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the primary source (LOX-SA-1) is not defined.
Figure 2-46 showing a cross-section through the
source area illustrates that the lower boundary of
the groundwater plume is not defined. An
additional deeper well should be placed in this
area to [monitor] the contaminant plume at
depth.

Further, there are no monitoring [points] located
north or east of the LOX-SA-1 area to constrain
the groundwater plume in these directions. Given
the current groundwater flow direction and the
presence of Shale 2, it is not anticipated that
groundwater contamination would extend

groundwater at the former Liquid Oxygen
(LOX) Plant Area of Impacted Groundwater
(AIG) are not fully defined, and additional
data and evaluation may be required during
the remedial design/implementation phase
to help further define COC nature and extent
(for the purposes of remediation) and
assess the potential for offsite migration
(receptor threat), possibly including the
installation of additional monitoring wells.
However, NASA maintains that the current
characterization of the source area and
plumes at this AIG is sufficient for the

RTC RFI Report Comment
Number | Volume Comment Section Category DTSC Comment NASA RTC DTSC Response
#
1 Former General N/A Aquifer Testing Aquifertesting atthe former LOX Plant AIG, and at Synoptic groundwater quality sampling The NASA RTC sufficiently responds to
LOX Plant 1 the other AlG sites, utilized the injection of potable events were conducted prior to and the DTSC comment. The GSB assumes
(Volume 2) water into an injection well(s). Baseline following potable water injection aquifer the referenced TM will be submitted with
groundwater quality sampling events were testing. The Resource Conservation and the Final RFI Groundwater report.
conducted prior to injection activities but it is not Recovery Act (RCRA) Facility Investigation
clear whether the groundwater quality in (RFI) nature and extent evaluations
subsequent sampling events was evaluated to incorporated pre-potable water injection
determine short- term and long-term effects on aquifer test analytical data to avoid potential
the groundwater quality from the injections. bias in the results. The existing text in
A discussion of these effects, if any, should be Section 2.3.2.3 emphasizes the use of such
included in the LOX Report, or other applicable data.
RFI/Groundwater Monitoring report. Additional data beyond the single post-
potable water injection aquifer testing RFI
sampling event should be consideredinan
evaluation ofthe potentialimpacts of the
injection testing. Site groundwater leveland
analytical water quality data continued to be
collectedfollowing the RFI as part of the Post-
Closure Permit and sitewide groundwater
monitoring programs. An evaluation of pre-
and post-injection test analytical results,
incorporating additional sitewide and/or
Post-Closure Permit monitoring data, has
been performed and is being submitted as a
separate technical memorandum (TM) with
the revised RFI. The evaluation concluded
there were no significant long- term impacts
from the aquifer injection testing on the
chemical of concern (COC) plumes (CH2M,
2020a).
2 Former General N/A Lateral and The lateral and vertical extent of groundwater The National Aeronautics and Space The NASA RTC sufficiently responds to
LOX Plant 2 Vertical COC contamination needs further refinement. The Administration (NASA) acknowledges that the DTSC comment and the proposed
(Volume 2) Extent vertical extent of groundwater contamination at the lateral and vertical extents of COCs in text revision is acceptable.
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significantly in these directions, however,

monitoring locations should be placed north and

east of the LOX-SA-1 area to collect data to

verify this and for remedy performance and long-

term monitoring.

purposes of the Corrective Measures Study
(CMS) and remedy evaluations. As is typical
in the RCRA process, additional
understanding of the site will be
accomplished through remedial design,
implementation, and monitoring that will
supplement information presented in the
RFI. Accordingly, the last paragraph of
Section 2.3.2.3 was modified as follows
(revised text in italics):

“Although some uncertainty remains with
regard to the nature and extent of the COC
plumes (including vertical extent within the
source area, potential migration to the north,
and the mechanisms for lateral migration to
the west-northwest within a discrete depth
interval), the current characterization of the
COC source area and plume within the
former LOX Plant AIG is sufficient for the
purposes of preparing the CMS and
screening potential remedial technologies
that may be implemented. Additionally, a
new monitoring well that extends deeper
than ND-112 is currently being installed
north of LOX-SA-1 to further the
understanding of potential northerly
migration pathways at the former LOX Plant
AlG. If additional evaluation of the nature
and extent (both lateral and vertical) of
COCs at the former LOX Plant AIG is
needed to support future remedial design
and implementation and assess the
potential for offsite migration, additional data
will be collected as part of that effort.”

Additionally, the text in Section 2.3 was
modified throughout, as applicable, to more
clearly explain the basis for the presented
plume interpretations, including the impact
of specific geologic structures on COC
transport, and to better acknowledge and
document plume extent data gaps and
uncertainties.

Former
LOX Plant
(Volume 2)

Specific 1

Section 1.1,
Introduction and
Site
Background,

Editorial

"The objectives of this data evaluation report are

to summarize site histories and relevant site
investigations and present the SCM for the
B204/ELV AIG geology, hydrogeology, nature

The quoted text in Section 1.1 was
corrected to reference the former LOX Plant
AlG, instead of the Building 204/Expendable
Launch Vehicle (B204/ELV) AlG.

The NASA RTC sufficiently responds to
the DTSC comment.
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Number | Volume Comment Section Category DTSC Comment NASA RTC DTSC Response
#
Page 1-1, 2nd and extent of chemicals of concern (COCs) in
paragraph the vadose and saturated zones of the CFOU,
and groundwater COC fate and transport.”
The text needs to be revised to reflect that this
Appendix A addresses the former LOX Plant AIG
not the B204/ELV AIG.
4 Former Specific 3 | Section 2.0, Plume "Historic chlorinated VOC concentrations To resolve this and similar comments, the The GSB assumes that further and
LOX Plant Site Conceptual | Stability measured over the past 25 years in wells California Department of Toxic Substances comprehensive discussion of plume
(Volume 2) Model, Page 2- proximal and distal to the source area indicate Control (DTSC) clarified during a meeting on | stability will be presented in the final
1, 7th that concentrations of TCE have remained April 4, 2019 that NASA should rephrase CMS as part of the evaluation of remedy
paragraph essentially stable since 1990 in most wells, discussions of plume “stability” to state that approaches. Since the groundwater flow

presumably due to the breakdown of TCE to cis-
1,2-DCE at rates similar to the mass flux leaving
the source area. Consequently, levels of cis-1,2-
DCE have shown a modest increase since 1990
in wells downgradient of the source area."

The explanation for the observed stability of the
TCE concentrations is not supported. Further
work, including further compound specific
isotope analysis (CSIA) and/or microcosm bench
scale studies, may be needed as part of the
remedy selection and implementation activities to
conclusively identify any natural degradation
pathways.

the distal edges of the plumes are not
expanding, instead of using the word
“stability.” NASA will modify the text in
Section 2 accordingly, where applicable.

The observation that the distal edges of the
former LOX Plant AIG plume are not
expanding is supported by the following:

At downgradient wells RD-52B, RD-52C,
RD-80, RD-81, RD-82, RD-83, WS-04A,
WS-09B, WS-12, and WS-13,
trichloroethene (TCE) concentrations are
either demonstrating a decreasing trend or
have remained relatively stable since 1990
based on Mann-Kendall analyses (see
Appendix | of Volume 2).

Although TCE concentrations at well RD-
52A have a probable increasing trend over
the sampling period, TCE concentrations
since 2010 have been fairly stable at this
well based on Mann-Kendall analyses (see
Appendix | of Volume 2).

Similar decreasing or stable trends are
observed in both the vinyl chloride (VC) and
1,4-dioxane data sets, indicating that these
plume footprints are also likely not
expanding based on Mann-Kendall analyses
(see Appendix | of Volume 2).

Compared to the TCE detections in passive
diffusion bag samples at well WS-12, depth-
discrete samples collected at similar depths
in November 2005 reveal that historical TCE
concentrations were uniformly higher
throughout the borehole, and like the
traditional groundwater sample data, also

system at SSFL is not under steady state
conditions, and may not be for a
considerable time, stability of the
contaminant plumes will need to be
under continuous evaluation.

It should be noted that, as a remedial
option, MNA must not only meet the final
cleanup goals for the site but also meet
Applicable or Relevant and Appropriate
Requirements (ARARS) including the
requirements for site remediation
specified in State Water Resource
Control Board’s (State Water Board)
Resolution 92-49, subsections lll. A-G,
which include achieving cleanup goals in
a reasonable timeframe. MNA is not
equivalent to the containment zone
designation contained in Resolution 92-
49, subsection Ill.H, since a containment
zone is based on a site-specific
determination that remedial goals are not
technically or economically feasible to
achieve (2016, Regional Water Quality
Control Board — Lahontan Region, “Final
Report on Monitored Natural Attenuation,
Evaluation and Application in the
Lahontan Region”).

Further, the U.S. Environmental
Protection Agency [USEPA] 1999
Directive, Use of Monitored Natural
Attenuation at Superfund, RCRA
Corrective Action, and Underground
Storage Tank Sites [USEPA MNA
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suggest a decreasing trend at this well. Directive] states: “Decisions to employ
Compound-specific isotope analysis (CSIA) | MNA as a remedy or remedy component
samples show enrichment of TCE by a should be thoroughly and adequately
minimum of 9.0 parts per thousand (%) supported with site-specific _
compared to the most enriched 513C value | Characterization data and analysis. In
reported for newly manufactured TCE. general, the level of site characterization
These results indicate isotopic enrichment of | Necessary to support a comprehensive
TCE in the former LOX Plant AIG TCE evaluation of MNA is more detailed than
plume in excess of the 2 %o threshold that needed to support active
recommended by the U.S. Environmental remediation. Site characterizations for
Protection Agency (EPA) as being a positive | Natural attenuation generally warrant a
indicator of degradation of the compound. quantitative understanding of source
CSIA data indicate that cis-1,2- mass; groundwater flow (including
dichloroethene (DCE) is being degraded prhefereg_tlal_é) at_hwaysg, con_t_am_mant
because the 13C ratios of cis-1,2-DCE phase distribution and partitioning
measured at ND-112 and RD-52A are more | Cctween soil, groundwater, and soil gas;
enriched than the 513C of newl rates of biological and non-biological
manufactured TCE (-24.3 %) (\>Ian transformation; and an understanding of
Breukelen et al., 2005). .AIong with the very h(.)W "’.1” of these factors_are' likely to vary
small historic rate of change in observed with time. Th's mformatpn 1S gbenherqlly .
COC concentrations, this suggests a high necessaéybsu;ce cor_ltammant € a;]/!orr]|s
likelihood that cis-1,2-DCE concentrations at %OJ/Setrgg we)I/I u)rlwgzrrgltco géog:fosrisl\\ﬂlv N,IO(\: can
the former LOX Plant AIG will also begin to . . o
decline in the near future. be appropriately applied at a site.
Additional data collection is planned as part
of remedy implementation activities and will
include a formal monitored natural
attenuation (MNA) program that
incorporates additional CSIA sampling to
verify attenuation of daughter products.
Additional Mann-Kendall trend evaluations
and plume extent changes will be performed
as part of remedial action monitoring to
further evaluate potential plume expansion.

5 Former Specific 4 | Section 2.1.2, Groundwater "Water had infiltrated into the ground and had The text was modified to say (revised textin | The NASA RTC sufficiently responds to
LOX Plant Field Mapping, Flow SCM migrated first through the minor vertical fracture italics): the DTSC comment and the proposed
(Volume 2) Page 2-3, 4th and then laterally once the layered siltstone unit u i infi i text revision is acceptable.

In the figure, water had infiltrated into the
paragraph was encountered." It should be clearly noted that ground and migrated through the minor

water/contaminants will continue to move
vertically through the layered siltstone unit and

fractures contained within it. The relatively small

volume of water moving vertically through the
finer-grained unit versus laterally along the

contact between the sandstone and siltstones is
dependent on the hydraulic conductivity contrast

between the different lithologies. Further, this

vertical fractures, and then laterally once the
layered siltstone unit was encountered.
Repetitive evaporation of the groundwater in
near-surface fractures leads to the formation
of calcium carbonate or caliche, as shown
on Figure 2-2 (caliche-type deposits). The
pattern observed indicates that the
permeability contrast between the
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#
generalized model of water/contaminant sandstone and siltstone would affect the
movement may not be appropriate near or within | direction of groundwater flow locally, with
fault zones where the different rock types are the predominant flow occurring on top of the
more fractured and vertical and lateral flow siltstone and directed down bedding planes.
through the fractures dominates. There would be a minor amount of flow
through the siltstone, especially where there
are minor fractures. Near larger fractures
and fault zones, the orientation of these
features would become more dominant than
bedding plane flow.”
6 Former Specific 5| Section 2.1.2, Figure "Along the bottom of the valley to the southeast In lieu of creating a new figure, the text was The NASA RTC sufficiently responds to
LOX Plant Field Mapping, Request of the former LOX Plant AIG..." modified to say (revised text in italics): the DTSC comment and the proposed
(Volume 2) Page 2-4, 1st Please clarify if the "valley" refers to the North “Along the North Drainage channel text revision is acceptable.
paragraph Drainage or other location. A figure showing this | southeast of the former LOX Plant AIG near
feature may be helpful. the Demolition Debris (Figure 1-1) area, ...”
7 Former Specific 6 | Section 2.2.4, Groundwater "Once this infiltrating water encounters the The second sentence in Section 2.2.4 will The NASA RTC sufficiently responds to
LOX Plant Groundwater Flow SCM CFGW, it migrates along one of two general flow | be maodified to say (revised text in italics): the DTSC comment and the proposed
(Volume 2) Elevations and pathways: (1) vertically to the deeper regional “Once this infiltrating groundwater reaches text revision is acceptable.
Flow, Page 2-10, aquifers, or (2) outward toward and potentially the CFGW, it migrates in multiple (three-
2nd paragraph discharging to seeps, springs, and/or dimensional) flow paths that vary from sub-
phreatophytes located along the SSFL perimeter | norizontal to vertical, as a continuum
(MWH, 2009a)." between the two.”
The LOX Report should be revised to reflect that
the potential pathways are not limited to two but
instead, is a continuum between the two.
8 Former Specific 7 | Section 2.2.3, Aquifer The constant rate injection test conducted in RD- | The beginning of the last paragraph in The AIG’s aquifer test results are
LOX Plant Hydraulic Testing 80 is documented in Appendix 7A and Section 2.2.5 was revised as follows currently being evaluated. Any further
(Volume 2) Properties - AIG referenced in this section. Analysis of the draw- (revised text in italics): concerns that arise from the DTSC
Characterization up data was conducted by fitting early, middle, “Based on the current work, rather than the evaluation will be communicated to
Data and late time data separately and by applying a NASA and can be addressed during

multilayer analysis model (MLU). The GSU was
able to obtain good representations of nearly the
entire draw-up record in several wells (e.g. WS-
13, RD-04A, RD-52C), however, by fitting an
unconfined (Neuman) solution. The report should
address the possibility that vertical
fractures/faults may cause the North Fault Zone
to behave as an unconfined aquifer and
comment on whether this might have bearing on
fate and transport at the LOX AIG. Also, draw-up
data should be included in the report to support
independent verification of the interpretation.

existence of one or a limited number of fault
planes or splays, the NFZ is interpreted as a
highly fractured and faulted zone. High-
angle to near-vertical faulting/fractures
within the zone may result in the aquifer
exhibiting locally unconfined characteristics
at depth.”

The degree of confinement’s influence on
contaminant transport is limited to changes
to the storage properties of the aquifer and,
therefore, groundwater flow velocities.
However, this influence would not be
expected to significantly influence the
overall transport of COCs.

Raw data from the aquifer testing is being
provided electronically in the final RFI

remedy implementation.
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#
deliverable as part of each AlG’s aquifer
testing result TM (as RFI appendices).

9 Former Specific 8 | Section 2.2.4.1, Historical The LOX Report should be revised to As suggested, the text in Section 2.2.4.1 The NASA RTC sufficiently responds to
LOX Plant Historical Groundwater acknowledge that groundwater elevations during was revised as follows (revised text in the DTSC comment and the proposed
(Volume 2) Groundwater Elevations the operations at the site were much lower than italics): text revision is acceptable.

Pumping, Page those observed today and as a result releases at | «pyring these periods, the high pumping It should be noted that DNAPL
2-10 the surface/subsurface would have penetrated rates impacted groundwater elevations and movement into porous or fractured media
deeper than the current groundwater elevations. likely impacted groundwater flow directions. is controlled primarily by capillary
Groundwater elevation data for CFGW wells | Phenomena and wettability. DNAPL will
with a period of record that includes the be non-wetting on geologic solids with
1980s through the early 2000s indicate that | 0 a@ir. When DNAPL is a non-wetting
groundwater levels were as much as phase, capillary forces oppose the entry
approximately 150 feet lower than presentin | Of the DNAPL into wet geologic media
the central portion of SSFL (that is, near the | (Pankow and Cherry, Dense Chlorinated
Alfa/Bravo AIG).” Solvents and other DNAPLS in
While the lower historic groundwater levels Groundwater, 1996). The purpose of the
. . GSB comments were to point out that
may have impacted the vertical extent, and DNAPL penetrated below the current
potential for rock-matrix diffusion of the P
- groundwater levels due to the
dense nonaqueous phase liquid (DNAPL), o .
DNAPL migration is not limited by the unsaturated co_nd_lthns present during
location of the water table. The current release, there is limited groundwater data
extent of the source area, as described in at depth in many source area to assess
. ) , the mass that may have been transferred
Section 2.3.1, is most relevant for remedial .
; o ) . to the bedrock matrix, and DNAPL
action decision-making and design .
9. e remains a present and future source of
regardless of the historical condition. . n
contamination to groundwater below the
current groundwater levels.

10 Former Specific 9 | Section 2.2.4.2, NSGW The LOX Report should be revised to describe The last sentences in Section 2.2.4.2 was The NASA RTC sufficiently responds to
LOX Plant Near-surface the nature of the near-surface groundwater. The revised as follows (revised text in italics): the DTSC comment and the proposed
(Volume 2) Groundwater, section stated that the near-surface groundwater | «gjyen the nearly 100-foot difference in text revision is acceptable.

Page 2-10 is transient but it is not clear if the near-surface groundwater elevations between the aquifer
groundwater is continuous with the underlying systems, the NSGW (when present) is likely
perched. CFGW system. Continued collection of

groundwater elevation data from NSGW
wells and ND-112 Port 1, particularly during
wet periods, will continue to help inform this
aspect of the SCM.”

11 Former Specific Section 2.3.2.2, Mass The GSU has concerns regarding the vadose The following text was added to Section The revised text is appropriate.

LOX Plant 10 Vadose Zone Estimates Zohe mass quantitative estimate. The estimate is | 2.3.2.2 to further emphasize the uncertainty However, the GSB does not concur with
(Volume 2) Mass Estimate, dependent on the assumption that the VOC associated with the mass estimate: the statement that it is “impractical to use

Page 2-18 and
Appendix A

concentrations measured during the pre- and
post-extraction passive gas sampling events are
representative of the same VOC mass that was
actively extracted. The pre-extraction passive

“These mass estimates are uncertain and
should be considered approximate values,
which could vary by an order of magnitude,
to provide context for the relative mass

mass reduction as a measure of remedy
performance.” A discussion of remedy
performance criteria will be needed in the
CMS and during remedy design and
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gas sampling measured the equilibrated gas- present (not absolute values). As such, implementation.
phase concentrations of VOCs. In contrast, the these estimates will not bear on future
vapor extraction system created transient, non- remedial action decisions in a significant
equilibrium conditions by pulling mass from a way.”
broader area within the fractures and rock matrix. | - Gijyven the uncertainty in the mass estimates
Further, it was not demonstrated that the post- for the NASA AIGs, it will be impractical to
extraction passive gas sampling was completed use mass reduction as a measure of remedy
after equilibrium conditions had returned or how performance.
long it would take for equilibrium conditions to
return. Further sampling and evaluation is
warranted to support this approach for
calculating the VOC mass in the vadose zone.
Direct measurement of the VOCs concentrations
in the vadose zone bedrock may be needed to
ascertain better estimates of the VOC mass
present. The scope of this work, if needed, would
be dependent on the remedy selection and
design requirements and could be completed
during these activities.
12 B204/ELV General NA Aquifer Aquifer testing at the B204/ELV AIG, and at the Synoptic groundwater quality sampling See RTC Comment 1.
(Volume 3) | 1 Testing other AIG sites, utilized the injection of potable events were conducted prior to and

water into an injection well(s). Baseline
groundwater quality sampling events were
conducted prior to injection activities but it is not
clear whether the groundwater quality in
subsequent sampling events was evaluated to
determine short-term and long-term effects on
the groundwater quality from the injections.

A discussion of these effects, if any, should be
included in the B204/ELV Report, or other
applicable RFI/Groundwater Monitoring report.

following potable water injection aquifer
testing. RFI nature and extent evaluations
incorporated pre-potable water injection
aquifer test analytical data to avoid potential
bias in the results. The existing text in
Section 2.3.2.3 emphasizes the use of such
data.

Additional data beyond the single post-
potable water injection aquifer testing RFI
sampling event should be considered in an
evaluation of the potential impacts of the
injection testing. Site groundwater level and
analytical water quality data continued to be
collected following the RFI as part of the
Post-Closure Permit and sitewide
groundwater monitoring programs. An
evaluation of pre- and post-injection test
analytical results, incorporating additional
sitewide and/or Post-Closure Permit
monitoring data, has been performed and is
being submitted as a separate TM with the
revised RFI. The evaluation concluded there
were no significant long-term impacts from
the aquifer injection testing on the chemical
of concern (COC) plumes (CH2M, 2020a).
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13 B204/ELV General NA Lateral and The lateral and vertical extent of groundwater NASA acknowledges that the lateral and The revised text is appropriate. However,
(Volume 3) | 2 Vertical COC contamination needs further refinement. This vertical extents of COCs in groundwater at | the need for and logistics associated with
Extent comment focuses specifically on the the B204/ELV AIG are not fully defined, and | additional wells will be further evaluated

trichloroethene (TCE) plumes but the need for
further lateral and vertical data to better constrain
the extent of the contaminant plume(s) is similar
and applicable to the other contaminants (i.e. cis-
1,2- Dichloroethene, vinyl chloride, 1,4-dioxane,
1,2,3-trichloropropane, etc.).

Figures 2-49a and 2-49b depict the TCE
groundwater plumes in the Near Surface
Groundwater (NSGW) and Chatsworth
Formation, respectively. As shown in Figures 2-
49a and 2-49b and subsequent figures, the
lateral extents of the plumes are not thoroughly
bounded by wells with no or low detections of
TCE. Further definition and refinement of the
lateral extents of the plumes will likely be
necessary as part of the remedy design and
implementation. The B204/ELV report needs to
be revised to acknowledge this potential data
need which may include the installation of
additional wells.

The B204/ELV report states "The Building 204
Area TCE plume appears to have migrated
downgradient and along bedding plane fractures
from BE-SA-3... " For the Building 204 Area TCE
plume, the delineation of the lateral and the
downgradient extent of the plume is especially
problematic as there is limited data constraining
the definition of the plume. The interpretations
depicted in Figures 2-49b and 2-57 (cross-
section) assumes the source areas are centered
at RD-60 and ND-128 and that the groundwater
flow direction is to the north with no dispersion
(the plume narrows downgradient). The
hypothesis that the plume "drops below the total
depth of ND-122 and crosses the heavily
fractured North Fault Zone (NFZ) along a fairly
narrow pathway, emerging above the ELV
member where it impacts RD-56A “is not well
supported with data. This hypothesis is
expanded on in Section 2.3.3.1 but no additional
data are presented that further supports the
interpretation of the extent of the Building 204
Area TCE Plume other than an upward vertical

additional data and evaluation may be
required during the remedial
design/implementation stage to help further
define COC nature and extent (for the
purposes of remediation) and assess the
potential for offsite migration (receptor
threat), possibly including the installation of
additional monitoring wells. However, NASA
maintains that the current characterization of
the source areas and plumes at this AIG is
sufficient for the purposes of the CMS and
remedy evaluations. As is typical in the
RCRA process, additional understanding of
the site will be accomplished through
remedial design, implementation, and
monitoring that will supplement information
presented in the RFI. Accordingly, the last
paragraph of Section 2.3.2.3 was modified
as follows (revised text in italics):

“Although some uncertainty remains with
regard to the nature and extent of COC
plumes (including understanding the
migration of COCs from BE-SA-3, the extent
of COCs in NSGW and in the AP/STP, and
refining the geometry of plumes related to
BE-SA-4 and BE-PSA-5), the current
characterization of the impacted source
areas and plumes within the B204/ELV AIG
is considered sufficient for the purposes of
preparing the CMS and screening potential
remedial technologies that may be
implemented. If additional characterization
of the nature and extent (both lateral and
vertical) of COCs at the B204/ELV AIG is
needed to support future remedial design
and implementation and assess the
potential for offsite migration, such data may
be collected, as necessary, during the CMI.”

In addition, the Building 204 Area plume
depicted in plan-view on Figure 2-49b was
widened at the downgradient end (not
tapered). Additional supporting statements,
and acknowledgement of areas of

as part of the remedy design; therefore,
wells downgradient of Building 204 or
wells to further refine the plumes at ELV
may still need to be installed. Further,
GSB does not concur with the statement
that because the plume at the Ash
Pile/Sewer Treatment is located in the
“interior” of the site, the vertical extent
does not need to be delineated. An
additional well(s) at this location may be
determined to be necessary.
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gradient observed around the NFZ. The lateral,
as stated above, and vertical extent of the
Building 204 plumes need further refinement and
support as part of the remedy design and
implementation.

The TCE plume in the ELV related to BE-SA-4 is
depicted on Figures 2-49b and 2-56. As stated
above, the lateral extents of the VOC plumes are
not well constrained by the data. The B204/ELV
states "The ELV plume appears to have
migrated along bedding plane fractures to the
northwest (the direction of dip), impacting well
ND-125, and is assumed to terminate prior to
encountering the ELV Member at depth.” Figure
2-49b depicts the plume elongated in the general
direction of the dip however, the data does not
preclude alternate and equally plausible
interpretations. It should be noted that the
groundwater flow direction, as shown in Figure 2-
31 is due north not northwest in the dip direction.
The contaminant transport, as depicted, would
have to be dominated by the anisotropy created
by the bedding plane fractures over the relatively
steep hydraulic heads in the area (i.e. creating
the north groundwater flow depicted in Figure 2-
31) to produce the interpreted plume.
Alternatively, the data is consistent with
contaminant transport to the north or even
northeast. Further, BE-PSA-5 could also be
contributing to the plumes resulting in the
elongated extent of the plume depicted in Figure
2-49b without transport to the northwest. Further
refinement of the sources and the geometry of
the plume(s) related to source areas BE-SA-4
and BE-PSA-5, both laterally and vertically, may
be warranted as part of the remedy design and
implementation. The B204/ELV report needs to
be revised to acknowledge this potential data
need which may include the installation of
additional wells.

The TCE plume in the AP/STP is also not
laterally constrained by well data. Further, only
packer data from RD-09 provides vertical profile
data of groundwater contamination in the
Chatsworth Formation. This data, however, does
not bound the maximum depth of contamination
within the Lower Burro Flats Member nor does it

uncertainty, were added to the text for the
Building 204 Area plume discussion. The
terrain does not reasonably allow for the
installation of additional downgradient wells
to further define this plume; however, the
downgradient seeps will continue to be
routinely monitored. The Building 204 Area
seep receptors are being included in the
Phase 1 CMS for contingency remedial
evaluation and the Building 204 Area source
area will be further evaluated in the Phase 2
CMS. Additional Building 204 Area source
delineation could be performed as part of
the Corrective Measures Implementation
(CMI) if needed. Also, as part of the CMI,
the need for additional MNA remedial
monitoring wells for this plume will be
evaluated.

For the ELV plume, the text was modified to
cite ND-123, ND-127, and RD-51A, B, and
C as bounding wells. The text was also
modified to indicate the plume could be from
multiple sources. It could be migrating
northwest from BE-SA- 4, but also could be
elongated from BE-SA-4 and BE-PSA-5
(with more northerly flow). The ELV plume is
not currently targeted for further
characterization because the relatively low
concentrations at the perimeter wells
indicate there is low likelihood of off-site
migration above groundwater screening
levels (GSLs). As part of the Phase 2 CMS,
the need for ELV source area treatment will
be further evaluated. Also, as part of the
CMI, the need for additional MNA remedial
monitoring wells for this plume will be
evaluated.

For the Ash Pile/Sewage Treatment Plant
(AP/STP) plume, NASA agrees it is not
vertically delineated. However, this plume is
interior to the site, is bounded downgradient
by ND-126, and does not pose a threat of
offsite migration. Also, it is not associated
with a source planned for active remedial
treatment in the Phase 1 CMS because of
its relatively low COC concentrations.
Therefore, additional nature and extent
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provide information to determine if contamination | characterizations are not considered cost-
extended below the SPA Member. Further effective for this plume. As part of the Phase
refinement of the lateral and vertical extents of 2 CMS and CMI, the need for source
the plume may be warranted as part of the treatment and the need for additional MNA
remedy design and implementation. The need for | remedial monitoring wells for this plume will
additional data should be acknowledged in the be evaluated.
B204/ELV report. Overall, the text in Section 2.3 was modified
throughout, as applicable, to more clearly
explain the basis for the presented plume
interpretations, including the impact of
specific geologic structures on COC
transport, and to better acknowledge and
document plume extent data gaps and
uncertainties.
14 B204/ELV General N/A Metals Risks The B204/ELV Report, along with the other four The list of groundwater COCs identified in The GSB recommends that RFI areas
(Volume 3) | 3 volumes, does not present an adequate the 2009 RFI for the B204/ELV AIG were with soil samples in excess of the

evaluation of the current and potential future risk
of metals contamination to groundwater. In
Section 1.4 Groundwater Chemicals of Concern,
the B204/ELV Report states that the
"groundwater COCs within the B204/ELV AIG
were established in the draft Site-wide
Groundwater RI Report (MHW, 2009), Appendix
7-A." The COCs established were TCE, cis-1-2-
DCE, vinyl chloride, 1,4-dioxane, and 1,2,3-TCP
and did not include any metals. DTSC did not
approve the draft Sitewide Groundwater Rl or
any appendices include within. DTSC's
December 2011 letter and comment on draft
2009 Site- wide Groundwater Rl Report, DTSC
stated:

"There is insufficient characterization of release
locations to determine if these areas can and/or
should be remediated. In general, the nature and
extent of groundwater contamination from
individual release locations/source areas have
not been completed to allow for an adequate
assessment of remedial alternatives."

Subsequently, Boeing, on behalf of NASA and
DOE, proposed an approach on March 19, 2012
for completing the groundwater characterization
at SSFL which included, along other elements,
“source zone characterization”. This was
assumed to include the complete evaluation of
metals in soil and bedrock.

The NASA Characterization Plan - Building 204

included for reference purposes and are not
the current list of B204/ELV AIG COCs.
Therefore, the text in Section 1.4 will be
modified to state:

“The list of groundwater COCs identified
within the B204/ELV AIG in the draft
sitewide Groundwater Rl Report (MWH,
2009), Appendix 7-A, was used to plan data
gap-related field work identified in the
B204/ELV AIG Characterization Plan
(NASA, 2014). For reference, this COC list
consisted of the following:

TCE - This was used to clean equipment at
the ELV.

cis-1,2-Dichloroethene (cis-1,2-DCE) — This
is a degradation product of TCE.

Vinyl chloride (VC) — This is a degradation
product of TCE.

1,4-Dioxane — This is associated with the
Building 204 Area only.
1,2,3-Trichloropropane (TCP) — This is
associated with the Building 204 Area only.
In addition, as part of the B204/ELV AIG
Characterization Plan (NASA, 2014), the
following inorganics were identified for
additional investigation: antimony, barium,
boron, cadmium, fluoride, hexavalent
chromium, lead, mercury, molybdenum,
selenium, silver, and strontium.

groundwater comparison levels (GCLs)*
must be further evaluated in the CMS.
Further, the detection of any
anthropogenic chemical or the detection
of any naturally occurring chemical
above the GCL in groundwater must be
further evaluated in the CMS.

No cleanup levels have been established
and, therefore, aquifer restoration is the
assumed cleanup goal, especially in the
absence of a DTSC-approved
groundwater risk assessment. Itis
assumed that chemicals will be further
evaluated during the CMS which would
include establishing cleanup levels and
assessing risk.

* Area | and Ill GCLs have been established
and presented to DTSC. Sitewide DTSC-
approved GCLs should be established and
updated, as needed, for assessing risk to
groundwater. Consistent with the Area | and
[l GCLs, Sitewide GCLs should be based on
the groundwater reference values listed as
follows, in descending order of importance
and/or relevance:

a) Site-specific groundwater
comparison concentrations for metals




RTC
Number

RFI Report
Volume

Comment
#

Section

Comment
Category

DTSC Comment

NASA RTC

DTSC Response

and Expendable Launch Vehicle Areas of
Impacted Groundwater at the Santa Susana
Field Laboratory (Characterization Plan) dated
September 2014 stated "The approach to data
analysis [for metals] is shown in the flowchart on
Figure 1.3-1. Based on this process, the
following metals were identified as being "of
interest" at the B204/ELV AIG: antimony,
cadmium, lead, mercury, molybdenum, selenium,
and silver. These metals have been added to the
semiannual groundwater monitoring analyte list
in Section 4." The flowchart followed a bottom up
approach where groundwater exceedances
above the screening levels were further
evaluated. The nature of this approach is limited
to assessing identified impacts to groundwater
but does not address potential and future risks
from unsaturated soil and bedrock source areas.

There are several statements throughout Section
1.2 Potential Release Areas of the B204/ELV
report that indicate the historical use and
potential releases of metals to the environment.
Further, under Section 1.4 Groundwater
Chemicals of Concern was the following
statement related to metals, "In addition, as part
of the B204/ELV AIG Characterization Plan
(NASA, 2014), the following inorganics were
identified for additional investigation: antimony,
barium, boron, cadmium, fluoride, hexavalent
chromium, lead, mercury, molybdenum,
selenium, silver, and strontium." The additional
investigation, to date, has been limited to
sampling for these metals during annual
groundwater monitoring activities (and
significantly; monitoring data from 2017 have
shown increasing concentration trends for some
metals at several NASA monitoring locations).
Although lead and cadmium were added, as part
of a supplemental risk assessment, and
evaluated in the B204/ELV report, there is strong
justification for the comprehensive evaluation of
all metals in the soil and bedrock vadose zone
and their potential impacts to groundwater.

Comprehensive evaluation of the metals

contamination must be completed and
documented in RFI for each release/source area.

The 2009 COC list was not approved by
DTSC. Therefore, for this RFI, groundwater
COCs were identified for the B204/ELV AIG
based on the results of human health and
ecological risk assessments performed for
exposure to groundwater, seeps, and
bedrock vapor at the B204/ELV AIG (NASA,
2017c).”

As part of the AIG investigation work to
support the RFI, and to help address DTSC
concerns about inorganics at the NASA
SSFL AIGs, NASA also collected data for
the following inorganics of interest (as
specified in Section 1.4): antimony, barium,
boron, cadmium, fluoride, hexavalent
chromium, lead, mercury, molybdenum,
selenium, silver, and strontium (NASA,
2015).

All validated and appropriate site chemicals
analyzed for in groundwater and soil vapor
between 1999 and 2016, including metals,
were evaluated for use in the AIG
groundwater risk assessment work (NASA,
2017b). Where sufficient data were
available, the most recent data were used
for the risk assessment calculations (2012 to
2016), with older data used if needed.
Adequate site data were available to
evaluate metal risk associated with the site
groundwater. Only the metals listed as risk-
based COCs for the B204/ELV AIG (lead
and cadmium) were carried forward for
nature and extent and fate and transport
evaluations in the RFI. If other COCs are
identified when addressing DTSC comments
on the risk assessment (as will be
documented in a revised AIG risk
assessment [in preparation]), the COCs
would be evaluated in the Phase 2 CMS.

During a meeting on April 4, 2019, DTSC
indicated that NASA's risk-based approach
to CMS chemical of potential concern
(COPC) identification is inconsistent with
that of The Boeing Company (Boeing),
which involved vadose zone screening level
comparisons and soil leaching modeling.

and selected inorganic compounds
(MWH, 2005).

b) Primary maximum contaminant levels
(MCLs) established by the U.S.
Environmental Protection Agency
(USEPA) and promulgated by the
Safe Drinking Water Act; and the
California State Water Resources
Control Board (SWRCB) Division of
Drinking Water promulgated by Title
22 of the California Code or
Regulations, Sections 64431 through
64449 and 64672 (SWRCB 2014,
2015a).

c) Notification levels/advisory levels
established by the California SWRCB
(SWRCB, 2015a, 2015b, 2015c)

d) Secondary maximum contaminant
levels (SMCLs), which are non-
mandatory, unenforced levels to
address aesthetics such as taste and
odor (SWRCB, 2006, 2015a;
USEPA, 2009

e) Taste and odor threshold (SWRCB,
2015a)

Please note that GCLs are in weight per
volume: micrograms per liter [ug/L] and
milligrams per liter [mg/L] but should be
considered equivalent to parts per billion
(ppb) or micrograms per kilogram (pg/kg) and
parts per million (ppm) or milligrams per
kilograms (mg/kg), respectively, for
comparison with the soil concentration
results.”
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NASA reviewed the Boeing vadose zone to
groundwater COPC evaluation approach.
NASA indicated at the October 17, 2019,
meeting with DTSC that because of the
significant age of the sources at the SSFL
site (>50 years), groundwater data at the
site can be used to assess current source
impacts to groundwater. NASA confirmed all
chemicals detected in groundwater above
GSLs were evaluated in the AIG
groundwater risk assessment (NASA,
2017b) and that the use of the risk-based
COCs focuses the RFI evaluation on the
most significant analytes of concern at the
site.

At a November 1, 2019 meeting between
NASA and DTSC, it was agreed the NASA
RFI risk-based COC approach (to focus
nature and extent and fate and transport
evaluations in the RFI) was acceptable.
However, DTSC requested additional details
about AIG chemicals that exceed the GSLs
be included in the RFI. Therefore, NASA
added Table 1-4 to Section 1.4 listing
analytes that exceed GSLs for each AIG
(with clarification that the nature and extent
discussion in the RFI focuses on risk-based
COCs only). DTSC also requires NASA to
evaluate potential future impacts of vadose
zone sources to groundwater as part of the
CMS. The method for this future vadose
Zone source to groundwater impact
evaluation approach for the CMS is outlined
in the RFI as Exhibit 1 in the NASA Chapter
of the RFI. The text in Section 1.4 has been
modified to state:

“DTSC requires NASA to evaluate potential
future chemical impacts to groundwater from
the vadose zone. Because of the age of the
site sources (over 50 years), it is unlikely
additional groundwater impacts will occur at
the site that are not already indicated by
current groundwater conditions. However, to
be conservative, NASA will identify potential
future groundwater impacts using the
decision process shown in Exhibit 1 of the
main NASA SSFL RFI Report. This decision
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process will be for analytes that are not
already identified as risk-based groundwater
COCs in the revised groundwater risk
assessment (and already being carried
forward for evaluation in the groundwater
CMS). B204/ELV AIG soil data (NASA,
2017a) will be compared to the site LUT
values associated with the AOC (DTSC,
2010) in the Phase 2 groundwater CMS.
The LUT values are generally based on
surface soil background levels (when
available) and minimum reporting limits
when the background value is not available.
The analytes that exceed LUT values in soil
will be further evaluated in the Phase 2
groundwater CMS to assess potential future
impacts to groundwater. Vadose zone
chemicals that exceed soil LUT values and
either currently exceed GSLs (including
background levels), or that modeling results
indicate may impact groundwater quality in
the future, will be considered COPCs in the
groundwater CMS and included in
groundwater sampling during corrective
measures implementation (CMI) remedial
action performance monitoring. Such
performance monitoring would include
periodic reassessment as part of adaptive
management, to confirm that the
groundwater COC list and remedial actions
are still appropriate and protective of
potential nearby human health and
ecological receptors.”

15

B204/ELV
(Volume 3)

Specific 1

2.2.4.2 Near-
surface
Groundwater
Page 2-12; 5th
paragraph
Figure 2-27a
and 2-27b

NSGW

"The areas of NSGW at the Building 204 Area
and ELV were considered discontinuous due to
the presence of mapped bedrock outcrops
between these two areas."”

This interpretation is predicated on the
assumption that NSGW groundwater water does
not occur within the weathered bedrock (i.e.
outcrops). NSGW groundwater occurs across the
site in the weathered bedrock. NSGW is, in fact,
defined as groundwater that occurs in the
unconsolidated soil and adjacent/underlying
weathered bedrock. It is incorrect, therefore, to
consider the bedrock outcrops as the boundaries
of NSGW as depicted on Figures 2- 27a-and 2-

The information contained in the NASA Soil
Data Summary Report indicates the
presence of rock outcrops in the area
between the Building 204 Area and the ELV,
suggesting that any weathered bedrock in
this area would be thin and/or
discontinuous. NASA believes that new
near-surface groundwater (NSGW) wells in
the area are not warranted based on the
following:

There are no NSGW contaminant plumes at
the Building 204 Area.

The Building 204 Area is topographically

The GSB maintains that the extent of the
NSGW cannot simply be assumed to
coincide with the mapped bedrock
outcrops. The text needs to
acknowledge that the extent is not
delineated by data but by the assumption
that NSGW does not extend beyond the
bedrock outcrops and that there is
uncertainty regarding its extent. The
explanation presented in the RTC is a
reasonable discussion and should be
incorporated into the text to support that
the NSGW does not extend into the
Building 204 Area.
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27b. These figures should be revised. Additional higher in elevation than the ELV; therefore,
monitoring wells will be warranted in these areas | NSGW plumes at the ELV would not migrate
to better understand the extent of the NSGW in into the Building 204 Area.
the B204/ELV area for potential remediation and The presence of NSGW at the Building 204
long-term monitoring. Area occurs infrequently during wet periods,
as opposed to the temporally persistent
NSGW at the ELV.
During a meeting on April 4, 2019, DTSC
indicated that this comment can be resolved
by adding question marks along the
depicted NSGW extents. NASA will modify
Figure 2-27a accordingly. Because Figure 2-
27b does not depict NSGW at the Building
204 Area, this figure has not been revised.
16 B204/ELV Specific2 | 2.2.4.3 Hydraulic "Wells C-7, ND-125, and ND-128 are located The first sentence of the referenced The NASA RTC sufficiently responds to
(Volume 3) Chatsworth Characteristics south of, and have little or no hydraulic paragraph in Section 2.2.4.3 was revised as | the DTSC comment and the proposed
Formation of NFZ connection to, the NFZ." follows: text revision is acceptable.
Groundwater It is not clear how this conclusion was reached. “As described previously, wells C-7, ND-
Page 2-15; 2nd The B204/ELV report needs to clarify the 125, and ND-128 are completed in the
paragraph information/data that supports this statement. Silvernale, SPA, Lower Burro Flats, ELV,
The injection tests used wells (RD-518 and ND- and/or Upper Burro Flats Members south of
123) located south of and/or within the NFZ and the NFZ. Wells completed in these
C-7, ND- 125, and NS-128 are located south of hydrostratigraphic units south of the NFZ
these injection wells. Given that the NFZ has an are inferred to have little to no hydraulic
overall higher bulk hydraulic conductivity than the | connection to the NFZ based on the lack of
bedrock outside of the NFZ, it is probable that similar static groundwater elevations and
the injection water would propagate preferentially | responses to regional pumping exhibited by
into NFZ and not south. The injection tests would | wells with stronger hydraulic connection to
therefore be inconclusive to determine the the structure.”
degree of connection of C-7, ND-125, and ND-
128 with the NFZ, although it may be reasonable
to state that C-7, ND-125, and ND-128 are not
within the NFZ. The report should be revised to
indicate this.
17 B204/ELV Specific 3 | 2.2.5 Hydraulic Hydraulic RD-70 responded to the injection aquifer tests The North Fault Zone (NFZ) at the The GSB does not agree that the data
(Volume 3) Characteristics Characteristics | conducted on the south side of the NFZ but is B204/ELV AIG was investigated through have indicated whether there is a strong

of the NFZ at
the B204/ELV
AIG

of NFZ

located north [of] the trace of the NFZ. Does this
indicate that the NFZ is wider than currently
shown? The GSU recommends that the
additional evaluation be conducted at the NFZ,
specifically focused on the area east of the ELV
area (i.e. WS-13) and extending to the Area Ill/IV
boundaries to better define the extent of the
NFZ. This evaluation could include, but not be
limited to: additional detailed mapping; shallow
seismic geophysical survey(s); and additional

field mapping, downhole geophysics, and
conducting two longer-term aquifer tests. As
described in Section 2.2, RD-70 exhibits
characteristics of a location with strong
hydraulic connection to the NFZ based on
the static groundwater elevations (similar to
the underlying Sage Member), response to
regional pumping, and response to injection
aquifer testing. The connection between
RD-70 and the NFZ is being evaluated as

hydraulic connection between RD-70 and
the NFZ OR that the calibration of the
Mountain Scale Groundwater Flow Model
can be used to support this. The NFZ is
not well defined just east of the ELV and
the 90-degree turn northward in the North
Drainage just east of the ELV is a strong
indication that there is an underlying
geologic structural change (e.g.. faulting)
that could affect groundwater flow.
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wells and aquifer tests. This work could be done part of the Mountain Scale Groundwater
as part of the remedy design and Flow Model calibration (that is, whether a Additional data in this area will likely be
implementation. fault trace is needed in the area to achieve needed and will need to be assessed
calibration). Field reconnaissance in this during remedy design or implementation
area did not identify any apparent faulting phase.
associated with the NFZ, but it is possible
that unidentified splays connect the RD-70
area to the NFZ. In addition, historic aerial
photos have been reviewed for structural
features. This aerial photo review identified
north-south lineaments north of the NFZ but
not near RD-70. The aerial photo evaluation
was added to Appendix E of the RFI
(Geologic Mapping TM).
The COC plumes do not extend to the RD-
70 area; therefore, further field investigation
is not needed to support decision-making
with regard to the design or implementation
phase of the groundwater cleanup.
Additional characterization work of the NFZ
would only be performed if needed to
complete remedial designs or to assess
offsite migration during the CMI.
18 B204/ELV Specific 4 | 2.3.1 Source Source Areas "TCE concentrations from the soil, soil/gas, and The soil and soil gas data presented on the The NASA RTC sufficiently responds to
(Volume 3) Areas Page 2- bedrock vapor datasets described above were version of Figure 2-42 provided in the Draft the DTSC comment and the proposed
20; 3rd plotted as shown on Figure 2-42. This figure RFI Report were symbolized incorrectly modifications to Figure 2-42 The NASA
paragraph differentiates the concentrations of TCE in soil at | (nondetect results, which should have been RTC sulfficiently responds to the DTSC
or above 5 micrograms per kilogram [ug/kg] (the displayed in green, were instead displayed comment are acceptable.
screening level) and 5,000 pg/kg, and in soil gas in orange, falsely implying elevated
and bedrock vapor at or above 100 micrograms concentrations). This likely caused the
per cubic meter [ug/m3] (the chosen comparison perceived discrepancy between the
level) and 50,000 ug/m3. Bedrock vapor data delineation procedures described in Section
indicative of a likely vadose zone source to 2.3.1 and the source area extents shown on
groundwater per Henry's Law are also Figure 2-42.
differentiated.” The soil and soil gas data point symbology
It is not clear how the source areas are on Figure 2-42 was corrected. Additionally,
delineated on Figure 2-42. The B204/ELV Report | the extents of source areas BE- SA-1 and
should describe what criteria was used to draw BE-SA-3 were adjusted slightly to better fit
the extent of the source areas. These areas the pattern of elevated soil and soil gas TCE
need to be delineated as clearly and accurately concentrations in their vicinities. These
as possible to be adequately assessed for modifications should resolve DTSC'’s
remediation. concerns regarding the source area
evaluation details described in Section
2.3.1.
19 B204/ELV Specific5 | 2.3.2.3 Figure Request | Please verify if the dips of the stratigraphic The inclinations of geologic units depicted The NASA RTC sufficiently responds to
(Volume 3) Groundwater members of the Chatsworth depicted on Figures | on Figures 2-56, 2-57, 2-58, and 2-59 are the DTSC comment and the proposed
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Nature and 2-56, 2-57, 2-58, and 2-59 are apparent dips. apparent dips based on the orientation of text revision is acceptable. and the
Extent Page 2- each cross-section line relative to bedrock proposed modifications to Figures 2-56,
27 to 2-28 strike. A note indicating that bedding 2-57, 2-58, and 2-59 are acceptable.
inclinations are apparent dips was added to
these figures.
20 B204/ELV Specific6 | 2.3.2.4 Mass Due to the complexities for groundwater flow and | The following text was added to Section The NASA RTC sufficiently responds to
(Volume 3) Groundwater Estimates contaminant transport in porous fractured media 2.3.2.4 to further emphasize the uncertainty | the DTSC comment and the proposed
Plume Mass (such as the Chatsworth Formation at SSFL), associated with the mass estimate: text revision is acceptable.
Estimate getting a reasonable estimate of the contaminant | «These mass estimates are uncertain and
mass is dlfflcqlt. .The approach in the BZO4{ELV should be considered approximate values,
report, which is Ilmlted to TCE, shou_ld b_e_ viewed | \which could vary by an order of magnitude,
as rough_ calculation bgsed on th_e simplified to provide context for the relative mass
assumptions. For consideration in the remedy present (not absolute values).”
design and implementation, the GSU Gi S .
. . iven the uncertainty in the mass estimates
recommends that the estimates be viewed for the NASA AIGs. it will be impractical to
conservatively and up to an order of magnitude or ducti ' P f d
below the actual mass present. use mass reduction as a measure of remedy
performance.
21 B204/ELV Specific 7 | 2.3.3.1 Lateral and "Further vertical migration of this TCE plume NASA acknowledges that available data do The NASA RTC sufficiently responds to
(Volume 3) Horizontal Vertical COC appears to be limited by the presence of the SPA | not conclusively support that the Storable the DTSC comment and the proposed
Migration Extent Member within the Lower Burro Flats Member of | Propellant Area (SPA) member limits text revision is acceptable.
Pathways Page Sandstone 2." vertical COC migration. However, ND-123 is
2-31; 3rd Figure 2-56 does not support that the SPA a bounding well for the plume and the
paragraph Member has any effect of the vertical distribution | ©Overall pattern of TCE concentration with
of the TCE. "Traditional" groundwater depth (especially when considering adjacent
contamination concentrations increase with well NS-42B and the depth-discrete packer
depth (i.e. 89 to 120 ug/L) in C-7 and it does not | groundwater sample data for C-7, as posted
reach a depth to intercept the SPA member. See | ©On Figure 2-56, and rock core data, as
also General Comment 2. Please clarify this posted on Figure 2-47) suggests that
statement in the revised B204/ELV report. concentrations are declining to relatively low
levels as they approach the SPA member.
Notwithstanding this interpretation, the
quoted statement was removed from
Section 2.3.3.1.
22 B204/ELV Specific8 | 2.3.3.1 Plume Stability | "The plume continues to migrate to the northwest | To resolve this and similar comments, The GSB assumes that further and
(Volume 3) Horizontal until it encounters the ELV Member and appears | DTSC clarified during a meeting on April 4, comprehensive discussion of plume
Migration to stabilize in that area." 2019 that NASA should rephrase stability will be presented in the final
Pathways Page Please clarify how plume stabilization was discussions of plume “stability” to state that CMS as part of the evaluation of remedy
2-31: 3rd determined as the GSU did not understand what | the distal edges of the plumes are not approaches. Since the groundwater flow
paragraph data was used to reach this conclusion. expanding, instead of using the word system at SSFL is not under steady state

“stability.” NASA modified the text in Section
2 accordingly, where applicable.

The lines of evidence for a lack of plume
expansion are summarized in Sections
2.3.3.3 and 2.3.3.4. The ELV Chatsworth
Formation groundwater (CFGW) plume’s
downgradient extent is interpreted to be

conditions, and may not be for a
considerable time, stability of the
contaminant plumes will need to be
under continuous evaluation.

It should be noted that, as a remedial
option, MNA must not only meet the final
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bounded by well ND-123. Also, CSIA shows
evidence for TCE and cis-1,2-DCE
degradation at C-7 and ND-125. Additional
text was added to Section 2.3.3.3 to outline
the ND-125 TCE and cis-1,2-DCE
degradation evidence as follows:

“At wells ND-125-1, ND-125-2, and ND-125-
3, CSIA results for TCE were -19.932J, -
19.816J, and -17.772 %o, respectively.
These values are enriched by 4.368 to
6.528 %o compared to the most enriched
013C value reported for newly manufactured
TCE (-24.3 %o [Morrison and Murphy,
2013]). These results indicate isotopic
enrichment in excess of the 2 %o threshold
recommended by the EPA to account for
laboratory analytical error and any spatial
and temporal variability caused by mixing of
flow lines or different sources of COCs, as
well as minor changes affected by sorption
and volatilization, and provide positive
evidence that TCE biodegradation is
occurring in the vicinity or upgradient of
these wells.

Similarly, at these same wells, CSIA results
for cis-1,2-DCE were -22.197, -22.017J, and
-20.619J %o, respectively. These values are
enriched by 2.103 to 3.681 %. compared to
the most enriched 613C value reported for
newly manufactured TCE (-24.3 %o
[Morrison and Murphy, 2013]). These results
indicate isotopic enrichment in excess of the
2 %o threshold recommended by the EPA to
account for laboratory analytical error and
any spatial and temporal variability caused
by mixing of flow lines or different sources of
COCs, as well as minor changes affected by
sorption and volatilization, and provide
positive evidence that cis-1,2-DCE
biodegradation is occurring in the vicinity or
upgradient of these wells. These data
indicate that degradation of cis-1,2-DCE has
not “stalled” but is actively occurring within
B204/ELV AIG groundwater.”

Additional data collection is planned as part
of remedy implementation activities and will

cleanup goals for the site but also meet
Applicable or Relevant and Appropriate
Requirements (ARARS) including the
requirements for site remediation
specified in State Water Resource
Control Board’s (State Water Board)
Resolution 92-49, subsections Ill. A-G,
which include achieving cleanup goals in
a reasonable timeframe. MNA is not
equivalent to the containment zone
designation contained in Resolution 92-
49, subsection Ill.H, since a containment
zone is based on a site-specific
determination that remedial goals are not
technically or economically feasible to
achieve (2016, Regional Water Quality
Control Board — Lahontan Region, “Final
Report on Monitored Natural Attenuation,
Evaluation and Application in the
Lahontan Region”).

Further, the U.S. Environmental
Protection Agency [USEPA] 1999
Directive, Use of Monitored Natural
Attenuation at Superfund, RCRA
Corrective Action, and Underground
Storage Tank Sites [USEPA MNA
Directive] states: “Decisions to employ
MNA as a remedy or remedy component
should be thoroughly and adequately
supported with site-specific
characterization data and analysis. In
general, the level of site characterization
necessary to support a comprehensive
evaluation of MNA is more detailed than
that needed to support active
remediation. Site characterizations for
natural attenuation generally warrant a
guantitative understanding of source
mass; groundwater flow (including
preferential pathways); contaminant
phase distribution and partitioning
between soil, groundwater, and soil gas;
rates of biological and non-biological
transformation; and an understanding of
how all of these factors are likely to vary
with time. This information is generally
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include a formal MNA program that necessary since contaminant behavior is
incorporates additional CSIA sampling to governed by dynamic processes which
verify attenuation of daughter products. must be well understood before MNA can
Additional Mann- Kendall trend evaluations be appropriately applied at a site.”
and plume extent changes will be performed
as part of remedial action monitoring to
further evaluate potential plume expansion
and aid with remediation adaptive
management decisions.

23 B204/ELV Specific 9 | 2.3.3.3 Natural Natural The B204/ELV Report presents several lines of Degradation of TCE to ethene solely The GSB assumes that further and

(Volume 3) Attenuation Attenuation evidence that indicate elements/conditions for through the reductive dechlorination comprehensive discussion of plume

natural attenuation are present and that initial
groundwater data indicates that it is occurring at
this location. The evaluation presented in the
B204/ELV report, however, does not ultimately
support that natural degradation is complete (i.e.
complete reductive dechlorination) or pervasive
in the area. In addition, natural attenuation does
not address other contaminants such [as] 1,4-
dioxane which are more recalcitrant in the
natural systems. Further evaluation, including the
collection of additional data, may be necessary
during remedy design and implementation, to
better determine the potential contribute of
natural attenuation.

pathway is not essential for natural
attenuation to be an effective remedy.
Research has shown that other pathways
are effective in degrading TCE and
associated reductive dechlorination
daughter products (DCE and VC). For
example, Bradley (2012), presented
degradation rate constants for DCE and VC
for four chloroethene-impacted sites with
hypoxic groundwater conditions via a
mineralization pathway where carbon
dioxide was the predominant degradation
product. Abiotic degradation processes have
also been shown to degrade chloroethenes,
including TCE, DCE, and VC, in the
presence of certain minerals, such as green
rusts and reactive iron minerals (EPA,
2009). Therefore, it is not necessary to
demonstrate that TCE is degrading to
ethene strictly through the reductive
dechlorination pathway for natural
attenuation to be effective. With regards to
1,4-dioxane, Adamson et al. (2015) reported
that at sites included within their study,
where dioxane and chlorinated solvents
were present, the median source
attenuation rate for 1,4- dioxane was similar
to that for 1,1-DCE and TCE and concluded
that natural attenuation may be used to
manage some sites impacted with 1,4-
dioxane. NASA concurs that further
monitoring of groundwater to demonstrate
the effectiveness of natural attenuation via
multiple lines of evidence should be
conducted as part of remedy
implementation.

stability will be presented in the final
CMS as part of the evaluation of remedy
approaches. Since the groundwater flow
system at SSFL is not under steady state
conditions, and may not be for a
considerable time, stability of the
contaminant plumes will need to be
under continuous evaluation.

It should be noted that, as a remedial
option, MNA must not only meet the final
cleanup goals for the site but also meet
Applicable or Relevant and Appropriate
Requirements (ARARS) including the
requirements for site remediation
specified in State Water Resource
Control Board’s (State Water Board)
Resolution 92-49, subsections Ill. A-G,
which include achieving cleanup goals in
a reasonable timeframe. MNA is not
eguivalent to the containment zone
designation contained in Resolution 92-
49, subsection Ill.H, since a containment
zone is based on a site-specific
determination that remedial goals are not
technically or economically feasible to
achieve (2016, Regional Water Quality
Control Board — Lahontan Region, “Final
Report on Monitored Natural Attenuation,
Evaluation and Application in the
Lahontan Region”).

Further, the U.S. Environmental
Protection Agency [USEPA] 1999
Directive, Use of Monitored Natural
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Section 2.3.3.3 was updated to include
these references and associated discussion.

Additional data collection is planned as part
of remedy implementation activities and will
include a formal MNA program that
incorporates additional CSIA sampling to
verify attenuation of daughter products.
Additional Mann- Kendall trend evaluations
and plume extent changes will be performed
as part of remedial action monitoring.

Attenuation at Superfund, RCRA
Corrective Action, and Underground
Storage Tank Sites [USEPA MNA
Directive] states: “Decisions to employ
MNA as a remedy or remedy component
should be thoroughly and adequately
supported with site-specific
characterization data and analysis. In
general, the level of site characterization
necessary to support a comprehensive
evaluation of MNA is more detailed than
that needed to support active
remediation. Site characterizations for
natural attenuation generally warrant a
quantitative understanding of source
mass; groundwater flow (including
preferential pathways); contaminant
phase distribution and partitioning
between soil, groundwater, and soil gas;
rates of biological and non-biological
transformation; and an understanding of
how all of these factors are likely to vary
with time. This information is generally
necessary since contaminant behavior is
governed by dynamic processes which
must be well understood before MNA can
be appropriately applied at a site.”

24

Alfa/Bravo
(Volume 4)

General
1

N/A

Aquifer Testing

Aquifer testing at the Alfa/Bravo AlG, and the
other AIG sites, utilized the injection of potable
water into an injection well(s). Baseline
groundwater quality sampling events were
conducted prior to injection activities; however, it
is not clear whether the groundwater quality in
subsequent sampling events was evaluated to
determine short-term and long-term effects from
the injections.

A discussion of these effects, if any, should be
included in the Alfa/Bravo Report, or other
applicable RFI/Groundwater Monitoring report.

Synoptic groundwater quality sampling
events were conducted prior to and
following potable water injection aquifer
testing. RFI nature and extent evaluations
incorporated pre-potable water injection
aquifer test analytical data to avoid potential
bias in the results. The existing text in
Section 2.3.2.3 emphasizes the use of such
data.

Additional data beyond the single post-
potable water injection aquifer testing RFI
sampling event should be considered in an
evaluation of the potential impacts of the
injection testing. Site groundwater level and
analytical water quality data continued to be
collected following the RFI as part of the
Post-Closure Permit and sitewide
groundwater monitoring programs. An

The NASA RTC sufficiently responds to
the DTSC comment. The GSB assumes
the referenced TM will be submitted with
the Final RFI Groundwater report.
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evaluation of pre- and post-injection test
analytical results, incorporating additional
sitewide and/or Post-Closure Permit
monitoring data, has been performed and is
being submitted as a separate TM with the
revised RFI. The evaluation concluded there
were no significant long-term impacts from
the aquifer injection testing on the COC
plumes (CH2M, 2020a).

25

Alfa/Bravo
(Volume 4)

General
2

N/A

Lateral and
Vertical COC
Extent; Source
Areas

The lateral and vertical extent of groundwater
contamination needs further refinement. This
comment focuses specifically on the
trichloroethene (TCE) plumes but the need for
further lateral and vertical data to better constrain
the extent of the contaminant plume(s) is similar
and applicable to the other contaminants (i.e. cis-
1,2- Dichloroethene, vinyl chloride, 1,4-dioxane,
1,2,3-trichloropropane, etc.)

Figures 2-44a and 2-44b depict the TCE
groundwater plumes in the NSGW and
Chatsworth Formation, respectively. As shown in
Figures 2-44a and 2-44b and subsequent
figures, the lateral extents of the plumes are not
thoroughly bounded by wells with low or no
detections of TCE. Figures 2-50 (Cross-section
A-A"), 2-51 (Cross-section B-B"), and 2-52
(Cross-section C-C') indicate that the vertical
extents of the plumes at Alfa and Bravo areas
are not fully delineated. Additional groundwater
data may be necessary to further refine the
extent of these contaminant plumes as part of
the remedy selection and design. The Alfa/Bravo
report needs to be revised to acknowledge this
uncertainty which may necessitate the
installation of additional wells.

Specifically, the Alfa/Bravo report states: "TCE
originating from Alfa Area sources, particularly
AB-SA-3A (Alfa Test Stand 1 and its associated
spillway; see Figure 2-39 for source area
locations) appears to have migrated to the
northwest to encompass well ND-137B. This
may have been driven by down-dip migration of
dense non-aqueous phase liquid (DNAPL) from
AB-SA-3A along bedding planes, and/or
influenced by historical pumping at WS-13. TCE
concentrations exceeding the GSL also are

NASA acknowledges that the lateral and
vertical extents of COCs in groundwater at
the Alfa/Bravo AlG are not fully defined, and
additional data and evaluation may be
required during the remedial
design/implementation stage to help further
define COC nature and extent (for the
purposes of remediation) and assess the
potential for offsite migration (receptor
threat), possibly including the installation of
additional monitoring wells. However, NASA
maintains that the current characterization of
the source areas and plumes at this AlG is
sufficient for the purposes of the CMS and
remedy evaluations. As is typical in the
RCRA process, additional understanding of
the site will be accomplished through
design, implementation, and monitoring that
will supplement information presented in the
RFI. Accordingly, the last paragraph of
Section 2.3.2.3 was modified as follows
(revised text in italics):

“Although some uncertainty remains with
regard to the nature and extent of COC
plumes, the current characterization of the
COC source areas and plumes within the
Alfa/Bravo AIG is considered sufficient for
the purposes of preparing the CMS and
screening potential remedial technologies
that may be implemented. If additional
characterization of the nature and extent
(both lateral and vertical) of COCs at the
Alfa/Bravo AIG is needed to support future
remedial design and implementation and
assess the potential for offsite migration,
such data may be collected during the CMI.”

Additionally, the text in Section 2.3 was

The NASA RTC sufficiently responds to
the DTSC comment and the proposed
text revision is acceptable.
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observed at well C-5, but at levels that are
several orders of magnitude lower than that
measured at ND-137B; this suggests that ND-
137B is along a more direct migration pathway
from SA-3A than C-5. The Lower Shale 2
Member is thought to act as a barrier to limit the
northern extent of the Alfa Area plume at depth
(Figure 2-51). TCE has also historically been
observed above the GSL at extraction well WS-
06, where prolonged and heavy pumping (from
1955 to 1963 and 1988 to 2001) likely induced
the southeasterly migration of TCE from AB SA-
3A through Sage Member. After the cessation of
pumping, the travel time from AB-SA- 3A to WS-
06 became long enough that degradation of TCE
to cis-1,2-DCE resulted in TCE concentrations
dropping below the detection limit and the retreat
of the southeastern portion of the Alfa Area TCE
plume to its current extent. If pumping from WS-
06 were to resume, it is likely that TCE
concentrations above the detection limit would
again be observed."

For the Alfa area, the report focuses on source
area AB-SA-3A, located at Test Stand 1, as the
source of the groundwater plume. There is,
however, a lack of data in the vicinity or portion
of the spillway associated with Test Stands 2 and
3 due to the absence of soil. ND-136 is directly
underlain by Shale 2 but the highest TCE
concentrations were encountered within the
Sage Member. It is unlikely that the TCE in the
Alfa Area is limited to source area AB-SA-3A or
that the highest concentrations are centered on
ND-136. Additional data will be needed to better
assess the lateral extent of the TCE in the Alfa
Area, especially within the vadose zone bedrock.
The assessment of the influence of WS-6 on the
distribution of groundwater contamination is
predicated on AB-SA-3A as the sole source of
TCE in the Alfa Area and it will need to be
readdressed when additional data is collected.

Finally, the portion of the statement regarding the
travel time relationship with the degradation of
TCE to cis-1,2- DCE and the retreat of the
southeastern portion of the Alfa Area TCE plume
is speculative. Additional data will be needed to
support this.

modified throughout, as applicable, to more
clearly explain the basis for the presented
plume interpretations, including the impact
of specific geologic structures on COC
transport, and to better acknowledge and
document data gaps and uncertainties.

The statement regarding the travel time
relationship with the degradation of TCE to
cis-1,2-DCE and the retreat of the
southeastern portion of the Alfa Area TCE
plume was also modified to state (revised
text in italics): “After the cessation of
pumping, the concentrations of TCE
declined and there was a retreat of the
southeast portion of the plume. It is unclear
if pumping from WS-06 were to resume, that
TCE concentrations above the detection
limit would again be observed.”

NASA agrees with DTSC’s comment
regarding the potential source areas
associated with the former surface
impoundments at the SPA. Accordingly, AB-
PSA-1A, AB-PSA-1B, and AB-PSA-2 will be
reclassified as source areas and renamed
AB-SA-1A, AB-SA-1B, and AB-SA-2,
respectively, and resymbolized on the
figures that display source area locations.
AB-PSA-3C (associated with Alfa Test
Stand 2), and AB-PSA-4B (associated with
the Bravo Test Stands) will also be
reclassified as source areas, renamed AB-
SA-3C and AB-SA-4B, and resymbolized on
applicable figures due to a combination of
their site history (known TCE use) and
elevated historical soil and/or soil gas TCE
concentrations in their vicinity.

NASA also agrees that the Alfa Test Stand
source areas requires additional definition,
especially associated with Alfa Test Stands
2 and 3. The Alfa Test Stand 1 area will be
the focus of an enhanced in situ
bioremediation study and additional
characterization will be achieved through
this study. NASA will also consider
additional source delineation activities at
Alfa Test Stands 2 and 3 as part of remedial
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#
The Alfa/Bravo report needs further support for action in the area. The plume depicted in the
the theory that the Lower Shale 2 member would | Alfa area is dashed to note the uncertainty
be a barrier to the lateral contaminant in the extent, especially to the east.
movement. Figure 2-52 (the Alfa/Bravo Report NASA acknowledges that available
incorrectly refers to Figure 2-51) shows dissolved | evidence does not conclusively support the
plume transport generally down dip, in which statement that the Lower Shale 2 member
case, Lower Shale 2 member would not be acts as a barrier to COC migration;
expected to act as a barrier. accordingly, this statement was removed
Potential sources AB-PSA-1A, AB-PSA-1B, and | from Section 2.3.2.3.
AB-PSA-2 are associated with the former surface | Additional subsurface characterization data
impoundments at Storable Propellant Area (SPA) | will be collected in the Alfa Area during the
and should be referred to as "Source Areas" implementation phase of the groundwater
rather than Potential sources based on their cleanup, which may provide further insight
history. Please make relevant edits to the into the role of the Lower Shale 2 in COC
document (i.e. Section 2.3.1). migration.
26 Alfa/Bravo General N/A Metals Risks The Alfa/Bravo Report, along with the other four All validated and appropriate site chemicals The GSB recommends that RFI areas
(Volume 4) | 3 volumes, does not present an adequate analyzed for in groundwater and soil vapor with soil samples in excess of the

evaluation of the current and potential future risk
of metals contamination in groundwater. In
Section 1.4 Groundwater Chemicals of Concern,
the Alfa/Bravo Report states that the
"groundwater COCs within the Alfa/Bravo AIG
were established in the draft Site-wide
Groundwater RI Report (MHW, 2009), Appendix
7- A." The COCs established were TCE, cis-1-2-
DCE, trans-1,2-DCE, 1,1-DCE, vinyl chloride,
carbon tetrachloride, NDMA and 1-4-dioxane and
did not include any metals. DTSC did not
approve the draft Site-wide Groundwater RI nor
any appendices include within. DTSC's
December 2011 letter and comment on draft
2009 Site-wide Groundwater Rl Report, DTSC
stated:

"There is insufficient characterization of release
locations to determine if these areas can and/or
should be remediated. In general, the nature and
extent of groundwater contamination from
individual release locations/source areas have
not been completed to allow for an adequate
assessment of remedial alternatives."

Subsequently, Boeing, on behalf of NASA and
DOE, proposed an approach on March 19, 2012
for completing the groundwater characterization
at SSFL which included, along other elements,
"source zone characterization". This was
assumed to include the complete evaluation of

between 1999 and 2016, including metals,
were evaluated for use in the AIG
groundwater risk assessment work (NASA,
2017b). Where sufficient data was available,
the most recent data was used for the risk
assessment calculations (2012 to 2016),
with older data used if needed. As part of
the AIG investigation work to support the
RFI, and to help address DTSC concerns
about inorganics at the NASA SSFL AlGs,
NASA identified barium, boron, fluoride, and
strontium samples for additional data
collection in the Alfa/Bravo AIG for use in
the RFI (NASA, 2015). Adequate site data
were available to evaluate metal risk
associated with the site groundwater and no
metals were identified in the risk
assessment to carry forward for nature and
extent and fate and transport evaluations in
the RFI. If other COCs are identified when
addressing DTSC comments on the risk
assessment (as will be documented in a
revised AIG risk assessment [in
preparation]), the COCs will be evaluated in
the Phase 2 CMS.

During a meeting on April 4, 2019, DTSC

indicated that NASA's risk-based approach
to CMS COPC identification is inconsistent
with that of Boeing, which involved vadose

groundwater comparison levels* must be
further evaluated in the CMS.

Further, the detection of any
anthropogenic chemical or the detection
of any naturally occurring chemical above
the GCL in groundwater must be further
evaluated in the CMS.

No cleanup levels have been established
and therefore, aquifer restoration is the
assumed cleanup goal, especially in the
absence of a DTSC-approved
groundwater risk assessment. Itis
assumed that chemicals will be further
evaluated during the CMS which would
include establishing cleanup levels and
assessing risk.

*GCLs are in weight per volume: micrograms
per liter [ug/L] and milligrams per liter [mg/L]
but should be considered equivalent to parts
per billion (ppb) or micrograms per kilogram
(ng/kg) and parts per million (ppm) or
milligrams per kilograms (mg/kg),
respectively, for comparison with the soil
concentration results
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metals in soil and bedrock.

The Alfa/Bravo Report does not present any
evaluation of the potential impacts of metal
contamination to the groundwater. Metals were
identified as potential COCs in the SPA area and
are also associated with rocket testing. A
comprehensive evaluation of the metals
contamination must be completed and
documented in the RFI for each release/source
area.

Zone screening level comparisons and sail
leaching modeling. NASA reviewed the
Boeing vadose zone to groundwater COPC
evaluation approach. NASA indicated at the
October 17, 2019, meeting with DTSC that
because of the significant age of the
sources at the SSFL site (>50 years)
groundwater data at the site can be used to
assess current source impacts to
groundwater. NASA confirmed all chemicals
detected in groundwater above GSLs were
evaluated in the AIG groundwater risk
assessment

(NASA, 2017b) and that the use of the risk-
based COCs focuses the RFI evaluation on
the most significant analytes of concern at
the site.

At a November 1, 2019 meeting between
NASA and DTSC, it was agreed the NASA
RFI risk-based COC approach (to focus
nature and extent and fate and transport
evaluations in the RFI) was acceptable.
However, DTSC requested additional details
about AIG chemicals that exceed the GSLs
be included in the RFI. Therefore, NASA
added Table 1-4 to Section 1.4 listing
analytes that exceed GSLs for this AIG (with
clarification that the nature and extent
discussion in the RFI focuses on risk-based
COCs only). DTSC also requires NASA to
evaluate potential future impacts of vadose
Zone sources to groundwater as part of the
CMS. The method for this future vadose
zone source to groundwater impact
evaluation approach for the CMS is outlined
in the RFI as Exhibit 1 in the NASA Chapter
of the RFI. The text in Section 1.4 has been
modified to state:

“DTSC requires NASA to evaluate potential
future chemical impacts to groundwater from
the vadose zone. Because of the age of the
site sources (over 50 years), it is unlikely
additional groundwater impacts will occur at
the site that are not already indicated by
current groundwater conditions. However, to
be conservative, NASA will identify potential
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future groundwater impacts using the
decision process shown in Exhibit 1 of the
main NASA SSFL RFI Report. This decision
process will be for analytes that are not
already identified as risk-based groundwater
COCs in the revised groundwater risk-
assessment (and already being carried
forward for evaluation in the groundwater
CMS). Alfa/Bravo AIG soil data (NASA,
2017a) will be compared to the site LUT
values associated with the AOC (DTSC,
2010) in the Phase 2 groundwater CMS.
The LUT values are generally based on
surface soil background levels (when
available) and minimum reporting limits
when the background value is not available.
The analytes that exceed LUT values in soil
will be further evaluated in the Phase 2
groundwater CMS to assess potential future
impacts to groundwater. Vadose zone
chemicals that exceed soil LUT values and
either currently exceed GSLs (including
background levels), or that modeling results
indicate may impact groundwater quality in
the future, will be considered chemicals of
potential concern in the groundwater CMS
and included in groundwater sampling
during corrective measures implementation
(CMI) remedial action performance
monitoring. Such performance monitoring
would include periodic reassessment as part
of adaptive management, to confirm that the
groundwater COC list and remedial actions
are still appropriate and protective of
potential nearby human health and
ecological receptors.”

27

Alfa/Bravo
(Volume 4)

Specific 1

1.1.1 Alfa Area
Page 1-1; last
paragraph
Figure 2-27a
and 2-27b

Editorial

"Engine testing was conducted in the Alfa Area
between 1955 and 1991; Test Stand 2 was

deactivated in 1957 and was demolished in the mid-
1960s, Test Stand 1 was deactivatedin 2000, and

TestStand 3was deactivatedin 2006."

Please clarify this statement. The GSU recalls

that the last engine test was in 2006.

The quoted text in Section 1.1.1 was
corrected to indicate that engine testing was
conducted in the Alfa Area between 1955
and 2006.

The NASA RTC sufficiently responds to
the DTSC comment and the proposed
text revision is acceptable.

28

Alfa/Bravo
(Volume 4)

Specific 2

1.2.2 Bravo Area
Page 1-8; 4th
paragraph

Editorial

"...the Bravo Area groundwater air-stripping towers,
were located west of Building 2217; the towers have

been removed but groundwater extraction well

The quoted text in Section 1.2.2 was
modified to clarify that WS-09 was originally
a water supply well.

The NASA RTC sufficiently responds to
the DTSC comment and the proposed
text revision is acceptable.
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WS-09 is still located in the vicinity of the removed
towers."
It should be noted that WS-09 was not constructed
as an extraction well. It was originally a water
supply well.
29 Alfa/Bravo Specific 3 | 1.2.2 Bravo Area | Editorial "The exhaust plumes from testing at the Bravo Test The quoted text in Section 1.2.2 was The NASA RTC sufficiently responds to
(Volume 4) Page 1-9; 2nd Stands were directed to the western side of the Bravo | corrected to indicate that exhaust plumes the DTSC comment and the proposed
paragraph Area, south of the ABSP." were directed to the eastern side of the text revision is acceptable.
Should this state "eastern side" instead of the Bravo Area.
"western side"?
30 Alfa/Bravo Specific4 | 2.1.5.13 Fracture "Near the ABSP and Bravo Skim Pond (wells The northwest-southeast oriented lineament | The presence of the specific lineament in
(Volume 4) Fracture, Distribution ND-135, HAR-19, and HAR-20), some of the near the Alfa Skim Pond was evaluated the comment should be acknowledged in
Distribution Summary fractures dip to the southwest at about 60 during the field mapping and did not appear | the text. The need and degree of further
Summary Page 2- degrees, and others dip to the north, northwest, to have an underlying structural component. | assessment of the lineament and the
8: 3rd south, or west. This complex fracture orientation Itis a surface feature and was therefore not | potential effect on contaminant migration
paragraph would allow for potential lateral migration of included on Figure 2-1. Fracture analysis can be assessed during remedy design
COCs to the north, south, and west of the skim showed that the predominant fracture and implementation.
ponds." orientation is northeast-southwest with a dip
There is a lineament that runs NW to SE near, if | ©Of about 30 to 35 degrees northwest, which
not through, the Alfa Bravo Skim Pond and is consistent with the bedding plane
Bravo Skim pond. Analysis of the fractures in orientation. There were other, less
wells ND-132, ND-133, ND-135, HAR-19, and frequently detected fractures, including
HAR-20 located in this area indicate the some that were oriented northwest-
presence of a fracture set with an orientation that | Southeast. The referenced text
matches (i.e. NW-SE) the lineament and that is acknowledges that the complex fracture
steeply dipping. It is not clear, given the available | Orientations would allow for potential lateral
data, what effect this fracture zone has on the migration of COCs to the north, south, and
groundwater flow in the area however the report | West of the skim ponds.
should acknowledge the presence of this fracture
zone and consider its potential influence on
contaminant transport during remedy selection
and design.
31 Alfa/Bravo Specific 5 | 2.2.3 Hydraulic Hydraulic "The relatively low estimated hydraulic The referenced text in Section 2.2.3 was The NASA RTC sufficiently responds to
(Volume 4) Properties - AIG | Characteristics | conductivities at C-5 reflect the relatively smaller revised as follows (revised text in italics): the DTSC comment and the proposed

Characterization
Data Page 2-
10; 2nd
paragraph

of fractures

aperture of the fractures in this borehole, while
the higher estimated hydraulic conductivities at
ND-133 reflect the larger apertures of fractures in
this borehole."

Aperture is only one factor that could affect
hydraulic conductivity. Fracture length,
frequency, and matrix permeability may
contribute more to the difference in hydraulic
conductivity measured.

“The packer intervals tested at the
Alfa/Bravo AIG were predominantly
sandstone, and the difference in estimated
hydraulic conductivities reflects variability in
the frequency and characteristics of fracture
networks and/or primary matrix permeability
within a given borehole. For example, both
C-5 and ND-133 are completed within or
through the Sage Member. The relatively
low estimated hydraulic conductivities at C-5

text revision is acceptable.
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may reflect lack of interconnected fracture
networks (smaller aperture, lower fracture
density, shorter fracture lengths) and lower
primary matrix permeability, while the higher
estimated hydraulic conductivities at ND-133
may reflect more interconnectivity of the
fracture networks (larger aperture, higher
fracture density, larger fracture lengths)
and/or higher matrix permeability (refer to
the optical and acoustic televiewer logs
included in the Alfa/Bravo AIG Downhole
Investigation Summary [NASA, 2016d]
included in Appendix A and Table 2-3).”
32 Alfa/Bravo Specific 6 | 2.2.4.3 Near- NSGW "As shown on Figure 2-28a, this saddle is Although some uncertainty may exist as to In general, there is always some inherent
(Volume 4) surface interpreted as forming a groundwater divide the extent of NSGW between the Alfa Bravo | uncertainty associated with groundwater
Groundwater where NSGW, present during wetter climatic Fuel Farm (ABFF) and the AP/STP areas, flow and contaminant movement across
Page 2-13; 4th conditions, follows surface water drainage either the topographic data (and surface water a site. The GSB agrees that the need for
paragraph to the north-northeast toward the AP/STP (from drainage patterns) suggest that the additional evaluation is not indicated for
PZ-147/PZ-148 to the northeast) or to the presence of a groundwater divide in this this specific area at this time.
south/southwest from the SPA toward the area is a reasonable interpretation.
Silvernale Reservoir." However, due to the absence of COC
It is assumed that the saddle referred to in Figure | Ccontamination in NSGW wells in the ABFF
2-28a is the area between the northern flowing area and the fact that the groundwater
and more westerly flowing stream flow lines. It elevations in these wells are higher than
roughly corresponds with the outcrop of the SPA | those in the AP/STP area, NASA does not
member. Using topography to interpret be;lleve th_at additional NSGW evaluation in
groundwater flow should be used with caution, this area is warranted.
especially when defining groundwater
boundaries such as a groundwater divide.
Additional evaluation of the groundwater flow in
the area will be needed to adequately
understand the extent and transport of
contaminants in this area and near this proposed
groundwater divide.
33 Alfa/Bravo Specific7 | 2.3.2.3 Aquifer Testing "A few large concentration differences are Synoptic groundwater quality sampling The RTC does not appear to address the
(Volume 4) Groundwater apparent between the first and third quarter 2016 | events were conducted prior to and comment directly. Are there no proposed
Nature and data sets, revealing that aquifer testing had a following potable water injection aquifer changes to the text? Will the comment
Extent Page 2- measurable, albeit inconsistent influence on testing. The RFI nature and extent be addressed in the proposed TM?
23: 4th COC concentrations in multiple wells." _eyalu_ations incorporated pr_e—potable water
paragraph Please provide the data that indicates the effect | injection aquifer test analytical data to avoid

from the aquifer test as it may provide insight to
the hydrogeologic conditions (see General
Comment 1).

potential bias in the results. The existing text
in Section 2.3.2.3 emphasizes the use of
such data.

Additional data beyond the single post-
potable water injection aquifer testing RFI
sampling event should be considered in an
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evaluation of the potential impacts of the
injection testing. Site groundwater level and
analytical water quality data continued to be
collected following the RFI as part of the
Post-Closure Permit and sitewide
groundwater monitoring programs. An
evaluation of pre- and post-injection test
analytical results, incorporating additional
sitewide and/or Post-Closure Permit
monitoring data, has been performed and is
being submitted as a TM with the revised
RFI. The evaluation concluded there were
no significant long-term impacts from the
aquifer injection testing on the COC plumes
(CH2M, 2020a).
34 Alfa/Bravo Specific8 | 2.3.2.4 Mass Due to the complexities for groundwater flow and | The following text was added to Section The proposed text revision is appropriate.
(Volume 4) Groundwater Estimates contaminant transport in porous fractured media 2.3.2.4 to further emphasize the uncertainty However, the GSB does not concur with
Plume Mass (such as the Chatsworth Formation at SSFL), associated with the mass estimate: the statement that it will be “impractical to
Estimate getting a reasonable estimate of the contaminant | «These mass estimates are uncertain and use mass reduction as a measure of
mass is difficult. The approach in the Alfa/Bravo should be considered approximate values, remedy performance.” A discussion of
report, which is limited to TCE, should be viewed | \yhich could vary by an order of magnitude, remedy performance criteria will be
as rough calculation based on the simplified to provide context for the relative mass needed in the CMS and during remedy
assumptions. For consideration in the remedy present (not absolute values).” design and implementation.
design and |mplementat|c_)n, the GSU_ Given the uncertainty in the mass estimates
recommends that the estimates be viewed f A : .
. . or the NASA AIGs, it will be impractical to
conservatively and up to an order of magnitude ducti f remed
below the actual mass present. USe mass redtction as a measure o y
performance.
35 Cocal/Delta | General N/A Groundwater Alternate groundwater flow interpretations at the Wells RD-42 and RD-79 are completed in In general, the RTC sufficiently responds
(Volume 5) 1 flow, geologic site may need to be considered. Figure 2-26a competent bedrock; therefore, NASA to the DTSC comment. The GSB
mapping (Near-surface Groundwater Elevations, January believes that it is appropriate that comment focused on a potential CSM

2012), Figure 2-29 (Chatsworth Formation
Groundwater Elevation Contour Map, Fall 2015),
and Figure 2-30 (Baseline Groundwater
Sampling Piper Diagram) were reviewed and the
following observations were made:

Monitoring wells RD-42 and RD-79 should be
depicted on Figure 2-26a not Figure 2-29. The
groundwater elevations are consistent with the
near-surface groundwater elevations within the
Coca drainage and not consistent with general
chemistry of other Chatsworth monitoring wells.
The water quality from the other near-surface
monitoring wells was not presented on Figure 2-
30 so a comparison of water quality with the
other near-surface wells was not possible. The
GSU recommends that PZ-017B, PZ-045, PZ-

groundwater elevations for these locations
remain presented on the CFGW figure(s).
Further, these wells are continually
saturated, which is inconsistent with the
NSGW wells in the Coca Drainage. The
Data Evaluation Report acknowledges that
the wells are completed at much shallower
depths than other CFGW wells in the
Coca/Delta AIG network; therefore, the
groundwater elevations are not used in the
plan-view CFGW groundwater elevation
contouring.

The NSGW wells in the Coca drainage are
generally dry; therefore, obtaining a synoptic
set of analytical data for these locations is
problematic in dry years. NASA sampled the

that differs minorly from the existing. No
additional work is specifically needed at
this time but should be considered in
remedy design and implementation.
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047, PZ-048, and PZ- 126 be sampled for
general water chemistry, if it has not occurred
previously, and the results presented on Figure
2-30.

Groundwater elevations from wells WS-08, WS-
11, ND-113 should not be used to determine the
groundwater flow directions. Each well has very
long and deep open intervals and likely reflect
significant downward vertical gradients. These
three wells provide the basis for the northward
flow on the north side of the Coca drainage
which may not be accurate.

Groundwater flow across the Upper and Lower
Bravo Bed needs further evaluation. The
groundwater gradient for the groundwater
between the Bravo Beds and Shale 2 Member
(in the Alfa/Bravo area) is essentially flat,
whereas the groundwater below the Bravo Bed
flows significantly towards the south and Burro
Flats Fault. There may be compartmentalization
of groundwater due to the presence of the Bravo
Beds or Coca Fault in the Coca/Delta area.

As a result, the presence and position of the
Bravo Beds, especially the Upper Bravo Bed, is
important as the Coca/Delta report indicates
“The extent of the plume to the north-northwest
is likely limited by the presence of the less
permeable Lower Bravo Bed, as similar fine-
grained layers at other Area Il AIGs appear to
have acted as barriers to COC migration (NASA,
20171, 20179g).” Since the Upper Bravo Bed
crosses the Coca Fault with no apparent offset,
the GSU believes it may not be correctly located
south of the Coca Fault. The geologic mapping in
the area west of the Coca Skim Pond should be
reviewed and the location of the Bravo Beds and
Coca Faults in this area should be verified.

It should be noted that Appendix E Technical
Memorandum — Field Mapping, Santa Susana
Field Laboratory, Ventura County, California
does not appear to have addressed this area
specifically. Further, Figure 6 Page-7, in the
technical memorandum, has the Upper Bravo
Bed (as mapped) labeled “Kcub” (it is assumed
that this stands for the Cretaceous, Chatsworth
Formation, Upper Bravo Bed although the legend

wells requested during the first quarter 2020
monitoring event for COCs and general
chemistry parameters, if they had sufficient
groundwater, and have evaluated the results
in a separate TM with the revised RFI
(CH2M, 2020b).

A Flexible Liner Underground Technology
(FLUTe) well system has been installed in
ND-113. Subsequent groundwater elevation
data for the FLUTe ports (as reported in the
quarterly Sitewide Groundwater Monitoring
reports) support a northerly groundwater
flow direction interpretation on the north side
of the Coca Fault. The northerly
groundwater flow direction is further
supported by well RD-99 and the Sage
Member CFGW wells at the Alfa/Bravo AIG
(which had groundwater elevations in the
range of 1,630 feet National Geodetic
Vertical Datum of 1929 [NGVD29] above the
Upper Bravo Bed and 1,625 feet NGVD29
below the Upper Bravo Bed during the RFI
characterization activities); therefore,
elimination of the use of data from WS-08
and WS-11 would not change the inferred
regional groundwater flow patterns. During a
meeting on April 4, 2019, DTSC suggested
calling the area between WS-08, WS-11,
and ND-113 “compartmentalized” as
opposed to a groundwater divide. During
previous hydraulic communication studies
and in the Draft 2009 RFI the term
“compartmentalized” was used to describe
hydrostratigraphic units (that is, sandstone
units) that are separated by fine-grained
units and/or faults and show little hydraulic
communication. NASA acknowledges that
the Upper/Lower Bravo Beds may result in
localized/limited “compartmentalization”
within the Sage Member; however, the
overall inferred groundwater flow directions
in the RFI, including interpretation of a
groundwater divide at the Coca/Delta AlG,
are considered appropriate based on
available groundwater elevation data.

The field mapping did not focus on the area
southwest of the Coca Fault. It is unknown if




RTC RFI Report Comment
Number | Volume Comment Section Category DTSC Comment NASA RTC DTSC Response
#

indicates that it should be “Kucs-ubb”) north of the fine-grained beds shown on the map in

the Coca Fault and “Kcs” (“Sandstone” based on | this area are the Upper or Lower Bravo

the legend) south of the CocaFault. This Beds or other units that have been

apparent discrepancy should be corrected in the displaced to this location by fault movement.

Coca/Delta report. Aerial photographs indicate that the Upper
and Lower Bravo beds occur north of the
Coca Fault, but are not seen south of the
fault. This suggests that the beds are offset
by the Coca Fault. The text was modified to
reflect these observations and to indicate
that this area was not mapped specifically.
Also, the legend on the figure were
corrected. Additional geologic mapping is
planned for the Upper/Lower Bravo Beds
north and south of the Coca Fault during the
CML.

36 Coca/Delta | General N/A Lateral and This comment focuses specifically on the As discussed in Section 2.2.4.2, the NSGW The NASA RTC sufficiently responds to
(Volume 5) 2 vertical COC trichloroethene (TCE) plumes but the is perched with respect to the CFGW in the DTSC comment.
extent interpretation of the extent of the contaminant portions of the Coca/Delta AlG, specifically

plume(s) is similar and applicable to the other
contaminants (i.e. cis-1,2-Dichloroethene, vinyl
chloride, 1,4-dioxane, 1,2,3-trichloropropane,
etc.) and this comment generally applies to the
interpretations and depictions of other
contaminants in the document.

Figures 2-41, 2-47, 2-48, and 2-49 depict the
TCE groundwater in plan view and in various
cross-sectional views. The plumes depicted,
especially Figure 2-41, do not differentiate
between perched groundwater and the
Chatsworth formation groundwater (CFOU). The
GSU recommends that the data from the
perched wells be presented in a separate plan
view figure for each contaminant.

Figures 2-41 and 2-48 depict the TCE plume as
truncated at the Administrative boundary
between NASA- Administrated and Boeing-
Administrated properties with a query mark. The
GSU recommends that the concentration
gradient be interpolated with the data outside the
NASA-Administrative boundary.

The TCE plumes, as shown on Figures 2-41, 2-
47, 2-48, and 2-49, will likely need additional
data to better constrain and refine both the
lateral and vertical extents of each contaminant
plume. The amount of additional data and

in the Coca Drainage and near the Delta
Skim Pond. Therefore, NASA agrees that
COC plumes should be presented for the
different groundwater systems. The report
figures and associated text were modified
accordingly.

Although both NASA and Boeing agree that
Area lll sources likely contribute COC mass
to the Delta Area, COC plumes are
truncated at the administrative boundary
between Areas Il and Il in consideration of
the fact that Boeing has its own
interpretation of the relationship between
Area lll sources and the Delta Area
groundwater plumes, and the overall extent
of these plumes. NASA differs from but
respects Boeing'’s position regarding the
plumes in this area; for this reason, NASA
prefers not to interpret data collected by
Boeing in Area lll.

NASA acknowledges that the lateral and
vertical extents of COCs in groundwater at
the Coca/Delta AIG are not fully defined,
and additional data and evaluation may be
required during the remedial
design/implementation stage to help further
define COC nature and extent (for the




RTC
Number

RFI Report
Volume

Comment
#

Section

Comment
Category

DTSC Comment

NASA RTC

DTSC Response

refinement needed will be dependent on the
needs for the implementation of the selected
groundwater remedy(ies).

purposes of remediation) and assess the
potential for offsite migration (receptor
threat), possibly including the installation of
additional monitoring wells. However, NASA
maintains that the current characterization of
the source areas and plumes at this AIG is
sufficient for the purposes of the CMS and
remedy evaluations. As is typical in the
RCRA process, additional understanding of
the site will be accomplished through
design, implementation, and monitoring that
will supplement information presented in the
RFI. Accordingly, the last paragraph of
Section 2.3.2.3 was modified as follows:

“Although some uncertainty remains with
regard to the nature and extent of COC
plumes, the current characterization of the
COC source areas and plumes within the
Coca/Delta AIG is considered sufficient for
the purposes of preparing the CMS and
screening potential remedial technologies
that may be implemented. If additional
characterization of the nature and extent
(both lateral and vertical) of COCs at the
Coca/Delta AIG is needed to support future
remedial design and implementation and
assess the potential for offsite migration,
such data may be collected during the CMI.”

Additionally, the text in Section 2.3 was
modified throughout, as applicable, to more
clearly explain the basis for the presented
plume interpretations, including the impact
of specific geologic structures on COC
transport, and to better acknowledge and
document data gaps and uncertainties.

37

Coca/Delta
(Volume 5)

General

N/A

Hydraulic
characteristics
of faults,
aquifer testing

The nature of the Coca Fault, Delta
Structure/Fault, Skyline Fault, and Burro Flats
Fault and their effects on groundwater flow and
contaminant transport remains uncertain, to the
extent that additional work may be needed.
Specifically, aquifer test data are not available to
estimate the hydraulic characteristics of the
faults. The aquifer test conducted at the
Coca/Delta AIG and presented in Appendix A-7,
did not provide substantial data and insight
regarding the faults beyond indications there was

NASA agrees that there are remaining
uncertainties regarding the hydraulic
characteristics of structures at the
Coca/Delta AIG. Additional data collection is
planned for the Burro Flats Fault area
associated with ND-138A/B and the seep
well clusters in the Southern Drainage to
better understand groundwater flow and
contaminant transport behavior to support
remedy design. Should additional data
associated with other structures indicated in

The NASA RTC sufficiently responds to
the DTSC comment.
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higher conductivity along a small segment of the
Coca Fault. The amount of additional data and
refinement needed will be dependent on the data
needs for the effective design and
implementation of the selected groundwater
remedy(ies).

the comment become necessary, based on
planned remedial actions, such data
collection will be performed as part of the
implementation phase of the groundwater
cleanup process.

The following text was added to the end of
Section 2.2.5: “Although RFI
characterization and previous field
investigations have performed hydraulic
testing to evaluate the potential influence of
geologic structures on groundwater flow and
potential COC transport, significant
uncertainty remains for the Coca/Delta AlG.
Additional data collection is planned as part
of GETS startup, which may help to better
inform the understanding of some structural
features. Further characterization may be
performed, as necessary, to support remedy
design and implementation.”

38

Coca/Delta
(Volume 5)

General
4

N/A

COocC
identification

In section 1.4 Groundwater Chemicals of
Concern, the Coca/Delta Report states that the
“groundwater COCs within the Coca/Delta AIG
were established in the draft Site-wide
Groundwater Rl Report (MWH, 2009), Appendix
7-A.” The COCs established were TCE, cis-1,2-
DCE, trans-1,2-DCE, 1,1-DCE, vinyl chloride,
carbon tetrachloride, NDMA and 1,4-dioxane and
did not include any metals. DTSC did not
approve the draft Site-wide Groundwater Rl or
any appendices included within. DTSC's
December 2011 letter and comment on draft
2009 Site-wide Groundwater Rl Report, stated:

“There is insufficient characterization of release
locations to determine if these areas can and/or
should be remediated. In general, the nature and
extent of groundwater contamination from
individual release locations/source areas have
not been completed to allow for an adequate
assessment of remedial alternatives.”

On March 19, 2012, Boeing, on behalf of NASA
and DOE, proposed an approach for completing
the SSFL groundwater characterization which
included, along other elements, “source zone
characterization”. This was assumed to include
the complete evaluation of all COCs in soil and
bedrock.

Adequate site data were available to
evaluate risk for the site for total petroleum
hydrocarbons (TPH), semivolatile organic
compounds (SVOCSs), polychlorinated
biphenyls (PCBs), perchlorate, metals,
hydrazine, and fluoride, and these were not
identified in the risk assessment as COC s
to carry forward for nature and extent and
fate and transport evaluations in the RFI.
The NASA AIG-specific 2017 groundwater
risk assessment COCs supersedes the
older COC lists from previous documents.
All validated and appropriate site chemicals
analyzed in groundwater and soil vapor
between 1999 and 2016, including metals,
were evaluated for use in the AIG
groundwater risk assessment work (NASA,
2017b). Where sufficient data was available,
the most recent data was used for the risk
assessment calculations (2012 to 2016),
with older data used if needed. As part of
the AIG investigation work to support the
RFI, and to help address DTSC concerns
about inorganics at the NASA SSFL AlGs,
NASA identified barium, boron, fluoride, and
strontium samples for additional data
collection in the Coca/Delta AIG for use in
the RFI (NASA, 2014). If other site COCs

The GSB recommends that RFI areas
with soil samples in excess of the
groundwater comparison levels* must be
further evaluated in the CMS.

Further, the detection of any
anthropogenic chemical or the detection
of any naturally occurring chemical above
the GCL in groundwater must be further
evaluated in the CMS.

No cleanup levels have been established
and therefore, aquifer restoration is the
assumed cleanup goal, especially in the
absence of a DTSC-approved
groundwater risk assessment. Itis
assumed that chemicals will be further
evaluated during the CMS which would
include establishing cleanup levels and
assessing risk.

*GCLs are in weight per volume: micrograms
per liter [ug/L] and milligrams per liter [mg/L]
but should be considered equivalent to parts
per billion (ppb) or micrograms per kilogram
(1g/kg) and parts per million (ppm) or
milligrams per kilograms (mg/kg),
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It should be noted that the Group 4 — Southern
Portion of Area Il RCRA Facility Investigation
Report, Santa Susana Field Laboratory prepared
by MWH for NASA and dated August 2007
indicated (Table 3-2) that TPH, SVOCs, PCBs,
perchlorate, metals, hydrazine, and fluoride were
the COCs associated with this AIG. The
Coca/Delta Report does not present any
evaluation of the potential impacts of these
COCs. A comprehensive evaluation of all COCs
must be completed and documented in [the] RFI
for each release/source area.

are identified when addressing DTSC
comments on the risk assessment (as will
be documented in a revised AIG risk
assessment [in preparation]), the COCs will
be evaluated in the Phase 2 CMS.

During a meeting on April 4, 2019, DTSC
indicated that NASA's risk-based approach
to CMS COPC identification is inconsistent
with that of Boeing, which involved vadose
zone screening level comparisons and soil
leaching modeling. NASA reviewed the
Boeing vadose zone to groundwater COPC
evaluation approach. NASA indicated at the
October 17, 2019 meeting with DTSC that
because of the significant age of the
sources at the SSFL site (>50 years)
groundwater data at the site can be used to
assess current source impacts to
groundwater. NASA confirmed all chemicals
detected in groundwater above GSLs were
evaluated in the AIG groundwater risk
assessment (NASA, 2017b) and that the
use of the risk-based COCs focuses the RFI
evaluation on the most significant analytes
of concern at the site.

At a November 1, 2019 meeting between
NASA and DTSC, it was agreed the NASA
RFI risk-based COC approach (to focus
nature and extent and fate and transport
evaluations in the RFI) was acceptable.
However, DTSC requested additional details
about AIG chemicals that exceed the GSLs
be included in the RFI. Therefore, NASA
added Table 1-4 to Section 1.4 listing
analytes that exceed GSLs for this AIG (with
clarification that the nature and extent
discussion in the RFI focuses on risk-based
COCs only). DTSC also requires NASA to
evaluate potential future impacts of vadose
zone sources to groundwater as part of the
CMS. The method for this future vadose
Zone source to groundwater impact
evaluation approach for the CMS is outlined
in the RFI as Exhibit 1 in the NASA Chapter
of the RFI. The text in Section 1.4 has been
modified to state:

respectively, for comparison with the soil
concentration results
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“DTSC requires NASA to evaluate potential
future chemical impacts to groundwater from
the vadose zone. Because of the age of the
site sources (over 50 years), it is unlikely
additional groundwater impacts will occur at
the site that are not already indicated by
current groundwater conditions. However, to
be conservative, NASA will identify potential
future groundwater impacts using the
decision process shown in Exhibit 1 of the
main NASA SSFL RFI Report (Section

5.1.1 of the NASA RFI Report). This
decision process will be for analytes that are
not already identified as risk-based
groundwater COCs in the revised
groundwater risk-assessment (and already
being carried forward for evaluation in the
groundwater CMS). Coca/Delta AlG soil
data (NASA, 2017a) will be compared to the
site LUT values associated with the AOC
(DTSC, 2010) in the Phase 2 groundwater
CMS. The LUT values are generally based
on surface soil background levels (when
available) and minimum reporting limits
when the background value is not available.
The analytes that exceed LUT values in soll
will be further evaluated in the Phase 2
groundwater CMS to assess potential future
impacts to groundwater. Vadose zone
chemicals that exceed soil LUT values and
either currently exceed GSLs (including
background levels), or that modeling results
indicate may impact groundwater quality in
the future, will be considered chemicals of
potential concern in the groundwater CMS
and included in groundwater sampling
during corrective measures implementation
(CMI) remedial action performance
monitoring. Such performance monitoring
would include periodic reassessment as part
of adaptive management, to confirm that the
groundwater COC list and remedial actions
are still appropriate and protective of
potential nearby human health and
ecological receptors.”

39

Coca/Delta

Specific 1

Figure 1-6:

Estimated soil

Please clarify the basis for interpreting the Delta

The soil ecological risk assessments (ERAS)

The NASA RTC sufficiently responds to
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(Volume 5) Coca Area remediation [Coca] ERA boundary as a relatively small circle. | in the groundwater RFI are taken directly the DTSC comment and the proposed
Estimated Sail area from the final/approved NASA Soil Data text revision is acceptable.
Remediation interpretation Summary Report for Santa Susana Field
Areas Laboratory, Ventura County, California
(DSR) (NASA, 2017a). As part of the DSR
work, sample locations within the Delta ERA
were identified as being associated with the
Coca Area, as such an ERA boundary was
plotted within the interior of the Delta ERA
encircling these locations. For the purposes
of the RFI, this boundary has been removed
from Figure 1-6.
40 Coca/Delta | Specific 2 | Figure 1-7: Estimated soil Please clarify the basis for interpreting the Coca The soil ecological risk assessments (ERAs) | The NASA RTC sulfficiently responds to
(Volume 5) Coca Area remediation [Delta] ERA boundary as a relatively small circle. in the groundwater RFI are taken directly the DTSC comment and the proposed
Estimated Soil area from the final/approved DSR (NASA, text revision is acceptable.
Remediation interpretation 2017a). As part of the DSR work, sample
Areas locations within the Delta ERA were
identified as being associated with the Coca
Area; as such, an ERA boundary was
plotted within the interior of the Delta ERA
encircling these locations. For the purposes
of the RFI, this boundary has been removed
from Figure 1-7.
41 Coca/Delta | Specific 3 | Figure 2-41: Figure In addition to General Comments #2 and 3, Refer to the responses provided for General | The GSB requests some clarification be
(Volume 5) Extent of clarification please modify/clarify the yellow and blue arrows Comments #2 and 3. added to the yellow and blue arrows

Trichloroethene
in Groundwater

included on the figures.

The arrows on Figures 2-41b and 2-42b
indicate potential or likely COC migration
from sources in Area Il (Boeing property)
across the administrative boundary into
Area Il (NASA property) and are used in lieu
of interpreting data collected by Boeing for
wells located on Boeing property. The color
of these arrows matches the color
corresponding to the highest interpolated
concentration in the plume where it crosses
the administrative boundary. As stated in the
response to General Comment #2, NASA
prefers not to interpret data collected by
Boeing in Area lll, as each party has its own
stance regarding the relationship between
Area Il sources and the Delta Area
groundwater plume, and the overall extent
of this plume. However, it should be noted
that each party agrees that Area Ill sources
likely contribute COC mass to the Delta
Area, which is why the arrows in question

included on the figures because it is not
clear from the figure what they represent.
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are present on Figures 2-41b and 2-42b.
42 Coca/Delta | Specific4 | 2.1.2 Field Delta structure | “There was no field evidence of faulting or The text was revised as follows (revised text | The NASA RTC sufficiently responds to
(Volume 5) Mapping, Page extensive fracturing along this feature, so It could | in italics): the DTSC comment and the proposed
2-4, 2nd not influence groundwater flow or COC “There was no surficial field evidence of text revision is acceptable.
paragraph migratiqn. Itis depicte(_j on the g_eologic map as a | faulting or extensive fracturing along this
dotted line to reflect this uncertainty.” feature. As noted on the historical aerial
Corehole logs from C-15 indicate slickensides photograph, there is a prominent bedding
and fault gouge. This should be considered field plane outcrop across the Delta Structure
evidence of the fault. Further the presence of a that showed no offset, suggesting that the
lineament and deep occurrence of contamination | feature was not fault-related. There is minor
are consistent with a fault or fracture zone. Pre- indication of slickensides in corehole C-15 at
development aerial photos from 1953 (Figures 3 a depth of 943 feet bgs and a photo
& 4 from the U.S. EPA 1997 Aerial Photographic | lineament was previously noted. These data
Analysis, Rockwell Rocketdyne, Santa Susana may indicate a possible nearby fault, but the
Field Laboratory [TS-PIC-9709912R]) show presence of a fault is not conclusive and is
significant vegetation associated with the Delta not supported by other field and photograph
fault lineament. The statement that “it could not evidence. The Delta Structure is depicted on
influence groundwater flow or COC migration” is, | the geologic map as a dotted line to reflect
at a minimum, not supported and should be this uncertainty.”
removed. The amount of additional data and With this response NASA acknowledges
refinement needed will be dependent on the that certain observations are consistent with
needs for the implementation of the selected faulting, but that definitive evidence of
groundwater remedy(ies). faulting has not been identified. However,
the presence of a fault (as opposed to joints
or fractures that do not exhibit displacement)
does not affect the conclusions regarding
groundwater flow and COC transport, and
therefore will not impact remedy selection
and design.
43 Coca/Delta | Specific5| 2.1.5.1 ND-113, | ND-113 “Well ND-113 is located north of the Coca Skim As discussed during a meeting on April 4, The NASA RTC sufficiently responds to
(Volume 5) Page 2-5, 5th fractures Pond to the west of the Coca Test Stand. Large, 2019, the report statement does the DTSC comment.
paragraph open fractures occur at depths of about 86 feet, acknowledge the nature of the fractures in

199 feet, 205 to 210 feet, 310 feet, 330 to 332
feet, 454 to 456 feet, and 593 feet bgs. A plot of
the fracture orientations (Figure 2-9) shows that
the predominant fracture orientation strikes
northeast with a dip of about 28 degrees to the
northwest, which is similar to the measured
bedding plane orientation, though there are other
fracture orientations that have a southwesterly
dip of about 75 degrees.”

This statement discounts that fractures between

205 and 210 have large open apertures and are

steeply dipping. The statement is correct that the
predominant (i.e. majority of) fracture orientation
is consistent with bedding fractures, however,

Section 2.1.5.1.
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there are significant groupings of more steeply-
dipping and open fractures. The Coca/Delta
report should acknowledge and address these
additional fracture sets and their potential effects
on groundwater flow and contaminant transport.
44 Coca/Delta | Specific6 | 2.1.5.9 WS-11, WS-11 The Coca/Delta Report should point out that WS- | Well WS-11 is cased to 615 feet below The NASA RTC sufficiently responds to
(Volume 5) Page 2-2, 8th fractures 11 does not have any identified fractures until a ground surface (bgs). The geophysical log the DTSC comment.
paragraph depth of 615 feet bgs. This large interval of shows the casing to a depth of 615 feet bgs
corehole without a discontinuity is anomalous at and does not reflect geological conditions.
the site and should be noted. This was clarified in the text.
45 Coca/Delta | Specific 7 | 2.2.4.2 Near- Groundwater/ The groundwater and potential surface discharge | NASA and DTSC have discussed the NASA should make a reasonable attempt
(Volume 5) surface surface water near the Delta Skim Pond and the R-2 Ponds potential for NSGW interaction with the R-2 to acquire pond stage data. DTSC
Groundwater interaction needs further evaluation. Groundwater flow Ponds at previous AlG meetings. Text cannot locate it at this time but believe,

direction fluctuations at Delta Skim Pond
provided some indications that the surface water
contained in the R-2A Pond was recharging the
nearby groundwater or, at times, groundwater
may have been discharging to the R-2A Pond.
Accordingly, groundwater elevations in the near-
surface groundwater monitoring wells have been
close to the [surface water elevations] in the R-
2A. Since the groundwater beneath the Delta
Skim Pond is contaminated, it is important [to]
determine the potential for the groundwater to
discharge to the surface.

included in the last paragraph of Section
2.2.4.2 (included as follows) discusses the
potential groundwater/surface water
interaction based on available data. The
potential for future groundwater/surface
water interaction in this area will be
considered during the design or
implementation phase of the groundwater
cleanup process. NASA will also consider
installing a stage gauge in the R-2A pond
and instrumenting nearby NSGW wells to
monitor water levels and evaluate any
correlation, and will look at the potential
spring located in the R-2 Pond and sample
it, if feasible. NASA requested DTSC
provide existing stage data for the R-2
ponds. If this data is received it will be
considered in the CMS and CMI work.

“As previously discussed, the R-2 Ponds are
used to manage the stormwater system at
SSFL and, as such, may interact with the
NSGW system. A comparison of NSGW
elevations and stage of the R-2 Ponds is
presented in the Near-Surface Groundwater
Characterization Report (MWH, 2003). Data
collected between 2001 and 2003 showed
that NSGW elevations generally were higher
than the R-2 Ponds stage to the west (at
HAR-27 and HAR-28) and lower to the east
(at PZ-053). This suggests that there could
be inflow to the R-2 Ponds along the
western side and outflow to the east. Recent
stage data for the R-2 ponds are

based on discussion during previous
meetings dating back to the mid-2000s,
that the data does exist. Since this data
would have been provided to DTSC from
the facility (i.e., NASA, Boeing, or DOE)
the direct path should be to check
internal records (i.e., original source) first.
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unavailable; however, the approximate
topographic elevation is 1,690 feet
NGVD29. NSGW elevation at HAR-27 from
2012 through the present ranges from 1,679
to 1,688 feet NGVD29. This suggests that
there has not been groundwater discharge
to the R-2 Ponds under recent drought
conditions.”
46 Coca/Delta | Specific8 | 2.3.2.4 Due to the complexities for groundwater flow and | The following text was added to Section The proposed text revision is appropriate.
(Volume 5) Groundwater contaminant transport in porous fractured media 2.3.2.4 to further emphasize the uncertainty However, the GSB does not concur with
Plume Mass (such as the Chatsworth Formation at SSFL), associated with the mass estimate: the statement that it will be “impractical to
Estimate getting a reasonable estimate of the contaminant | «These mass estimates are uncertain and use mass reduction as a measure of
mass is difficult. The approach in the Coca/Delta should be considered approximate values, remedy performance.” A discussion of
report, which is limited to TCE, should be viewed | \yhich could vary by an order of magnitude, remedy performance criteria will be
as a rough calculation based on the simplified to provide context for the relative mass needed in the CMS and during remedy
assumptions. For consideration in the remedy present (not absolute values).” design and implementation.
design and |mplementat|9n, the GSU. Given the uncertainty in the mass estimates
recommends that the estimates be viewed 2 . .
. . for the NASA AIGs, it will be impractical to
conservatively and up to an order of magnitude ducti f remed
below the actual mass present. USe mass redtction as a measure o y
performance.
47 NASA General N/A Horizontal and | As stated in previous comments, the delineation Regarding plume delineation and the need The GSB recommends that RFI areas
Chapter 1 Vertical of some of the contaminant plumes will need for additional data, refer to the previous with soil samples in excess of the
(Volume 1) Delineation of | further resolution requiring additional data. responses for the former LOX Plant AIG groundwater comparison levels* must be

Plumes

Furthermore, an evaluation of the nature and
extent of many constituents of concern (COCSs),
most notably metals, were not presented in the
AIG reports (see comments [for] AlG reports)
and need to be included in the respective AIG
reports and Volume 1.

General Comment #2, the B204/ELV AIG
General Comment #2, the Alfa/Bravo AIG
General Comment #2, and the Coca/Delta
AIG General Comment #2. Changes in the
AIG appendixes (Volumes 2-5) were
propagated to Volume 1.

As noted in responses to B204/ELV AIG
General Comment #3, the Alfa/Bravo AIG
General Comment #3, and the Coca/Delta
AIG General Comment #4, all validated and
appropriate site chemicals analyzed for in
groundwater and soil vapor between 1999
and 2016, including metals, were evaluated
for use in the AIG groundwater risk
assessment work (NASA, 2017b) and lead
and cadmium (in B204/ELV AIG) were the
only metals identified as COCs to carry
forward for nature and extent and fate and
transport evaluations in the RFI. However, if
other site COCs are identified when
addressing DTSC comments on the risk
assessment (as will be documented in a
revised AIG risk assessment [in

further evaluated in the CMS.

Further, the detection of any
anthropogenic chemical or the detection
of any naturally occurring chemical above
the GCL in groundwater must be further
evaluated in the CMS.

No cleanup levels have been established
and therefore, aquifer restoration is the
assumed cleanup goal, especially in the
absence of a DTSC-approved
groundwater risk assessment. Itis
assumed that chemicals will be further
evaluated during the CMS which would
include establishing cleanup levels and
assessing risk.

*GCLs are in weight per volume: micrograms
per liter [ug/L] and milligrams per liter [mg/L]
but should be considered equivalent to parts
per billion (ppb) or micrograms per kilogram
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preparation]), the COCs will be evaluated in (ug/kg) and parts per million (ppm) or
the Phase 2 CMS. In addition, NASA has milligrams per kilograms (mg/kg),
agreed to evaluate potential future impacts respectively, for comparison with the soil
of vadose zone sources to groundwater in concentration results
the Phase 2 CMS. The method for this
future vadose zone source to groundwater
impact evaluation approach for the CMS is
outlined in new Exhibit 1 of the NASA
Chapter of the RFI (Volume 1).
48 NASA General N/A Plume The GSU does not believe that there is sufficient Refer to the responses to the former LOX The GSB assumes that further and
Chapter 2 Stability data to support the conclusions that individual Plant AIG Specific Comment #3 and the comprehensive discussion of plume
(Volume 1) Assessment plumes are generally stable or shrinking. B204/ELV AIG Specific Comment #8. stability will be presented in the final

Comments regarding natural attenuation raised
by DTSC in the 2009 Draft Groundwater [RI]
report have not been adequately addressed in
the AIG reports or Volume 1. The GSU
acknowledges that several processes such as:
matrix diffusion, dispersion, adsorption, biotic
degradation, and abiotic degradation are likely
working at the site; however, the cumulative
effect of these processes is unclear, in part, for
the following reasons:

There is a correlation between the increasing
chemical concentrations and increasing
groundwater elevations at the site. Given the
prevailing drought conditions present in Southern
California over the last decade, lower chemical
concentrations trends, where present, over the
same period should be viewed with caution. It
should be noted that decreasing trends, as
presented in the reports, are not consistent
across the site. Several wells show either no
trend or increasing trends. Conclusions in AlIG
reports and Volume 1 are sometimes too
generalized to be useful. Further evaluation of
the data, focused on individual well or limited
areas, should be performed to assess spatial
variability and to determine the appropriate
remedial approaches for plume-scaled areas.

The compound specific isotope analysis (CSIA)
indicates some degradation from trichloroethene
to cis-1,2- dicholoroethene (although the lack of
13C enrichment in the cis-1,2-dichloroethene
may indicate further degradation) but a thorough
CSIA evaluation for each plume (with appropriate
temporal and spatial sampling design) has not

NASA agrees that some specific well COC
concentrations include increasing trends,
but in many cases, these are associated
with TCE daughter products (such as cis-
1,2-DCE) which are expected as TCE
degrades. Additional details were added to
the groundwater RFI to further discuss wells
that show increasing trends based on Mann-
Kendall trend analysis and visual inspection
of concentration versus time graphs.

There is strong evidence of a general lack of
plume expansion in the NASA AIGs based
on the minimal COC plume extent changes
over the last decade. There is also CSIA
evidence of both TCE and cis-1,2-DCE
degradation at the site. Additional data
collection and analysis are planned as part
of remedy implementation activities and will
include a formal MNA program that
incorporates additional CSIA sampling to
verify attenuation of daughter products.

Additional Mann-Kendall trend evaluations,
degradation rate analysis, and plume extent
changes will be performed as part of
remedial action monitoring to further
evaluate potential plume expansion.

Use of the mountain-scale groundwater flow
model and future fate and transport
modeling to support the CMI will also
support the ongoing evaluation of potential
migration pathways and NASA AIG plume
expansion.

The groundwater RFI, Volume 1, was
modified to acknowledge that the

CMS as part of the evaluation of remedy
approaches. Since the groundwater flow
system at SSFL is not under steady state
conditions, and may not be for a
considerable time, stability of the
contaminant plumes will need to be
under continuous evaluation.

It should be noted that, as a remedial
option, MNA must not only meet the final
cleanup goals for the site but also meet
Applicable or Relevant and Appropriate
Requirements (ARARS) including the
requirements for site remediation
specified in State Water Resource
Control Board’s (State Water Board)
Resolution 92-49, subsections Ill. A-G,
which include achieving cleanup goals in
a reasonable timeframe. MNA is not
eqguivalent to the containment zone
designation contained in Resolution 92-
49, subsection Ill.H, since a containment
zone is based on a site-specific
determination that remedial goals are not
technically or economically feasible to
achieve (2016, Regional Water Quality
Control Board — Lahontan Region “Final
Report on Monitored Natural Attenuation,
Evaluation and Application in the
Lahontan Region”).

Further, the U.S. Environmental
Protection Agency [USEPA] 1999
Directive, Use of Monitored Natural
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been conducted and may be needed to better degradation of the contaminants other than Attenuation at Superfund, RCRA
assess the stability of the plumes. volatile organic compounds (VOCSs) will be Corrective Action, and Underground
The detection of vinyl chloride, ethenes, and considered during remedy selections and Storage Tank Sites [USEPA MNA
various microbes are presented as evidence of implementation. Directive] states: “Decisions to employ
chemical degradation. Although these are Although the data collected regarding the MNA as a remedy or remedy component
indications of the natural degradation of effectiveness of MNA at the site support its should be thoroughly and adequately
chemicals, their presence does not provide viability at the site as part of the overall supported with site-specific _
insight into the magnitude and rate of remedy, NASA agrees that collection of characterization data and analysis. In
degradation. Additional evaluation of the data will | additional data to further refine the various general, the level of site characterization
need to be completed. lines of evidence should continue during necessary to support a comprehensive
The presence of recalcitrant chemicals, such as | development of the Phase 2 CMS and evaluation of MNA is more detailed than
1,4-dioxane, are not directly evaluated in the remedy implementation. that needed to support active
AlGs and may not behave similarly to their remediation. Sltg characterizations for
degradation processes and rates of the more natur?: att_ttenuaélon tger(wjgrallyfwarrant a
ubiquitous VOCs at the site. Volume 1 and the guan .| ative l(Jjn Firs gn ing OI Z(_)urce
AIG reports will need to acknowledge that the n}i?esée%rt(i);n ;rr?vfa: s(;\',vcgg(t:a%ilggnt
degradation of the contaminants other than ph di E way d’ L
VOCs need to be considered during remedy phase |str|_ ution and partitioning . .
selections and implementation. between ?0"' groundwater’ Q”d 59” gas,
rates of biological and non-biological
transformation; and an understanding of
how all of these factors are likely to vary
with time. This information is generally
necessary since contaminant behavior is
governed by dynamic processes which
must be well understood before MNA can
be appropriately applied at a site.”
49 NASA General N/A Faults Conclusions regarding several faults in the AIG Each Responsible Party’s RFI provides The GSB has had an opportunity to
Chapter 3 Continuity reports and Volume 1 are limited to the fault details of fault behavior in their respective review the RFI reports from the three
(Volume 1) Across Areas segment(s) within the AIG. Variability in hydraulic | areas and this is not appropriate to include RPs and continuity of the interpretation of

characteristic over the length of the faults has
been demonstrated at the site. The overall RFI
Groundwater Report (for Areas | through IV, and
Northern and Southern Buffer Zones) must
address the behavior and variability of all the
faults identified on the site.

in the NASA-specific groundwater RFI. It
would not be appropriate for NASA to
provide a SSFL-sitewide interpretation of
faults.

the fault behavior as they cross
administrative boundaries. This has not
become an issue.
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