692
SMP-EFF-TM-6/4/08 0.112 0 99.68 0.0009 0 0.0131 -0.002 0.481 6.66 8.133 0.0003 0.0003 0.0003 36.6 0.047 0.435 0.7077

SMP-EFF-TM-6/11/08 0.058 -0.0021 88.11 0.0017 -0.001 0.0093 -0.002 0.167 5.64 6.984 -0.0005 -0.0009 -0.0005 27.7 0.045 0.3918 0.7426

SMP-INF-DM-12/26/07 1.16 -0.0018 86.85 0.1423 0.01 0.0046 0.398 3.64 8.5 11.79 0.0072 0.016 1.186 96.9 -0.01 0.6666 28.15
SMP-INF-DM-1/2/08 0.964 0 86.73 0.1409 0.01 0.0045 0.346 3.57 8.34 11.66 0.0067 0.0148 1.068 97.1 -0.015 0.6808 28.38
SMP-INF-DM-1/9/08 1.02 0.0138 92.63 0.1634 0.038 0.0097 0.534 3 9.06 10.36 0.0196 0.0281 1.064 101 0.007 0.7211 31.86

SMP-INF-DM-1/16/08 0.64 0.0035 93.04 0.1517 0.012 -0.0015 0.243 1.85 9.55 10.92 0.0096 0.015 0.8511 103 -0.013 0.7163 29.7
SMP-INF-DM-1/23/08 3.28 -0.0058 90.22 0.1391 0.011 0.0037 0.812 12.2 9.4 11.58 0.0082 0.013 3.484 99.9 0.013 0.7047 29.22
SMP-INF-DM-2/6/08 5.44 -0.0117 88.49 0.1433 0.011 0.0077 1.35 22 9.22 11.86 0.0078 0.0126 5.817 99.9 -0.014 0.6779 29.59

SMP-INF-DM-2/13/08 3.02 -0.0063 89.14 0.1327 0.009 0.0026 0.791 12.7 8.86 11.33 0.0079 0.0121 3.195 98.2 0.012 0.7007 28.91
SMP-INF-DM-2/20/08 3.32 -0.0078 89.14 0.1402 0.009 0.0023 0.805 11.7 8.52 11.21 0.0073 0.013 3.473 99.2 -0.014 0.713 29.17
SMP-INF-DM-2/27/08 2.5 -0.0046 89.43 0.1335 0.009 0.0039 0.587 8.31 8.59 10.78 0.0076 0.0133 2.496 98.2 -0.014 0.7205 29.36
SMP-INF-DM-3/5/08 2.63 -0.0029 90.14 0.1302 0.008 0.0073 0.822 8.06 8.63 10.62 0.0074 0.0128 2.529 100 0.009 0.7278 29.2

SMP-INF-DM-3/12/08 1.03 -0.0001 90.56 0.1586 0.007 -0.0035 0.501 2.66 8.96 9.322 0.0075 0.0131 1.056 103 0.01 0.7502 31.57
SMP-INF-DM-3/19/08 0.85 0.0036 90.64 0.1812 0.006 0.0011 0.531 2.03 8.3 9.413 0.0077 0.0127 0.8867 103 0.012 0.7643 31.85

SMP-INF-DM-3/26/08 0.569 0.0097 89.7 0.1797 0.026 0.0086 0.384 1.54 8.87 10.01 0.0169 0.0236 0.6844 102 0.025 0.7288 31.43
SMP-INF-DM-4/2/08 0.582 -0.0011 91.27 0.17 0.011 0.0064 0.728 1.54 9 10.55 0.0093 0.0152 0.7014 103 0.017 0.7364 31.09
SMP-INF-DM-4/9/08 0.48 -0.0009 92.3 0.1636 0.01 0.0019 0.23 1.54 8.6 10.73 0.0078 0.0136 0.6783 103 0.015 0.7266 30.63

SMP-INF-DM-4/16/08 0.66 -0.0009 92.44 0.155 0.008 0.0026 0.242 1.95 8.75 9.755 0.0074 0.0132 0.8408 103 0.008 0.7707 30.27
SMP-INF-DM-4/23/08 0.597 -0.0049 92.78 0.1495 0.008 0.0011 0.191 1.28 8.79 9.673 0.0068 0.013 0.5538 101 0.014 0.784 29.71
SMP-INF-DM-4/30/08 0.512 -0.002 91.35 0.1422 0.008 0.0054 0.176 1.28 8.49 9.496 0.0068 0.0126 0.5115 101 0.013 0.7808 28.83
SMP-INF-DM-5/7/08 0.619 -0.0008 88.91 0.1494 0.008 0.0026 0.192 1.42 8.37 9.476 0.0069 0.0127 0.554 98.7 0.009 0.7592 29.82

SMP-INF-DM-6/11/08 1.52 -0.0037 33.82 0.1238 0.01 -0.0007 1.06 4.51 3.02 5.343 0.0045 0.0092 1.805 52.5 0.006 0.2839 21.4
SMP-EFF-DM-1/2/08 -0.11 -0.0036 137.8 0.0013 -0.003 -0.0004 0.001 0.326 9.78 10.35 -0.0006 0.0441 0.0062 69.3 0.011 0.5927 2.611
SMP-EFF-DM-1/9/08 -0.024 -0.001 135.2 0.0029 -0.005 -0.001 -0.005 0.558 8.09 9.785 -0.0008 -0.0019 0.0033 92.3 0.019 0.6138 1.087

SMP-EFF-DM-1/16/08 -0.055 0.0188 156.8 0.0055 0.031 0.006 0.013 1.55 12 12.26 0.0089 0.0392 0.0182 17.5 0.01 0.7168 1.021
SMP-EFF-DM-1/30/08 -0.023 0.0003 136.6 0.0014 -0.001 -0.0018 0.002 0.352 9.69 9.981 0.0015 0.0006 0.005 69.3 -0.018 0.6182 2.618
SMP-EFF-DM-2/6/08 -0.138 0.0035 121.9 0.0005 -0.004 0.0118 -0.002 0.071 9.01 9.65 0.0004 0.0147 -0.0012 55.7 0.006 0.64 0.648

SMP-EFF-DM-2/13/08 -0.127 -0.0014 123.8 0.001 -0.004 0.0016 -0.003 0.044 9.21 9.724 -0.0003 0.0014 -0.0012 53.5 0.006 0.6392 0.5187
SMP-EFF-DM-2/20/08 -0.108 0.0035 122 0.0016 -0.005 0.0046 -0.003 0.036 9.2 9.549 -0.0006 0.0013 -0.0014 44.4 0.009 0.64 0.5419
SMP-EFF-DM-2/27/08 -0.158 0.0007 123.3 0.0019 -0.005 0.002 -0.006 0.041 9.22 9.409 -0.0014 0.0004 -0.0015 36.9 0.003 0.6453 0.5443
SMP-EFF-DM-3/5/08 -0.025 0.0029 125.6 0.001 -0.004 0.0069 -0.002 0.076 9.63 9.88 -0.001 -0.001 0.0015 30.8 -0.016 0.6646 1.569

SMP-EFF-DM-3/12/08 0.038 0.0006 124.8 0.0018 -0.004 -0.0018 -0.004 0.39 9.61 9.786 -0.0007 0.0007 0.0033 29.5 0.01 0.6616 1.575
SMP-EFF-DM-3/19/08 0.024 0.0011 124.8 0.0005 -0.002 -0.0007 -0.005 0.68 9.59 9.791 -0.0013 0.0103 0.0038 26.7 0.012 0.6524 1.503
SMP-EFF-DM-3/26/08 0.005 0.0004 128.4 0.0007 -0.002 0.0015 -0.006 0.854 10 10.16 -0.0011 0.0168 -0.0001 37.7 0.015 0.6579 1.432

SMP-EFF-DM-4/2/08 -0.047 0.017 133.8 0.0046 0.027 0.0095 0.012 0.979 10.4 10.62 0.0084 0.0357 0.0136 35.4 0.017 0.6544 1.259
SMP-EFF-DM-4/9/08 -0.022 0.0001 143.1 0.0022 -0.001 0.002 -0.005 1.02 11 11.17 0.0004 0.0222 0.0032 28 0.017 0.6694 1.195

SMP-EFF-DM-4/16/08 -0.058 -0.0028 159.5 0.0015 -0.001 0.0013 -0.005 1.6 12.1 12.55 -0.0006 0.0246 0.0001 22.3 0.019 0.7293 1.162
SMP-EFF-DM-4/23/08 -0.184 0.0015 183.6 0.0014 -0.002 0.0028 -0.006 0.263 13.5 14.55 -0.0001 0.0169 -0.0004 5.88 0.013 0.8544 0.9955
SMP-EFF-DM-4/30/08 -0.203 -0.0002 201.5 0.0026 -0.002 -0.0029 -0.005 0.324 14.5 16.05 -0.0009 0.013 0.0017 5.17 0.015 0.9576 0.9061
SMP-EFF-DM-5/7/08 -0.259 -0.0002 241.8 0.0016 -0.005 -0.0009 -0.005 0.734 15.8 18.37 -0.001 -0.0026 0.0075 56.4 0.016 1.094 0.8604

SMP-EFF-DM-5/14/08 -0.088 -0.0008 157.4 0.0021 -0.005 0.0032 -0.006 0.544 10 11.75 -0.0008 -0.0016 0.0041 91.8 0.012 0.7222 0.9642
SMP-EFF-DM-5/21/08 -0.028 -0.0038 134.6 0.0014 -0.004 -0.0034 -0.006 0.585 8.03 9.898 -0.0014 -0.0017 0.0005 86.3 0.012 0.6253 1.037
SMP-EFF-DM-5/28/08 0.052 0.0264 137.2 0.0054 0.038 0.0287 0.016 0.896 9.25 11.21 0.0157 0.0172 0.0185 57 0.074 0.5989 1.257
SMP-EFF-DM-6/4/08 0.03 0.0057 122.9 -0.0005 0.005 0.0113 -0.003 0.619 8.23 9.893 0.0037 0.0006 0.0017 41.9 0.047 0.5379 1.308

SMP-EFF-DM-6/11/08 0.029 0.0028 107.1 -0.0021 0.001 0.0132 -0.003 0.198 6.88 8.422 0.0023 -0.0013 0.0027 30 0.041 0.4781 1.495

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Total Metal Data of Standard Mine samples
Method:  ICP analysis (6010B)



Sample Al As Ca Cd Co Cr Cu Fe Mg Mn Mo Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

SMP-INF-TM-12/26/07 12/26/2008 1.82 0.00 86.67 0.13 0.01 0.01 0.35 4.31 8.93 11.80 0.01 0.02 1.29 88.33 0.01 0.72 27.71
SMP-INF-TM-1/2/08 1/2/2008 1.58 0.00 88.22 0.13 0.01 0.01 0.37 4.48 9.20 12.06 0.01 0.01 1.16 88.22 0.05 0.73 27.88
SMP-INF-TM-1/9/08 1/9/2008 2.62 0.00 91.37 0.14 0.01 0.02 0.63 4.38 9.63 10.17 0.01 0.01 1.13 92.44 0.01 0.77 30.79
SMP-INF-TM-1/16/08 1/16/2008 2.93 0.00 93.77 0.14 0.01 0.02 0.28 4.38 9.89 11.10 0.01 0.01 1.00 93.67 0.01 0.80 29.73
SMP-INF-TM-1/23/08 1/23/2008 7.64 0.00 89.08 0.13 0.01 0.02 0.87 15.11 9.58 11.51 0.01 0.01 3.66 91.00 0.05 0.75 28.39
SMP-INF-TM-2/6/08 2/6/2008 5.76 0.00 86.08 0.12 0.01 0.02 1.31 21.22 9.23 11.60 0.01 0.01 5.82 90.11 0.05 0.72 28.22

SMP-INF-TM-2/13/08 2/13/2008 3.20 0.00 87.53 0.12 0.01 0.02 0.79 12.78 9.24 11.28 0.01 0.01 3.23 91.11 0.01 0.74 27.43
SMP-INF-TM-2/20/08 2/20/2008 3.57 0.03 88.49 0.14 0.06 0.03 0.83 12.33 9.40 11.47 0.03 0.04 3.57 90.56 0.08 0.74 28.42
SMP-INF-TM-2/27/08 2/27/2008 2.63 0.00 90.03 0.12 0.01 0.02 0.61 9.03 9.48 11.26 0.01 0.01 2.55 91.44 0.02 0.76 28.67
SMP-INF-TM-3/5/08 3/5/2008 2.84 0.00 90.89 0.12 0.01 0.02 0.86 8.84 9.60 11.16 0.01 0.01 2.64 92.78 0.05 0.76 28.84
SMP-INF-TM-3/12/08 3/12/2008 1.14 0.00 90.94 0.14 0.01 0.01 0.52 3.29 9.64 10.18 0.01 0.01 1.10 92.78 0.01 0.76 31.10
SMP-INF-TM-3/19/08 3/19/2008 1.22 0.00 91.01 0.17 0.01 0.01 0.56 2.71 9.54 10.23 0.01 0.01 0.93 94.56 0.05 0.76 31.48
SMP-INF-TM-3/26/08 3/26/2008 0.78 0.00 89.90 0.16 0.01 0.02 0.41 1.91 9.41 10.98 0.01 0.02 0.70 93.22 0.05 0.75 30.10
SMP-INF-TM-4/2/08 4/2/2008 0.81 0.00 89.23 0.15 0.01 0.01 0.74 1.82 9.30 11.44 0.01 0.01 0.71 92.56 0.05 0.75 28.89
SMP-INF-TM-4/9/08 4/9/2008 0.79 0.00 91.09 0.15 0.01 0.01 0.24 1.84 9.46 11.86 0.01 0.01 0.75 95.00 0.06 0.75 29.30
SMP-INF-TM-4/16/08 4/16/2008 0.94 0.00 92.18 0.14 0.01 0.01 0.25 2.33 9.57 10.93 0.01 0.01 0.93 93.89 0.01 0.77 29.32
SMP-INF-TM-4/23/08 4/23/2008 0.75 0.00 91.60 0.13 0.01 0.02 0.20 1.46 9.64 10.90 0.01 0.01 0.58 92.22 0.01 0.77 28.81
SMP-INF-TM-4/30/08 4/30/2008 0.65 0.03 90.49 0.13 0.06 0.02 0.21 1.47 9.50 10.61 0.03 0.04 0.55 90.33 0.08 0.76 27.53
SMP-INF-TM-5/7/08 5/7/2008 0.82 0.00 87.83 0.13 0.01 0.02 0.20 1.59 9.24 10.38 0.01 0.01 0.58 90.78 0.01 0.74 28.19
SMP-INF-TM-6/11/08 6/11/2008 2.09 0.00 33.64 0.12 0.06 0.04 1.09 4.90 3.42 5.85 0.01 0.01 1.86 47.89 0.01 0.28 20.39

SMP-EFF-TM-1/2/08 1/2/2008 0.06 0.00 127.44 0.002 0.00 0.01 0.01 0.39 9.63 10.56 0.00 0.00 0.01 57.56 0.02 0.54 2.08
SMP-EFF-TM-1/9/08 1/9/2008 0.09 0.00 138.00 0.001 0.00 0.01 0.05 0.67 9.10 11.36 0.00 0.00 0.01 57.56 0.06 0.60 0.69
SMP-EFF-TM-1/16/08 1/16/2008 0.18 0.00 160.56 0.002 0.00 0.01 0.01 1.86 13.22 14.31 0.00 0.03 0.01 9.02 0.06 0.70 0.77
SMP-EFF-TM-1/30/08 1/30/2008 0.05 0.00 137.89 0.000 0.00 0.01 0.00 0.47 10.54 11.43 0.00 0.00 0.00 64.78 0.05 0.58 2.12
SMP-EFF-TM-2/6/08 2/6/2008 0.00 0.00 123.22 0.002 0.00 0.03 0.01 0.21 9.71 10.98 0.00 0.02 0.00 62.44 0.06 0.61 1.46
SMP-EFF-TM-2/13/08 2/13/2008 0.00 0.00 126.00 0.002 0.00 0.02 0.00 0.13 10.02 11.13 0.00 0.00 0.00 61.11 0.05 0.62 1.31
SMP-EFF-TM-2/20/08 2/20/2008 0.00 0.00 123.56 0.001 0.00 0.02 0.00 0.10 9.96 10.85 0.00 0.00 0.00 54.78 0.02 0.62 1.26
SMP-EFF-TM-2/27/08 2/27/2008 0.01 0.04 126.22 0.009 0.06 0.03 0.03 0.13 10.12 10.88 0.02 0.03 0.04 51.11 0.10 0.64 1.21
SMP-EFF-TM-3/5/08 3/5/2008 0.06 0.01 126.00 0.001 0.00 0.01 0.10 0.09 10.39 11.07 0.00 0.00 0.01 28.56 0.05 0.63 1.07
SMP-EFF-TM-3/12/08 3/12/2008 0.07 0.00 125.89 0.002 0.00 0.01 0.00 0.50 10.49 11.10 0.00 0.00 0.00 24.00 0.06 0.63 1.05
SMP-EFF-TM-3/19/08 3/19/2008 0.06 0.00 126.56 0.001 0.00 0.01 0.00 0.73 10.46 11.11 0.00 0.01 0.00 22.33 0.01 0.62 1.02
SMP-EFF-TM-3/26/08 3/26/2008 0.03 0.00 131.00 0.002 0.00 0.01 0.00 0.93 10.91 11.66 0.00 0.02 0.00 16.22 0.06 0.62 0.94
SMP-EFF-TM-4/2/08 4/2/2008 0.01 0.00 136.56 0.001 0.00 0.01 0.00 1.06 11.33 12.18 0.00 0.02 0.01 16.33 0.05 0.63 0.90
SMP-EFF-TM-4/9/08 4/9/2008 0.07 0.00 144.44 0.002 0.00 0.01 0.00 1.11 12.11 12.72 0.00 0.03 0.00 10.90 0.01 0.63 0.78

SMP-EFF-TM-4/16/08 4/16/2008 0.10 0.00 161.11 0.002 0.01 0.01 0.01 1.71 13.22 14.26 0.00 0.03 0.01 9.06 0.06 0.70 0.76
SMP-EFF-TM-4/23/08 4/23/2008 0.00 0.00 183.44 0.002 0.00 0.01 0.05 1.49 14.44 16.37 0.00 0.02 0.00 7.12 0.06 0.80 0.71
SMP-EFF-TM-4/30/08 4/30/2008 0.00 0.00 205.22 0.001 0.00 0.03 0.00 1.91 16.00 18.32 0.00 0.02 0.01 6.28 0.06 0.93 0.72
SMP-EFF-TM-5/7/08 5/7/2008 0.00 0.03 249.00 0.008 0.04 0.03 0.03 1.21 17.44 21.11 0.02 0.02 0.07 54.44 0.09 1.08 0.83
SMP-EFF-TM-5/14/08 5/14/2008 0.01 0.00 163.11 0.003 0.00 0.02 0.00 0.70 11.22 13.74 0.00 0.00 0.02 60.11 0.06 0.70 0.68
SMP-EFF-TM-5/21/08 5/21/2008 0.09 0.00 137.11 0.000 0.00 0.01 0.01 0.66 9.01 11.31 0.00 0.00 0.01 57.78 0.01 0.60 0.73
SMP-EFF-TM-5/28/08 5/28/2008 0.07 0.00 124.33 0.001 0.00 0.01 0.00 0.74 8.24 10.37 0.00 0.00 0.00 51.00 0.06 0.54 0.74
SMP-EFF-TM-6/4/08 6/4/2008 0.12 0.00 110.76 0.001 0.00 0.01 0.00 0.53 7.40 9.04 0.00 0.00 0.00 40.67 0.05 0.48 0.79
SMP-EFF-TM-6/11/08 6/11/2008 0.06 0.00 97.90 0.002 0.00 0.01 0.00 0.19 6.27 7.76 0.00 0.00 0.00 30.78 0.05 0.44 0.83

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Total Metal Data of Standard Mine samples
Method:  ICP analysis (6010B)



Zn
mg/L
28.15
28.38

Sample Date Al As Ca Cd Co Cr Cu Fe Mg Mn Mo Ni Pb S Se Sr 31.86
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 29.70

SMP-INF-DM-12/26/07 12/26/07 1.16 0.00 86.85 0.14 0.01 0.00 0.40 3.64 8.50 11.79 0.01 0.02 1.19 96.90 0.00 0.67 29.22
SMP-INF-DM-1/2/08 01/02/08 0.96 0.00 86.73 0.14 0.01 0.00 0.35 3.57 8.34 11.66 0.01 0.01 1.07 97.10 0.00 0.68 29.59
SMP-INF-DM-1/9/08 01/09/08 1.02 0.01 92.63 0.16 0.04 0.01 0.53 3.00 9.06 10.36 0.02 0.03 1.06 101.00 0.01 0.72 28.91

SMP-INF-DM-1/16/08 01/16/08 0.64 0.00 93.04 0.15 0.01 0.00 0.24 1.85 9.55 10.92 0.01 0.02 0.85 103.00 0.00 0.72 29.17
SMP-INF-DM-1/23/08 01/23/08 3.28 0.00 90.22 0.14 0.01 0.00 0.81 12.20 9.40 11.58 0.01 0.01 3.48 99.90 0.01 0.70 29.36
SMP-INF-DM-2/6/08 02/06/08 5.44 0.00 88.49 0.14 0.01 0.01 1.35 22.00 9.22 11.86 0.01 0.01 5.82 99.90 0.00 0.68 29.20

SMP-INF-DM-2/13/08 02/13/08 3.02 0.00 89.14 0.13 0.01 0.00 0.79 12.70 8.86 11.33 0.01 0.01 3.20 98.20 0.01 0.70 31.57
SMP-INF-DM-2/20/08 02/20/08 3.32 0.00 89.14 0.14 0.01 0.00 0.81 11.70 8.52 11.21 0.01 0.01 3.47 99.20 0.00 0.71 31.85
SMP-INF-DM-2/27/08 02/27/08 2.50 0.00 89.43 0.13 0.01 0.00 0.59 8.31 8.59 10.78 0.01 0.01 2.50 98.20 0.00 0.72 31.43
SMP-INF-DM-3/5/08 03/05/08 2.63 0.00 90.14 0.13 0.01 0.01 0.82 8.06 8.63 10.62 0.01 0.01 2.53 100.00 0.01 0.73 31.09

SMP-INF-DM-3/12/08 03/12/08 1.03 0.00 90.56 0.16 0.01 0.00 0.50 2.66 8.96 9.32 0.01 0.01 1.06 103.00 0.01 0.75 30.63
SMP-INF-DM-3/19/08 03/19/08 0.85 0.00 90.64 0.18 0.01 0.00 0.53 2.03 8.30 9.41 0.01 0.01 0.89 103.00 0.01 0.76 30.27
SMP-INF-DM-3/26/08 03/26/08 0.57 0.01 89.70 0.18 0.03 0.01 0.38 1.54 8.87 10.01 0.02 0.02 0.68 102.00 0.03 0.73 29.71
SMP-INF-DM-4/2/08 04/02/08 0.58 0.00 91.27 0.17 0.01 0.01 0.73 1.54 9.00 10.55 0.01 0.02 0.70 103.00 0.02 0.74 28.83
SMP-INF-DM-4/9/08 04/09/08 0.48 0.00 92.30 0.16 0.01 0.00 0.23 1.54 8.60 10.73 0.01 0.01 0.68 103.00 0.02 0.73 29.82

SMP-INF-DM-4/16/08 04/16/08 0.66 0.00 92.44 0.16 0.01 0.00 0.24 1.95 8.75 9.76 0.01 0.01 0.84 103.00 0.01 0.77 21.40
SMP-INF-DM-4/23/08 04/23/08 0.60 0.00 92.78 0.15 0.01 0.00 0.19 1.28 8.79 9.67 0.01 0.01 0.55 101.00 0.01 0.78
SMP-INF-DM-4/30/08 04/30/08 0.51 0.00 91.35 0.14 0.01 0.01 0.18 1.28 8.49 9.50 0.01 0.01 0.51 101.00 0.01 0.78
SMP-INF-DM-5/7/08 05/07/08 0.62 0.00 88.91 0.15 0.01 0.00 0.19 1.42 8.37 9.48 0.01 0.01 0.55 98.70 0.01 0.76 2.61

SMP-INF-DM-6/11/08 06/11/08 1.52 0.00 33.82 0.12 0.01 0.00 1.06 4.51 3.02 5.34 0.00 0.01 1.81 52.50 0.01 0.28 1.09
1.02
2.62

SMP-EFF-DM-1/2/08 1/2/2008 0.00 0.00 137.80 0.00 0.00 0.00 0.00 0.33 9.78 10.35 0.00 0.04 0.01 69.30 0.01 0.59 0.65
SMP-EFF-DM-1/9/08 1/9/2008 0.00 0.00 135.20 0.00 0.00 0.00 0.00 0.56 8.09 9.79 0.00 0.00 0.00 92.30 0.02 0.61 0.52

SMP-EFF-DM-1/16/08 1/16/2008 0.00 0.02 156.80 0.01 0.03 0.01 0.01 1.55 12.00 12.26 0.01 0.04 0.02 17.50 0.01 0.72 0.54
SMP-EFF-DM-1/30/08 1/30/2008 0.00 0.00 136.60 0.00 0.00 0.00 0.00 0.35 9.69 9.98 0.00 0.00 0.01 69.30 0.00 0.62 0.54
SMP-EFF-DM-2/6/08 2/6/2008 0.00 0.00 121.90 0.00 0.00 0.01 0.00 0.07 9.01 9.65 0.00 0.01 0.00 55.70 0.01 0.64 1.57

SMP-EFF-DM-2/13/08 2/13/2008 0.00 0.00 123.80 0.00 0.00 0.00 0.00 0.04 9.21 9.72 0.00 0.00 0.00 53.50 0.01 0.64 1.58
SMP-EFF-DM-2/20/08 2/20/2008 0.00 0.00 122.00 0.00 0.00 0.00 0.00 0.04 9.20 9.55 0.00 0.00 0.00 44.40 0.01 0.64 1.50
SMP-EFF-DM-2/27/08 2/27/2008 0.00 0.00 123.30 0.00 0.00 0.00 0.00 0.04 9.22 9.41 0.00 0.00 0.00 36.90 0.00 0.65 1.43
SMP-EFF-DM-3/5/08 3/5/2008 0.00 0.00 125.60 0.00 0.00 0.01 0.00 0.08 9.63 9.88 0.00 0.00 0.00 30.80 0.00 0.66 1.26

SMP-EFF-DM-3/12/08 3/12/2008 0.04 0.00 124.80 0.00 0.00 0.00 0.00 0.39 9.61 9.79 0.00 0.00 0.00 29.50 0.01 0.66 1.20
SMP-EFF-DM-3/19/08 3/19/2008 0.02 0.00 124.80 0.00 0.00 0.00 0.00 0.68 9.59 9.79 0.00 0.01 0.00 26.70 0.01 0.65 1.16
SMP-EFF-DM-3/26/08 3/26/2008 0.01 0.00 128.40 0.00 0.00 0.00 0.00 0.85 10.00 10.16 0.00 0.02 0.00 37.70 0.02 0.66 1.00
SMP-EFF-DM-4/2/08 4/2/2008 0.00 0.02 133.80 0.00 0.03 0.01 0.01 0.98 10.40 10.62 0.01 0.04 0.01 35.40 0.02 0.65 0.91
SMP-EFF-DM-4/9/08 4/9/2008 0.00 0.00 143.10 0.00 0.00 0.00 0.00 1.02 11.00 11.17 0.00 0.02 0.00 28.00 0.02 0.67 0.86

SMP-EFF-DM-4/16/08 4/16/2008 0.00 0.00 159.50 0.00 0.00 0.00 0.00 1.60 12.10 12.55 0.00 0.02 0.00 22.30 0.02 0.73 0.96
SMP-EFF-DM-4/23/08 4/23/2008 0.00 0.00 183.60 0.00 0.00 0.00 0.00 0.26 13.50 14.55 0.00 0.02 0.00 5.88 0.01 0.85 1.04
SMP-EFF-DM-4/30/08 4/30/2008 0.00 0.00 201.50 0.00 0.00 0.00 0.00 0.32 14.50 16.05 0.00 0.01 0.00 5.17 0.02 0.96 1.26
SMP-EFF-DM-5/7/08 5/7/2008 0.00 0.00 241.80 0.00 0.00 0.00 0.00 0.73 15.80 18.37 0.00 0.00 0.01 56.40 0.02 1.09 1.31

SMP-EFF-DM-5/14/08 5/14/2008 0.00 0.00 157.40 0.00 0.00 0.00 0.00 0.54 10.00 11.75 0.00 0.00 0.00 91.80 0.01 0.72 1.50
SMP-EFF-DM-5/21/08 5/21/2008 0.00 0.00 134.60 0.00 0.00 0.00 0.00 0.59 8.03 9.90 0.00 0.00 0.00 86.30 0.01 0.63
SMP-EFF-DM-5/28/08 5/28/2008 0.05 0.03 137.20 0.01 0.04 0.03 0.02 0.90 9.25 11.21 0.02 0.02 0.02 57.00 0.07 0.60
SMP-EFF-DM-6/4/08 6/4/2008 0.03 0.01 122.90 0.00 0.01 0.01 0.00 0.62 8.23 9.89 0.00 0.00 0.00 41.90 0.05 0.54

SMP-EFF-DM-6/11/08 6/11/2008 0.03 0.00 107.10 0.00 0.00 0.01 0.00 0.20 6.88 8.42 0.00 0.00 0.00 30.00 0.04 0.48

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Total Metal Data of Standard Mine samples
Method:  ICP analysis (6010B)



Bottle # Sample Name Matrix

# 1 BCR-Inf Aqueous
# 2 BCR -Eff Aqueous
# 3 Chit-Eff Aqueous

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 18, 2008



Sample Name Al As Ca Cd Co Cr Cu Fe Mg Mn Mo Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

SMBCR -INF9/18-1 -0.628 0.005 1113 -0.0044 0.003 0.0369 0 3.69 91.7 12.17 -0.0002 0.0024 0.0001 9.18 0.039 17.5 0.0436
SMBCR -INF9/18-2 -0.688 0.003 1152 -0.0045 0.001 0.0509 0.005 3.57 95.6 12.82 -0.0004 0.004 -0.0027 9.64 0.006 18.07 0.0863
SMBCR -INF9/18-3 -0.692 0.012 1133 -0.0044 0.002 0.0127 0.001 3.72 92.9 12.5 -0.0001 0.0028 0.0001 9.63 0.004 17.75 0.1593
SMBCR EFF 9/18-1 -0.187 0 107 0.0005 -0.001 0.0085 0.01 0.609 0.549 8.88 0.002 -0.0007 0.0062 42.4 0.008 0.4133 1.196
SMBCR EFF 9/18-2 -0.021 -0.004 109.3 0.0006 0.001 0.0248 0.008 0.007 1.01 8.881 0.0014 0.0028 0.0071 38.5 0.006 0.4609 1.634
SMBCR EFF 9/18-3 0.014 0 107.1 -0.0001 0.001 0.0171 0.007 0.132 0.991 8.852 0.0011 0.0053 0.0032 41.1 0.005 0.4693 1.642
SMCHIT EFF 9/18-1 8.94 0.059 71.64 0.1382 0.027 0.0282 1.64 45.9 0.539 13.28 0.0281 0.0274 6.075 77.8 0.018 0.5034 26.95
SMCHIT EFF 9/18-2 7.63 0.023 71.31 0.1301 0.021 -0.0016 1.48 36.1 0.19 12.08 0.0115 0.0142 5.555 76.4 0.011 0.4833 25.38
SMCHIT EFF 9/18-3 6.94 0.024 72.36 0.135 0.019 0.0544 1.48 35.5 0.623 11.65 0.0084 0.0145 5.548 79.7 0.01 0.4667 26.46

SMBCR INF 9/18 DM -0.062 -0.001 80.48 0.1462 0.017 0.0161 0.108 0.074 0.947 11.7 0.0042 0.0183 0.1247 98.7 0.008 0.5536 28.45
SMBCR EFF 9/18 DM -0.141 0.003 120.9 -0.0017 -0.001 0.0484 -0.003 -0.028 0.705 10.28 -0.0001 0.0009 -0.0019 162 0.008 0.5118 0.45
SMCHIT EFF 9/18 DM -0.968 0.013 1282 -0.0053 0 0.0194 -0.003 0.2 106 11.43 0.0023 0.0014 -0.0048 82.8 0.064 20.19 -0.2658

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 18, 2008



Total Metal Data of Standard Mine samples
Method:  ICP analysis (6010B)

Sample Al As Ca Cd Co Cr Cu Fe Mg Mn Mo Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

DISSOLVED METALS CONCENTRATIONS
SMBCR INF 9/18 DM 0.000 0.000 80.480 0.146 0.017 0.016 0.108 0.074 0.947 11.700 0.004 0.018 0.125 98.700 0.008 0.554 28.450
SMBCR EFF 9/18 DM 0.000 0.003 120.900 0.000 0.000 0.048 0.000 0.000 0.705 10.280 0.000 0.001 0.000 162.000 0.008 0.512 0.450
SMCHIT EFF 9/18 DM 0.000 0.013 1282.000 0.000 0.000 0.019 0.000 0.200 106.000 11.430 0.002 0.001 0.000 82.800 0.064 20.190 0.000

TOTAL METALS CONCENTRATIONS
BCR Inf 9/18 0.000 0.007 1258.519 0.000 0.002 0.037 0.002 4.067 103.778 13.885 0.000 0.003 0.000 10.537 0.018 19.748 0.107
BCR Eff 9/18 0.005 0.000 119.778 0.000 0.001 0.019 0.009 0.277 0.944 9.857 0.002 0.003 0.006 45.185 0.007 0.498 1.656
Chit Eff 9/18 8.705 0.039 79.718 0.149 0.025 0.031 1.703 43.505 0.501 13.703 0.018 0.021 6.360 86.600 0.014 0.538 29.172

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 18, 2008



# Sample Name pH Vol. of Titrant Alkalinity 
(ml) (mg/L as CaCo3)

1 BCR-Inf 6.37 0.35 45.5
2 BCR -Eff 6.75 1.55 201.5
3 Chit-Eff 6.53 4.5 585

Data of Analysis: 9/9/08
Normality of HCl =0.104

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 18, 2008

pH and Alkalinity for Standard mine samples
Method:310.1 ( Potentiometric titration to end point 3.9)

Sample Preparation: None, samples used as received



Meas. 1 Meas. 2 Meas. 3 Measured Actual
# Sample Name Dilution SO4

2- SO4
2- SO4

2- average SO4
2- (ppm)

1 BCR-Inf 25 16.16 15.53 15.16 15.62 390.4
2 BCR -Eff 25 4.27 4.13 4.57 4.33 108.2
3 Chit-Eff 25 0.17 0.28 0.31 0.26 6.4

Note: The Chit-Eff sample gave an atypical chromatogram for different dilutions in the IC.

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 18, 2008
Sulfate Data of Standard Mine samples

Method: 300 IC



Log Sheet
Sample Taken 10/2/2008

Bottle # Sample Name Matrix

# 1 BCR-Inf Aqueous
# 2 BCR -Eff Aqueous
# 3 Chit-Eff Aqueous

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected October 2, 2008



Sample Name Al As Ca Cd Co Cr Cu Fe Mg Mn Mo Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

SMBCR -INF10/02-1 1.580 0.000 37.420 0.118 0.013 0.476 0.369 1.720 0.000 11.320 0.004 0.015 1.131 84.200 0.007 0.218 26.850
SMBCR -INF10/02-2 1.360 0.000 36.970 0.119 0.012 0.404 0.356 1.740 47.700 10.520 0.004 0.015 1.095 83.600 0.004 0.181 26.480
SMBCR -INF10/02-3 1.340 0.003 37.610 0.121 0.013 0.585 0.366 1.370 4.450 10.110 0.004 0.019 1.113 82.400 0.002 0.288 26.210
SMBCR EFF 10/02-1 0.000 0.000 79.000 0.000 0.000 0.517 0.021 0.238 4.620 8.483 0.002 0.005 0.008 30.000 0.005 0.236 1.511
SMBCR EFF 10/02-2 0.000 0.000 79.780 0.000 0.000 0.651 0.028 0.622 20.700 8.785 0.000 0.002 0.011 30.600 0.004 0.227 1.467
SMBCR EFF 10/02-3 0.000 0.000 80.590 0.000 0.000 0.538 0.019 0.161 26.600 9.469 0.000 0.003 0.009 30.300 0.009 0.223 1.478
SMCHIT EFF 10/02-1 0.000 0.033 1154.000 0.000 0.005 0.449 0.023 8.860 12.400 14.770 0.021 0.006 0.008 10.400 0.022 18.660 0.320
SMCHIT EFF 10/02-2 0.000 0.014 1152.000 0.000 0.004 0.447 0.018 8.350 17.500 14.650 0.005 0.004 0.010 10.700 0.018 18.870 0.337
SMCHIT EFF 10/02-3 0.000 0.019 1164.000 0.000 0.004 0.529 0.019 8.600 19.000 14.080 0.002 0.020 0.006 10.800 0.015 18.560 0.297

SMBCR INF 10/02 DM 0.000 0.002 48.470 0.140 0.015 0.570 0.137 0.381 7.420 12.370 0.003 0.017 0.159 128.000 0.014 0.237 27.130
SMBCR EFF 10/02 DM 0.000 0.000 93.770 0.000 0.001 0.458 0.008 0.759 0.000 9.690 0.000 0.001 0.000 321.000 0.021 0.344 0.362
SMCHIT EFF 10/02 DM 0.000 0.015 1444.000 0.000 0.007 0.503 0.011 7.440 27.300 16.470 -0.001 0.003 0.000 90.600 0.065 20.570 0.000

Samples Collected October 2, 2008
Standard Mine Pilot Scale Passive Treatment System

EPA ORD Analytical Laboratory Report



Total Metal Data of Standard Mine samples
Method:  ICP analysis (6010B)

Sample Al As Ca Cd Co Cr Cu Fe Mg Mn Mo Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Dissolved Metals Analyses
SMBCR INF 10/02 DM 0.00 0.00 48.47 0.14 0.02 0.57 0.14 0.38 7.42 12.37 0.00 0.02 0.16 128.00 0.01 0.24 27.13
SMBCR EFF 10/02 DM 0.00 0.00 93.77 0.00 0.00 0.46 0.00 0.00 0.00 9.69 0.00 0.00 0.00 321.00 0.02 0.34 0.36
SMCHIT EFF 10/02 DM 0.00 0.02 1444.00 0.00 0.01 0.50 0.00 7.44 27.30 16.47 0.00 0.00 0.00 90.60 0.07 20.57 0.00

Total Metals Concentrations
BCR Inf 10/02 1.43 0.00 37.33 0.12 0.01 0.49 0.36 1.61 17.38 10.65 0.00 0.02 1.11 83.40 0.00 0.23 26.51
BCR Eff 10/02 0.00 0.00 79.79 0.00 0.00 0.57 0.02 0.34 17.31 8.91 0.00 0.00 0.01 30.30 0.01 0.23 1.49
Chit Eff 10/02 0.00 0.02 1156.67 0.00 0.00 0.47 0.02 8.60 16.30 14.50 0.01 0.01 0.01 10.63 0.02 18.70 0.32

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected October 2, 2008



pH and Alkalinity for Standard mine samples
Method:310.1 ( Potentiometric titration to end point 3.9)
Sample Preparation: None, samples used as received
Date of Analysis: 10/3/08
Normality of HCl =0.104

# Sample Name pH Vol. of Titrant Alkalinity 
(ml) (mg/L as CaCo3)

1 BCR-Inf 6.63 0.25 32.50
2 BCR -Eff 6.44 2.50 325.00
3 Chit-Eff 6.66 37.50 4875.00

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected October 2, 2008



Meas. 1 Meas. 2 Meas. 3 Measured Actual
# Sample Name Dilution SO4

2- SO4
2- SO4

2- average SO4
2- (ppm)

1 BCR-Inf 25 11.08 10.10 9.83 10.34 258.5
2 BCR -Eff 25 1.43 1.29 1.84 1.52 38.0
3 Chit-Eff 25 0.00 0.00 0.00 0.00 0.0

Note: Chit-Eff shows an atypical chromatogram.

Sulfate Data of Standard Mine samples
Method: 300 IC

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected October 2, 2008



Log Sheet
Sample Taken 7/30/2008

Bottle # Sample Name Matrix

# 1 BCR-Inf Aqueous
# 2 BCR -Eff Aqueous
# 3 Chit-Eff Aqueous

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected July 30, 2008



Se Sr Zn
mg/L mg/L mg/L
0.016 0.5674 27.26

Sample Name Al As As Ca Cd Co Cr Cu Fe Mg Mn Mo Ni Ni Ni Pb S 0.011 0.5668 27.59
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 0.015 0.5655 27.14

BCR Inf 8/4 -1 0.624 0.003 -0.0077 65.46 0.1432 0.016 0.0057 0.356 1.88 6.22 10.14 0.0055 -0.2023 -0.015 0.0334 0.7831 101 0.013 0.6809 0.7504
BCR Inf 8/4 -2 0.661 -0.001 -0.008 66.6 0.1394 0.017 0.0003 0.35 1.83 6.35 10.32 0.0056 -0.2324 -0.0435 0.0151 0.7845 80.4 0.013 0.6736 0.7414
BCR Inf 8/4 -3 0.562 0 -0.0119 66.31 0.1379 0.017 0.0008 0.347 1.79 6.27 10.23 0.0049 -0.2373 -0.0448 0.0159 0.777 77 0.011 0.6634 0.7345
BCR Eff 8/4-1 -0.206 0 -0.0072 168.4 0.0026 -0.002 0.0027 0.014 0.906 8.55 11.67 -0.0012 -0.7037 -0.1536 0.0006 0.0128 12.5 0.037 2.022 0.5662
BCR Eff 8/4-2 -0.227 0.003 -0.0063 165.7 0.0029 -0.001 -0.0003 0.013 0.904 8.49 11.56 -0.0014 -0.6671 -0.1298 0.0029 0.012 12.1 0.043 2.007 0.5663
BCR Eff 8/4-3 -0.212 -0.002 -0.0094 163.6 0.0034 -0.002 -0.0004 0.011 0.93 8.17 11.49 -0.0014 -0.648 -0.1196 0.0008 0.0117 11.5 0.015 2.02 0.591
Chit Eff 8/4-1 -0.29 0.069 0.0669 157.3 0.0017 0.029 0.0009 0.069 0.177 41.7 1.148 0.0066 -0.3843 -0.0494 0.0224 0.0193 30.1
Chit Eff 8/4-2 -0.245 0.075 0.0645 156.6 0.0017 0.03 -0.0008 0.058 0.158 41.1 1.129 0.0136 -0.408 -0.0672 0.0144 0.0143 29.9 0.011 0.623 30.87
Chit Eff 8/4-3 -0.238 0.069 0.0633 158.1 0.0016 0.028 0.0004 0.056 0.158 41.9 1.13 0.008 -0.4177 -0.0736 0.0146 0.0142 30.1 0.044 0.7551 0.4202

0.034 2.231 0.3915
BCR Inf 8/4 DM 0.136 0.001 -0.0041 71.91 0.1687 0.025 -0.0023 0.305 0.213 7.44 11.39 0.0049 -0.2249 -0.0272 0.0171 0.4602 86.9
BCR Eff 8/4 DM -0.309 0 -0.0057 185.1 0.0011 -0.001 0.0026 0.006 1.07 9.52 13.06 -0.0021 -0.7393 -0.1268 0.0015 -0.0021 51.3
Chit Eff 8/4 DM -0.334 0.077 0.0646 174.7 0.0023 0.03 0.0045 0.036 0.142 46 1.104 0.0057 -0.4543 -0.0619 0.0146 0.0058 32.6

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected July 30, 2008



Sample Al As As Ca Cd Co Cr Cu Fe Mg Mn Mo Ni Pb S Se Sr Zn
DISSOLVED METALS CONCENTRATIONS

BCR Inf 8/4 DM 0.136 0.001 0 71.91 0.1687 0.025 0 0.305 0.213 7.44 11.39 0.0049 0.0171 0.4602 86.9 0.011 0.623 30.87
BCR Eff 8/4 DM 0 0 0 185.1 0.0011 0 0.0026 0.006 1.07 9.52 13.06 0 0.0015 0 51.3 0.044 0.7551 0.4202
Chit Eff 8/4 DM 0 0.077 0.0646 174.7 0.0023 0.03 0.0045 0.036 0.142 46 1.104 0.0057 0.0146 0.0058 32.6 0.034 2.231 0.3915

TOTAL METALS CONCENTRATIONS
BCR Inf 0.684 0.001 0.000 73.470 0.156 0.019 0.003 0.390 2.037 6.978 11.367 0.006 0.024 0.868 95.704 0.016 0.630 30.367
BCR Eff 0.000 0.001 0.000 184.333 0.003 0.000 0.001 0.014 1.015 9.337 12.859 0.000 0.002 0.014 13.370 0.014 0.747 0.825
Chit Eff 0.000 0.079 0.072 174.815 0.002 0.032 0.000 0.068 0.183 46.185 1.262 0.010 0.019 0.018 33.370 0.035 2.240 0.638

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected July 30, 2008
Total Metal Data of Standard Mine samples

Method:  ICP analysis (6010B)



# Sample Name pH Vol. of Titrant Alkalinity 
(mg/L as CaCo3)

1 BCR-Inf 5.9 0.2 26
2 BCR -Eff 6.3 3.6 468
3 Chit-Eff 8.05 8.4 1092

Data of Analysis: 8/4/07
Normality of HCl =0.104

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected July 30, 2008
pH and Alkalinity for Standard mine samples

Method:310.1 ( Potentiometric titration to end point 3.9)
Sample Preparation: None, samples used as received



Measured Actual

# Sample Name Dilution SO4
2- SO4

2- Average
1 BCR Inf -1 100 4.0260 402.6 365.50

BCR Inf -2 100 3.5410 354.1
BCR Inf -3 100 3.3980 339.8

2 BCR Eff -1 100 0.2490 24.9 24.07
BCR Eff -2 100 0.2390 23.9
BCR Eff -3 100 0.2340 23.4

3 Chit Eff -1 100 0.4300 43 40.53
Chit Eff -2 100 0.3910 39.1
Chit Eff -3 100 0.3950 39.5

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected July 30, 2008
Sulfate Data of Standard Mine samples

Method: 300 IC



Log Sheet
Sample Taken 8/7/2008

Bottle # Sample Name Matrix

# 1 BCR-Inf Aqueous
# 2 BCR -Eff Aqueous
# 3 Chit-Eff Aqueous

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected August 7, 2008



Se Sr Zn
mg/L mg/L mg/L
0.013 0.5861 27.17

Sample Name Al As As Ca Cd Co Cr Cu Fe Mg Mn Mo Ni Ni Ni Pb S 0.039 0.5835 26.93
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 0.017 0.5868 27.14

SMBCR Inf 8/7-1 2.86 0.011 0.0002 67.61 0.1418 0.017 0.0074 0.527 9.35 6.95 10.95 0.0047 -0.3227 -0.0441 0.0151 1.833 74.3 0.008 0.5059 1.303
SMBCR Inf 8/7-2 2.07 0.011 -0.0019 67.7 0.1403 0.016 0.005 0.513 8.67 6.84 10.76 0.0044 -0.2711 -0.0393 0.0143 1.777 74.6 0.006 0.4914 1.304
SMBCR Inf 8/7-3 2.97 0.015 0.0012 68.78 0.1422 0.017 0.0062 0.525 9.25 7.1 10.92 0.0112 -0.3422 -0.049 0.0144 1.831 76 0.009 0.4986 1.321
SMBCR Eff 8/7-1 -0.027 -0.001 -0.0038 116.2 0.0043 -0.002 -0.0015 0.012 0.201 6.23 7.886 0.0001 -0.3487 -0.0588 0 0.0049 51.5 0.008 2.145 1.067
SMBCR Eff 8/7-2 -0.021 0.001 -0.0059 115.4 0.0049 0 -0.0009 0.012 0.212 6.19 7.828 -0.0003 -0.3393 -0.0558 -0.0006 0.0024 50.9 0.006 2.098 1.067
SMBCR Eff 8/7-3 -0.113 -0.004 -0.0018 116.7 0.0044 -0.001 -0.0051 0.033 0.201 6.28 7.905 -0.0009 -0.3389 -0.0555 0.0002 0.0031 50.2 0.004 2.106 1.091

Chit EFF 8/7 -1 -0.227 0.007 0.0009 193.1 0.0068 0.002 0.0003 0.007 0.087 19 1.491 0.0006 -0.3965 -0.0694 0.0009 0.0076 44.7
Chit EFF 8/7 -2 -0.203 0.005 -0.0007 189.5 0.0051 0.002 -0.0006 0.012 0.095 18.6 1.485 -0.0005 -0.4173 -0.0785 0.0012 0.0018 46.2 0.013 0.6299 29
Chit EFF 8/7 -3 -0.222 0.005 -0.0025 190.2 0.004 0.002 -0.0006 0.013 0.094 18.9 1.485 -0.0001 -0.4159 -0.0798 0.003 0.0005 45.7 0.021 0.5562 0.5847

0.009 2.315 0.4452
SMBCR Inf 8/7 DM -0.041 0.008 -0.0006 73.88 0.1582 0.019 -0.0017 0.202 0.206 7.27 11.46 0.0086 -0.2292 -0.0308 0.0177 0.3269 89.3
SMBCR Eff 8/7 DM -0.314 0.003 -0.0002 132.6 0.0049 0 0.0025 0.005 0.205 7.14 8.858 -0.0003 -0.4386 -0.0874 -0.0002 -0.0011 108

Chit Eff 8/7 DM -0.401 0.01 0.0044 210.5 0.0025 0.006 0.004 0 0.064 21.3 1.641 -0.0004 -0.4807 -0.0913 0.0024 -0.002 57.5

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected August 7, 2008



Total Metal Data of Standard Mine samples
Method:  ICP analysis (6010B)

Sample Al As As Ca Cd Co Cr Cu Fe Mg Mn Mo Ni Pb S Se Sr Zn
DISSOLVED METALS CONCENTRATIONS

SMBCR Inf 8/7 DM 0 0.008 0 73.88 0.1582 0.019 0 0.202 0.206 7.27 11.46 0.0086 0.0177 0.3269 89.3 0.013 0.6299 29
SMBCR Eff 8/7 DM 0 0.003 0 132.6 0.0049 0 0.0025 0.005 0.205 7.14 8.858 0 0 0 108 0.021 0.5562 0.5847

Chit Eff 8/7 DM 0 0.01 0.0044 210.5 0.0025 0.006 0.004 0 0.064 21.3 1.641 0 0.0024 0 57.5 0.009 2.315 0.4452

TOTAL METALS CONCENTRATIONS
BCR Inf 2.926 0.014 0.001 75.589 0.157 0.019 0.007 0.580 10.100 7.737 12.085 0.008 0.016 2.015 83.296 0.026 0.651 30.089
BCR Eff 0.000 0.000 0.000 129.000 0.005 0.000 0.000 0.021 0.227 6.926 8.748 0.000 0.000 0.004 56.519 0.009 0.554 1.455
Chit Eff 0.000 0.006 0.000 212.148 0.006 0.002 0.000 0.012 0.102 20.926 1.652 0.000 0.002 0.004 50.593 0.007 2.351 1.194

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected August 7, 2008



# Sample Name pH Vol. of Titrant Alkalinity 
(ml) (mg/L as CaCo3)

1 BCR-Inf 3.03 0.2 26
2 BCR -Eff 6.28 1.7 221
3 Chit-Eff 7.01 3.8 494

Sample Preparation: None, samples used as received
Data of Analysis: 8/12/07
Normality of HCl =0.104

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected August 7, 2008
pH and Alkalinity for Standard mine samples

Method:310.1 ( Potentiometric titration to end point 3.9)



Measured Actual
# Sample Name Dilution SO4

2- SO4
2- Average

1 BCR Inf -1 100 3.8570 385.7 357.50
BCR Inf -2 100 3.5060 350.6
BCR Inf -3 100 3.3620 336.2

2 BCR Eff -1 100 1.7160 171.6 168.70
BCR Eff -2 100 1.6720 167.2
BCR Eff -3 100 1.6730 167.3

3 Chit Eff -1 100 1.4200 142 142.07
Chit Eff -2 100 1.4210 142.1
Chit Eff -3 100 1.4210 142.1

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected August 7, 2008
Sulfate Data of Standard Mine samples

Method: 300 IC



Log Sheet
Sample Taken 8/21/2008

Bottle # Sample Name Matrix

# 1 BCR-Inf Aqueous
# 2 BCR -Eff Aqueous
# 3 Chit-Eff Aqueous

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected August 21, 2008



Se Sr Zn
mg/L mg/L mg/L
0.008 0.5788 25.67

Sample Name Al As As Ca Cd Co Cr Cu Fe Mg Mn Mo Ni Ni Ni Pb S 0.01 0.5815 25.73
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 0.011 0.5936 24.93

SMBCR Inf 8/21-1 0.066 -0.006 -0.0033 66.72 0.1406 0.014 -0.0032 0.178 0.192 6.61 10.63 0.0033 -0.1598 -0.0059 0.0156 0.2748 74.4 0.007 0.5181 1.275
SMBCR Inf 8/21-2 0.084 -0.003 -0.0046 67.02 0.1403 0.014 -0.0054 0.179 0.211 6.49 10.83 0.0033 -0.1565 -0.0053 0.0149 0.2796 73.7 0.01 0.5114 1.277
SMBCR Inf 8/21-3 0.069 0.001 0.0006 68.18 0.1309 0.014 0.003 0.166 0.198 6.76 10.92 0.0107 -0.1881 -0.021 0.0139 0.2783 74.8 0.005 0.5179 1.292
SMBCR Eff 8/21-1 -0.149 -0.004 -0.0062 108.6 0.0015 -0.001 -0.0011 0.013 0.15 6.74 8.808 0.0001 -0.3061 -0.0541 0 0.001 59.2 0.007 1.588 1.02
SMBCR Eff 8/21-2 -0.075 -0.004 -0.0003 107.2 0.0016 0 -0.0004 0.031 0.155 6.68 8.645 -0.001 -0.2933 -0.0473 0.0004 0.0038 58.6 0.003 1.604 0.997
SMBCR Eff 8/21-3 -0.119 -0.003 -0.0048 107.8 0.0011 -0.001 0.0046 0.011 0.505 6.71 8.696 -0.0011 -0.2822 -0.0415 0.0005 0.0017 57.5 0.008 1.596 1.013

Chit EFF 8/21 -1 -0.17 0.002 -0.0073 170.6 0.0023 0 -0.0007 0.01 0.12 10.1 6.57 -0.0008 -0.3569 -0.0611 0 0.0043 50.1
Chit EFF 8/21 -2 -0.224 -0.001 -0.0002 172.2 0.0016 0 -0.0015 0.011 0.239 10.2 6.601 -0.0009 -0.3789 -0.0713 0.0015 0.007 51.2 0.011 0.6504 28.97
Chit EFF 8/21 -3 -0.198 0 -0.0018 172.1 0.0019 -0.001 0.0029 0.009 0.117 10.2 6.593 -0.0014 -0.3859 -0.0747 0 0.003 51.8 0.019 0.5726 0.4589

0.007 2.094 0.3906
SMBCR Inf 8/21 DM 1.46 0 -0.0019 75.29 0.1583 0.016 0.002 0.652 7.77 7.39 12.12 0.0035 -0.262 -0.033 0.0165 2.227 90.4
SMBCR Eff 8/21 DM -0.288 -0.001 -0.0021 120.8 0.0019 0.005 0.0055 0.005 0.155 7.47 9.723 -0.0021 -0.3469 -0.0565 0.001 -0.0002 168

Chit Eff 8/21 DM -0.36 0.002 -0.004 207.7 0.0017 0.001 -0.0031 0.005 0.039 12.9 6.802 -0.0025 -0.4287 -0.0711 0.0006 -0.0024 90.3

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected August 21, 2008



Sample Al As As Ca Cd Co Cr Cu Fe Mg Mn Mo Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

DISSOLVED METALS CONCENTRATI0NS
SMBCR Inf 8/21 DM 1.46 0 0 75.29 0.1583 0.016 0.002 0.652 7.77 7.39 12.12 0.0035 0.0165 2.227 90.4 0.011 0.6504 28.97
SMBCR Eff 8/21 DM 0 0 0 120.8 0.0019 0.005 0.0055 0.005 0.155 7.47 9.723 0 0.001 0 168 0.019 0.5726 0.4589

Chit Eff 8/21 DM 0 0.002 0 207.7 0.0017 0.001 0 0.005 0.039 12.9 6.802 0 0.0006 0 90.3 0.007 2.094 0.3906

TOTAL METALS CONCENTRATIONS
BCR Inf 0.081 0.000 0.000 74.785 0.153 0.016 0.001 0.194 0.223 7.356 11.993 0.006 0.016 0.308 82.556 0.011 0.650 28.270
BCR Eff 0.000 0.000 0.000 119.852 0.002 0.000 0.002 0.020 0.300 7.456 9.685 0.000 0.000 0.002 64.926 0.008 0.573 1.424
Chit Eff 0.000 0.001 0.000 190.704 0.002 0.000 0.001 0.011 0.176 11.296 7.320 0.000 0.001 0.005 56.704 0.007 1.773 1.122

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected August 21, 2008
Total Metal Data of Standard Mine samples

Method:  ICP analysis (6010B)



pH and Alkalinity for Standard mine samples
Method:310.1 ( Potentiometric titration to end point 3.9)
Sample Preparation: None, samples used as received
Data of Analysis: 8/22/07
Normality of HCl =0.104

# Sample Name pH Vol. of Titrant Alkalinity 
(ml) (mg/L as CaCo3)

1 BCR-Inf 6.15 0.2 26
2 BCR -Eff 6.26 1.4 182
3 Chit-Eff 7.22 3.4 442

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected August 21, 2008



Measured Actual
# Sample Name Dilution SO4

2- SO4
2- Average

1 BCR Inf -1 100 4.0070 400.7 323.33
BCR Inf -2 100 2.9800 298
BCR Inf -3 100 2.7130 271.3

2 BCR Eff -1 100 1.6030 160.3 152.90
BCR Eff -2 100 1.4870 148.7
BCR Eff -3 100 1.4970 149.7

3 Chit Eff -1 100 1.1790 117.9 116.53
Chit Eff -2 100 1.1490 114.9
Chit Eff -3 100 1.1680 116.8

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected August 21, 2008
Sulfate Data of Standard Mine samples

Method: 300 IC



Log Sheet
Sample Taken 8/27/2008

Bottle # Sample Name Matrix

# 1 BCR-Inf Aqueous
# 2 BCR -Eff Aqueous
# 3 Chit-Eff Aqueous

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected August 27, 2008



Se Sr Zn
mg/L mg/L mg/L
0.006 0.5997 25.77

Sample Name Al As As Ca Cd Co Cr Cu Fe Mg Mn Mo Ni Ni Ni Pb S 0.013 0.5955 25.97
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 0.003 0.5907 26.13

SMBCR Inf 8/27-1 0.522 -0.001 -0.0018 70.73 0.1325 0.014 0.0011 0.233 1.83 6.93 10.85 0.004 -0.2161 -0.0297 0.0196 0.6261 76.9 0.007 0.5345 1.336
SMBCR Inf 8/27-2 0.529 0.004 -0.0037 70.38 0.1324 0.014 0.0002 0.236 1.73 7.01 10.8 0.0109 -0.2013 -0.0212 0.0183 0.623 76.5 0.006 0.5317 1.317
SMBCR Inf 8/27-3 0.456 -0.002 -0.004 70.35 0.1358 0.015 -0.0034 0.235 1.61 7 10.74 0.0049 -0.1936 -0.019 0.016 0.6221 76 0.03 0.5366 1.306
SMBCR Eff 8/27-1 -0.146 0 -0.0068 109.9 0.0029 -0.001 -0.0021 0.009 0.126 7.03 8.996 -0.0008 -0.2867 -0.046 0.0024 0.0004 60.6 0.03 3.096 0.9189
SMBCR Eff 8/27-2 -0.159 -0.002 -0.0076 109.8 0.004 -0.001 0.0024 0.009 0.12 7.1 8.938 -0.0014 -0.2912 -0.0484 0.0008 0.0031 60.5 0.006 3.067 0.8941
SMBCR Eff 8/27-3 -0.147 -0.004 -0.0075 109.9 0.0038 -0.001 0.0017 0.008 0.116 7.07 9.008 -0.0009 -0.2783 -0.0443 0.0006 0.003 58.6 0.007 3.111 0.9048
Chit EFF 8/27 -1 -0.398 0.001 -0.004 271.3 0.003 0 -0.0003 0.008 0.069 17.1 6.32 -0.0018 -0.3719 -0.0583 0.0012 -0.0009 51.7
Chit EFF 8/27 -2 -0.331 0 -0.003 268.5 0.0022 -0.001 -0.0005 0.007 0.072 16.8 6.255 -0.0019 -0.3732 -0.0577 0.002 0.0005 51.3 0.031 0.652 28.9
Chit EFF 8/27 -3 -0.379 -0.001 -0.0026 272.5 0.0037 -0.001 -0.002 0.009 0.077 17 6.32 -0.0021 -0.3715 -0.0575 0.0012 0.0009 50.9 0.013 0.6087 0.4659

0.031 3.384 0.0192
SMBCR Inf 8/27 DM -0.282 -0.001 -0.0005 77.91 0.1557 0.017 -0.0038 0.081 0.001 7.71 12.03 0.0046 -0.2017 -0.0178 0.0172 -0.0007 90.4
SMBCR Eff 8/27 DM -0.255 -0.004 -0.0031 121.8 0.0036 0.001 -0.0018 0.005 0.104 7.73 9.987 -0.0016 -0.3188 -0.0487 0.0029 -0.0001 89

Chit Eff 8/27 DM -0.572 -0.001 -0.0018 300.5 0.0012 -0.002 0.0001 0.005 0.055 19.2 7.268 -0.0024 -0.4225 -0.0656 0.0014 -0.0011 65.7

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected August 27, 2008



Sample Dilution Al As Ca Cd Co Cr Cu Fe Mg Mn Mo Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

DISSOLVED METALS CONCENTRATIONS
SMBCR Inf 8/27 DM 0 0 77.91 0.1557 0.017 0 0.081 0.001 7.71 12.03 0.0046 0.0172 0 90.4 0.031 0.652 28.9
SMBCR Eff 8/27 DM 0 0 121.8 0.0036 0 0 0.005 0.104 7.73 9.987 0 0.0029 0 89 0.013 0.6087 0.4659

Chit Eff 8/27 DM 0 0 300.5 0.0012 0 0.0001 0.005 0.055 19.2 7.268 0 0.0014 0 65.7 0.031 3.384 0.0192

TOTAL METALS CONCENTRATIONS
BCR Inf 0.558 0.001 78.319 0.148 0.016 0.000 0.261 1.915 7.756 11.996 0.007 0.020 0.693 84.963 0.008 0.661 28.841
BCR Eff 0.000 0.000 122.074 0.004 0.000 0.002 0.010 0.134 7.852 9.979 0.000 0.001 0.002 66.556 0.016 0.594 1.466
Chit Eff 0.000 0.000 300.852 0.003 0.000 0.000 0.009 0.081 18.852 6.998 0.000 0.002 0.001 57.000 0.016 3.435 1.007

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected August 27, 2008
Total Metal Data of Standard Mine samples

Method:  ICP analysis (6010B)



pH and Alkalinity for Standard mine samples
Method:310.1 ( Potentiometric titration to end point 3.9)
Sample Preparation: None, samples used as received
Data of Analysis: 9/02/08
Normality of HCl =0.104

# Sample Name pH Vol. of Titrant Alkalinity 
(ml) (mg/L as CaCo3)

1 BCR-Inf 6.16 0.2 26
2 BCR -Eff 6.49 1.4 182
3 Chit-Eff 6.86 5.2 676

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected August 27, 2008



Measured Actual
# Sample Name Dilution SO4

2- SO4
2- Average

1 BCR Inf -1
BCR Inf -2
BCR Inf -3

2 BCR Eff -1
BCR Eff -2
BCR Eff -3

3 Chit Eff -1
Chit Eff -2
Chit Eff -3

Note: We are still processing the samples for sulfate measurement

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected August 27, 2008
Sulfate Data of Standard Mine samples

Method: 300 IC



Log Sheet
Sample Taken 9/4/2008

Bottle # Sample Name Matrix

# 1 BCR-Inf Aqueous
# 2 BCR -Eff Aqueous
# 3 Chit-Eff Aqueous

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 4, 2008



Se Sr Zn
mg/L mg/L mg/L
0.015 0.5358 25.54

Sample Name Al As As Ca Cd Co Cr Cu Fe Mg Mn Mo Ni Ni Ni Pb S 0.008 0.5584 25.4
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 0.01 0.5535 25.7

SMBCR -INF9/4-1 0.794 0.016 0.0186 70.08 0.1354 0.016 0.0702 0.342 1.08 2.45 11.38 0.0232 -0.1404 0.0032 0.0161 0.6947 74.7 0.009 0.5308 0.8398
SMBCR -INF9/4-2 0.593 0.002 0.0028 70.79 0.136 0.016 0.0873 0.327 0.745 2.43 11.46 0.0092 -0.1342 0.0026 0.0155 0.6776 75.2 0.01 0.5347 0.8153
SMBCR -INF9/4-3 0.65 0.006 0.0046 70.24 0.1327 0.015 0.063 0.369 0.865 2.28 11.45 0.0071 -0.1419 0.0018 0.0165 0.7026 76.1 0.012 0.5094 1.195
SMBCR EFF 9/4-1 -0.083 0.004 0.0035 110.7 0.0019 -0.001 0.0559 -0.003 0.011 2.53 9.977 0.0018 -0.2005 -0.0188 0.0007 0.0052 61.5 0.013 2.148 -0.0286
SMBCR EFF 9/4-2 -0.064 0.002 0.0036 110.9 0.0014 0 0.0617 0.002 0.017 2.67 9.934 0.001 -0.2101 -0.0225 0.0011 0.0079 62.2 0.011 2.163 -0.0293
SMBCR EFF 9/4-3 -0.027 0.002 0.0058 109.9 0.0002 0.001 0.064 0.003 0.041 2.6 9.85 0.0006 -0.2104 -0.0228 0.0004 0.0026 61.5 0.013 2.124 0.3885
SMCHIT EFF 9/4-1 -0.208 0.009 0.001 202.9 0 0.006 0.0739 -0.001 -0.039 6.06 4.261 -0.0001 -0.2878 -0.0328 0.0006 0.0043 48.6
SMCHIT EFF 9/4-2 -0.186 0.005 0.0026 204.7 -0.0006 0.006 0.0637 0.004 0.03 5.54 4.242 0.0002 -0.3153 -0.0437 0.0019 0.0009 48.1 0.011 0.6006 28.46
SMCHIT EFF 9/4-3 -0.114 0.005 0.0048 202.5 -0.0006 0.005 0.0664 0 0.049 5.41 4.141 -0.0001 -0.307 -0.0408 0.0006 0.0024 50.8 0.008 0.5856 0.4011

0.007 2.484 0.333
SMBCR INF 9/4 DM 0.097 0.004 0.008 78.36 0.1505 0.022 0.0603 0.167 0.09 2.68 12.71 0.0053 -0.1625 -0.0033 0.0182 0.2226 92
SMBCR EFF 9/4 DM -0.075 0.009 0.0025 123.5 -0.0004 0.006 0.0838 0 0.026 2.93 11.13 0.0002 -0.2425 -0.0237 0.001 0.003 319
SMCHIT EFF 9/4 DM -0.165 0.005 0.0082 229.4 0.0002 0.006 0.0583 -0.003 -0.01 7.67 4.947 -0.0009 -0.2894 -0.0236 0.0016 0.0045 275

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 4, 2008



Sample Dilution Al As As Ca Cd Co Cr Cu Fe Mg Mn Mo Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

DISSOLVED METALS CONCENTRATIONS
SMBCR INF 9/4 DM 0.097 0.004 0.008 78.36 0.1505 0.022 0.0603 0.167 0.09 2.68 12.71 0.0053 0.0182 0.2226 92 0.011 0.6006 28.46
SMBCR EFF 9/4 DM 0 0.009 0.0025 123.5 0 0.006 0.0838 0 0.026 2.93 11.13 0.0002 0.001 0.003 319 0.008 0.5856 0.4011
SMCHIT EFF 9/4 DM 0 0.005 0.0082 229.4 0.0002 0.006 0.0583 0 0 7.67 4.947 0 0.0016 0.0045 275 0.007 2.484 0.333

TOTAL METALS CONCENTRATIONS
BCR Inf 9/4 0.754 0.009 0.010 78.189 0.150 0.017 0.082 0.384 0.996 2.652 12.700 0.015 0.018 0.768 83.704 0.012 0.610 28.385
BCR Eff 9/4 0.000 0.003 0.005 122.778 0.001 0.000 0.067 0.002 0.026 2.889 11.023 0.001 0.001 0.006 68.593 0.011 0.583 1.056
Chit Eff 9/4 0.000 0.007 0.003 225.963 0.000 0.006 0.076 0.001 0.015 6.300 4.683 0.000 0.001 0.003 54.630 0.014 2.383 0.144

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 4, 2008
Total Metal Data of Standard Mine samples

Method:  ICP analysis (6010B)



pH and Alkalinity for Standard mine samples
Method:310.1 ( Potentiometric titration to end point 3.9)
Sample Preparation: None, samples used as received
Data of Analysis: 9/9/08
Normality of HCl =0.104

# Sample Name pH Vol. of Titrant Alkalinity 
(ml) (mg/L as CaCo3)

1 BCR-Inf 6.05 0.2 26
2 BCR -Eff 6.27 1.2 156
3 Chit-Eff 6.87 3.9 507

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected September 4, 2008



Measured Actual
# Sample Name Dilution SO4

2- SO4
2- Average

1 BCR Inf -1
BCR Inf -2
BCR Inf -3

2 BCR Eff -1
BCR Eff -2
BCR Eff -3

3 Chit Eff -1
Chit Eff -2
Chit Eff -3

Note: We are still processing the samples for sulfate measurement

Sulfate Data of Standard Mine samples
Method: 300 IC

Samples Collected September 4, 2008
Standard Mine Pilot Scale Passive Treatment System

EPA ORD Analytical Laboratory Report



Measured Actual
# Sample Name Dilution SO4

2- SO4
2- Average

1 BCR Inf -1 100 3.5350 353.5 324.07
BCR Inf -2 100 3.1700 317
BCR Inf -3 100 3.0170 301.7

2 BCR Eff -1 100 1.2770 127.7 123.20
BCR Eff -2 100 1.2130 121.3
BCR Eff -3 100 1.2060 120.6

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected August 14, 2008
Sulfate Data of Standard Mine samples

Method: 300 IC



Log Sheet
Sample Taken 8/14/2008

Bottle # Sample Name Matrix

# 1 BCR-Inf Aqueous
# 2 BCR -Eff Aqueous

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected August 14, 2008



Se Sr Zn
mg/L mg/L mg/L
0.013 0.552 25.41

Sample Name Al As As Ca Cd Co Cr Cu Fe Mg Mn Mo Ni Ni Ni Pb S 0.009 0.5607 25.53
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 0.007 0.5643 25.94

SMBCR Inf 8/14-1 2.63 0.004 -0.0032 64.62 0.1362 0.015 0.0023 0.476 8.31 6.57 10.26 0.0046 -0.3203 -0.0447 0.014 1.686 73.3 0.015 0.5046 1.235
SMBCR Inf 8/14-2 1.75 0.002 -0.0043 66.33 0.1317 0.015 -0.0014 0.443 7.28 6.68 10.33 0.0042 -0.2415 -0.0299 0.0141 1.658 73.3 0.006 0.4964 1.204
SMBCR Inf 8/14-3 2.39 0.002 -0.0018 66.08 0.1356 0.015 0.0038 0.456 8.23 6.75 10.41 0.0039 -0.289 -0.0355 0.0154 1.72 73.5 0.005 0.5007 1.227
SMBCR Eff 8/14-1 -0.035 0.006 0.0031 111.7 0.0043 0.004 0.0046 0.014 0.143 6.37 8.151 0.0078 -0.3102 -0.0367 0.0058 0.007 48.7
SMBCR Eff 8/14-2 -0.076 -0.002 -0.0073 111.8 0.0043 -0.001 0.0021 0.011 0.127 6.3 8.085 0.0006 -0.3261 -0.0475 0.0008 0.0004 46.7 0.006 0.617 27.83
SMBCR Eff 8/14-3 -0.105 -0.002 -0.0034 111.5 0.0029 -0.001 0.003 0.011 0.13 6.26 8.029 -0.0002 -0.3367 -0.0528 0.0009 0.0063 49 0.017 0.5471 0.5004

SMBCR Inf 8/14 DM 0.005 -0.003 -0.002 72 0.1567 0.02 -0.0023 0.194 0.187 7.16 11.31 0.0035 -0.2044 -0.0148 0.0177 0.356 83.7
SMBCR Eff 8/14 DM -0.247 -0.004 -0.0046 122.6 0.0013 0.002 0.0016 0.006 0.102 7.07 9.06 -0.002 -0.3648 -0.0482 0.0017 0.0019 117

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected August 14, 2008



Sample Al As As Ca Cd Co Cr Cu Fe Mg Mn Mo Ni Pb S Se Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

DISSOLVED METALS CONCENTRATIONS
SMBCR Inf 8/14 DM 0.005 0 0 72 0.1567 0.02 0 0.194 0.187 7.16 11.31 0.0035 0.0177 0.356 83.7 0.006 0.617 27.83
SMBCR Eff 8/14 DM 0 0 0 122.6 0.0013 0.002 0.0016 0.006 0.102 7.07 9.06 -0.002 0.0017 0.0019 117 0.017 0.5471 0.5004

TOTAL METALS CONCENTRATIONS
BCR Inf 2.507 0.003 0.000 72.974 0.149 0.017 0.002 0.509 8.822 7.407 11.481 0.005 0.016 1.876 81.519 0.011 0.621 28.474
BCR Eff 0.000 0.002 0.001 124.074 0.004 0.001 0.004 0.013 0.148 7.011 8.987 0.003 0.003 0.005 53.481 0.010 0.556 1.358

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected August 14, 2008
Total Metal Data of Standard Mine samples

Method:  ICP analysis (6010B)



# Sample Name pH Vol. of Titrant Alkalinity 
(ml) (mg/L as CaCo3)

1 0 6.07 0.2 26
2 Sample Name 6.3 1.6 208

Data of Analysis: 8/19/08
Normality of HCl =0.104

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Samples Collected August 14, 2008
pH and Alkalinity for Standard mine samples

Method:310.1 ( Potentiometric titration to end point 3.9)
Sample Preparation: None, samples used as received



Total Metal Data of Standard Mine samples
Method:  ICP analysis (6010B)

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
ISCO-INF-1-1 1.11 4.411 80.200 0.138 0.014 0.731 8.567 8.089 11.844 ### 3.230 94.778 0.665 27.000
ISCO-INF-1-2 1.11 4.278 79.489 0.135 0.012 0.697 8.433 7.822 11.789 ### 3.224 94.222 0.656 27.200
ISCO-INF-1-3 1.11 4.467 80.967 0.138 0.012 0.690 8.578 8.056 12.011 ### 3.232 95.667 0.680 27.267
ISCO-INF-2-1 1.11 4.944 81.978 0.136 0.013 0.811 #### 8.322 11.778 ### 3.788 97.111 0.691 27.289
ISCO-INF-2-2 1.11 4.911 81.622 0.136 0.013 0.809 #### 8.789 11.678 ### 3.789 96.889 0.693 27.267
ISCO-INF-2-3 1.11 5.033 81.522 0.132 0.013 0.803 #### 8.444 11.789 ### 3.750 96.222 0.695 27.144
ISCO-INF-3-1 1.11 2.089 83.622 0.133 0.012 0.371 3.889 8.644 11.889 ### 1.552 97.222 0.696 26.556
ISCO-INF-3-2 1.11 1.944 82.933 0.134 0.012 0.372 3.822 8.433 11.867 ### 1.546 96.444 0.689 26.400
ISCO-INF-3-3 1.11 1.944 82.033 0.131 0.012 0.370 3.800 8.367 11.767 ### 1.540 95.889 0.690 26.322

ISCO-EFF-1-1 1.11 142.556 0.017 1.039 10.267 8.387 ### 0.011 67.444 0.477 0.944
ISCO-EFF-1-2 1.11 142.111 0.002 0.969 10.156 8.323 ### 0.014 64.556 0.475 0.959
ISCO-EFF-1-3 1.11 142.000 0.002 0.950 10.167 8.302 ### 0.009 62.667 0.482 0.927
ISCO-EFF-2-1 1.11 141.333 0.011 0.902 10.089 8.319 ### 0.011 64.111 0.477 0.950
ISCO-EFF-2-2 1.11 0.223 141.444 0.004 0.923 10.211 8.312 0.010 63.778 0.481 0.919
ISCO-EFF-2-3 1.11 141.222 0.003 0.899 10.144 8.342 0.011 64.333 0.480 0.937
ISCO-EFF-4-1 1.11 0.179 135.778 0.001 0.634 9.978 9.014 0.007 66.778 0.499 1.279
ISCO-EFF-4-2 1.11 0.053 135.222 0.607 9.867 8.991 0.016 66.778 0.492 1.264
ISCO-EFF-4-3 1.11 0.050 137.000 0.003 0.640 10.100 9.124 0.008 68.000 0.494 1.314
ISCO-EFF-6-1 1.11 134.778 0.003 0.434 9.989 9.791 0.006 72.667 0.514 1.203
ISCO-EFF-6-2 1.11 133.889 0.441 9.833 9.833 0.004 74.000 0.514 1.223
ISCO-EFF-6-3 1.11 133.778 0.001 0.432 9.844 9.828 0.003 73.778 0.505 1.176
ISCO-EFF-8-1 1.11 130.889 0.001 0.001 0.357 9.633 10.257 0.006 74.222 0.530 1.457
ISCO-EFF-8-2 1.11 131.556 0.001 0.002 0.004 0.370 9.478 10.262 ### 0.004 74.444 0.532 1.448
ISCO-EFF-8-3 1.11 130.889 0.001 0.001 0.350 9.489 10.241 0.004 72.778 0.538 1.431

Average Concentrations
Sample Al Ca Cd Co Cu Fe Mg Mn Ni Pb S Sr Zn

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

ISCO Inf #1 4.385 80.219 0.137 0.013 0.706 8.526 7.989 11.881 ### 3.229 94.889 0.667 27.156
ISCO Inf #2 4.963 81.707 0.135 0.013 0.808 #### 8.519 11.748 ### 3.776 96.741 0.693 27.233
ISCO Inf #3 1.993 82.863 0.133 0.012 0.371 3.837 8.481 11.841 ### 1.546 96.519 0.692 26.426
ISCO Eff #1 0.000 142.222 0.000 0.000 0.007 0.986 10.196 8.337 ### 0.012 64.889 0.478 0.943
ISCO Eff #2 0.223 141.333 0.000 0.000 0.006 0.908 10.148 8.324 ### 0.011 64.074 0.479 0.935
ISCO Eff #4 0.094 136.000 0.000 0.000 0.002 0.627 9.981 9.043 ### 0.010 67.185 0.495 1.286
ISCO Eff #6 0.000 134.148 0.000 0.000 0.002 0.436 9.889 9.817 ### 0.004 73.481 0.511 1.201
ISCO Eff #8 0.000 131.111 0.001 0.002 0.002 0.359 9.533 10.253 ### 0.005 73.815 0.533 1.445

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Total Metal Data of Standard Mine samples
Method:  ICP analysis (6010B)



Zn
mg/L
24.3

24.48

Sample Name Al As Ca Cd Co Cu Fe Mg Mn Ni Pb S Se Sr 24.54
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 24.56

ISCO-INF-1-1 3.97 0.016 72.18 0.1243 0.013 0.658 7.71 7.28 10.66 0.0216 2.907 85.3 0.009 0.5982 24.54
ISCO-INF-1-2 3.85 0.005 71.54 0.1215 0.011 0.627 7.59 7.04 10.61 0.0202 2.902 84.8 0.013 0.5904 24.43
ISCO-INF-1-3 4.02 0.002 72.87 0.124 0.011 0.621 7.72 7.25 10.81 0.0204 2.909 86.1 0.004 0.6117 23.9
ISCO-INF-2-1 4.45 0.005 73.78 0.1226 0.012 0.73 9.76 7.49 10.6 0.0144 3.409 87.4 0.004 0.6215 23.76
ISCO-INF-2-2 4.42 0.006 73.46 0.1222 0.012 0.728 9.87 7.91 10.51 0.027 3.41 87.2 0.008 0.6236 23.69
ISCO-INF-2-3 4.53 0.007 73.37 0.1189 0.012 0.723 9.78 7.6 10.61 0.0114 3.375 86.6 0.009 0.6253
ISCO-INF-3-1 1.88 -0.003 75.26 0.1201 0.011 0.334 3.5 7.78 10.7 0.0114 1.397 87.5 0.001 0.6264 0.8498
ISCO-INF-3-2 1.75 0.002 74.64 0.1204 0.011 0.335 3.44 7.59 10.68 0.0122 1.391 86.8 0.004 0.6203 0.8628
ISCO-INF-3-3 1.75 -0.001 73.83 0.1182 0.011 0.333 3.42 7.53 10.59 0.0114 1.386 86.3 0.005 0.621 0.8347

0.8553
ISCO-EFF-1-1 -0.001 0.004 128.3 -0.0006 -0.002 0.015 0.935 9.24 7.548 -0.0005 0.01 60.7 -0.001 0.4297 0.8268
ISCO-EFF-1-2 -0.022 0 127.9 -0.001 -0.004 0.002 0.872 9.14 7.491 -0.0018 0.0129 58.1 0.003 0.4276 0.8432
ISCO-EFF-1-3 -0.045 0.001 127.8 -0.0011 -0.003 0.002 0.855 9.15 7.472 0.001 0.0082 56.4 -0.004 0.4335 1.151
ISCO-EFF-2-1 -0.052 -0.002 127.2 -0.0007 -0.004 0.01 0.812 9.08 7.487 0.0138 0.0096 57.7 -0.001 0.4297 1.138
ISCO-EFF-2-2 0.201 -0.001 127.3 -0.0014 -0.004 0.004 0.831 9.19 7.481 -0.0008 0.0093 57.4 0.004 0.4327 1.183
ISCO-EFF-2-3 -0.06 -0.001 127.1 -0.0004 -0.003 0.003 0.809 9.13 7.508 -0.0026 0.0101 57.9 0.005 0.432 1.083
ISCO-EFF-4-1 0.161 0.001 122.2 -0.0013 -0.003 0.001 0.571 8.98 8.113 -0.002 0.0066 60.1 0.005 0.4488 1.101
ISCO-EFF-4-2 0.048 -0.001 121.7 0.0003 -0.003 0 0.546 8.88 8.092 -0.0021 0.0146 60.1 0.001 0.4429 1.058
ISCO-EFF-4-3 0.045 0.002 123.3 -0.0009 -0.003 0.003 0.576 9.09 8.212 -0.0028 0.0071 61.2 -0.001 0.4446 1.311
ISCO-EFF-6-1 -0.178 -0.001 121.3 0 -0.002 0.003 0.391 8.99 8.812 -0.0011 0.0057 65.4 0.004 0.4628 1.303
ISCO-EFF-6-2 -0.166 -0.001 120.5 0.0003 -0.003 0 0.397 8.85 8.85 -0.0029 0.0038 66.6 0.009 0.4623 1.288
ISCO-EFF-6-3 -0.188 -0.003 120.4 -0.0002 -0.003 0.001 0.389 8.86 8.845 -0.0024 0.0026 66.4 0.004 0.4546
ISCO-EFF-8-1 -0.18 -0.004 117.8 0.0006 -0.003 0.001 0.321 8.67 9.231 -0.0013 0.0054 66.8 0.011 0.4772
ISCO-EFF-8-2 -0.199 0.009 118.4 0.0008 0.002 0.004 0.333 8.53 9.236 0.0007 0.0038 67 0.014 0.4785 27.37
ISCO-EFF-8-3 -0.201 -0.001 117.8 0.0006 -0.003 0.001 0.315 8.54 9.217 -0.0023 0.0036 65.5 -0.025 0.4841 27.26

26.3
0.8087

ISCO-INF-DM-1 4.26 0.008 80.28 0.1438 0.014 0.686 8.36 8.16 11.84 0.0225 3.227 98.4 0.009 0.6616 0.8406
ISCO-INF-DM-2 4.98 0.008 84.35 0.1342 0.013 0.77 10.5 8.67 11.98 0.0117 3.741 102 0.012 0.6753 1.179
ISCO-INF-DM-3 1.94 0.002 85.24 0.1319 0.014 0.348 3.68 8.52 11.88 0.0113 1.503 102 0.01 0.6751 1.548
ISCO-EFF-DM-1 -0.194 0.001 144.4 -0.0007 -0.002 0.003 0.838 10.5 8.553 -0.0023 0.0097 69.9 -0.023 0.4886 1.83
ISCO-EFF-DM-2 -0.226 0.005 143.7 -0.0006 -0.003 0.002 0.794 10.5 8.52 -0.0021 0.0026 71 0 0.4751
ISCO-EFF-DM-4 -0.12 0.002 139.4 -0.0003 -0.003 0.002 0.599 10.4 9.342 -0.0032 0.0021 74.6 0.01 0.4974
ISCO-EFF-DM-6 -0.175 0 136 0.0005 -0.002 0 0.431 10 10.08 -0.0031 0.0044 80.4 0.002 0.5228
ISCO-EFF-DM-8 -0.13 -0.005 132.8 0 -0.001 0 0.39 9.8 10.52 -0.0024 0.0014 80.9 0.002 0.5349

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Total Metal Data of Standard Mine samples
Method:  ICP analysis (6010B)



Matrix Aqueous

Bottle # Sample Name Sample Taken Sample pH

# 1 ISCO Inf #1 11/14/2007 1.67
# 2 ISCO Inf #2 11/21/2007 1.68
# 3 ISCO Inf #3 11/28/2007 1.68
# 4 ISCO Eff #1 11/14/2007 2.26
# 5 ISCO Eff #2 11/21/2007 2.33
# 6 ISCO Eff #4 11/28/2007 1.74
# 7 ISCO Eff #6 12/5/2007 2.03
# 8 ISCO Eff #8 12/12/2007 2.05

THE SAMPLES SUBMITTED WERE PRESERVED IN FIELD AS 
TOTAL SAMPLES.  ALL DISSOLVED RESULTS SHOULD BE 
DISREGARDED.

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Total Metal Data of Standard Mine samples
Method:  ICP analysis (6010B)



Sample Al Ca Cd Co Cu Fe Mg Mn Ni Pb S Sr Zn
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

TOTAL METALS CONCENTRATIONS
ISCO Inf #1 4.385 80.219 0.137 0.013 0.706 8.526 7.989 11.881 0.023 3.229 94.889 0.667 27.156
ISCO Inf #2 4.963 81.707 0.135 0.013 0.808 10.893 8.519 11.748 0.020 3.776 96.741 0.693 27.233
ISCO Inf #3 1.993 82.863 0.133 0.012 0.371 3.837 8.481 11.841 0.013 1.546 96.519 0.692 26.426
ISCO Eff #1 0.000 142.222 0.000 0.000 0.007 0.986 10.196 8.337 0.000 0.012 64.889 0.478 0.943
ISCO Eff #2 0.223 141.333 0.000 0.000 0.006 0.908 10.148 8.324 0.015 0.011 64.074 0.479 0.935
ISCO Eff #4 0.094 136.000 0.000 0.000 0.002 0.627 9.981 9.043 0.000 0.010 67.185 0.495 1.286
ISCO Eff #6 0.000 134.148 0.000 0.000 0.002 0.436 9.889 9.817 0.000 0.004 73.481 0.511 1.201
ISCO Eff #8 0.000 131.111 0.001 0.002 0.002 0.359 9.533 10.253 0.001 0.005 73.815 0.533 1.445

EPA ORD Analytical Laboratory Report
Standard Mine Pilot Scale Passive Treatment System

Total Metal Data of Standard Mine samples
Method:  ICP analysis (6010B)
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APPENDIX F 

GUNNISON WATER TREATMENT PLANT LABORATORY REPORTS 



SUMMARY OF LAB DATA

CUSTOMER: CITY OF GUNNISON WATER LAB

URS OPERATING SERVICES, INC BOX 239

1099 18TH STREET, STE 710 GUNNISON, CO 81230

DENVER, COLORADO 80202 641-8042

303-291-8200

YEAR2 008

ITEM:

SAMPLE NUMBER 280806 280807 280808 280815 280816

DATE 8-Aug 8-Aug 8-Aug 14-Aug 14-Aug

LOCATION INFLUENT CHIT BCR INFLUENT CHIT BCR

INFLUENT E.COLI NO TEST

EFFLUENT E.COLI 187.2 <1

BOD INFLUENT 1.16

BOD EFFLUENT 194.38 72.75 55.54

NITRATE/NITRITE INF 1.043 0.876 1.52 0.273

AMMONIA 8.95 1.128 5.238

SAMPLE NUMBER 280728 280825 280826 280830 280728 280832

DATE 21-Aug 21-Aug 21-Aug 27-Aug 27-Aug 27-Aug

LOCATION INFLUENT CHIT BCR INFLUENT CHIT BCR

INFLUENT E.COLI

EFFLUENT E COLI 20.1 <0.1 >2419.2

BOD INFLUENT

BOD EFFLUENT 207.71 54.53 352.71 37.21

NITRATE/NITRITE INF 0.693 1.00 1.122 0.339 1.052 1.053

AMMONIA 14.81 5.565 28.28 6.313

SAMPLE NUMBER 280907 280908 280909 280925 280926 280927

DATE 4-Sep 4-Sep 4-Sep 19-Sep 19-Sep 19-Sep

LOCATION INFLUENT CHIT BCR INFLUENT CHIT BCR

INFLUENT E.COLI

EFFLUENT E.COLI 8.60 <1 >2949.12

BOD INFLUENT 0.37 0.88

BOD EFFLUENT 169.95 <0.1 387.71 29.99

NITRATE/NITRITE INF 0.958 0.71 1.177 4.148 3.063

AMMONIA 0.423 5.864 19.67 >36.61 6.08

SAMPLE NUMBER 280925 281007 281008

DATE 19-Sep 2-Aug 2-Oct

LOCATION INFLUENT CHIT BCR

INFLUENT E.COLI

EFFLUENT E.COLI 8.60 <1

BOD INFLUENT

BOD EFFLUENT 354.38 139.4

NITRATE/NITRITE INF 1.2 3.5

AMMONIA 0.35 7.2 6.5
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SUMMARY OF LAB DATA                                                     �

CUSTOMER:                              CI TY OF GUNNI SON WATER LAB
GOLDER ASSOCI ATES BOX 239  

44 UNI ON BLVD #300 GUNNI SON,  CO 81230
LAKEWOOD 641- 8042

COLORADO, 80228

2007
I TEM:                          
 
SAMPLE NUMBER 270817 270831
DATE 9- Aug 23- Aug

I NFLUENT E. COLI <1 11, 900, 000
EFFLUENT E. COLI >2416. 2 UNMEASURED

BOD I NFLUENT 12. 2 314. 39
BOD EFFLUENT <0. 1 3. 91

 
NI TRATE/ NI TRI TE I NF 10. 67 10. 24
NI TRATE/ NI TRI TE EFF 0. 202 0. 292



SUMMARY OF LAB DATA                                                     �

CUSTOMER:                             CITY OF GUNNISON WATER LAB   
URS OPERATING SERVICES, INC BOX 239  

1099 18TH STREET, STE 710 GUNNISON, CO 81230

DENVER, COLORADO 80202 641-8042

303-291-8200

YEAR2008
ITEM:                         

SAMPLE NUMBER 280806 280807 280808 280815 280816

DATE 8- Aug 8- Aug 8- Aug 14- Aug 14- Aug
LOCATION I NFLUENT CHI T BCR I NFLUENT CHI T BCR

INFLUENT E.COLI NO TEST
EFFLUENT E.COLI 187. 2 <1 <1

BOD INFLUENT <0. 1 1. 16
BOD EFFLUENT 194. 38 72. 75 55. 54

 

NITRATE/NITRITE INF 1. 7 1. 043 0. 876 1. 52 0. 273
AMMONIA 8. 95 1. 128 5. 238

SAMPLE NUMBER 280728 280825 280826 280830 280728 280832

DATE 21- Aug 21- Aug 21- Aug 27- Aug 27- Aug 27- Aug
LOCATION I NFLUENT CHI T BCR I NFLUENT CHI T BCR

INFLUENT E.COLI

EFFLUENT E.COLI 20. 1 <0. 1 >2419. 2 <1

BOD INFLUENT <0. 1 <0. 1
BOD EFFLUENT 207. 71 54. 53 352. 71 37. 21

 

NITRATE/NITRITE INF 0. 693 1. 00 1. 122 0. 339 1. 052 1. 053
AMMONIA 14. 81 5. 565 28. 28 6. 313

SAMPLE NUMBER 280907 280908 280909 280925 280926 280927
DATE 4- Sep 4- Sep 4- Sep 19- Sep 19- Sep 19- Sep
LOCATION I NFLUENT CHI T BCR I NFLUENT CHI T BCR

INFLUENT E.COLI  
EFFLUENT E.COLI 8. 60 <1 >2949. 12 <1

BOD INFLUENT 0. 37 0. 88
BOD EFFLUENT 169. 95 <0. 1 387. 71 29. 99

 

NITRATE/NITRITE INF 0. 958 0. 71 1. 177 4. 148 3. 063
AMMONIA 0. 423 5. 864 19. 67 >36. 61 6. 08

SAMPLE NUMBER 280925 281007 281008
DATE 19- Sep 2- Aug 2- Oct
LOCATION I NFLUENT CHI T BCR

INFLUENT E.COLI  
EFFLUENT E.COLI 8. 60 <1

BOD INFLUENT 0. 3
BOD EFFLUENT 354. 38 139. 4

 

NITRATE/NITRITE INF 1. 2 3. 5
AMMONIA 0. 35 7. 2 6. 5
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APPENDIX G 

ACZ LABORATORY REPORTS 
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���� �������� ����� ��������� � ���!"# $% &'(&� )&''* ��(+,(-�./0123 4/56/2 78095:53;1:<=��>� ? @ABCADEC BFC GH BIJKLFB IDILMNF@ IC I BKFEAHAE CAJFO�P�Q RILSF GH CTF UV WMKF GH ADCFXFBCY��� � ZKKFX LAJAC HGX [\]^ AD _`Y���� aGbFX [FEGcFXM aAJAC ^ AD _ dFeEFKC HGX aVff^Jghigjk�Y lFCTG@ ]FCFECAGD aAJAC ` fIJF IB lADAJSJ [FKGXCADg aAJAC ` ?LLGbB HGX ADBCXSJFDC ID@ IDDSIL HLSECSICAGDB`m$no�$n ? DSJpFX IBBAgDF@ CG XFIgFDCBhBCID@IX@B CG CXIEF CG CTF JIDSHIECSXFXqB EFXCAHAEICF GH IDILMBABmrY \XIECAEIL USIDCACICAGD aAJAC ^ CMKAEILLM s CAJFB CTF l]a`r$ WXSF RILSF GH CTF VGDCXGL fIJKLF GX CTF IJGSDC I@@F@ CG CTF fKAtFu�> ?JGSDC GH CTF CXSF cILSF GX BKAtF I@@F@ XFEGcFXF@^ AD _ dFeEFKC HGX aVff^Jghigjum� [FLICAcF \FXEFDC ]AHHFXFDEF^ EILESLICAGD SBF@ HGX ]SKLAEICF UV WMKFBv  �� ZKKFX [FEGcFXM aAJAC ^ AD _ dFeEFKC HGX aVff^Jghigj��� �� RILSF GH CTF fIJKLF GH ADCFXFBCwx y5z09/ {|0/<}� ?DILMCAEIL fKAtF d\GBC ]AgFBCAGDj Y$�~� aIpGXICGXM VGDCXGL fIJKLF � �ICFX ]SKLAEICF}�� ?DILMCAEIL fKAtF d\GBC ]AgFBCAGDj ]SKLAEICF YO= aIpGXICGXM �GXCAHAF@ �LIDt$$= VGDCADSADg VILApXICAGD �LIDt YOk aIpGXICGXM �GXCAHAF@ lICXAe$$� VGDCADSADg VILAcICAGD RFXAHAEICAGD BCID@IX@ YOk� aIpGXICGXM �GXCAHAF@ lICXAe ]SKLAEICF�vm fIJKLF ]SKLAEICF Yu= aIpGXICGXM [FIgFDC �LIDt�$= �DACAIL VILApXICAGD �LIDt k� lICXAe fKAtF�$� �DACAIL VILApXICAGD RFXAHAEICAGD BCID@IX@ k�� lICXAe fKAtF ]SKLAEICF�$�}= �DCFX�FLFJFDC VGXXFECAGD fCID@IX@ � ? KLSB � BGLSCAGDB m=� \XFK �LIDt � fGALY$�� aIpGXICGXM VGDCXGL fIJKLF � fGAL m=~ \XFK �LIDt � �ICFXY$��� aIpGXICGXM VGDCXGL fIJKLF � fGAL ]SKLAEICF mr� \XIECAEIL USIDCACICAGD RFXAHAEICAGD BCID@IX@Y$�~ aIpGXICGXM VGDCXGL fIJKLF � �ICFX ��Y fFXAIL ]ALSCAGDwx y5z09/ {|0/ 78095:53;1:<�LIDtB RFXAHAFB CTIC CTFXF AB DG GX JADAJIL EGDCIJADICAGD AD CTF KXFK JFCTG@ GX EILApXICAGD KXGEF@SXF`VGDCXGL fIJKLFB RFXAHAFB CTF IEESXIEM GH CTF JFCTG@^ ADELS@ADg CTF KXFK KXGEF@SXF`]SKLAEICFB RFXAHAFB CTF KXFEABAGD GH CTF ADBCXSJFDC ID@hGX JFCTG@`fKAtFBh�GXCAHAF@ lICXAe ]FCFXJADFB BIJKLF JICXAe ADCFXHFXFDEFB^ AH IDM`fCID@IX@ RFXAHAFB CTF cILA@ACM GH CTF EILApXICAGD `�x� w�59;�;/2< �w�59�� ?DILMCF EGDEFDCXICAGD @FCFECF@ IC I cILSF pFCbFFD l]a ID@ \Ua`� ?DILMBAB FeEFF@F@ JFCTG@ TGL@ CAJF` K� AB I HAFL@ CFBC bACT ID AJJF@AICF TGL@ CAJF`Z ?DILMCF bIB IDILMNF@ HGX pSC DGC @FCFECF@ IC CTF AD@AEICF@ l]a�/3�16 ./�/2/:�/<d�j �\? ���h��������` lFCTG@B HGX VTFJAEIL ?DILMBAB GH �ICFX ID@ �IBCFB^lIXET ����`d�j �\? ���h[�������` lFCTG@B HGX CTF ]FCFXJADICAGD GH �DGXgIDAE fSpBCIDEFB AD �DcAXGDJFDCIL fIJKLFB^ ?SgSBC ����`d�j �\? ���h[�������` lFCTG@B HGX CTF ]FCFXJADICAGD GH lFCILB AD �DcAXGDJFDCIL fIJKLFB � fSKKLFJFDC �^lIM ����`dsj �\? f�����` WFBC lFCTG@B HGX �cILSICADg fGLA@ �IBCF ^ WTAX@ �@ACAGD bACT ZK@ICF ���^ ]FEFJpFX ����`d�j fCID@IX@ lFCTG@B HGX CTF �eIJADICAGD GH �ICFX ID@ �IBCFbICFX^ ��CT F@ACAGD^ ���s`x1zz/:3<d�j UV XFBSLCB EILESLICF@ HXGJ XIb @ICI` [FBSLCB JIM cIXM BLAgTCLM AH CTF XGSD@F@ cILSFB IXF SBF@ AD CTF EILESLICAGDB `d�j fGAL ^ fLS@gF^ ID@ \LIDC JICXAEFB HGX �DGXgIDAE IDILMBFB IXF XFKGXCF@ GD I @XM bFAgTC pIBAB`d�j ?DAJIL JICXAEFB HGX �DGXgIDAE IDILMBFB IXF XFKGXCF@ GD ID �IB XFEFAcF@� pIBAB`
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APPENDIX H 

PHREEQC GEOCHEMICAL MODEL RESULTS 



   Input file: C:\Documents and Settings\jwaples\Desktop\chitin\Chitin.pqi 

  Output file: C:\Documents and Settings\jwaples\Desktop\chitin\Chitin.pqo 

Database file: C:\Program Files\USGS\Phreeqc Interactive 2.15.0\minteq.v4.dat 

 

------------------ 

Reading data base. 

------------------ 

 

 SOLUTION_MASTER_SPECIES 

 SOLUTION_SPECIES 

 SOLUTION_SPECIES 

 PHASES 

 PHASES 

 SURFACE_MASTER_SPECIES 

 SURFACE_SPECIES 

 END 

------------------------------------ 

Reading input data for simulation 1. 

------------------------------------ 

 

 DATABASE C:\Program Files\USGS\Phreeqc Interactive 2.15.0\minteq.v4.dat 

 TITLE 043-2269 

 TITLE Speciation of Standard Mine Passive Treatment System Waters 

 SOLUTION_SPREAD 

     redox    S(-2)/S(6) 

     units    mg/l 

             Description   pH     Al     Fe       Cd      

Cu     Ca      Pb     Mn    Mg    Zn  S(6)  S(-2)  

Alkalinity  N(-3)  N(5)  Temperature    pe      Cl 

                               mg/l   mg/l     mg/l    

mg/l   mg/l    mg/l   mg/l  mg/l  mg/l  mg/l   mg/l        

mg/l                                  charge 

     BCR_Effluent_9/4/08  6.2  0.041  0.026   0.0012  

0.0018    124   0.004     11   2.9   0.4   207     18         

156     20  0.71          5.0  -3.3      10 

  Chitin_Effluent_9/4/08  7.0  0.097  0.011  0.00020  

0.0018    229  0.0045    4.9   7.7  0.33   164     15         

507    5.9  0.96          4.6  -3.7      10 

 SELECTED_OUTPUT 

     file                 Chitin.sel 

     state                false 

     distance             false 

     time                 false 

     step                 false 

     ph                   true 

     pe                   true 

     alkalinity           true 

     charge_balance       true 

     percent_error        true 

     saturation_indices   Rhodochrosite  MnS(grn)  MnS(pnk)  MnSO4 

 END 

----- 

TITLE 

----- 

 

 Speciation of Standard Mine Passive Treatment System Waters 

 



------------------------------------------- 

Beginning of initial solution calculations. 

------------------------------------------- 

 

Initial solution 1.  BCR_Effluent_9/4/08  

 

-----------------------------Solution composition----------------------------

-- 

 

 Elements           Molality       Moles 

 

 Al               1.520e-006  1.520e-006 

 Alkalinity       2.558e-003  2.558e-003 

 Ca               3.096e-003  3.096e-003 

 Cd               1.068e-008  1.068e-008 

 Cl               1.357e-003  1.357e-003  Charge balance 

 Cu               2.834e-008  2.834e-008 

 Fe               4.658e-007  4.658e-007 

 Mg               1.194e-004  1.194e-004 

 Mn               2.003e-004  2.003e-004 

 N(-3)            1.429e-003  1.429e-003 

 N(5)             5.072e-005  5.072e-005 

 Pb               1.932e-008  1.932e-008 

 S(-2)            5.617e-004  5.617e-004 

 S(6)             2.156e-003  2.156e-003 

 Zn               6.121e-006  6.121e-006 

 

----------------------------Description of solution--------------------------

-- 

 

                                       pH  =   6.200     

                                       pe  =  -3.300     

                        Activity of water  =   1.000 

                           Ionic strength  =  1.211e-002 

                       Mass of water (kg)  =  1.000e+000 

                    Total carbon (mol/kg)  =  6.549e-003 

                       Total CO2 (mol/kg)  =  6.549e-003 

                      Temperature (deg C)  =   5.000 

                  Electrical balance (eq)  =  1.392e-015 

 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =   0.00 

                               Iterations  =  12 

                                  Total H  = 1.110310e+002 

                                  Total O  = 5.553526e+001 

 

---------------------------------Redox couples-------------------------------

-- 

 

 Redox couple             pe  Eh (volts) 

 

 N(-3)/N(5)           8.1866      0.4518 

 S(-2)/S(6)          -2.4917     -0.1375 

 

----------------------------Distribution of species--------------------------

-- 

 

                                                   Log       Log         Log  

   Species                 Molality    Activity  Molality  Activity     Gamma 



 

   H+                    7.034e-007  6.310e-007    -6.153    -6.200    -0.047 

   OH-                   3.533e-009  3.161e-009    -8.452    -8.500    -0.048 

   H2O                   5.551e+001  9.997e-001     1.744    -0.000     0.000 

Al              1.520e-006 

   Al(OH)2+              1.127e-006  1.014e-006    -5.948    -5.994    -0.046 

   Al(OH)3               3.230e-007  3.230e-007    -6.491    -6.491     0.000 

   AlOH+2                3.044e-008  2.000e-008    -7.517    -7.699    -0.182 

   AlSO4+                2.175e-008  1.952e-008    -7.663    -7.709    -0.047 

   Al+3                  1.334e-008  5.017e-009    -7.875    -8.300    -0.425 

   Al(OH)4-              4.749e-009  4.264e-009    -8.323    -8.370    -0.047 

   Al(SO4)2-             4.197e-010  3.768e-010    -9.377    -9.424    -0.047 

C(4)            6.549e-003 

   H2CO3                 4.061e-003  4.061e-003    -2.391    -2.391     0.000 

   HCO3-                 2.437e-003  2.194e-003    -2.613    -2.659    -0.046 

   CaHCO3+               4.408e-005  3.976e-005    -4.356    -4.401    -0.045 

   MnHCO3+               4.691e-006  4.218e-006    -5.329    -5.375    -0.046 

   MgHCO3+               1.530e-006  1.371e-006    -5.815    -5.863    -0.048 

   CaCO3                 1.849e-007  1.849e-007    -6.733    -6.733     0.000 

   CO3-2                 1.649e-007  1.067e-007    -6.783    -6.972    -0.189 

   MgCO3                 4.300e-009  4.300e-009    -8.367    -8.367     0.000 

   FeHCO3+               2.797e-009  2.523e-009    -8.553    -8.598    -0.045 

   ZnHCO3+               1.037e-011  9.151e-012   -10.984   -11.039    -0.054 

   ZnCO3                 1.237e-012  1.237e-012   -11.908   -11.908     0.000 

   PbHCO3+               7.749e-015  6.837e-015   -14.111   -14.165    -0.054 

   PbCO3                 2.055e-015  2.055e-015   -14.687   -14.687     0.000 

   CdHCO3+               1.494e-017  1.318e-017   -16.826   -16.880    -0.054 

   CdCO3                 9.805e-018  9.805e-018   -17.009   -17.009     0.000 

   Pb(CO3)2-2            1.044e-018  6.327e-019   -17.981   -18.199    -0.218 

   CuCO3                 2.079e-021  2.079e-021   -20.682   -20.682     0.000 

   Cd(CO3)2-2            1.280e-021  7.759e-022   -20.893   -21.110    -0.218 

   CuHCO3+               3.399e-022  2.999e-022   -21.469   -21.523    -0.054 

   Cu(CO3)2-2            9.859e-025  5.974e-025   -24.006   -24.224    -0.218 

Ca              3.096e-003 

   Ca+2                  2.685e-003  1.738e-003    -2.571    -2.760    -0.189 

   CaSO4                 3.660e-004  3.660e-004    -3.437    -3.437     0.000 

   CaHCO3+               4.408e-005  3.976e-005    -4.356    -4.401    -0.045 

   CaNO3+                3.293e-007  2.906e-007    -6.482    -6.537    -0.054 

   CaCO3                 1.849e-007  1.849e-007    -6.733    -6.733     0.000 

   CaNH3+2               4.092e-009  2.480e-009    -8.388    -8.606    -0.218 

   CaOH+                 9.555e-011  8.619e-011   -10.020   -10.065    -0.045 

   Ca(NH3)2+2            1.846e-015  1.119e-015   -14.734   -14.951    -0.218 

Cd              1.068e-008 

   Cd(HS)2               1.062e-008  1.062e-008    -7.974    -7.974     0.000 

   Cd(HS)3-              3.847e-011  3.394e-011   -10.415   -10.469    -0.054 

   CdHS+                 1.871e-011  1.651e-011   -10.728   -10.782    -0.054 

   Cd(HS)4-2             3.538e-013  2.144e-013   -12.451   -12.669    -0.218 

   Cd+2                  6.224e-015  4.030e-015   -14.206   -14.395    -0.189 

   CdSO4                 8.289e-016  8.289e-016   -15.082   -15.082     0.000 

   CdCl+                 5.156e-016  4.549e-016   -15.288   -15.342    -0.054 

   Cd(SO4)2-2            2.682e-017  1.625e-017   -16.572   -16.789    -0.218 

   CdHCO3+               1.494e-017  1.318e-017   -16.826   -16.880    -0.054 

   CdCO3                 9.805e-018  9.805e-018   -17.009   -17.009     0.000 

   CdCl2                 2.177e-018  2.177e-018   -17.662   -17.662     0.000 

   CdNO3+                1.200e-018  1.059e-018   -17.921   -17.975    -0.054 

   CdOHCl                1.807e-019  1.807e-019   -18.743   -18.743     0.000 

   CdOH+                 1.181e-019  1.042e-019   -18.928   -18.982    -0.054 



   CdCl3-                1.547e-021  1.364e-021   -20.811   -20.865    -0.054 

   Cd(CO3)2-2            1.280e-021  7.759e-022   -20.893   -21.110    -0.218 

   Cd(OH)2               5.141e-023  5.141e-023   -22.289   -22.289     0.000 

   Cd(NO3)2              1.304e-023  1.304e-023   -22.885   -22.885     0.000 

   Cd(OH)3-              5.680e-029  5.011e-029   -28.246   -28.300    -0.054 

   Cd2OH+3               8.432e-033  2.732e-033   -32.074   -32.564    -0.490 

   Cd(OH)4-2             2.160e-037  1.309e-037   -36.666   -36.883    -0.218 

Cl              1.357e-003 

   Cl-                   1.356e-003  1.217e-003    -2.868    -2.915    -0.047 

   MnCl+                 1.843e-007  1.658e-007    -6.734    -6.781    -0.046 

   MnCl2                 2.849e-010  2.849e-010    -9.545    -9.545     0.000 

   ZnCl+                 5.873e-013  5.264e-013   -12.231   -12.279    -0.048 

   MnCl3-                1.062e-013  9.548e-014   -12.974   -13.020    -0.046 

   ZnOHCl                1.286e-014  1.286e-014   -13.891   -13.891     0.000 

   CuCl                  6.303e-016  6.303e-016   -15.200   -15.200     0.000 

   CdCl+                 5.156e-016  4.549e-016   -15.288   -15.342    -0.054 

   ZnCl2                 4.059e-016  4.059e-016   -15.392   -15.392     0.000 

   PbCl+                 2.435e-016  2.149e-016   -15.613   -15.668    -0.054 

   CuCl2-                1.882e-016  1.686e-016   -15.725   -15.773    -0.048 

   CdCl2                 2.177e-018  2.177e-018   -17.662   -17.662     0.000 

   PbCl2                 1.061e-018  1.061e-018   -17.974   -17.974     0.000 

   ZnCl3-                4.013e-019  3.597e-019   -18.397   -18.444    -0.048 

   CdOHCl                1.807e-019  1.807e-019   -18.743   -18.743     0.000 

   CuCl3-2               6.178e-020  4.039e-020   -19.209   -19.394    -0.185 

   CdCl3-                1.547e-021  1.364e-021   -20.811   -20.865    -0.054 

   PbCl3-                7.348e-022  6.483e-022   -21.134   -21.188    -0.054 

   ZnCl4-2               2.824e-022  1.846e-022   -21.549   -21.734    -0.185 

   CuCl+                 5.595e-024  5.015e-024   -23.252   -23.300    -0.048 

   PbCl4-2               4.354e-025  2.638e-025   -24.361   -24.579    -0.218 

   FeCl+2                3.491e-025  2.283e-025   -24.457   -24.642    -0.185 

   FeCl2+                2.688e-027  2.418e-027   -26.570   -26.617    -0.046 

   CuCl2                 7.472e-028  7.472e-028   -27.127   -27.127     0.000 

   FeCl3                 2.942e-031  2.942e-031   -30.531   -30.531     0.000 

   CuCl3-                6.475e-033  5.804e-033   -32.189   -32.236    -0.048 

   CuCl4-2               1.109e-037  7.251e-038   -36.955   -37.140    -0.185 

Cu(1)           9.003e-009 

   Cu(S4)2-3             7.617e-009  4.105e-009    -8.118    -8.387    -0.268 

   CuS4S5-3              1.386e-009  7.644e-010    -8.858    -9.117    -0.258 

   CuCl                  6.303e-016  6.303e-016   -15.200   -15.200     0.000 

   Cu+                   4.664e-016  4.115e-016   -15.331   -15.386    -0.054 

   CuCl2-                1.882e-016  1.686e-016   -15.725   -15.773    -0.048 

   CuCl3-2               6.178e-020  4.039e-020   -19.209   -19.394    -0.185 

Cu(2)           1.934e-008 

   Cu(HS)3-              1.934e-008  1.706e-008    -7.714    -7.768    -0.054 

   Cu+2                  5.109e-021  3.308e-021   -20.292   -20.480    -0.189 

   CuCO3                 2.079e-021  2.079e-021   -20.682   -20.682     0.000 

   CuSO4                 6.649e-022  6.649e-022   -21.177   -21.177     0.000 

   CuNH3+2               5.109e-022  3.096e-022   -21.292   -21.509    -0.218 

   CuHCO3+               3.399e-022  2.999e-022   -21.469   -21.523    -0.054 

   CuOH+                 6.591e-023  5.907e-023   -22.181   -22.229    -0.048 

   CuCl+                 5.595e-024  5.015e-024   -23.252   -23.300    -0.048 

   Cu(CO3)2-2            9.859e-025  5.974e-025   -24.006   -24.224    -0.218 

   CuNO3+                6.035e-025  5.324e-025   -24.219   -24.274    -0.054 

   Cu(OH)2               5.313e-025  5.313e-025   -24.275   -24.275     0.000 

   CuCl2                 7.472e-028  7.472e-028   -27.127   -27.127     0.000 

   Cu(OH)3-              1.971e-029  1.739e-029   -28.705   -28.760    -0.054 

   Cu(NO3)2              2.690e-030  2.690e-030   -29.570   -29.570     0.000 



   CuCl3-                6.475e-033  5.804e-033   -32.189   -32.236    -0.048 

   Cu(OH)4-2             3.603e-036  2.183e-036   -35.443   -35.661    -0.218 

   CuCl4-2               1.109e-037  7.251e-038   -36.955   -37.140    -0.185 

   Cu2(OH)2+2            1.251e-040  0.000e+000   -39.903   -40.120    -0.218 

Fe(2)           4.658e-007 

   Fe+2                  2.302e-007  1.395e-007    -6.638    -6.855    -0.218 

   Fe(HS)2               2.011e-007  2.011e-007    -6.696    -6.696     0.000 

   FeSO4                 3.066e-008  3.066e-008    -7.513    -7.513     0.000 

   FeHCO3+               2.797e-009  2.523e-009    -8.553    -8.598    -0.045 

   Fe(HS)3-              9.986e-010  8.811e-010    -9.001    -9.055    -0.054 

   FeOH+                 1.952e-011  1.756e-011   -10.709   -10.756    -0.046 

   Fe(OH)2               3.495e-017  3.495e-017   -16.456   -16.456     0.000 

   Fe(OH)3-              1.610e-019  1.447e-019   -18.793   -18.839    -0.046 

Fe(3)           8.603e-016 

   Fe(OH)2+              8.596e-016  7.740e-016   -15.066   -15.111    -0.046 

   Fe(OH)3               6.533e-019  6.533e-019   -18.185   -18.185     0.000 

   FeOH+2                5.671e-020  3.708e-020   -19.246   -19.431    -0.185 

   Fe(OH)4-              2.188e-020  1.970e-020   -19.660   -19.705    -0.046 

   FeSO4+                8.259e-023  7.427e-023   -22.083   -22.129    -0.046 

   Fe+3                  3.219e-023  1.210e-023   -22.492   -22.917    -0.425 

   Fe(SO4)2-             2.405e-024  2.122e-024   -23.619   -23.673    -0.054 

   FeCl+2                3.491e-025  2.283e-025   -24.457   -24.642    -0.185 

   FeNO3+2               2.640e-026  1.600e-026   -25.578   -25.796    -0.218 

   FeCl2+                2.688e-027  2.418e-027   -26.570   -26.617    -0.046 

   FeCl3                 2.942e-031  2.942e-031   -30.531   -30.531     0.000 

   Fe2(OH)2+4            7.179e-037  9.679e-038   -36.144   -37.014    -0.870 

   Fe3(OH)4+5            0.000e+000  0.000e+000   -49.702   -51.061    -1.360 

H(0)            6.698e-011 

   H2                    3.349e-011  3.358e-011   -10.475   -10.474     0.001 

Mg              1.194e-004 

   Mg+2                  1.059e-004  6.859e-005    -3.975    -4.164    -0.189 

   MgSO4                 1.191e-005  1.191e-005    -4.924    -4.924     0.000 

   MgHCO3+               1.530e-006  1.371e-006    -5.815    -5.863    -0.048 

   MgCO3                 4.300e-009  4.300e-009    -8.367    -8.367     0.000 

   MgOH+                 6.746e-011  6.095e-011   -10.171   -10.215    -0.044 

Mn(2)           2.003e-004 

   Mn+2                  1.786e-004  1.082e-004    -3.748    -3.966    -0.218 

   MnSO4                 1.688e-005  1.688e-005    -4.773    -4.773     0.000 

   MnHCO3+               4.691e-006  4.218e-006    -5.329    -5.375    -0.046 

   MnCl+                 1.843e-007  1.658e-007    -6.734    -6.781    -0.046 

   MnNO3+                8.784e-009  7.750e-009    -8.056    -8.111    -0.054 

   MnOH+                 9.555e-010  8.592e-010    -9.020    -9.066    -0.046 

   MnCl2                 2.849e-010  2.849e-010    -9.545    -9.545     0.000 

   Mn(NO3)2              9.231e-013  9.231e-013   -12.035   -12.035     0.000 

   MnCl3-                1.062e-013  9.548e-014   -12.974   -13.020    -0.046 

   Mn(OH)3-              7.587e-021  6.822e-021   -20.120   -20.166    -0.046 

   Mn(OH)4-2             5.374e-028  3.514e-028   -27.270   -27.454    -0.185 

Mn(3)           1.817e-033 

   Mn+3                  1.817e-033  6.833e-034   -32.741   -33.165    -0.425 

Mn(6)           0.000e+000 

   MnO4-2                0.000e+000  0.000e+000   -91.528   -91.712    -0.185 

Mn(7)           0.000e+000 

   MnO4-                 0.000e+000  0.000e+000  -104.933  -104.982    -0.049 

N(-3)           1.429e-003 

   NH4+                  1.407e-003  1.254e-003    -2.852    -2.902    -0.050 

   NH4SO4-               1.687e-005  1.517e-005    -4.773    -4.819    -0.046 

   NH3                   5.120e-006  5.120e-006    -5.291    -5.291     0.000 



   CaNH3+2               4.092e-009  2.480e-009    -8.388    -8.606    -0.218 

   Ca(NH3)2+2            1.846e-015  1.119e-015   -14.734   -14.951    -0.218 

   CuNH3+2               5.109e-022  3.096e-022   -21.292   -21.509    -0.218 

N(5)            5.072e-005 

   NO3-                  5.038e-005  4.519e-005    -4.298    -4.345    -0.047 

   CaNO3+                3.293e-007  2.906e-007    -6.482    -6.537    -0.054 

   MnNO3+                8.784e-009  7.750e-009    -8.056    -8.111    -0.054 

   Mn(NO3)2              9.231e-013  9.231e-013   -12.035   -12.035     0.000 

   ZnNO3+                2.961e-014  2.613e-014   -13.529   -13.583    -0.054 

   PbNO3+                4.579e-018  4.040e-018   -17.339   -17.394    -0.054 

   CdNO3+                1.200e-018  1.059e-018   -17.921   -17.975    -0.054 

   Zn(NO3)2              2.062e-019  2.062e-019   -18.686   -18.686     0.000 

   Pb(NO3)2              3.979e-022  3.979e-022   -21.400   -21.400     0.000 

   Cd(NO3)2              1.304e-023  1.304e-023   -22.885   -22.885     0.000 

   CuNO3+                6.035e-025  5.324e-025   -24.219   -24.274    -0.054 

   FeNO3+2               2.640e-026  1.600e-026   -25.578   -25.796    -0.218 

   Cu(NO3)2              2.690e-030  2.690e-030   -29.570   -29.570     0.000 

O(0)            0.000e+000 

   O2                    0.000e+000  0.000e+000   -77.220   -77.219     0.001 

Pb              1.932e-008 

   Pb(HS)2               1.930e-008  1.930e-008    -7.714    -7.714     0.000 

   Pb(HS)3-              1.755e-011  1.549e-011   -10.756   -10.810    -0.054 

   Pb+2                  9.893e-015  6.405e-015   -14.005   -14.193    -0.189 

   PbHCO3+               7.749e-015  6.837e-015   -14.111   -14.165    -0.054 

   PbSO4                 3.543e-015  3.543e-015   -14.451   -14.451     0.000 

   PbCO3                 2.055e-015  2.055e-015   -14.687   -14.687     0.000 

   PbOH+                 2.909e-016  2.567e-016   -15.536   -15.591    -0.054 

   PbCl+                 2.435e-016  2.149e-016   -15.613   -15.668    -0.054 

   Pb(SO4)2-2            3.978e-017  2.410e-017   -16.400   -16.618    -0.218 

   PbNO3+                4.579e-018  4.040e-018   -17.339   -17.394    -0.054 

   PbCl2                 1.061e-018  1.061e-018   -17.974   -17.974     0.000 

   Pb(CO3)2-2            1.044e-018  6.327e-019   -17.981   -18.199    -0.218 

   Pb(OH)2               1.295e-019  1.295e-019   -18.888   -18.888     0.000 

   PbCl3-                7.348e-022  6.483e-022   -21.134   -21.188    -0.054 

   Pb(NO3)2              3.979e-022  3.979e-022   -21.400   -21.400     0.000 

   Pb(OH)3-              2.342e-024  2.066e-024   -23.630   -23.685    -0.054 

   PbCl4-2               4.354e-025  2.638e-025   -24.361   -24.579    -0.218 

   Pb2OH+3               8.044e-029  2.606e-029   -28.095   -28.584    -0.490 

   Pb(OH)4-2             1.332e-029  8.074e-030   -28.875   -29.093    -0.218 

   Pb3(OH)4+2            0.000e+000  0.000e+000   -42.903   -43.120    -0.218 

   Pb4(OH)4+4            0.000e+000  0.000e+000   -52.204   -53.074    -0.870 

S(-2)           5.617e-004 

   H2S                   5.031e-004  5.031e-004    -3.298    -3.298     0.000 

   HS-                   4.559e-005  4.022e-005    -4.341    -4.396    -0.054 

   ZnS(HS)-              3.780e-006  3.335e-006    -5.423    -5.477    -0.054 

   Zn(HS)2               2.153e-006  2.153e-006    -5.667    -5.667     0.000 

   Fe(HS)2               2.011e-007  2.011e-007    -6.696    -6.696     0.000 

   Zn(HS)3-              1.871e-007  1.650e-007    -6.728    -6.782    -0.054 

   Cu(HS)3-              1.934e-008  1.706e-008    -7.714    -7.768    -0.054 

   Pb(HS)2               1.930e-008  1.930e-008    -7.714    -7.714     0.000 

   S5-2                  1.525e-008  9.242e-009    -7.817    -8.034    -0.218 

   S6-2                  1.384e-008  8.385e-009    -7.859    -8.077    -0.218 

   Cd(HS)2               1.062e-008  1.062e-008    -7.974    -7.974     0.000 

   Cu(S4)2-3             7.617e-009  4.105e-009    -8.118    -8.387    -0.268 

   S4-2                  3.683e-009  2.232e-009    -8.434    -8.651    -0.218 

   CuS4S5-3              1.386e-009  7.644e-010    -8.858    -9.117    -0.258 

   Fe(HS)3-              9.986e-010  8.811e-010    -9.001    -9.055    -0.054 



   S3-2                  5.294e-010  3.208e-010    -9.276    -9.494    -0.218 

   ZnS(HS)2-2            4.520e-011  2.739e-011   -10.345   -10.562    -0.218 

   S2-2                  4.516e-011  2.737e-011   -10.345   -10.563    -0.218 

   Cd(HS)3-              3.847e-011  3.394e-011   -10.415   -10.469    -0.054 

   CdHS+                 1.871e-011  1.651e-011   -10.728   -10.782    -0.054 

   Pb(HS)3-              1.755e-011  1.549e-011   -10.756   -10.810    -0.054 

   Zn(HS)4-2             3.799e-013  2.302e-013   -12.420   -12.638    -0.218 

   Cd(HS)4-2             3.538e-013  2.144e-013   -12.451   -12.669    -0.218 

   S-2                   1.166e-016  7.625e-017   -15.933   -16.118    -0.185 

S(6)            2.156e-003 

   SO4-2                 1.744e-003  1.129e-003    -2.758    -2.947    -0.189 

   CaSO4                 3.660e-004  3.660e-004    -3.437    -3.437     0.000 

   MnSO4                 1.688e-005  1.688e-005    -4.773    -4.773     0.000 

   NH4SO4-               1.687e-005  1.517e-005    -4.773    -4.819    -0.046 

   MgSO4                 1.191e-005  1.191e-005    -4.924    -4.924     0.000 

   HSO4-                 4.097e-008  3.678e-008    -7.387    -7.434    -0.047 

   FeSO4                 3.066e-008  3.066e-008    -7.513    -7.513     0.000 

   AlSO4+                2.175e-008  1.952e-008    -7.663    -7.709    -0.047 

   Al(SO4)2-             4.197e-010  3.768e-010    -9.377    -9.424    -0.047 

   ZnSO4                 4.157e-011  4.157e-011   -10.381   -10.381     0.000 

   Zn(SO4)2-2            8.077e-013  4.894e-013   -12.093   -12.310    -0.218 

   PbSO4                 3.543e-015  3.543e-015   -14.451   -14.451     0.000 

   CdSO4                 8.289e-016  8.289e-016   -15.082   -15.082     0.000 

   Pb(SO4)2-2            3.978e-017  2.410e-017   -16.400   -16.618    -0.218 

   Cd(SO4)2-2            2.682e-017  1.625e-017   -16.572   -16.789    -0.218 

   CuSO4                 6.649e-022  6.649e-022   -21.177   -21.177     0.000 

   FeSO4+                8.259e-023  7.427e-023   -22.083   -22.129    -0.046 

   Fe(SO4)2-             2.405e-024  2.122e-024   -23.619   -23.673    -0.054 

Zn              6.121e-006 

   ZnS(HS)-              3.780e-006  3.335e-006    -5.423    -5.477    -0.054 

   Zn(HS)2               2.153e-006  2.153e-006    -5.667    -5.667     0.000 

   Zn(HS)3-              1.871e-007  1.650e-007    -6.728    -6.782    -0.054 

   Zn+2                  3.111e-010  2.014e-010    -9.507    -9.696    -0.189 

   ZnS(HS)2-2            4.520e-011  2.739e-011   -10.345   -10.562    -0.218 

   ZnSO4                 4.157e-011  4.157e-011   -10.381   -10.381     0.000 

   ZnHCO3+               1.037e-011  9.151e-012   -10.984   -11.039    -0.054 

   ZnCO3                 1.237e-012  1.237e-012   -11.908   -11.908     0.000 

   Zn(SO4)2-2            8.077e-013  4.894e-013   -12.093   -12.310    -0.218 

   ZnCl+                 5.873e-013  5.264e-013   -12.231   -12.279    -0.048 

   Zn(HS)4-2             3.799e-013  2.302e-013   -12.420   -12.638    -0.218 

   ZnOH+                 7.217e-014  6.368e-014   -13.142   -13.196    -0.054 

   ZnNO3+                2.961e-014  2.613e-014   -13.529   -13.583    -0.054 

   ZnOHCl                1.286e-014  1.286e-014   -13.891   -13.891     0.000 

   Zn(OH)2               8.126e-016  8.126e-016   -15.090   -15.090     0.000 

   ZnCl2                 4.059e-016  4.059e-016   -15.392   -15.392     0.000 

   ZnCl3-                4.013e-019  3.597e-019   -18.397   -18.444    -0.048 

   Zn(NO3)2              2.062e-019  2.062e-019   -18.686   -18.686     0.000 

   Zn(OH)3-              7.365e-020  6.498e-020   -19.133   -19.187    -0.054 

   ZnCl4-2               2.824e-022  1.846e-022   -21.549   -21.734    -0.185 

   Zn(OH)4-2             6.811e-026  4.127e-026   -25.167   -25.384    -0.218 

 

------------------------------Saturation indices-----------------------------

-- 

 

 Phase               SI log IAP  log KT 

 

 Al(OH)3(am)      -1.90   10.30   12.20  Al(OH)3 



 Al2O3            -2.31   20.60   22.91  Al2O3 

 Al4(OH)10SO4      3.15   25.85   22.70  Al4(OH)10SO4 

 AlOHSO4          -1.82   -5.05   -3.23  AlOHSO4 

 Anglesite        -9.20  -17.14   -7.94  PbSO4 

 Anhydrite        -1.44   -5.71   -4.27  CaSO4 

 Anilite           7.78  -26.39  -34.17  Cu0.25Cu1.5S 

 Antlerite       -48.38  -39.59    8.79  Cu3(OH)4SO4 

 Aragonite        -1.58   -9.73   -8.15  CaCO3 

 Artinite        -14.01   -2.90   11.11  MgCO3:Mg(OH)2:3H2O 

 Atacamite       -33.84  -25.28    8.57  Cu2(OH)3Cl 

 Azurite         -47.28  -62.98  -15.71  Cu3(OH)2(CO3)2 

 Bianchite       -10.89  -12.64   -1.76  ZnSO4:6H2O 

 Birnessite      -28.95  -10.86   18.09  MnO2 

 Bixbyite        -30.05  -29.13    0.92  Mn2O3 

 BlaubleiI         4.46  -19.71  -24.16  Cu0.9Cu0.2S 

 BlaubleiII        4.49  -22.79  -27.28  Cu0.6Cu0.8S 

 Boehmite          0.24   10.30   10.06  AlOOH 

 Brochantite     -65.45  -47.67   17.78  Cu4(OH)6SO4 

 Brucite         -10.04    8.24   18.28  Mg(OH)2 

 Calcite          -1.35   -9.73   -8.38  CaCO3 

 Cd(OH)2         -16.83   -1.99   14.84  Cd(OH)2 

 Cd(OH)2(am)     -16.82   -1.99   14.82  Cd(OH)2 

 Cd3(OH)2(SO4)2  -43.39  -36.68    6.71  Cd3(OH)2(SO4)2 

 Cd3(OH)4SO4     -43.89  -21.33   22.56  Cd3(OH)4SO4 

 Cd4(OH)6SO4     -51.73  -23.33   28.40  Cd4(OH)6SO4 

 CdCl2           -19.80  -20.22   -0.42  CdCl2 

 CdCl2:1H2O      -18.63  -20.22   -1.60  CdCl2:1H2O 

 CdCl2:2.5H2O    -18.22  -20.22   -2.00  CdCl2:2.5H2O 

 Cdmetal(alpha)  -23.87   -9.41   14.46  Cd 

 Cdmetal(gamma)  -23.99   -9.41   14.57  Cd 

 CdOHCl          -15.04  -11.11    3.93  CdOHCl 

 CdSO4           -17.82  -17.34    0.48  CdSO4 

 CdSO4:1H2O      -16.01  -17.34   -1.33  CdSO4:1H2O 

 CdSO4:2.67H2O   -15.70  -17.34   -1.65  CdSO4:2.67H2O 

 Cerrusite        -7.72  -21.17  -13.44  PbCO3 

 CH4(g)           -4.75  -49.04  -44.28  CH4 

 Chalcanthite    -20.71  -23.43   -2.72  CuSO4:5H2O 

 Chalcocite        8.07  -28.97  -37.04  Cu2S 

 Chalcopyrite     13.41  -23.73  -37.14  CuFeS2 

 CO2(g)           -1.17  -19.37  -18.20  CO2 

 Cotunnite       -14.91  -20.02   -5.11  PbCl2 

 Covellite         4.85  -18.68  -23.52  CuS 

 Cu(OH)2         -17.47   -8.08    9.38  Cu(OH)2 

 Cu2(OH)3NO3     -36.87  -26.71   10.17  Cu2(OH)3NO3 

 Cu2SO4          -32.01  -33.72   -1.71  Cu2SO4 

 CuCO3           -15.95  -27.45  -11.50  CuCO3 

 Cumetal          -3.24  -12.89   -9.66  Cu 

 CuOCuSO4        -43.55  -31.51   12.04  CuOCuSO4 

 Cupricferrite   -25.35  -16.71    8.64  CuFe2O4 

 Cuprite         -18.53  -18.37    0.16  Cu2O 

 Cuprousferrite   -4.79  -13.50   -8.72  CuFeO2 

 CuSO4           -27.29  -23.43    3.86  CuSO4 

 Diaspore          2.13   10.30    8.17  AlOOH 

 Djurleite         8.16  -28.29  -36.44  Cu0.066Cu1.868S 

 Dolomite(disordered)  -4.91  -20.87  -15.96  CaMg(CO3)2 

 Dolomite(ordered)  -4.27  -20.87  -16.59  CaMg(CO3)2 

 Epsomite         -4.84   -7.11   -2.27  MgSO4:7H2O 



 Fe(OH)2          -8.02    5.54   13.56  Fe(OH)2 

 Fe(OH)2.7Cl.3    -4.01   -7.05   -3.04  Fe(OH)2.7Cl.3 

 Fe2(SO4)3       -53.99  -54.68   -0.69  Fe2(SO4)3 

 Fe3(OH)8        -23.31   -3.09   20.22  Fe3(OH)8 

 Ferrihydrite     -8.43   -4.32    4.12  Fe(OH)3 

 FeS(ppt)         -2.24   -5.05   -2.81  FeS 

 Galena            2.59  -12.39  -14.98  PbS 

 Gibbsite          0.81   10.30    9.49  Al(OH)3 

 Goethite         -5.57   -4.32    1.25  FeOOH 

 Goslarite       -10.45  -12.64   -2.19  ZnSO4:7H2O 

 Greenockite       2.46  -12.59  -15.05  CdS 

 Greigite         -0.44  -45.47  -45.03  Fe3S4 

 Gypsum           -1.08   -5.71   -4.62  CaSO4:2H2O 

 H-Jarosite      -34.45  -43.65   -9.19  (H3O)Fe3(SO4)2(OH)6 

 H2S(g)           -2.59  -10.60   -8.01  H2S 

 Hausmannite     -33.61   32.72   66.33  Mn3O4 

 Hematite         -8.84   -8.63    0.21  Fe2O3 

 Hercynite        -0.70   26.15   26.85  FeAl2O4 

 Huntite         -14.53  -43.14  -28.61  CaMg3(CO3)4 

 Hydrocerrusite  -25.35  -44.12  -18.77  Pb3(OH)2(CO3)2 

 Hydromagnesite  -30.29  -36.31   -6.01  Mg5(CO3)4(OH)2:4H2O 

 Langite         -67.24  -47.67   19.57  Cu4(OH)6SO4:H2O 

 Larnakite       -18.77  -18.93   -0.16  PbO:PbSO4 

 Laurionite      -11.53  -10.91    0.62  PbOHCl 

 Lepidocrocite    -5.69   -4.32    1.37  FeOOH 

 Lime            -25.50    9.64   35.14  CaO 

 Litharge        -15.31   -1.79   13.52  PbO 

 Mackinawite      -1.45   -5.05   -3.60  FeS 

 Maghemite       -15.02   -8.63    6.39  Fe2O3 

 Magnesioferrite -20.77   -0.40   20.37  Fe2MgO4 

 Magnesite        -3.42  -11.14   -7.71  MgCO3 

 Magnetite        -9.12   -3.09    6.03  Fe3O4 

 Malachite       -29.26  -35.53   -6.27  Cu2(OH)2CO3 

 Manganite       -13.20   12.14   25.34  MnOOH 

 Massicot        -15.53   -1.79   13.74  PbO 

 Melanothallite  -33.37  -26.31    7.06  CuCl2 

 Melanterite      -7.34   -9.80   -2.47  FeSO4:7H2O 

 Mg(OH)2(active) -10.56    8.24   18.79  Mg(OH)2 

 Minium          -76.80    2.04   78.84  Pb3O4 

 Mn2(SO4)3       -71.52  -75.17   -3.65  Mn2(SO4)3 

 MnCl2:4H2O      -12.65   -9.80    2.85  MnCl2:4H2O 

 MnS(grn)         -2.73   -2.16    0.57  MnS 

 MnS(pnk)         -5.50   -2.16    3.34  MnS 

 MnSO4           -10.31   -6.91    3.40  MnSO4 

 Monteponite     -18.40   -1.99   16.41  CdO 

 Nantokite       -11.03  -18.30   -7.27  CuCl 

 Nesquehonite     -6.77  -11.14   -4.36  MgCO3:3H2O 

 Nsutite         -28.36  -10.86   17.50  MnO2 

 O2(g)           -75.46   14.83   90.29  O2 

 Otavite          -9.37  -21.37  -11.99  CdCO3 

 Pb(OH)2         -10.68   -1.79    8.89  Pb(OH)2 

 Pb10(OH)6O(CO3)6-125.41 -134.17   -8.76  Pb10(OH)6O(CO3)6 

 Pb2(OH)3Cl      -21.50  -12.70    8.79  Pb2(OH)3Cl 

 Pb2O(OH)2       -29.78   -3.59   26.19  Pb2O(OH)2 

 Pb2O3           -57.21    3.83   61.04  Pb2O3 

 Pb2OCO3         -22.92  -22.96   -0.04  Pb2OCO3 

 Pb3O2CO3        -37.17  -24.75   12.41  Pb3O2CO3 



 Pb3O2SO4        -32.41  -20.73   11.68  Pb3O2SO4 

 Pb4(OH)6SO4     -43.62  -22.52   21.10  Pb4(OH)6SO4 

 Pb4O3SO4        -46.12  -22.52   23.60  Pb4O3SO4 

 Pbmetal         -13.44   -9.21    4.23  Pb 

 PbO:0.3H2O      -14.77   -1.79   12.98  PbO:0.33H2O 

 Periclase       -15.25    8.24   23.49  MgO 

 Phosgenite      -21.38  -41.19  -19.81  PbCl2:PbCO3 

 Plattnerite     -47.71    5.62   53.33  PbO2 

 Portlandite     -14.78    9.64   24.42  Ca(OH)2 

 Pyrite           10.91   -8.23  -19.14  FeS2 

 Pyrochroite      -7.98    8.43   16.42  Mn(OH)2 

 Pyrolusite      -28.96   15.85   44.81  MnO2 

 Rhodochrosite    -0.38  -10.94  -10.56  MnCO3 

 Siderite         -3.79  -13.83  -10.04  FeCO3 

 Smithsonite      -6.87  -16.67   -9.80  ZnCO3 

 Sphalerite        3.94   -7.89  -11.83  ZnS 

 Spinel          -12.90   28.84   41.74  MgAl2O4 

 Sulfur           -1.24   -3.18   -1.94  S 

 Tenorite        -16.54   -8.08    8.46  CuO 

 Wurtzite          1.33   -7.89   -9.22  ZnS 

 Zincite          -9.76    2.70   12.46  ZnO 

 Zincosite       -17.61  -12.64    4.97  ZnSO4 

 Zn(NO3)2:6H2O   -21.39  -18.39    3.01  Zn(NO3)2:6H2O 

 Zn(OH)2          -9.50    2.70   12.20  Zn(OH)2 

 Zn(OH)2(am)     -10.79    2.70   13.49  Zn(OH)2 

 Zn(OH)2(beta)   -10.10    2.70   12.80  Zn(OH)2 

 Zn(OH)2(epsilon)  -9.86    2.70   12.56  Zn(OH)2 

 Zn(OH)2(gamma)   -9.03    2.70   11.73  Zn(OH)2 

 Zn2(OH)2SO4     -17.44   -9.94    7.50  Zn2(OH)2SO4 

 Zn2(OH)3Cl      -18.90   -3.71   15.19  Zn2(OH)3Cl 

 Zn3O(SO4)2      -44.75  -22.58   22.16  Zn3O(SO4)2 

 Zn4(OH)6SO4     -32.93   -4.53   28.40  Zn4(OH)6SO4 

 Zn5(OH)8Cl2     -43.21   -4.71   38.50  Zn5(OH)8Cl2 

 ZnCl2           -23.49  -15.53    7.96  ZnCl2 

 ZnCO3:1H2O       -6.41  -16.67  -10.26  ZnCO3:1H2O 

 Znmetal         -32.43   -4.71   27.72  Zn 

 ZnO(active)      -9.60    2.70   12.31  ZnO 

 ZnS(am)           1.35   -7.89   -9.25  ZnS 

 ZnSO4:1H2O      -12.56  -12.64   -0.08  ZnSO4:1H2O 

 

Initial solution 2.  Chitin_Effluent_9/4/08  

 

-----------------------------Solution composition----------------------------

-- 

 

 Elements           Molality       Moles 

 

 Al               3.598e-006  3.598e-006 

 Alkalinity       8.317e-003  8.317e-003 

 Ca               5.719e-003  5.719e-003 

 Cd               1.781e-009  1.781e-009 

 Cl               8.914e-004  8.914e-004  Charge balance 

 Cu               2.835e-008  2.835e-008 

 Fe               1.972e-007  1.972e-007 

 Mg               3.171e-004  3.171e-004 

 Mn               8.928e-005  8.928e-005 

 N(-3)            4.216e-004  4.216e-004 



 N(5)             6.860e-005  6.860e-005 

 Pb               2.174e-008  2.174e-008 

 S(-2)            4.682e-004  4.682e-004 

 S(6)             1.709e-003  1.709e-003 

 Zn               5.051e-006  5.051e-006 

 

----------------------------Description of solution--------------------------

-- 

 

                                       pH  =   7.000     

                                       pe  =  -3.700     

                        Activity of water  =   1.000 

                           Ionic strength  =  1.817e-002 

                       Mass of water (kg)  =  1.000e+000 

                    Total carbon (mol/kg)  =  1.014e-002 

                       Total CO2 (mol/kg)  =  1.014e-002 

                      Temperature (deg C)  =   4.600 

                  Electrical balance (eq)  = -1.422e-017 

 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =  -0.00 

                               Iterations  =  11 

                                  Total H  = 1.110283e+002 

                                  Total O  = 5.554432e+001 

 

---------------------------------Redox couples-------------------------------

-- 

 

 Redox couple             pe  Eh (volts) 

 

 N(-3)/N(5)           7.2964      0.4021 

 S(-2)/S(6)          -3.4809     -0.1918 

 

----------------------------Distribution of species--------------------------

-- 

 

                                                   Log       Log         Log  

   Species                 Molality    Activity  Molality  Activity     Gamma 

 

   H+                    1.138e-007  1.000e-007    -6.944    -7.000    -0.056 

   OH-                   2.200e-008  1.926e-008    -7.658    -7.715    -0.058 

   H2O                   5.551e+001  9.997e-001     1.744    -0.000     0.000 

Al              3.598e-006 

   Al(OH)3               2.179e-006  2.179e-006    -5.662    -5.662     0.000 

   Al(OH)2+              1.228e-006  1.085e-006    -5.911    -5.965    -0.054 

   Al(OH)4-              1.852e-007  1.629e-007    -6.732    -6.788    -0.056 

   AlOH+2                5.404e-009  3.291e-009    -8.267    -8.483    -0.215 

   Al+3                  4.301e-010  1.348e-010    -9.366    -9.870    -0.504 

   AlSO4+                3.904e-010  3.435e-010    -9.408    -9.464    -0.056 

   Al(SO4)2-             5.073e-012  4.463e-012   -11.295   -11.350    -0.056 

C(4)            1.014e-002 

   HCO3-                 7.832e-003  6.919e-003    -2.106    -2.160    -0.054 

   H2CO3                 2.041e-003  2.041e-003    -2.690    -2.690     0.000 

   CaHCO3+               2.425e-004  2.148e-004    -3.615    -3.668    -0.053 

   MgHCO3+               1.220e-005  1.071e-005    -4.914    -4.970    -0.057 

   CaCO3                 6.260e-006  6.260e-006    -5.203    -5.203     0.000 

   MnHCO3+               5.939e-006  5.238e-006    -5.226    -5.281    -0.055 

   CO3-2                 3.525e-006  2.105e-006    -5.453    -5.677    -0.224 

   MgCO3                 2.088e-007  2.088e-007    -6.680    -6.680     0.000 



   FeHCO3+               6.039e-010  5.349e-010    -9.219    -9.272    -0.053 

   ZnHCO3+               4.811e-013  4.127e-013   -12.318   -12.384    -0.067 

   ZnCO3                 3.521e-013  3.521e-013   -12.453   -12.453     0.000 

   PbCO3                 3.558e-015  3.558e-015   -14.449   -14.449     0.000 

   PbHCO3+               2.187e-015  1.876e-015   -14.660   -14.727    -0.067 

   Pb(CO3)2-2            3.988e-017  2.160e-017   -16.399   -16.666    -0.266 

   CdCO3                 2.499e-018  2.499e-018   -17.602   -17.602     0.000 

   CdHCO3+               6.206e-019  5.324e-019   -18.207   -18.274    -0.067 

   Cd(CO3)2-2            7.199e-021  3.899e-021   -20.143   -20.409    -0.266 

   CuCO3                 2.394e-023  2.394e-023   -22.621   -22.621     0.000 

   CuHCO3+               6.379e-025  5.472e-025   -24.195   -24.262    -0.067 

   Cu(CO3)2-2            2.504e-025  1.356e-025   -24.601   -24.868    -0.266 

Ca              5.719e-003 

   Ca+2                  5.049e-003  3.015e-003    -2.297    -2.521    -0.224 

   CaSO4                 4.211e-004  4.211e-004    -3.376    -3.376     0.000 

   CaHCO3+               2.425e-004  2.148e-004    -3.615    -3.668    -0.053 

   CaCO3                 6.260e-006  6.260e-006    -5.203    -5.203     0.000 

   CaNO3+                7.775e-007  6.670e-007    -6.109    -6.176    -0.067 

   CaNH3+2               1.423e-008  7.706e-009    -7.847    -8.113    -0.266 

   CaOH+                 1.023e-009  9.061e-010    -8.990    -9.043    -0.053 

   Ca(NH3)2+2            1.150e-014  6.229e-015   -13.939   -14.206    -0.266 

Cd              1.781e-009 

   Cd(HS)2               1.756e-009  1.756e-009    -8.756    -8.756     0.000 

   Cd(HS)3-              2.338e-011  2.006e-011   -10.631   -10.698    -0.067 

   CdHS+                 8.896e-013  7.631e-013   -12.051   -12.117    -0.067 

   Cd(HS)4-2             8.367e-013  4.531e-013   -12.077   -12.344    -0.266 

   Cd+2                  8.723e-017  5.209e-017   -16.059   -16.283    -0.224 

   CdSO4                 7.101e-018  7.101e-018   -17.149   -17.149     0.000 

   CdCl+                 4.411e-018  3.784e-018   -17.355   -17.422    -0.067 

   CdCO3                 2.499e-018  2.499e-018   -17.602   -17.602     0.000 

   CdHCO3+               6.206e-019  5.324e-019   -18.207   -18.274    -0.067 

   Cd(SO4)2-2            1.723e-019  9.329e-020   -18.764   -19.030    -0.266 

   CdNO3+                2.133e-020  1.829e-020   -19.671   -19.738    -0.067 

   CdCl2                 1.165e-020  1.165e-020   -19.934   -19.934     0.000 

   CdOH+                 9.570e-021  8.210e-021   -20.019   -20.086    -0.067 

   CdOHCl                9.380e-021  9.380e-021   -20.028   -20.028     0.000 

   Cd(CO3)2-2            7.199e-021  3.899e-021   -20.143   -20.409    -0.266 

   Cd(OH)2               2.645e-023  2.645e-023   -22.578   -22.578     0.000 

   CdCl3-                5.455e-024  4.680e-024   -23.263   -23.330    -0.067 

   Cd(NO3)2              2.934e-025  2.934e-025   -24.533   -24.533     0.000 

   Cd(OH)3-              1.896e-028  1.627e-028   -27.722   -27.789    -0.067 

   Cd2OH+3               1.112e-035  2.798e-036   -34.954   -35.553    -0.599 

   Cd(OH)4-2             4.949e-036  2.680e-036   -35.305   -35.572    -0.266 

Cl              8.914e-004 

   Cl-                   8.913e-004  7.835e-004    -3.050    -3.106    -0.056 

   MnCl+                 4.778e-008  4.213e-008    -7.321    -7.375    -0.055 

   MnCl2                 4.663e-011  4.663e-011   -10.331   -10.331     0.000 

   MnCl3-                1.141e-014  1.006e-014   -13.943   -13.997    -0.055 

   ZnCl+                 5.555e-015  4.876e-015   -14.255   -14.312    -0.057 

   ZnOHCl                7.540e-016  7.540e-016   -15.123   -15.123     0.000 

   PbCl+                 1.408e-017  1.208e-017   -16.851   -16.918    -0.067 

   CdCl+                 4.411e-018  3.784e-018   -17.355   -17.422    -0.067 

   ZnCl2                 2.374e-018  2.374e-018   -17.624   -17.624     0.000 

   CuCl                  2.302e-018  2.302e-018   -17.638   -17.638     0.000 

   CuCl2-                4.523e-019  3.970e-019   -18.345   -18.401    -0.057 

   PbCl2                 3.835e-020  3.835e-020   -19.416   -19.416     0.000 

   CdCl2                 1.165e-020  1.165e-020   -19.934   -19.934     0.000 



   CdOHCl                9.380e-021  9.380e-021   -20.028   -20.028     0.000 

   ZnCl3-                1.540e-021  1.352e-021   -20.812   -20.869    -0.057 

   CuCl3-2               1.011e-022  6.113e-023   -21.995   -22.214    -0.218 

   PbCl3-                1.767e-023  1.516e-023   -22.753   -22.819    -0.067 

   CdCl3-                5.455e-024  4.680e-024   -23.263   -23.330    -0.067 

   ZnCl4-2               7.364e-025  4.453e-025   -24.133   -24.351    -0.218 

   PbCl4-2               7.288e-027  3.947e-027   -26.137   -26.404    -0.266 

   CuCl+                 2.137e-027  1.876e-027   -26.670   -26.727    -0.057 

   FeCl+2                1.623e-027  9.815e-028   -26.790   -27.008    -0.218 

   FeCl2+                7.700e-030  6.790e-030   -29.114   -29.168    -0.055 

   CuCl2                 1.760e-031  1.760e-031   -30.754   -30.754     0.000 

   FeCl3                 5.320e-034  5.320e-034   -33.274   -33.274     0.000 

   CuCl3-                9.949e-037  8.732e-037   -36.002   -36.059    -0.057 

   CuCl4-2               0.000e+000  0.000e+000   -40.928   -41.147    -0.218 

Cu(1)           2.782e-008 

   Cu(S4)2-3             2.356e-008  1.185e-008    -7.628    -7.926    -0.298 

   CuS4S5-3              4.263e-009  2.207e-009    -8.370    -8.656    -0.286 

   Cu+                   2.720e-018  2.334e-018   -17.565   -17.632    -0.067 

   CuCl                  2.302e-018  2.302e-018   -17.638   -17.638     0.000 

   CuCl2-                4.523e-019  3.970e-019   -18.345   -18.401    -0.057 

   CuCl3-2               1.011e-022  6.113e-023   -21.995   -22.214    -0.218 

Cu(2)           5.311e-010 

   Cu(HS)3-              5.311e-010  4.556e-010    -9.275    -9.341    -0.067 

   CuCO3                 2.394e-023  2.394e-023   -22.621   -22.621     0.000 

   Cu+2                  3.235e-024  1.932e-024   -23.490   -23.714    -0.224 

   CuHCO3+               6.379e-025  5.472e-025   -24.195   -24.262    -0.067 

   CuNH3+2               6.256e-025  3.388e-025   -24.204   -24.470    -0.266 

   CuSO4                 2.574e-025  2.574e-025   -24.589   -24.589     0.000 

   Cu(CO3)2-2            2.504e-025  1.356e-025   -24.601   -24.868    -0.266 

   CuOH+                 2.425e-025  2.128e-025   -24.615   -24.672    -0.057 

   Cu(OH)2               1.235e-026  1.235e-026   -25.908   -25.908     0.000 

   CuCl+                 2.137e-027  1.876e-027   -26.670   -26.727    -0.057 

   CuNO3+                4.794e-028  4.113e-028   -27.319   -27.386    -0.067 

   Cu(OH)3-              2.973e-030  2.550e-030   -29.527   -29.593    -0.067 

   CuCl2                 1.760e-031  1.760e-031   -30.754   -30.754     0.000 

   Cu(NO3)2              2.734e-033  2.734e-033   -32.563   -32.563     0.000 

   Cu(OH)4-2             3.730e-036  2.020e-036   -35.428   -35.695    -0.266 

   CuCl3-                9.949e-037  8.732e-037   -36.002   -36.059    -0.057 

   CuCl4-2               0.000e+000  0.000e+000   -40.928   -41.147    -0.218 

   Cu2(OH)2+2            0.000e+000  0.000e+000   -44.742   -45.008    -0.266 

Fe(2)           1.972e-007 

   Fe(HS)2               1.745e-007  1.745e-007    -6.758    -6.758     0.000 

   Fe+2                  1.747e-008  9.464e-009    -7.758    -8.024    -0.266 

   Fe(HS)3-              3.186e-009  2.733e-009    -8.497    -8.563    -0.067 

   FeSO4                 1.379e-009  1.379e-009    -8.860    -8.860     0.000 

   FeHCO3+               6.039e-010  5.349e-010    -9.219    -9.272    -0.053 

   FeOH+                 8.230e-012  7.258e-012   -11.085   -11.139    -0.055 

   Fe(OH)2               8.762e-017  8.762e-017   -16.057   -16.057     0.000 

   Fe(OH)3-              2.585e-018  2.280e-018   -17.588   -17.642    -0.055 

Fe(3)           2.375e-016 

   Fe(OH)2+              2.362e-016  2.087e-016   -15.627   -15.681    -0.054 

   Fe(OH)3               1.042e-018  1.042e-018   -17.982   -17.982     0.000 

   Fe(OH)4-              2.394e-019  2.114e-019   -18.621   -18.675    -0.054 

   FeOH+2                2.553e-021  1.544e-021   -20.593   -20.811    -0.218 

   FeSO4+                3.743e-025  3.301e-025   -24.427   -24.481    -0.055 

   Fe+3                  2.616e-025  8.199e-026   -24.582   -25.086    -0.504 

   Fe(SO4)2-             7.352e-027  6.307e-027   -26.134   -26.200    -0.067 



   FeCl+2                1.623e-027  9.815e-028   -26.790   -27.008    -0.218 

   FeNO3+2               2.701e-028  1.463e-028   -27.568   -27.835    -0.266 

   FeCl2+                7.700e-030  6.790e-030   -29.114   -29.168    -0.055 

   FeCl3                 5.320e-034  5.320e-034   -33.274   -33.274     0.000 

   Fe2(OH)2+4            1.983e-039  1.705e-040   -38.703   -39.768    -1.065 

   Fe3(OH)4+5            0.000e+000  0.000e+000   -52.722   -54.387    -1.665 

H(0)            1.606e-010 

   H2                    8.028e-011  8.062e-011   -10.095   -10.094     0.002 

Mg              3.171e-004 

   Mg+2                  2.851e-004  1.702e-004    -3.545    -3.769    -0.224 

   MgSO4                 1.963e-005  1.963e-005    -4.707    -4.707     0.000 

   MgHCO3+               1.220e-005  1.071e-005    -4.914    -4.970    -0.057 

   MgCO3                 2.088e-007  2.088e-007    -6.680    -6.680     0.000 

   MgOH+                 1.031e-009  9.149e-010    -8.987    -9.039    -0.052 

Mn(2)           8.928e-005 

   Mn+2                  7.886e-005  4.271e-005    -4.103    -4.369    -0.266 

   MnHCO3+               5.939e-006  5.238e-006    -5.226    -5.281    -0.055 

   MnSO4                 4.417e-006  4.417e-006    -5.355    -5.355     0.000 

   MnCl+                 4.778e-008  4.213e-008    -7.321    -7.375    -0.055 

   MnNO3+                4.704e-009  4.036e-009    -8.327    -8.394    -0.067 

   MnOH+                 2.344e-009  2.067e-009    -8.630    -8.685    -0.055 

   MnCl2                 4.663e-011  4.663e-011   -10.331   -10.331     0.000 

   Mn(NO3)2              6.348e-013  6.348e-013   -12.197   -12.197     0.000 

   MnCl3-                1.141e-014  1.006e-014   -13.943   -13.997    -0.055 

   Mn(OH)3-              7.669e-019  6.763e-019   -18.115   -18.170    -0.055 

   Mn(OH)4-2             3.634e-025  2.198e-025   -24.440   -24.658    -0.218 

Mn(3)           8.250e-035 

   Mn+3                  8.250e-035  2.586e-035   -34.084   -34.587    -0.504 

Mn(6)           0.000e+000 

   MnO4-2                0.000e+000  0.000e+000   -89.646   -89.865    -0.218 

Mn(7)           0.000e+000 

   MnO4-                 0.000e+000  0.000e+000  -104.095  -104.154    -0.059 

N(-3)           4.216e-004 

   NH4+                  4.089e-004  3.561e-004    -3.388    -3.448    -0.060 

   NH3                   9.477e-006  9.477e-006    -5.023    -5.023     0.000 

   NH4SO4-               3.256e-006  2.872e-006    -5.487    -5.542    -0.055 

   CaNH3+2               1.423e-008  7.706e-009    -7.847    -8.113    -0.266 

   Ca(NH3)2+2            1.150e-014  6.229e-015   -13.939   -14.206    -0.266 

   CuNH3+2               6.256e-025  3.388e-025   -24.204   -24.470    -0.266 

N(5)            6.860e-005 

   NO3-                  6.782e-005  5.962e-005    -4.169    -4.225    -0.056 

   CaNO3+                7.775e-007  6.670e-007    -6.109    -6.176    -0.067 

   MnNO3+                4.704e-009  4.036e-009    -8.327    -8.394    -0.067 

   Mn(NO3)2              6.348e-013  6.348e-013   -12.197   -12.197     0.000 

   ZnNO3+                5.816e-016  4.989e-016   -15.235   -15.302    -0.067 

   PbNO3+                5.448e-019  4.674e-019   -18.264   -18.330    -0.067 

   CdNO3+                2.133e-020  1.829e-020   -19.671   -19.738    -0.067 

   Zn(NO3)2              5.179e-021  5.179e-021   -20.286   -20.286     0.000 

   Pb(NO3)2              6.106e-023  6.106e-023   -22.214   -22.214     0.000 

   Cd(NO3)2              2.934e-025  2.934e-025   -24.533   -24.533     0.000 

   CuNO3+                4.794e-028  4.113e-028   -27.319   -27.386    -0.067 

   FeNO3+2               2.701e-028  1.463e-028   -27.568   -27.835    -0.266 

   Cu(NO3)2              2.734e-033  2.734e-033   -32.563   -32.563     0.000 

O(0)            0.000e+000 

   O2                    0.000e+000  0.000e+000   -78.107   -78.106     0.002 

Pb              2.174e-008 

   Pb(HS)2               2.167e-008  2.167e-008    -7.664    -7.664     0.000 



   Pb(HS)3-              7.248e-011  6.218e-011   -10.140   -10.206    -0.067 

   PbCO3                 3.558e-015  3.558e-015   -14.449   -14.449     0.000 

   PbHCO3+               2.187e-015  1.876e-015   -14.660   -14.727    -0.067 

   Pb+2                  9.418e-016  5.624e-016   -15.026   -15.250    -0.224 

   PbSO4                 2.073e-016  2.073e-016   -15.683   -15.683     0.000 

   PbOH+                 1.658e-016  1.422e-016   -15.781   -15.847    -0.067 

   Pb(CO3)2-2            3.988e-017  2.160e-017   -16.399   -16.666    -0.266 

   PbCl+                 1.408e-017  1.208e-017   -16.851   -16.918    -0.067 

   Pb(SO4)2-2            1.736e-018  9.400e-019   -17.761   -18.027    -0.266 

   PbNO3+                5.448e-019  4.674e-019   -18.264   -18.330    -0.067 

   Pb(OH)2               4.526e-019  4.526e-019   -18.344   -18.344     0.000 

   PbCl2                 3.835e-020  3.835e-020   -19.416   -19.416     0.000 

   Pb(NO3)2              6.106e-023  6.106e-023   -22.214   -22.214     0.000 

   Pb(OH)3-              5.311e-023  4.556e-023   -22.275   -22.341    -0.067 

   PbCl3-                1.767e-023  1.516e-023   -22.753   -22.819    -0.067 

   PbCl4-2               7.288e-027  3.947e-027   -26.137   -26.404    -0.266 

   Pb(OH)4-2             2.074e-027  1.123e-027   -26.683   -26.950    -0.266 

   Pb2OH+3               5.037e-030  1.267e-030   -29.298   -29.897    -0.599 

   Pb3(OH)4+2            0.000e+000  0.000e+000   -42.855   -43.121    -0.266 

   Pb4(OH)4+4            0.000e+000  0.000e+000   -53.058   -54.124    -1.065 

S(-2)           4.682e-004 

   H2S                   2.890e-004  2.890e-004    -3.539    -3.539     0.000 

   HS-                   1.677e-004  1.438e-004    -3.776    -3.842    -0.067 

   ZnS(HS)-              4.527e-006  3.883e-006    -5.344    -5.411    -0.067 

   Zn(HS)2               3.974e-007  3.974e-007    -6.401    -6.401     0.000 

   S5-2                  3.761e-007  2.037e-007    -6.425    -6.691    -0.266 

   S6-2                  3.493e-007  1.892e-007    -6.457    -6.723    -0.266 

   Fe(HS)2               1.745e-007  1.745e-007    -6.758    -6.758     0.000 

   Zn(HS)3-              1.270e-007  1.089e-007    -6.896    -6.963    -0.067 

   S4-2                  9.073e-008  4.914e-008    -7.042    -7.309    -0.266 

   Cu(S4)2-3             2.356e-008  1.185e-008    -7.628    -7.926    -0.298 

   Pb(HS)2               2.167e-008  2.167e-008    -7.664    -7.664     0.000 

   S3-2                  1.302e-008  7.050e-009    -7.885    -8.152    -0.266 

   CuS4S5-3              4.263e-009  2.207e-009    -8.370    -8.656    -0.286 

   Fe(HS)3-              3.186e-009  2.733e-009    -8.497    -8.563    -0.067 

   Cd(HS)2               1.756e-009  1.756e-009    -8.756    -8.756     0.000 

   S2-2                  1.108e-009  5.998e-010    -8.956    -9.222    -0.266 

   Cu(HS)3-              5.311e-010  4.556e-010    -9.275    -9.341    -0.067 

   ZnS(HS)2-2            2.106e-010  1.140e-010    -9.677    -9.943    -0.266 

   Pb(HS)3-              7.248e-011  6.218e-011   -10.140   -10.206    -0.067 

   Cd(HS)3-              2.338e-011  2.006e-011   -10.631   -10.698    -0.067 

   Zn(HS)4-2             1.003e-012  5.432e-013   -11.999   -12.265    -0.266 

   CdHS+                 8.896e-013  7.631e-013   -12.051   -12.117    -0.067 

   Cd(HS)4-2             8.367e-013  4.531e-013   -12.077   -12.344    -0.266 

   S-2                   2.759e-015  1.668e-015   -14.559   -14.778    -0.218 

S(6)            1.709e-003 

   SO4-2                 1.260e-003  7.526e-004    -2.900    -3.123    -0.224 

   CaSO4                 4.211e-004  4.211e-004    -3.376    -3.376     0.000 

   MgSO4                 1.963e-005  1.963e-005    -4.707    -4.707     0.000 

   MnSO4                 4.417e-006  4.417e-006    -5.355    -5.355     0.000 

   NH4SO4-               3.256e-006  2.872e-006    -5.487    -5.542    -0.055 

   HSO4-                 4.356e-009  3.832e-009    -8.361    -8.417    -0.056 

   FeSO4                 1.379e-009  1.379e-009    -8.860    -8.860     0.000 

   AlSO4+                3.904e-010  3.435e-010    -9.408    -9.464    -0.056 

   Al(SO4)2-             5.073e-012  4.463e-012   -11.295   -11.350    -0.056 

   ZnSO4                 3.983e-013  3.983e-013   -12.400   -12.400     0.000 

   Zn(SO4)2-2            5.793e-015  3.137e-015   -14.237   -14.503    -0.266 



   PbSO4                 2.073e-016  2.073e-016   -15.683   -15.683     0.000 

   CdSO4                 7.101e-018  7.101e-018   -17.149   -17.149     0.000 

   Pb(SO4)2-2            1.736e-018  9.400e-019   -17.761   -18.027    -0.266 

   Cd(SO4)2-2            1.723e-019  9.329e-020   -18.764   -19.030    -0.266 

   FeSO4+                3.743e-025  3.301e-025   -24.427   -24.481    -0.055 

   CuSO4                 2.574e-025  2.574e-025   -24.589   -24.589     0.000 

   Fe(SO4)2-             7.352e-027  6.307e-027   -26.134   -26.200    -0.067 

Zn              5.051e-006 

   ZnS(HS)-              4.527e-006  3.883e-006    -5.344    -5.411    -0.067 

   Zn(HS)2               3.974e-007  3.974e-007    -6.401    -6.401     0.000 

   Zn(HS)3-              1.270e-007  1.089e-007    -6.896    -6.963    -0.067 

   ZnS(HS)2-2            2.106e-010  1.140e-010    -9.677    -9.943    -0.266 

   Zn+2                  4.869e-012  2.907e-012   -11.313   -11.537    -0.224 

   Zn(HS)4-2             1.003e-012  5.432e-013   -11.999   -12.265    -0.266 

   ZnHCO3+               4.811e-013  4.127e-013   -12.318   -12.384    -0.067 

   ZnSO4                 3.983e-013  3.983e-013   -12.400   -12.400     0.000 

   ZnCO3                 3.521e-013  3.521e-013   -12.453   -12.453     0.000 

   ZnOH+                 6.528e-015  5.600e-015   -14.185   -14.252    -0.067 

   Zn(SO4)2-2            5.793e-015  3.137e-015   -14.237   -14.503    -0.266 

   ZnCl+                 5.555e-015  4.876e-015   -14.255   -14.312    -0.057 

   ZnOHCl                7.540e-016  7.540e-016   -15.123   -15.123     0.000 

   ZnNO3+                5.816e-016  4.989e-016   -15.235   -15.302    -0.067 

   Zn(OH)2               4.669e-016  4.669e-016   -15.331   -15.331     0.000 

   ZnCl2                 2.374e-018  2.374e-018   -17.624   -17.624     0.000 

   Zn(OH)3-              2.746e-019  2.355e-019   -18.561   -18.628    -0.067 

   Zn(NO3)2              5.179e-021  5.179e-021   -20.286   -20.286     0.000 

   ZnCl3-                1.540e-021  1.352e-021   -20.812   -20.869    -0.057 

   Zn(OH)4-2             1.743e-024  9.438e-025   -23.759   -24.025    -0.266 

   ZnCl4-2               7.364e-025  4.453e-025   -24.133   -24.351    -0.218 

 

------------------------------Saturation indices-----------------------------

-- 

 

 Phase               SI log IAP  log KT 

 

 Al(OH)3(am)      -1.10   11.13   12.23  Al(OH)3 

 Al2O3            -0.72   22.26   22.98  Al2O3 

 Al4(OH)10SO4      4.69   27.39   22.70  Al4(OH)10SO4 

 AlOHSO4          -2.76   -5.99   -3.23  AlOHSO4 

 Anglesite       -10.43  -18.37   -7.94  PbSO4 

 Anhydrite        -1.38   -5.64   -4.27  CaSO4 

 Anilite           5.00  -29.22  -34.22  Cu0.25Cu1.5S 

 Antlerite       -55.05  -46.27    8.79  Cu3(OH)4SO4 

 Aragonite        -0.05   -8.20   -8.15  CaCO3 

 Artinite        -10.36    0.78   11.15  MgCO3:Mg(OH)2:3H2O 

 Atacamite       -38.13  -29.53    8.59  Cu2(OH)3Cl 

 Azurite         -52.82  -68.50  -15.68  Cu3(OH)2(CO3)2 

 Bianchite       -12.90  -14.66   -1.76  ZnSO4:6H2O 

 Birnessite      -28.16  -10.07   18.09  MnO2 

 Bixbyite        -28.13  -27.18    0.96  Mn2O3 

 BlaubleiI         2.45  -21.71  -24.16  Cu0.9Cu0.2S 

 BlaubleiII        2.10  -25.18  -27.28  Cu0.6Cu0.8S 

 Boehmite          1.04   11.13   10.09  AlOOH 

 Brochantite     -73.81  -55.98   17.83  Cu4(OH)6SO4 

 Brucite          -8.08   10.23   18.31  Mg(OH)2 

 Calcite           0.18   -8.20   -8.38  CaCO3 

 Cd(OH)2         -17.15   -2.28   14.86  Cd(OH)2 



 Cd(OH)2(am)     -17.13   -2.28   14.85  Cd(OH)2 

 Cd3(OH)2(SO4)2  -47.81  -41.10    6.71  Cd3(OH)2(SO4)2 

 Cd3(OH)4SO4     -46.53  -23.97   22.56  Cd3(OH)4SO4 

 Cd4(OH)6SO4     -54.66  -26.26   28.40  Cd4(OH)6SO4 

 CdCl2           -22.08  -22.50   -0.42  CdCl2 

 CdCl2:1H2O      -20.90  -22.50   -1.60  CdCl2:1H2O 

 CdCl2:2.5H2O    -20.49  -22.50   -2.01  CdCl2:2.5H2O 

 Cdmetal(alpha)  -23.81   -9.32   14.48  Cd 

 Cdmetal(gamma)  -23.92   -9.32   14.59  Cd 

 CdOHCl          -16.32  -12.39    3.94  CdOHCl 

 CdSO4           -19.90  -19.41    0.50  CdSO4 

 CdSO4:1H2O      -18.09  -19.41   -1.32  CdSO4:1H2O 

 CdSO4:2.67H2O   -17.77  -19.41   -1.64  CdSO4:2.67H2O 

 Cerrusite        -7.48  -20.93  -13.45  PbCO3 

 CH4(g)           -3.48  -47.83  -44.35  CH4 

 Chalcanthite    -24.12  -26.84   -2.72  CuSO4:5H2O 

 Chalcocite        4.98  -32.11  -37.08  Cu2S 

 Chalcopyrite     11.76  -25.42  -37.18  CuFeS2 

 CO2(g)           -1.48  -19.68  -18.20  CO2 

 Cotunnite       -16.35  -21.46   -5.12  PbCl2 

 Covellite         2.99  -20.56  -23.55  CuS 

 Cu(OH)2         -19.11   -9.71    9.40  Cu(OH)2 

 Cu2(OH)3NO3     -40.84  -30.65   10.19  Cu2(OH)3NO3 

 Cu2SO4          -36.68  -38.39   -1.70  Cu2SO4 

 CuCO3           -17.89  -29.39  -11.50  CuCO3 

 Cumetal          -4.47  -14.15   -9.68  Cu 

 CuOCuSO4        -48.63  -36.55   12.08  CuOCuSO4 

 Cupricferrite   -26.58  -17.89    8.69  CuFe2O4 

 Cuprite         -21.45  -21.26    0.19  Cu2O 

 Cuprousferrite   -6.01  -14.72   -8.71  CuFeO2 

 CuSO4           -30.72  -26.84    3.88  CuSO4 

 Diaspore          2.93   11.13    8.20  AlOOH 

 Djurleite         5.15  -31.34  -36.50  Cu0.066Cu1.868S 

 Dolomite(disordered)  -1.70  -17.64  -15.94  CaMg(CO3)2 

 Dolomite(ordered)  -1.06  -17.64  -16.58  CaMg(CO3)2 

 Epsomite         -4.62   -6.89   -2.28  MgSO4:7H2O 

 Fe(OH)2          -7.59    5.98   13.56  Fe(OH)2 

 Fe(OH)2.7Cl.3    -4.08   -7.12   -3.04  Fe(OH)2.7Cl.3 

 Fe2(SO4)3       -58.92  -59.54   -0.62  Fe2(SO4)3 

 Fe3(OH)8        -22.42   -2.20   20.22  Fe3(OH)8 

 Ferrihydrite     -8.22   -4.09    4.14  Fe(OH)3 

 FeS(ppt)         -2.06   -4.87   -2.81  FeS 

 Galena            2.91  -12.09  -15.00  PbS 

 Gibbsite          1.61   11.13    9.52  Al(OH)3 

 Goethite         -5.36   -4.09    1.27  FeOOH 

 Goslarite       -12.47  -14.66   -2.19  ZnSO4:7H2O 

 Greenockite       1.94  -13.13  -15.07  CdS 

 Greigite         -0.53  -45.56  -45.03  Fe3S4 

 Gypsum           -1.02   -5.64   -4.62  CaSO4:2H2O 

 H-Jarosite      -37.38  -46.51   -9.13  (H3O)Fe3(SO4)2(OH)6 

 H2S(g)           -2.83  -10.84   -8.01  H2S 

 Hausmannite     -30.52   35.93   66.45  Mn3O4 

 Hematite         -8.41   -8.17    0.24  Fe2O3 

 Hercynite         1.30   28.23   26.93  FeAl2O4 

 Huntite          -7.95  -36.53  -28.58  CaMg3(CO3)4 

 Hydrocerrusite  -24.33  -43.10  -18.77  Pb3(OH)2(CO3)2 

 Hydromagnesite  -21.60  -27.55   -5.96  Mg5(CO3)4(OH)2:4H2O 



 Langite         -75.60  -55.98   19.62  Cu4(OH)6SO4:H2O 

 Larnakite       -19.47  -19.62   -0.15  PbO:PbSO4 

 Laurionite      -11.98  -11.36    0.62  PbOHCl 

 Lepidocrocite    -5.46   -4.09    1.37  FeOOH 

 Lime            -23.72   11.48   35.19  CaO 

 Litharge        -14.79   -1.25   13.54  PbO 

 Mackinawite      -1.27   -4.87   -3.60  FeS 

 Maghemite       -14.56   -8.17    6.39  Fe2O3 

 Magnesioferrite -18.39    2.06   20.45  Fe2MgO4 

 Magnesite        -1.73   -9.45   -7.72  MgCO3 

 Magnetite        -8.28   -2.20    6.09  Fe3O4 

 Malachite       -32.82  -39.11   -6.29  Cu2(OH)2CO3 

 Manganite       -12.19   13.15   25.34  MnOOH 

 Massicot        -15.00   -1.25   13.75  PbO 

 Melanothallite  -37.00  -29.93    7.07  CuCl2 

 Melanterite      -8.68  -11.15   -2.47  FeSO4:7H2O 

 Mg(OH)2(active)  -8.56   10.23   18.79  Mg(OH)2 

 Minium          -75.66    3.29   78.95  Pb3O4 

 Mn2(SO4)3       -74.94  -78.55   -3.61  Mn2(SO4)3 

 MnCl2:4H2O      -13.44  -10.58    2.85  MnCl2:4H2O 

 MnS(grn)         -1.79   -1.21    0.58  MnS 

 MnS(pnk)         -4.55   -1.21    3.34  MnS 

 MnSO4           -10.91   -7.49    3.42  MnSO4 

 Monteponite     -18.72   -2.28   16.43  CdO 

 Nantokite       -13.46  -20.74   -7.28  CuCl 

 Nesquehonite     -5.09   -9.45   -4.36  MgCO3:3H2O 

 Nsutite         -27.57  -10.07   17.50  MnO2 

 O2(g)           -76.37   14.08   90.44  O2 

 Otavite          -9.97  -21.96  -11.99  CdCO3 

 Pb(OH)2         -10.15   -1.25    8.90  Pb(OH)2 

 Pb10(OH)6O(CO3)6-121.80 -130.56   -8.76  Pb10(OH)6O(CO3)6 

 Pb2(OH)3Cl      -21.40  -12.61    8.79  Pb2(OH)3Cl 

 Pb2O(OH)2       -28.69   -2.50   26.19  Pb2O(OH)2 

 Pb2O3           -56.50    4.54   61.04  Pb2O3 

 Pb2OCO3         -22.14  -22.18   -0.03  Pb2OCO3 

 Pb3O2CO3        -35.87  -23.43   12.44  Pb3O2CO3 

 Pb3O2SO4        -32.58  -20.87   11.70  Pb3O2SO4 

 Pb4(OH)6SO4     -43.22  -22.12   21.10  Pb4(OH)6SO4 

 Pb4O3SO4        -45.76  -22.12   23.63  Pb4O3SO4 

 Pbmetal         -12.52   -8.29    4.23  Pb 

 PbO:0.3H2O      -14.23   -1.25   12.98  PbO:0.33H2O 

 Periclase       -13.30   10.23   23.53  MgO 

 Phosgenite      -22.58  -42.39  -19.81  PbCl2:PbCO3 

 Plattnerite     -47.62    5.79   53.41  PbO2 

 Portlandite     -12.98   11.48   24.46  Ca(OH)2 

 Pyrite           10.48   -8.67  -19.15  FeS2 

 Pyrochroite      -6.81    9.63   16.44  Mn(OH)2 

 Pyrolusite      -28.21   16.67   44.88  MnO2 

 Rhodochrosite     0.51  -10.05  -10.56  MnCO3 

 Siderite         -3.67  -13.70  -10.03  FeCO3 

 Smithsonite      -7.42  -17.21   -9.80  ZnCO3 

 Sphalerite        3.46   -8.38  -11.84  ZnS 

 Spinel           -9.35   32.49   41.84  MgAl2O4 

 Sulfur           -1.87   -3.80   -1.94  S 

 Tenorite        -18.19   -9.71    8.48  CuO 

 Wurtzite          0.84   -8.38   -9.22  ZnS 

 Zincite         -10.02    2.46   12.49  ZnO 



 Zincosite       -19.65  -14.66    4.99  ZnSO4 

 Zn(NO3)2:6H2O   -22.99  -19.99    3.00  Zn(NO3)2:6H2O 

 Zn(OH)2          -9.74    2.46   12.20  Zn(OH)2 

 Zn(OH)2(am)     -11.05    2.46   13.51  Zn(OH)2 

 Zn(OH)2(beta)   -10.36    2.46   12.82  Zn(OH)2 

 Zn(OH)2(epsilon) -10.12    2.46   12.59  Zn(OH)2 

 Zn(OH)2(gamma)   -9.27    2.46   11.73  Zn(OH)2 

 Zn2(OH)2SO4     -19.70  -12.20    7.50  Zn2(OH)2SO4 

 Zn2(OH)3Cl      -20.37   -5.18   15.19  Zn2(OH)3Cl 

 Zn3O(SO4)2      -49.09  -26.86   22.23  Zn3O(SO4)2 

 Zn4(OH)6SO4     -35.67   -7.27   28.40  Zn4(OH)6SO4 

 Zn5(OH)8Cl2     -46.40   -7.90   38.50  Zn5(OH)8Cl2 

 ZnCl2           -25.73  -17.75    7.98  ZnCl2 

 ZnCO3:1H2O       -6.95  -17.21  -10.26  ZnCO3:1H2O 

 Znmetal         -32.34   -4.57   27.76  Zn 

 ZnO(active)      -9.87    2.46   12.33  ZnO 

 ZnS(am)           0.87   -8.38   -9.25  ZnS 

 ZnSO4:1H2O      -14.59  -14.66   -0.07  ZnSO4:1H2O 

 

------------------ 

End of simulation. 

------------------ 

 

------------------------------------ 

Reading input data for simulation 2. 

------------------------------------ 

 

----------- 

End of run. 

----------- 
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