
TECHNICAL MEMORANDUM 
 
DATE:  May 23, 2011 
 
TO:   Rod Lentz – U.S. Forest Service 
 
FROM:  Dustin G. Wasley, PE – Cascade Earth Sciences 
  Phillip Moyle, LG, – Cascade Earth Sciences 
 
SUBJECT: Results of Static (Modified Acid Base Accounting) and Kinetic (Humidity Cell) 

Tests - Supplement to Interim Report - 2010 Gap Investigation 
 Monte Cristo Mining Area Removal Action - Mt. Baker-Snoqualmie National 

Forest, Snohomish County, Washington 
  
 
INTRODUCTION 

In response to a request from the U.S. Department of Agriculture, Forest Service (Forest Service), 
Cascade Earth Sciences (CES) is pleased to submit this technical memorandum that summarizes the 
accompanying report on the results of humidity cell tests (HCT) and associated acid base accounting 
(Modified ABA) tests conducted by McClelland Laboratories, Inc. (McClelland) on four samples 
collected from mines and facilities in the Monte Cristo Mining Area (MCMA) in support of the ongoing 
Removal Action (RA; MLI, 2011).  Kinetic testing, such as HCT, of selected mine waste materials was 
identified as a data gap in the Engineering Evaluation / Cost Analysis (EECA; CES, 2010a) "to better 
quantify the projected long-term behavior - acid generation characteristics and neutralization potential 
(e.g., addition of lime) - of material planned for placement in MCMA repository."  The test results of 
samples subjected to a laboratory-simulation of natural weathering conditions can thus be applied to 
optimize the repository design. 
 
Of the 12 mines and prospects and 5 facilities investigated to-date in the MCMA, 4 constitute the bulk of 
the volume of waste rock, stockpiled rock/ore, tailings, and contaminated materials currently planned for 
removal and placement in an onsite repository.  Thus the Rainy and Pride of the Woods Mines, the Ore 
Collector, and the Concentrator, which are also representative of the range of solid waste materials 
present in the MCMA, were selected for collection of samples which were submitted for HCT analyses.   
 
The MCMA is located in the Mt. Baker-Snoqualmie National Forest in Snohomish County, Washington, 
near the west-center margin of the Henry M. Jackson Wilderness Area, and approximately 28 air-miles 
east-southeast of Granite Falls, Washington, which is about 9.5 miles east of Marysville, Washington.  
For additional background information and details on the mines and facilities in the MCMA, please refer 
to the "Interim Report - 2010 Data Gap Investigation and Aquatic Monitoring" (Interim Report) on the 
MCMA completed by CES (2011) and submitted to the Forest Service in January 2011. 
 
 
BULK SAMPLING FOR KINETIC TESTING 

Four composite bulk samples (> 7 pounds); one each from the waste rock at the Pride of the Woods Mine 
and the Rainy Mine, stockpiled rock/ore at the Ore Collector, and tailings below the Concentrator; were 
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collected during the 2010 fall field event.  The composite sampling method, combining materials from 
two or more select samples collected from different representative locations in the same body of waste, 
was utilized in order to provide a more representative bulk sample of the variable types of contaminated 
solids present.  Sampling collection protocols are described in the body of the Interim Report (CES, 
2011).  The field identification numbers and field weights of the four HCT bulk samples are: 
 
 Name Weight (pounds) Sample ID 

Pride of the Woods Mine 10.7 MCRA2-WR-PW-01-H  
Rainy Mine 11.4 MCRA2-WR-RY-01-H 
Ore Collector 11.4 MCRA2-WR-COL-01-H 
Concentrator  7.3 MCRA2-WR-CN-01-H 

 
As outlined in the 2010 Data Gap Investigation Work Plan – Fall Event (CES, 2010b), these samples 
were placed on ice and shipped directly to McClelland in Sparks, Nevada.  The samples were prepared 
and crushed (-1/4 inch with 80% -10 mesh), and a 4-ounce split was sent to Pace Analytical (Pace) for 
feed analysis of the 10-total metals (antimony, arsenic, cadmium, chromium, copper, iron, lead, 
manganese, mercury, and zinc), pH, Modified ABA, and sulfur speciation.  The 20-week-long HCT was 
performed on the remaining bulk sample materials.  McClelland collected weekly, filtered (4.5 micron) 
leachate samples from each cell and performed pH, Eh, EC, sulfate, acidity, alkalinity, and irons 
analyses.  A filtered extract split was collected for eight of the weeks (weeks 0, 1, 2, 4, 8, 12, 16, and 20) 
and shipped to Pace for the 10 total metals suite.  A split of the final solids residue was also sent to Pace 
for residue analysis of the 10 total metals, pH, Modified ABA, and sulfur speciation.  All analyses were 
performed in accordance with USEPA Level II protocol.  Additional details of the overall procedure are 
described in the McClelland report (MLI, 2011; attached). 
 
 
SUMMARY CONCLUSION 

The following test results and conclusions are summarized from the McClelland report (MLI, 2011).  
Modified ABA test results, a static test for determination of acid rock drainage (ARD) potential, indicate 
that the solids feeds of each of the four samples exhibit a significantly greater potential to generate acid 
than to neutralize acid in a natural environment.  The feeds contained sulfide sulfur with no neutralizing 
component.  Specific findings from the Modified ABA procedure results are that the tested materials 
exhibit the following characteristics: 

 Paste pH was acidic. 

 Sulfide sulfur contents of the samples ranged from 0.242 to 1.18 weight percent resulting in acid 
generation potential (AGP) values from 7.6 to 36.9 tons calcium carbonate (CaCO3) equivalents 
per 1,000 tons of solids. 

 Acid neutralization potential (ANP) values were all <0.05 tons CaCO3 equivalents per 1,000 tons 
of solids. 

 Net neutralization potential (NNP) values were all negative, and ANP/AGP rations were all <0.1. 
 
It is noteworthy that Modified ABA results for the HCT residues of all four samples remained acid 
producing after the 20-week procedure and that the AGP for two of the residues, from the Collector and 
the Concentrator tailings, were actually higher than for the respective feeds. 
 
The results of humidity cell kinetic ARD tests “show that all four samples would produce acid in a natural 
weathering and oxidizing environment.”  There appeared to be no relevant decrease in acid generation 
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and metals mobilization over the 20-week life of the test.  Specific findings from the HCT procedure 
results are that the tested materials exhibit the following characteristics: 

 Extract pH was less than pH 4.0 for the duration of the tests. 

 Redox potential showed strong oxidizing conditions. 

 Conductivity was low to moderate (~0.5 to 2 microSiemans per centimeter). 

 Mobilization of iron (Fe) and sulfate (SO4) was moderate. 

 Acid concentrations were generally high. 

 Alkalinity was not detected in any extract. 
 
 
RECOMMENDATIONS 

Results of the humidity cell testing on the four samples supports CES' recommendation in the EECA 
(2010a):  “CES considered two different repository configurations: 1) a minimum design without a 
bottom liner, and 2) a far more conservative lined repository with multiple membrane bedding layers in 
the liner and cap, and a thicker soil cover.  For this EECA, CES recommends the conservative lined 
design that offers full encapsulation of waste materials because of the high precipitation in the area and 
the acid generating potential of the waste rock/soils.” 
 
Due to the persistently high acid generation behavior and mobilization of metals displayed by the four 
bulk samples of waste rock, stockpiled rock/ore, and tailings present in the MCMA, CES continues to 
recommend that the onsite repository be designed to include full encapsulation of the waste solids. 
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Att: Kinetic ARD Potential Evaluation - 4 Monte Cristo Samples - Final Report 
PN:  2010230020 
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