
 

 

 

 

 

 

 

 

 

 

 

Tables



Table 1. Soil tilling results from the soil tilling pilot test. 

  
Soil Direct 

Contact for 

Child 

Resident1 

(µg/kg) 

Site-Specific 

Leaching 

Cleanup 

Levels 

(µg/kg) 

Baseline Post-Tilling  

Sample Location SBS-7D SS-88D  SBS-7D SS-88D  

Sample Depth (feet bgs) 0-2 0-2 0-2 0-2 

Sample Date 8/11/2015 8/11/2015 8/13/2015 8/13/2015 

COCs (µg/kg)                     

Tetrachloroethene 112,000 130 < 11.0   < 10.6   46.7 J < 11.4   

Trichloroethene 5,700 100 < 12.9   < 12.4   < 13.3   < 13.3   

 



Table 2.  Groundwater PCE concentrations (µg/L) in all monitoring wells before (1992-2000) and during and after Interim Remedial Activities (2001-2018). 

Well Number 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

MW-1 <1.0 <1.0 <1.0 <1.0 <1.0 <0.5 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <0.40 <0.20 <0.20 <0.20 <1.0 <1.0 <1.0 <0.10 <1.0 <1.0 <0.19 <0.13 <0.25 <0.17 

MW-3 1,000 1,600 564 381 726 910 845 314 180 173 200 223 195 48.3 165 117 85.6 <1.0 37 260 30 93 35.2 67.4. 6.4 4.7 16.6 

MW-4 <1.0 NA NA NA NA NA 31 12 <6.8 2.6 14 2.86 10.4 0.67 12.2 0.38 13.6 4.1 3.9 2.6 5.3 2 4.7 1.4 <0.13 1.1 0.47J 

MW-5 17 15 26 18 22 29 43 18 <9.9 17 15 26 5.59 3.63 4.47 2.59 2.79 1.2 2.4 3 0.83 1.4 2.7 1 <0.13 0.75J 0.44J 

MW-9 96 NA NA NA NA 50 87 39 <12 6.4 8.8 6.07 16.1 3.91 15.1 10.6 5.45 2.6 2.4 8.6 1.5 0.67 3.1 5.2 0.90J 1.1 0.73J 

MW-12 NA NA NA NA NA NA 1.8 1.2 <1.0 1.2 <1.0 <1.0 0.800J 0.330J 1.01 0.39 0.21 0.19 <1.0 0.7 <0.10 0.51J 1.1 0.24J <0.13 0.80J <0.17 

MW-14 29 17 19 18 14 NA NA NA NA NA NA NA 1.7 2.04 3.25 1.98 1.35 0.43 1.1 2.7 1.5 0.67J 1.3 1.8 1.0 0.85J <0.17 

MW-18 NA NA NA NA 3.4 3.8 3.7 3.9 <2.4 2.1 2.3 1.36 1.13 1.01 0.85 0.94 0.89 <1.0 <1.0 0.39 <1.0 0.37J 1.1 0.39J 0.40J 0.83J <0.17 

MW-19 NA NA NA <1.0 <1.0 NA <1.0 0.5 <1.0 <1.0 <1.0 <1.0 0.36 0.29 0.27 0.3 0.31 <1.0 <1.0 0.23 <0.10 <1.0 <1.0 0.23J <0.13 <0.25 <0.17 

Notes: 

The DEQ-7 standard for PCE is 5 µg/L 

NA ï not applicable 

µg/L ï microgram per liter 

ñ<ò ï analyte not detected above the laboratory method detection limit (MDL); result is considered non-detect 

ñJò ï the result was detected above the MDL and below the laboratoryôs reporting limit; result is considered an estimated value 



Table 3.  Groundwater TCE concentrations (µg/L) in all monitoring wells before (1992-2000) and after and during Interim Remedial Activities (2001-2018). 

Well Number 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

MW-1 <1.0 <1.0 <1.0 <1.0 <1.0 <0.5 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <0.40 <0.20 <0.20 <0.20 <1.0 <1.0 <1.0 <0.10 <0.40 <0.40 <0.14 <0.40 U <0.052 <0.15 

MW-3 1,400 1,500 631 314 660 750 344 138 81 62 66 38.4 23.2 7.34 11 9.86 8.23 <1.0 4.7 27 2.9 5.3 2.6 4.6 0.43 0.35J 1.3 

MW-4 60 NA NA NA NA NA 26 19 12 4.9 9.8 2.57 4.24 2.51 2.19 2.4 2.49 1.2 1.2 0.7 1.1 0.71 0.96 0.6 0.75 0.48 0.43 

MW-5 35 26 59 33 52 62 29 15 6.3 3.0 6.9 2.67 1.84 0.85 1.92 0.94 1.75 1.2 1.3 1.1 0.69 1.1 1.00 0.44 0.49 0.64 0.60 

MW-9 200 NA NA NA NA 89 75 38 16 4.7 8.9 5.44 5.21 2.36 5.56 3.24 2.08 1.6 1.1 2.8 0.65 1.1 0.77 1.5 0.26J 0.27J 0.46 

MW-12 NA NA NA NA NA NA 2.7 3 2.3 2.5 2.1 <1.0 1.33 0.79 1.05 0.55 0.36 1.3 1.0 0.8 <1.0 1.1 1.3 0.58 <0.051 0.77 0.66 

MW-14 79 41 51 24 32 NA NA NA NA NA NA NA 1.01 1.0 1.6 0.89 0.59 0.54 0.47 1.1 0.48 0.26J 0.3 0.64 0.40 <0.052 0.27J 

MW-18 NA NA NA NA 5.6 5.6 5.0 4.5 2.9 2.2 2.5 1.54 0.940J 0.92 0.72 0.86 0.71 0.34 0.50 0.05 0.52 0.29J 0.49 0.44 0.5 0.29J 0.27J 

MW-19 NA NA NA 2.2 1.5 NA <1.0 1.3 <1.0 <1.0 <1.0 <1.0 0.82 0.80 0.670J 0.76 0.77 0.64 0.081 0.39 0.59 0.46 0.27 0.57 0.62 0.4 0.6 

Notes: 

The DEQ-7 standard for TCE is 5 µg/L 

NA ï Not applicable 

µg/L ï microgram per liter 

ñ<ò ï analyte not detected above the laboratory method detection limit (MDL); result is considered non-detect. 

ñUò ï The result was qualified for a detection because of detections in blank QC samples.  



Table 4. Remaining unacceptable risks at Mission Wye. 

  

Human Health Environment 

Residential 

(adult) 

Residential 

(child) 

Commercial/ 

industrial worker 

Construction/ 

excavation worker 
Utility worker Trespasser Groundwater Surface soil 

Subsurface 

soil 

Surface soil particle inhalation  X X X X X X       

Subsurface soil particle 

inhalation  
      X X         

Incidental Ingestion of soil X X X X X X       

Soil vapor/indoor air X X X X X         

Surface dermal contact  NA NA NA NA NA NA       

Subsurface dermal contact       NA NA         

Contact with contaminated 

groundwater 
X X X X X   X     

Leaching potential               X X 

NA- Not applicable; Although this is an exposure pathway, the assumed dermal absorption is 0 percent based on the rapid volatilization of VOCs1 

This pathway exists for the receptor.   

An unacceptable risk exists for this pathway.  

These risks were identified in the 2014 Risk Assessment Amendment.  However, cleanup levels have been met during subsequent pilot test study and/or could be supported based on empirical data in monitoring wells downgradient 

from areas that have had samples exceed soil cleanup levels.  Site-specific cleanup levels for residential direct contact (child) were met during the soil tilling pilot test in both pre- and post-tilling events and in other areas during 

confirmation sampling after interim actions; no unacceptable risk exists for these receptors.  The leaching potential cleanup levels have been based on the same pre- and post-tilling results and empirical data demonstrated by 

decreasing  trends in groundwater.   

 

X 

X 

 X 



Table 5.  Site-specific cleanup levels. 

COC 

Soil Direct Contact, mg/kg1 Soil vapor/vapor intrusion cleanup levels, µg/m3 
Leaching 

potential 

cleanup 

level1,5, 

mg/kg 

DEQ-7 

groundwater 

standard4, 

µg/L 

Commercial/Industrial 

Worker 

Construction 

Worker 

Adult 

Trespasser 

Adult 

Residents 

Child 

Resident 

Utility 

Worker Construction 

worker/excavator2 

Residential 

indoor air3   

Industrial 

indoor air3 

Tetrachloroethene (PCE) 557 739 4,077 134 112 1,460 353 47 235 0.13 5 

Trichloroethene (TCE) 27 38 222 6.4 5.7 73 17 2.15 15 0.10 5 

Acceptable cancer risk level is 1x10-5 

Acceptable non-cancer level is 1.0 

COC -Contaminant of concern 

mg/kg -  milligram per kilogram 

µg/m3 - microgram per cubic meter 

µg/L - micrograms per liter 
1 Cleanup levels calculated in the Human Risk Assessment Amendment (AECOM, 2014b) 
2 Cleanup level calculated in the DEQ's Soil Vapor Risk Memorandum (DEQ, 2018b) 
3 Cleanup levels calculated in the Soil Vapor Monitoring and Vapor Intrusion Evaluation (AECOM, 2014a) 
4 Cleanup level calculated in Circular DEQ-7 Montana Numeric Water Quality Standards (DEQ, 2017) 
5 Leaching potential is only applicable to subsurface soils 



Table 6.  Summary of comparative analysis of alternatives.  

Alternative 

number 
Alternative 

Protection of Human 

Health and the 

Environment 

Compliance with 

ERCLs 

Permanent  

Solutions 

Treatment or Resource 

Recovery Techniques 

Short-term 

Effectiveness Implementability  

NPV Cost 

(Cost Effectiveness) 

1 No Further Action  No No No No No Yes $0  

2 Soil Tilling 
Yes, when combined with 

another alternative 

Yes, when combined 

with another 

alternative 

Yes Yes 
Yes, when combined 

with another alternative 

Yes, only for 

surface soil and not 

for subsurface soil 

$36,100  

3 SVE System 
Yes, when combined with 

another alternative 

Yes, when combined 

with another 

alternative 

Yes Yes 
Yes, when combined 

with another alternative 
Yes $167,100  

4 Institutional controls 
Yes, when combined with 

another alternative 

Yes, when combined 

with another 

alternative 

Yes, when combined with other 

alternatives and implemented 

adequately to ensure 

compliance 

No Yes Yes $63,500  

5 
Monitored Natural 

Attenuation  

Yes, when combined with 

another alternative 

Yes, when standards 

are met 
Yes 

Yes, when combined 

with another alternative 

Yes, when combined 

with another alternative 
Yes $143,300  

ERCLs ï Environmental Requirements, Criteria Limitations 

NPV ï Net Present Value 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

Figures 



Figure 1. Facility location map. 

 



Figure 2. Property ownership and utility map. 

 



Figure 3.  Locations of contaminant sources.



Figure 4.  Soil sampling locations and identified exceedances of site-specific leaching potential cleanup levels. 

 



Figure 5.  Soil tilling pilot test sample locations and results. 

 

  



Figure 6.  SVE well soil vapor results. 

  



Figure 7.  PCE and TCE combined vapor sample concentrations over time.  



Figure 8.  Results of groundwater monitoring at MW-1, MW-3, MW-4, MW-5. 

  



Figure 9.  Results of groundwater monitoring at MW-9, MW-12, MW-18, MW-19. 

  



Figure 10.  Human health site conceptual model.  

 



 

 

 

 

 

 

 

 

 

 

 

Appendix A 



Table F-1        Scope of Remedial Alternative and Assumptions used for Cost Estimates  
Table F-1        BNSF Mission Wye, Livingston, Montana 

    

        

Technologies 

Assumed 
Timeframe 

(years) 
Total Capital 

Cost 
Total O&M 

Cost Total Cost 

Net Present 
Value (NPV)* 

Cost Notes 

No Action 0-30  $                -     $                -     $                -    $                -    Baseline case 

Soil Tilling 1  $         9,300  
 $       

27,600  
 $       36,900   $       36,100  

Soil tilling with use of a mini-excavator with articulated bucket or disc to 
turn over soils to an approximate depth of two feet bgs. Assume two 10 ft 
x 10 ft tilling areas.  

Soil Vapor Extraction (SVE) 2  $       20,300  
 $     

153,400  
 $     173,700   $     167,100  

Preparation of Remedial Action Work Plan/Design. Restart of SVE 
system. Assume 8 existing SVE wells and 3 VMPs, 10 HP regenerative 
blower, GAC SVE vapor treatment.  Operation full-time with semi-annual 
vapor sampling and annual groundwater monitoring for two years 
followed by two years of post-remediation groundwater monitoring.  

Monitored Natural Attenuation 
(MNA) 

0-4  $       13,200  
 $     

140,000  
 $     153,200   $     143,300  

Preparation of Work Plan. Annual groundwater monitoring includes VOC 
analysis at 14 sample locations and collection of 4 QA/QC samples and 
measurement of groundwater depth at 23 locations. Assumes MNA 
parameters analyzed at 6 of the sampling locations.   

Institutional Controls (ICs) 0-30  $       12,500  
 $       

78,000  
 $       90,500   $        63,500  

Assumes deed restriction of property and annual inspections to ensure 
compliance and a review of the title records (once every 5 years) to 
ensure compliance. 

Notes:       
* = 3% discount factor used for NPV calculation used for remedies with time frames greater than one year.  

All Technologies assume two years of post-remediation confirmation groundwater sampling (8 wells) and groundwater levels (23 wells) at $45,600.  

The 2-year post remediation groundwater monitoring period is not included in the Assumed Timeframes.  
bgs - below ground surface       
ft - feet       
GAC - granular activated carbon      
HP - horsepower       

 

 



BNSF Mission Wye FS Rev 2        

Cost Estimate Backup         

         
Site  BNSF Mission Wye       
Location  Livingston, MT       
Phase  Feasibility Study REV 2      
Task  Tilling Cost Estimate Backup      
Revision Date  June 19, 2018       
Base Year  2019       

         

Soil Tilling                 

Tilling - Capital Cost 
 $                     
9,300         

Tilling - Annual O&M Cost 
 $                   
27,600         

         
Key Assumptions         
Prepare Remedial Action Work Plan. Periodic soil tilling (monthly for 8 months) and soil monitoring at four locations 
plus 1 QA/QC sample for VOCs.  Remedial Activities Completion Report. 

        

         
Work Description  Quantity Units Unit Costs  Total      
Remedial Action Work Plan         

    
RA Work Plan 1 LS  $                      4,250   $                 4,250      
MDEQ Oversight 1 LS  $                      5,000   $                 5,000      

 TOTAL CAPITAL COSTS         $                 9,250      
Annual Operation of Tilling         

    
O&M 1  Each   $                    11,120   $                

11,120      
Soil Sampling 1  Each   $                      5,000   $                 5,000      
Analytical Laboratory 1  Each   $                         300   $                    300      
Remedial Activities 

Completion Report 
1  Each   $                      3,150   $                 3,150  

    
MDEQ Oversight 1  Each   $                      8,000   $                 8,000      

 TOTAL ANNUAL O&M 
COSTS  

       $                
27,570      

         
Net Present Value Analysis:         

  Estimated Duration of Remedial Alternative (years) 1    

  Discount Factor (MDEQ Requested)  3%    

  Year Cost Type 
Total Cost Per 

Year Total Cost  

Present 
Value  

  0 Capital Cost $9,300 $9,300  $9,300  

  1 Annual O&M Cost $27,600   $26,796  

         

   Total Capital Cost: $9,300  Total Net Present Value $36,100  

   Total O&M Cost: $27,600     

         

BNSF Mission Wye FS Rev 2        



Cost Estimate Backup         

         

Site  

BNSF Mission 
Wye       

Location  Livingston, MT       
Phase  Feasibility Study REV 2      

Task  

Soil Vapor Extraction Cost Estimate 
Backup      

Base Year  2019       

         

Soil Vapor Extraction (SVE)                 

SVE - Capital Cost 
 $                   
20,300         

SVE - Annual O&M Cost 
 $                   
76,700         

SVE - 2 Years O&M Cost 
 $                 
153,400         

Key Assumptions         
Remedial Action Work Plan, Annual Report/Remedial Activities Completion Report, operation of SVE system. No additional expansion/capital 
costs from the pilot SVE system already installed.  O&M activities include bi-weekly O&M inspections/drive-bys to confirm operation and annual 
groundwater monitoring of eight wells. Semi-annual soil gas monitoring of treatment effluent.   

        

Work Description  Quantity Units Unit Cost  Total      
Remedial Action Work Plan         

    
RA Work Plan 1 LS  $                    10,250   $               10,250      
MDEQ Oversight 1 LS  $                      5,000   $                 5,000      
SVE System Restart 1 LS  $                      5,000   $                 5,000      

TOTAL CAPITAL COSTS  $               20,250      
Annual Operation of SVE         

    
O&M 1 Each  $                    42,000   $                42,000      
Annual GW Sampling 1 Each  $                    12,000   $                12,000      
Analytical Laboratory (GW) 1 Each  $                         600   $                     600      
Analytical Laboratory (Vapor) 1 Each  $                      1,900   $                  1,900      
Annual Report / Remedial 

Activities Completion Report 
1 Each  $                    12,150   $                12,150  

    
MDEQ Oversight 1 Each  $                      8,000   $                  8,000      

TOTAL ANNUAL O&M COSTS  $                76,650      
Net Present Value Analysis:         

  Estimated Duration of Remedial Alternative (years) 2    

  Discount Factor (MDEQ Requested)  3%    

  Year Cost Type Total Cost Per Year 
Total 
Cost  

Present 
Value  

  0 Capital Cost $20,300 $20,300  $20,300  

  1 Annual O&M Cost $76,700   $74,466  

  2 Annual O&M Cost $76,700   $72,297  

         

   Total Capital Cost: $20,300     

   Total O&M Cost: $153,400  

Total Net Present 
Value $167,100  

         
 



  



BNSF Mission Wye FS Rev 2        

Cost Estimate Backup         

         
Site  BNSF Mission Wye      
Location  Livingston, MT       
Phase  Feasibility Study REV 2      
Task  Soil Vapor Extraction Cost Estimate Backup      
Base Year  2019       

GW Remedial Option - MNA with Annual GW Monitoring              

MNA - Capital Cost   
 $             
13,200  Work Plan Prep      

MNA - Annual O&M Cost   
 $             
35,000  Sample & Report      

MNA - 4 years O&M Cost   
 $           
140,000  Sample & Report      

Key Assumptions         
Remedial Action Work Plan. Annual MNA groundwater monitoring at the site. Annual groundwater monitoring 
includes VOC analysis at 14 sample locations and collection of 3 QA/QC samples and measurement of 
groundwater depth at 23 locations.  MNA parameters analyzed at 6 of the sampling locations.  Annual Report.  

    
Work Description  Quantity Units Unit Cost  Total      
Remedial Action Work Plan             

RA Work Plan 1 LS  $                         9,150   $                 9,150      
MDEQ Oversight 1 LS  $                         4,000   $                 4,000      

 TOTAL CAPITAL COSTS   $                
13,150      

Annual Groundwater 
Monitoring and Reporting 

  
 

    

    
Annual GW Sampling 1 Each  $                   15,500   $                

15,500      
Analytical Laboratory 1 Each  $                         3,390   $                 3,390      
Annual Report 1 Each  $                       12,150   $                

12,150      
MDEQ Oversight 1 Each  $                         4,000   $                 4,000      

 TOTAL ANNUAL O&M COSTS   $                
35,040      

Net Present Value Analysis:         

  Estimated Duration of Remedial Alternative (years) 4    

  Discount Factor (MDEQ Requested)  3%    

  Year Cost Type 
Total Cost Per 

Year Total Cost  

Present 
Value  

  0 Capital Cost $13,200 $13,200  $13,200  

  1 Periodic Monitoring Cost $35,000   $33,981  

  2 Periodic Monitoring Cost $35,000   $32,991  

  3 Periodic Monitoring Cost $35,000   $32,030  

  4 Periodic Monitoring Cost $35,000   $31,097  

         

   Total Capital Cost: $13,200  

Total Net Present 
Value $143,300  

   Total O&M Cost: $140,000     

         




