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Technical Memorandum 

To: Ed Jones, Department of Ecology, NWRO 

From: Pacific Groundwater Group 

Cc: Blaser Die-Casting, Inc.  
Burlington Environmental, LLC and Pacific Crest Consulting, LLC  
Capital Industries, Inc. and Farallon Consulting, LLC  
Art Brass Plating, Inc. and Aspect Consulting, LLC 

Re: Revised Fate and Transport Modeling Plan – W4 Feasibility Study  
W4 Joint Deliverable 

Date: February 27, 2015 

This Fate and Transport Modeling Plan Technical Memorandum was prepared on behalf of the 
four potentially liable parties (PLPs) [Art Brass Plating (ABP), Blaser Die Casting (BDC), Capi-
tal Industries (CI), and PSC Environmental Services, LLC1  (PSC)] identified by the Washington 
State Department of Ecology (Ecology) in Agreed Order (AO) No. DE10402 for the West of 4th 
(W4) Site. The AO requires the four PLPs (the W4 Group) to complete a Feasibility Study (FS) 
and prepare a draft Cleanup Action Plan (dCAP) for the W4 Site. The environmental consultants 
addressing technical aspects of the FS and dCAP on behalf of the W4 Group (W4 Consultants) 
are: Aspect Consulting (Aspect) for ABP; Farallon Consulting (Farallon) for CI; Pacific 
Groundwater Group (PGG) for BDC; and Pacific Crest Environmental (Pacific Crest) for Steri-
cycle. 

OVERVIEW 

This Fate and Transport Modeling Plan has been developed to present the parameters, methods, 
and procedures that will be used to conduct fate and transport and other modeling analyses to 
support the evaluation and screening of remedial technologies and alternatives in the Feasibility 
Study. The fate and transport modeling will include evaluation of downgradient concentrations 
of chlorinated solvents, exposure pathways, groundwater plume stability/mobility, and develop-
ment of preliminary remediation levels at model source areas as needed. The primary modeling 
will utilize varying configurations of BIOCHLOR to estimate future groundwater chlorinated 
solvent concentrations along a modeled plume centerline (Aziz and Newell, 2002). Modeling 
specific to metals contamination in SU12 is discussed in a separate section, and described in de-

                                                      
1 Burlington Environmental, LLC is a wholly-owned subsidiary of PSC Environmental Services, LLC which is a 
wholly-owned subsidiary of Stericycle Environmental Solutions, Inc., hereafter referred to in this document as 
“Stericycle” for simplicity.     
2 SU1 and SU2 refer to Site Units, and are the same as those described in the Site Conceptual Model (Aspect, 2014) 
and other W4 joint deliverables. 
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tail in the Revised Remedial Investigation Data Gaps and Supplemental Work Plan for Site Unit 
1 (Aspect, 2014a).  

BIOCHLOR MODELING APPROACHES 

This section describes BIOCHLOR modeling approaches applicable to SU1 and SU2 chlorinated 
ethenes. BIOCHLOR will be used to:  

 Estimate effects of remedial alternatives on groundwater plume concentrations;  
 Develop preliminary remediation levels for model source areas; and 
 Estimate downgradient groundwater concentrations for exposure pathway evaluation. 

The following sections describe the input parameters to be used in BIOCHLOR and how the 
model will be configured. Remedial alternatives are the combination of remedial technologies 
used to address contamination in a specific source area (e.g., natural attenuation alone or an in-
situ source control combined with natural attenuation). Model runs specific to remedial alterna-
tives are discussed in general terms because the specific remedial alternatives to be evaluated in 
the Feasibility Study have not been finalized. However, BIOCHLOR modeling can be used in a 
generic approach to evaluate groundwater plume concentrations downgradient of a change in 
source area concentration due to an unspecified remedial action, or it can be used to estimate the 
source-area concentration reduction appropriate to meet a downgradient concentration objective. 
Natural attenuation is expected to be included as a potential stand-alone remedial alternative or 
as a component of remedial alternatives in the Feasibility Study. Model configuration specific to 
natural attenuation is discussed below. The use of source decay terms will facilitate estimation of 
the timescales over which the plume will decrease to cleanup levels (standard point of compli-
ance) from existing conditions and from projected conditions after a source control action. 

The BIOCHLOR modeling will set targets for the considered remedial alternatives and will not, 
with the exception of natural attenuation components, directly model the effectiveness of specific 
remedial technologies. Modeling will be conducted concurrent with development of remedial 
approaches, with the SU1/SU2 Fate and Transport Summary memos to be completed in May 
2015 and the SU1/SU2 Remedial Alternatives Development memos to be completed in June 
2015. If changes to active remediation concentrations targets based on modeling results arise 
during Ecology comment process for Fate and Transport modeling, then those changes will be 
incorporated into the discussion of remedial alternatives during development of the FS, which is 
due in December 2015. It is expected that changes to target concentrations during this process 
would not be enough to discount any specific active remedial approaches in the absence of other 
technical constraints.  

BIOCHLOR TRANSPORT PARAMETERS 

BIOCHLOR calculates groundwater concentrations along a plume centerline based on a combi-
nation of advection and dispersion parameters, biodegradation parameters, source area concen-
trations, and source area general characteristics. This approach assumes that loss rates are con-
sistent or conservative with model parameters within a model zone both laterally and longitudi-
nally, and that there is centerline groundwater data available for comparison. Existing and ex-
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pected groundwater monitoring provide adequate hydraulic and empirical chemical data to con-
strain the plume positon and centerline concentrations in near-source and downgradient loca-
tions. Model advection and biodegradation parameter values are included in Table 1. These pa-
rameters are consistent with values used in modeling used in the W4 PLP Remedial Investiga-
tions (PGG, 2012; Aspect, 2012; Farallon, 2012). Selection of these parameters is discussed in 
the Blaser Remedial Investigation Fate and Transport Evaluation and Modeling memo and each 
of the PLP Remedial Investigation reports (PGG, 2010; PGG, 2012; Aspect, 2012, Farallon, 
2012).  

BIOCHLOR SOURCE AREA PARAMETERS 

Model source area concentrations and general characteristics will be assigned based on the spe-
cific model purpose, and are discussed in the sections below. In this document, the term “model 
source area” refers to an aquifer volume that is the upgradient extent of the model. The model 
source area may be down gradient from a source area where a release occurred.   

Source Area Geometry and Locations  

Model source areas will be configured as single-planar sources the width of the groundwater 
plume and the thickness of the aquifer interval (water table, shallow, or intermediate). Source 
areas are located similarly to the respective Remedial Investigation reports for each PLP, with 
dimensions summarized in Table 1 (Figure 1). 

Additional source areas may be modeled in the Feasibility Study to evaluate specific remedial 
alternatives. This could include modeling the downgradient effects of source area concentration 
reductions, for example. However, because remedial alternatives have not been developed, they 
are not specifically discussed in this memo.  

Source Area Initial Concentrations 

Source area concentrations representing current conditions will be based on the data in the Site 
Conceptual Model. In model runs where input source concentrations are adjusted (e.g., to ac-
count for reduction in source area concentrations under a given remedial alternative or for estab-
lishing remediation levels), the starting concentration ratios3 will be maintained during model 
adjustments. Because the chlorinated ethene concentrations are related through degradation, 
maintaining concentration ratios reduces the degrees of freedom for source area parameters. 
Concentrations will be based on the groundwater data presented in the Site Conceptual Model 
(Aspect, 2014b). Depending on the purpose of the modeling, ABP may use MW-3 and PMW-1 
to represent conditions at the ABP facility or MW-17-40 and MW-25-50 where TCE concentra-
tions are highest downgradient of the facility. 

                                                      
3 For example, the ratios of PCE to TCE, TCE to DCE, and DCE to vinyl chloride. 
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Source Area Decay 

Source area concentrations in release areas are expected to decrease through mass loss due to 
advection out of the source area, volatilization, and chemical and biologic degradation processes. 
A decaying source area will be used in models of natural attenuation. Source decay is described 
by a constant (ks) and accounts for all of the processes reducing the source area concentration, 
and is different from the biodegradation rate (λ), which only addresses the rate of biologic trans-
formation. The ks constant is used in a natural-logarithmic decay mathematically similar to the 
application of biodegradation rate constants.  Literature values are unlikely to be representative 
of the source decay in these locations because the ks constant includes both advection and degra-
dation. The Environmental Protection Agency recommends estimating source area depletion 
rates using concentration-time plots at the most contaminated wells (Newell, et al., 2008). Unlike 
biodegradation rates, BIOCHLOR only allows one value for the source decay rate. The W4 
group proposes using source area decay rates based on trichloroethene data because it is the 
CVOC with the highest sorption coefficient and slowest biodegradation rate based on literature 
values, and is therefore the most conservative constituent to use for source decay rate estimation 
of a CVOC source. TCE is also the parent constituent for degradation products dichloroethene 
and vinyl chloride, and is therefore a mass limiting factor for degradation4. These decreasing 
concentrations incorporate all of the processes occurring in the source area including volatiliza-
tion, chemical and biological degradation, dispersion, sorption/partitioning, or other mechanisms 
of contaminant destruction/immobilization as they are occurring in-situ. They will not reflect 
concentrations in the vadose zone beyond the assumption that the contaminant transport rate is 
not increasing through time (a reasonable assumption in the absence of significant site changes 
or additional releases, neither of which can be predicted through modeling).  

Commingled plumes will be addressed by modeling each model source and using the upgradient 
source model results as minimum or “floor” concentrations for downgradient points. The down-
gradient source decay term (downgradient from 2 sources) based on trend line fitting will reflects 
the aggregate decay of the commingled plumes.  

The W4 group proposes using TCE data from monitoring wells BDC-2-WT, BDC-3-WT, CI-
MW-6, and CI-MW-7-WT as the basis of source area decay rates. The “source area” downgradi-
ent of the ABP facility near wells MW-17-40 and MW-25-50 will be treated as a constant con-
centration source with no decay. Additional wells may be selected if needed during development 
of the Feasibility Study. Final ks values will be not be allowed to exceed 0.465 to provide nu-
merical stability in BIOCHLOR. Proposed ks values and supporting data are included in Table 2. 
Figure 2 shows trend lines with best-fit equations used to derive the ks values. R-squared values 
for the trend lines used to estimate ks values ranged from 0.36 to 0.94 with 4 of 5 values above 
0.77. The r-squared values reflect variability in the data set and provide a first order picture of 
the precision of the source area decay term. The uncertainty in the source term will be evaluated 
using a 90% confidence interval, as described in the sensitivity analysis section and as recom-
mended in EPA guidance (Newell, 2002).  

                                                      
4 It is possible that source decay rates may vary over time, and that source decay rates based on available data will 
not be representative over the time to achieve groundwater RAOs. Potential variability in source decay rate is dis-
cussed in the sensitivity analysis section below, and will be discussed further in the Fate and Transport Memo. 
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NATURAL ATTENUATION CONFIGURATION 

The objective of the natural attenuation configuration is to estimate the time required for biodeg-
radation processes to reduce concentrations of the chlorinated solvents to levels less than the pre-
liminary cleanup levels presented in the Preliminary Site Cleanup Standards Memorandum (Far-
allon 2014) along the entire model domain5. Reaching this condition will require source area de-
cay to the target cleanup levels and dissipation of the groundwater plume.  

The natural attenuation configuration will use a decaying source with initial concentrations set at 
either the concentrations in the Site Conceptual Model for that location, or the estimated concen-
trations after a previous remedial process such as in-situ remedy. The source depletion rate will 
be set based on the monitoring well data (Table 2). The model will initially be run for 30 years as 
a default starting simulation time. If concentrations have not reached cleanup levels along the 
full model domain, then the model time will be increased until preliminary cleanup levels are 
met.  

The remediation times calculated using this approach will be useful for screening natural atten-
uation as a cleanup technology and providing an estimate of the remediation timeframe. Howev-
er, given the conservative model inputs and geologic variability not captured by BIOCHLOR, 
the model results may diverge from monitoring well observations over time. Groundwater con-
centration trends will be compared to pre-interim action trends as verification that the calculated 
trends are reasonable; this may include data from PSC wells or other wells with sufficient data 
for comparison. The comparison will be conducted by calculating a source decay rate from the 
modeled data and the comparison well such that differences in absolute concentration do not bias 
the observed trends; this corrects for an expected lower/flatter slope in linear time-concentration 
plots at lower-concentration wells due to the assumed logarithmic decay model. 

REMEDIATION LEVELS 

Preliminary remediation levels for groundwater at the source areas will be estimated by adjusting 
model source area concentrations until model results meet preliminary cleanup levels at a down-
gradient receptor. The downgradient receptor will be discharge to surface water in the Du-
wamish. The distance between the source area and the Duwamish will be estimated along a 
groundwater flow path from the source area to the receptor as indicated by the groundwater con-
tours on figures in the Site Conceptual Model (Aspect, 2014b).  All other advection and transport 
terms will be held constant at the values in Table 16.  Next, the source-area concentrations will 
be reduced until the calculated steady-state downgradient concentrations are at or below concen-
trations protective of the most conservative receptor pathway for that downgradient location. The 
BIOCHLOR model results would then suggest that those source area-concentrations would satis-
fy a remedial action objective that is protective of that receptor pathway as an interim measure 
until site-wide cleanup levels are reached. Remediation levels calculated with this method will 
only be applicable at the modeled source area, and different remediation levels are likely to be 
calculated at different locations within SU1 and SU2. 
                                                      
5 This assumes that the modeled groundwater plume accurately reflects the groundwater centerline concentrations.  
6 Values may be altered from those listed in Table 1 if sensitivity and verification model runs discussed below indi-
cate an alternate set of input data result in better match of model predictions to observed groundwater conditions. 
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EVALUATION OF EXPOSURE PATHWAYS 

Exposure pathways will be evaluated from steady state7, continuous source modeling results by 
comparing down gradient plume concentrations to the preliminary cleanup levels specific to the 
exposure pathway. Exposure pathways will be as outlined in the Revised Preliminary Site Clean-
up Standards memo (Farallon, 2014), including the following pathways: 

 Groundwater ingestion 
 Groundwater discharge to surface water 
 Water table interval groundwater to soil gas 

Pathways such as soil direct contact that do not require modeling assessment are not discussed in 
this memo.  

CONTAMINANT PLUME STABILITY AND MOBILITY 

Plume stability is usually demonstrated empirically through statistical analysis of concentration 
trends at monitoring points (e.g. Ecology, 2005). The Ecology method for assessing stability uses 
a non-parametric Mann-Kendall trend analysis to define concentrations at specific wells as “ex-
panding” for increasing concentration trends, “stable” for flat concentration trends, and “shrink-
ing” for decreasing concentration trends. The Mann-Kendall test requires data from a minimum 
of four independent sampling events. Locations suitable for calculation of source decay rates are 
also locations that would be categorized as shrinking. Locations with stable concentrations, such 
as MW-17 in SU1, are modeled as constant sources without decay. Calculation of source area 
decay terms is described above in the Source Area Decay section. 

Modeling can be useful to estimate the expected changes in a plume in response to changes in 
contaminant mass, transformation/biodegradation, or source area concentration. For these types 
of analyses, BIOCHLOR will be used to calculate steady-state plume concentrations as an esti-
mate of the pre- and post-change plume conditions. The transition between these steady state 
model conditions will not be modeled with BIOCHLOR. 

SENSITIVITY ANALYSIS AND VERIFICATION 

There will be uncertainty associated with model predictions. To address this uncertainty, sensi-
tivity analysis of model results to input parameters will be conducted, and base case model re-
sults will be compared to measured down-gradient groundwater concentrations. Sensitivity anal-
yses will be conducted by varying one parameter per modeling run over a range of values con-
sistent with the W4 RI reports. Verification of model inputs will likely include modeling of his-
toric data snapshots where groundwater prior to interim remedial actions. If sensitivity and veri-
fication model runs indicates an alternate, calibrated value better matches observed conditions, 
then input values for other model runs may be adjusted accordingly and the rationale for revision 
discussed along with the model results. This is consistent with the approached used in the Art 

                                                      
7 Steady state will be defined as a configuration for which a longer simulation time will not change the model out-
put.  
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Brass Plating RI (Aspect, 2012) and in the EPA recommendations for use of BIOCHLOR (New-
ell, 2002). Source decay was not considered in RI BIOCHLOR modeling. Source decay terms 
will be varied to the upper and lower bounds of a 90% confidence interval to evaluate variability. 
The confidence interval will be calculated using a two-tailed confidence interval, as described in 
Newell (2002).  

TASK-SPECIFIC MODELING 

Specific modeling will be conducted in SU1 associated with releases of metals at the Art Brass 
Metals facility. 

SU1 METALS FATE AND TRANSPORT 

In addition to chlorinated ethene releases, the Art Brass Plating site has also had releases of met-
als related to plating operations (Aspect, 2014b). Modeling specific to metals fate and transport 
in SU1 are described in Appendix A of the Revised Remedial Investigation Data Gaps and Sup-
plemental Work Plan for Site Unit 1 (Aspect, 2014a). The model will be developed using a nu-
merical groundwater flow and reactive transport code. The PHAST model (short for PHREEQC 
And HST3D) was developed by the U.S. Geological Survey (USGS) and combines the ground-
water flow and transport equations of the USGS HST3D model with the geochemical modeling 
code PHREEQC. This model will be used to simulate geochemical changes that occur as metals-
impacted groundwater flows through the aquifer, mixes with ambient groundwater, and interacts 
with aquifer minerals. PHAST is a well-documented, robust computer code capable of simulat-
ing groundwater flow and chemical transport with complex geochemical reactions. Ecology con-
ditionally approved the metals fate and transport modeling work plan, with comments, on Octo-
ber 10, 2014. 

The fate and transport analysis for metals will be consistent with the site-wide BIOCHLOR ap-
proach for chlorinated ethenes. The same advective transport input parameters are applicable to 
both BIOCHLOR and PHAST (Table 1). The metals-specific modeling in SU1 will also incorpo-
rate additional parameters appropriate to metals fate and transport, such as general water chemis-
try data, oxidation-reduction potential, and pH that affect the mobility of metals.   
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Table 1. Fate and Transport Modeling Parameters
West of Fourth, Seattle, Washington

Model Parameter Units Data Source Water Table Shallow Intermediate SU1 Metals

Computer Program BIOCHLOR BIOCHLOR BIOCHLOR PHAST

Source Area Dimensions
CI Source Area 1 Width ft Farallon, 2011 50 50 50 n/a
CI Plant 4 Source Area Width ft Farallon, 2011 50 50 50 n/a
Blaser Source Width ft PGG, 2012 50 50 50 n/a
ABP Source Area Width ft Aspect, 2012 200 200 200 n/a
Source Area Thickness ft -- 15 20 20 n/a

CI Source Area 1 Concentrations
PCE ug/L Aspect, 2014 0 0 0 n/a
TCE ug/L Aspect, 2014 45 68 0 n/a
cis-1,2 DCE ug/L Aspect, 2014 26 24 0 n/a
VC ug/L Aspect, 2014 0.21 10 83 n/a

CI Plant 4 Source Area Concentrations
PCE ug/L Aspect, 2014 6.2 0 0 n/a
TCE ug/L Aspect, 2014 170 0 0 n/a
cis-1,2 DCE ug/L Aspect, 2014 120 0 0 n/a
VC ug/L Aspect, 2014 4.6 210 210 n/a

Blaser Source Area Concentrations
PCE ug/L Aspect, 2014 0 0 0 n/a
TCE ug/L Aspect, 2014 110 0 0 n/a
cis-1,2 DCE ug/L Aspect, 2014 60 22 4.2 n/a
VC ug/L Aspect, 2014 9.2 7.2 12 n/a

Art Brass Plating Source Area Concentrations - MW-17/MW-25 (Downgradient) Source Area
PCE ug/L Aspect, 2014 0 0 0 n/a
TCE ug/L Aspect, 2014 0 1,100 3,900 n/a
cis-1,2 DCE ug/L Aspect, 2014 0 130 17 n/a
VC ug/L Aspect, 2014 0 0 0 n/a

Art Brass Plating Source Area Concentrations - MW-3/PMW-1 (Facility) Source Area
PCE ug/L Aspect, 2014 0 0 0 n/a
TCE ug/L Aspect, 2014 230 0 0 n/a
cis-1,2 DCE ug/L Aspect, 2014 270 1.4 0 n/a
VC ug/L Aspect, 2014 0 3.7 0 n/a

Hydraulic Gradient (G)
Mean ft/ft PGG, 2012 0.0012 0.0011 0.0014 0.002
Number of Observations -- PGG, 2012 8 8 7 --

Hydraulic Conductivity (K) cm/sec Aquifer Slug Tests 2 1.7E-02 9.99E-03 2.8E-03 9.9E-03
Effective Porosity (n) -- Nominal Value 0.25 0.25 0.25 0.25
Seepage Velocity (v) ft/year Calculated as: v = (K*G)/n 83 45 16 82
Anisotropy Factor -- n/a n/a n/a 10
Dispersivity

Longitudinal (α x) -- Xu - Eckstein 3
31.2 31.2 31.2 n/a

Transverse (α y) -- (α x) * 0.1 3.1 3.1 3.1 n/a

Vertical (α z) -- No Vertical Dispersion 1.0E-99 1.0E-99 1.0E-99 n/a

Plume length for calculation ft Map Distance varies varies varies n/a
Soil Bulk Density kg/L MTCA Common Assumption 1.51 1.51 1.51 n/a
Soil Fraction Organic Carbon (foc) % Soil Measurements 0.2 0.2 0.2 field data
Koc

Tetrachloroethene L/kg MTCA CLARC Tables 265 265 265 n/a
Trichloroethene L/kg MTCA CLARC Tables 94 94 94 n/a
cis-1,2 Dichloroethene L/kg MTCA CLARC Tables 35.5 35.5 35.5 n/a
Vinyl Chloride L/kg MTCA CLARC Tables 18.6 18.6 18.6 n/a

Retardation Factor ( R ) 1

PCE -- Calculated 4.2 4.2 4.2 n/a
TCE -- Calculated 2.1 2.1 2.1 n/a
cis-1,2 DCE -- Calculated 1.4 1.4 1.4 n/a
VC -- Calculated 1.2 1.2 1.2 n/a
Average Value 2.25 2.25 2.25 n/a

Biodegradation Rates (as half-lives)
PCE years Newell (2000) 25th Percentile 1.2 1.2 1.2 n/a
TCE years Newell (2000) 25th Percentile 1.8 1.8 1.8 n/a
cis-1,2 DCE years Newell (2000) 25th Percentile 1.6 1.6 1.6 n/a
VC years Newell (2000) 25th Percentile 1.7 1.7 1.7 n/a

Simulation Time
Steady State Run years 500 500 500 n/a
Natural Attenuation years 30+ 30+ 30+ n/a

nr - Not reported in literature reference
n/a - Not applicable to the model
1 R = 1 + (p/n) * Kd

Kd = foc * Koc

p = dry bulk density

n = porosity
2 See Remedial Investigations for discussion of hydraulic conductivity values (PGG, 2012; Aspect, 2012, Farallon, 2012). 

Units: ft= feet; cm/sec = centimeters per second; ug/L = micrograms per liter; L/kg = liters per kilogram. 
See Table 2 for source decay term (ks)
Art Brass modeling of metals fate and transport specific to SU1 is described in Aspect, 2014. 

3 Xu, M. and Y. Eckstein, 1995, Use of Weighted Least-Squares Method in Evaluation of the Relationship Between Dispersivity and Scale. 
J. Ground Water, 33(6): 905-908.
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Table 2. Source Decay Term
West of Fourth, Seattle, Washington

Well Date
Elapsed 
Years

TCE k s (/year) R 2  (k s)

CG-137-WT 0.301 0.94
3/25/2010 0.00 98
6/18/2010 0.23 98
9/30/2010 0.52 92

12/15/2010 0.73 93
3/16/2011 0.97 82
9/30/2011 1.52 76
5/4/2012 2.11 62

9/26/2012 2.51 64
3/15/2013 2.97 39
8/8/2013 3.37 38

3/13/2014 3.97 31

BDC-2-WT 0.173 0.77
2/1/2008 0.00 86
6/2/2009 1.33 81

8/18/2009 1.54 40
11/16/2009 1.79 58
2/24/2010 2.06 45
1/27/2011 2.99 51
3/1/2011 3.08 53

10/18/2011 3.71 35
4/12/2012 4.19 39
8/22/2012 4.55 39
3/20/2013 5.13 33
9/10/2013 5.61 32
3/13/2014 6.11 24

BDC-3-WT 0.306 0.83
2/1/2008 0.00 75
6/2/2009 1.33 110

8/18/2009 1.54 87
11/16/2009 1.79 57
2/24/2010 2.06 100
3/1/2011 3.08 48

10/18/2011 3.71 27
4/12/2012 4.19 32
8/22/2012 4.55 28
3/20/2013 5.13 21
9/10/2013 5.61 20
3/13/2014 6.11 21

CI-MW-6 0.274 0.86
2/10/2006 0.00 19
3/24/2010 4.12 7
6/17/2010 4.35 7
9/28/2010 4.63 5

12/16/2010 4.85 7
3/18/2011 5.10 3

CI-MW-7 0.169 0.36
2/9/2006 0.00 38

3/24/2010 4.12 17
6/17/2010 4.35 8
9/30/2010 4.64 10

12/14/2010 4.84 7
9/29/2011 5.63 9
5/4/2012 6.23 19

9/26/2012 6.63 5
3/13/2013 7.09 14
8/8/2013 7.49 5

3/12/2014 8.09 12
All results reported as micrograms per liter (ug/L)
ks values are the slope term of the exponential best-fit line in Figure 2
J qualifier indicates estimated value
R-squared values calculated using Excel trendline function (Figure 2)

West of Fourth Fate and Transport Modeling Plan
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Figure 1. Site Diagram
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Trendline formulas are of the form: Ct = Co * e^(-kst)
ks in units year^-1
See Newell (2002) Example 1 for a detailed discussion of trendlines and source decay rates. 

Figure 2. Source Area Concentration-
Time Plots
W4 Fate and Transport Modeling Plan


