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FOURTH FIVE-YEAR REVIEW REPORT

915 DeGuigne Drive

Sunnyvale, California

1. INTRODUCTION

This report, prepared by Haley & Aldrich, Inc. (Haley & Aldrich) on behalf of Advanced Micro
Devices, Inc. (AMD), presents the Fourth Five-Year Review for the former AMD facility at 915
DeGuigne Drive, located in Sunnyvale, California (the Site; Figure 1). This Five-Year Review Report
is submitted in response to Task 7 of Site Cleanup Requirements Order No. 91-101, issued by the
California Regional Water Quality Control Board, San Francisco Bay Region (Water Board). The three
previous Five-Year Review Reports for the Site were submitted to the Water Board on behalf of AMD
in June 1996, June 2001, and December 2008. The Water Board, on behalf of the United States
Environmental Protection Agency, Region 9, submitted its previous 5-Year CERCLA Review for the
Site on September 30, 2009 (EPA 5-Year Review; EPA, 2009); based on AMD’s Third Five-Year
Review Report, submitted in 2008 (AMEC, 2008).

The period of review for this Fourth Five-Year Review Report encompasses data collected at the Site
from January 2009 through October 2013 (approximately 5 years).

1.1 Regulatory Orders

Site Cleanup Requirements Order Number 91-101 (the Order) was issued on June 25, 1991, by the
Water Board. The Order documents the cleanup goals for Site groundwater, and designates
groundwater extraction and treatment as the final remedy for the Site. Treated groundwater is
discharged to an on-Site storm sewer under Water Board Order No. R2-2009-0059 and National
Pollutant Discharge Elimination System (NPDES) Permit No. CAG912003.

1.2 Purpose of This Report

The purpose of the 5-Year Review is to determine whether the remedy at the Site is protective of
human health and the environment (EPA, 2009). This Fourth Five-Year Review Report summarizes the
assessment of the effectiveness and efficiency of the ongoing remediation program over the past five
years, and addresses issues raised in the previous EPA 5-Year Review.

1.3 Issues Raised in the 2009 EPA 5-Year Review

The three issues and recommended follow-up actions presented in the 2009 EPA 5-Year Review (EPA,
2009) were as follows:

Issue #1: Mass removal efficiency of the GWET system has declined over time and may not be capable
of achieving groundwater cleanup standards.

Recommendation and Follow-up Action: AMD should continue to evaluate the effectiveness of its
groundwater extraction and treatment system.




Issue #2: The vapor intrusion pathway has not been fully assessed at this Site.

Recommendation and Follow-up Action: To assess the potential for human health risk associated with
the vapor intrusion pathway, soil gas and indoor air samples need to be collected, analyzed, and
evaluated.

Issue #3: The existing covenant was recorded prior to the passage of California Civil Code section
1471, which established a framework for environmental restriction covenants in California.

Recommendation and Follow-up Action: A new restrictive covenant should be recorded consistent with
current California law.

AMD has implemented the recommended Follow-Up Actions described above. The programs
implemented by AMD to address these issues are as follows:

Issue #1. AMD has continued to evaluate mass removal efficiency of its groundwater extraction and
treatment system (GETS) on an annual basis as part of the annual monitoring and quarterly NPDES
reporting programs. The information from the monitoring programs shows that recent mass removal
efficiency (measured as pounds removed per million gallons of water [Ilb/Mgal]) have remained fairly
consistent since the 2008 AMD Five-Year Review Report, although they are substantially lower than
previous reporting periods (approximately <50% of 2001 rates, and <40% of 1997 initial rates). As
reported previously, groundwater beneath the Site is impacted by off-Site sources and modifications to
the GETS or other aggressive remedial actions such as in situ bioremediation will not expedite Site
cleanup due to the ongoing impact from upgradient sources (AMEC, 2008 and Geomatrix, 2008).
Haley & Aldrich will continue to evaluate the effectiveness of the GETS on behalf of AMD during the
next review period of 2014-2018.

Issue #2. To evaluate the potential for vapor intrusion into the buildings at the Site, an indoor air
investigation was conducted at the Site in 2011. Indoor air samples were collected in the main 915
DeGuigne building and the attached Submicron Development Center and analyzed for Site chemicals of
concern (COCs). The results of the investigation determined that all detected compounds were at
concentrations below applicable risk-based screening levels, indicating that potential vapor intrusion
does not result in an unacceptable health risk.

Issue #3. AMD no longer owns the Site, and does not have the legal right to record a new deed
restriction on the Site property. In compliance with the requirements of the last Five-Year Review,
AMD prepared a revised deed restriction in consultation with the current owner (Spansion) and
provided it to the Water Board and EPA in 2012. The Water Board and EPA took the draft deed
restriction under review. In 2013, AMD worked with the current owner and Watt Investments at
Sunnyvale (Watt), who purchased the Site from Spansion on 23 January 2014, to further revise the draft
deed restriction at the request of Watt. AMD understands that Spansion or Watt will submit the revised
deed restriction to the Water Board for its approval.



2. SITE BACKGROUND

The Site comprises approximately eight acres of relatively flat land, at an average elevation of
approximately 40 feet above sea level, approximately 4 miles south of the southern end of San
Francisco Bay. Single family residences occupy the area north of the Site, between Duane Avenue and
Highway 101; outdoor recreational space (Fair Oaks Park) and City of Sunnyvale School District
property are to the west; and light industrial/commercial properties lie to the south and east of the Site.

Two large low-rise buildings, connected by a hallway, exist at the Site (Figure 2): the former AMD
915 main building (the larger building with an east-west orientation), and the former AMD Submicron
Development Center (a smaller building on the southwest portion of the Site). The western and eastern
portions of the main building have basement dewatering systems which consist of a gravel layer that is
drained by a network of 4-inch perforated PVC pipes terminating at nine basement dewatering sumps.
The dewatering system is approximately 14 feet below ground surface (bgs; Engineering Science,
1988).

A network of nine groundwater extraction wells and 34 groundwater monitoring wells also exists at the
Site, as well as a treatment system for removing COCs from extracted groundwater (Figure 2).

2.1 Site History and Chemical Use

A chronology for the Site is presented in Table 1. Prior to 1974, the land use at the Site was
agricultural. AMD constructed a semiconductor fabrication and research and development facility at the
Site in 1974 and operated it until 2003, when AMD transferred ownership of the property to Spansion
LLC, a joint venture of Fujitsu and AMD. In December 2005, Spansion LLC became Spansion, Inc.
(Spansion), a corporation separate from AMD specializing in flash memory devices. Spansion continues
to operate at the Site, although it has sold the 915 DeGuigne Drive property (as of 23 January 2014) to
Watt, who intends to redevelop the Site.

Chemicals historically used by AMD for semiconductor fabrication at the Site include solvents and
corrosives (Engineering Science, 1984). Records of chemical use prior to 1980 are not available;
however, it is has been inferred by others that TCE was used on-Site until 1979 (Engineering Science,
1984). Solvent waste between 1980 and 1989 included primarily n-butyl acetate and xylenes (stored in
underground tanks) and Freon wastes (stored in drums at designated areas; Parsons ES, 1996).

Underground vaulted and un-vaulted storage tanks (USTs) with 1,500 to 3,000 gallon capacity were
installed between 1974 and 1982 (Engineering Science, 1984). Below-grade acid neutralization systems
(ANSs) with 1,500 to 4,700 gallon capacity were installed in 1974 and 1980 and upgraded in 1982
(Engineering Science, 1984). Of the 21 tanks documented at the Site, two of these appeared to have
leaked: one of the three tanks comprising the former PAD C ANS and the PAD IV 712-D photoresist
stripper tank (Parsons ES, 1996).

The primary on-Site source for TCE in groundwater beneath the Site appears to have been a leak from
one of the three tanks comprising the PAD C ANS (Woodward-Clyde Consultants, 1983) (Figure 3).
The ANS was removed in 1981, and in 1982, approximately 5,570 cubic yards of TCE-affected soil
was excavated from the area surrounding the former PAD C ANS to a depth of up to 34 feet bgs.

A UST containing the 712-D photoresist stripper was installed in 1977 and removed in 1981.
Approximately 300 cubic yards of soil affected by trichlorobenzene and xylenes were excavated to a
depth of approximately 16 feet bgs (Parsons ES, 1996).



2.2 Nearby Off-Site VOC Release Sites

Three sites where VOCs have impacted groundwater exist south (upgradient) of the Site: 1) the former
TRW Microwave (TRW) Site at 825 Stewart Drive; 2) the Philips Semiconductors (Philips) Site at 811
East Arques; and 3) the 901/902 Thompson Place Site. “The Companies Offsite Operable Unit” (OOU)
extends north of the Philips, TRW and 901/902 Thompson Sites and defines an area where groundwater
is impacted primarily by TCE. It is located immediately west (cross-gradient) of the 915 DeGuigne
Site.

Other sources for regional COC contamination have been documented recently, including the Mohawk
plume, composed predominantly of cDCE (Geomatrix, 2008; The Source Group, 2008). Because
upgradient, off-Site sources cause ongoing TCE and cDCE contamination in groundwater beneath the
Site, the progress of past and ongoing remediation efforts have been substantially compromised, and
groundwater pumped from the Site’s basement dewatering sumps will require on-Site treatment prior to
discharge or re-use, likely for many decades (or until the main building is demolished).

2.3 Hydrogeologic Conditions

The Site is located within the confined portion of the Santa Clara Valley groundwater basin.
Groundwater is encountered approximately 10 feet bgs and would naturally flow northward towards
San Francisco Bay absent the influence of on-Site and off-Site groundwater extraction wells. Alluvial
soils underlie the Site, where several relatively thin, channel-like deposits of sands and gravels
comprise the water-bearing zones, which are both vertically and laterally separated by less permeable
silty clays (Engineering Science, 1988). The major water-bearing zones beneath the Site have been
classified, from shallowest to deepest (up to approximately 100 feet bgs), as the A-, B1-, B2-, and B3-
zones. The depth intervals designated for each of the zones are not consistent among many of the early
reports on Site hydrogeology; different interpretations of depth intervals for various zones likely
occurred because of the complex nature of the alluvial system beneath the Site, where sand zones
comprise elongated, channel-type deposits that can occur at various depths and widths, with a
meandering three-dimensional configuration, rather than a series of horizontal, continuous layers.
Nonetheless, A-zone wells are generally screened from 10 to 15 feet bgs; Bl-zone wells are generally
screened from 17.5 to 30 feet bgs; B2-zone wells are generally screened from 45 to 55 feet bgs; and the
B3-zone depth interval is generally between 70 and 90 feet bgs (Engineering Science, 1988). An
upward gradient from the B3-zone to the B2-zone is evident from water levels at 50-DDD and 18-DD,
where B3-zone well 50-DDD generally has water levels a few feet higher than nearby B2-zone well 18-
DD.

2.4 Distribution of COCs in Groundwater

The major COCs reported in groundwater samples above cleanup goals established in the Order are
TCE and cDCE, both of which have been present in most groundwater samples from the A-, B1-, and
B2-zone wells, but rarely in the B3-zone wells, likely because of the upward gradient from the B3- to
the B2-zone. The highest concentrations of TCE and cDCE reported for groundwater samples collected
during the 2013 sampling event were 200 and 310 micrograms per liter (ug/L), respectively. The
maximum TCE concentration of 200 pg/L was reported in the groundwater sample from B1-Zone well
41-D, which is located upgradient of all known Site sources and operations; the maximum cDCE
concentration (310 pg/L) was reported at B1-Zone well 10-D, located cross-gradient of the former PAD
C ANS. In general, the ratio of cDCE to TCE is higher in shallow groundwater along the eastern half
of the Site, reflecting the impact of the Mohawk plume (composed chiefly of cDCE) on groundwater
quality. In general, a mixture of similar proportions of TCE and cDCE has been reported for



groundwater samples beneath the central and western portions of the Site. Perhaps most importantly,
COC concentrations in groundwater samples collected upgradient of known on-Site release areas are
within the same general range as those from within and downgradient of the release areas (Figures 7
through 9). This is an indication that source area remediation is complete at the Site. Migration beyond
the Site boundary is curtailed by operation of the on-Site extraction wells.

A summary of the changes in the two main COCs, TCE and cDCE, during the reporting period of 2009
through 2013 is shown below:

TCE TCE cDCE cDCE
(2009) (2013) (2009) (2013)
Max (ug/L) 230 200 348 310
Median (ug/L) 8.8 15 6.9 20
Number of Wells 15 17 14 17
Exceeding MCL

These changes are relatively small and indicate generally stable conditions.
2.5 Groundwater Extraction and Treatment

The groundwater extraction and treatment system (GETS) at the Site is comprised of nine extraction
wells (EW-1 through EW-9) intercepting the A- and B1- or B2-zones and transporting the extracted
water to an on-Site treatment system, where COCs are removed from the extracted water by carbon
adsorption, prior to permitted discharge to the storm sewer or on-Site for re-use. Well EW-3 was not
operated during the reporting period of 2009 through 2013 due to its very low yield (0.05 gpm average
extraction rate) and low COC concentrations (approximately 2 micrograms per liter [ug/L]), as
proposed in a letter from Geomatrix to the Water Board (Geomatrix, 2006). Average total groundwater
extraction flow rates for the other eight wells combined to approximately 55 to 65 gallons per minute
(gpm) over this review period.

2.6 Basement Dewatering System

Nine basement dewatering sumps operate at the Site and are currently connected to the groundwater
treatment system and may have historically discharged to the sanitary sewer. Treatment system readings
collected in 2013 indicated that the total flow of water extracted from the basement sumps was greater
than 20 gpm, with approximately 8.8 gpm extracted from a sump on the east side of the main building
(BS-6). The combined flow from the other 8 sumps in 2013 was approximately 11.5 gpm. Groundwater
from these sumps has been reported to contain COCs which are removed by the on-Site treatment
system prior to discharge or re-use.



3. PROGRESS SINCE LAST REVIEW

The progress made over the review period (2009 through 2013) includes annual groundwater
monitoring, operation and maintenance of the on-Site groundwater extraction wells, a vapor intrusion
evaluation, and work completed by others at the Site. These activities are further discussed below.

3.1 Groundwater Monitoring Program

Each annual groundwater monitoring event includes measuring water levels and collecting groundwater
samples from Site monitoring and extraction wells. The most recent monitoring event was conducted in
October and November 2013, and the results will be summarized in the 2013 Annual Groundwater
Monitoring Report to be submitted by Haley & Aldrich on behalf of AMD. Between 2009 and 2013,
the monitoring program has included monitoring 37 wells for water levels and/or COC concentrations;
monitoring well locations are shown in Figure 2. Table 2 summarizes the results from each year of
monitoring. The monitoring program during this review period has shown the following:

L Water levels were generally stable, fluctuating by less than one foot in the A and B1 Zones, and
by less than two feet in the B2 and B3 Zones;

L] Interpreted horizontal hydraulic gradient directions generally have been towards the north or
northeast in the A, B1, and B2 Zones, although localized gradients exist due to groundwater
extraction (Figures 4 through 6);

L The number of wells where COC concentrations exceed cleanup goals established in the Order
increased in the A Zone, but has remained stable in the B1 and B2 Zones, over this review
period;

L] Maximum TCE concentrations reported for A-Zone monitoring wells decreased from 230 to

190 ug/L over this review period; maximum concentrations for B1- and B2-Zone monitoring
wells remained generally stable (only a 10 ug/L difference between 2009 and 2013);

n Maximum cDCE concentrations reported for A- and B1-Zone monitoring wells remained
generally stable (equal to or less than a 10 ug/L difference between 2009 and 2013), and
decreased in B2-Zone monitoring wells from 340 to 290 ug/L over this review period;

L Annual volume of groundwater extracted ranged from approximately 28 to 34 million gallons
per year over this review period; and

L] During this review period, the total mass of VOCs removed ranged from a minimum of 39
pounds in 2010 to a maximum of 51 pounds per year in 2012.

3.2 Groundwater Extraction and Treatment System

The GETS is composed of the following major components:

[ A network of nine on-Site extraction wells, where EW-1 through EW-6 extract water from both
the A and B1 Zones; EW-7 through EW-9 are B2-Zone extraction wells. As described above,

well EW-3 is not operated. These wells extract groundwater at a combined average flow
ranging from approximately 55 gpm to 65 gpm during this review period. Extraction well EW-



6 has consistently been pumped at the highest rates, ranging from approximately 24 to 25 gpm
over this review period.

L] Nine (9) basement dewatering sumps, with a recorded flow rate of up to 20 gpm or more. The
highest flow is from BS-6, which has ranged from 6 to 10 gpm over this review period.

L] An on-Site treatment system for removing COCs from extracted water. The treatment system
includes three 2,000-pound granular activated carbon (GAC) vessels plumbed in series. Two
packed-tower air-strippers plumbed in parallel act as a backup system during GAC changes.

L] The NPDES discharge point is the on-Site storm drain, which ultimately discharges to
Calabazas Creek.

Until 2011, off-Site extraction wells in the OOU, operated on behalf of Philips, had discharged to the
on-Site treatment system pursuant to an agreement between Philips and AMD. In 2011, Philips ceased
its use of the on-Site treatment system; since then, no groundwater from off-Site wells has been
discharged to the on-Site treatment system.

In May 2012, the treatment system was modified to use GAC vessels in series to treat extracted
groundwater, as described in the Engineering Certification Report for Treatment System Modification
(AMEC, 2012). Previously two packed-tower air strippers and one 40,000-pound GAC vessel were
used to treat extracted groundwater. The air strippers were retained as a backup treatment system.

Field Solutions, Inc. (FSI) conducts routine operation, maintenance, quarterly sampling and monitoring
of the on-Site extraction wells on behalf of AMD.

3.3 Vapor Intrusion Evaluation

Indoor air sampling was conducted on behalf of AMD in August 2011 to evaluate the potential for
vapor intrusion at the Site. The field and analytical methods employed and the results of the
investigation are described in detail in the Report of Results — Indoor Air Sampling (AMEC, 2011), and
are summarized below.

As part of the vapor intrusion evaluation, a building survey and Site walk was conducted with Water
Board staff and U.S. EPA staff present to identify appropriate indoor and ambient air sampling
locations. Observations of building exteriors and interiors, including factors related to chemical storage,
presence of floor drains, conditions of the concrete slab (e.g., utility conduits or cracks), and presence
of heating, ventilation and air conditioning (HVAC) units were evaluated. As part of pre-field activities,
field screening was conducted to evaluate potential preferential vapor intrusion pathways using a
ppbRAE, a low-level photoionization detector (PID) with a reporting limit of 1 part per billion.
Building survey forms were also completed to inventory products that could potentially contain COCs.

Prior to sampling, Spansion was advised not to perform any activities that could bias the results of the
indoor air sampling (e.g., indoor painting, solvent use) and remove cleaning products and construction
supplies at least 48 hours prior to sample collection. Staff at the facility were asked to refrain from
garment handling operations (i.e., avoid bringing dry-cleaned garments into the building), smoking,
building maintenance, or cleaning inside the facility during the 48-hour period prior to or during
implementation of the sampling program.

Spansion personnel provided information on the operational parameters of the HVAC units, the
building foundation, and building plans, as well as activities of various types of regular workers in the



building. Spansion was asked to turn off all HVAC units, in order to provide a worst-case scenario of
potential vapor intrusion; however, U.S. EPA personnel confirmed during the June 2, 2011, Site walk
that it would not be necessary to adjust the HVAC settings in laboratory areas (e.g., clean rooms) that
could be negatively impacted by turning off the HVAC unit.

Indoor air samples were collected over an approximately 12-hour sampling period on August 21, 2011.
The sampling program included 5 ambient air samples, 10 breathing zone, 6 preferential pathway, and
2 duplicate samples. Samples intended to be representative of the breathing zone were placed on desks
and/or other features such that the intake was at a level of approximately 3 to 5 feet above floor level.
Preferential pathway samples were placed on the floor adjacent to the potential pathway intended for
evaluation. Outdoor (ambient) air samples were placed on the ground north (i.e., upwind) of the
building, on features within the equipment pad, and on the roof. Samples were collected into 6-liter
Summa™ canisters fitted with designated, laboratory-supplied, 12-hour flow controllers, all of which
were individually certified by the analytical laboratory to be clean and free of contamination

All results were below the applicable risk-based screening levels' (i.e., RSLs), indicating that vapor
intrusion does not pose an unacceptable health risk. Concentrations of TCE in indoor air were highest
in the western portion of the building, where TCE concentrations are highest in groundwater. Similarly,
concentrations of cDCE were highest in the eastern portion of the building, where cDCE concentrations
are highest in groundwater. Samples collected near the building’s active basement dewatering sumps
did not show higher levels of COCs than those collected near other preferential pathways.

34 Work Completed By Others

A Phase II Environmental Site Assessment (Phase II ESA) and Human Health Risk Assessment
(HHRA) were completed for the Site by Treadwell & Rollo (T&R) on behalf of the Prometheus Real
Estate Group, a prospective purchaser, to evaluate potential redevelopment of the Site for residential
housing (T&R, 2012a and 2012b). The Phase II ESA included the collection of groundwater, soil, soil
vapor, and sub-slab vapor samples in October, November, and December 2011. Analytical results as
well as groundwater monitoring data collected by AMD were evaluated by T&R and are presented in a
baseline HHRA (T&R, 2012b), which concluded that COCs in Site media do not pose an unacceptable
risk for future residential and construction-related receptors.

In April 2013, a shallow soil and soil gas investigation was completed at the Site by Ground Zero
Analysis, Inc. (Ground Zero) on behalf of the City of Sunnyvale as part of proposed redevelopment
plans that included the dedication of approximately 5.8 acres of the Site to the City of Sunnyvale as a
public park. The samples were collected to evaluate 1) the extent and potential source of the elevated
level of ¢cDCE in soil gas near a location previously completed by T&R (TR-20), 2) concentrations of
organochlorine pesticides (OCPs) in shallow soil, and 3) if VOCs are present in soil beneath and
adjacent to the 943 DeGuigne building (located at the far eastern portion of the Site). The analytical
results for soil and soil gas samples indicated that 1) impacts to soil gas previously observed at location
TR-20 are localized, 2) the OCP dieldrin was detected in native soil at depths up to 2.5 feet bgs at
concentrations above the residential direct contact Environmental Screening Levels (ESLs), and 3) no
VOCs were detected in any soil samples collected at the 943 DeGuigne building (Ground Zero, 2013).

In November 2013, soil and soil vapor samples were collected at the Site by ENGEO Inc. on behalf of
(Watt) in support of the sale and proposed redevelopment of the property. The results of the additional
soil and soil vapor sampling were not available at the time this report was prepared.

' All concentrations of TCE measured in indoor air also were below the interim TCE indoor air short-term
response action level (RAL) of 7 ug/m* for commercial/industrial buildings with a 10-hour workday (USEPA,
2013).



4. REMEDIAL SYSTEM PERFORMANCE AND EFFECTIVENESS

4.1 Remedial Objectives

The objective of the remediation program for the Site is to limit the potential for COCs to migrate off-
Site from on-Site sources. The cleanup goals for groundwater are the more stringent of the Federal or
California maximum contaminant level (MCL) for drinking water for each of the COCs. The cleanup
goals for groundwater are listed below:

Compound Cleanup Goal (ug/L)
Benzene 1
Total Chromium 50
Chloroform NA
Dichlorodifluoromethane NA
1,1-Dichloroethane 5
1,1-Dichloroethene 6
cis-1,2-Dichloroethene 6
trans-1,2-Dichloroethene 10
Ethylbenzene 300
Freon 113 1,200
Tetrachloroethene 5
Toluene 150
1,2,4-Trichlorobenzene 5
1,1,1-Trichloroethane 200
Trichloroethene 5
Trichlorofluoromethane 150
Xylenes 1,750

4.2 Soil

No soil cleanup goals were established in the Order, and soil cleanup is complete at the Site. Therefore,
no soil remediation has occurred during the reporting period of 2009 through 2013.

4.3 Groundwater
4.3.1 Evaluation of Hydraulic Containment

Water levels were measured in Site monitoring wells in October 2013. Groundwater elevation
contours for the A, B1, and B2 Zones are shown on Figures 4 through 6, respectively. The
general direction of the horizontal hydraulic gradient in the A- and B1-Zones is to the north-
northeast. However, the interpreted potentiometric surface displays a depression surrounding
extraction wells EW-2 through EW-6. Localized groundwater flow is towards these wells from
the south, west, and east. The former source area (PAD C ANS system) is located within the
expected capture zone of the A- and B1-Zone extraction wells, including the nearby wells EW-
5 and EW-6, which pump at an average combined rate of approximately 37 gpm. Furthermore,
it is expected that the former PAD C excavation area is physically contained by the excavation
cutoff walls, as described in the Subsurface Investigation Report (Geomatrix, 2008). The
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4.3.2

capture zone for the four extraction wells appears to be larger than the footprint of the existing
building and the former source area, indicating that the wells effectively capture groundwater
affected by COCs from both on-Site and off-Site sources.

The direction of the horizontal hydraulic gradient in the B2-Zone is generally to the northeast;
however, a depression exists around extraction wells EW-7, EW-8 and EW-9, with the area
surrounding EW-7 and EW-9 exhibiting a larger decrease in water levels. Well EW-9 appears
to capture water from the eastern portion of the Site, with EW-7 and EW-8 affecting
groundwater flow in the central portion of the Site north of the existing building.

Concentration Trends

Historical chemical concentrations detected in samples collected from Site monitoring wells are
included as Appendix A. The concentration trend plots for the two main COCs (TCE and
c¢DCE) are included as Figures 7 through 9; analytical results for cDCE are not available prior
to 1992. The major conclusions from these trend analyses are discussed below.

A decreasing trend of TCE and ¢cDCE in most wells since 1982, and a stable to decreasing
trend over the current review period is observed. A rapid rate of decrease in TCE
concentrations for groundwater samples from a number of monitoring wells adjacent to and
downgradient of the former source area is observed between 1982 and 1997. This indicates that
the soil excavation and dewatering program successfully removed TCE from the subsurface,
and there was very little COC mass left to sustain higher COC concentrations in groundwater.

Several wells located adjacent to or downgradient of the former source area (e.g., 8-S, 11-S,
11-DD, 18-S, 18-DD, 19-S, and 45-DD) have concentrations of TCE near or below the Site
cleanup goals.

Concentrations trends for monitoring wells farther away from the source area, including
upgradient and cross-gradient wells, have comparable or higher concentrations than wells
adjacent to or downgradient of the former source area. Furthermore, concentrations detected in
grab groundwater samples collected at the upgradient (southern) edge of the property during the
2007 Site characterization (Geomatrix, 2008) are comparable to or higher than the
downgradient wells. This indicates that source remediation at the site is complete, and Site
wells are monitoring impacts from upgradient, off-Site sources.

A-zone well 8-S is nearest the former PAD C ANS (historical on-Site TCE source area).
Concentrations of TCE and cDCE have decreased in this well by more than one order of
magnitude since monitoring began in 1982 (Figure 7). Similar decreases have been observed in
downgradient wells 11-S and 18-S, where concentrations of TCE and cDCE are currently
below cleanup goals. The concentration trend for B1-zone well 20-D, and B2-zone wells 18-DD
and 32-DD show similar trends, where concentrations initially greater than 1,000 ug/L have
decreased to close to or less than 100 ug/L, with the greatest decrease occurring between
approximately 1982 and 1995, and more or less leveling out in recent years. This decreasing
trend for wells adjacent to and downgradient of the former source area is an indication that the
excavation (completed in 1982), and subsequent groundwater extraction, have been successful
in removing most of the TCE related to the former ANS leak from soil and groundwater
beneath the Site.

The concentrations of TCE and cDCE for samples collected from a majority of other A-zone
monitoring wells, have remained generally consistent, and greater than their cleanup
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concentration goals, for the reporting period of 2009 to 2013. Wells 2-S, 40-S, 41-S, and 49-S
on the western portion of the Site are likely affected by an upgradient, off-Site source of COCs
(Geomatrix, 2008), and well 31-S on the eastern portion of the property is affected by COCs
associated with the Mohawk Plume (Geomatrix, 2008a). In general, TCE is detected at higher
concentrations than cDCE in the western portion of the Site, while cDCE is detected at higher
concentrations than TCE in the central and eastern portions of the Site.

Concentrations of TCE and cDCE for groundwater samples from the B1-zone monitoring wells
have remained low (below their cleanup goals) in monitoring wells 49-D and 51-D. In wells 19-
D and 20-D, concentrations of these COCs had previously decreased to the point where they
were near or below the cleanup goal during the last reporting period; however, a rebound was
observed during this reporting period. Concentrations of TCE and cDCE have remained stable
or decreased in the other Bl-zone wells during this reporting period. As stated earlier, wells
10-D, 40-D, 41-D, and 49-D are likely affected by an upgradient, off-Site source of COCs
(Geomatrix, 2008).

Concentrations of TCE and cDCE in samples collected from the B2-zone wells 43-DD, 45-DD
and 49-DD generally remained stable or decreased, and are currently below the cleanup goals.
In B2-zone well 18-DD, the concentrations are variable, alternating between detections above
and below the cleanup goals. TCE and cDCE concentrations remained stable or decreased
during the reporting period for wells 20-DD, 32-DD, and 42-DD, although all three wells
contain COCs above the cleanup goals. In general, TCE was detected at a higher concentration
than cDCE in all B2-Zone wells, with the exception of 42-DD.

In summary, the concentrations of COCs detected in wells and in depth-discrete groundwater
samples (Geomatrix, 2008) both upgradient and downgradient of the former source area are
similar, suggesting that the groundwater beneath the Site is impacted by several upgradient, off-
Site sources of VOCs, and that the former PAD C ANS source area is no longer a significant
impact to groundwater; the temporal trends in groundwater COC concentrations are consistent
with this conclusion.

4.3.3 Extraction Mass Removal and Efficiency

During the reporting period of 2009 to 2013, approximately 158 million gallons of water were
extracted and approximately 229 pounds of total VOCs were removed by the GETS (Table 3).
Since groundwater extraction began in 1984, approximately 1 billion gallons of water were
extracted and approximately 5,715 pounds of total VOCs were removed. Over time, the
average mass removal efficiency has steadily decreased (Table 4), from approximately 3.8
pounds per million gallons (Ibs/Mgal) in 1997 (the first year that accurate extraction well
information is available) to 1.4 lbs/Mgal in 2013 (Figure 10).

4.4 Vapor Intrusion

Based on the results of the indoor air sampling, the vapor intrusion assessment concluded that there was
no apparent unacceptable human health risk posed by groundwater at the Site (AMEC, 2011).

4.5 Institutional Control
In October 2013, Haley & Aldrich subcontracted with Environmental Data Resources, Inc. (EDR) of

Milford, Connecticut to conduct a title search on the 915 DeGuigne property and identify any
environmental liens, and other activity and use limitations such as engineering controls and institutional

11



controls. Institutional control in the form of a deed restriction prohibiting the extraction of groundwater
from the Upper Aquifer (the A- through B3-zones) for use as a drinking water source was identified by
EDR (Appendix B). This deed restriction is a risk management measure that eliminates the exposure of
humans to TCE from drinking Site groundwater and is part of the overall remedy designated in the
Order and Record of Decision for the Site. The deed restriction is dated August 6, 1992, and was
recorded on August 7, 1992.

The existing restrictive covenant was prepared prior to passage of California Civil Code 1471. AMD no
longer owns the property, and hence cannot record a new deed restriction that complies with current
requirements. However, AMD has prepared a draft deed restriction, obtained the approval of the
current owner (Spansion) and submitted it to the Regional Board and EPA for review. AMD has also
worked with Spansion and Watt to revise the draft deed restriction at Watt’s request.

4.6 Cost Evaluation

From 1981 to 2008, the total cost of addressing soil and groundwater contamination beneath the Site
was reported to be $8,640,000 (AMEC, 2008). Since that time, AMD has spent $64,000 on capital
expenditures and $648,000 on operation, maintenance, monitoring, investigation, and consulting fees
(based on information provided by AMD), amounting to approximately $721,000 for this review
period.

The total cost for remediation to date is: $ 9,425,000

A large increase in the annual costs occurred in 2012 (Table 4); this coincides with AMD taking over
the operation and maintenance of the on-Site treatment system from Philips, as described in Section
3.2. Haley & Aldrich anticipates that the future annual remediation costs will be approximately
$190,000 per year; an estimate of the total future remediation cost is not possible because the duration
for operating the GETS is unknown.

COCs were removed between 1997 and 2013 through the GETS only, and the cost per year are
presented in Table 4. Due to the decreased efficiency of the system to remove COCs from the
subsurface, the cost per pound of COCs removed has steadily risen, from $899/1b in 1997 to $5,163/1b
in 2013.

HALEY: 2



S. CONCLUSIONS

Based on the evaluation of historical data from the subject Site, as reported in Five Year Review, it
appears that AMD’s remediation of on-Site sources was substantially, if not fully, complete by the
mid 1990’s and the continued operation of the groundwater extraction and treatment system primarily
addresses off-Site releases. The lines of evidence for this conclusion are:

As discussed in Section 2.1, the use of TCE at the Site was short-lived (1974 - 1979). The discharge of
TCE was reported to have occurred at an underground tank, and it is likely that some time was required
for the tank condition to degrade to the point of failure where constituents were released. AMD
excavated COC-affected soil from this source area within nine years of AMD beginning operation at the
Site; this likely was less than nine years after the initial TCE release had occurred. This short residence
time for TCE in the subsurface explains the apparent limited TCE migration off-Site. Therefore, the
timeframe for TCE contact with soil is relatively low; diffusion of TCE into fine-grained units would
not be sufficient for long-term TCE-back diffusion to impact water quality.

Upon discovery of the TCE release in 1982, AMD quickly implemented an aggressive soil excavation
and dewatering program that extended to depths greater than 30 feet bgs; the program included over-
excavating the entire tank pit depth by more than 10 feet, and by several feet in all lateral dimensions.
The shoring for the excavation remained in place as a physical containment system for residual VOCs
immediately beneath the base of the excavation backfill (Geomatrix, 2008).

Rapid initial declines in TCE concentrations in groundwater samples from the vicinity of the release
area, over the first five to 10 years of groundwater monitoring (Figures 7 through 9), is consistent with
the cleanup of a relatively young release, where TCE has had little time to diffuse into fine-grained
layers.

As discussed in Section 3.1, there has been little apparent progress in terms of concentration decreases
in groundwater samples collected over this review period, although continued operation of the GETS
has occurred over this time period. This observation likely is because upgradient, off-Site releases, as
documented in Geomatrix (2008), have impacted groundwater beneath the Site. Continued operation of
the GETS does not remediate the upgradient sources, but does provide hydraulic containment, such that
the migration of COCs released at upgradient Sites is curtailed at the 915 DeGuigne Site, at AMD’s
expense. The maximum TCE and cDCE concentrations are reported in groundwater samples from the
upgradient and western portions of the Site, not from the area near the former source zone.

Additional on-Site remediation will not result in meeting cleanup goals in the near future because of
upgradient COC sources.

Because of the aforementioned COC impacts to groundwater quality from off-Site sources, the
timeframe to reach cleanup goals depends on the progress of cleanup at upgradient Sites and the
migration of clean groundwater to the 915 Site from those upgradient Sites once they have achieved
cleanup goals. This is an important consideration in reviewing remediation progress, as the next Five
Year Review Report (due in 2018) likely will have conclusions very similar to those in this current
Five-Year report in terms of groundwater concentrations and overall conclusions.

The Site poses no unacceptable risk to human health and the environment.

The two primary exposure routes for human exposure from groundwater chemicals are ingestion
(drinking water) and inhalation (by vapors off-gassing from groundwater). The ingestion pathway is
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prevented with the deed restriction that prohibits the use of shallow groundwater beneath the Site as a
drinking water source. An indoor air investigation and vapor intrusion evaluation performed at the Site
concluded that compounds detected in indoor air samples were at concentrations below applicable risk-
based screening levels, and that potential vapor intrusion does not result in an unacceptable health risk.

HALEY 14
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6. RECOMMENDATIONS

A substantial volume of the groundwater extracted by the on-Site extraction wells has been and
continues to be affected by off-Site COC sources. If groundwater extraction were to cease entirely, a
potential for COCs to migrate in groundwater in a northerly direction downgradient of the Site exists,
which is not a desirable outcome. Groundwater is an important resource and the continuous pumping
and discharge of treated groundwater to the storm sewer is not a valuable use of this resource.
Therefore, it is recommended that the current groundwater extraction program be modified, such that
hydraulic containment is sustained but at lower groundwater extraction rates. At the same time, AMD
intends to promote and facilitate the increased use of treated water by Spansion and others, as
appropriate, with the overall goal of putting all extracted water to some beneficial use, such that the net
effect of groundwater extraction on the available resource is minimized.
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TABLE |

PAGE10F 1

SITE CHRONOLOGY*
915 DeGuigne Drive
Sunnyvale, California

Year Activity
Installation of 33 monitoring wells
Soil Investigation near PAD |V photoresist stripper tank
1981 Removal of PAD IV photoresist stripper tank and soil excavation
1982 Initiation of groundwater monitoring
1982-1983 |Removal of PAD C ANS and soil excavation
1983 Installation of of extraction wells EW-1 through EW-4
Groundwater Extraction and Treatment System (GETS) begins operation
Installation of extraction wells EW-5 and EW-6
1984 Monthly groundwater monitoring begins
1985 Groundwater monitoring moved to a bimonthly basis
1986 Installation of 2 additional monitoring wells (44-DD and 45-DD) and extraction well EW-7
Installation of extraction well EW-8
1988 Groundwater monitoring moved to a quarterly basis
Installation of 2 additional monitoring wells (51-D and 50-DDD)
1990 Additional Soil Investigation at former PAD IV photoresist stripper tank excavation is conducted
1991 Installation of 3 additional monitoring wells (49-S, 49-D, and 49-DD)
1992 Installation of extraction well EW-9
1996 Groundwater monitoring moved to a semiannual basis
1998 Groundwater monitoring moved to an annual basis
2000 Adjustments made to the GETS
Monitoring well NMW-10 is installed on the site by The Source Group, Inc., consultants for Mohawk
2001 Laboratories.
Monitoring well NMW-13 is installed on the site by The Source Group, Inc., consultants for Mohawk
2004 Laboratories.
Extraction well EW-3 was shutdown because it was pumping at a very low rate, and VOC
2006 concentrations ranged from non-detect to less than 5 pg/L.
Subsurface Investigation conducted in November 2007 to better delineate the distribution of VOCs in
the subsurface.
2007 An assessment of the potential for VOCs in groundwater to impact indoor air is completed.
2008 Extraction wells EW-5 and EW-6 reclassified as A-/B1-Zone wells
2011 Indoor air investigation conducted in August 2011 to evaluate potential for vapor intrusion.
Notes

1. Site activities from 1981 through 2000 are compiled from the Five-Year report submitted by Arcadis in 2001.
2. Site activities from 2001 through 2008 are compiled from the Five-Year report submitted by AMEC in 2008.

HALEY & ALDRICH, INC.
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TABLE Il

SUMMARY OF GROUNDWATER MONITORING DATA2009 THROUGH 2013

915 DeGuigne Drive
Sunnyvale, California

2009 2010 2011 2012 2013"
Maximum Water Level (A-zone well), feet msl 29.64 30.06 30.43 30.19 29.93
Minimum Water Level (A-zone well), feet msl 23.63 23.92 23.67 23.77 23.48
Maximum Water Level (B1-zone well), feet msl 29.68 30.09 30.47 30.26 29.96
Minimum Water Level (B1-zone well), feet msl 23.56 23.63 23.43 23.07 23.14
Maximum Water Level (B2-zone well), feet msl 27.22 25.98 27.11 26.91 26.96
Minimum Water Level (B2-zone well), feet msl 16.44 15.50 16.05 16.33 16.62
Water Level at 53-DDD (B3-zone), feet msl 26.71 27.20 28.41 28.29 27.85
Number of A-zone Wells with VOCs > MCL 6 7 7 8 8
Number of B1-zone Wells with VOCs > MCL 5 5 5 5 5
Number of B2-zone Wells with VOCs > MCL 5 5 5 5 5
Maximum TCE Concentration (A-zone well), pug/L 230 220 210 240 190
Maximum TCE Concentration (B1-zone well), pg/L 210 280 220 190 200
Maximum TCE Concentration (B2-zone well), pg/L 120 150 160 180 130
Maximum cDCE Concentration (A-zone well), ug/L 170 190 170 150 170
Maximum cDCE Concentration (B1-zone well), ug/L 320 390 350 370 310
Maximum cDCE Concentration (B2-zone well), ug/L 340 390 320 350 290
Gallons Pumped, millions of gallons 33.07 27.95 29.74 32.95 30.72
Annual VOCs Removed, pounds 49 39 41 51 44
Pounds of VOCs/million gallons 1.48 1.40 1.38 1.55 1.43

Note

1. Gallons pumped and pounds of VOCs removed is through November 2013. Data for December 2013 not available.

Abbreviations

VOCs = volatile organic compounds.
TCE = trichloroethene

cDCE = cis-1,2-dichloroethene

HALEY & ALDRICH, INC.

feet msl = feet above mean sea level

MCL = maximum contaminant level

Mg/L = micrograms per liter
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TABLE Il

STATUS OF CHEMICALS REMOVED THROUGH 2013*

915 DeGuigne Drive
Sunnyvale, California

Volume Average Estimated Total
Mechanism Extracted Influent VOCs VOCs Removed
(gallons) (ng/L) (pounds)
1982/1983 Excavations NA NA 159 2
Groundwater Extraction
1984 through 1996 | 477,463,020° | 1,001 ° | 4,331
Groundwater Extraction
1997 31,160,950 457 119
1998 26,785,990 384 85
1999 27,000,040 504 115
2000 27,590,000 477 110
2001 34,394,080 381 109
2002 37,239,480 323 99
2003 34,654,860 315 90
2004 30,208,790 264 66
2005 35,383,730 225 66
2006 27,312,510 233 53
2007 24,105,860 184 37
2008 30,090,510 183 46
2009 33,068,180 179 49
2010 27,947,860 168 39
2011 29,739,482 165 41
2012* 32,947,600 180 51
2013 34,340,400 173 49
Total 1,001,433,342 5,715

Notes

1. The extraction volumes above for 1997 through 2000 (and associated VOC mas removed) are
based upon meter readings for individual extraction wells. The extraction volumes for 2001
through 2013 (and associated VOC mass removed) are based on readings taken from the
Santa Clara Valley Water District totalizer that measures the combined influent from the
nine on-site extraction wells located on the AMD 915 DeGuigne facility (does not include
the volume extracted by Basement Sump 6). The extraction volumes for 2012 on are based on
readings taken from the Santa Clara Valley Water District totalizer that measures the effluent

from the treatment system.

2. Approximately 151 pounds of trichlorobenzene were excavated in 1982/1983 and are included

in this VOC estimate.
3. Estimated value.

4. Effluent totalizer replaced by Santa Clara Valley Water District on October 31, 2012.

Abbreviations
Mg/L = micrograms per liter.
NA = not available.

VOCs = volatile organic compounds.

HALEY & ALDRICH, INC.
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TABLE IV

GROUNDWATER EXTRACTION AND TREATMENT SYSTEM EFFICIENCY AND COST ANALYSIS

915 DeGuigne Drive

Sunnyvale, California

Volume Estimated Total VOC Removal Cost Per Pound
Extracted VOCs Removed Annual Cost* Efficiency of VOCs Removed
Year (gallons) (pounds) (USD) (pounds / Mgal) (USD)
1997 31,160,950 119 $107,000 3.82 $899
1998 26,785,990 85 $151,000 3.17 $1,776
1999 27,000,040 115 $92,000 4.26 $800
2000 27,590,000 110 $85,000 3.99 $773
2001 34,394,080 109 $107,000 3.17 $982
2002 37,239,480 99 $76,000 2.66 $768
2003 34,654,860 90 $93,000 2.60 $1,033
2004 30,208,790 66 $87,000 2.18 $1,318
2005 35,383,730 66 $139,000 1.87 $2,106
2006 27,312,510 53 $93,000 1.94 $1,755
2007 24,105,860 37 $112,000 1.53 $3,027
2008 30,090,510 46 $112,000 1.53 $2,435
2009 33,068,180 49 $63,000 1.48 $1,286
2010 27,947,860 39 $72,000 1.40 $1,846
2011 29,739,482 41 $144,000 1.38 $3,512
2012° 32,947,600 51 $189,000 1.55 $3,706
2013° 34,340,400 49 $253,000 1.43 $5,163
TOTAL 523,970,322 1224 $1,975,000 2.35 $1,613.56
Notes

1. Costs do not include capital costs. Values are rounded to the nearest thousand dollars.

2. Estimated cost for 2012 and 2013.
3. Volume extracted and total COCs removed is through November 2013. No data for December is available.

Abbreviations

VOCs = volatile organic compounds.

Mg/L = micrograms per liter.

NA = not available.

HALEY & ALDRICH, INC.
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