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CONDITIONAL APPROVAL OF THE BOEING FINAL GROUNDWATER RCRA
FACILITY INVESTIGATION REPORT, SANTA SUSANA FIELD LABORATORY,
VENTURA COUNTY, CALIFORNIA

Dear Mr. Bower:

The Department of Toxic Substances Control (DTSC) has completed its review of the
Boeing Final Groundwater Resource Conservation and Recovery Act (RCRA) Facility
Investigation Report (GW RFI Report), Santa Susana Field Laboratory, Ventura County,
California. The Report was prepared for the Boeing Company (Boeing) by Stantec
Consulting Services Inc. and dated October 5, 2021.

Characterization of contamination in groundwater at SSFL (including Boeing areas of
responsibility at SSFL) was first reported in the Draft Sitewide Groundwater Remedial
Investigation (RI) Report (MWH, December 2009). In a letter dated December 20, 2011,
DTSC rejected the report citing significant deficiencies in the information presented.

On April 3, 2012, DTSC approved a Proposed Groundwater Completion Plan (Boeing,
March 19, 2012) that outlined the process to address the data gaps DTSC identified in
the Draft Sitewide Groundwater Rl Report. Subsequently, Boeing conducted
investigation studies under four DTSC approved work plans to fill the data gaps and
complete characterization of groundwater contamination at Boeing areas of
responsibility at SSFL.

DTSC has reviewed the revisions incorporated into Boeing’s October 5, 2021 Final GW
RFI Report and concurs that information and data presented in the revised RFI Report
are sufficient for DTSC to make corrective measures decisions for groundwater at the
Boeing areas of responsibility at SSFL, and hereby conditionally approves the Report
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subject to the provisions identified below and in the attached Technical Memorandum
by DTSC’s Geologic Services Branch (GSB).

e Uncertainties identified by DTSC and acknowledged in Boeing’s responses to
DTSC’s comments (RTCs) included in Appendix 1-A of the GW RFI Report need
to be appropriately addressed during Corrective Measures Study (CMS) and/or
Corrective Measures Implementation (CMI).

e Evaluation of additional groundwater data (including data from new wells and
coreholes) and other lines of evidence will be used to refine the understanding of
the vertical and lateral extent of impacted groundwater during CMS and/or CMI.

e Evaluation of additional bedrock data and other lines of evidence will be used to
evaluate the extent of impact in the bedrock vadose zone during CMS and/or
CML.

e An evaluation of the potential transport of contaminants in the vadose zone to
groundwater for the Boeing Area IV RFI sites will need to be performed during
CMS using the DTSC-approved approach.

e In CMS, Boeing will need to evaluate the potential transport of contaminants in
the vadose zone to groundwater in compliance with the State Water Resources
Control Board Resolution No. 92-49.

e Within 60 days of the date of this letter, prepare and submit a technical
memorandum that summarizes the vertical distribution of trichloroethene (TCE)
and its degradation products, as measured in the rock cores.

e Within 30 days of the date of this letter, replace the missing pages of
Appendix 3-J for the electronic and hard copies and resubmit the Appendix to
DTSC.

If you have any questions regarding the conditions of this approval of Boeing’s GW RFI
Report, please contact Mindy Mathias via email at Mindy.Mathias@dtsc.ca.gov or by
telephone at (916) 255-3656.

Sincerely,

Cruh———

Grant Cope, Deputy Director
Site Mitigation and Restoration Program
Department of Toxics Substances Control
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Attachment: January 13, 2022 DTSC GSB Technical Memorandum

cc:  (via email)

Steven Becker, P.G., Chief

Santa Susana Field Laboratory Branch
Department of Toxic Substances Control
Steven.Becker@dtsc.ca.gov

Mindy Mathias, P.E.

Santa Susana Field Laboratory Unit
Department of Toxic Substances Control
Mindy.Mathias@dtsc.ca.gov

Julie Lincoln, P.E.

Santa Susana Field Laboratory Unit
Department of Toxic Substances Control
Julie.Lincoln@dtsc.ca.gov

Tom Seckington, P.G., C.H.G.
Geological Services Branch

Department of Toxic Substances Control
Tom.Seckington@dtsc.ca.gov

Tanya Brosnan, P.G., C.H.G.

Geological Services Branch

Department of Toxic Substances Control
Tanya.Brosnan@dtsc.ca.gov

Dr. Matthew Becker
California State University, Long Beach
Matt.Becker@csulb.edu



mailto:Steven.Becker@dtsc.ca.gov
mailto:Mindy.Mathias@dtsc.ca.gov
mailto:Julie.Lincoln@dtsc.ca.gov
mailto:Tom.Seckington@dtsc.ca.gov
mailto:Tanya.Brosnan@dtsc.ca.gov
mailto:Matt.Becker@csulb.edu

\‘ ., Department of Toxic Substances Control

Meredith Williams, Ph.D., Director
Jared Blumenfeld 5796 Corporate Avenue

Secretary for . .
Environmental Protection Cypress, California 90630

Gavin Newsom
Governor

MEMORANDUM

TO: Roger Paulson P.E., Chief
Santa Susana Field Laboratory Unit
Site Mitigation and Restoration Program

FROM: Thomas Seckington, P.G., C.HG.
Senior Engineering Geologist, Geological Services Unit
Geologic Services Branch
Site Mitigation and Restoration Program

DATE: January 13, 2021

SUBJECT: REVIEW OF BOEING FINAL GROUNDWATER RCRA FACILITY
INVESTIGATION REPORT DATED OCTOBER 5, 2021

Project: DTSC300232-48 Activity: 22120

DOCUMENTS REVIEWED

Boeing Final Groundwater RCRA Facility Investigation Report dated October 5, 2021
from Stantec Consulting Services Inc.

INTRODUCTION

This memorandum presents Geological Service Branch (GSB) comments on the
above-referenced document. If you have any questions or need additional information,
please contact Thomas Seckington at (714) 484-5424 or via email at
Tom.Seckington@dtsc.ca.gov.

BACKGROUND

The Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI)
Report presents the Boeing Company’s (Boeing) assessment of the nature and extent
of groundwater contamination within Boeing’s areas of responsibility at the Santa
Susana Field Laboratory (SSFL) which includes the majority of Area |, Area lll, portions
of Area |V, and the northern and southern buffer zones. The GSB believes the RFI
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Report adequately addresses the Department of Toxic Substances Control (DTSC)
comments on Boeing’s 2017 Groundwater RFI Report and presents a sufficient
understanding of the nature and extent of groundwater contamination to proceed to the
Corrective Measures Study (CMS) and Corrective Measures Implementation (CMI)
where cleanup approaches and designs can be assessed and proposed. It should be
noted, however, that given the complex nature of groundwater flow and the operational
history of SSFL, uncertainties remain that require further consideration and assessment.
These uncertainties are referenced in previous DTSC documents, which are discussed
below. It is appropriate to defer these uncertainties to CMS and CMI where their
implications can be assessed considering the potential cleanup approaches and, if
necessary, be addressed as part of the CMI and performance monitoring.

The following comments are on the RFI Report and the response to comments (RTCs)
included in Appendix 1-A. The RFI Report includes previously submitted reports in the
Appendices. The GSB has previously reviewed each of these reports and provided
formal comments on most.

GENERAL COMMENTS

1. The numerous statements in the RTCs (Appendix 1A) such as, “If these
uncertainties are found to have significant bearing on the implementation of
corrective measures, they can be further addressed during Corrective Measures
Implementation (CMI)” or similar are noteworthy. For clarity, the GSB noted these
uncertainties in the 2017 Draft RFI Report because they were considered significant
and because these uncertainties were viewed to have a potential impact on the
implementation of corrective measures. It should be clear that these uncertainties,
acknowledged and briefly discussed in the RTCs, will need to be appropriately
addressed in the CMI for DTSC review and approval.

2. A summary of historical operations, chemical use areas (CUAs), characterization of
nature and extent of chemicals in the vadose zone, and the identification of locations
where chemicals in the vadose zone have impacted or have the potential to impact
groundwater in the future are presented for each RFI site in the RFI Report. GSB
previously provided comments on the Data Summary and Findings Report (DSFR)
for each RFI site, which mainly consisted of CMS recommendations, delineation of
vadose zone source areas to groundwater, and the need for additional data
collection and evaluation. Boeing’s responses and revised submittals addressed
some, but not all of GSB’s comments. Again, it was determined that these
comments, identifying potential data needs, would be deferred to CMS and CMI
where they will need to be appropriately assessed and addressed for DTSC review
and approval.
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3. Although previously commented on by GSB in the DSFRs, the GSB reiterates that
bedrock core data were collected from a limited amount of targeted areas across the
Site and analyzed for VOCs and/or perchlorate. Impacts to bedrock have been
identified in almost all of the rock core samples, but the extent of the bedrock
impacts is unknown. Boeing attempted to establish a correlation between nearby
soil and soil vapor samples and the bedrock samples by using the criteria of soil/soil
vapor samples exceeding 10x their respective chemical of concern (COC) screening
levels indicating impacted bedrock. This correlation was then extrapolated to
identify the lateral extent of bedrock impacts. However, an adequate correlation
cannot be established, as there are areas where bedrock is impacted with no nearby
soil/soil vapor exceedances detected. Therefore, while this method provides a good
starting point for identifying areas where impacted bedrock may exist, it is not
appropriate to define the lateral extent of bedrock impacts, or to assume other areas
do not have bedrock impacts. It is expected that additional bedrock data will be
collected during CMS/CMI and that other lines of evidence be brought to bear to
assess the downward pathway and the lateral extent of impact in the bedrock
vadose zone. The nature and quantity of the data needed will be dependent on the
corrective measures selected and the data required to implement and monitor them.

4. In section 6.1.3, the RFI Report states “DTSC’s comments on Boeing’s DSFR for
Area IV acknowledged that multiple parties retain responsibility for investigation and
remediation activities in Area IV (DTSC, July 2020). Boeing'’s responses to DTSC’s
comments on the DSFR acknowledge uncertainty in the existing characterization
data. Further consideration of vadose zone and groundwater conditions in Area IV
can be addressed by the appropriate responsible party in CMS or Corrective
Measures Implementation, as needed.”

These uncertainties, acknowledged and discussed in the RTCs to DTSC comments
on the Draft RCRA RFI DSFR, Boeing Area IV Groundwater Evaluation (2018), will
need to be appropriately assessed in the CMS and addressed in the CMI for DTSC
review and approval.

It should be noted that an evaluation of the potential transport of contaminants in the
vadose zone to groundwater using the DTSC-approved approach presented in the
Final Proposed Approach for Submittal of the Final Data Summary and Findings
Reports by Jacobs (September 9, 2020) has not been completed for the Area IV RFI
sites (as has been completed for all other Boeing RFI sites). The potential transport
of contaminants in the vadose zone to groundwater will need to be evaluated in the
CMS. The chemicals determined to be a potential threat to groundwater will need to
be further assessed for remedial action, along with the chemicals identified in the
DSFR reports for each of the Area | and Ill RFI sites.
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Note that the 2007 Consent Order identifies Boeing as the Responsible Party for the
New Conservation Yard, Empire State Atomic Development Authority (ESADA),
Building 4005 Coal Gasification Process Development Unit, Southeast Drum
Storage Yard, Sodium Reactor Experiment Complex Area, Area IV Pond Dredge
Area, Building 4008 Warehouse (Boeing Area IV Leach Field), and Building 4011
(Boeing Area IV Leach Field).

Responsibility for the identified groundwater contamination between ESADA, which
is Boeing’s responsibility, and the Former Sodium Disposal Facility (FSDF), which is
the Department of Energy’s (DOE’s) responsibility, however, is in dispute. After
evaluating data from both sites, the GSB determined that there is insufficient data to
determine the source of the groundwater contamination. Given the long history and
size of the SSFL and the lack of a complete record of operations, including
operational releases and releases from incidental activities (i.e., temporary storage
or use of chemicals), the source of the groundwater contamination may never be
ascertained. Given the lack of data to connect the groundwater contamination to
either activities conducted by DOE or by Boeing, the GSB believes that the final
responsibility to address the groundwater contamination should be with the property
owner (i.e., Boeing).

Although previously commented on by DTSC, some citations of previous MWH
reports are still vaguely referenced, and require a specific page, table, or figure
number. See page 4.2 (two citations), 4.9, 4.10, 6.23, 6.25, 6.32, 6.33, 6.34, 6.35
(two citations), and 6.36 (two citations). Future reports should properly cite specific
sources referenced in the document.

SPECIFIC COMMENTS

1.

Section 3.2.2.1 (Source Zone and Plume Characterization) states: “Four
groundwater monitoring wells were installed in SSFL Area | at locations specified by
DTSC to further investigate the effects of faults on groundwater flow and
contaminant transport.” GSB notes that RD-146 did not reach groundwater so
should not be counted as a groundwater monitoring well.

Section 4.4.1.2: (Other Faults) states “Indications of faulting in corehole logs suggest
that the Woolsey Canyon fault dips 60 to 80 degrees south-southwest, the
Instrument and Equipment Laboratory (IEL) fault dips 75 degrees south, and the
Coca fault dips 70 degrees south-southwest (Appendix 3-F)”

Although dips are known on multiple faults, almost all geologic cross-sections
outside of the fault study show the faults as being perfectly vertical. Moving into CMI
geologic cross-sections must correctly represent fault dips.
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3. Section 4.3.2 (Faults) states “Within the broad envelopes encompassing mapped
faults, the distribution of apparent subsurface faulting is complex. Indications of
apparent faulting in borehole logs are fairly ubiquitous within broad areas up to
several hundred feet across encompassing mapped faults. For example, 85 percent
of Area | corehole logs note evidence of faulting (e.g., offset, gouge, slickensides),
and several are relatively far from the nearest mapped fault. In most cases, it
remains uncertain whether encountered evidence of faulting represents the same
fault trace as the one mapped. Faulting may be expected to some degree
throughout the subsurface as a three-dimensional repetition of the segmented and
en-echelon pattern of faulting observed at multiple scales near ground surface
(Appendix 3-F).”

The GSB request clarification that faulting may be “expected to some degree.” The
GSB believes that the relative degree of faulting and fracturing generally
corresponds to the proximity to fault zones. This statement seems to imply that
there is no relationship between faulting and fracture frequency. Clarification on this
will be needed in the CMS and CMI.

4. Section 5.1.2.1 (Porosity) states “Other than variations coinciding with lithology, no
consistent or statistically significant vertical trend in fracture frequency has been
observed within 500 ft bgs.” For clarity, were there any vertical trends identified
below 500 ft or was 500 ft bgs the maximum depth evaluated?

5. Figure 6-28: The TCE isocontours shown for Area Illl do not seem consistent with the
posted concentrations. ND-117 and WS-09A have shown concentrations of
<0.37 and 0.42J micrograms per liter (ug/L), for example, but are encompassed by a
1000 pg/L contour. Corehole C-6 shows a concentration of 150,000 pg/L but the
largest concentration contour is 1000 pg/L. Moving into CMS and CMI, the GSB
requests that the posted concentrations are consistent with contouring or
explanation on why they are not be provided.

6. Appendix 1A - Response to DTSC Comments

a. Specific Comment 6: DTSC noted a number of internal inconsistencies
regarding fault offsets of stratigraphic units and asked that they be “reconciled
moving forward.” Boeing’s response was to “acknowledge uncertainty in the
stratigraphy” and to address these uncertainties if they “are found to have a
significant bearing on the implementation of corrective measures...” Although
uncertainties are a part of any stratigraphic analysis, it is important that
consistency be maintained within the report to prevent out-of-date
interpretations from being carried forward. For example, in addition to the
examples noted in DTSC comments, there are inconsistences in the Final RFI




Roger Paulson
January 13, 2021
Page 6 of 10

Appendix 4 regarding the Happy Valley Fault. Appendix4, Attachment 7
shows the south strand of the fault as mapped definitively (not dashed) and
the north strand as being inferred (dashed) while Attachment 8 shows both
strands of the fault as being definitive (not dashed). Attachment 9 shows the
south strand as being inferred (dashed) through the Happy Valley Member.
Figure 4.7 in the main Final RFI document shows the fault as represented in
Attachment 9, i.e., the south strand is inferred. It is not clear what
interpretation should be carried forward to CMI. The GSB recommends that
such discrepancies be identified and reconciled.

b. Specific Comment 12: DTSC noted the misuse of the concept of hydraulic
diffusivity to suggest that flat piezometric surfaces do not necessarily indicate
large hydraulic conductivity. A specific statement in Section 5.1.2.4 was cited
by GSB as an example, i.e., “High hydraulic diffusivity is responsible for
relatively flat piezometric surfaces as a result of the rapid, distant, and
efficient responses to changes in hydraulic pressure.”, which remains in the
revised RFI Report. Boeing’s response to DTSC comments was to
acknowledge uncertainty as the “relative degree to which hydraulic diffusivity
or other factors play a role in observed hydraulic responses.” The misuse of
this concept is not a matter of uncertainty; it is technically incorrect. The
continuity equation for confined groundwater flow may be expressed as:

where /i represents hydraulic head, W, is recharge flux, K, is hydraulic
conductivity, and D is hydraulic diffusivity. Note that under near steady-state
conditions, the derivative of head with respect to time becomes insignificant,
as does hydraulic diffusivity. The potential surface is then controlled by
recharge or other steady sources of water flux to the aquifer and hydraulic
conductivity. As noted in the DTSC comments, hydraulic diffusivity is,
consequently, only important with respect to pumping and injection of water in
the Chatsworth formation. The flat piezometric surfaces across the site
indicate, therefore, either insignificant inputs of water to the confined
formations or large hydraulic conductivity. Hydraulic diffusivity should be
mentioned only in the context of describing aquifer tests.

Furthermore, the statement (in Section 5.1.2.4) “Fractured rock is
characterized by relatively high hydraulic diffusivity as a result of highly
transmissive fractures conveying relatively small amounts of groundwater
released from storage in a low-permeability matrix. Additional confinement by
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fine-grained aquitards further lowers storativity and increases hydraulic
diffusivity.”, is not supported by the literature. Barbour and Wyatt [2014], for
example, compiled measured values of hydraulic diffusivity for a variety of
geologic material. This figure is repeated below. Note that bedrock systems
are not expected to have larger hydraulic diffusivity than unconsolidated
media and faults are not expected to have larger hydraulic diffusivity than
surrounding bedrock as suggested at the end of section 5.1.2.4. Hydraulic
diffusivity reported from Cooper-Jacob, Theis, and Neuman interpretations of
the C-1 pump test (Appendix K, Table K-7, [MWH, 2004]) estimated hydraulic
diffusivity ranging from 0.14 to 0.49 m?/sec, which correspond roughly to the
light grey vertical lines in this figure. Note that the bulk hydraulic diffusivities
estimated at SSFL are not particularly large with respect to other permeable
geologic material and are not expected to be enhanced by faulting.
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Figure 11. Values of hydraulic diffusivity for common geologic materials, compiled from Brace [1980], Roeloffs [1996],
Wang [2000], Wibberley [2002], and Doan et al. [2006]. Vertical lines show the range of values which produce the greatest
agreement between poroelastic models and observations at Pathfinder Ranch: dark lines are for the bedrock model, and

light lines are for the sediment model; thick lines are the preferred value, and thin lines are either the lower or upper
range for the bedrock or sediment model, respectively.

c. Specific Comment 22: The revisions to Section 6.3 in response to the
comment are sufficient for the discussion in the RFI, however, the other
chemicals detected in the groundwater described at lower frequencies and
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“typically” at concentrations below regulatory threshold values will need to be
evaluated in the CMS and addressed, as needed in the CMI.

The GSB believes that the statement “The occurrences of these other
chemicals in SSFL groundwater lie within the interpreted extents of the key
chemicals which are collectively representative of the nature and extent of the
other detected chemicals” is overgeneralized. Although, these “other
chemicals” do occur within the extent of the “key” chemicals, mostly due to
the broad extent of the “key” chemicals in and around the operational areas, it
is not correct to assume that “other” chemicals only coincide with the

16 chemicals. These “other” chemicals will need to be assessed in CMS.

d. Specific Comment 25: GSB appreciates the addition of question marks to
plume bottom boundaries in cross-sections to reflect the uncertainty in the
vertical extent of COCs. However, the following statement in 6.3.2.1 appears
to contradict these updated contours and should be revised in a separate
technical memorandum addressing the vertical delineation of the COCs
(see below):

“In Area |, interpretations of the vertical extent of trichloroethene (TCE)
impacts reach 1,000 feet or so near the central and northern segments of the
zone of impacted groundwater as can be seen in cross-sections A-A’ and
G-G’ in Figure 6-32, with some of the vertical extent having been influenced
by historical groundwater withdrawals from WS-5. In Area Ill, vertical extents
are less data constrained and are estimated to also reach 1,000 feet or so as
shown in cross-section A-A’ of Figure 6-33, with the vertical distribution being
influenced from historical groundwater withdrawals from WS-9A.”

In fact, the vertical extent of COCs remain unknown throughout most of the
SSFL. Statements that the vertical extents reach “1,000 feet or so” are
misleading and should be removed or revised to “at least 1,000 feet.” This
erroneous statement is reinforced by contours which show a decreasing trend
in concentration with depth. However, this trend is largely due to the
contouring of zero concentrations below the zone of monitoring. Although
concentrations are posted on the cross-sections, they are difficult to trace to
the primary sources, which makes interpretation of vertical distribution of
COCs difficult.

Moving into CMS and CMlI, it will be important to assess vertical extents of
COCs across the site. The most reliable data for vertical distribution of COCs
are the rock core pore water measurements which are distributed among
many reports. GSB requests that a technical memorandum be prepared that
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summarizes vertical distribution of TCE and its degradation products, as
measured in the rock cores. The memorandum should include data from all
38 coreholes (Table 2, Appendix 3B). Profile figures should be prepared in
such a way that GSB and other readers can easily review what is known
about vertical distribution of volatile organic compounds (VOCs) across SSFL.

7. Appendix 3-J (Three-Dimensional Interpolation of Groundwater Impacted by
Chloroethenes)

The appendix begins with a July 24, 2015 memo that appears to be cut off after
page 1. Please replace the missing pages.

8. Appendix 5-A (Technical Memorandum - Area IV Hydrogeology, Santa Susana
Field Laboratory):

Table 2 summarizes evidence of faulting in coreholes. C-8, RD-89, and RD-96 show
evidence of faulting are aligned SW-NE through Area IV. C-8 has the clearest
evidence of dip-slip faulting but the association with mapped faults is unknown. The
trenching performed near the Former Sodium Disposal Facility (FSDF) is reported to
show no evidence of faulting, although photos show highly fractured or brecciated
material in the trench. Taken together, these data indicate that the North Fault or a
parallel structure may extend into Area IV and possibly join the Burro Flats Fault in
the vicinity of the FSDF/ESADA area. The Burro Flats Fault is depicted in this
appendix (5-A) as a narrow trace but has been also mapped as a broad damage
zone through Area IV (Appendix 4, Attachment 4). The trend of the Coca Fault is
inferred in this area as it is buried beneath alluvium. The extension of the Coca
Fault into this area cannot be ruled out. The fact that the Burro Flats Fault,
extension of the North Fault, and the Coca Faults may all converge in the ESADA
suggests that fault and fracture interpretations in this area may be critical during the
CMS. The GSB recommends that the location and relationship of these fault be
further assessed in the CMS.

9. Appendix 5-C (Technical Memorandum - Identification and Extent of Individual
Piezometric Zones, Northeastern Santa Susana Field Laboratory)

The section states “Within a large area of exposed Sage member west of the Shear
Zone the groundwater surface is relatively flat and as much as 200 feet lower than
east of the Shear Zone. Further west, groundwater becomes mounded above

Shale 2 west of its outcrop.” GSB cautions Boeing not to make inferences regarding
the piezometric surface west of the Shear Zone as there are insufficient piezometers
to establish hydraulic gradients in Area | away from the Shear Zone or North Fault.
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