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Site Details
� Standard Mine Superfund Site – about 3 miles west of 

Crested Butte, CO.

� Elevation of 11,000 ft. a.m.s.l. and no electricity

� Site receives an average of 400-700 inches of snow 
annually (10.2 – 17.8 meters)

� Acid mine drainage from the mine is a major contributor 
of metal loading to town’s water supply (Coal Creek)
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Project Goals
Project Goals-

� Test various passive treatment technologies at a cold, 
remote site

� Design and construct pilot system to treat the 
Contaminants of Concern (COCs)

� Monitor the system year-round with remote monitoring 
equipment and autosamplers



Site Details

Parameter Units
Chronic Stream 

Standard*
Acute Stream 
Standard*

Influent 
Average

Influent 
Maximum

Cadmium, Dissolved              mg/L 0.0004 0.0017 0.133 0.171

Copper , Dissolved       mg/L 0.009 0.0134 0.503 1.311

I ron, Total          mg/L 1 - 5.50 21.22

Lead, Dissolved                  mg/L 0.0025 0.065 1.65 5.82

Manganese, Dissolved mg/L 1.65 2.99 11.2 13.9

Zinc, Dissolved mg/L 0.124 0.143 27.4 31.5

* = Hardness = 50 mg/L

Level 2 Adit

Preliminary Stream Standards and Water Quality



Construction and Instrumentation

� 1 gpm BCR completed July 2007 
– one year of data available

� Chitin Reactor completed July 
2008 – limited data available

� APC completed September 2008 



Construction and Instrumentation
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Carbon sources are a mixture of hay, wood 
chips, limestone.  
All of the materials are local.



Construction and Instrumentation
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Sample Shed



Winter Sampling



Treatment Results – flow rate

Treatment 
Period

Start-Up 
Period

No Flow No Flow No Flow

Flow to the cell has been maintained approx. 80% of the time.
-Interruptions due to power failure, pump failure, and pipe 
clogging.



Treatment Results- Temperature

Effluent temp was consistently higher than influent
Minimum influent temp was ~ 2º Celsius
Min. ambient temperature was -28º Celsius 



Treatment Results - pH



Treatment Results - ORP



Treatment Results - Cadmium



Treatment Results – Copper 



Treatment Results - Lead



Treatment Results - Zinc



Treatment Results - Manganese



Treatment Results - Iron



Treatment Results – Sulfate and Sulfide



Treatment Results - Summary

� Copper being treated to chronic standard
� Cadmium and lead detection limits need to be lower
� Iron and Manganese will be removed aerobically 

Cadmium, dissolved (mg/L) 0.0024 0.0009 (tr)4 0.00025 0.14 0.0021 98.5%
Copper, dissolved (mg/L) 0.0036 0.007 0.005 0.26 0.0035 98.6%

Iron, total (mg/L) 0.021 NA 1.0 (Trec)5
5.61 2.39 57.5%

Lead, dissolved (mg/L)                         0.008 0.03 0.0012 0.502 0.010 98.1%

Manganese, dissolved (mg/L)                0.0066 2.37 1.31 11.0 10.5 4.2%
Zinc, dissolved (mg/L)               0.0067 0.079 0.069 26.5 0.55 97.9%

Notes:
1 - Metal table value standars based on a hardness of 50 mg/L
2 - Metal standards are dissolved unless otherwise stated.
3 - The percent removal was calculated with the average influent and the average effluent concentrations.
4 - tr- trout standard
5 - Trec - the standard is total recoverable. The summary data for iron are all total concentrations.

Parameter
Detection 

Limit
Acute1, 2 Chronic1, 2 Influent 

Average
Effluent 
Average

Percent 

Removal3



Conclusions

� ~98% removal of cadmium, copper, lead, and zinc in 
BCR

� Biological treatment process (sulfate reduction) is 
effective in cold temperatures (1º Celsius).

� System design was effective in cold weather (with 
exception of pumping system)

� Remote monitoring of system has been problematic (two 
systems in 2 years have failed)



Questions??


