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1.0 INTRODUCTION AND BACKGROUND

On behalf of Northrop Grumman Systems Corporation (Northrop Grumman), AECOM Inc.
(AECOM) has prepared this Addendum to the Technical Memorandum in Response to the 2014
Five-Year Review Report (Technical Memorandum Addendum) for the former TRW Microwave
site located at 825 Stewart Drive in Sunnyvale, California (Site).

The purpose of this Technical Memorandum Addendum is to provide additional information on
two key issues addressed in the Technical Memorandum in Response to the 2014 Five-Year
Review Report (Technical Memorandum) (AECOM, 2015b). These key issues include
1) effects of the late 2014 source area removal activities on onsite groundwater quality, and
2) impacts from offsite sources. Provided herein are results and discussion of the October 2015
site-wide groundwater monitoring event, which represents groundwater conditions one year
after source removal activities. Also provided in this addendum are results from a contaminant
migration pathway evaluation that support migration of off-site contaminants onto the Site. This
information was shared with the United States Environmental Protection Agency (USEPA) in a
meeting on December 10, 2015.

2.0 UPDATE ON GROUNDWATER QUALITY FOLLOWING SOURCE
TREATMENT

As discussed in the Technical Memorandum, a total of approximately 590 tons of soil and semi-
solids and approximately 9,000 gallons of water were removed from the Site source area in
November 2014. A detailed description of the 2014 excavation activities at the Site is provided
in the Source Area Soil Removal Report (Orion Environmental Inc., 2015). Following the
excavation activities, enhanced anaerobic bioremediation (EAB) injections were conducted to
address remaining source area contamination that was not accessible during excavation. A
description of the EAB injections is provided in the Annual Groundwater Monitoring and
Remedial Progress Report (AECOM, 2015a).

As part of the 2015 annual groundwater sampling event, 26 site monitoring wells were sampled
in October, approximately one year after the source area removal activities. Figures 1 and 2
show October 2014 (pre-source removal) and October 2015 (post-source removal) analytical
results for the primary Site contaminants (trichloroethene [TCE], cis-1,2-dichloroethene [cDCE],
and vinyl chloride [VC]) for Zones A and B1, respectively. Zones A and B1 correspond to the
excavation depth of the source removal activities. For some wells, June 2015 sampling data
were also collected and are included on the figures. Below are some key observations when
comparing October 2014 (pre-source removal) and June/October 2015 (post-source removal)
concentrations.

Zone A

* TCE concentrations increased slightly in the area downgradient of the onsite building;
however, concentrations in T-8A, T-15A, and T-16A decreased. All onsite TCE
concentrations are less than the TCE concentration in well T-7A, which represents
contamination migrating onto the site from upgradient.



« cDCE was generally stable before and after source removal with concentrations in some
wells slightly increasing (T-8A, T-13A, and T-25A) and in some wells slightly decreasing
(T-9A and T-17A). The cDCE concentration in two wells (T-8A and T-13A) recently
increased above the cDCE concentration in well T-7A.

« VC concentrations were generally stable with the exception of downgradient well T-16A,
which showed an increase from 2.5 to 23 ug/L.

Zone B1

« TCE concentrations decreased in all downgradient wells, with the exception of well
T-17B. The TCE concentration in upgradient well T-7B also decreased.

« cDCE concentrations decreased substantially in all downgradient wells, ranging from
29 to 89 percent reductions.

« VC concentrations were generally stable.

Based on these data and observations, the 2014 source area removal activities have
appreciably improved downgradient groundwater quality, with more substantial improvements
observed in Zone B1. Future trends in groundwater concentrations will continue to be
monitored through the site annual groundwater monitoring program.

3.0 UPDATE ON CONTAMINANT MIGRATION PATHWAYS

As discussed in Section 4.0 of the Technical Memorandum, historic and current data suggest
that impacts from offsite sources are contributing to increasing contaminant concentrations in
some of the onsite, downgradient monitoring wells. This is based on multiple lines of evidence
including:

- Substantially higher TCE concentrations in some of the downgradient onsite wells
compared to upgradient onsite wells;

- Historic and/or current presence of Freon 113 in onsite downgradient wells which is not
attributed to the Site but is attributed to known offsite sources;

- Evidence of historic onsite groundwater extraction causing migration of offsite
contamination onto the Site;

- Proximity of some of these downgradient wells to the western Site boundary, bordering
the Philips site.

Based on these primarily chemical lines of evidence, it was decided to perform an evaluation of
the local subsurface stratigraphy to better understand contaminant migration pathways at and
near the Site. The geologic setting is composed of high permeability sand and gravel channel-
fill deposits encased in low permeability clay and silt floodplain deposits and/or paleosol



horizons. The sand channels result in complex groundwater flow and contaminant migration
pathways. A technique referred to as Environmental Sequence Stratigraphy (ESS) was used to
map out channel systems in the vicinity of the Site that serve as primary groundwater flow
pathways. ESS methodology uses existing Site lithology data and a keen understanding of the
depositional environment to construct stratigraphic cross sections to map out the channel
system.

Results and Recommendations

Appendix A includes the presentation slides from a December 10, 2015 meeting with USEPA
where results from the ESS evaluation were presented. As shown in these slides, the Site is
located in a complex channelized system with strong evidence for lithologic/channel control on
contaminant migration. Based on this evaluation, contaminant pathways from offsite sources
are apparent in Zones A, B1, and B2.

In Zone A, there is a northeast-oriented channel that traverses the upgradient Philips site and
continues onto and across the former TRW Microwave site in the vicinity of well 38-S (Slide 17,
Appendix A). Chemistry data (primarily Freon 113 and cis-1,2-DCE concentrations [Slides 7
and 8, Appendix A]) support the conclusion that well 38-S is impacted by offsite sources.
Therefore it is recommended that going forward well 38-S not be used to evaluate onsite
contaminant concentration trends or effectiveness of onsite remediation.

In Zone B1, two channel deposits underlying the Site were mapped, one of which traces back to
the onsite source area, and another which is oriented oblique to the presumed groundwater
gradient and is interpreted as a contaminant pathway from offsite sources (Slide 9, Appendix A).
Analysis of contaminant constituents associated with these two pathways revealed differing
“chemical fingerprints” (Slides 10-12, Appendix A) and indicates that these channel deposits are
in fact separate and distinct hydrostratigraphic units (HSUs), referred to as HSU1 and HSU2.
The deeper HSUZ2 is in communication with offsite contaminant source areas to the southwest
that significantly contribute to contamination found in onsite wells T-17B, T-4B, and T-9B.
Therefore, it is recommended that going forward wells T-17B, T-4B, and T-9B not be used to
evaluate onsite contaminant concentration trends or effectiveness of onsite remediation (Slide
18, Appendix A).

In Zone B2, a lower permeability unit oriented to the north-northeast traverses the Site (Slide 13,
Appendix A). Onsite well T-10C is located on the western side of this low permeability unit,
indicating separation from onsite contamination and communication with contaminantion coming
from offsite.  This stratigraphic finding is further supported by the significantly different
contaminant concentrations detected in well T-10C compared to onsite wells in Zone B2 (Slide
13, Appendix A). Well T-10C is clearly associated with offsite sources and it is recommended
that it should not be used to evaluate onsite contaminant concentration trends or effectiveness
of onsite remediation (Slide 20, Appendix A).

4.0 REFERENCES

AECOM, 2015a. Annual Groundwater Monitoring and Remedial Progress Report, Former TRW
Microwave Site, 825 Stewart Drive, Sunnyvale, California. February 6.



AECOM, 2015b. Technical Memorandum in Response to the 2014 Five-Year Review Report,
Former TRW Microwave Site, 825 Stewart Drive, Sunnyvale, California. March 31.

Orion Environmental, Inc. 2015. Source Area Soil Removal Report, Former TRW Microwave
Site, 825 Stewart Drive, Sunnyvale, California. March 20.
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Environmental Sequence Stratigraphy Slides

from December 10, 2015 Meeting with USEPA
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Guiding the Interpretation

Santa Clara Basin Hydrostratigraphy

« Mohawk CPT dataset provides “high-
resolution” frame of reference

» Dense lithology dataset south of Arques
(CPT transects with 50’ spacing)

* Moderate to low-sinuosity channel
sands and gravels encased in silt and clay

* Channel orientations N-NNE to NNW : ay

« Thickness about &’, width about 100’ " . S
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Depositional Environment

Fining-upward sequence: River channel deposit

TRW underlain b . oy
e dence Y || Point Bar Sequence L Description
river epOSItSI These are meandering river deposits. 5. Fload plain c¢lays with aud-
i Each bed in the sequence forms in a cracks and root traces.
Channel and pOInt different part of the channel; as the + Coals may form here. Cross-
bar deposits channel migrates they are then de- & bedded sands (small plamar
! . po;ited ;: sequence 02 ::op of each o and trough) are crevasse
other, e sequence below is one - 1 flood d fts.
Splays, ﬂOOdealn channel pass ezding with a flood '_ E Splay T10od deposits
i plain. The sequence repeats in ey
depOSIts whole or part with esch meander pass, | = [z w | 4. Fine sands to silts; climb-
. . O 2 5 ing ripples common, Some
Highest perm in eal S root traces.
A\ n H -— )
{
Iag depOSIts at 'S o |3 Medium to fine sand; small
bases of Channel o, ; trml:gh cross beds; rippled
| surface.
sequences 5 T [2. coarse to mediun sand with
c large trough cross beds AND/
Minor lateral = OR high velecity laminations.
. . =
migration, B e
3 1. Lag gravels {= mud pebbles
channels AN Bk fron sTumping banks) to mec-
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Create ESS Cross Sections
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channel deposit consisting of
coarse-grained sand, gravelly sand typically
fining-upward from gravel-bearing base

channel margin or splay deposit consisting
of coarse-to fine-grained sand, silty sand

Floodplain deposits consisting of clay, silty
clay, and sandy clay, often with root
structures, caliche nodules (soil horizons)




A Zone Lithology

10’-20° Facies Map

507581
SO075A1" S075A2

S0778B1
SO77A

SO67A

P202282%on1 0A S1478
S0258

S071

S071B1
PZ00

S068B1

PZ012B1 .
0701285 2 P201282 S1B4B:

NORTHROFP GRUMMAN

S027A “
ilegitle | s02781® |
36-0Q @1, I
T188 | !

(FORMERLY
PHILIPS)

J 01%14?’20:5’3?&;:* sripr” @A 02 .
s10147 " s) S080B1 .SUQUA A
T R

S028 g S02081
S15381 1 S136A
07782 ;1 A :: g
207781 1ismh SR
Bighe, o\ 55w
SUB8AQ,  g1aoA_
) 513381
S144A




A Zone Chemistry

10’-20’ Facies with Freon-113 concentrations
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Zone B1: Identification of two hydrostratlgraphlc units
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Down-channel view of HSU 1

- Cross section extending down-
channel from Eductor area with
approx. 30-35' facies map

« All well screens shown correspond
to Zone B1

« T-10B is more representative of
what's coming off TRW compared 1o
T-9B (T-9B is also screened across
H3U 2)

- Potential upgradient
sources due south are

unmonitored
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Down-channel view of HSU 2

« Down-channel cross
section with facies map@
approx 35-40°

« T-17B: TD@35 tapping
channel margin lateral to
S005B1, may be back-
diffusion impacted
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B2 Zone Lithology
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ESS Observations and Takeaways

Summary of observations

Complex channelized system with
strong evidence for lithologic /
channel control on contaminant
distribution at all depth intervals

North or North-Northeast
depositional “grain”/channel
orientation (permeability / porosity
anisotropy) impacts GW elevation
maps and contaminant distribution
maps

Takeaways

OOQOU aquifer designations span
distinct channels (multiple channel
systems at different depths)

Contaminant pathways from
offsite sources are apparent
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Incorporation of ESS results into Site Strategy

» Impacts from off-site sources complicates evaluation of contaminant trends

16

In onsite wells. The 2014 FYR is a perfect example.

Representative Excerpts from 2014 FYR

“ 2014 FYR Interpretation Revised Interpretation

p. 56, last B1 and B2 cDCE and TCE increase Downgradient B1 and B2 cDCE and

paragraph downgradient, indicating onsite TCE concentrations are affected by
remedy not effective and vertical off-site sources to the west.
migration from onsite source.

p. 56, 2nd High concentrations in Zone B2 are High concentrations in Zone B2 are

paragraph from the onsite source. likely related to off-site sources.
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Incorporation of ESS results into Site Strategy

Propose a revised groundwater monitoring strategy that more accurately
monitors TRW-related impacts and effects of onsite remediation.

Base well monitoring network on:
— Recently refined contaminant migration pathways (HSUS)
« Upgradient and downgradient wells along migration pathways
— Chemistry data
* Freon 113 as a tracer for off-site impacts
* Vinyl chloride as a tracer for TRW impacts

Two types of well designations for revised monitoring network

— TRW-related well: Use to evaluate contaminant trends and effectiveness of
onsite remediation efforts.

— Off-site related well: Monitor, but do not use for evaluating contaminant trends
or effectiveness of onsite remediation efforts.
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* Well 38-S is not 10-20' facies with freon-113 (Oct 2014) %7 FREON=113 CONCENTRATION (ma/L)
representative of oy , r .
TRW-related impacts * ‘%0000z | ST I ,

e 38-S should be A
classified as an off- e
site related well and
not used for trend

S075A1 .
A S075A2

analysis, etc a0ee0
VSIS, . SO67A o ° ] | -
ND 0.0040% ND 0.004 05,15”‘7&51011\ : @ SO90A ¢
0044 SO80A
0.017 | ® Np 0.0¢ 8117 0.038
S oo e S048A
o, am/\o So4aA =
SO077A S028A S136A 0.066
R ~® G010 w0013 ® AT ND 0.002 ® S137A 0.02¢
Sand and gravel mipdures | 0.05 S139A S146A 0.65
(channel and margin facies) PZ%OA A SO25A!. 0.16 S138A 0.56P
ND 0.06. SO’M SO49A ® 5140‘A 35
Clay and silt mixtures i ND 004 02 S141A g::ﬁ&?’
{floodplain facies) —goman [ J 0. S143A 0.0271
mocs  SO88A
by wo aos. . L SIAR
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Zone B1 — HSU?2

oo ® 2015 cDCE Concentrations in Zone B1

38—
825 STEWART 36~ &) .JT

]
HSU2 '
1
| zceMis—82 R J
e co:w\-aa-u—s ¢ Mg .EAT, T-78g' 77 rormer,
= T I
; J

UUI

PHILIPS)

SOB3A o

S074B1@,

PZ029B MZU2953

581 Fductor

B st
S06781 71 [ Pzoos % ]
----8 SO7iAg. [ POO% e MAIES 815, sierT @

The deeper HSU2 is in communication with
offsite contaminant source areas to the SW
that significantly contribute to
contamination found in T-17B, T-4B, and

T-9B.

S081A

Based on location of HSU2 and cDCE concentrations, T-17B, T-4B, and T-9B
should be classified as an off-site related well and not used in trend analysis or

evaluation of remediation for TRW.
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Zone B1 — HSU1

2015 VC Concentrations in Zone B1

i 1ase :

L // [

| 1

: HSU]‘ Former Location of Eductor :

o — e

Wells screened only in HSU1 may reflect Ut ) :
TRW and potentially other sources to the e ;
south and include T-2B*, T-8B, T-10B W

Vinyl chloride can be used as a tracer for TRW-related contamination.

Based on location of HSU1 and VC concentrations, TRW-related B1 monitoring
wells include T-8B and T-10B. T-9B (located in HSUs 1 and 2) should not be
used in trend analysis or evaluation of remediation for TRW.

* Well was removed in late 2014 as a potential VI conduit.
20
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TRW SITE || |I§L' | ]l y

Well T-10C is clearly associated with off-
site sources and should be classified as
an off-site related well.

Well T-11C is a downgradient well.

Well T-9C should be reclassified as a
Zone B3 well.

Table 14. TRW Maximum 2013 Annual Groundwater Concentration by Agquifer Zone and Location

Cleanup Level Up-gradient Former source area Down-gradient
coc (ug/L) A | Bl | B2| Eductor| A | B1]| B2 A Bl | B2
1.1-DCA 5 ND | 056 [ND| ND | ND | 1 | ND | 078 | 043J] ND
In the FYR, 36-DD was 1.2-DCB 600 ND | 22 |nD| 1800 | 19 [ 10| ~Np | 0355 ~ND [ ND
used as u/g well and ¢DCE 6 81 | 73 | 11 160,000 | 340 140| 44 | 150 | 30 | 85
T-10C was used as d/g (DCE_ 10 i8s] 181 Too] Np [ 86 16| ~o | 12 | 88 | 1s
_ ) 1.1-DCE 6 ND | 23J [Np| ND [o700nD[ ND | 07 | 330 [ 241
well for interpretations Freon 113 1200 ND | 190 |ND| ND [061J|ND| ND | 14 | 153 | 170
PCE 5 23 | 481  np| ND | 19 ND| ND 2 | 221 ND
TCE 5 250 | 1500 [ ND[] ss00 | 250 [~D[ 110 | 110 | 410 [[1100]
IL1I-TCA 200 05 | 059 [ND| ND | ND |[ND| ND | 035J | ND | ND
Vinyl chloride 0.5 ND | 039 | 1.3] 1800 | 430 [1s0] ND | a2 17 | 48
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