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1.  INTRODUCTION

On behalf of Bay Road Holdings, LLC, Ninyo & Moore has prepared this ISD™ Groundwater
Recirculation Pilot System Installation Work Plan (Work Plan) for the Bay Road Holdings Site*
located at 2081 Bay Road, East Palo Alto, California (the Site). This Work Plan presents the ac-
tivities to be performed to install, operate, maintain and monitor an In-Situ Delivery™ (I1SD)
groundwater recirculation pilot system at the Site to remediate the contaminated groundwater.
The objectives of the activities presented in this Work Plan are to evaluate the pilot system’s per-
formance in order to optimize its remedial effectiveness and determine design and operational

parameters for the full scale ISD™ groundwater recirculation system.

2. BACKGROUND

The Site is an approximately 12.6-acre property historically operated as a hazardous waste man-
agement facility, whose services included solvent recycling, fuel blending, wastewater treatment,
and hazardous waste storage and treatment. Previous facility operations conducted on the Site by
the Romic Environmental Technologies Corporation (Romic) and predecessor companies dating
back to the mid-1950’s resulted in the release of chemical contaminants to both soil and ground-
water. The primary contaminants of concern (COCs) for the Site are volatile organic compounds
(VOCs), mostly comprised of chlorinated solvents (also known as halogenated VOCs, or
HVOCs), with the key indicator COC being trichloroethylene (TCE). Other contaminants are
also present, including: non-halogenated VOCSs; metals; polychlorinated biphenyls (PCBSs); pe-
troleum hydrocarbons; and semi-VOCs (SVOCs). Romic ceased operations in 2008, and the

facility was closed and dismantled in 2009.

! This property was previously known as the Former Romic Environmental Technologies Corporation Facility.
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The Site is a former Resource Conservation and Recovery Act (RCRA) facility currently under-
going corrective action and closure. The United States Environmental Protection Agency (US
EPA) is the lead regulatory agency overseeing the Site’s corrective action, while the DTSC is the
lead regulatory agency responsible for overseeing the final closure and redevelopment activities.
The San Francisco Bay Regional Water Quality Control Board (RWQCB) is providing further
regulatory oversight as they are responsible for maintaining groundwater quality in the San Fran-
cisco Bay region. These three regulatory oversight agencies are collectively referred to as the
Joint Agencies. The US EPA prepared a Statement of Basis for Proposed Soil and Groundwater
Remedy, dated September 14, 2007, and the associated Final Remedy Decision (Remedy), dated
July 2008, which presented the Site’s remediation requirements in order to complete the RCRA
corrective action. The Remedy specified the Site’s corrective action to mitigate its groundwater

contamination is enhanced biological treatment.

2.1.  Location/Environmental Setting

The Site is located approximately 0.5 miles west of San Francisco Bay at 2081 Bay Road,
East Palo Alto, San Mateo County, California (Figure 1). The Site and its immediate sur-
rounding area are zoned for light and heavy industrial use. Properties bordering the Site on
the west, south and southeast include auto-wreckage yards, an electrical substation and a
former chemical manufacturing plant. The nearest residential property is located approxi-
mately 0.3 miles to the west. Bordering the Site’s north and east boundaries are two narrow
tidal channels, respectively identified as the North Slough and the East Slough, which drain
to the San Francisco Bay. A former 130-acre saltwater evaporation pond is located further to
the east, which has been reclaimed and reconstructed as a marsh and wetland designated as
the Ravenswood Open Space Preserve. The Site is located within the 100-year flood plain,

and is protected by levees to mitigate flooding hazards.

2.2.  Geology/Hydrogeology
The Site’s subsurface soil is composed of heterogeneous sediment deposits consisting of

sands and gravels interbedded with silts and clays. The subsurface units encountered below
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the Site included more permeable zones separated by less permeable aquitards, which have

been designated as follows:

e Fill: a layer of engineered fill ranging in thickness between approximately 1 and 3 feet
(ft.) is present beneath most of the Site’s concrete surface.

e A-Zone: an unconfined zone ranging in thickness between approximately 5 and 20 ft.,
and consisting of discontinuous layers of clayey to silty sands and gravels interbedded
with silts and clays, with organic matter occasionally observed. The average bottom of
the A-Zone corresponds to approximately 15 to 20 ft. below ground surface (bgs).

e A/B Aquitard: a laterally discontinuous aquitard, ranging between 5 and 20 ft. in thick-
ness.

e B-Zone: an unconfined zone ranging in thickness between 5 and 25 ft., with a similar
composition as the A-Zone consisting of discontinuous layers of clayey to silty sands
and gravels interbedded with sandy silts and clays. The average bottom of the B-Zone
corresponds to approximately 40 to 45 ft. bgs.

e B/C Aquitard: a locally-identified aquitard, ranging in thickness between 5 and 20 ft.

e C-Zone: a confined zone ranging in thickness between approximately 10 and 30 ft.,
consisting of a relatively continuous layer of sand and silty sand interbedded with silt
and clay lenses. The average bottom of the C-Zone corresponds to approximately 70 to
80 ft. bgs.

e C/D Aquitard: a regionally found aquitard, approximately 70 ft. or greater in thickness.

e D-Zone: a confined zone present below approximately 160 ft. bgs, consisting of clayey
sands and gravels interbedded with clays and clay with gravel.

Groundwater is present beneath the Site in two regional aquifers, the Newark Aquifer, which
includes the A-, B-, and C-Zones, and the Centerville Aquifer, which includes the D-Zone.
Groundwater has been encountered at depths typically ranging between 2 and 10 ft. bgs. The
Site’s groundwater gradient has been measured to generally flow east towards the San Fran-
cisco Bay, with relatively shallow hydraulic gradients. A downward hydraulic gradient has
been observed between the A-Zone and B-Zone, while an upward hydraulic gradient has
been observed between the C-Zone and B-Zone and the D-Zone and C-Zone. The vertical
gradients may be affected by tidal fluctuations, with tidal influence studies indicating a min-
imal vertical hydraulic gradient existing from the A-Zone towards the tidal channels.

”fngn «fnore
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Groundwater sampling results obtained during the Substrate Pilot Study (see Section
2.4.1.1) indicated that the B-Zone appears to be experiencing significant saltwater intrusion,
while minimal saltwater intrusion was also observed in the A-Zone. It is suspected that his-
torical water supply wells located in the wetland areas east of the Site may be contributing to
the observed saltwater intrusion as these wells were not properly abandoned and are be-
lieved to be left uncapped with rusted casings. Saltwater contains high concentrations of
sulfate, which is a competing terminal electron acceptor in the anaerobic dechlorination pro-
cess. The main concern with the mass flux of sulfate into the site is that it will cause a larger
requirement/mass of substrate to overcome the bass balance of electron acceptors to electron
donors. During the system operation of the B-Zone, sulfate concentrations in groundwater
will be monitored from extraction wells and monitoring wells to evaluate the degree of mass
flux occurring in this horizon and the requirement for additional substrate to maintain low
sulfate concentrations (<50 mg/L). There are no other concerns regarding the saltwater in-

trusion in regards to enhanced anaerobic dechlorination.

2.3.  Operational History

The Site’s historic operations have generally consisted of the handling and processing of
various industrial waste streams, which included solvent recycling, fuel blending,
wastewater treatment and hazardous waste storage and treatment. In 1956, Hird Chemical
Corporation constructed a chemical processing plant at the Site, which was transferred to
Carad Chemical Corporation in 1959. The Site was purchased by P.D. Electronics in 1963,
with Romic initiating operations at the same time. Romic purchased the Site in 1979 and
continued operations through 2007.

The Site’s operations included over 20 permitted operational units (primarily aboveground
storage tank [AST] farms) and 20 solid waste management units (SWMUSs). Between 2007
and 2010, Romic conducted surface closure activities of these permitted units and SWMUs
as required for the first phase of the Site’s RCRA corrective action. Surface closure has been

completed and no aboveground structures currently exist at the Site.
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2.4.  Previous Investigation Activities

Starting in 1985, environmental investigation activities were initiated to assess the nature
and extent of subsurface contamination suspected to be the result of chemical releases result-
ing from the Site’s historical operations. These investigations continued through 2015 and
included the collection of soil, soil gas, and groundwater samples to assess the Site’s subsur-
face environmental conditions. In addition, the sediment and surface water conditions of the

adjacent tidal channels were evaluated.

The Site’s previous investigation activities identified the following chemicals as being re-
leased to the environment and present at concentrations of potential concern to human health
and the environment: VOCs; SVOCs; metals; PCBs; and dioxins/furans. The Site’s primary
COCs are VOCs, with the TCE and its breakdown products cis-1,2-dichloroethylene (DCE)
and vinyl chloride (VC) representing the majority of the VOC impact. The investigation ac-
tivities also identified non-aqueous phase liquid (NAPL; also identified as “free product”) in

select locations across the Site.

Given the findings of these previous investigation activities, the Site has been divided into

the following five general areas of concern:

e Northern Area: this area of the Site is also identified as the Former Pond Area as it pre-
viously contained two ponds, which were constructed to collect storm water and also
received wastewater and waste material discharges. These ponds were decommissioned
in the late 1970s, backfilled and capped with concrete. Warehouses used to process
waste drums were constructed on top of the former ponds. Significant environmental
impacts are present in this area of the Site.

e Central Processing Area: this is the area of the Site where the majority of the waste pro-
cessing operations were conducted. It includes several of the Site’s previous permitted
units and SWMUs, was used for bulk product storage, and contained a formerly un-
paved area used for drum storage. Significant environmental impacts are present in this
area of the Site.

e Western Area: this area of the Site formerly contained another unpaved drum storage ar-

ea, as well as a permitted tank farm that contained ASTs with unlined, sandy bottoms.
Less significant environmental impacts are present in this area of the Site.
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e Panhandle and Eastern Area: no operations of concern are known to have occurred in
this area of the Site. Minimal environmental impacts are present in this area of the Site,
except for the downgradient migration of contaminated groundwater.

e Truck Wash Area: truck washing activities occurred in this area of the Site. No known
environmental impacts resulting from this historical activity are present in this area of
the Site.

Figure 2 shows the locations of the Site’s five areas of concern.

2.4.1.  Supplemental Remedial Investigations

Supplemental remedial investigation activities were conducted in order to evaluate the
effectiveness of the substrate amendment, define the presence of non-aqueous phase
liquid (NAPL) in Northern Area vadose zone soils, and the zone of influence (ZOl) in

areas of proposed Site extraction wells.

24.1.1. Substrate Pilot Test

The 1ISD™ groundwater recirculation system will be operated with an amendment
(or substrate) material that has the physical properties to easily recirculate through
the groundwater treatment system. Therefore, our proposed amendment (Car-
strate™) is a low viscosity substrate for this remedial system. Carbstrate™ is a
substrate manufactured by ETEC, LLC Environmental Technologies (ETEC) de-
signed to promote anaerobic biodegradation and is composed of a dry powder
mixed to generate a low viscosity injection solution. As requested by the Joint
Agencies, injecting Carbstrate™ into the Site’s subsurface was pilot tested to eval-
uate whether switching to this substrate would continue the enhanced reductive
dechlorination (ERD) remedial process previously established using the cheese

whey/molasses mixture.

The Substrate pilot test was performed by Ninyo & Moore during a 10-week period
(12/17/15 to 2/17/16) following their Push-Pull Pilot Test Work Plan, dated No-
vember 20, 2014, with the results of this pilot testing documented in
Ninyo & Moore’s Pilot Test Results Report, dated March 25, 2016

”fngn «fnore
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(Ninyo & Moore 2016). The pilot test activities included: conducting three push-
pull tests; injecting Carbstrate™ into the A-Zone, B-Zone and Additional Pilot Test

Source Areas; and performing microbial bioassays.

The results of the push-pull testing activities have concluded that injection of the
Carbstrate™ solution yielded reduced anaerobic conditions in the Site’s subsurface
that promoted reductive dechlorination. This conclusion was based on the collec-
tion of up to ten weeks of groundwater sampling data and the corresponding
observed concentration trends. The results obtained from the push-pull tests con-
firmed utilization of the injected solution resulted in anaerobic reducing conditions
being almost immediately generated, with corresponding reductions in concentra-
tions of PCE, TCE, cis-1,2-DCE and VC. As the push-pull tests progressed,
increases and decreases in cis-1,2-DCE and VVC concentrations were observed as is
expected for the reduction dechlorination process, and the final end products eth-
ene/ethane were detected confirming complete reductive dechlorination was

achieved.

The microbial bioassays results confirmed the presence of up to seven microorgan-
isms in the Site’s subsurface that have been identified to be responsible for
reductive dechlorination, including dehalococcoides spp. (DHC), with the largest

population detected in the most contaminated well included in this study.

The pilot test activities also illustrated limitations with injecting a high concentra-
tion/low volume solution into vertical IPs as has been occurring at the Site since
2001. These limitations included generating conditions that are too reduced and un-
der methanogenic conditions, thereby, creating acidic conditions that are toxic to
the microorganisms required for reductive dechlorination. These acidic conditions
dissipated over time given the Site’s subsurface natural buffering capacity, which
allowed the microbial activity to recommence. In addition, distribution of the in-
jected solution was found to be non-uniform, and the use of potable water to create

the solution is not desirable given its aerobic condition.
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Joint Agency Review and Additional Testing

Subsequent to Joint Agency review of the March 2016 Pilot Test Results Report,
Ninyo & Moore, ETEC and the US EPA convened informally to discuss the effec-
tiveness of Carbstrate™ as it relates to ERD. Based on our discussion, we agreed
that additional data would help support our conclusion that Carbstrate™ was bene-
ficial in promoting ERD and it was agreed upon to conduct an additional round of
groundwater sampling on six of the previous sampling points where the Push-Pull
Pilot Test was conducted. On July 18", 2016 Ninyo & Moore mobilized on Site to
collect groundwater samples (using low-flow sampling procedures) from wells
RW-1A, RW-8B, RW-11B, RW-20B, EW-1B and EW-2B. Once the samples were
collected, they were stored in a cooler with ice and transported via courier under
signed chain of custody documentation to SGS Laboratories in East Palo Alto, Cali-
fornia. The samples were analyzed for VOCs using EPA Method 8260B, ethane,
ethene and methane using Method RSK 175, and Total Organic Carbon (TOC) us-
ing EPA Method 5310C.

The sample results of the additional sampling are included in Table 1, and a de-
tailed description of the ERD results is included in the Push-Pull and IRM Pilot
Test Source Area Study Data Evaluation and the associated laboratory analytical
report are included in Appendix A. In summary, the data evaluation indicates that
aggressive ERD has been stimulated in the target injection zones and Push/Pull
wells over the 30-week period following the injection of the CarbstrateTM sub-
strate solution. Furthermore, ideal groundwater conditions (iron-reducing, sulfate-
reducing and methanogenic) have been created to stimulate long-term dechlorina-

tion of residual solvent concentrations.

2.4.1.2. Ultra-Violet Optical Screening Tool Investigation

Ninyo & Moore conducted a Ultra-Violet Optical Screening Tool (UVOST®) in-
vestigation in June 2016 within the central section of the Northern Area in order to

evaluate non-aqueous phase liquids (NAPL) in the Northern Area vadose zone. A
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total of 18 borings were located in areas where the groundwater monitoring wells,
specifically RW-11A, EW-6A and RW-28A, historically reported NAPL during
groundwater monitoring events. Nine additional borings were located north and
east of these wells to further characterize potential NAPL within the vadose zone.
The 27 locations were separated into three separate areas of concern, including UA-
1 through UA-9, UB-1 through UB-9, and UC-1 through UC-9 (Figure 3). Each of
the three areas of UVOST® investigation was approximately 2,500 square ft. (sf),
located within an approximately 50-foot by 50-foot area. A copy of the UVOST In-
vestigation logs are presented in Appendix B.

Prior to conducting the investigation the concrete slab was cored in the 27 loca-
tions. The investigation was conducted using a direct-push rig, where the UVOST®
rods (probes) were hydraulic pushed into the subsurface to a maximum depth of
approximately 24 ft. bgs in each boring, with the exception of borings UB-4, UB-5
and UC-7, where the probes were pushed to depths of approximately 25.5 ft. bgs.
Refusal due to subsurface obstructions at shallow depths (approximately 1.5 ft. bgs)

occurred at boring UC-2 and UC-9, so no data was collected from these borings.

The UVOST® collected the NAPL data through a probe that features a sapphire
window in the side allowing direct fluorescence measurements as the probe is ad-
vanced into the soil. Polycyclic aromatic hydrocarbon (PAH) fluorescence of
fuels/oils is directed back to the surface where it is analyzed, and responses are in-
dicated in real-time on a graph of UVOST® signal vs. depth. The logged results
were color-coded and contain hundreds of waveforms to aid in proper interpretation
of the fluorescence response.

The resulting UVOST® investigation data indicated that NAPL was observed at
two to three depths in every boring where refusal was not encountered. The depth
of NAPL ranged from near the surface (0.5 ft. bgs) in boring UA-3, to 24.9 ft. bgs
in boring UC-7. NAPL thickness ranged from 0.1 ft. in borings UB-2, UB-7 and
UB-9 to 6.2 ft. (7.3 ft. to 13.5 ft. bgs) in boring UB-3 (Table 2, Figure 3).
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Because every boring where the UVOST investigation was conducted detected
NAPL, it is reasonable to conclude that NAPL has infiltrated multiple depths within
most of the Northern Area vadose zone. The majority of this LNAPL is trapped and
not mobile, as shown in the lack of any significant apparent LNAPL thicknesses
across this area. The trapped LNAPL in the pore space is not a confining layer, and
will allow the percolation of injected groundwater via gravitational and capillary
forces. Our approach to dissolving and desorbing the LNAPL is discussed in Sec-

tion 3.7 below.

24.1.3. Pump Test

Ninyo & Moore conducted a pump test for groundwater Zones-A and -B in July
2016 by utilizing two 4-inch extraction wells (RW-4A and RW-2B) for production,
and existing and newly installed piezometers used as observation wells. Pump test
details are included in Tables 3 and 4, the well/piezometer locations are illustrated

on Figure 4, and field forms are presented in Appendix C.

The piezometers were installed in June 2016 and included A-Zone piezometers
OW-1A, OW-2A, OW-3A, and B-Zone piezometers OW-4B, OW-5B, and OW-
6B. The A-Zone piezometers were screened between 7 ft. to 22ft. bgs, and the B-
Zone piezometers were screened between 30 to 45 ft. bgs. The remaining observa-
tion wells included RW-2A and RW-29A (A-Zone), and RW-19B, RW-20B and
RW-21B (B-Zone) (Figure 4). All wells were located along the eastern perimeter of
the Site.

The pump test was conducted utilizing a 2-inch Grundfos Redi-flo 90 pump (pump)
and Grundfos VDF 24 controller (controller). Several Solonist WLM water level
meters were deployed in each observation and extraction well throughout the en-
tirety of the pump test. The pump test was conducted to evaluate the zone of
influence (ZOIl) of the production wells within the A- and B-Zone aquifers, and to
evaluate ability for Site production wells to maintain hydraulic control of the Site

groundwater during operation of the proposed groundwater recirculation system.
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The following is a summary of the results of the pump test for the two groundwater

ZOnes.
A-Zone:

The A-Zone pump test was conducted between 9:15 am and 11:30 am on July 7",
2016. Prior to conducting the pump test, the pump was set at 20.1 ft. bgs in Well
RW-4A, and a Blue-White 0-2.0 gallons per minute (gpm) flow meter was installed
to monitor groundwater flow rates. The flow rate used for the A-Zone test was
based on actual pump rates observed during the well development of extraction
well RW-4A (which occurred in June 2016), where the well had been pumped dry
at less than 1 gpm. Based on this information, a flow rate of 0.2 gpm was proposed
for this well. An initial depth to water (DTW) measurement of 8.85 ft. from top of
casing (TOC) was observed at RW-4A prior to operating the pump. Upon activating
the pump, the water level immediately dropped to 16.82 bgs. Water-level measure-
ments were collected immediately after the pump was started from the extraction
and observation wells, and every 15 minute minutes thereafter until termination of
the test. A drawdown of 10.41 ft. was observed at the extraction well during the
first 2 hours of the test, at which point the well was pumped dry. In order to contin-
ue the pump test, the pump was reset at the bottom of the well and the test
continued for another 15 minutes, with an additional drawdown of 0.41 ft. ob-

served.

Drawdown was observed in the closest observation well (OW-1A, located approx-
imately 20 ft. west of RW-4A) at 0.12 ft. over the 2-hour and 15-minute test period.
No drawdown was observed at any of the other wells included in the pump test,
which were located between 115 ft. (RW-2A) and 40 ft. (OW-2A) from extraction
well RW-4A. LNAPL was observed in piezometer OW-3A, located approximately
60 ft. south of RW-4A, so no measurements were taken at this location. In addition,
a reverse trend was observed in piezometer OW-2A, where water levels increased
0.75 ft. during the first 2 hours of the test, and decreased 0.06 ft. during the last
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reading collected. Boring logs for this piezometer indicate a silty sandy lens with
gravels between 10 and 12 ft. bgs. The increase in water levels may be the result of

perched groundwater conditions within this piezometer.
A-Zone pump test results include the following conclusions:

e Drawdown was observed in the piezometer OW-1A, located approximately 20
ft. west of extraction well RW-4A, where a drawdown of 0.12 ft. was observed
over the 2-hour and 15-minute period.

e No drawdown was observed at any of the other wells included in the pump
test.

e A reverse trend was observed in piezometer OW-2A, where water levels in-
creased 0.75 ft.

