
RESPONSE TO DTSC COMMENTS ON THE DRAFT ASSESSMENT OF BURRO FLATS FAULT AND NORTH FAULT INFLUENCE 
ON CORRECTIVE MEASURES STUDY ALTERNATIVE RECOMMENDATIONS

SANTA SUSANA FIELD LABORATORY, AREA IV, VENTURA COUNTRY, CALIFORNIA, JULY 30, 2024

# Comment (11/14/24) Response

1 The Arnold and James FTM reports were submitted to DTSC to provide a status update on groundwater 
fate and transport modeling activities in Area IV as requested in DTSC’s September 18, 2023 letter, 
Department of Toxic Substances Control and Los Angeles Regional Water Quality Control Board Second 
Round of Responses to DOE’s Responses Regarding the 2020 Groundwater Corrective Measures Study, 
Area IV of Santa Susana Field Laboratory, Ventura County, California.

The original comment (#1e) from DTSC ESPO in DTSC's September 16, 2022 Comment Letter stated that "no clear description of the numerical flow model is presented besides 
limited information on particle track modeling… A clear description, including assumptions, any boundary conditions, and parameter estimation methods, is needed in Section 
2 of the numerical flow modeling methods before its results can be assessed." DTSC noted that "Fracture flow modeling is very different to modeling in unconsolidated 
materials – it requires modeling discrete fracture/channel networks or modeling the geologic medium as an equivalent porous medium."

A description of the model used to develop the particle tracks presented in the CMS is provided in the DTSC-approved RFI Report from 2019 (the source of those tracks). The 
3D numerical flow model used to generate particle tracks in the RFI Report was an updated and recalibrated version of the 2009 Mountain Scale Groundwater Flow Model, 
which uses an equivalent porous medium approach to simulate the hydrogeologic properties of both the fracture network and the porous sandstone. Therefore, the model 
uses an equivalent porous medium approach, as noted by DTSC in their comment as appropriate for fractured bedrock. The original comment on the CMS (#1e from ESPO) can 
be resolved by adding text to the CMS report that summarizes the modeling approach and points the reader to existing documents that detail model inputs, such as boundary 
conditions and parameter estimation methods.

The purpose of the modeling results presented in Section 2 of the CMS is to provide additional lines of evidence in evaluating the adequacy of the monitoring well network to 
characterize groundwater contamination and, specifically, the identify potential fate and transport pathways from known locations of groundwater contamination. The model 
results in Section 2 of the CMS were not used to evaluate corrective measure alternatives. 

DOE provided these 3 additional modeling reports (the subject of this set of comments and which are not the modeling results presented in the draft CMS) to demonstrate 
that DOE has taken steps to consider the impact of back-diffusion at sites with contaminants in fractured bedrock, which was a concern noted in DTSC's responses to 
responses dated September 18, 2023.

2 The GSB assumes that the papers were provided to the Department of Toxic Substance Control (DTSC) 
as an update of modeling activities for the Department of Energy and in support of groundwater remedy 
evaluations for RCRA Corrective Measures. Accordingly, the findings and conclusions of these papers 
cannot fully assess beyond the context of the remedies being proposed and evaluated in the Corrective 
Measures Study (CMS). However, the GSB has the following initial comments on the papers which 
should be addressed in the final CMS, if these papers will be used as background or support. GSB 
comments on the FTM reports will also need to be considered in the final CMS report.

The papers were provided to DTSC to document modeling activities that were conducted before 2022. The primary objective of the modeling activities in these reports was to 
evaluate the role of back-diffusion in sustaining TCE concentrations at the subject groundwater investigation areas (HMSA, RMHF, and FSDF). One report (Arnold and James 
2020b) also had a specific objective of evaluating the potential for TCE concentrations exceeding the MCL to migrate from well DD-144 by simulating the fate and transport of 
TCE through the Chatsworth Formation sandstone and calculating the estimated future concentration of TCE at distances (e.g., 100 meter or 200 meters) from the well. While 
the results of these models are not currently used to support decisions in the CMS, the comments will be considered in the CMS, if the model results are referenced. However, 
no changes to these model reports will be made.

3 The three papers, other studies conducted at SSFL, and the evaluation of trichloroethene (TCE) 
concentration data collected over time at SSFL, have yielded calculated half-lives of TCE that are highly 
variable. Further, because of the focus on TCE, it is not clear if the half-lives reasonably account for the 
complete reductive dechlorination pathway of TCE or just the reduction of TCE to cis-1,2-
dichloroethene.

By nature, TCE half-lives are highly variable, dependent on several factors, and site-specific. A half-life, as used in a model, is the mathematical method to simulate the loss of 
mass of that chemical (in this case TCE) from the model. For TCE, the removal of TCE would be typically via dechlorination, thus resulting primarily in generation of cis-1,2-DCE, 
although other degradation pathways may be important in some areas. This reduction of TCE in the model is not meant to be interpreted as the complete reductive 
dechlorination of TCE to ethene but simply to account for the reduction of TCE. More sophisticated models can simulate the full degradation chain and the concentrations of 
each daughter product, but that was not the intention of the simulations provided in these reports. On the other hand, sampling data collected for more than 20 years at 
areas across Area IV have demonstrated a clear reductive dechlorination pathway for TCE and 1,1,1-TCA, as evidenced by the presence of daughter products under natural 
conditions. 
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4 Arnold and James (2020b) states that “Yu (2017, p. v) performed a laboratory study chlorinated ethene 

solvent remediation in fractured sandstone and measured a half-life for TCE of 37 to 88 years, which 
was assumed to be the 99% confidence bounds.” In Arnold and James (2020b), the study calculates a 
mean half-life of 62.5 years (with a 9.1 year standard deviation) however, in Arnold and James (2020a) 
and Arnold and James (2020c), the half-life for TCE used in the models are 8.31 years and 10 years, 
respectively.

Dependent on the groundwater remedies proposed, the GSB recommends that the CMS provide a 
complete evaluation of the sensitivity of the FTMs to the TCE half-life input in the FTM model.

It should be noted that the trends in TCE concentrations over time, used in the evaluations of TCE half-
life, were likely influenced by significant groundwater extraction and treatment activities in all three 
areas.

Because these fate and transport models have not be used to support remedy decisions, additional evaluation of the sensitivity of the model results to the TCE half-life is not 
warranted. Furthermore, each fate and transport model report documented sensitivity analyses performed on TCE half-life, demonstrating the models are sensitive to the 
value. 

Nevertheless, caution must be used when referring to a “half-life” of TCE, since it can have different applications in mathematical modeling. The applications of TCE half-life in 
the three model reports are not comparable. First, in the FSDF back diffusion model (Arnold and James 2021), TCE half-life is not a calibrated value meant to be representative 
of conditions at the site. The purpose of the model was to evaluate back diffusion. In that model, they simulated TCE with no degradation as the base case and then developed 
3 other cases that compared the effects of water table rise, higher recharge, and TCE decay in different combinations. The choice of a TCE half-life of 10 years is not an 
empirical value but simply an assumed value to assess the sensitivity of the results to a higher decay rate/shorter half-life (note the asterisk that says "sensitivity study" in 
Table 1). Similarly, the HMSA model (Arnold and James 2020b) used a semi-analytical solution of contaminant transport to a dual-porosity formulation of the one-dimensional 
advection-dispersion-reaction equation (first passage time transport in parallel fracture) to model transport of TCE along the pathlines derived from the Monte-Carlo 
simulation in the 3D numerical flow model (a finite-element model derived from the Mountain Scale Groundwater Flow Model). The value of TCE half-life used in the HMSA 
model (mean of 62.5 years with SD of 9.1 years) is an assumed value based on the laboratory studies conducted using site samples (Yu et al. 2017, 2020). Notably, the half-life 
more narrowly represents only the abiotic transformation of TCE in the fractured porous sandstone (see Yu et al. 2020), making it conservative, since other degradation 
pathways may exist. In the HMSA model the TCE concentration was calculated along each particle path using 100 different realizations of randomly selected values from the 8 
adjustable parameters (including TCE half life). As such, it is meant to be a conservative estimate of potential migration from DD-144 and isn't calibrated to observed data.

On the other hand, the RMHF model (Arnold and James 2020a) has a TCE half-life (8.31 years) calibrated to decades of TCE data using a model that accounted for historical 
pumping activities. Therefore, confidence in this half-life value is high. To further support this conclusion, the RMHF model made predictive estimates of TCE concentrations at 
wells RD-34A and RD-63, among others. The predictions (made in 2019) estimated TCE would decline in 2024 to values around 1 to 2 μg/L. TCE concentrations at these two 
wells were 0.35 μg/L and 3.75 μg/L, respectively.

Degradation of TCE is highly dependent on site-specific conditions and has multiple biotic, abiotic, and cometabolic pathways, resulting in highly variable decay rates/half-lives 
across sites (as acknowledged in the statement "conclusions cannot necessarily be generalized to other locations with differing hydrogeological conditions and histories" of 
Arnold and James 2020a). Therefore, assessments that rely on TCE half-lives (e.g., about the duration of MNA to reach a cleanup goal) should use calibration to site-specific 
observations, such as was completed in the RMHF model.

5 Section 5.1, page 8 (Conceptual Model) in Arnold, B. and James, S. (2020b) states “The hydrogeologic 
framework model of the HMSA groundwater model contained 7 units, as listed in Table 1. Six of these 
hydrogeologic units are unweathered bedrock units. The weathered bedrock unit was an aggregate of all 
underlying unweathered bedrock units and overlay the intact bedrock surface with varying thickness.” 
The GSB believes that five (5) of the hydrogeologic units are unweathered bedrock, not six (6) as stated. 
The GSB recommends that this number by verified and corrected, as needed in future documents.

This is correct, the report should have stated "Five of these hydrogeologic units are unweathered bedrock units."
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