
 

   

 
 
 

BIOSCREEN MODELING 
RESULTS AND LONG-TERM 
GROUNDWATER MONITORING 
FREQUENCY 

 
 
 
 
 
 
 
 
Submitted To: Landsburg Mine Site PLP Group 
  
 
 
 
 
 
 
Submitted By: Golder Associates Inc. 
 18300 NE Union Hill Road, Suite 200 
 Redmond, WA  98052  USA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
October 13, 2008 923-1000-002.R300 
 

RE
PO

RT
 

 

  



  
October 2009 -i- 923-1000-002.R300 
 

101309dm1_Bioscreen Modeling Results.Docx  

Table of Contents  

EXECUTIVE SUMMARY ........................................................................................................................ ES-1 

1.0  INTRODUCTION ............................................................................................................................... 1 

2.0  STUDY OBJECTIVES AND APPROACH ......................................................................................... 2 

2.1  Objectives ...................................................................................................................................... 2 

2.2  Approach ....................................................................................................................................... 2 

3.0  ULTRA CONSERVATIVE CASE ...................................................................................................... 4 

3.1  Results Summary .......................................................................................................................... 4 

3.2  Groundwater Monitoring Frequency ............................................................................................. 4 

4.0  MEDIUM CONSERVATIVE CASE.................................................................................................... 6 

4.1  Results Summary .......................................................................................................................... 6 

4.2  Groundwater Monitoring Frequency ............................................................................................. 6 

5.0  BASELINE CONSERVATIVE CASE ................................................................................................ 8 

5.1  Results Summary .......................................................................................................................... 8 

5.2  Groundwater Monitoring Frequency ............................................................................................. 8 

6.0  UNCERTAINTY ASSESSMENT ..................................................................................................... 10 

7.0  CONCLUSIONS AND RECOMMENDATIONS ............................................................................... 12 

7.1  Conclusions ................................................................................................................................. 12 

7.2  Recommendations ...................................................................................................................... 12 

8.0  REFERENCES ................................................................................................................................ 14 

9.0  CLOSING ........................................................................................................................................ 15 

 

List of Tables 

Table 1 Ultra Conservative Case-Travel Times, Monitoring Frequencies and Remedial Action 
Time Frames for the South Compliance Boundary at Landsburg Mine 

Table 2 Ultra Conservative Case-Travel Times, Monitoring Frequencies and Remedial Action 
Time Frames for the North Compliance Boundary at Landsburg Mine 

Table 3 Medium Conservative Case-Travel Times, Monitoring Frequencies and Remedial Action 
Time Frames for the South Compliance Boundary at Landsburg Mine 

Table 4 Medium Conservative Case-Travel Times, Monitoring Frequencies and Remedial Action 
Time Frames for the North Compliance Boundary at Landsburg Mine 

Table 5 Baseline Conservative Case-Travel Times, Monitoring Frequencies and Remedial Action 
Time Frames for the South Compliance Boundary at Landsburg Mine 

Table 6 Baseline Conservative Case-Travel Times, Monitoring Frequencies and Remedial Action 
Time Frames for the North Compliance Boundary at Landsburg Mine 

 

List of Figures 

Figure 1 Landsburg Site Location 
Figure 2 Landsburg Project Site Boundaries 
Figure 3 Groundwater Monitoring Locations 
  



  
October 2009 -ii- 923-1000-002.R300 
 

101309dm1_Bioscreen Modeling Results.Docx  

List of Appendices 

Appendix A Ecology Letter Dated February 3, 2009 
Appendix B Ecology Letter Dated August 7, 2009 
Appendix C Ultra Conservative Case 
 Appendix C-1 South Compliance Boundary 

 Appendix C-2 North Compliance Boundary 
Appendix D Medium Conservative Case 

 Appendix D-1 South Compliance Boundary 
 Appendix D-2 North Compliance Boundary 

Appendix E Baseline Conservative Case 
 Appendix E-1 South Compliance Boundary 
 Appendix E-2 North Compliance Boundary 

 
 



  
October 2009 -ES 1- 923-1000-002.R300 
 

101309dm1_Bioscreen Modeling Results.Docx  

Executive summary 

The purpose of this groundwater modeling study was to use the transport of potential constituents 

disposed at the Landsburg Mine Site to determine a protective long-term groundwater monitoring 

frequency(ies) for the Draft Cleanup Action Plan.  Long-term groundwater monitoring refers to the scope 

and frequency of groundwater monitoring that occurs in the future ten (10) years after completion of the 

Cleanup Action Plan for the site.  This report presents the results of the transport modeling, arrival times 

at specific locations, and evaluates the long-term groundwater monitoring frequency resulting from the 

modeling results. 

 
Conservativeness Built into the Analyses: 

To be protective, only the most mobile organic compounds (methylene chloride, vinyl chloride, and  

1,2-dioxane) and most mobile metal (arsenic) were used in the modeling effort.  In addition, the model 

transport input parameters that would result in conservative results (defined as more frequent monitoring 

frequencies) were modeled in this study.  The input parameters were proposed by the City of Kent and 

The Landsburg Mine Site PLP Group (Group) to the Washington Department of Ecology.  The 

Washington Department of Ecology selected either the ultra conservative input parameter proposed or 

selected a range of conservative values (Ecology 2009). 

Because several Ecology-selected input parameters had a range of conservative values (i.e., high, 

medium and low), our modeling effort focused on three conditions or cases designated as follows: 

1. Ultra Conservative Case 

2. Medium Conservative Case 

3. Baseline Conservative Case 

The conservative input parameters also assumed high source concentrations.  Unlike most modeling 

efforts, the only possible model calibration is the absence of detections or the minimum time of a potential 

arrival for these mobile constituents at particular well locations.  The modeling results presented in this 

report indicate that all of the modeled constituents should have been detected in the north compliance 

wells, and methylene chloride, vinyl chloride  and 1,4-dioxane (although 1,4-dioxane has not been an 

analyte for analysis in past Site groundwater samples) should have been detected in the south sentinel 

wells or the south compliance wells.  Therefore, travel times estimated by the modeling effort may be 

unrealistically short and indicate too frequent groundwater monitoring frequencies than are needed to be 

protective. 

Results of the Analyses: 
 

The modeling results indicate that the protective long-term groundwater monitoring frequency at the 

proposed south compliance boundary is between once every year and once every 1 year and 6 months 
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for the three conservative cases.  While at the proposed north compliance boundary the modeling results 

indicate that the protective long-term groundwater monitoring frequency is between once every 3 months 

and once every 7 months for the three conservative cases.  However, the BIOSCREEN modeling efforts 

also indicate to the PLP Group that earlier detection may be a far greater advantage for protection of 

human health and the environment at the site. 

Sentinel Wells Being Considered: 

To achieve earlier detection and in keeping with the conservative approach in modeling, the PLP Group is 

now considering the use of sentinel wells for both the south and north compliance boundaries.  Sentinel 

wells will require additional costs to enhance the well network, but the advantages of an earlier detection 

to achieve increased response time may be a wise investment. 

 

For the south compliance boundary, BIOSCREEN results indicate that if sentinel wells (LMW-9 and  

LMW-11 locations) are included, the ability to respond to a detection is improved indicating that the 

protective long-term groundwater monitoring is between once every 10 years and 2 months to once every 

14 years and 11 months.  For the north compliance boundary, this same approach finds that if sentinel 

wells (at the north portal location) are included, the protective long-term groundwater monitoring 

frequency is between once every 2 years and 7 months to once every 5 years and 9 months. 

Based on the results of the BIOSCREEN modeling study and to achieve earlier detection through the use 

of sentinel wells, for the south compliance boundary the Group recommends a long-term groundwater 

monitoring frequency for be once every 5 years for volatile organic compounds using EPA Method  

8260 and once every 10 years for all other potential contaminants, including metals, PCBs, pesticides, 

and semi-volatile organic compounds (including 1,4-dioxane).  For the north compliance boundary 

utilizing sentinel wells, the Group recommends a long-term groundwater monitoring frequency for the 

north compliance boundary be once every 2.5 years for volatile organic compounds using EPA Method 

8260 and once every 5 years for all other potential contaminants, including metals, PCBs, pesticides, and 

semi-volatile organic compounds (including 1,4-dioxane). 
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1.0 INTRODUCTION 

The Landsburg PLP Group (Group)/Golder Associates Inc. (Golder) respectively submits our 

BIOSCREEN modeling results to the State of Washington, Department of Ecology (Ecology) for the 

MTCA Landsburg Mine Site (see Figures 1 and 2).  Ecology decided that the long-term groundwater 

monitoring frequency that is protective of human health and the environment should be determined 

through groundwater fate and transport modeling (Ecology Letter dated February 3, 2009 provided in 

Appendix A).  During an Ecology meeting on April 14, 2009 with the City of Kent and the Group, the 

decision was made to use the BIOSCREEN Model (U.S. EPA 1997) for the groundwater fate and 

transport modeling effort.  The input parameters used in the BIOSCREEN modeling effort were selected 

by Ecology in their letter dated August 7, 2009 (Ecology 2009), which is provided in Appendix B.  

Because several Ecology-selected input parameters had a range of values (i.e., high, medium and low), 

our modeling effort focused on three conditions or cases designated as follows, each of which are 

designed using conservative assumptions: 

4. Ultra Conservative Case: The input parameters to the model would result in the more 
rapid migration of potential contaminants requiring more frequent long-term 
groundwater monitoring to be protective. 

5. Medium Conservative Case:  For input parameters that had an associated range 
selected by Ecology, medium values were used. 

6. Baseline Conservative Case:  The input values to the model would result in the 
baseline contaminant migration requiring less frequent long-term groundwater 
monitoring to be protective. 

All three cases are designated as “conservative”.  The fixed input parameters for all runs were 

conservative.  For example, the groundwater velocities were fixed at the highest velocity value suggested 

by the City of Kent/Aspect or the Group/Golder rather than an average (if these values were different).  

For organic compounds, no biological or chemical degradation was allowed, although all organic 

compounds degrade with time.  The lowest source concentrations used in the model were actually high 

concentrations that are rarely observed at sites.  The algorithm (Domenico 1987) used in the 

BIOSCREEN Model results in a concentration along the centerline of the plume and represents a point 

concentration instead of an average concentration for the discharging groundwater from the mine.  In 

addition, the retardation factors for organic compounds were based on the lowest suggested organic 

carbon levels (Foc) that result in more rapid migration of each organic compound in groundwater.  These 

conservative fixed inputs produce conservative results for all cases. 

This report presents the modeling results for each case.  The specific input parameter values for each 

case and each run are provided in Appendices C, D, and E, for the Ultra Conservative Case, Medium 

Conservative Case, and the Baseline Conservative Case, respectively.  Since groundwater from the 

Roger’s Coal Mine of the Landsburg Mine site discharges both toward the north and towards the south, 

each case is modeled for groundwater migrating toward the north and south separately. 
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2.0 STUDY OBJECTIVES AND APPROACH 

2.1 Objectives 

The objective of this modeling study is to determine the long-term groundwater monitoring frequency that 

is protective of human health and the environment in accordance with MTCA.  More specifically, the 

monitoring frequency shall be frequent enough to detect the arrival of a potential contaminant at the 

points of compliance before its concentration exceeds MTCA cleanup Levels.  To be protective implies 

that upon detection at the points of compliance there is adequate time to implement remedial actions to 

prevent the potential contaminants (above the MTCA Cleanup Levels) emanating from the Landsburg 

Mine Site (specifically the Rogers Coal Mine) from migrating past the points of compliance.  The use of 

sentinel wells adds an additional layer of protection because potential contaminants can be detected at a 

much earlier time during their migration toward compliance boundaries.  Since groundwater from the 

Rogers Coal Mine discharges to the north and south, this modeling study focused on contaminant 

migration toward the south and north compliance boundaries that have been proposed in the Draft 

Cleanup Action Plan (Golder 2002). 

2.2 Approach 

The time for a potential contaminant to arrive at a particular location (either at some point within the mine 

or at a compliance boundary) is determined by the BIOSCREEN Model and also by the analytical 

detection limit for a potential contaminant.  The laboratory has two types of detection limits.  One is the 

practical quantification limits (PQL) or Reporting Limit {RLs}), which is the lowest concentration in which 

the laboratory can achieve actual quantification within analytical method quality assurance requirements.  

The method detection levels (MDLs) are the lowest concentration that is detectable, but cannot be 

quantified at the analytical method quality assurance requirements.  MDLs are documented and tested on 

a routine basis at a laboratory.  MDL detections are given a “j” qualifier.  Both the PQL and MDL are 

available for analyses if requested.  The PQL (or RL) and the MDL for the laboratory Golder uses for the 

Landsburg Mine site has the following for each mobile organic compound: 

 Methylene chloride: RL = 0.2 µg/L; MDL = 0.07 µg/L 

 Vinyl chloride: RL = 0.1 µg/L; MDL = 0.05 µg/L 

 Metals (arsenic, selenium, and cadmium): generally RL= 2 to 3 µg/L; MDL =1 µg/L or less 

California typically is requiring 1,4-dioxane to be analyzed when 1,1,1-trichloroethane and/or 

trichloroethene are contaminants of concern.  The typical PQL (or RL) and MDL are: 

 1,4-dioxane: RL = 2.0 µg/L; MDL = 0.3 µg/L 

The MDL is a true detection and is used for determining time of arrival and detection at a specific location 

for the model runs. 
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As stated previously, for a monitoring frequency to be protective the detection at the points of compliance 

must provide adequate time to implement remedial actions to prevent potential contaminants from 

exceeding the MTCA Cleanup Levels.  As an initial consideration, one-half of the MTCA Cleanup levels at 

the respective points of compliance are used as a trigger for remedial actions.  The time for potential 

contaminants to increase from one-half to the full MTCA Cleanup Level at each point of compliance 

represents the time available to implement remedial actions. 

This report presents the modeling results for each case.  The specific input parameter values for each 

case and each run are provided in Appendices C, D, and E, for the Ultra Conservative Case, Medium 

Conservative Case, and the Baseline Conservative Case, respectively.  BIOSCREEN modeling runs were 

not conducted for selenium and cadmium, because their mobility is less than arsenic’s mobility; therefore 

arsenic modeling results can be used as a protective surrogate for these metals. 
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3.0 ULTRA CONSERVATIVE CASE 

3.1 Results Summary 

Appendix C provides the BIOSCREEN Model inputs and output results using Ecology selected input 

values that would result in the most rapid contaminant migration, requiring the most frequent long-term 

groundwater monitoring.  Appendix C-1 is a compilation of the BIOSCREEN runs for groundwater 

migrating toward the south from Rogers Coal Mine (Portal # 3) and Appendix C-2 for groundwater 

migrating toward the north (Portal #2) from the Rogers Coal Mine. 

The source concentrations for this case used methylene chloride at 13,000 mg/L (the solubility limit), vinyl 

chloride at 1530 mg/L (>0.5 solubility limit), 1,4-dioxane at 148.9 mg/L, and the metals arsenic, selenium 

and cadmium at 1000 mg/L.  The lowest values for dynamic dispersivity were used to create a steeper 

plume concentration leading edge that would result in concentrations increasing more quickly at any given 

location upon plume arrival.  For groundwater migrating toward the north compliance boundary, this case 

used the shortest distance from the source to the compliance boundary selected by Ecology. 

3.2 Groundwater Monitoring Frequency 

Tables 1 and 2 summarize the arrival times of each potential contaminant migrating toward the south and 

north compliance boundaries, respectively.  The tables present times that a potential contaminant would 

arrive and be detected at specific locations.  The locations include potential sentinel well locations and 

monitoring wells representing both points of compliance. 

The south compliance boundary monitoring wells include LMW-3, LMW-5 and LMW-8 although the 

proposed south compliance boundary is actually the Palmer Coking Coal property boundary several 

hundred feet further to the south (see Figure 3).  The sentinel well is a location that can be used for early 

detection of contaminants migrating toward a compliance boundary, before the contaminant arrives at 

detectable levels.  The sentinel wells for the south compliance boundary are assumed to be LMW-9 and 

LMW-11 that are about 700 feet north of the south Portal #3 and monitoring well LMW-8 (see Figure 3).  

The potential contaminant that requires the most frequent long-term groundwater monitoring is vinyl 

chloride.  Table 1 indicates that the arrival of detectable potential contaminants to the south compliance 

wells could occur in 22 years and 8 months (for methylene chloride).  The most protective monitoring 

frequency for the south compliance boundary would be monitoring once every year (controlled by vinyl 

chloride from the time of detection to the time to increase to 0.5 MTCA Cleanup Levels at the south 

compliance wells), if sentinel wells are not used (only monitoring LMW-3, LMW-5, and LMW-8).  If 

sentinel wells (LMW-9 and LMW-11) are used in long-term groundwater monitoring, the monitoring 

frequency that would be protective can be once every 10 years, 2 months (controlled by methylene 

chloride).  The remedial action time represents the time for the south compliance wells to have a potential 

contaminant increase from half to full MTCA Cleanup Levels and is the time necessary to implement 

remedial actions.  The most restrictive (shortest) time is 7 months controlled by methylene chloride. 
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The north groundwater compliance boundary is represented by monitoring wells LMW-2 and LMW-4 that 

are just south of the proposed north compliance boundary Palmer Coking Coal property boundary at the 

Summit Landsburg road (see Figure 3).  The sentinel well for the north compliance boundary is assumed 

to be the Portal #2 area that is about 300 feet south of LMW-2 and LMW-4 wells (see Figure 3).  As 

indicated from Table 2, the arrival of detectable levels of a potential contaminant to the north compliance 

wells could be as soon as 3 years and 3 months (for methylene chloride), and ranges from 5 years up to 

19 years and 10 months for the other modeled potential contaminants.  The monitoring frequency that is 

protective is once every three months (controlled by vinyl chloride from the time of detection to the time to 

increase to 0.5 MTCA Cleanup Levels at the north compliance wells), if sentinel monitoring is not 

conducted.  If sentinel monitoring is conducted, the monitoring frequency that is protective increases to 

once every 2 years and 7 months controlled by methylene chloride.  The corresponding most restrictive 

remedial action time frame is 2 months for methylene chloride, vinyl chloride and 1,4 dioxane. 
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4.0 MEDIUM CONSERVATIVE CASE 

4.1 Results Summary 

Appendix D provides the BIOSCREEN Model inputs and output results using Ecology selected input 

values that would result in medium conservative level of contaminant migration and less frequent  

long-term groundwater monitoring than the “Ultra Conservative Case” would require.  Appendix  

D-1 compile the BIOSCREEN runs for groundwater migrating toward the south end (Portal # 3) and 

Appendix D-2 for groundwater migrating toward the north end (Portal #2) of the Rogers Coal Mine. 

The source concentrations for this case used methylene chloride at 685.1 mg/L, vinyl chloride at 

620.3 mg/L, 1,4-dioxane at 24.48 mg/L, and the metal arsenic at 10 mg/L.  The medium values for 

dynamic dispersivity were used to create a moderate slope of the plume concentration along the leading 

edge that would result in concentrations increasing moderately at any given location once the plume 

reached that location.  For groundwater migrating toward the north compliance boundary, this case used 

the medium distance from the source to the compliance boundary selected by Ecology. 

4.2 Groundwater Monitoring Frequency 

Tables 3 and 4 summarize the medium conservative arrival times of each potential contaminant migrating 

toward the south and north compliance boundaries, respectively.  The tables present times that a 

potential contaminant would arrive and be detected at specific locations.  The locations include potential 

sentinel well locations and monitoring wells representing both points of compliance. 

Table 3 indicates that the arrival of detectable potential contaminants to the south compliance wells could 

occur in 23 years and 1 month (for methylene chloride).  The most protective monitoring frequency for the 

south compliance boundary would be once every 1 year and 1 month (controlled by vinyl chloride from 

the time of detection to the time to increase to half the MTCA Cleanup Levels at the south compliance 

wells), if sentinel wells are not used (only monitoring LMW-3, LMW-5, and LMW-8).  If sentinel wells 

(LMW-9 and LMW-11) are used in long-term groundwater monitoring, the monitoring frequency that would 

be protective can be once every 11 years and 2 months (controlled by methylene chloride).  The remedial 

action time represents the time for the south compliance wells to have a potential contaminant increase 

from half to full MTCA Cleanup Levels and is the time necessary to implement remedial actions.  The 

most restrictive (shortest) time is 10 months controlled by methylene chloride. 
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As indicated from Table 4, the arrival of detectable levels of a potential contaminant to the north 

compliance wells would be 4 years and nine months (for methylene chloride), and ranges from 7 years 

and 4 months up to 34 years and 4 months for the other modeled potential contaminants.  The monitoring 

frequency that is protective is every five months (controlled by vinyl chloride from the time of detection to 

the time to increase to 0.5 MTCA Cleanup Levels at the north compliance wells), if sentinel monitoring is 

not conducted.  If sentinel monitoring is conducted, the monitoring frequency that is protective increases 

to once every 3 years and 4 months (controlled by methylene chloride).  The corresponding most 

restrictive remedial action time is 2 months for methylene chloride. 
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5.0 BASELINE CONSERVATIVE CASE 

5.1 Results Summary 

Appendix E provides the BIOSCREEN Model inputs and output using Ecology selected input values that 

would result in the baseline conservative rate of contaminant migration and require the least frequent 

groundwater monitoring of the three cases.  Appendix E-1 compile the BIOSCREEN runs for groundwater 

migrating toward the south from Rogers Coal Mine (Portal #3) and Appendix E-2 for groundwater 

migrating toward the north (Portal #2) from the Rogers Coal Mine. 

The source concentrations for this case used methylene chloride at 10 mg/L, vinyl chloride at  

28 mg/L, 1,4-dioxane at 10 mg/L, and the metal arsenic at 0.8914 mg/L.  The highest values for dynamic 

dispersivity were used to create a longer plume concentration leading edge that would result in 

concentrations increasing less rapidly at any given location once the plume reached that location.  For 

groundwater migrating toward the north compliance boundary, this case used the longest distance from 

the source to the compliance boundary selected by Ecology. 

5.2 Groundwater Monitoring Frequency 

Tables 5 and 6 summarize the arrival times of each potential contaminant migrating toward the south and 

north compliance boundaries, respectively, for the Baseline Conservative Case.  The tables present times 

that a potential contaminant would arrive and be detected at specific locations.  The locations include 

potential sentinel well locations and monitoring wells representing both points of compliance. 

Table 5 indicates that the arrival of detectable potential contaminants to the south compliance wells could 

occur in 26 years and 1 month (for methylene chloride).  The most protective monitoring frequency for the 

south compliance boundary would be once every 1 year and 6 months (controlled by vinyl chloride from 

the time of detection to the time to increase to half MTCA Cleanup Levels at the south compliance wells), 

if sentinel wells are not used (only monitoring LMW-3, LMW-5, and LMW-8).  If sentinel wells (LMW-9 and 

LMW-11) are used in long-term groundwater monitoring, the monitoring frequency that would be 

protective can be once every 14 years and 11 months (controlled by methylene chloride).  The remedial 

action time represents the time for the south compliance wells to have a potential contaminant increase 

from 0.5 to full MTCA Cleanup Levels and is the time necessary to implement remedial actions.  The most 

restrictive (shortest) time is 1 year and 8 months controlled by methylene chloride. 
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As indicated from Table 6, the arrival of detectable levels of a potential contaminant to the north 

compliance wells could be as low as 9 years and 4 months (for methylene chloride), and ranges from  

17 years and 11 months up to 68 years for the other modeled potential organic contaminants.  The 

monitoring frequency that is protective is once every 7 months (controlled by vinyl chloride from the time 

of detection to the time to increase to half MTCA Cleanup Levels at the north compliance wells), if 

sentinel monitoring is not conducted.  If sentinel monitoring is conducted, the monitoring frequency that is 

protective increases to once every 5 years, 9 months (controlled by methylene chloride)  The 

corresponding most restrictive remedial action time is 8 months for methylene chloride and vinyl chloride. 
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6.0 UNCERTAINTY ASSESSMENT 

All modeling efforts need to be calibrated with actual site results.  The usual manner of calibrating a 

model is to vary (within reasonable ranges) the input values as to simulate the actual monitored 

conditions.  The monitored conditions could be the groundwater hydraulic head distributions and the 

extent of the contaminant plume.  Adequate calibration is achieved when the model results emulate the 

monitored conditions over a given time period.  Calibration provides confidence that the model is 

adequately simulating the hydrologic system and contaminant behavior.  Without calibration, there is no 

confidence that the model is simulating the hydrologic system and contaminant behavior, whereby 

predictions based on uncalibrated model projections may be unduly biased. 

The modeling effort used in the study is difficult to calibrate.  The BIOSCREEN model is an analog 

solution and does not result in a hydraulic head distribution that can be calibrated with observed hydraulic 

heads.  The observed hydraulic gradient and hydraulic conductivity is entered and assumed to be correct 

with time regardless of changes that take place to the system.  For this modeling effort, the observed 

variations in hydraulic head toward the south were dismissed and a broad assumption was selected to 

always have a gradient for groundwater flow to the mine’s south end from the waste disposal area.  This 

deviation from standard modeling practice is by itself conservatively biased for potential flows to the 

south. 

There is some calibration based on contaminant behavior that can be incorporated into the model.  Waste 

disposal occurred almost 40 years ago.  Groundwater has been monitored periodically over the last  

15 years at both ends of the mine.  Since contaminants have not been detected in groundwater from the 

monitoring wells, the modeling results should be consistent with these observations.  The modeling 

results presented in Tables 1 through 6 indicate that all the modeled organic compounds (if they existed 

in the mine site at the selected source concentrations) should have been detected in the north compliance 

wells and methylene chloride and 1,4-dioxane should have been detected in the south compliance wells.  

Past and recent groundwater monitoring did not have 1,4-dioxane as an analyte, therefore, monitored 

data is not useful for any calibration of the modeled 1,4-dioxane results.  The BIOSCREEN Model 

predicts using the inputted parameters that vinyl chloride should have migrated 1700 feet from the waste 

disposal area toward the south and be detectable in monitoring wells at that location. 

Since the modeling results are not consistent with the monitoring results, this may indicate the following: 

 The source concentration selected for these organic compounds are very high and may 
be unrealistic given that they are a daughter compound or an impurity of something else.  
The wastes disposed at the Rogers Coal Mine contain the organic compounds.  
Methylene chloride was detected in the source area as was trichloroethylene (TCE).  
TCE is a potential source of 1,4-dioxane and although not analyzed, is expected to have 
been present in the waste disposed at the site.  TCE can also eventually degrade to vinyl 
chloride.  The dechlorination of TCE is probable given the groundwater conditions; 
therefore vinyl chloride is also expected to be present at some time in the wastes or 
impacted groundwater at the Site. 
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 The model input parameters are not representative of the hydrologic system or of the 

contaminant behavior.  The modeling required that organic compounds will not be 
assumed to degrade as solutes or source in the model which could make the modeling 
results unrepresentative, if degradation is occurring relatively rapidly.  All organic 
compounds degrade with time, but the rate of degradation of specific organic compounds 
is unknown at the Site.  Other selected parameters such as groundwater velocity may not 
be representative. 

Since the modeling results are not consistent with monitoring results, this modeling study using the 

Ecology selected input parameters is considered conservatively biased for all three cases presented 

above. 

  



  
October 2009 - 12 - 923-1000-002.R300 
 

101309dm1_Bioscreen Modeling Results.Docx  

7.0 CONCLUSIONS AND RECOMMENDATIONS 

7.1 Conclusions 

The modeling study evaluated the travel times for potential contaminants to arrive at specific locations 

within and from the Rogers Coal Mine of the MTCA Landsburg Site.  The results are considered 

conservative, because the model predictions are not consistent with monitored data.  The arrival times of 

potential contaminants that emanate from the waste disposal area in the mine is used to evaluate the 

long-term groundwater monitoring frequency that will be protective of human health and the environment.  

To be protective, the monitoring frequency must be able to detect a contaminant before it reaches a 

compliance boundary and have sufficient time to implement temporary or permanent remedial actions. 

This modeling study identifies that the monitoring frequency is very dependent on the relative mobility of a 

potential contaminant.  The “retardation factor” distinguishes a potential contaminant mobility in a given 

groundwater flow system.  Because of the uncertainty of the constituents and their quantity that are in the 

disposed waste at the Site, this modeling study used the most mobile hazardous constituents that may be 

present at the Site.  The input parameters and source concentrations were selected by Ecology and are 

conservative.  Therefore, the long-term groundwater monitoring frequency resulting from this study should 

be considered conservative and protective. 

This study determined that a protective groundwater monitoring program will be more frequent for the 

north compliance boundary than for the south compliance boundary.  This study has also determined the 

monitoring frequency using sentinel wells hydraulically up-gradient of the compliance boundaries will 

allow added protection, because sentinel well monitoring provides early detection of a potential 

contaminant at a sentinel well before it reaches a compliance boundary. 

7.2 Recommendations 

The Group recommends that modifications be made to the Draft Cleanup Action Plan (DCAP) for the 

long-term groundwater monitoring frequency based on these BIOSCREEN modeling results.  The last 

version of the DCAP (Golder 2002) defines that long-term groundwater monitoring to start ten years after 

the cover soils, low permeability cap, and surface water diversion systems are installed and completed.  

Groundwater monitoring immediately after remediation is completed to ten years after remediation will be 

conducted at a more frequent time intervals as specified in the 2002 DCAP.  Long-tem groundwater 

monitoring will be conducted in perpetuity or until impacted media in the Roger’s Coal Mine is below 

MTCA Cleanup Levels. 

The Group is considering the use sentinel wells for additional protection and early detection that a 

contaminant is migrating toward each compliance boundary.  For the south compliance boundary,  

LMW-11 and LMW-9 will be the sentinel wells, and for the north compliance boundary Portal #2 and two 

additional groundwater monitoring wells will be installed as sentinel wells that monitor different depths of 

the Roger’s Coal Mine workings near the Portal #2 location. 
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The Group recommends that the results of the Medium Conservative Case be the basis for determining 

the long-term groundwater monitoring frequency using sentinel wells for the reasons presented in Section 

6 above.  As shown in Tables 3 and 4, BIOSCREEN modeling results indicate that protective long-term 

groundwater monitoring for the most mobile potential contaminant is once every 11 years, 2 months for 

the south compliance boundary and once every 3 years, 4 months for the north compliance boundary.  

The frequency for long-term groundwater monitoring for metals and potential organics not modeled, but 

having a retardation factor for the mine aquifer of greater than 50 could be less frequent than once every 

30 years and 10 years for the south and north compliance boundaries, respectively, to be protective. 

Based on the results of the BIOSCREEN modeling study and the use of sentinel wells, the Group 

recommends a long-term groundwater monitoring frequency for the south compliance boundary be once 

every 5 years for volatile organic compounds using EPA Method 8260 and once every 10 years for all 

other potential contaminants, including metals, PCBs, pesticides, and semi-volatile organic compounds 

(including 1,4-dioxane). 

Based on the results of the BIOSCREEN modeling study and the use of sentinel wells, the Group 

recommends a long-term groundwater monitoring frequency for the north compliance boundary be once 

every 2.5 years for volatile organic compounds using EPA Method 8260 and once every 5 years for all 

other potential contaminants, including metals, PCBs, pesticides, and semi-volatile organic compounds 

(including 1,4-dioxane). 
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0.5 MTCA Cleanup Level
Full MTCA Cleanup 

Level
0.5 MTCA Cleanup 

Level
Full MTCA Cleanup 

Level

Methylene Chloride 0.07 5.0 15 years, 1 month 22 years, 8 months 25 years, 3 months  25years, 10 months 2 years, 7 months 3 years, 2 month 10 years, 2 months 10 years, 9 months   7 months

Vinyl Chloride 0.05 0.2 33 years, 1 month 49 years, 7 months 50 years, 7 months 51 years, 10 months 1 year, 0 months 2 years, 3 months 17 years, 6 months 18 years, 9 months 1 year, 3 months

1,4‐Dioxane 0.3 4.0 22 years, 8 months 33 years, 4 months 35 years, 11 months 37 years, 0 months 2 years, 7 months 3 years, 8 months 13 years, 3 months 14 years, 4 months  1 year, 1 month

Arsenic 1.0 5.0 91 years 134 years 138 years 142 years 4 years 8 years 47 years 51 years 4 years

Remedial Action Time 
Between 0.5 MTCA and 
Full MTCA Cleanup 

Levels

TABLE 1

ULTRA CONSERVATIVE CASE‐TRAVEL TIMES, MONITORING FREQUENCIES, AND REMEDIAL ACTION TIME FRAMES FOR THE SOUTH COMPLIANCE BOUNDARY AT LANDSBURG MINE 

Analyte

Monitoring Frequency without Sentinel 
Wells

Monitoring Frequency with Sentinel Wells 
(LMW‐9 and LMW‐11)

LMW‐3/ LMW‐5/ LMW‐
8 Compliance Boundary 
Time for Full MTCA 
Cleanup Levels 

LMW‐3/ LMW‐5/ LMW‐8 
Compliance Boundary 

Time for 0.5 MTCA Cleanup 
Levels 

LMW‐3/ LMW‐5/ LMW‐8 
Compliance Boundary Time 

for Detection 

LMW‐9/LMW‐11 Time for 
Detection from Source

Method 
Detection Limit 

(µg/L)

MTCA Cleanup 
Level (µg/L)
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0.5 MTCA Cleanup 
Level

Full MTCA Cleanup 
Level

0.5 MTCA Cleanup 
Level

Full MTCA Cleanup 
Level

Methylene Chloride 0.07 5.0 1 year, 1 month 3 years, 3 months 3 years, 8 months 3 years, 10 months 5 months 7 months 2 years, 7 months 2 years, 9 months 2 months

Vinyl Chloride 0.05 0.2 2 years, 4 months 7 years, 1 month 7 years, 4 months 7 years, 6 months 3 months 5 months 5 years, 0 months 5 years, 2 months 2 months

1,4‐Dioxane 0.3 4.0 1 year, 9 months 5 years, 0 months 5 years, 6 months 5 years, 8 months 6 months 8 months 3 years, 9 months 3 years, 11 months 2 months

Arsenic 1.0 5.0 6 years, 10 months 19 years, 10 months 20 years, 8 months 21 years, 5 months 10 months 1 year, 7 months 13 years, 10 months 14 years, 7 months 9 months

Remedial Action Time 
Between 0.5 MTCA and 
Full MTCA Cleanup 

Levels

TABLE 2

ULTRA CONSERVATIVE CASE‐TRAVEL TIMES, MONITORING FREQUENCIES, AND REMEDIAL ACTION TIME FRAMES FOR THE NORTH COMPLIANCE BOUNDARY AT LANDSBURG MINE 

Analyte

Monitoring Frequency without Sentinel 
Wells

Monitoring Frequency with Sentinel Wells 
(North Portal #2 Area)

LMW‐2/ LMW‐4 
Compliance Boundary 
Time for Full MTCA 
Cleanup Levels 

LMW‐2/ LMW‐4 
Compliance Boundary 
Time for 0.5 MTCA 
Cleanup Levels 

LMW‐2/ LMW‐4 
Compliance Boundary 
Time for Detection 

North Portal #2 Area 
Time for Detection from 

Source

Analytical 
Method 

Detection Limit 
(µg/L)

MTCA Cleanup 
Level (µg/L)
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0.5 MTCA Cleanup 
Level

Full MTCA Cleanup 
Level

0.5 MTCA Cleanup 
Level

Full MTCA Cleanup 
Level

Methylene Chloride 0.07 5.0 15 years, 5 months 23 years, 1 month 26 years, 7 months 27 years, 5 months 3 years, 6 months 4 years, 4 months 11 years, 2 months 12 years, 0 months 10 months

Vinyl Chloride 0.05 0.2 31 years, 6 months 47 years, 6 months 48 years, 7 months 49 years, 11 months 1 year, 1 month 2 years, 5 months 17 years, 1 month 18 years, 5 months 1 year, 4 months

1,4‐Dioxane 0.3 4.0 23 years, 3 months 34 years, 1 month 37 years, 8 months 39 years, 3 months 3 years, 7 months 5 years, 2 months 14 years, 5 months 16 years, 0 months 1 year, 7 months

Arsenic 1.0 5.0 109 years 157 years 166 years 174 years 9 years 17 years 57 years 65 years 8 years

LMW‐9/LMW‐11 Time for 
Detection from Source

TABLE 3 

Analytical 
Method 

Detection Limit 
(µg/L)

MTCA Cleanup 
Level (µg/L)

Remedial Action Time 
Between 0.5 MTCA and 
Full MTCA Cleanup 

Levels

MEDIUM CONSERVATIVE CASE‐TRAVEL TIMES, MONITORING FREQUENCIES, AND REMEDIAL ACTION TIME FRAMES FOR THE SOUTH COMPLIANCE BOUNDARY AT LANDSBURG MINE 

Analyte

Monitoring Frequency without Sentinel 
Wells

Monitoring Frequency with Sentinel Wells 
(LMW‐9 and LMW‐11)

LMW‐3/ LMW‐5/ LMW‐
8 Compliance Boundary 
Time for Full MTCA 
Cleanup Levels 

LMW‐3/ LMW‐5/ LMW‐8 
Compliance Boundary 

Time for 0.5 MTCA Cleanup 
Levels 

LMW‐3/ LMW‐5/ LMW‐8 
Compliance Boundary Time 

for Detection 

 100709djm1_Table 3
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0.5 MTCA Cleanup 
Level

Full MTCA Cleanup 
Level

0.5 MTCA Cleanup 
Level

Full MTCA Cleanup 
Level

Methylene Chloride 0.07 5.0 2 years, 4 months 4 years, 9 months 5 years, 8 months 5 years, 10 months 11 months 1 year, 1 month 3 years, 4 months 3 years, 6 months 2 months

Vinyl Chloride 0.05 0.2 4 years, 8 months 9 years, 8 months 10 years, 1 month 10 years, 4 months 5 months 8 months 5 years, 5 months 5 years 8 months 3 months

1,4‐Dioxane 0.3 4.0 3 years, 8 months 7 years, 4 months 8 years, 3 months 8 years, 8 months 11 months 1 year, 4 months 4 years, 7 months 5 years, 0 months 5 months

Arsenic 1.0 5.0 17 years, 6 months 34 years, 4 months 36 years, 8 months 38 years, 10 months 2 years, 4 months 4 years, 6 months 19 years, 2 months 21 years, 4 months 2 years, 2 months

LMW‐2/ LMW‐4 Compliance 
Boundary Time for Detection 

TABLE 4 

North Portal #2 Area Time 
for Detection from Source

Analytical 
Method 

Detection Limit 
(µg/L)

MTCA Cleanup 
Level (µg/L)

Remedial Action Time 
Between 0.5 MTCA and 
Full MTCA Cleanup 

Levels

MEDIUM CONSERVATIVE CASE‐TRAVEL TIMES, MONITORING FREQUENCIES, AND REMEDIAL ACTION TIME FRAMES FOR THE NORTH COMPLIANCE BOUNDARY AT LANDSBURG MINE 

Analyte

Monitoring Frequency without Sentinel 
Wells

Monitoring Frequency with Sentinel Wells 
(North Portal #2 Area)

LMW‐2/ LMW‐4 
Compliance Boundary 
Time for Full MTCA 
Cleanup Levels 

LMW‐2/ LMW‐4 
Compliance Boundary 

Time for 0.5 MTCA Cleanup 
Levels 

 100709djmTable 4
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0.5 MTCA Cleanup 
Level

Full MTCA Cleanup 
Level

0.5 MTCA Cleanup 
Level

Full MTCA Cleanup 
Level

Methylene Chloride 0.07 5.0 17 years, 7 months 26 years, 1 month 32 years, 6 months 34 years, 3 months 6 years, 5 months 8 years, 2 months 14 years, 11 months 16 years, 8 months 1 year, 8 months

Vinyl Chloride 0.05 0.2 34 years, 0 months 51 years, 0 months 52 years, 6 months 54 years, 4 months 1 year, 6 months 3 years, 4 months 18 years, 6 months 20 years, 4 months 1 year, 10 months

1,4‐Dioxane 0.3 4.0 23 years, 5 months 34 years, 5 months 38 years, 10 months 40 years, 11 months 4 years, 5 months 6 years, 6 months 15 years, 5 months 17 years 6 months 2 years, 1 month

Arsenic 1.0 5.0 129 years 185 years 205 years 227 years 20 years 42 years 76 years 98 years 22 years

LMW‐3/ LMW‐5/ LMW‐8 
Compliance Boundary Time 

for Detection 

TABLE 5 

LMW‐9/LMW‐11 Time for 
Detection from Source

Analytical 
Method 

Detection Limit 
(µg/L)

MTCA Cleanup 
Level (µg/L)

Remedial Action Time 
Between 0.5 MTCA and 
Full MTCA Cleanup 

Levels

BASELINE CONSERVATIVE CASE‐TRAVEL TIMES, MONITORING FREQUENCIES, AND REMEDIAL ACTION TIME FRAMES FOR THE SOUTH COMPLIANCE BOUNDARY AT LANDSBURG MINE 

Analyte

Monitoring Frequency without Sentinel 
Wells

Monitoring Frequency with Sentinel Wells 
(LMW‐9 and LMW‐11)

LMW‐3/ LMW‐5/ LMW‐
8 Compliance Boundary 
Time for Full MTCA 
Cleanup Levels 

LMW‐3/ LMW‐5/ LMW‐8 
Compliance Boundary 

Time for 0.5 MTCA Cleanup 
Levels 
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0.5 MTCA Cleanup 
Level

Full MTCA Cleanup 
Level

0.5 MTCA Cleanup 
Level

Full MTCA Cleanup 
Level

Methylene Chloride 0.07 5.0 6 years, 1 month 9 years, 4 months 11 years, 10 months 12 years, 6 months 2 years, 6 months 3 years, 2 months 5 years, 9 months 6 years, 5 months 8 months

Vinyl Chloride 0.05 0.2 11 years, 7 months 17 years, 11 months 18 years, 6 months 19 years, 2 months 7 months 1 year, 3 months 6 years, 11 months 7 years, 7 months 8 months

1,4‐Dioxane 0.3 4.0 8 years, 2 months 12 years, 4 months 14 years, 0 months 14 years, 11 months 1 years, 8 months 2 years, 7 months 5 years, 10 months 6 years, 9 months 11 months

Arsenic 1.0 5.0 47 years 68 years 75 years 83 years 7 years 15 years 28 years 36 years 8 years

North Portal #2 Area 
Time for Detection from 

Source

TABLE 6

Analytical 
Method 

Detection Limit 
(µg/L)

MTCA Cleanup 
Level (µg/L)

Remedial Action Time 
Between 0.5 MTCA and 
Full MTCA Cleanup 

Levels

BASELINE CONSERVATIVE CASE‐TRAVEL TIMES, MONITORING FREQUENCIES, AND REMEDIAL ACTION TIME FRAMES FOR THE NORTH COMPLIANCE BOUNDARY AT LANDSBURG MINE 

Analyte

Monitoring Frequency without Sentinel 
Wells

Monitoring Frequency with Sentinel Wells 
(North Portal #2 Area)

LMW‐2/ LMW‐4 
Compliance Boundary 
Time for Full MTCA 
Cleanup Levels 

LMW‐2/ LMW‐4 
Compliance Boundary 
Time for 0.5 MTCA 
Cleanup Levels 

LMW‐2/ LMW‐4 
Compliance Boundary 
Time for Detection 
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Source:  USGS 1:250,000 sheets "Seattle" and "Wenatchee". 
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