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from USGS, Church et al., 2007 



from USGS, Church et al., 2007 



 
from U.S. Dept. of Interior, Bureau of Reclamation, Tech. Evaluation, Oct, 2015 



5 

Storm Events and 
High River Flow 

EPA Drinking Water 
Action Level 

Dissolved Pb acute AL WQS  
= 140 ug/L, @ 200 mg/L hardness 

Dissolved Pb chronic AL WQS 
 =  5 ug/L, @ 200 mg/L hardness 



Metal reactions with changes in pH 

Approximate Heavy Metal precipitation zone 
 Fe (III)  Al  Cu  Zn 
pH 3.5    4.5  5.5       6.5 
         soda  acid rain coffee       saliva 

 
At Aztec, the pH was ~7.9 SU as the plume 
passed and between 8.2 and 8.7 SU in the 
hours/days that followed. 
 
 
 



Slam Bar, Animas River Sediment 
Sampling, Sept. 2015 



Sediment Sampling, Animas River near 
Cedar Hill, Sept. 2015 



CDPHE and EPA Sediment Sampling 
Stations, Animas and San Juan Rivers 

CDPHE-   EPA- 
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EPA Screening Level =  4200 mg/Kg 
   from Aug 11, 2015 calculation 
 

CO  data from CDPHE 8/11--18/2015 
NM data from EPA       8/29/2015 



Lead 
mg/Kg 
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EPA Screening Level =  20,000 mg/Kg 
   from Aug 11, 2015 calculation 

CO  data from CDPHE 8/11--18/2015 
NM data from EPA       8/29/2015 



Determining “Background” for 
sediment in the Upper Animas Valley 

• Given the extensive history of mining in the 
Valley, how can “background” sediment 
concentrations be determined? 

• USGS (2005) 
– Determine pre-mining baseline, in deposit-related 

trace elements in streambed sediment that pre-date 
mining 

– Use pre-mining fluvial deposits in old stream terraces 
– Use lead isotopes (ex: 206Pb is the product of 238U 

decay) to separate modern from historic sediment 
• 206Pb/204Pb (since 204Pb has no parent) 

 



Background sediment sampling sites, Upper Animas Basin, from Church, et 
al., Chapter E12, Professional Paper 1651, USGS, 2005 

(Gold King Mine is shown with arrow) 



Determining “Background” for sediment in 
the Upper Animas Valley 

--Findings-- 
• Animas River at and 10 miles above 

confluence with Mineral Creek 
– Cu >40X “crustal abundance” or background 
– Pb >100X 
– Ag >50X 
– Zn >20X 
– Cd >40X 
– Mn >10X 
– As >8—15X 



from Church, et al., Chapter E12, Professional Paper 1651, USGS, 2005 



Determining “Background” for 
sediment in the Upper Animas Valley 

--Findings-- 
• Pb isotopic data provide “unequivocal evidence of the 

effect of historical mining on the three major streams 
of the Animas River watershed …” 

• Deposit-related trace element data indicate principal 
contributor of 2.5x106  tons is tailings, from Sunnyside 
Eureka Mill. 

• Pre-mining concentrations for Pb and Zn in the Animas 
River btw Eureka and Elk Park >threshold quality 
criteria (TEC and PEC, from MacDonald et al., 2000) 
– Pb > criteria in Cement and Mineral Creeks 
– Cu, Cd and Ag < criteria in all streams 



Comparison of Sediment in the Upper 
Animas to Background 
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Comparison of Sediment in the Upper 
Animas to Background 

0
200
400
600
800

1000
1200
1400
1600
1800

Lead, Total (mg/Kg) 

Lead, Total (mg/Kg)

USGS background 

CDPHE Aug 2015 



Interim Conclusions 
• GKM is one of >5400 mine sites in the Upper Animas Valley 

– Lack of controls is prevalent  
 

• WQ impacts are not new 
– 1902, 1947, 1949, 1974, 1978 
 

• pH and Turbidity spikes in the first hours 
– Low level metals increases 
 

• Sediment likely impacted for some metals 
– Difficult but not impossible to separate pre- from post-mining 
– Impact from GKM??  



Questions? 
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