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1.0 INTRODUCTION

This Field Sampling Plan (FSP) is prepared on behalf of Pharmacia Corporation by its Attorney-in-Fact
Monsanto Company and Stauffer Management Company LLC as litigation agent for Bayer CropScience,
Inc. (Settling Defendants). The FSP describes all sample collection and analysis activities for remedial
pre-design investigations (PDIs) proposed in the Remedial Design Work Plan (RDWP) submitted
pursuant to the Consent Decree that was lodged on February 27, 2008 with the United States District
Court for the District of Massachusetts in connection with Civil Action No. 1:08-cv-10325 (the CD), and
with the RD/RA Statement of Work (SOW) that is attached as Appendix D to the CD for Operable Unit
No. 2 at the Industri-plex Superfund Site (including Operable Unit 3 of the Wells G&H Superfund Site)
in Woburn, Massachusetts (hereinafter “Industri-plex OU2” or “Site™); see Figure 1-1). The PDIs
described in this FSP will be completed in accordance with the Record of Decision (ROD), the CD, and
the SOW as reflected in the RDWP.

11 Name and Location
Industri-plex Superfund Site OU2 Woburn, Middlesex County, Massachusetts

United States Environmental Protection Agency (EPA) Identification Numbers:
Industri-plex - MAD076580950
Wells G&H - MAD980732168

Figure 1-1 is a Site locus. Figure 1.1-1 shows the Site in plain view.
1.2 Remedy Components
EPA’s selected remedy consists of the following components:

m Dredging and off-site disposal of contaminated sediments in the southern portion of the Halls
Brook Holding Area (HBHA) Pond*; dredging and off-site disposal of contaminated near shore
sediments at the Wells G&H Wetland and Cranberry Bog Conservation Area (CBCA); and
restoration of all disturbed areas. This component will address sediments posing unacceptable
human health risks for near shore sediments and unacceptable ecological risks for the southern
portion of HBHA Pond.

L Use of the northern portion of HBHA Pond as a sediment retention area that will intercept
contaminated groundwater plumes (including arsenic, benzene, ammonia, 1,2-dichloroethane,
trichloroethene, naphthalene) from Industri-plex OU1/0U2, treat/sequester surface water
contaminants of concern (COCSs) (arsenic, benzene, ammonia), and minimize downstream
migration of surface water COCs. The northern portion will intercept the contaminated
groundwater plumes discharging in the HBHA Pond. Sediments which accumulate in the
northern portion of the HBHA Pond may be periodically dredged and sent off-site for disposal.
Portions of storm water from Halls Brook, which may interfere with the natural treatment
processes occurring within the northern portion of the HBHA Pond, will be diverted to the
southern portion of HBHA Pond.

L If necessary, in situ enhanced bioremediation of contaminated groundwater plumes
(e.g., benzene) at the West Hide Pile (WHP).

! To the extent there is a defined southern cell in the final remedy design.
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Construction of an impermeable cap to line stream channels (i.e., New Boston Street Drainway
[NBSD]), and to prevent the discharge of contaminated groundwater plumes, contamination of
stream sediments, downstream migration of COCs, and potential impacts to other components of
the selected remedy.

Construction of a permeable cap to prevent contaminated soil erosion (i.e., Area A6), downstream
migration of COCs, and potential impacts to other components of the selected remedy.
Establishing Institutional Control (ICs) to restrict contact with soils, groundwater, or deeper
interior wetland sediments with concentrations above Performance Standards and protect the
remedy.

Construction of compensatory wetlands, resource areas, aquatic habitat, etc. for any loss of
wetland functions and values associated with the selected remedy (e.g., northern portion of
HBHA Pond, Halls Brook storm water by-pass, capped stream channels) nearby in the watershed.
Long-term monitoring of the groundwater, surface water, and sediments, and periodic five-year
reviews of the remedy.

Document Organization

Section 2 of this FSP describes activities and tabulates sampling methods (applicable Standard Operating
Procedures [SOPs] provided in FSP Attachment C1) that will be common to multiple PDIs, including:

Utility markout

Sampling methods tabulated for soil, sediment, groundwater, and surface water

Exploration location surveying methods

Decontamination and investigation-derived waste management

Sample handling and analytical methods for each sample medium, indicating appropriate sample
containers, preservation, and holding times (SOPs and applicable data quality control
requirements are provided in the Quality Assurance/Project Plan [QAPP])

Sampling procedures specific to a single PDI or experimental design are described within the applicable
PDI description in Section 3. Section 3 describes the 16 proposed PDIs, grouped as follows:

Dredging and off-site disposal of contaminated sediments from HBHA Pond, Wells G&H
wetland, and the CBCA wetland (PDI-1, PDI-2)

Use of HBHA Pond to treat contaminants (PDI-3, PDI-4, PDI-5, PDI-6, PDI-7; PDI-8,
PDI-15, PDI-16)

West Hide Pile/Lower South Pond evaluation (PDI-9)

Impermeable and permeable cap designs for the NBSD and Area A6 (near Atlantic Avenue
Drainway [AAD] inlet to HBHA Pond) (PDI-10, PDI-11)

ICs for Former Lake Mishawum (FLM) Bed, Wells G&H wetland, and CBCA wetland
(PDI-12)

Pond/wetland mitigation site selection and concept design (PDI-13)

Ammonia in groundwater background investigation (PDI-14)

Each PDI description includes a discussion of the objectives and methodology for the data collection for
that PDI. Descriptions of sampling methods are provided in the SOPs included in Attachment C1 to the

FSP.

Section 4 provides the schedule for all PDls.
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2.0 TECHNICAL METHODOLOGY

Field methods relevant to the PDIs described in the RDWP and in Section 3 of this FSP are summarized
in this section. Specific SOPs are included in Attachment C1 to this FSP. Table 2-1 summarizes the
various tasks included as part of each PDI. Table 2-2 summarizes the number and type of samples to be
collected or generated as part of each PDI. Table 2-3 summarizes sample container, preservation, and
holding time requirements for sample media and specific analyses.

2.1 Utility Mark-out and Geophysical Survey

Underground and overhead utilities in the vicinity of sampling locations will be identified and marked prior
to field activities. Mark-out will be conducted in accordance with relevant state and local regulations.
Underground utilities will be identified based on Site drawings, utility company identification,
communication with Dig Safe System, Inc. (Dig Safe) and/or geophysical survey. Geophysical surveys
will be used to identify buried utility lines/pipes, former disposal trenches or pits, limits of existing landfills
and/or waste material, as well as other subsurface features that may impact field work. Geophysical
techniques that may be used to support field investigations include: magnetometry, ground penetrating
radar, terrain conductivity, and borehole imaging. These will be applied, as needed, in accordance with
state and local regulations, as well as relevant contractor operational guidelines.

2.2 Exploration Location Survey

A licensed Massachusetts surveyor will be retained to conduct a survey for the purpose of locating any
completed explorations. Surveying techniques will be employed by the subcontractor to match
site-specific conditions. Horizontal locations will be referenced to the Massachusetts State Planar
coordinates (North American Datum [NAD]) 1983). Vertical data will be referenced to the North
American Vertical Datum (NAVD, 1988). Data will be collected using appropriate surveyor’s
equipment, as determined by the subcontractor.

2.3 Soil Investigation

PDI-6, PDI-11, and PDI-12 require surface and subsurface soil samples as summarized in Tables 2-1 and
2-2. Several sampling techniques will be used, such as geotechnical drilling, direct-push boreholes (i.e.,
GeoProbe® boreholes), test pits, and hand sampling techniques (e.g., hand auger, trowel, slide hammer).
These methods will be selected based on their relevance and field conditions present at the time of
sampling. Haley & Aldrich personnel will generally perform the hand soil sampling techniques. In the
case of boreholes and test pits, subcontractors will perform their tasks according to their contracts and the
SOPs described in this FSP. Haley & Aldrich staff will observe subcontractors. The subcontractor will
provide Haley & Aldrich staff with soil samples, at which point the H&A personnel will visually classify,
log and sub-sample the soil sample. Soil sampling SOPs are included in Attachment C1.

Relevant Field SOPs:

OP1002 - Drilling Safety

OP2000 - Monitoring Field Explorations

OP2001 - Identification and Description of Soils Using Visual-Manual Methods
OP2005 - Test Borings

OP2030 - Direct Push Borings

OP3003 - Surficial Soil Sampling

OP3003A - Addendum to Surficial Soil Sampling

OP3006 - Procedure for Subsurface Soil Sampling for Chemical Analysis
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24 Groundwater Investigation

PDI-3, PDI-9, PDI-10, PDI-12, and PDI-14 require groundwater sampling as summarized in Tables 2-1
and 2-2. Groundwater will be monitored on the site by sampling existing monitoring wells, and/or
installing and sampling new monitoring wells, piezometers, and temporary well points. Several sampling
techniques will be used, such as the EPA Low Flow/Minimal Drawdown method, direct push sampling
(i.e., use of a GeoProbe®), as well as other situation-specific techniques. Groundwater sampling SOPs
are included in Attachment C1.

Relevant Field SOPs:

OP2021 - Piezometers

OP3008 - Manual Water Level Measurement Procedure

OP3009 - Monitoring Well Development Procedure

OP3010 - Groundwater Sampling

OP3011 - Groundwater Sampling Using Direct Push Technology

OP3012 - Low Stress/Low Flow Groundwater Sampling Procedure
OP3018 - Vertical Profiling of Groundwater Using Direct Push Technology
Iron, Ferrous, Methods (Associated with HACH D2800)

25 Sediment Investigation

PDI-1, PDI-2, PDI-4, and PDI-9 require sampling sediment as summarized in Tables 2-1 and 2-2. Samples
will be collected using several situation-specific procedures, including petite ponar sampler, Ekman dredge
sampler, piston or ball-check corer, and peristaltic pumping. Once collected, samples will be subsampled as
appropriate for the target analytes. Sediment sampling SOPs are included in Attachment C1.

Relevant Field SOPs:
OP3004 - Sediment Sampling

2.6 Surface Water Investigation

PDI-4, PDI-5, PDI-9, PDI-10, PDI-14, PDI-15, and PDI-16 require surface water sampling as
summarized in Tables 2-1 and 2-2. These samples will be collected using several situation-specific
procedures, including grab sampling and peristaltic pumping. Surface water sampling SOPs are included in
Attachment C1.

Relevant Field SOPs:

OP1008 - Operations Over, Near or on Water

OP3007 - Surface Water SamplingOzark Underground Laboratory, Inc. - Procedures and Criteria
Iron, Ferrous, Methods (Associated with HACH D2800)

2.7 Air Investigation

PDI-5 requires vapor sampling as summarized in Tables 2-1 and 2-2. These samples will be collected
using tedlar bags or vendor-specific equipment (Galson Analytical’s Anasorb tubes for ammonia and Draeger
colorimetric tubes for ammonia and benzene). The air sampling SOP is included in Attachment C1.

Relevant Field SOPs:
OP3023 — Air Sample Collection with Tedlar Bags
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2.8 Decontamination and Investigation Derived Waste Management

Reusable equipment must be decontaminated prior to each use, and following each work day, if they are
used, in order to prevent cross-contamination. Decontamination procedures are included in
Attachment C1.

Wastes associated with sampling (e.g., disposable items, excess sample media), waste from
decontamination of reusable equipment, spent personal protection equipment (PPE), and used Health and
Safety supplies are classified as Investigation Derived Wastes (IDWs). IDWs must be disposed in
accordance with the project guidelines. IDW disposal procedures are included in Attachment C1.

Relevant Field SOPs:
OP3027 - Decontamination Procedure
OP3028 - Investigation Derived Wastes

2.9 General Field Procedures
Procedures relevant to the overall sampling plan are summarized below.

Relevant Field SOPs:

OP3001 - Preservation and Shipment of Environmental Samples
OP3026 - Chain of Custody

OP3029 - Field Data Recording

OP3030 - Field Instruments: Use and Calibration

2.10  Sample Analysis Methods

Samples collected according the procedures above will be analyzed for a variety of chemical and
geotechnical properties. These analyses are listed in tables associated with the PDI descriptions in
Section 3 of this FSP along with related analysis SOPs in the QAPP.
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3.0 PRE-DESIGN INVESTIGATIONS SCOPE OF WORK

Section 3 provides the context for and the intent of the PDIs described herein. The PDI’s are organized
pursuant to the EDC (Engineering Design Component) structure. More specifically, PDIs are described
as follows:

Section 3.1 HBHA Pond

Section 3.2 WHP In-situ Enhanced Bioremediation, as necessary

Section 3.3 Removal and Restoration of Near Shore Sediments from the Wells G&H Wetland and
CBCA

Section 3.4 Institutional Controls

To the extent there is overlap (i.e., PDI’s described in one EDC that apply to another) a note is included in
the associated PDI description if appropriate.

3.1 HBHA Pond

The following sections present the background and goals of PDIs related to using the HBHA Pond for
treatment, as described in the RDWP. The following PDIs are discussed in this section:

PDI-1: HBHA Pond Sediment Dredging

PDI-3: Groundwater Investigation

PDI-4: HBHA Pond COC Transformation Processes & Studies (Parts A through C)
PDI-5: Tank Treatability Studies

PDI-6: Geotechnical Investigations (Parts A through C)
PDI-7: HBHA Flood-Routing Modeling Analysis

PDI-8: HBHA Pond Hydrodynamic Modeling

PDI-10: Impermeable Caps

PDI-11: Permeable Caps

PDI-13: Studies to Locate Property for Wetland Mitigation
PDI-14: Ammonia Background Investigation

PDI-15: HBHA Pond Aeration Pilot Test

PDI-16: Cofferdam Simulation Pilot Test

A number of the PDIs described below are seasonally dependent or have a particular timeframe when the
work should be completed to facilitate the schedule and deadlines outlined in the SOW. Additionally,
particular PDIs have to be performed later in the remedial design process because they may alter the
HBHA Pond hydrodynamics, which will confound the results of PDIs that require ambient conditions.

3.1.1 PDI-1: HBHA Pond Sediment Dredging
The goals of PDI-1 are to address the following data needs:

L Delineate laterally and vertically areas with arsenic concentration in sediment exceeding
273 mg/kg that may require dredging

Identify debris requiring removal prior to sediment dredging

Document HBHA Pond bathymetry prior to dredging

Measure sediment thickness to estimate sediment dredging volume

Monitor sediment accumulation to evaluate and if possible modify the estimated dredging
frequency proposed in the ROD

Determine geotechnical properties to support design for handling of dredged material

L Determine the most cost-effective means of dewatering dredge spoils
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Determine waste characteristics of sediment for preliminary evaluation of disposal option(s).
Final waste characterization sampling and analysis will be established as part of the RA
during/following dewatering activities)

3.1.1.1 Investigation Approach

PDI-1 will include the following activities:

PDI-1 will include aerial photos, existing land survey information, and field reconnaissance of the
areas surrounding HBHA Pond to assess space availability for dredging operations, including
roadway access, equipment laydown, and sediment processing operations. The selection of
suitable space for dredging operations will consider the requirements of (1) other HBHA Pond
PDIs that involve equipment mobilization and staging, (2) construction of structures required for
the HBHA Pond remedy, (3) recommendations of affected property owners, (4) logistical
constraints such as power, access to roadways and the potential impacts from noise and smell, if
there is the potential for them to rise to the level of causing a potential significant nuisance to
nearby landowners.

A hydrographic survey will be performed to identify debris, document bathymetry, and measure
soft sediment layer thickness for estimating dredging volume. Bathymetry will be recorded along
perpendicular transects as illustrated in Figure 3.1.1.1-1.

Sediment will be sampled to delineate arsenic performance standard exceedances laterally and
vertically within the soft sediment layer (described further in Section 3.1.1.2). Samples will also
be analyzed for total iron to assist in the evaluation of the fate and transformation of COCs.
Sediment samples will be collected at 23 locations as shown in Figure 3.1.1-1. Additional
samples may be added if necessary based on the initial sediment data. The sediment sampling
locations shown on Figure 3.1.1-1 will be adjusted based on the results of the groundwater plume
discharge evaluation (PDI-3) and other studies that will determine where the primary and
secondary treatment cells of the proposed HBHA-4 remedy would be located, as dredging will
only be required within and to the south of the secondary treatment cell during initial remedy
implementation.

Once the preliminary location of the cofferdams is determined, three additional bulk composite
samples will be collected from the portion of the HBHA Pond to be dredged. These samples will
be submitted for bench-scale treatability studies as described in Section 3.1.1.2. Each composite
will be subsampled and tested for the following parameters: water content, specific gravity, grain
size, and organic content (loss-on-ignition). Following completion of the bench-scale treatability
tests, aliquots of the dewatered sediments from the initial three composite samples will also be
analyzed for waste disposal characterization.

An array of sediment traps will be installed at three locations within HBHA Pond; each array will
consist of 4 traps. One array will be placed in each of the northern, central and southern portions
of the pond as shown in Figure 3.1.1-1, each array to be located at the areas where the soft layer
thickness is greatest, based on the probing conducted as part of this PDI. Two of the traps will be
removed from each array after 12 months; the other two will be removed after 24 months.

3.1.1.2 Sampling and Analysis Methods

Hydrographic survey: HBHA Pond bathymetry measurements will be collected using a SyQwest, Inc.
HydroBox dual-frequency precision echosounder. The dual-frequency signal is intended to accurately
digitize the surface and bottom of flocculent sediment (if present) and export the two depth values to the
data acquisition software. A dual-frequency (33-kHz and 200-kHz, 8-degree and 20-degree, respectively)
transducer and a narrow-beam (3-degree) 200-kHz transducer will be available. The single-frequency
transducer will be used in water depths less than five feet.
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Digital global position system (GPS) equipment will be used to establish horizontal position. Measured
depths will be converted to bottom elevations based on water level elevation data recorded using an
In-Situ Mini-Troll pressure transducer at a surveyed project benchmark. GPS and echosounder
equipment will be calibrated following procedures consistent with Hydrographic Surveying, Manual
#1110-2-1003 (USACE, 2004). The bathymetry will be ground-truthed using a small boat and a low
pressure, 1-ft diameter sounding plate attached to a measuring tape to determine the top of the soft
sediment layer and sediment probes (e.g., ¥a-in steel rod) to confirm the thickness of soft sediment. In
addition, side-scan sonar will be used to survey the Pond bottom for debris.

Sediment Sampling: Sampling and analysis methods for sediments are summarized in Tables 3.1.1.2-1
and 3.1.1.2-2. A manually deployed coring device, consisting of a 2-inch or 3-inch diameter Lexan tube
equipped with either a ball check or a piston head will be used. The coring device must be advanced
manually into the underlying sand/gravel/clay layer, which should serve as a “plug” for the cores. Field
sampling personnel must be able to recognize penetration of the underlying consolidated layer based on
an increase in resistance to manual pushing, prior to refusal. The bottom of cores will be capped before
breaking the water surface. Sediment recovery will be measured upon retrieval of each core, and after
gravity settling. Overlying water will be drained from cores prior to processing, which involve splitting
the cores on a flat surface for examination and logging. Draining will be performed by drilling small
holes in the coring tubes at the top of the cohesive sediment layer, to avoid loss of “flocculent” fine-
grained particles. If a “flocculent” layer is evident, it may have to be subsampled from the top of the core
tube in an upright position, to avoid sloughing and mixing with underlying soft sediments during
processing. A composite sample will be collected from each distinct layer; including the underlying
native sand/gravel/clay layer. If distinct “flocculent,” “sludge,” and “sandy” layers are subsampled, the
upper two layers will be analyzed for arsenic; the underlying sandy layer will be archived for possible
analysis (69 samples estimated). The data will be used to assign a binary designation to identify samples
as either exceeding the arsenic Performance Standard or not exceeding the Performance Standard for
arsenic (i.e., samples with arsenic in excess of 273 mg/kg in either the flocculent or sludge layers
(collectively, the soft sediment) versus samples with less than 273 mg/kg arsenic in soft sediment). All
samples will be analyzed for total iron to evaluate fate and transformation of COCs.

HBHA Pond sediments will be freeze-dried as part of the sample preparation for arsenic and total iron
analysis. Freeze drying increases solids content and will be implemented in order to eliminate the need to
reject non-detect results (for samples with less than 30 % solids) or all results (for samples with less than
10 % solids), per the 1996 Region | Validation Guidelines. Additionally, freeze-dried sediments will be
stored frozen, extending holding times up to 1 year.

For non-compliant sampling cells (i.e., cells having an arsenic concentration exceeding 273 mg/kg in soft
sediments), the soft sediment layer, which may or may not include distinct flocculent and sludge layers,
will be composited and archived for possible measurement of the following geotechnical

properties on select samples once the scope of sediment dredging is better defined (e.g., following
completion of PDI-3 and other investigations):

Water content

Grain size (sieve and hydrometer)
Atterberg limits

Organic content (loss on ignition)
Specific gravity

Five to ten samples will be submitted for geotechnical analyses described above.

Samples for Treatability Tests: Up to three bulk composite samples (minimum 25 gallons) will be
collected (by piston core or other means) from more than one sample location where the Performance
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Standard is exceeded for up to four types of treatability testing. A decision on which non-compliant cells
to composite from will be made based on the results of the geotechnical testing above. The type of
treatability test performed will depend on the characteristics of the sediment and the disposal location for
the sediment. Each of the four tests, as described below, is proposed as a possible candidate for the bench
scale testing. After the Pond characterization testing is complete, one or more of the tests could be
excluded if the sediment characteristics indicate no need for the test (e.g., if the sediment is sand, there
would be no need for a settling test). These additional bulk composite samples will also be analyzed for
the geotechnical parameters listed above.

The bench-scale treatability includes testing to assess the dewatering of the Pond sediments using a
passive dewatering pond (large-diameter settling test), geotextile bags, or recessed chamber filter presses.
The bench-scale treatability also includes solidification testing to determine the effect of different
solidifying agents on the sediment from the Pond.

A Large-diameter Settling Test - The large-diameter settling test measures the rate at which fine
solids (smaller than 100-micron) will settle in a pond under quiescent conditions. The procedure
for the large-diameter settling test is contained in the United States Army Corps of Engineers
Engineering Manual, Confined Disposal of Dredged Material (EM 1110-2-5027, excerpt in
Attachment C2 to this FSP).

A figure showing the settling column is contained in the excerpt in Attachment C2. The settling
column is an 8-inch diameter clear polyvinyl chloride (PVC) tube with a detachable bottom
section. The tube is suspended from the ceiling by hooks during the test. The detachable bottom
section contains a three-inch diameter drain and a mechanism to agitate the test dredge slurry
using compressed air. The clear column has sampling ports spaced at 6-inch intervals starting 6-
inches from the top of the column for the recovery of water samples at different heights during
the test. The column holds approximately 15 gallons of sediment and water mixture.

The test is run by mixing sediment into water at the expected solids concentration that will occur
during dredging.

An interface between the slurry and clear water is measured over time to determine the drop in
height of the interface. The settling rate of the sediment and the solids content of the settled
solids are recorded during the test and are used to size a hydraulic containment facility for the
sediment, predict the size of the containment needed to store the sediment, and to assess the likely
solids content (and/or the water quality) of discharge water from the containment facility.

B. Hanging Tube Test (Koerner 2005) - To test the dewatering characteristics of pond sediment in a
geotextile tube, a one-foot diameter tube of fabric is hung from a frame and filled with 20% solids
slurry (approximately 5 gallons) of the sediment. A single geotextile fabric similar in physical
properties to fabric used on fine sediment dewatering projects at other sites will be used to test
each sample. The drainage rate and water quality will be measured as described in Koerner and
Koerner (2005), included in Attachment C2 to this FSP. In addition, to the procedure described
in Attachment C2, solids content of the material in the bag will be measured at 1-day, 7-days,
14-days and 28-days after filling the tube. The water content samples will be removed from the
center of the sediment column in each bag using a thin tube sampler to recover the entire depth of
the sediment.

Some of the 20% solids slurry sample may be treated with a cationic polymer during mixing to
simulate the improved solids retention that is likely with flocculated solids.
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American Petroleum Institute (API) Filtrate Loss Test (APl 13A, American Society for Testing
and Materials [ASTM] D5891) - The procedure as published by API is described in Section 4.5
of the procedure included in Attachment C2. The API filtrate loss test is conducted to determine
the dewatered characteristics of sediment that is dewatered by pumping sediment into a chamber
of a recessed chamber plate and frame filter press.

For the HBHA Pond sediment, the sample will first be de-sanded to remove the particles that are
coarser than approximately 100 microns. The sample will then be slurried at 5 to 7.5 % solids by
weight and treated with cationic polymer to thicken the slurry to 20 to 25 % solids (thicker if
possible in the thickening step). This pretreatment of the sediment models the removal of sand by
hydrocyclones or screens prior to filter pressing and the addition of polymer to thicken the solids
and remove free water prior to press operations.

The API filtrate loss test apparatus will have a 5-micron filter paper installed in the base, the test
cylinder will be filled to within /, inch of the top and the top will be installed and clamped in
place. The test will be run using compressed air for pressurizing the apparatus to 60 to 80 pounds
per square inch (psi). Drainage of water from the test apparatus will be measured during the test.
The test will be allowed to run for 30 to 60 minutes depending on the amount of continued
drainage.

After the test is completed, the shear strength of the filtrate will be measured with a hand torvane
and the solid residual will be removed and tested to determine the solids content and unit weight
(based on the assumption of full saturation). The properties after testing will be compared to the
properties of the fine sediment prior to the test and estimates of the sediment condition for
landfilling will be made from the test results.

Solidification Test - The goal of this testing will be to determine what solidifying agents and
weights of agents will cost effectively improve handling and disposal properties of the sediment.
Solidification testing is performed on the homogenized sediment removing only the very largest
particles prior to the test. The testing will include the use of quick lime, Portland cement, and
other agents that may be readily available in the Boston metro area.

The test procedure using plastic cups is as follows:

1. A quantity of the hand mixed sediment adequate for the production of three test cups of
mix is removed from the sediment pail.

2. The removed sediment is mixed in a stainless steel bowl and three water content samples
are taken to determine the starting water content (solids content).

3. A quantity of the sample that is larger than required to fill one test cup is weighed and
placed in the mixing bowl of a mixer.

4. The appropriate weight of solidification agent is added to the bowl and is mixed for
30 seconds.

5. The mixed sediment is then placed into a 16-0z plastic cup and weighed to determine the
starting weight of the solidified sediment.

6. The plastic cup is nested in a styrofoam cup to limit heat loss from the sides of the cup,
but remains open on the top.

7. Twenty-four hours later the weight of the solidified sediment is taken again and the
strength of the mixture is measured using a pocket torvane.

8. After the torvane test, a water content sample is taken and the remainder of the sample is
subjected to a paint filter test.

9. During the paint filter test, the tabletop on which the samples sits is vibrated for

30-minutes to simulate the effects of transportation in a dump truck box.
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10. If the sample loses water, the sample is recorded to have failed the paint filter test.

It is expected that at least three combinations of different weights of sediment will be used for
each sample (i.e., 5%, 7.5%, and 10% by wet weight).

Preliminary Waste Disposal and Water Treatment Characterization: To assist in evaluating
management/disposal options for dredged sediment, approximately three bulk composite samples of
sediment that has been subjected for treatability testing will also be analyzed for the following Resource
Conservation and Recovery Act (RCRA) waste disposal characteristics:

TCLP Metals
Corrosivity
Reactivity
Ignitability
Paint Filter Test

In addition, effluent from successful dewatering tests will be sampled for COCs to determine the need for
designing wastewater treatment. It is anticipated that the dredging design will include returning
dewatering effluent to the Pond, with or without treatment as determined by sampling up to nine effluent
samples (three bulk samples and three dewatering tests) for the following analytes:

Dissolved Arsenic

Particulate Arsenic (measured as the difference between total and dissolved)
Benzene

Ammonia

Laboratory methods for sample preparation and analysis of the above parameters are listed in
Tables 3.1.1.2-1 and 3.1.1.2-2.

3.1.2 PDI-3: Groundwater Investigation

PDI-3 was developed to evaluate groundwater contamination related to the design of the primary and
secondary treatment cells, to evaluate plume stability over time, to assist in the development of the
environmental monitoring plan, and to assist in determining the extent of the surface area potentially
subject to groundwater ICs (PDI-12). The data collected under this PDI will also assist in the design of
impermeable caps (PDI-10) and in the ammonia background evaluation (PDI-14).

As this PDI includes a focused (smaller scale) assessment of groundwater discharge in the vicinity of
HBHA Pond as well as a larger scale groundwater investigation, PDI-3 is subdivided into 2 parts:
PDI-3A Groundwater Discharge to HBHA Pond, and PDI-3B Sitewide Groundwater Plume Investigation
as described below.

3.1.2.1 PDI-3A: Groundwater Discharge to HBHA Pond

The goal of this PDI will be to:

m Delineate the horizontal extent of the contaminated groundwater plume discharging into the Pond
above surface water Performance Standards for site COCs
m Define the location of the cofferdams for the purpose of containing the COCs within the Pond

11



DRAFT
A Investigation Approach

To evaluate the area of current contaminated groundwater discharge, a groundwater investigation will be
conducted along both the eastern and western shoreline and along the centerline of HBHA Pond in three
phases. Phase | consists of groundwater profiling at thirteen locations along the eastern and western
shoreline of the HBHA Pond as shown on Figure 3.1.2.1-1. As part of the Early Action Remedial Design
Activities conducted in accordance with the 13 August 2008 letter submitted by de maximis inc. to EPA
six groundwater profiling locations have been completed along the eastern shore of HBHA Pond.
Therefore seven additional profiling locations are proposed in this work plan to complete Phase | of
PDI-3. Groundwater profiling on the eastern and western shoreline will be completed using direct push
technology (DPT) driving a groundwater sampling tool (e.g., GeoProbe™ groundwater profiler, Waterloo
Profiler™) and low-flow sampling methods to the extent feasible. Samples would be collected from the
water table to the top of bedrock or to a total depth of approximately 30 ft (based on MSGRP RI data for
depth to bedrock in the vicinity), whichever is less, at 10-ft increments using a sampler point with a 4 to
5-ft screened interval. Therefore at each location, groundwater samples will be collected at
approximately 5 to 10 ft (water table), 15 to 20 ft (near the depth of the bottom of HBHA Pond) and 25 to
30 ft (below the Pond) or refusal, whichever is encountered first.

Phase 11 will involve installation and sampling of approximately nine temporary drive point piezometers
along the centerline of HBHA Pond as shown on Figure 3.1.2.1-1. Drive point piezometers will consist
of a drive-point device (e.g., Solinst Model 615 Drive-Point Piezometer) with a 1-ft screen driven a
minimum of 2 ft into the sand underlying the recent sediments in the Pond. Groundwater samples will be
collected from each piezometer and submitted for analysis of site COCs. Based on the groundwater
analytical results it is anticipated that up to four piezometers will remain in place up to one year after
installation to help evaluate gradients between the groundwater and surface water along the centerline of
HBHA Pond. The drive point will be fixed with HDPE tubing that is attached to buoys at the water
surface. The tubing will be sealed with a sampling port at the surface.

Phase I11 will involve the installation of five monitoring well pairs along the eastern shore, western shore,
and northern portions of the HBHA Pond to evaluate seasonal fluctuations in groundwater discharge and
determine vertical gradients. The data collected during Phase | and Il will determine the number required,
locations, and the depth of the screened intervals of these monitoring wells. The monitoring wells
installed along the shoreline will be 1-inch diameter wells with either a 5 or 10-ft screen depending on
depth, installed with a DPT rig.

B. Sampling and Analysis Methods

Sampling and analysis methods for groundwater collected as part of PDI-3A are summarized in
Tables 3.1.2.1-1 and 3.1.2.1-2.

1. Phase | Groundwater Profiling - Phase | explorations will be conducted in north-south transects
along the eastern and western shoreline of the Pond extending south of the known limits of
contamination (Figure 3.1.2.1-1). Groundwater profiling will be completed using direct push
technology (DPT) driving a groundwater sampling tool (e.g., GeoProbe™ groundwater profiler,
Waterloo Profiler™) and low-flow sampling methods to the extent feasible. Samples would be
collected from the water table to the top of bedrock or to a total depth of approximately 30 ft,
whichever is less, at 10-ft increments using a sampler point with a 4 to 5-ft screened interval.
Therefore at each location, groundwater samples will be collected at approximately 5 to 10 ft
(water table), 15 to 20 ft (near the depth of the bottom of HBHA Pond) and 25 to 30 ft (below the
Pond) or refusal, whichever is encountered first.

All groundwater samples will be submitted to the fixed laboratory for analysis of arsenic (total and
dissolved), ammonia, ammonia by-products including nitrates, nitrites, and total nitrogen
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(including TKN), benzene, 1,2-dichloroethane, trichloroethene, naphthalene and total iron
(unfiltered). Groundwater samples will also analyzed in the field for ferrous iron using a Hach
Spectrophotometer. Sulfate, biochemical oxygen demand (BOD), chemical oxygen demand
(COD) and total alkalinity will be collected at two groundwater profiling locations along the
eastern shoreline and two groundwater profiling locations along the western shoreline of HBHA
Pond. Conventional water quality parameters (dissolved oxygen (DO), pH, temperature, specific
conductivity, ORP) will be collected using a multiprobe and a flow-through cell during purging.
Turbidity will be measured using a separate Hach turbidimeter. Analytical parameters are
summarized in Tables 3.1.2.1-1 and 3.1.2.1-2.

A total of thirteen profiling locations are planned as shown on Figure 3.1.2.1-1. Note that six of
the profiling locations (DP-1 through DP-6) along the eastern shoreline of HBHA Pond were
completed in March 2009 consistent with the scope described in a letter to EPA dated 13 August
2008 from demaximis with the subject “Early Action Remedial Design Activities Industri-Plex
OU2 Superfund Site, Woburn, MA.”

Phase Il Barge-mounted Groundwater Sampling HBHA Pond - Phase 11 will consist of collecting
groundwater samples from the aquifer beneath HBHA Pond. Groundwater samples will be
collected from nine locations in HBHA Pond as shown on Figure 3.2.1.1-1 to supplement Phase |
results. As the groundwater flow paths will be upward toward the Pond bottom, one sample will
be collected from each location. A drive-point device with a 1-ft screen will be driven a
minimum of 2 ft into the sand underlying the recent sediments in the Pond. This waterborne
phase will be coordinated with barge-mounted investigations planned for other remedial
components (e.g., cofferdam), to the extent practicable. Based on the groundwater analytical
results it is anticipated that up to four piezometers will remain in place up to one year after
installation to help evaluate gradients between the groundwater and surface water along the
centerline of HBHA Pond. The drive point will be fixed with HDPE tubing that is attached to
buoys at the water surface. The tubing will be sealed with a sampling port at the surface.

Samples will be analyzed consistent with Phase I (Tables 3.1.2.1-1 and 3.1.2.1-2). Sulfate and
alkalinity will be collected at two of the HBHA Pond locations. Conventional water quality
parameters (DO, pH, temperature, specific conductivity, ORP) will be collected using a
multiprobe and a flow-through cell during purging. Turbidity will be measured using a separate
Hach turbidimeter.

Phase Il Installation of Monitoring Wells - Following completion of Phase | and 11, up to five
monitoring well couplets will be installed along the shoreline of HBHA Pond to allow seasonal
monitoring of the contaminated groundwater discharge in the vicinity of HBHA Pond as shown
on Figure 3.1.2.1-1. The data collected during Phase I and Il will determine the number required,
actual locations, and the depth of the screened intervals of these monitoring wells. The
monitoring wells installed along the shoreline will be 1-inch diameter wells with either a 5 or
10-ft screen depending on depth, installed with a Direct Push Rig. At each couplet location the
shallow well is anticipated to be installed at approximately 15 ft bgs and the deeper well is
anticipated to be installed at a depth of 30 ft bgs.

Monitoring wells will be sampled on a quarterly basis for one year to evaluate seasonal variability
in groundwater gradients and chemistry. Samples will be analyzed for arsenic (total and
dissolved), ammonia, ammonia by-products including nitrates, nitrites, and total nitrogen
(including TKN), benzene, 1,2-dichloroethane, trichloroethene, naphthalene, ferrous and total
iron (unfiltered) as well as water quality parameters as described in Phase I.
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3.1.2.2 PDI-3B: Sitewide Groundwater Plume Investigation

The various hide piles located in Industri-plex OU1 represent a significant source of the groundwater
plumes observed at the Site; however, there are no permanent monitoring wells to evaluate how the
plumes may be changing over time. As groundwater discharge is the most significant known contribution
of contaminants to HBHA Pond, the design of the final remedy needs to contemplate potential changes in
the strength and location of the groundwater plumes over time. The goal of this PDI will be to address
the following:

m Time-series data for the COC’s at select locations to assist in the design of the final remedy for
the Pond

m Define portions of the Site requiring ICs to prevent exposures to groundwater

m The design of a long-term groundwater monitoring network

These goals will be achieved by conducting a Snap-shot groundwater sampling program and installation
of several permanent monitoring wells at the site as described in the following sections.

Snap-Shot Groundwater Sampling Investigation
A Investigation Approach

To evaluate the stability of the groundwater plume, we propose conducting a Snap-Shot groundwater
investigation along several transects between the East Hide Pile (EHP) and WHP and HBHA Pond. As
discussed during a meeting with EPA on January 22 2010, these transects were developed to partially
coincide with previous Groundwater/Surface Water Investigation Plan (GSIP) sampling events completed
in 2001-2002 to evaluate if there have been measurable changes in contaminant concentrations at these
locations. Further, the locations take into account that data is available for monitoring locations managed
by Olin Chemical and the Woburn Landfill. Figure 3.1.2.2-1 shows the locations of the proposed
sampling transects and the 24 snap-shot sampling locations.

B. Sampling and Analysis Methods

The Snap-shot groundwater investigation will be completed using DPT driving a groundwater sampling
tool (e.g., GeoProbe™ groundwater profiler, Waterloo Profiler™) and low-flow sampling methods.

Samples would be collected from approximately 5 ft below the water table. Conventional water quality
parameters DO, pH, temperature, and specific conductivity,) will be collected using a multiprobe and a
flow-through cell during purging. Turbidity will be measured using a separate Hach turbidimeter.
Samples will be submitted to a fixed lab for analysis of total and dissolved arsenic,

benzene 1,2 dichloroethane, trichloroethene, naphthalene, and ammonia. Sample analyses are
summarized in Tables 3.1.2.2-1 and 3.1.2.2-2.

Monitoring Well Installation
Monitoring well installations are proposed at several locations where groundwater contamination was
known to exist previously. Three wells are proposed in support of PDI-9 (see section 3.2 for more

detailed description) and three monitoring well couplets are proposed between the hide piles and HBHA
Pond.
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Investigation Approach

Monitoring wells will be installed using a cased borehole and drive & wash techniques.
Boreholes will be advanced by driving 4-inch diameter casing. Soil will be flushed from within
the casing using a rollerbit and drill water. All wash water will be contained with wash tub
during drilling. Investigation derived waste (e.g., drill water and cuttings) will be managed in
accordance with OP3028 - Investigation Derived Wastes.

The well couplets will consist of a shallow well (e.g., 10 to 20 ft bgs) and a deep well

(e.g., 25 to 35 ft bgs) which is consistent with the depth intervals samples during MSGRP RI
work performed in these areas. Monitoring wells will consist of 2-inch diameter schedule-40
PVC with machine slotted well screens. Screened sections will be backfilled with filter sand
approximately 1 to 2 ft above the top of the screened section. A minimum 2 ft thick bentonite
seal will be placed above the sand pack and the remainder of the borehole will be backfilled with
bentonite grout. The well will be completed at the ground surface with either a flush-mount
roadway box or with a protective casing such as a guard pipe and padlock depending upon site
conditions. A reference mark (e.g., notch) will be made on the top of the PVC riser that will be
surveyed and used for determining depth to groundwater measurements. Following installation
monitoring wells will be developed in accordance with Operating Procedure: OP3009 Monitoring
Well Development Procedure.

Sampling and Analysis Methods

It is anticipated that one round of groundwater samples will be collected during the Pre-Design
phase. Groundwater samples will be collected from monitoring wells using low-flow sampling
methods to the extent feasible. Conventional water quality parameters (DO, pH, temperature, and
specific conductivity, ORP) will be collected using a multiprobe and a flow-through cell during
purging. Turbidity will be measured using a separate Hach turbidimeter. Samples will be
submitted to a fixed lab for analysis of total and dissolved arsenic, benzene 1,2 dichloroethane,
trichloroethene, naphthalene, and ammonia. Sample analyses are summarized in Tables 3.1.2.2-1
and 3.1.2.2-2.

PDI-4: HBHA Pond COC Transformation Processes & Studies

This PDI further evaluates the COC transformation processes within the HBHA Pond and how these
processes may be enhanced in the primary and secondary treatment cells designs. The primary goals of
PDI-4 include:

Improve understanding of the COC (ammonia, arsenic, and benzene) contribution, distribution,
and mixing in the water column in HBHA Pond (particularly above, below and across the
chemocline) caused by groundwater and surface water discharges, as well as sediment diffusion
Estimate COC transfer from deep to shallow surface water in the HBHA Pond and COC
contribution and transfer from shallow surface water which may require treatment in the
secondary treatment cell (and where appropriate the shallow surface water above the chemocline
in the primary treatment cell)

Estimate hydraulic residence time information under various flow and/or weather conditions for
remedy design

Identify COC transformation processes and rates of reaction which may be enhanced in the final
design of the primary and secondary treatment cell

Collect multi-depth water quality profiling data throughout the HBHA Pond to support this PDI
and others such as PDI-8, -15 and -16
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L Collect data to further understand the potential impact of various surface flows, temperature,
wind, sun, etc., on the chemocline relative to the final design of the remedy
m Evaluate potential field monitoring equipment and accuracy (e.g., temperature, pH, conductivity,

DO, ORP, ferrous iron, and ammonia)

The data generated under this PDI will be considered in the Northern Portion of HBHA Pond

(e.g., primary and secondary treatment cells) component design of the selected remedy, including the
design and location of any surface water flow controls to adjust (as appropriate) residence time within the
primary and/or secondary treatment cells.

3.1.3.1 PDI-4A: Estimating Residence Times

The purpose of PDI-4A is to obtain quantitative data relative to hydraulic residence times in the HBHA
Pond.

The objectives of this PDI are to:
m Estimate residence times of water from Halls Brook and AAD (if flowing)? to the Pond to the

outlet of the Pond, and estimate the relative contribution of surface water from each of the inlets
at the outlet (i.e., dilution).

L Estimate the diffusion rate of a conservative Fluorescent Dye Tracer (FDT) from below the
chemocline to above the chemocline (mass transfer across the chemocline boundary).
L Collect data suitable to verify the hydrodynamic model (see PDI-8) by the measurement of FDTs

in selected areas of the HBHA Pond and the HBHA Wetland.
A Investigation Approach

A bench test was conducted by Ozark Underground Laboratory, Inc. (OUL) in April 2009 to evaluate the
types of dyes that could be used in the HBHA Pond and surface water inlets. The bench test evaluated
water collected from Halls Brook, the HBHA Pond water below the chemocline and the HBHA Pond
water above the chemocline. The bench test also included a test to evaluate the effectiveness of the
granulated activated carbon (GAC) packets in adsorbing the dyes and then releasing them into the eluting
solutions in the laboratory. Results of the bench test are included as Attachment C3. Based on the results
of the bench test, OUL identified three dyes that can be detected using the GAC packets, including
fluorescein, eosine and rhodamine WT. In order to detect the dyes within the HBHA pond, the dye
concentration of the HBHA pond will need to be 1 ug/l (ppb) fluorescein, 5 ppb eosine, and 20 ppb
rhodamine WT.

During the test, a single slug of the appropriate amount of dye (based on the then current flow) will be
released into each inlet upstream of the mouth to allow adequate mixing before the dye slug enters the
HBHA Pond. The water below the chemocline will be dosed at the deepest point of the north basin.
Surface water samples will be taken at two locations (the Pond outlet and HBHA Wetland outlet)
following the release of the fluorescent dye. Dye will be absorbed by GAC packets located at three
locations along six east-to-west transects across the HBHA pond and at three depths at each location, and
submitted for analysis. The details of the FDT are described in more detail below.

Sampling and Analysis Methodology - The first task, the bench-scale test, was conducted in April 2009
as described above, and attached as Attachment C3. Based on this bench test, there is some ability of the
natural pond water to quench the fluorescence of all three dyes; however the amount of quenching does

2ROW No. 9 drainage culvert is excluded since it does not exhibit significant flows due to Pond backwater effects.
If in the future a better understanding of the discharge from ROW No. 9 becomes necessary, ROW No. 9 could be
included in the tracer tests or a subsequent test.
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not reduce the utility of the three dyes. Over a period of 8-days the dyes are stable in the HBHA pond
water. In order to achieve the desired dye concentrations in the pond during the test, it proposed that dye
will be mixed on-site using water from the injection location and mixed with 10% dye solution. In order
to minimize density driven flux, the injected dye and water mix will be such that the specific gravity of
the mix will be about the same as the specific gravity of the pond water. Further, since source water from
the surface water of HBHA pond will be used on-site to mix the dye, there will be a negligible
temperature gradient of the injected dye mix. Details of the bench test and the testing of the GAC
packets are included in the OUL bench test in Attachment C3. Sampling and analysis methods are
summarized in Tables 3.1.3.1-1 and 3.1.3.1-2.

Once one of the three dyes is selected for each individual surface water inlet, discharge measurements
will be taken near the mouth of each surface water inlet to the HBHA Pond, as well as at the outlets of the
Pond and the wetland at Mishawum Road. For the dye tracer study, a single slug of the appropriate
amount of dye (based on the then current flow) will be fed (over a period of approximately 10 minutes)
into each inlet upstream of the mouth to allow adequate mixing before the dye slug enters the HBHA
Pond. The water below the chemocline will be dosed at the deepest point using a submerged horizontal
diffuser device that will be engineered to distribute the FDT in the north basin. Surface water samples
will then be automatically collected at discrete intervals (based on the flow measured during the test) at
the inlets using an 1SCO sampler at the Hall’s Brook inlet (ISCO-1)?, the outlet of the HBHA Pond
(1ISCO-2), and the HBHA Wetland culvert at Mishawum Road (ISCO-3).

Dye will also be collected passively by adsorption onto GAC; the GAC packets will be suspended (on a
tether with an anchor and buoy) at consistent depth intervals (two in the water above the chemocline and
one in the water below the chemocline) and at consistent locations throughout the Pond. At the deeper
sections of the pond, two GAC packets will be suspended above and two will be suspended below the
chemocline. The GAC will absorb the total amount of dye that passes through the packet at the particular
depth at which they are deployed. Numerous studies by OUL have shown that the GAC packets retain
their absorptive capacity (one acre/packet) in the field under extreme conditions. The bench tests
described previously evaluated the absorptive capacity of the GAC packets using water obtained from the
Site. Six east-to-west transects will be located with three buoys per transect (see Figure 3.1.3.1-1).

Based on OUL’s experience in both the lab and the field, the packets provide better overall resolution
than grab samples taken at discrete intervals when deployed according to SOPs (see attachment C1)
because the packets represent an integrated sample over the deployment period. Both the discrete ISCO
water samples and the GAC packets would then be sent to OUL for extraction and measurement of the
fluorescent dyes.

If the GAC packets are replaced at regular periods (e.g., every 1 or 2 days), the data gathered from the
extracted dye(s) may provide a quantitative estimate of the distribution of each individual FDT and
represent a quantitative integration of mass flux at the monitoring location. The ISCO data on the Pond
effluent will provide a quantitative measure of the dyes concentration/mass flux (combined with flow rate
data). These data can be used to determine the residence time associated with water originating from
each of the compartments where dye is released and estimate dilution (i.e., relative contribution) of water
from each of the inlets to the Pond. Combined, these two types of information (GAC packets and ISCO
data) improve understanding of the Pond hydrodynamics (i.e., the stagnant parts of the Pond vs. those
portions of the Pond that exhibit the greatest flow contribution and potential short circuiting), as well as
associated residence time and dilution.

If necessary, an additional optional FDT study could be completed during the winter months. Although
efforts will be made to reduce environmental variability between each dye test, it is generally accepted
that no two dye studies are alike. To the extent additional tests are performed, information gained from

® The purpose of ISCO-1 is to gather data from the dye release in Halls Brook before it enters the Pond, and will
only be operated at the beginning of the FDT during the initial dye release step.
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the initial tracer study will be considered and small changes may be made (e.g., changes in the dosing
rate, dye concentration, or both) to make sure that the subsequent tests result in a more effective data set.
Some tests may also be performed without deployment of the GAC packets. These tests will be aimed at
determining residence time and dilution only, or could be used for the initial test to optimize execution of
test protocols.

As a safety measure during inclement weather (e.g., storm events), preprogrammed submersible water
quality sondes will be employed to assess the magnitude and extent of chemocline disruption caused by
storm water flow rather than an FDT study. These sondes will be deployed in accordance with PDI-4C
described in more detail below.

3.1.3.2 PDI-4B: COC Transformation Processes

Ammonia is one of three COCs which the selected remedy requires to be removed or reduced in
concentration in the Pond. As summarized in Section 2.3 of the RDWP, the fate and transport mechanism
for arsenic is established and benzene transformation is rapid based on the low benzene concentrations
observed in the surface water above the chemocline. Ammonia transformation pathways and rates of
reaction in the Pond are not currently fully understood; a clear understanding of ammonia processes is
necessary to optimize and enhance ammonia removal in the Pond and designing a remedy that does not
have a deleterious affect on ongoing remedial (i.e., biodegradation) processes. To this end, PDI-4B is
designed to achieve the following two objectives:

L Identify the dominant ammonia fate and transformation pathway(s)
L Derive an empirical estimate of the ammonia transformation rates*

PDI-4B consists of the following: sediment and surface water samples for microbial analyses and bench-
scale microcosms. In order to validate the observations and further enhance the data required for the
remedial design, a two step plan is proposed.

1. Step 1 - Basic Surface Water Monitoring and Microbial Testing: In the first step, nitrogen
species data from surface water sampling at the inlets, outlet, and within the Pond that is gathered
in various other PDIs and studies (PDI-4C and the Surface Water Monitoring Plan (SWMP)) will
be evaluated. In addition to these data, the microbiological populations present at several
locations in the Pond will be assessed to reveal the dominant ammonia transformation
pathway(s). This assessment will be accomplished by collecting and identifying bacteria (by
genetic testing) to determine which bacteria involved in the nitrogen cycle are present (refer to
Figure 3.1.3.2-1). For example, this portion of the testing will investigate the presence of
ammonia-oxidizing bacteria (AOB) that oxidize NH; or NH," to NO,’, and nitrite-oxidizing
bacteria (NOB) that oxidize NO, to NOj3', and anammox (bacteria that anaerobically oxidize NH;
or NH," to N, gas).” The relative abundance of ammonia-degrading bacteria may be assessed
using real-time quantitative polymerase chain reaction (qPCR) target assays developed for
ammonia-oxidizing bacteria. In addition, denitrifying bacteria will be performed if a method
becomes available. To evaluate which pathway(s) (if any) dominate below or above the
chemocline, samples will be collected and analyzed to quantitatively measure the response of the
total bacterial community and the nitrogen cycling bacteria. Sampling and analysis methods are
summarized in Tables 3.1.3.2-1 and 3.1.3.2-2.

* Ammonia transformation rates will be evaluated to the extent ammonia is being transformed rather than diluted

(Note: other PDIs collect data to support mass balance estimates and verification of the magnitude of ammonia loss

through mixing and outflow [dilution] rather than reaction).

5 - - - . - - . - - -
The relative abundance of the different ammonia-degrading bacteria will be assessed using real-time quantitative

polymerase chain reaction (QPCR) target assays developed for ammonia-oxidizing bacteria using both DNA and

RNA.
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2. Step 2 —-Screening Level Bench-Scale Microcosm Study: We anticipate completion of a
screening level bench-scale microcosm study that will provide additional information on the
dominant ammonia transformation processes in the Pond. The Screening Level Microcosm Work
Plan is included in Attachment C6.

After Steps 1 and 2 are complete, the data will be evaluated to decide whether ammonia transformation
rates can be estimated from the available data.

A Investigation Approach

We will assess the microbiology present at several locations in the Pond to determine whether the
dominant ammonia transformation pathway occurs by ammonia-oxidizing bacteria or by anammox. The
proposed microbiological monitoring consists of sampling two media, as follows:

m Sediment: A surface sediment sample will be collected at each of the three monitoring stations
(north, central, and south) in the Pond. Sediment samples will be analyzed using gPCR for
functional genes related to AOB, NOB, and anaerobic ammonia oxidation bacteria (anammox).

m Surface Water: At the three monitoring stations (north, central, and south), a water sample will
be collected in the water above the chemocline, below the chemocline, and at chemocline
(i.e., at the interface between the two compartments). Water will be passed through a 0.2 micron
filter to collect the particulate fraction. Particulates will be analyzed using gPCR techniques
similar to sediment samples above.

The results provided will include the amount of total bacteria, and the relative proportion of bacteria in
each compartment of the nitrogen cycle (nitrification, denitrification), and anaerobic ammonia oxidation
by anammox. The results will also include a ratio of total bacteria to each of these specific functional
bacteria in the Pond at the given depths and times.

3.1.3.3 PDI-4C: Surface Water Profiling
A Obijectives

PDI-4C is designed to collect data regarding the variability and sensitivity of the chemocline in the
natural setting (i.e., prior to remedy construction) and water quality in the Pond. To this end, a
combination of 1) permanent fixed conductivity, temperature, depth (CTD) sensors with data logging
capability will be deployed at various locations and depths in the Pond; 2) surface water sampling for
base and storm flow conditions on a similar frequency/schedule as the SWMP; and 3) meteorological
station data to correlate weather conditions with these two preceding data types, as further discussed
below. The intent is to have data representative of water quality entering, within, and leaving the Pond
for a given monitoring event, and the associated weather during and between such events.

B. Technical Approach and Monitoring Program
The technical approach to PDI-4C consists of three main elements: real-time field water quality
monitoring in the Pond, periodic water quality sampling in the Pond, and collection of meteorological

data adjacent to the Pond. These three components are presented below.

Field Water Quality Monitoring

Field water quality within the Pond will be monitored by installing and collecting data from three fixed
surface water monitoring stations configured with conductivity, temperature, and depth probes (CTD
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probe stations®) with data logging capability. These locations include RM-1 at the north, RM-2 at the
south, and RM-3 in the middle of the Pond (see Figure 3.1.3.3-1). These locations may be adjusted to
further support PDI-15 and -16. The three fixed CTD stations will be established as vertical monitoring
stations within the HBHA Pond, the depth configuration of which is described in more detail below.

The depth configuration or vertical intervals at each of the three monitoring stations (RM-1, -2, and -3)
have been established based on the approximate chemocline depth measured during the Early Action data
collection phase. Generally, the chemocline depth and water quality differences (above and below the
chemocline at a given location) measured below water surface varies by location (e.g., the chemocline at
RM-1 is typically shallower and more abrupt in the transition compared to RM-2). To capture sufficient
vertical data density proximal to the chemocline, we propose arranging the CTD sensors at 25 cm vertical
intervals in the vicinity of the chemocline, with CTD sensors approximately every 50 cm above and
below the interval where more dense CTD placement is proposed. Figure 3.1.3.3-2 has been developed to
show the chemocline depth variability and the proposed layout of the CTD sensors for each of the three
CTD stations.

To convert the CTD sensor measurements at various depth increments to an elevation, an electronic staff
gauge in HBHA Pond will be used to record the fluctuations in the water surface elevation. Subsequent
data reduction will provide a means to translate the measured chemocline depth below the water surface
to a consistent datum using the water surface elevation data.

It is anticipated that the CTD sensors will be deployed for a year, if possible, to capture the behavior of
the chemocline under various conditions, including seasonal effects.

Sampling Water Quality Profile

Surface water sampling will be conducted on a periodic basis’ to augment field data collected with the
CTD sensor array. Given the large database of existing data to correlate field measurements with fixed
laboratory data in the Pond, sampling and analytical work will only be performed at RM-1 and RM-2
(RM-3 will have CTD data to correlate water quality); see discussion below on which locations will be
sampled for fixed laboratory analysis.

Sampling the water quality profile includes depth discrete sampling in the water column in the Pond. To
supplement the existing data and provide a more complete water quality assessment, surface water
samples will be collected to profile the water column as follows (Tables 3.1.3.3-1 and 3.1.3.3-2).

m Sampling Locations - Two (2) locations in the Pond (RM1 and RM2), as shown on
Figure 3.2.2.3-1.

m Sampling Depths - Water samples will be obtained at intervals generally coinciding with the
CTD sensor depths (see Figure 3.1.2.3-2). Approximately nine or ten samples per location are
expected.

m Sampling Methods - Discrete surface water grab samples will be collected at each sample

location and depth described above using a peristaltic pump and tubing weighted at the bottom.

® Based on field observations to date, undesirable biological growth (e.g., biofouling) may occur on the sensors and
is thus a consideration for deployment and maintenance of the CTD sensors. The initial portion of the deployment
period for the CTD sensors may include a single location (e.g., at RM-1) to test and evaluate performance prior to
purchasing and installing the full complement of CTD sensors for all three locations.

" The trigger for a storm flow monitoring event will consider the types of storm events previously monitored. The
intent of the storm flow monitoring in PDI-4 is to collect profiling data during events of varying magnitude to
establish a baseline for a range of storms. Because the Settling Parties have collected several storms in the range of
2.5 or more inches of precipitation already, the storm-based sample event trigger under this PDI will be storms of
magnitude greater than approximately 2.5 inches, considering such factors as rainfall intensity, snowmelt, etc.
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The tubing will be lowered to the required depth and the tubing will be purged before collecting
the surface water samples. Attachment C1 provides surface water sampling SOPs.

m Analytical Parameters (Fixed Lab) - Samples will be transported under chain of custody
procedures to Alpha Analytical Labs and analyzed for the following parameters:
— arsenic (total and dissolved)
— nitrogen suite (ammonia, nitrate, nitrite, and TKN, which, when combined with ammonia

result for a given sample, allows for total organic nitrogen [TON] via calculation)®

— benzene
— total suspended solids (TSS)
— total iron (unfiltered)

L Sonde-based Field Parameters - In addition to fixed laboratory analytical parameters described
above, a full spectrum water quality sonde capable of collecting temperature, specific
conductance, dissolved oxygen, pH, ORP, and turbidity will also be used during sample

collection.

m Spectrophotometer Field Parameter - Ferrous iron will be analyzed in the field using a HACH
spectrophotometer.

m Frequency — Significant surface water quality profiling has been completed as part of the Early

Action activities at the Site, therefore limited supplemental data is necessary for design purposes.
It is anticipated that approximately 4 additional baseflow and 2 storm flow sampling events will
be completed under PDI-4C or as necessary to support other PDI activities in HBHA Pond.

Meteorological Station

A meteorological station (approximately 10 to 15 ft high) has been installed on land at the northern end of
the Pond as part of Early Action activities. This station is located in an upland area just north of the Pond
and has been collecting weather data including wind speed and direction, temperature, relative humidity,
barometric pressure and rainfall since July 2009. If it is within the electronic data storage limits of the
instrument, the data will be recorded in increments that are similar to the CTD sensors.

C. System & Data Management

Electronic data will be manually downloaded from each CTD sensor, the electronic staff gauge, and the
meteorological station on a regular basis according to the manufacturer’s recommendations for sensor
calibration and the integral data logging capability of the equipment. CTD sensors deployed in the Pond
will also be cleaned of any biomass on a routine basis before re-immersion in the Pond, as needed. The
data will be uploaded to a field-based laptop computer or other appropriate device. Each variable would
then later be tabulated and interpreted to locate the trends with depth and the relationship with weather
conditions, time of day, flow rates, and other relevant factors.

3.1.4 PDI-5: Tank Treatability Studies

PDI-5 includes treatability studies that will provide data to design the treatment component of the HBHA-
4 remedy described in the ROD. Given the likelihood that volatilization alone may prove insufficient in
providing the level of treatment necessary to achieve Performance Standards for ammonia, additional
testing has been included in this PDI to test the effects of biological degradation on ammonia present in
the Pond. Aerobic biological degradation of ammonia is typical in municipal and industrial wastewater
treatment, and it is viewed as the only other method for ammonia treatment that is technically practical.
The additional tests proposed in this PDI will give insight into additional mechanisms (e.g., anammox)

& Unless specifically stated otherwise, the standard nitrogen analytical suite (ammonia, nitrate, nitrite, and TKN (to
obtain TON)) excludes dissolved nitrogen gas (fixed nitrogen) and has been operationally defined as the “total
nitrogen” concentration when the applicable species are summed (nitrate + nitrite + ammonia + TON = total
nitrogen).
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that may increase COC removal. Enhancements to biological activity, including growth media and
nutrient addition, will also be tested.

The goal of this PDI is to provide the following design information related to removing ammonia, arsenic,
and benzene from the Pond water:

| Ability of volatilization alone to remove ammonia to meet the Performance Standards,
(e.g., assessment of the viability of the ammonia removal mechanism proposed in the ROD)

L Contribution of aerobic biological degradation to ammonia removal

| Estimate, where concentrations are above detection limits, the removal efficiency for benzene via
aeration from both volatilization and biological degradation pathways

m Assessment of the need for substrate to support microbial growth and nutrient requirements for
biological growth in the Pond if dispersed growth alone is not sufficient to meet Performance
Standards

m Volatilization or biological attenuation rates to allow sizing of the secondary treatment cell

L] Settling rates for arsenic

PDI-5 will utilize surface water drawn directly from the HBHA Pond and will be implemented during
summer/warm and winter/cold temperature conditions (sequencing depends on the approval date for this
PDI) to evaluate treatment of COCs under varying temperature conditions. The testing program
performed second (i.e., the test performed during the other season) may be modified or streamlined based
on the results of the first tank treatability test stage. In addition, pending the sequencing of

PDI-5 and the screening level microcosm bench-scale study mentioned in PDI-4B, PDI-5 may be
modified or streamlined, taking the results of preceding studies into consideration.

3.1.4.1 Investigation Test Apparatus

The test apparatus will be the same for the aeration/volatilization and biological tests and will consist of
the following:

L Two positive displacement pumps to extract water from above and below the chemocline (two
separate streams) from the northern portion of the Pond (see Figure 3.1.4.1-1), and transfer water
to the equalization tank in the testing area, at controllable flow rates. The position of the
chemocline will be identified by vertical profiling with a YSI sonde (or similar instrument; collect
data on DO, temperature, pH, specific conductance, ORP) in order to insure that water from the
desired depth is extracted for the tank treatability tests.

— Total flow from the Pond will exceed the total flow needed in the test tanks, and excess water
will be piped to the collection sump tank.

— Total suspended solids concentrations from the pump intake above the chemocline and below
the chemocline will be used to determine the appropriate pipe diameters for the two water
sources.

— If based on the data collected during the initial summer tests indicate that a winter test should
be conducted on site, we will evaluate measures to protect against temperature losses/gains
during the winter months.

— Transfer piping will be installed along the Atlantic Avenue Drainway and will be placed in
white PVC piping to help minimize temperature impacts during transfer to the equalization
tank.

L One equalization tank to provide relatively consistent feed to four test vessels (note that the
equalization tank will be mixed using an inline static mixer, in order to minimize the potential for
volatilization of ammonia or benzene prior to treatment).

L Four peristaltic feed pumps, to feed each of the test vessels at a controllable feed rate. The pumps
may not be identical based upon flow rates required to the test vessels (see Section 3.2.3.2).
= One custom-built four-compartment tank, with each compartment to serve as a test vessel.
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L One regenerative blower, to provide air flow to the test vessels. The blower shall be fitted with

the following:

— Piping to each of the tanks to deliver a range of air flow rates to the tanks as described in
Section 3.2.3.2

— A variable speed drive to control the overall speed of the blower and thus overall air flow rate

— Air rotameters with an integral high-resolution valve on the air piping to each tank, to control
and measure air flow to the individual test vessels

— Aventvalve to relieve excess air to the atmosphere to allow for balancing of air flow rates

— One or more perforated membrane fine-bubble diffusers (the quantity of diffusers will be
based on the desired air flow rate to the tank, and the ability of the dispersers to operate
properly at different air flow rates) to disperse the air through the tank and enhance oxygen

transfer
m Three chemical metering pumps, to feed phosphorus-based nutrients to the tanks, during Phase |1
of the biological testing (described below).
m One chemical tank to contain the phosphorus-based nutrients.
L One vertical settling tank with four sampling ports located at various depths along the straight

side of the tank. The influent piping on this tank will be connected to the effluent of the test tank
with the longest retention time (aeration phase) and the highest practicable aeration rate (see
below), and controlled with a gate valve. The tank will be used to analyze arsenic settling rates.

m Discharge Sump and Pump: Piping from each of the test vessels will feed a discharge sump,
which will contain water that will either be discharged to AAD or be pumped back to the Pond
away from the positive displacement pumps extracting water for the test, pending other activities
occurring in the pond at the time of the initial test.

L Various flowmeters, valves, water analysis meters, pressure gauges, and sample ports as need to
monitor test conditions.
= Building ventilation fans and heaters will be used as needed to maintain water tank temperatures

to approximately match typical pond conditions.

A preliminary Process Flow Diagram (PFD) of the test setup is presented in Figure 3.1.4.1-2. A layout of
the testing apparatus is presented in Figure 3.1.4.1-3.

3.1.4.2 Process Parameters

This section will define the operational parameters for PDI-5 and the rationale behind each of the
parameters. Calculations have been performed based on existing data, and may change prior to test
implementation based on data collected in the interim.

A Influent Water Quality Basis

Two main influent water quality conditions will be tested, including water representative of: 1) above the
chemocline; and 2) a mixture from both above and below the chemocline. The tests will be run in series
to reduce the amount of acclimation time related to interruptions in flow of source water, and to allow for
the scope of subsequent experiments to be modified from description herein based on preceding
test/experiment results. This will be important as the 30% Remedial Design schedule is set at 360-days,
and other in-pond PDI work will be suspended to the extent practicable while the tank treatability test is
running.

At least one of the test scenarios (the first Physiochemical Removal test) will be performed on a mixture
of waters from above and below the chemocline. The test is intended to simulate two conditions: 1) test
treatment of water with higher COC concentrations than may be currently present above the chemocline;
and 2) while potential disruption of the chemocline will be minimized as part of the remedial design,
testing for the treatment of Pond waters after a potential Pond mixing event. Testing
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aeration/volatilization at a higher ammonia concentration also allows greater analytical resolution because
the ammonia concentration in influent and effluent from the tank is expected to be significantly higher
than the method detection limit for ammonia. Chemical gradients are also larger when testing at a higher
ammonia concentration. As such, this test is expected to have a slight bias towards affirming
volatilization as a feasible approach; a negative outcome for this test will imply that ammonia at a lower
concentration cannot be removed by volatilization.

To estimate the “nominal” water quality for the mixture case, calculations were based on the volumetric
ratio of the waters above and below the chemocline in the Pond. The percentage of Pond volume which is
above the chemocline (estimated to be the top 200 cm of the water column) versus that below the
chemocline is estimated based on Pond bathymetry data taken from the Natural Attenuation Study (Ford,
2004). Based on the conceptual location of the cofferdams in the ROD (near the Halls Brook inlet), we
have estimated the primary treatment cell would contain volumetric ratio of approximately 88% from
above the chemocline and 12% from below the chemocline. Therefore, based on pond volume alone, a
mixture of 85 to 90% from above the chemocline and 10 to 15% from below the chemocline would be
representative of primary cell under mixed conditions, and will therefore be the mixture used for tests that
call for a mixture of water above and below the chemocline.

Average ammonia concentrations from the North Station (e.g., above the chemocline) are estimated at
12.7 mg/l, while average ammonia concentrations below the chemocline are 409.6 mg/l (Ford 2005b).
Using an 85% to 15% mixture of water above the chemocline to water below the chemocline, the
estimated volume-weighted average ammonia concentration of the mixture would be approximately

72 mg/l. This represents approximately a 5-fold increase over waters above the chemocline and an order
of magnitude increase over the average HBHA Pond outlet concentration of 7.8 mg/I.

B. Volatilization Test - Water Flow Rate / Retention Time

This test is designed to simulate what may potentially occur if an aeration system based on volatilization
was installed in the Pond. While there is currently no design finalized for the treatment cell, we have
estimated the dimensions of a conceptual treatment cell at 20 to 50 ft in length, in the 200 ft wide, 7 to

10 ft deep Pond. This provides a treatment volume ranging from 209,455 to 748,052 gallons. With Pond
discharge rates ranging from 404 to 6076 gallons per minute (gpm) (Tetra Tech NUS, Inc. [TtNUS], 2005
and pre-RDWP approval PDI data) during baseflow conditions, the calculated retention time within the
treatment cell could range from one-half hour (smallest treatment volume, highest flow) to over 30 hours
(largest treatment volume, smallest flow).

More likely retention times range from 2 hours (largest volume, largest flow) to 8 hours (smallest volume,
smallest flow). In order to evaluate the most likely residence times, the range of flows in the
volatilization test (using the 500 gallon nominal testing volume) range from 1.0 gpm (8 hour retention) to
4.2 gpm (2 hour retention). This range is reasonable for pump control during the test and data
extrapolation. Therefore, three separate flow rates will be used for testing purposes in the volatilization
test: 1.0 gpm (8 hour retention), 2.1 gpm (4 hour retention) and 4.2 gpm (2 hour retention).
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C. Volatilization Test — Air Flow Rate

Air flow rate in a full scale system will likely range up to 2,000 cfm, which would require several large
blowers (40 — 50 HP each). In a full-scale system, this would provide an air-to-water ratio (volume to
volume) of approximately 3 to 40, based on base flow through the Pond of approximately 400 to

6,000 gpm, as described above). To cover the full range in the tank treatability studies, the volatilization
testing will be performed at a total four air-to-water ratios: 5, 10, 20, and 30, which correlates to a range
in air flows from 0.7 scfm (1 gpm at a 5:1 air-to-water ratio) to 17 scfm (4.2 gpm at a 30:1 air-to-water
ratio) as shown in the table below.

WATER WATER 51AW | 101AW | 20:0AW | 30:1 AW
FLOW FLOW | AIRFLOW | AIRFLOW | AIRFLOW | AIR FLOW
RATE RATE RATE RATE RATE RATE
(GPM) (CFM) (CFM) (CFM) (CFM) (CFM)

1.0 0.134 0.7 13 2.7 4
2.1 0.281 14 2.8 5.6 8.4
4.2 0.561 2.8 5.6 11.2 16.8

TOTAL - 4.9 9.7 19.5 29.2

D. Volatilization Test — Settling Rate

When steady state conditions are met during the last volatilization test (e.g,. after 36 hours), discharged
water from Tank #2 will be diverted to the settling tank. This tank will have the highest retention time (8
hours) and highest air to water ratio (30:1 air to water ratio). This water will be diverted for
approximately 3.5 hours after the steady-state samples are taken to fill the 200 gallon tank. After the tank
is filled, samples will be taken from each of the four sample ports along the straight side of the tank (the
first, baseline event) and analyzed for arsenic (total and dissolved), as well as total suspended (TSS) and
total dissolved solids (TDS). This sampling process will be repeated every:

4 hours for the first two events (2 events)

12 hours for the next three days (6 events)

24 hrs (daily) thereafter for 4 additional days (4 events)
72 hrs (every three days) for the next 9 days (3 events)

The above monitoring includes a total of 16 events, performed over a period of about 17 days. If visible
precipitate forms in the bottom of the tank a sample can be collected using a peristaltic pump.

E. Biological Test — Water Flow Rate/Retention Time

Biological activity is expected to require longer retention times, so if biological processes are integrated
in the final design, the secondary cell will likely be larger. Therefore testing for biological degradation
will utilize retention times of 8 hour and 24 hours. As described above, flow rates would then equate to
1.0 gpm (8 hour retention in a 500 gallon tank) and 0.33 gpm (24 hour retention in the same tank).

F. Biological Test — Air Flow Rate
Air flow rates into the biological testing will use periodic adjustments of air flow rates in the test vessels
to provide an effluent oxygen concentration of 6.0 to 7.0 mg/l. The blower will be sized to provide 10

times the oxygen needed to provide this level of oxygen to the water or 1 liter per minute (0.033 scfm) at
8 hours retention time (1 gpm flow), and 0.3 liters per minute (0.012 scfm) at 24 hours retention.
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G. Biological Test — Biological Growth Media

The second phase of the biological testing will include an evaluation of the potential increase in biological
activity when a growth media is added to the treatment vessels. Lantec Products Inc, a leader in tower
packing and media, was contacted to identify a packing media product that would meet the needs of the
project from both a testing perspective and for full scale application. Lantec recommended their Q-Pac
product, a state-of-the-art medium for microorganism growth in fixed-film bioreactors. The structure
contains 30 ft? of surface area per cubic foot of media, which expands to 60 to 90 ft*/ft> when a biofilm is
present. The high void fraction (96.1%) resists fouling, and its shape promotes the sloughing of biomass.
The packing media will be manually placed into the treatment vessels in such a way that it remains
submerged during the testing. Data sheets and case studies for the use of Q-PAC in bioreactors are
presented in Attachment C4. Once the pre-design investigation is complete, the results will be used to
evaluate the feasibility of various media configuration technologies in full-scale application. In addition,
any full scale design will evaluate, as needed, multiple types of growth media that could be placed in the
Pond to achieve the required microbial growth. The final design could incorporate several different types
of growth media as well to achieve the performance goals.

H. Biological Test — Nutrient Addition

Current data indicates that biological growth in the Pond may be phosphorus-limited (Early Action
samples collected by Haley & Aldrich on 15 October 2009 at RM-1 contained total phosphorus at

0.056 to 3.31 mg/L and orthophosphate at non-detect to 0.009 mg/L). Typical ratios of nitrogen to
phosphorous (N:P) to support biological growth vary, but a ratio of 20:1 (N:P) is a generally accepted
standard for nutrient addition experiments; this ratio will be used for the tank treatability studies.
Therefore, an EPA-approved phosphorus-based nutrient will be added to the treatment tanks in Phase Il of
the biological testing at a rate of 5% of the influent ammonia concentrations (i.e., a ratio of 20:1 for N:P).
While the actual rate will be field verified, calculations indicate that this will be 0.5 mg/l for water above
the chemocline and 4.0 mg/I for the mixture of water above and below the chemocline subject to
adjustment based on measured ammonia.

3.1.4.3 Investigation Approach and Methods

The following investigation approach is organized in two subsections related to the two main types of
experiments: 1) the volatilization test methods designed to evaluate physiochemical removal mechanisms;
and 2) the biological test methods designed to evaluate the role of biologically-mediated
reactions/treatment in ammonia and benzene removal.

A. Volatilization Test Method

The test shall be conducted with each of the four test vessels shall be set up to have water flow through
the vessel at varying rates, as follows:

Tank 1 (Control) — No Aeration: 2.1 gpm
Tank 2 (8 hr retention) — 1.0 gpm

Tank 3 (4 hour retention) — 2.1 gpm
Tank 4 (2 hour retention) — 4.2 gpm

This test shall be performed concurrently using the four tanks; the first test will utilize a mixture of waters
from above and below the chemocline (at the ratios described above). Depending on the amount of
ammonia removed, a second test may be performed with water from above the chemocline only, for a
total of up to eight (8) individual volatilization experiments.
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Air shall be passed through the system at a given air-to-water ratio for a period of 36 hours, at which time
a set of samples shall be taken as described below. The air-to-water ratio shall then be increased, and the
system shall operate for another 36 hours before samples are again taken. This procedure shall be
repeated until all four (4) air-to-water ratios identified above have been tested. Water flow rates through
the tanks shall remain constant during all volatilization testing.

Sampling Locations
Water analyses shall be performed at the following locations:

m Influent Basis: Influent of the control test vessel (as an indicator and baseline of influent water
quality for each test vessel).
m Effluent: Effluent of each test vessel to measure net change in the tank relative to the influent.

A total of four (4) individual test vessels.

Based on these locations for the first Physiochemical Removal test, each sample event will consist of five
(5) discrete samples for each of the four (4) air-to-water ratios described above (20 samples total). If
ammonia is sufficiently removed to meet the Performance Standards, another Physiochemical Removal
test will be performed with the waters from above the chemocline only, which will result in another 20
samples. If insufficient ammonia is removed, then volatilization testing will cease, and the biological
testing will commence.

Water Chemistry Analysis
One set of analyses will be performed after each 36 hour equalization period and will be tested as follows:

= Conventional (Real-time) Parameters:
— Total Flow (gal)
— pH
— Temperature
— Oxidation-Reduction Potential (ORP)
- DO
— Ammonia field screen (ion-selective electrode on Sonde)
— lron (ferrous)
L Laboratory Analytical Parameters:
— Ammonia/ammonium
- TKN
— Nitrite
— Nitrate
— 5-Day Biological Oxygen Demand (BOD5)
- COD
— Total Suspended Solids (TSS)
— Arsenic (total and dissolved)
— lron (total)
— Benzene

Water quality monitoring of the effluent of the equalization tank or influent to the control tank will also
be performed for conventional parameters (including temperature) listed above during the volatilization
test on a continuous basis using a Sonde with an ion-selective electrode for ammonia. Water inside the
equalization tank will be monitored for conventional parameters at multiple depths during each sampling
event. Initially, total and dissolved arsenic and DO measurements will be taken at the pump intake and of
the effluent of the equalization tank (or the influent to the control tank).
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Air Testing

In addition, one air sample shall be taken from the exhaust / head space over each tank during each
sampling event. These air samples will be used to determine that, during the volatilization test, the
ammonia and benzene that leaves the water is present in the air (i.e., removal is by volatilization opposed
to biological degradation), via a mass balance. All samples will be analyzed by GC VPSOP (H&A) with
25% of the samples analyzed by EPA Method TO-15 (Alpha Analytical) for confirmation.

Tables 3.1.4.3-1 and 3.1.4.3-2 show a summary of sampling, timing, and testing procedures.

B. Biological Removal Test Method

The biological test shall be performed as longer-term tests until steady-state discharge concentrations are
reached at the discharge of all tanks. In addition, biological growth media (Lantec Q-Pac® or equivalent)
will be placed into select aeration tanks utilized in the previous volatilization tests to identify if biological
activity can be enhanced. The tests shall be performed as flow-through tests with a control tank for each
test to identify growth rates of thin-film biological activity on the media. The first Biological Removal
test will be performed with water only from above the chemocline, and based on the amount of ammonia
removed during that test, another Biological Removal test may follow, with a mixture of water from
above and below the chemocline to be combined in an equalization tank as described above. This will be
the order for each Phase of testing.

For Phase I of the testing, no nutrients will be added to the tested waters. Each test(s) will be performed
as follows:

Tank 1 (Control Tank): 8-hour retention time (1 gpm), no aeration, no media
Tank 2: 8-hour retention time, aeration, no media

Tank 3: 8 hour retention time, aeration, media

Tank 4: 24-hour retention time, aeration, media

Currently available data indicates that the biological activity may be nutrient limited, and that the addition
of phosphorus at a 20:1 (N:P) ratio may increase biological activity and sustainability. Phase Il tests will
mirror the first test, with the addition of a phosphorus-based nutrient as follows:

Tank 1 (Control Tank): 8-hour retention time, no aeration, no media, no nutrient addition
Tank 2: 8-hour retention time, aeration, media, no nutrient addition

Tank 3: 8-hour retention time, aeration, media, nutrient addition

Tank 4: 24-hours retention time, aeration, media, nutrient addition

Test Sequence and Phases
While it is difficult to predict the amount of time required for a biological system to be established, time
frames are estimated to provide an overview of the testing procedure.

Phase | Acclimation and Testing (No Nutrient Addition): It is anticipated that 4 to 6 weeks, or longer if
necessary, will be required before the biological system is established (i.e., bacteria fully populate the
media) and reaches steady state, although the acclimation period will be extended if equilibration takes
longer (see below). After the first week, aeration rates will be adjusted on a daily basis to ensure that a
discharge dissolved oxygen level of between 6.0 and 7.0 mg/l is maintained. Sampling shall be
conducted at the following periods of the initial acclimation period (days after initiation) °: 0, 7, 14,

21, 28, and weekly thereafter if needed to establish steady state. However, depending on the results
collected on the initial weekly intervals, the intervals may be extended (e.g., biweekly or other
appropriate frequency) if biological growth rates and steady state require a longer time period than
anticipated. When results from two consecutive weekly events in at least two of the three testing vessels
(excluding the control vessel) indicate similar results [e.g., the net change (influent minus effluent sample

° Note: Throughout this PDI, sample events that fall on weekends will be adjusted to the nearest normal workday.
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locations) between two consecutive events is within 10% of each other, or all are non-detect] for
ammonia and benzene, the sampling frequency will increase to verify steady state. At this point in time,
one additional sample event will be performed approximately 3 days later. Assuming this final sample
event shows consistent results with the two prior events (i.e., the three events remain within 10% of each
other or non-detect), then these final three events will define steady state performance. If the third event
indicates steady state has not been achieved, testing frequency will be adjusted as appropriate given
variability/trend observed in the sampling events. At least two of the three testing vessels (excluding the
control vessel) must show this steady-state operation, as all tanks will begin Phase Il testing at the same
time. Until this condition is satisfied, testing will continue unless a field decision is made otherwise.

The control tank will remain empty until steady-state in the other tanks is reached at which time flow will
begin through the tank and it will be sampled accordingly. This procedure is intended to prevent
biological growth from forming on the walls of the control tank during the acclimation period and biasing
results.

The first Biological Removal test will be run with water from above the chemocline, followed by either a
nutrient addition phase (see below), or a test with the mixture of water above and below the chemocline
without nutrient addition.

Phase 11 Re-Acclimation and Testing (Nutrient Addition): The addition of nutrients to three of the four
tanks in the test system (excluding the control tank) will begin after the completion of Phase I. Since
biological activity is already established, it should take much less time to reach steady state conditions in
the second phase of testing. We have assumed this will require 14 days. During this operational time,
oxygen levels at the discharge will continue to be monitored and corrected to ensure levels remain in the
range of 6.0 to 7.0 mg/l. Sampling will take place on Phase Il day seven (7) and every three (3) days
thereafter. Similar to Phase I, Phase 11 steady state will be considered complete when results from three
consecutive discharge samples in at least two of the three testing vessels (excluding the control vessel)
indicate similar results (e.g., within 10% of each other, or all non-detect) for ammonia and benzene. Once
steady state is achieved based on three consecutive events, Phase 11 will be considered complete and the
three steady state events will define performance™.

Tanks may remain in operation following the completion of Phase Il in order to perform further testing
pending the schedule of other in-pond PDIs. The scope of further testing is unknown at this time, but it
may include repeating some of the aforementioned tests under different environmental conditions, inlet
concentrations, flow rates and/or media types. Further testing may also include an analysis of long-term
performance (e.g., on the scale of months) and/or an assessment of long-term operational needs for a
biological system. An addendum to this FSP will be submitted if additional testing is necessary.

Sampling Locations
The same five (5) sample locations described above for the volatilization setup will be used to monitor
performance during the biological test.

Water Chemistry Analysis

Chemical testing shall be performed based on the schedule identified above. Based on the following
assumptions, we have estimated this may require anywhere from twelve (12) sample events, if only two
Phase | tests are run, to twenty (20) sample events if two Phase | tests and two Phase 11 tests are run:

L Phase | Acclimation and Testing (No Nutrient Addition): 38 days (5 weeks of weekly sample
events followed by 1 event 3 days thereafter) yields six (6) events, excluding the time zero events
that is included in the aeration experiment described above. Depending on the amount of
ammonia removed, a second Phase | Biological Removal test may be performed with the mixture

1% The Control tank will be drained following Phase | and then resume operation once Phase I reaches steady-state.
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of waters from above and below the chemocline, therefore adding another six (6) sampling
events.

m Phase 1l Re-acclimation and Testing (Nutrient Addition): 16 days (1 week of weekly sample
events followed by 3 subsequent events 3 days apart) yielding four (4) events. Depending on the
amount of ammonia removed, a second Phase | Biological Removal test with nutrients may be
performed with the mixture of waters from above and below the chemocline, therefore adding
another four (4) sampling events.

Depending on time required to reach steady state, the number of sampling events may vary. Each
sampling event shall consist of the following analyses at the influent and effluent of each test
tank.

m Conventional (Real-time) Parameters:
— Total Flow (gal)
— pH
— Temperature
- ORP
- DO
— Ammonia field screen (ion-selective electrode on Sonde)
— lron (ferrous)
L Laboratory Analytical Parameters:
— Ammonia/ammonium
— TKN
— Nitrite
— Nitrate
- BOD5
- COD
- TSS
— Arsenic (total and dissolved)
— lron (total)
— Benzene
— Total Phosphorus (Phase Il Testing only)
— Orthophosphate (Phase Il Testing only)
— Alkalinity (CaC0Os,)

Water quality monitoring of the effluent of the equalization tank or influent to the control tank will also
be performed for conventional parameters listed above during the biological tests on a continuous basis
using a Sonde with an ion-selective electrode for ammonia. Water inside the equalization tank will be
monitored for conventional parameters at multiple depths during each sampling event.

Air Testing

In addition, one air sample shall be taken from the exhaust / head space over each tank during each
sampling event. These air samples will be used to quantify the amount of benzene or ammonia, if any,
that is being lost to volatilization during the biological testing. Tables 3.1.4.3-1 and 3.1.4.3-2 show a
summary of sampling, timing, and testing procedures.

Biological Analytical Parameters

At the conclusion of each Phase | and Il tests, laboratory identification of microbiology will be
performed, including microbe counts and genetic testing. Samples will be collected from up to two (2)
tanks from each Phase | and I test to evaluate differences in the microbial community across a broad
spectrum of conditions.
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Bio-traps®"! will be used as sample media, if biological growth is insufficient or in the case where
samples are collected from tanks with no media. Alternatively, biological growth will be directly scraped
from the media or some of the media could be removed itself for such analysis.

Two samples from each of the water types shall be pulled at the end of each Phase. After each Phase |
test, one sample shall be collected from the control tank and analyzed, and one sample shall be collected
from one of the three remaining tanks and analyzed. After each Phase Il test, samples should be collected
from the two remaining tanks and analyzed.

Specific analyses include using qPCR for functional genes related to AOB, NOB, and anaerobic ammonia
oxidation bacteria (anammaox) for qualitative comparison of microbe community, as well as phospholipid
fatty acid (PLFA), which provides an estimated quantity of viable cells.

3.1.5 PDI-6: Geotechnical Investigations

The geotechnical investigation scope is dependent on the results of contaminant plume delineation and
water treatment system studies that will determine which engineered structures are needed and where they
will be located. Therefore, the geotechnical scope will also be partially dictated by the schedule of these
studies and the overall project schedule.

The geotechnical investigation is divided into three groups. The first group (Scope PDI-6A) includes
explorations along an alignment crossing the HBHA Pond for the cofferdam and storm flow bypass. The
second group (Scope PDI-6B) includes explorations conducted along the western shoreline of the HBHA
Pond for a storm flow bypass or holding and dissipation system, if required. Finally, the third group
(PDI-6C) includes geotechnical explorations to assess subsurface conditions near the AAD and BECO
inlets to HBHA Pond in the event energy dissipation systems are needed there to manage storm flows that
would otherwise disrupt the chemocline.

The goal of the geotechnical PDIs will be to address the following data needs:
The goal of the geotechnical PDIs will be to address the following data needs:

= Scope PDI-6A (HBHA-4 Cofferdam and Storm Flow Bypass) - Provide geotechnical
information for design of structures identified in relation to HBHA-4. The location of the
cofferdams may be farther south than shown in the ROD and, if so, the exploration locations will
be moved to the actual proposed alignment and additional explorations will be required as
described below.

L Scope PDI-6B (Halls Brook Storm Flow Bypass/ Holding & Dissipation System) - If studies
determine that the cofferdams are to be located to the south of Halls Brook, either a storm flow
bypass and/or holding and dissipation system may be constructed to maintain the chemocline in
the Pond during storm flows. These structures would be constructed along the western shoreline
of the Pond and partially in the water.

L Scope PDI-6C (AAD and BECO Storm Energy Dissipation Systems) - If studies identify that
water entering the north end of the Pond by AAD or the BECO drainway could disrupt the
chemocline in the primary treatment cell, energy dissipation structures may be needed at either or
both of these inlets. PDI-6C will collect geotechnical data to support the design of such
structures

These components of PDI-6 are presented below.

1 A Bio-Trap® is a device used to collect microorganisms from groundwater or surface water. The Bio-Trap® is
packed with Bio-Sep™ beads, a coated granular carbon material that provides an optimum substrate for bacterial
growth.
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3.1.5.1 PDI-6A: HBHA-4 Cofferdam and Storm Flow Bypass

Sampling and Analysis Method - The PDI-6A geotechnical exploration scope includes the following
activities (Tables 3.1.5.1-1 and 3.1.5.1-2):

m Advance two (2) land and four (4) water based borings averaging 40 ft below the existing ground
surface/mud line. These cofferdam boring explorations are labeled PSC-1 through PSC-6 on
Figure 3.2.4.1-1'2. The two land borings would be performed at each end of the HBHA-4
cofferdam alignment. One additional 50 ft-deep land boring PSC-7 will be advanced closer to the
rail road tracks in the vicinity of sewer line easement. SPT samples will be collected at 5 ft
intervals with additional samples collected as required to define the fill natural soil interface.
Undisturbed (Shelby) tube samples will be taken if fine grained soils are encountered for
geotechnical laboratory strength testing. No samples of the Pond bottom sediments would be
taken as part of this geotechnical exploration program.

L An environmental soil sample will be collected at 5 to 10 ft below the ground surface/mud line in
four (4) of the bore hole explorations to establish the level of contamination in soils at this depth
to facilitate proper handling and safety procedures in the geotechnical testing laboratory. This
soil sample will be tested for arsenic (total), ammonia, and benzene. Index testing will be
performed on selected SPT samples. If fine grained soils are encountered, geotechnical strength
and/or consolidation testing of the undisturbed tube samples may be also undertaken.

m Excavate three (3) test pits in the storm flow bypass area down to approximately 1 ft below the
water table (TP-1 through TP-3 in Figure 3.1.5.1-1). Test pits would be backfilled with
excavated soil at the completion of the work.

m Drive and wash cased boreholes are proposed for the soil borings. Water from the Pond will be
used in drilling and all drilling fluids and cuttings will be discharged into drums for disposal. The
boreholes will be grouted and any excess grout will also be disposed of using drums.

L The soil testing to be conducted is dependent on the soil types encountered. ASTM standards
will be followed for geotechnical testing. In addition to index testing for soil classification
purposes, one-dimensional consolidation testing may be appropriate if cohesive or organic soils
are encountered and triaxial strength testing may be appropriate if weak cohesive soils are
encountered. The testing program is also subject to modification depending on changes to the
type of structures being designed.

The location of the cofferdam structure is dependent on the results of field studies to delineate where
contaminant plumes enter the Pond. If it is determined that the structure needs to be constructed in the
southern third of the HBHA Pond, the PDI-6B explorations will be added to the PDI-6A scope.

3.1.5.2 PDI-6B: Halls Brook Storm Flow Bypass/ Holding & Dissipation System

As described in the RDWP, the Halls Brook holding and dissipation system will include an energy
dissipation system, stilling basin, and an overflow weir installed along the western edge of the Pond, if
constructed. Redirecting and distributing Halls Brook flow with this structure is intended to maintain the
integrity of the chemocline.

A. Sampling and Analysis Methods - The PDI-6B geotechnical exploration scope includes the
following:
m Energy Dissipation Structure: One 40-ft deep soil boring (designated PSC-6 on

Figure 3.1.5.1-1) is proposed along Halls Brook between the Massachusetts Bay Transportation

12 Geotechnical testing under PDI-6A will not be completed until the approximate location of the cofferdams is
determined during PDI-3 Groundwater Discharge Evaluation. As such, the locations shown on Figure 3.1.5.1-1 are
estimated, and subject to change based on the location of the proposed cofferdams.
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Authority (MBTA) ROW (boundary to be determined based on an upland land survey as
summarized below) and the edge of the Pond. In addition, test pit explorations TP-1 through TP-
3 would be performed at the locations shown on Figure 3.1.5.1-1.

Stilling Basin: Test pit explorations TP-4 through TP-8 will be performed at the locations shown
on Figure 3.1.5.1-1. Soil/sediment characterization will involve collecting and analyzing
approximately ten (10) soil/sediment samples from the test pits for arsenic in test pits along the
Pond’s shoreline for soil management considerations.

Holding and Dissipation Structure/Storm Flow Bypass: Approximately one (1) soil boring will
be performed at the water’s edge and three (3) soil borings will be completed from a barge in the
Pond along the holding and dissipation structure alignment. These borings will be approximately
40 ft deep and are designated W-1 through W-4 on Figure 3.1.5.1-1. An environmental soil
sample will be collected at 5 to 10 ft below the ground surface/mud line in four (4) of the bore
hole explorations to establish the level of contamination in soils at this depth to facilitate proper
handling and safety procedures in the geotechnical testing laboratory. This soil sample will be
tested for arsenic, ammonia, and Volatile Organic Compound (VOCs) (to include benzene).
Adjacent Features: One (1) 50-ft deep soil boring (designated PSC-7 on Figure 3.1.5.1-1) will be
located between the railroad tracks and the sewer line easements. Additional samples of soil from
fills, organic layers, or granular soils will be recovered for geotechnical analysis. If there are
loose granular soils in this area, they could settle when subjected to vibration from installing sheet
piling. This boring will be used to help assess the general stability of the railroad embankment
and what effect the proposed construction might have on the railroad tracks.

The following sampling-related activities will be performed as part of the above exploration work (Tables
3.1.5.2-1and 3.1.5.2-2):

Drive and wash cased boreholes are proposed for these investigations. Water from the Pond will
be used in drilling and all drilling fluids and cuttings will be discharged into drums for disposal.
SPT samples will be obtained at 5-ft intervals in the borings and up to four (4) undisturbed
(Shelby) tube samples will be taken if fine grained soils are encountered for geotechnical
laboratory strength testing. Up to four (4) extra SPT samples will be taken per hole on average to
help delineate the fill/natural soil interface.

Geotechnical laboratory index testing will be performed on the SPT samples obtained. If fine
grained soils are encountered, a limited amount of geotechnical strength testing of undisturbed
tube samples may be undertaken.

As discussed above, environmental laboratory testing will be performed on samples obtained
from the geotechnical investigation.

3.1.5.3 PDI-6C: AAD and BECO Drainway Storm Energy Dissipation Systems

As described in the RDWP, this PDI was developed to collect information that would assist in the design
of storm energy dissipation structures at the mouth of the ADD and BECO, if necessary.

A.

Sampling and Analysis Methods

The PDI-6C geotechnical exploration scope includes the following:

Three soil borings in the vicinity of the AAD inlet and two soil borings in the vicinity of the
BECO inlet (locations to be determined based on field conditions) with an average depth of up to
40 ft unless soil conditions dictate otherwise. Drive and wash cased boreholes are proposed for
these investigations. Water from the Pond will be used in drilling and all drilling fluids and
cuttings will be discharged into drums for disposal.
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L SPT samples will be obtained at 5-ft intervals in the borings and up to four (4) undisturbed
(Shelby) tube samples will be taken if fine grained soils are encountered for geotechnical
laboratory strength testing. Up to four (4) extra SPT samples will be taken per hole on average to
help delineate the fill/natural soil interface.

m Geotechnical laboratory index testing will be performed on the SPT samples obtained. If fine
grained soils are encountered, a limited amount of geotechnical strength and consolidation testing
of undisturbed tube samples may be undertaken.

Locations are shown on Figure 3.1.5.1-1, and sampling and analysis methods are summarized in Tables
3.1.5.3-1and 3.1.5.3-2.

3.1.6 PDI-7: HBHA Flood-Routing Modeling Analysis
The objective of this PDI is to analyze potential flooding impacts of the HBHA remedy on the HBHA

watershed, and associated mitigation strategies. To satisfy this objective, the flood-routing modeling
analysis will employ the following approaches:

m Establish baseline flooding conditions in sufficient detail to accurately predict water surface
profiles and floodplain inundation in the vicinity of the HBHA

m Quantitatively evaluate potential flooding impacts of the ROD remedy, both in the HBHA Pond
and downstream

m Quantitatively evaluate potential flood mitigation approaches for the respective remedial design

= Use Federal Emergency Management Agency (FEMA)-approved modeling approaches for
floodplain delineation

m Use a model for flooding analysis that is well-suited to supporting the evaluation of ROD remedy

= Use a model with output that is suitable for establishing boundary conditions for existing
hydrologic and hydraulic models of the Aberjona River

L Employ a “documented, industry-standard model”

3.1.6.1 Modeling Approach

The objectives will be accomplished by constructing and calibrating a numerical surface water model for
the site. Predictive simulation of potential design options using the calibrated model will assist in
evaluating potential remedies and provide a quantitative understanding of flooding impacts associated
with these remedies. The proposed steps involved with model development, calibration and use are listed
below. These tasks will be performed jointly by VHB and Geosyntec.

L Perform site visits and surveying to verify key model inputs (e.g., locations, sizes, materials, and
other characteristics of storm drains, pipes, and culverts) and collect any necessary physical
information on surface water drainage features.

L Construct a numerical model (using EPA’s Storm Water Management Model Version 5.0.018
[SWMMB5]) of existing conditions at the site. This model will be calibrated against ambient and
extreme events using available rainfall and flow data.

| Predict the extent of flooding for various storm events (e.g., 2-, 10-, 25-, 50-, and 100-year storm
events) using the calibrated model.
L Model potential remedies for the HBHA Pond using the calibrated model to assess their impact

on flooding in the area. In particular, flooding during storm events (e.g., 2-, 10-, 25-, 50-, and
100-year storm events) will be predicted and compared against results from the existing
conditions simulations. The model may also be used as a design tool for predictive simulations to
assist with the design of remedy components including but not limited to primary and secondary
treatment cells, Halls Brook by-pass/holding and energy dissipation system, AAD and BECO
energy dissipation system, and to minimize flood storage losses, as needed.
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Table 3.1.6.1-1 summarizes data to be used for model calibration, including station, data type, recording
interval, dates recorded and data sources.

3.1.7 PDI-8: HBHA Pond Hydrodynamic Modeling

The goal of this PDI will be to develop a model to better understand the impacts of the remedy proposed
in the ROD. Specifically, hydrodynamic modeling of the HBHA Pond will be performed to assess (1)
environmental factors that may lead to mixing in the Pond, (2) the potential changes in flow and mixing

in the Pond once it is segmented by cofferdams, (3) the affect of storm discharges from Halls Brook and
AAD on mixing within the Pond, and (4) gain a better understanding of pond hydrodynamic (e.g.,

identify preferential flow versus stagnant zones in the Pond). Modeling is also intended to provide insight
on flow in the HBHA Pond during periods when data cannot be collected either due to safety reasons
(e.g., large storms and/or winter conditions) or because of the timeframe for remedial investigation and
design.

3.1.7.1 Proposed Modeling Approach

Based on the current understanding of the Industri-plex OU2 project, a three-dimensional computational
fluid dynamics (CFD) model will be used to simulate the impact that the flow dissipater/diversion weir
design may have on the hydrodynamics of HBHA pond.

The selected hydrodynamic model for PDI-8 is Estuary Lake and Coastal Ocean Model (ELCOM), which
was originally developed by Centre for Water Research at the University of Western Australia and is now
commercially available. ELCOM is a three dimensional computational fluid dynamics program designed
for practical numerical simulation of hydrodynamics and thermodynamics for inland and coastal waters.
ELCOM will be used to simulate the impacts of the proposed stormwater diversion or velocity dissipater
structure(s) on the hydrodynamics of HBHA Pond. A comprehensive description of the equations and
methods used in the models is provided in the “Estuary Lake and Coastal Ocean Model: ELCOM v2.2
Science Manual” by Hodges and Dallimore (2006), and the “Estuary Lake and Coastal Ocean Model:
ELCOM v2.2 User Manual” by Hodges and Dallimore (2007). Table 3.1.7.1-1 provides a comparison of
the capabilities of ELCOM relative to other CFD models.

The model outputs will provide information on the extent of surface water mixing and associated
velocities under various flow conditions. From the resulting velocity field and information on the
characteristics of the bottom sediments, we may be able to then make a qualitative evaluation of whether
the shear stresses generated by the weir inflow or base flow input to the primary treatment cell would be
large enough to stir up the sediments or disturb the chemocline, respectively.

If necessary, ELCOM can also be used to assess the circulation patterns within the Pond to identify
recirculation zones for various aeration technologies being evaluated or to make recommendations on
whether the aeration technologies were providing sufficient energy for mixing.

The model will be used to help develop a remedial approach that minimizes mixing contaminated water

that remains at depth in HBHA Pond, and avoids contaminated sediment resuspension. The model will
be verified by the FDT study described in PDI-4A.
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PDI-10: Impermeable Caps

The goals of this PDI will be to:

3.1.8.1

3.1.9

Identify the location and extent of surface water channels (e.g., New Boston Street Drainway)
along which impermeable cap(s) need to be designed and installed to mitigate contaminated
groundwater discharge

Improve understanding of the hydraulic connection between the groundwater and surface water in
these channels

Investigation Approach and Methods

Collect groundwater samples from just below the water table using a series of 18 temporary,
shallow drive-point piezometers (e.g., Solinst Model 615 drive-Point piezometer) and low-flow
sampling techniques along surface water channels as shown on Figure 3.1.8.1-1. A reference
mark will be made on each piezometer and it will be surveyed relative to a fixed benchmark to
provide groundwater elevation data. Once the evaluation is complete, the piezometers will be
removed.

Collect 18 groundwater samples from the drive-point piezometers using low-flow sampling
techniques. Samples will be collected with a peristaltic pump with a sampling port located
between the piezometer and the peristaltic pump minimizing the potential for any off-gassing
during sample collection. Both filtered and unfiltered samples will be collected and submitted to
a fixed laboratory for arsenic analysis and unfiltered samples will be collected for benzene and
ammonia analysis. Filtered groundwater samples will be passed through a 0.45-micron filter;
filtered groundwater data will be used to delineate the extent of arsenic discharge along the
NBSD.

Collect surface water samples (18 samples in total) from NBSD and the wetland area adjacent to
each drive-point piezometer location to evaluate impacts to surface water. Both filtered and
unfiltered samples will be collected for arsenic analysis and unfiltered samples will be collected
for benzene and ammonia analysis. Filtered samples will be passed through a 0.45-micron filter.
Surface water samples will be analyzed for arsenic, benzene, and ammonia. Samples will be
collected with a peristaltic pump with a sampling port located between the piezometer and the
peristaltic pump minimizing the potential for any off-gassing during sample collection.
Sampling and analysis activities are summarized in (Tables 3.1.8.1-1 and 3.1.8.1-2).

Sampling will not be conducted until at least 3 days have passed since the installation of the
piezometers or any other intrusive work in the channels.

Field parameters including DO, temperature, specific conductivity, pH, and ORP will be collected
using a flow-through cell during sampling. Turbidity will be collected using a separate Hach
turbidimeter.

Evaluate the hydraulic connection between the groundwater and surface water at each location by
measuring the elevation of the surface water at each piezometer location form the surveyed
reference mark on each piezometer. Groundwater and surface water elevations will be compared
at each piezometer/staff gauge pair to determine the gradient between groundwater and surface
water. The rationale for implementing this task is to confirm that the groundwater observed in
the piezometers is actually discharging along NBSD. An attempt will be made to collect data
during seasonal high water if possible.

PDI-11: Permeable Caps

The goal of this PDI will be to identify the horizontal extent, in the vicinity of HBHA Pond, of soils
exceeding the arsenic sediment standard of 273 mg/kg for the purposes of designing a permeable cap that
will prevent erosion and potential migration of these soils into the HBHA Pond.
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3.1.9.1 Sampling and Analysis Methods

Figure 3.1.9.1-1 depicts the north end of the Pond and shows via hatching the area identified in the ROD
as the area to be capped. PDI-11 sampling will be performed adjacent to the area assumed to require
capping to determine the limits of capping. The extent of residual arsenic needing to be capped will be
determined by collecting fifteen (15) composite soil samples from 0 to 6, 6 to 18, and 18 to

36 inches bgs at the north end of the Pond at locations shown on Figure 3.1.9.1-1. The locations were
selected by considering previous sampling (see MSGRP RI), and depth intervals are consistent with the
MSGRP RI. Summaries of the planned sampling and analysis are presented in Tables 3.1.9.1-1 and
3.1.9.1-2. These soil samples will be analyzed for total arsenic.

3.1.10 PDI-13: Studies to Locate Property(ies) for Construction of Compensatory Wetlands

The goal of this PDI is to identify suitable locations for wetland mitigation as required based on the final
remedy design configuration.

3.1.10.1 Proposed Investigation Approach

While PDI-13 does not involve sampling of media, reconnaissance studies to identify potentially suitable
locations for pond or wetland mitigation is necessary. Due to the potential ramifications associated with
limited supply of usable properties and the nature of the future remediation work, it will be beneficial to

conduct the work early in the data collection process.

The team will identify potential pond or wetland mitigation sites within the Aberjona River watershed
using aerial photography, geographical information systems (GIS) data, and other available data,
including consultation with the Woburn and Reading Conservation Commissions, the Massachusetts
Riverways Program, the Massachusetts Wetlands Restoration Program, and the Mystic River Watershed
Association. Our team will develop a report describing each potential site, the amount and type of
mitigation pond or wetland available, and any constraints or issues related to developing a replacement
pond or wetland.

Our team will consult with the federal regulatory agencies to review potential mitigation goals and
mitigation sites, and will undertake field investigations of mitigation sites that are acceptable to the
regulatory agencies and for which access is available. Field investigations will identify existing wetland
boundaries, topography, and constraints to pond or wetland construction such as ledge, contaminated
soils, or underground utilities. VHB will verify the amount and type of wetland resource areas (land
under a waterbody, bank, bordering vegetated wetland, bordering land subject to flooding, etc.), requiring
compensatory mitigation. This process will be documented in a report and will identify sites that are
suitable for pond or wetland mitigation construction.

3.1.11 PDI-14: Ammonia Background Investigation

The goals of this PDI are to

L Obtain groundwater data that is representative of off-site background (upgradient) concentrations
of ammonia
m Identify any other sources that may be contributing ammonia to Industri-plex OU2

This PDI will also fill groundwater and surface water data gaps regarding Industri-plex ammonia
contributions to help understand other potential sources upgradient/upstream of Industri-plex OU-1 which
may contribute to surface water ammonia at HBHA Pond.
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3.1.11.1 Investigation Approach and Methods

Because the Site is in an urban setting, the possibility exists that the contribution of ammonia in
groundwater from off-site sources may be significant (e.g., landfills, hazardous waste sites, historical
piggeries, past and/or current industrial operations, etc.'®). The boundaries of the investigation have been
determined by both groundwater divides identified in recent historical studies (e.g., GSIPs), as well as
areas that show undetected and/or very low (e.g., <0.05 mg/L) concentrations of ammonia in
groundwater.

PDI-14 involves a study to locate potential sources of ammonia contamination outside Industri-plex OU2
that contribute to the Pond. The general sequence for PDI-14 involves: 1) historical data review; 2)
screening reconnaissance (e.g., surface water sampling); 3) groundwater investigation; and

4) groundwater monitoring.

Phase I - Historical Data Review

Surface and groundwater ammonia concentrations obtained from historical reports (e.g., Roux, 2002;
Ford, 2004; TtNUS, 2005) have already been reviewed as part of Early Action activities. Historic aerial
photographs and maps identifying locations of alternative source areas (e.g., Olin Chemical, piggeries)
were examined, which assisted in Phase Il (below).

Phase Il - Screening Reconnaissance

As part of the Early Action studies, monitoring of surface water bodies has already been conducted, and
has provided useful information in terms of the contribution of off-site sources to the HBHA. Grab
samples were collected from thirteen locations as shown on Figure 3.1.11.1-1 and sent to Alpha
Analytical for analysis of ammonia, nitrite, nitrage, TKN, and TON (by calculation). In addition, field
parameters (ammonia NH4"/NO3" via ion-selective probe, DO, pH, ORP, specific conductance,
temperature, and turbidity) were measured in the field using a multiprobe. Estimates of surface water
flow rate (using an electromagnetic flowmeter and the estimated discharge cross section) were also
performed. The results of the surface water sampling performed indicated that potential off-site sources
of ammonia contribute to concentrations observed in surface water (e.g., Olin Chemical, Woburn
Landfill).

Per EPA’s comments dated 18 December 2009, the surface water sampling program will be expanded to
include existing locations from the Olin Chemical Superfund Site and the Woburn Landfill as shown on
Figure 3.1.11.1-1. Publically-available surface water data from these locations will be used in the
screening reconnaissance.

In addition, surface water investigations that are proposed in PDI-9 and PDI-10 will be used in this
investigation and are also shown on Figure 3.1.11.1-1.

Phase 111 — Groundwater investigation

Numerous groundwater investigations are proposed in PDI-3B, PDI-9, PDI-10, and PDI-12B and
groundwater data we presume are available from the Olin Chemical Superfund Site and the Woburn
Landfill to further evaluate the degree that upgradient ammonia sources contribute to OU2. Conventional
water quality parameters (dissolved oxygen, ORP, pH, temperature, specific conductivity, turbidity) will
be collected using a multiprobe and a flow-through cell during purging. No additional groundwater

3 As an example, Halls Brook flows over two exposed sewer lines immediately before discharging into the HBHA
Pond. These sewer lines also run along the western bank of the HBHA Pond, where groundwater is expected to pass
before discharging into the HBHA Pond. If the integrity of these lines is compromised, they could be an alternate
source of ammonia to the HBHA Pond.
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sampling locations, therefore, are proposed for PDI-14. Figure 3.1.11 -1 provides a comprehensive view
of both the types and locations of existing and proposed sampling locations to be used for PDI-14. This
sampling network will capture data on ammonia (as well as benzene and arsenic) from sources that may
be migrating into OU2 (e.g., Olin Chemical, Woburn Landfill, active New Boston Street facilities).

Phase 1V - Monitoring

Based on the results of the data collection proposed in the various PDIs supporting PDI-14, a groundwater
monitoring program will be developed as part of the remedial design process and incorporated in the
Environmental Monitoring Plan, as necessary.

3.1.12 PDI-15: HBHA Pond Aeration Pilot Test

PDI-15: HBHA Pond Aeration Pilot Test is designed to gather data to assess the performance and
prepare the full-scale design of a surface water aeration device to increase oxygen mass flux in the water
column. Increasing oxygen mass flux into the water column is anticipated to enhance treatment of
arsenic, ammonia, and benzene. Consistent with the ROD and SOW, investigations regarding the design
and construction of the primary and/or secondary treatment cells in the HBHA Pond, including various
vertical (e.g., secondary treatment cell) and shallow horizontal (e.g., primary treatment cell) aeration
studies to enhance treatment of contaminants of concern (including methods for increasing oxygen levels
in surface water) are necessary under the Remedial Design.

PDI-15 is designed to produce a more thorough understanding of the following general processes and
system performance characteristics:

Underlying geochemical behavior and mixing characteristics in the Pond

Effect of increasing dissolved oxygen at depth on surface water/Pond effluent quality
Surface water quality before, during, and immediately after the test

Performance characteristics of the aeration device(s)

System operating parameters and monitoring requirements

Maintenance requirements and operating costs for aeration devices

Technology applicability

This PDI will assess the relative performance of two aeration technologies (low-speed surface aerator and
surface aspirating aerator) to increase oxygen levels in the surface layer of water in the Pond (primary
cell/northern portion of the pond), as well as test vertical mixing of the complete water column in the
southern portion of the pond using a low-speed surface aerator. These two test stages and other
considerations applicable to PDI-15 are summarized below.

3.1.12.1 Aeration as a Remedial Component
The aeration approach relies on the following general operating principles:
m Actively controlling the chemocline elevation in the water column by increasing DO levels (i.e.,

providing greater oxygen into the water column than would occur naturally, thus encouraging the
chemocline interface to occur at greater water depth).

m Increasing the proportion of the water column that could support ammonia- and benzene-
degrading bacteria (via aerobic pathways).
m Minimizing potential contaminant outflow during storms by a combination of the first two

operating principles, as well as integrating appropriate water inflow controls (e.g., level
spreader/weir) to the extent these are necessary based on the outcome of hydrodynamic modeling.
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3.1.12.2 Aeration Technology

The technology screening summarized in Table 3.1.12.2-1 resulted in the retention of the following
aeration technologies capable of providing oxygen while minimizing the chance of chemocline
disruption:

m Surface Aspirating Aerator: A diffused air system consisting of inclined propeller, motor, and
shaft that draws in air at the hub above the water line and discharges air and water mixture into
the water. The propeller turbulence shears and disperses the bubbles, thus enhancing oxygen
transfer.

L Low-speed Surface Aerator (SolarBee®): A low-speed, axial, surface impeller aerator [the unit
proposed for testing operates at about 60 rotations per minute (rpm) (nominal at full charge)].

3.1.12.3 Investigation Approach

We propose installing two low-speed surface aerators: one in the north end and the other in the south end
of the Pond. The secondary phase will involve the replacement of the northern low-speed surface aerator
with the surface aspirating aerator so that the relative performance of the two devices with respect to
controlling the chemocline can be better evaluated. The secondary phase will also permit the collection
and comparison of other valuable information, such as operating characteristics, maintenance
requirements, ease of use, etc.

The following summarizes the sequence, approximate duration, and associated rationale for the main
tasks associated with this PDI:

Task 1 Baseline MoNitoring........ccoccoeeeveneninenienes 2 weeks (prior to initiating aeration devices)

The purpose of baseline monitoring is to gather data to establish water quality in the Pond
prior to introducing the aeration devices. It is assumed that the majority of the baseline
data will be collected during the implementation of PDI-4C.

Note: As described in the main RDWP text, it may be possible to overlap portions of
PDI-15 and PDI-16 to facilitate evaluation of aeration effects in the north and south
portions of the pond. Refer to the RDWP for a detailed discussion of such sequencing
considerations.

Task 2 Test A (Low-speed Surface Aerator; SOIarBee®)..........ccoevveveeviieviininse e 6 weeks

The purpose of Test A is to obtain data necessary to assess aeration as means of treating
COCs. Test A involves operating the low-speed surface aerator in the both the north and
south ends of the pond (although the target aeration zone for the north and south pond
tests differ, as further discussed below). The operating period should overlap warmer
seasons, when Pond effluent has been observed at concentrations approaching the
ammonia Performance Standard (NRWQC)*, and thus most effectively test the
performance of the aeration approach.

In addition, as described in the RDWP, it may be beneficial to overlap portions of
PDI-16 with PDI-15. By simulating a cofferdam per PDI-16 and compartmentalizing
(separating) the pond into northern area and the rest of the pond, assessing the influence
of shallow aeration in the northern portion of the pond separate from the full water

% The ammonia NRWQC is temperature and pH dependent. At a given pH, the ammonia NRWQC is lower in
warmer water temperatures.
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column mixing in the southern end of the pond may be more readily performed. Test
sequencing and configuration are further discussed in the RDWP text.

Task 3 Test B (Surface Aspirating Aerator; Aeromix®
F o [V 0] 1T To [ ) OSSPSR 4 weeks

This task involves replacing the low-speed surface aerator in the north end of the Pond
with the surface aspirating aerator. The purpose of which is to compare and contrast the
performance of another aeration device for this application.

Task 4 Post-Pilot Test Water Quality MONItOring .........ccccvvvviiiiieiiiiiiece e 2 weeks
Evaluate the recovery of the system to steady state or quasi-equilibrium (see PDI-4C).

Total: v 14 weeks
3.1.12.4 Preparation and Setup Procedures
The following outlines the sequence of procedures to be followed to execute the test.

A. Site Preparation Activities

Prior to testing various aeration devices, site preparation activities will be implemented, including the
following major tasks:

L Install temporary power poles and electrical wiring

| Remove vegetation, as necessary, to facilitate Pond access

L Establish fixed buoys for aeration device(s) and monitoring stations

L Install silt curtain in the south end of the Pond as a contingency measure for solids generation
control

L Measure water depth at the aerator setup location

m Install aeration system and fixed surface water monitoring stations unless already installed (see
PDI-4C)

m Conduct baseline monitoring (see below)

B. Setup Locations

The low-speed surface aeration devices by SolarBee® will be installed in the northern and southern ends
of the Pond. The setup locations are shown on Figure 3.1.12.4-1. The actual setup location will depend
on the water depth in the vicinity and other factors. At the conclusion of Test A (SolarBee®), the
northern aerator will be replaced with the surface aspirating aerator and Test B (Aeromix®) will begin.
While Test B is occurring, the southern SolarBee® unit will continue to operate to gather additional
information on its performance. The CTD sensor profiling stations established under PDI-4C will be
used in PDI-15. To the extent necessary, the location of the CTD sensors at RM-1 and

RM-2 may be adjusted to facilitate aerator setup in the deeper water depth areas.
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C. Aeration Device Setup

The tested aeration devices subject to pilot testing involve slightly different setup configuration. The
configuration of each is summarized as follows:

Low-speed Surface Aerator (SolarBee®)

The low-speed surface aerator manufactured by SolarBee® floats on pontoons and is fixed in place with
mooring anchors. The intake tube is adjustable and will be positioned within the upper surface layer of
the water column and adjusted downward to a specific target water depth in a progressive manner to
avoid abrupt destratification. As noted above, the vertical interval of water aeration varies between the
north and south end of the pond, as follows.

Northern Pond Test Location (Proximate to RM-1) - For the test conducted in the northern end of the
pond, the water intake will generally be limited to shallow water depths near the chemocline depth
(typically, approximately 175 cm to 200 cm below water surface during base flow events measured at
RM-1). Such shallow horizontal aeration studies are intended to evaluate methods to enhance treatment
of COCs by increasing oxygen levels in surface water layer in the primary treatment cell.

Southern Pond Test Location (Proximate to RM-2) - For the setup in the southern portion of the pond, the
water intake for the aeration device will be lowered to near the sediment-water interface (kept sufficiently
above it to avoid scouring sediment). Such “full” water column aeration is similarly intended to assess

the benefits in COC treatment by increasing oxygen levels in surface water to simulate the secondary cell.

The low-speed surface aeration system proposed for the Aeration Pilot Test uses solar power (with
backup power as needed from the grid) to drive an impeller system. The impeller system creates a flow
pattern that drives oxygen mass flux (re-aeration) and distributes oxygen-rich water within the target
interval. To accomplish this, the aerator also creates a more uniform density profile in the target zone so
that the water column is readily mixed with minimal energy input, facilitating the delivery and spatial
distribution of oxygen.

Surface Aspirating Aerator

Similarly, the surface aspirating aerator, which will be set up in the northern portion of the pond in the
vicinity of RM-1 (replacing the northern low-speed surface aerator), floats on pontoons and is fixed in
place using mooring anchors. Operating parameters, such as, but not limited to, the angle (relative to
horizontal) of the surface aspirating aerator device, will be adjusted as needed to control and optimize the
aeration penetration depth and oxygen distribution. The steepest angle of the device will be determined in
the field based on observations of the penetration depth of air bubbles.

Water column monitoring and stage height data will be used to estimate the treated water depth interval.
D. Water Quality Monitoring Locations

The CTD sensors/stations installed and operated for PDI-4C, as well as periodic sampling of the water
column for fixed lab analysis as per PDI-4C, will be utilized for PDI-15. In addition, a mobile profiling
sonde will be used to monitor aeration performance at varying locations to assess the performance of the
aeration devices. These location types are summarized as follows:

Fixed Monitoring Stations

PDI-4C establishes three fixed CTD monitoring stations in the Pond. These stations and the
monitoring/sampling described for PDI-4C will be conducted before, during, and after PDI-15 to assess
performance and water quality. Supplemental monitoring and sampling at these fixed stations specifically
during the performance of PDI-15 is discussed below. To supplement the water quality data from the
fixed stations, an additional, manually operated sonde will be used as discussed below.
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Manual Monitoring Locations

Manual monitoring of water quality will be conducted at appropriate locations in the Pond to measure the
effective area/distance of the aeration devices. Monitoring includes multi-depth monitoring over the
water column to establish profile and confirm CTD monitoring station data.

Water quality entering the Pond at Halls Brook and leaving the Pond at the outlet will be monitored
periodically as part of other studies (e.g., SWMP).

3.1.12.5 Startup and Operation Plan

Once site preparations are complete and the aeration equipment is in place, system startup and operation
will follow a planned sequence. There are three operating phases for this Aeration Pilot Test: 1) startup;
2) quasi-steady state; and 3) shutdown™. These three operating phases are described below.

Startup

Startup may occur under stratified or mixed conditions. If startup occurs during unstratified, oxygenated
conditions, the aeration device would simply maintain the existing condition rather than change the water
column geochemistry. If startup occurs when the water column is stratified, the sequence for a “soft”
startup described below is designed to address concerns related to abrupt changes in the water quality.

The low-speed surface aerator (SolarBee® Units) will be installed initially with the intake tubes in
retracted position so that mixing will only occur in the upper 5 ft of the water column. Once the
monitored parameters have stabilized, the intake tube will be lowered in 3-ft increments until the final
depth is achieved. In the case of the southern setup location, the final depth is generally the water depth
that allows aeration of the full water column but does not scour sediment. Whereas, in the northern setup
location, the final depth is generally limited to the shallow water depth above the chemocline, and so the
water intake will be lowered and the final depth achieved when the chemocline depth is reached. As the
system starts up, geochemical data will be closely monitored. The data will be compared to the
performance criteria presented below to determine whether the Aeration Pilot Test should continue. The
startup sequence is summarized in Table 3.1.12.5-1.

Quasi-Steady State

Once the Pond reaches steady state relative to the aeration device operation, the Aeration Pilot Test will
be considered in quasi-steady state mode and system operation will continue. Data will be collected
according to the monitoring schedule presented herein.

Shutdown

Two shutdown scenarios are identified: 1) at the conclusion of the Aeration Pilot Test; and 2) for an
unanticipated fault or intentional shutdown. In the first case, the two aerators will be shut off and the
Pond system allowed to return to ambient conditions. If the system shut down occurs due to a system
fault or intentional shutdown (e.g., maintenance, shut down trigger threshold exceeded, etc.), and system
re-start is desired, an evaluation will be conducted to determine whether the intake tube needs to be raised
and the startup process repeated.

> If the system shuts down either through a system fault or intentional shutdown, it may be necessary, depending on
the shutdown duration and field conditions, to restart the system in startup mode.
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3.1.12.6 Monitoring/Sampling Plan

A combination of field measurements and fixed lab analysis will be used to monitor the pilot test
performance (Table 3.1.12.6-1). The use of near-real-time data and visual observations will be used to
make adjustments to the test while the test is occurring. The following sections and Tables 3.1.12.6-2 and
3.1.12.6-3 summarize the parameters and monitoring schedule/locations that will be used to assess water
quality during the Aeration Pilot Test.

Baseline and Post-pilot Monitoring/Sampling

The principle purpose of the baseline and post-pilot monitoring is to provide a means to evaluate changes
in the water chemistry brought about during the Aeration Pilot Test. PDI-4C and the SWMP will establish
the baseline and post-pilot water quality within and entering/leaving the Pond, respectively, but additional
sampling may be recommended. Parameters not included in PDI-4C and/or SWMP, summarized as
follows:

L TSS (total suspended solids)*
m TDS (total dissolved solids)**

m TOC (total organic carbon)**

L DOC (dissolved organic carbon)**
m COD**

m BOD**

Notes:  *Add to monitoring at RM1 and RM2 (already performed for SWMP at pond inlets and outlet)
**Add to RM1, RM2, and up to four discrete grab sampling stations [Halls Brook, Pond outlet, and AAD and ROW
No. 9 (if flowing)

Analysis for these additional parameters will be performed during one event in each of the baseline and
post-pilot phases. The CTD sensor stations established in PDI-4C will be operated during the test as well.

Test Phase Monitoring/Sampling

The purpose of the test phase monitoring and sampling program is to collect sufficient data to assess the
net changes to water quality during the test. The program includes a combination of fixed and manually
operated profiling with a water quality sonde and sampling and fixed lab analysis. The manually operated
sonde will be used at various locations/distances from the aeration equipment to evaluate the effectiveness
of the aeration device(s). The water quality monitoring locations are presented above. Table 3.1.12.6-1
provides a detailed description of the monitoring and sampling plan associated with the test phase of the
pilot test. As noted, sampling activities conducted for PDI-15 will be coordinated with PDI-4C to
eliminate redundant sampling and analysis.

Microbiological Sampling/Testing

Ammonia and benzene transformation occurs through various biologically-mediated reactions

(e.g., ammonia nitrification to nitrite by Nitrosomonas, ammonia to dinitrogen gas by anammox). A
baseline microbiological test program is described in PDI-4B. Molecular biological tools (MBTSs) will be
used to determine what microorganisms exist and what processes microbes use to degrade ammonia and
benzene during/following the pilot test to evaluate gross changes (if any) from baseline event (see PDI-
4B). This information promotes greater understanding of the dominant ammonia and benzene
degradation pathways. Microbiological monitoring will be conducted during the test to look for gross
changes in the composition of the biological community. The proposed microbiological monitoring
consists of sampling two media, as follows:

| Surface Water: At the north station, a water sample will be collected in the interval above the
chemocline, below the chemocline, and at the chemocline (i.e., at the interface between the two
compartments). Water will be passed through a 0.2 micron filter to collect the particulate
fraction. Particulates will be analyzed using gPCR techniques similar to sediment samples below.
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L Sediment: A surface sediment sample will be collected from the north monitoring station. The
sediment sample will be analyzed using qPCR for functional genes related to AOB, nitrite-
oxidizing bacteria (NOB), and anaerobic ammonia oxidation bacteria (anammox). The sediment
sample at the microbial testing location will also be analyzed for arsenic in the baseline and post-
pilot monitoring event.

The monitoring program is further described in RDWP Attachment 1 Microbiological Monitoring.
3.1.12.7 Performance Monitoring Criteria

These performance metrics will be used as action levels to trigger changes to the Aeration Pilot Test,
including temporary shutdown, if conditions warrant. To be considered a viable approach, the aeration
system must be capable of approaching the surface water standards presented in the SOW (parameters
noted in Table 3.1.12.7-1 with **). As such, the surface water standards represent the first tier of
performance measures for the aeration test and approach.

3.1.12.8 Contingency Planning

In the unlikely event that certain adverse conditions such as significant increases in turbidity, arsenic,
benzene, or ammonia concentrations or other deleterious conditions occur in the upper layer of the water
column, a contingency plan is included as Attachment C3.

3.1.13 PDI-16: Cofferdam Simulation Pilot Test

The primary objective of PDI-16: Cofferdam Simulation Pilot Test is to evaluate the hydrodynamic
effects of a cofferdam on the chemocline and surface water flows within the HBHA Pond. Particular
interest will be on whether or not a cofferdam for the primary treatment cell may potentially cause the
chemocline to rise and how this may be considered in the final design. An additional purpose of this PDI
will be to evaluate the surface water forces on the flexible curtain-style cofferdams®.

3.1.13.1 Investigation Approach and Methods

PDI-16 will be completed to simulate the cofferdam installation to encompass a portion of the pond
within the full extent of the primary treatment cell, as contemplated in the SOW. The test will be
completed north of the Halls Brook inlet to eliminate challenges posed by variable flows

(e.g., stormflows) emanating from Halls Brook. To the extent a storm does occur during the test, the
impact of such an event on the chemocline behind the curtain will be evaluated.

m Operate the barrier simulation for a duration to be determined based on the schedule/timing of
RDWP approval and other ongoing PDIs. We anticipate warmer weather will be the best period
to evaluate the chemocline rising behind the curtain given the low surface water flows, limited
rainfall/infiltration, intensity of stratification during this season, and safer monitoring conditions
than the winter months, for example. In addition, it is desirable to simulate the affect a
barrier/curtain may have on the accumulation of dense water and rise of the chemocline over an
extended time period. However, given the schedule limitations and potential seasonal limitations,
to ensure the cofferdam simulation pilot test is thorough, and to avoid having

16 Note: During the remedial design, AASHTO Design Specifications or other appropriate method for determining
stream pressure loading will be used, consistent with standard engineering practice and factoring in the cofferdam’s
proposed materials of construction, orientation to flow, and/or other relevant design considerations as appropriate.
Given the pilot test of a flexible curtain to simulate a flexible cofferdam concept, the nature of the evaluation of
surface water forces on the pilot tested curtain will be more qualitative (e.g., observation of anchorage
requirements).
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PDI-16 interfere with other PDIs, it may be necessary for PDI-16 to extend beyond the submittal
of the 30% design. Pending the performance observed and to the extent possible, the barrier may
be installed for a period overlapping the Aeration Pilot Test (PDI-15) to observe any contributory
effects, as described in more detail in the RDWP text.

m Conduct water column profiling manually on both sides of the barrier to assess the stratification
and chemocline elevation. See monitoring/sampling plan summarized below.

Field procedures may be modified if necessary based on field conditions.
3.1.13.2 Preparation, Materials and Setup Procedures

The following outlines the sequence of procedures to be followed to execute the test, beginning with site
preparation.

m Site Preparation Activities: Prior to testing the barrier, site preparation activities will be
implemented, including the following major tasks:
— Establish fixed buoys for monitoring stations
— Conduct baseline monitoring (see below)

L Materials: The cofferdam simulation test will be performed using materials similar to those used
for silt controls (silt curtain baffles). A schematic of the simulated cofferdam barrier is provided
on Figure 3.1.13.2-1. As shown, the barrier uses a ballast chain(s) along the base of the curtain
(which is a standard approach used for silt curtains). In this application, the weighted chain is
anticipated to settle into the loose, floc-like sediment bed to establish the seal. Monitoring will be
performed downstream of the barrier to evaluate flow under or through the barrier. If the ballast
chain is unsuccessful, other measures will be evaluated and applied, as appropriate, considering
field conditions, timing constraints, the apparent root cause of problems observed (if any), and
other relevant considerations. This flexible curtain system is suitable for pilot testing the general
approach. However, this curtain is generally not applicable to a winter iced-in condition, unless
modified (modifications that are not readily implemented for a pilot test of the approach).
Consequently, this type of curtain for PDI-16 will be run during warmer periods to test the
general concept.

m Barrier Setup: The barrier will be set in place using the manufacturers recommended
procedures. Setup procedures are described in the associated SOP (see Attachment C1).

3.1.13.3 Monitoring/Sampling Plan

Water quality monitoring immediately adjacent to the barrier allows assessment of the potential
chemocline buildup behind the simulated primary treatment cell barrier. To accomplish this work, we
anticipate a combination of manual, real-time measurements of conventional field parameters with a
sonde and sampling of the water column on a reduced frequency. The monitoring/sampling is as
summarized below and in Tables 3.1.13.3-1 and 3.1.13.3-2. Figure 3.1.13.3-1 shows the layout plan for
the pilot test.

Water Quality Monitoring Locations: Water quality monitoring will be conducted using two types of
monitoring station setups (fixed CTD monitoring stations and a manually-operated sonde):

m Fixed Monitoring Stations: PDI-16 will use the monitoring station set up for PDI-4C. Figure
3.2.2.3-1 shows the approximate location of the fixed stations. The fixed stations will collect data
at the interval described in PDI-4C and store data for retrieval and data reduction on a periodic
basis. To supplement the water quality data from the fixed stations, an additional, manually
operated sonde will be used as further discussed below.
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L Manual Monitoring Locations: A manually-operated sonde will be used to periodically collect
supplemental water quality data along the alignment of the barrier, as well as at RM1 within the
cofferdam simulation area. The manually operated sonde will be used to evaluate the consistency
of the chemocline elevation across either side of the curtain. Depth intervals for profiling will
generally be every 50 cm (reduced to 25 cm intervals when approaching the chemocline)
beginning near the water surface and extending to near the sediment-water interface.

Field Parameters and Manual Monitoring Frequency

The CTD sensor monitoring stations set up for PDI-4C at RM1, RM2, and RM3 will be used; these
stations include CTD sensors configured as described in Section 3.2.2.3. The manually operated sonde
will be a full-spectrum sonde, providing the following conventional water quality parameters: ammonia
(via ion-selective probe), DO, pH, ORP, conductivity, temperature, and turbidity. The manually-operated
sonde will be performed at the RM1 CTD station, as well as well as at two locations (flexible location)
along the barrier setup alignment (one each either side of the barrier). We estimate that manual field
water quality monitoring will be conducted: immediately before the barrier deployment, and post
deployment on days 1, 2, 5, 7, and weekly until week 4 (the initial manual monitoring frequency).
Thereafter, monitoring and sampling will be conducted on a monthly basis or as needed to calibrate the
water quality sondes. If there is a storm event (> 1 inch in 24 hours) during the test, monitoring will
revert to the initial manual monitoring frequency to assess the potential disruption of the chemocline
caused by increased inflows, unless no storm impacts are observed during prior storm events of equal or
greater magnitude experienced during PDI-16.

Sample Depth Intervals

Samples will be collected at the fixed monitoring station at RM1. The purpose of this sampling and
analysis is to correlate the field measurements with chemical data. The sample depths at the fixed
monitoring stations will be as per PDI-4C. See PDI-4C for a description of the CTD sensor layout at the
fixed monitoring station.

Sampling and Laboratory Analysis/Frequency

Water samples will be obtained from the locations and depths noted above. The frequency of this
sampling will be as follows: immediately before the barrier deployment (via PDI-4C), and post
deployment on day 2, 7, and weekly through week 4 (initial sampling frequency). Thereafter, sampling
will be conducted on a monthly basis per PDI-4C. Similar to the monitoring schedule for field
parameters, if there is a storm event, the sampling sequence will revert to the initial sampling frequency,
unless no storm impacts are observed during prior storm events of equal or greater magnitude experienced
during PDI-16. Discrete surface water grab samples will be collected using a peristaltic pump, filtered
with a 0.45 micron filter (dissolved arsenic only), placed in proper glassware, and transported under chain
of custody procedures to Alpha Analytical Labs for the following analyses:

| Ammonia
| Benzene
[ Arsenic - total and dissolved

Note: If other PDIs are ongoing at the time of this work, and the monitoring/sampling activities are
similar, the laboratory analysis and field water quality profiling will be coordinated if possible to avoid
duplicating activities.

47



3.2

321

DRAFT

WHP In-situ Enhanced Bioremediation

PDI-9: West Hide Pile Investigations and Assessment

The goals of this PDI are to:

3211

A

Obtain sufficient data to assess if the potential human health and ecological risk(s) near the WHP,
EHP and contiguous wetlands are unacceptable, particularly with respect to the benzene plume
beneath the WHP

Assess the potential for enhanced biodegradation of benzene, if it is determined risk(s) to human
health and ecological receptors exist and ICs can not address the estimated risks

Perform additional studies, as necessary, to refine and/or reduce risks if unacceptable estimates of
human health and/or ecological risk are determined

PDI-9A - West& East Hide Pile Investigations and Assessment

Investigation Approach and Methods

The following general steps will be followed for PDI-9A:

Step 1 - Sampling and analysis of groundwater (from WHP wells), shallow groundwater
(piezometers), surface water and bulk sediment (from the Lower South Pond) will be completed.
Step 2A (HH) - If COC concentrations are below the human health (HH) screening thresholds,
no further action will be required with respect to human health. If concentrations exceed the HH
screening thresholds, then an evaluation of whether ICs can mitigate the HH risk will be
conducted. If ICs apply, then ICs will be pursued; otherwise, Step 3 described below will be
performed.

Step 2B (ECO) - If COC concentrations in media are below applicable ecological screening
thresholds, no further action will be required. If applicable concentrations exceed the screening
thresholds, then Step 3 will be performed.

Step 3 - If Step 2A/2B show exceedances of screening thresholds, then EPA will conduct the
applicable supplementary risk characterization. Additional groundwater investigation and
characterization may also be required in the vicinity of the WHP (PDI-9B).

The risk screening Performance Criteria for both human health and ecological receptors are presented in
the following table:

Media Ecological Risk Human Health Risk*
Arsenic: 300 mg/kg Arsenic: 300 mg/kg
Sediment Lead: 600 mg/kg Lead: 600 mg/kg
Chromium: 1000 mg/kg Chromium: 1000 mg/kg
Benzene:  Modified EgP
Arsenic: 150 ug/L Arsenic: N/A!
Surface Water Benzene: 46 ug/L Benzene: N/A
Ammonia: NRWQC (2009) Ammonia: N/A!

IN/A: Contribution to human health risk anticipated to be negligible for the anticipated recreational wading scenario.

The data collection sequence for samples obtained for the WHP Investigation and Assessment will be
groundwater (WHP), shallow groundwater (Lower South Pond), followed by surface water and finally
sediment.
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The following field sampling procedures will be used for media that will be sampled for PDI-9. Three
groundwater wells will be developed using direct push technology (methods presented in Section 3.1.2.1)
on the eastern side of the WHP. These wells will, to the extent practicable, replicate former wells RX-18
and RX -19 (Figure 3.1.2.2-1). One additional well, located on the southwestern side of the WHP, will
also be installed. A minimum of seventeen (17) locations in Lower South Pond (Figure 3.2.1.1-1) will
also be sampled (see Tables 3.2.1.1-1 and 3.2.1.1-2). The following describes how each media will be
sampled:

L Shallow Groundwater: At each location (Figure 3.2.1.1-1) shallow groundwater will be
obtained from a slotted 2%2” PVC piezometer fitted with a dedicated sintered glass filter attached
to silicon sample tubing. Piezometers will be positioned three feet from the shoreline and
screened within the 3 to 4 ft sediment depth interval. The water level inside and outside of the
piezometers will also be measured, which will allow the determination of hydrostatic water levels
to identify if groundwater is discharging from the WHP and/or EHP into the Lower South Pond.
Shallow groundwater will be measured for arsenic (total and dissolved), benzene, ammonia,
nitrogenous species (TKN, NO3/NO2), suspended solids (total and dissolved) and organic carbon
(total and dissolved). Conventional parameters (DO, pH, temperature, specific conductivity,
ORP) will be measured using a portable multiprobe.

L Surface water: Aliquots will be obtained at half the surface water depth for at least six locations
using a Kemmerer sampler. Lower South Pond is fairly shallow and therefore vertical profiling,
if applicable, would only be limited to one or two of the deep locations. If the maximum water
depth does not exceed 6 ft, then it will be assumed the incremental precision needed to obtain
vertical profiling data cannot be met, and therefore vertical profiling will not be required.
Samples will be analyzed for arsenic (total and dissolved), benzene, ammonia, nitrogenous
species (TKN, NO3/NO2), suspended solids (total and dissolved) and organic carbon (total and
dissolved). Conventional parameters (DO, pH, temperature, specific conductivity, ORP) will be
measured using a portable multiprobe.

L Sediment: grab samples will be obtained using a Petite Ponar dredge. Sediment will also be
analyzed for grain size, arsenic, chromium, lead, benzene, ammonia, nitrogenous species (TKN,
NO3/N02), and total organic carbon. Enough sediment will be obtained to split the sample,
preserve a portion with 70% ethanol, and archive if benthic macroinvertebrate taxonomy might be
needed.

With the exception of two deep water locations, surface water and sediment will be sampled in the
vicinity of the mini-piezometers. Water quality parameters (pH, temperature, DO, conductivity, ORP,
and turbidity) will be measured in the field. Additional sediment sample will also be obtained so that a
portion can be sieved, preserved with 70 % ethanol, labeled and archived should benthic
macroinvertebrate metrics be needed in the near future.

3.2.1.2 PDI-9B - WHP Enhanced Bioremediation Studies

Surface and shallow groundwater data will be compared to the applicable risk-based standards (above) for
benzene, arsenic, and ammonia. Collection of additional samples may be necessary if Performance
Standards are exceeded (e.g., for benzene) and an in situ enhanced bioremediation system needs to be
evaluated for the WHP. Should surface and shallow groundwater samples be below the applicable
standards, but benzene concentrations are identified in bulk sediment, benzene concentrations will be
normalized using sediment total organic carbon concentrations and compared to Equilibrium Partitioning
(EqP) criteria for VOCs (calculated using a modified EPA EqP methodology for VOCs). Benzene does
not bioconcentrate or bioaccumulate in freshwater species and critical body burden thresholds for narcosis
would need to be met to incur ecological risk.
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The selected remedy for In-Situ Enhanced Bioremediation included oxidant injection to increase oxygen
levels within the WHP and address benzene in groundwater through the aerobic biological degradation, as
well as arsenic and ammonia contamination in groundwater through precipitation and reversing reducing
conditions which contribute to contaminant migration. Sampling and analysis methods for evaluation of
enhanced bioremediation may include installation of a groundwater monitoring well, groundwater
sampling, and characterization of indigenous microbes. Methods and locations of additional data
collection would be specified in an addendum to this FSP and the QAPP.

3.2.1.3 PDI-9C Additional Actions to Address Unacceptable Risk(s)

The goal of PDI-C is to perform additional studies, as necessary, to refine and/or reduce risks if
unacceptable estimates of human health and/or ecological risk are determined. The scope of PDI-9C will
be developed, with EPA input, if additional actions are necessary. The details of any scope will be
provided in an addendum to the RDWP, subject to EPA approval.

3.3 Removal and Restoration of Near Shore Sediments from the Wells G&H Wetland and
CBCA

3.3.1 PDI-2: Wells G&H and CBCA Wetlands Sediment Dredging/Excavation
The goals of this PDI will be to:
L Delineate areas to be dredged based on 1) accessibility and 2) arsenic concentration in sediment

exceeding 300 mg/kg in the Wells G&H wetland and exceeding 230 mg/kg in the CBCA wetland
along the bog irrigation channels

L Determine geotechnical properties to establish design requirements for construction staging,
equipment access, material handling, and wetlands sediment dewatering

L Determine preliminary waste characteristics of sediment for preliminary evaluation of disposal
option(s)

3.3.1.1 Investigation approach

PDI-2 will include collection of samples to support delineation of the lateral limits of accessible
sediments requiring dredging/excavation. EPA has designated areas requiring dredging in the ROD as
shown in Figures 3.3.1.1-1 and 3.3.1.1-2. The limits of dredging/excavation will extend 30 ft from the
shoreline (generally east west orientation). The purpose of sampling conducted as part of PDI-2 will be to
determine the horizontal limits of sediments requiring dredging/excavation along the edge of the shoreline
(generally in the north-south orientation). Sampling will only be completed in areas that meet the
definition as accessible. The ROD states .... Accessible sediments were defined in Appendix 6A of the
March 2005 MSGRP RI as areas with mild to moderate vegetation, generally shallow (i.e., less than two
feet) and slow moving surface water, and gradual banks with few, if any, physical barriers present (e.g.,
fencing or other access obstacles).

During this PDI, data will also be collected to characterize arsenic in sediments with depth, and support
the civil engineering design for construction staging, equipment access, and the dredging/excavation
design for material handling, dewatering, and disposal planning.

3.3.1.2 Sampling and Analysis Methods

Approximately 27 locations will be sampled within the wetland areas using 2-ft piston and/or ballcheck
corers. Alternatively, a sharpened serrated piston core barrel or a Russian Peat Corer may be necessary to
cut through fibrous peat layers in order to obtain full, undisturbed 4-to-5-ft sediment cores. The best
method for obtaining cores will be determined in the field by trial and error at the initial sampling
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locations. Soil/sediment cores will be sectioned into 0 to 0.5 ft, 0.5 to 1.5 ft, and subsequent 1-ft depth
horizons to the bottom of the core. Composite samples from these sections will be analyzed first for
arsenic, and potentially benzo(a)pyrene. Benzo(a)pyrene, with a Performance Standard of 4.9 mg/kg, will
only be analyzed in delineation samples for which arsenic concentration is below the applicable
Performance Standard. Samples collected from depths greater than 2.5 ft will initially be placed on hold,
with analysis of arsenic, and possibly benzo(a)pyrene, pending results of the samples collected from
ground surface to 2.5 ft below ground surface (bgs). Wetland sediment samples will be stored frozen to
extend holding times up to 1 year, so that analyses for arsenic and benzo(a)pyrene will not be
compromised by holding time exceedances. Wetland sediments are expected to have greater than 30 %
solids content, and should not require freeze drying.

Although wetland sediments are not expected to require a dewatering design, they are may warrant some
solidification to facilitate handling, transportation, and disposal. Four bulk composite samples (two from
Wells G&A, two from CBCA, minimum of 5 gallons each) will be collected (by piston core or other
means) from more than one sample location where the Performance Standard is exceeded for
solidification testing to determine the effect of different solidifying agents on the sediment from the
wetland areas. The goal of this testing will be to determine what solidifying agents and weights of agents
will improve handling and disposal properties of the sediment. Solidification testing is performed on the
homogenized sediment removing only the very largest particles prior to the test. The testing will include
the use of quick lime, Portland cement, and other agents that may be readily available in the Boston metro
area. Test procedures are described in Section 3.1.1.2.

In addition, effluent from settling of wetland sediment within each 5-gal container will be sampled for
analysis of arsenic to determine the need for designing wastewater treatment. It is anticipated that the
dredging design will include returning dewatering effluent from settling to the wetlands, with or without
treatment as determined by sampling up to four (4) effluent samples for the following analytes:

L Dissolved Arsenic
L Particulate Arsenic (measured as the difference between total and dissolved)

Sediment geotechnical characterization of four samples (two from Wells G&H, two from CBCA) of the
top 2 ft of wetland soil/sediment (the extent of delineation) will include the following parameters:

Water content

Grain size (sieve and hydrometer)
Atterberg limits

Organic content (loss on ignition)
Specific gravity

Two of the four (4) samples composited for geotechnical testing will also be subsampled for preliminary
RCRA waste disposal characterization:

TCLP Metals
Corrosivity
Reactivity
Ignitability
Paint Filter Test

The weight bearing capacity of wetlands soil/sediment for construction equipment accessibility will be
evaluated via a two-step process. First, a peat probe (steel rod) will be manually advanced adjacent to the
areas of concern to measure the penetration resistance and depth to refusal. Next, depending on the
variability observed in the probing study, one soil boring will be performed in each (2 borings total) of the
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main remediation areas (the Wells G & H Wetland and CBCA Wetland). Test borings will be completed
in each area using hollow stem augers. Standard drilling methods may be used to evaluate strength of the
sediments (e.g., standard penetration test (SPT), field torvane). Sampling and analysis methods for
wetland soil/sediment collected for PDI-2 are summarized in Tables 3.3.1.2-1 and

3.3.1.2-2.

Wetland conditions will be surveyed and photo-documented to provide information for wetlands
restoration planning.

3.4 Institutional Controls
3.4.1 PDI-12: Soil and Groundwater Institutional Controls

Pursuant to the requirements of the SOW, Institutional Controls (ICs) will be implemented to prevent
contact with contaminated media such as groundwater, surface and subsurface soil, and sediments, as well
as to ensure that components of the remedy can and will be maintained to ensure long term performance
of their stated objectives. There is a broad range of ICs that may be applicable to these various
components ranging from easements and covenants to deed notices and advisories. The purpose of this
task will be to evaluate the applicability of this full range of IC options for the Industri-plex OU2 remedy
with regard to exposure pathways to be controlled, assess the compliance of particular IC mechanisms
with MassDEP and EPA guidance and policy, and prepare a description to be included in the 30% Design
Submission of how recommended 1Cs will meet the performance objectives of the remedy.

Consistent with the selected remedy in the ROD and SOW, institutional controls shall be designed and
implemented to:

m Control risks from exposures to contaminated surface soils (0 to 3 ft bgs) and subsurface soils
(3 to 15 ft bgs)

= Control risks from exposures to contaminated groundwater

m Control risks from exposures to contaminated deeper interior wetland sediments

L Ensure the remedy remains protected and establishes permanent access

In addition, the selected remedy describes institutional controls studies and an Institutional Control Plan.
Institutional controls studies are necessary to evaluate the most appropriate form(s) of Institutional
Controls for the various components of the remedy, which includes coordination with various
stakeholders (representatives from EPA, MassDEP, settling defendants, city officials, landowners, etc.).
Information gathered from the institutional controls studies would be applied to the draft Institutional
Controls Plan required under the 95% and 100% Remedial Design.

ICs shall be designed to be consistent with EPA’s publication “Institutional Controls: A Site Manager’s
Guide to Identifying, Evaluating and Selecting Institutional Controls at Superfund and RCRA Corrective
Action Cleanups” (OSWER 9355.0-74 FS-P, cited in EPA’s Administrative Record Compendium of
Guidance Documents). 1Cs may be established in the form of a Grant of Environmental Restriction and
Easement, running with the land. Any such Institutional controls for which a request to MassDEP to
serve as grantee is anticipated shall also be consistent with EPA and MassDEP guidance documents and
regulatory requirements, including any model forms/documents applicable to I1Cs (e.g., Grant of
Environmental Restriction and Easement). EPA, in consultation with MassDEP, shall approve of the
form, design and implementation of each IC remedy component.

The first step of this PDI will be to delineate the type of ICs that may be needed to restrict contact with
soils, groundwater, or deeper interior wetland sediments above clean-up standards as identified in the
ROD. Based on the list of likely exposure pathways established in the ROD, suitable use restrictions to
prevent exposures via those pathways can be developed into a basis for establishing appropriate ICs.
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Subsequently, data from other studies will be used to establish the physical limits of the areas in which
ICs need to be implemented (e.g., caps, groundwater contaminant plumes, subsurface sediments).

Other PDIs which will also provide data for the delineation of these physical limits include:

L PDI-3: Groundwater data will be collected within both OU2 and OU1 site boundaries that will be
used in evaluating the need for ICs
m PDI-10: Groundwater and surface water data will be collected along surface water channels that

will be used in evaluating the need for ICs

Long term security and protection from damage to ensure long term efficiency and enforceability, if
applicable, will be considered in the development of ICs. In addition, several survey and land-ownership-
related studies will be carried out to provide data necessary for the evaluation of the most appropriate 1C
alternatives and to promote their eventual implementation, including:

L Survey information for all parcels likely to be impacted by ICs to delineate either property
boundaries where entire parcels will be subject to ICs and/or restricted areas within parcels when
only a portion of that parcel will be subject to the IC

= Examination of property titles and related title examination work for such properties

These data will assist in the evaluation of the classes of ICs potentially suitable for OU2 including
controls which fall into one or more of the categories identified in relevant EPA guidance documents
including; (i) government controls (state and/or local land use controls such as zoning restrictions,
ordinances, building restrictions, etc.); (ii) proprietary controls (easements, covenants); and (iii)
informational devices (i.e., deed notices and advisories); and (iv) EPA enforcement and permit tools with
IC components, although such do not appear to be applicable at this time. The various IC options within
each of these categories judged to be potentially relevant upon initial screening will be assessed as to their
consistency with and practicality for the overall demands of the remedy. . Experience gained at Industri-
plex OU1 will be applied to this evaluation, and consideration will be given to the extent (if any) that
Industri-plex OU2-related ICs require the modification of Industri-plex OU1-related ICs. This analysis
will also evaluate whether the “layering” or sequencing of different forms of ICs may be appropriate.

PDI-12 data collection efforts and coordination related to 1Cs are divided into the following categories:

PDI-12A: Soil IC Delineation;

PDI-12B: Groundwater IC Delineation;

PDI-12C: Remedy Monitoring, Protection and Permanent Access
PDI-12D: IC Studies.

3.4.1.1 PDI-12A: Soil IC Delineation

ICs will be established to restrict contact with surface and subsurface soils with concentrations above the
Performance Standards to ensure the long-term effectiveness and protectiveness of response actions
performed at the Site. One area where ICs may be implemented is the former Lake Mishawum lakebed
(FLM) area, which historically received runoff and was filled before the construction of the HBHA Pond.
This PDI will build upon existing data, and is designed to collect additional soil data from various vertical
intervals to fill any RI data gaps and further delineate the extent of surface soils (0 to 3 ft bgs) and
subsurface soils (3 to 15 ft) contamination in the FLM area requiring institutional controls.
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A Investigation Approach and Methods

The goal of PDI-12A will be to identify properties or portions of properties within the boundary of FLM
that have measured arsenic concentrations greater than 50 mg/kg in surface and/or subsurface soils
(Figure 3.4.1.1-1). A higher soil standard, however, may be possible through the implementation of
bioavailability studies (as described in the ROD). ICs will be implemented on property parcels that
exceed the performance standard of 50 mg/kg. A higher standard may be supported through the use of
EPA’s Region 8 bioavailability strategy for arsenic, which recommends the same relative bioavailability
factor for arsenic in soil that was obtained in the MSGRP Human Health Risk Assessment.

A brief synopsis of each step of the FLM investigation is presented below:

m Boring Locations: Soil borings will be collected within the footprint of FLM (Figure 3.4.1.1-1).
Location preference will lean toward industrial properties (approximately seven) within this
footprint. A boring will be taken on the north, east, south, and west portions of each industrial
property. Because ICs may not be limited to private property, other soil borings may be located
on non-industrial lands (e.g., landscaped or grassy areas, easements, etc.). To complete the FLM
ICs for arsenic in soil, we estimate approximately 40 supplemental soil boring locations will be
required.

m Sample Collection Method: Soil samples will be collected using Geoprobe™ direct push
technology. Sampling will terminate based on visual stratigraphy, i.e., when the bottom of the
FLM sediment bed is encountered, which is estimated to be less than 15 ft below ground surface.
The bottom of the FLM sediment bed will be defined by the presence of peat deposits.

= Soil Sample Analysis: Four 4-ft sections will be taken at each soil boring location (Tables
3.4.1.1-1 and 3.4.1.1-2). Soil from 0 to 3 ft will be homogenized and an aliquot of this sample
will then be analyzed for arsenic. Soil from 3 to 15 ft will also be homogenized and an aliquot
will be analyzed for arsenic. Following analysis, soil samples will be archived to insure enough
soil can be sub-sampled for a bioavailability study, if necessary.

L Where elevated arsenic is detected in soil in FLM, groundwater profiling will be completed to
assess impacts to groundwater as described in PDI-12B.

3.4.1.2 PDI-12B: Groundwater IC Delineation

ICs will be established on select properties to restrict contact with groundwater exhibiting concentrations
above the Performance Standards. This PDI will build upon existing data, and collect additional
groundwater data to further delineate the extent of groundwater contamination requiring I1Cs. In areas
where groundwater contamination exceeds the cleanup standards in the SOW Section IV.A.1 (i.e. Arsenic
at 150 ug/L [parts per billion, or ppb], Benzene at 4 ug/L, Ammonia at 4,000 ug/L, 1,2-Dichloroethane at
2 ug/L, Trichloroethene 1 ug/L, and Naphthalene at 5 ug/L), ICs will be imposed to restrict drinking
water, industrial process water, or other purposes (such as water for a commercial car wash facility and
groundwater encountered during excavation activities). The Performance Standards presented in the
SOW as applicable to groundwater on OU2 are summarized in Table 1.2.2-1 of the RDWP.

To assess the limits of groundwater contamination requiring 1Cs, PDI-12B will rely on groundwater data
collected in numerous PDIs including:

PDI-3 Groundwater Investigation

PDI-9 West Hide Pile Investigations and Assessment
PDI-10 Impermeable Caps

PDI-14 Ammonia Background Investigation

As mentioned previously in PDI-12A, additional groundwater profiling will be completed in the vicinity
of the FLM where elevated arsenic concentrations are observed in soils, or where historical data indicate
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groundwater contamination exists. The exact location of the groundwater profiling locations in the FLM
area will be determined by the observed concentrations in soil. However Figure 3.4.1.1-1 shows fifteen
proposed groundwater profiling locations in the vicinity of FLM to supplement the groundwater
investigations proposed in other PDlIs to evaluate the need for ICs to restrict contact with groundwater
exhibiting concentrations above the Performance Standards.

A Investigation Approach and Methods

Former Lake Mishawum

Groundwater profiling in the vicinity of FLM (see Figure 3.4.1.1-1 will be completed using direct push
technology (DPT) driving a groundwater sampling tool (e.g., GeoProbe™ groundwater profiler, Waterloo
Profiler™) and low-flow sampling methods to the extent feasible. Groundwater samples would be
collected from the water table to the top of bedrock or to a total depth of approximately 30 ft, whichever
is less, at 10-ft increments. Therefore at each location, groundwater samples will be collected at
approximately 5 to 10 ft (water table), 15 to 20 ft (near the depth of the bottom of FLM) and 25 to 30 ft or
refusal, whichever is encountered first.

m Groundwater samples will be submitted to a fixed laboratory for analysis of the following
parameters:
— Total and Dissolved arsenic
— VOCs (including benzene, 1,2-dichlorethane, trichloroethene, and naphthalene)
— Total ammonia

Filtered samples (0.45-micron) will be collected for dissolved arsenic analysis and unfiltered samples will
be collected for total arsenic, VOCs and ammonia.

Sampling and analysis methods are summarized in Tables 3.4.1.2-1 and 3.4.1.2-2.

Industri-plex OU2

In addition to groundwater investigations described above for PDI-12B, numerous PDI’s (PDI-3, -9, -10)
will be collecting groundwater data that will also be used to identify properties or portions of properties
within Industri-plex OU2 that require 1Cs for groundwater. Figure 3.4.1.2-1 assimilates all of the
proposed groundwater sampling (PDI-3, PDI-9, PDI-10, PDI-12) described in this FSP. Refer to the
appropriate FSP sections for additional detail on proposed investigation approaches for the individual
PDIs. The groundwater data collected at the locations shown on this Figure will be used as the basis for
assessing the need for ICs and will be also be used to assess background ammonia conditions (PDI-14) at
the Site.

3.4.1.3 PDI-12C: Remedy Monitoring, Protection and Permanent Access

This PDI will consider ICs to ensure that any remedial components constructed as part of the selected
remedy are not disturbed or otherwise compromised by any other use or activity. Remedial components
may include monitoring wells throughout the site, covers or caps over contaminated soil areas, or low-
head cofferdams or other structures installed in the HBHA Pond as part of the remedy. In addition, this
PDI will evaluate ICs necessary to ensure that permanent access is obtained to all components of the
remedy. While details of the final remedy, including environmental monitoring plan and operations and
maintenance plan, will not be well understood until the 95% and 100% designs, the potential forms of ICs
to protect the remedy and ensure access need to be considered early in the design process.
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3.4.1.4 PDI-12D: IC Studies

This PDI studies and evaluates the estimated duration, long-term effectiveness and enforceability of
various forms of ICs, including but not limited to deed restrictions, easements, regulatory action, zoning
ordinances, and/or other legal and/or administrative measures, either individually or applied in
combination on an individual property. The evaluation will take into consideration all relevant EPA and
MassDEP guidance documents and regulatory requirements, including any available model
forms/documents applicable to ICs. As part of this PDI, representatives from various stakeholders (e.g.,
EPA, MassDEP, settling defendants, city officials, landowners) will be established as a working group to
discuss and further evaluate various forms of the 1Cs applicable for the various media (soils, groundwater
and deeper interior wetland sediments) and long-term remedy protection, monitoring and access.
Information gathered and/or recommendations formed from these working group studies will be
considered further in the draft Institutional Controls Plan required under the 95% and 100% Remedial
Design.
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4.0 SCHEDULE

The conceptual PDI schedule (Figure 4-1) demonstrates the anticipated timeframes and interdependencies
of the individual PDIs outlined in this document. The schedule generally assumes the RDWP will be
approved of by 24 May 2010. It should be noted that this schedule will change to incorporate comments,
revisions, access limitations, and further development of PDI's.
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TABLE 2-1

SUMMARY OF TASKS BY PRE-DESIGN INVESTIGATION
INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

DRAFT

| sl lale|S2]|9)e|ele|2|=|S|8|92]s
Task No. Task Relevant Standard Operating Procedures (SOPs) alalalzlzl2lalalalz!l==1Z2 || =12
cla|lal2|l2|2|lal|lala|f |2l |d |’
o | o | a a || |[E 2]
1 Sediment Sampling OP3004- Sedlme.mt Sampling . X X X
OP1008- Operations Over, Near or on Water
2 Bathymetric Survey (incl. debris) OP1008- Operations Over, Near or on Water X
. OP2030- Direct Push Borings
3 Peat Probing OP2000- Monitoring Field Explorations X
4 Accessibility Survey OP1008- Operations Over, Near or on Water X
OP1008- Operations Over, Near or on Water
5 Wetland Peat Probing and Soil Boring OP2030- Direct Push Borings X
OP2000- Monitoring Field Explorations
OP3010- Groundwater Sampling
6 Groundwater Profiling Using DPT and Low Flow Sampling OP3011- Groundwater Sampling Using Direct Push Technology X X
OP3012- Low Stress/Low Flow Groundwater Sampling Procedure
OP3010- Groundwater Sampling
7 Groundwater Samplin
unaw ping OP3012- Low Stress/Low Flow Groundwater Sampling Procedure X X X X
8 Groundwater Sampling from barge OP3010- Groundwater Sampling X
9 Drive Point Piezometer Installation OP2021- Piezometers X
10 Water Level Measurement OP3008- Manual Water Level Measurement Procedure X
11 Monitoring Well Development OP3009- Monitoring Well Development Procedure X X X X
OP3007- Surface Water Sampling
13 Surface Water Sampling . X X X X X X X
OP3012- Low Stress/Low Flow Groundwater Sampling Procedure
14 Surface Water Screening with full spectrum sonde OP3012- Low Stress/Low Flow Groundwater Sampling Procedure X X X X X X X
OP1008- Operations Over, Near or on Water
15 Fluorescent Dye Tracer Study OP3007- Surface Water Sampling X
16 Meteorological Monitoring OP1008- Operations Over, Near or on Water X
. OP3007- Surface Water Sampling
17 |Tank Treatability Study OP3023- Air Sample Collection with Tedlar Bags X
. . OP2005- Test Borings
18 |Deep Soil Borings OP 1002- Drilling Safety X X
OP2005- Test Borings
19 Soil Borings and Sampling OP2030- Direct PlfSh Borings . X X X
OP 1001- Excavation and Trenching Safety
OP 1002- Drilling Safety
20 Monitoring Field Explorations OP2000- Monitoring Field Explorations X X X X X X X
21 Identification and Description of Soils in the Field O'P2001- Identification and Description of Soils in the Field Using x X x
Visual-Manual Methods
- . . OP3003- Surficial Soil Sampling
22 Surficial Soil Samplin
trfictal Sofl sampling OP3003A- Addendum to Surficial Soil Sampling X 1 X
23 Subsur.face (Pond) Sampler and Instrumentation Deployment and OP1008- Operations Over, Near or on Water " x " x
Collection
NOTES

1. Additional tasks include surveying, test pits, hand sampling, etc.

2. In some cases, PDI series are listed in place of individual subparts.

Haley & Aldrich, Inc.
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TABLE 2-2
SAMPLE SUMMARY BY PRE-DESIGN INVESTIGATION DRAFT
INDUSTRI-PLEX SITE OPERABLE UNIT 2
WOBURN, MASSACHUSETTS
Analytical Method/ No. of
Matrix Parameter SOP Reference S ' los? PDI-1 PDI-2 |PDI-3A|PDI-3B | PDI-4A | PDI-4B | PDI-4C | PDI-5 | PDI-6A | PDI-6B | PDI-6C | PDI-9A | PDI-10 | PDI-11 | PDI-12A | PDI-12B | PDI-15 | PDI-16
(Preperation Method) amples
GW Total Alkalinity SM 2320/SOP/07-22 108 8 100
GW . . SM 5210/ 6 6
SW Biological Oxygen Demand SOP/07-13 196 170 6
GW . SM 5220/ 6 6
SW Chemical Oxygen Demand SOP/07-16 196 170 55
GW . . EPA 9060/ 17 17
SW Dissolved Organic Carbon SOP/07-24 g 170 7 55
GW Ferrous Iron (Fe2+) Hach Method 8146 462 74 120 140 128
GW 187 74 33 17 18 45
SOlL Nitrogen, Ammonia (NHs) SM 4500/ 8 4 4
SED SOP/07-14 17 17
SW 483 9 120 140 17 18 144 35
GW 91 74 17
SED Nitrogen, Nitrate (NO5’) SSOMP?O570-2/6 17 17
SW 421 120 140 17 144
GW 91 74 17
SED Nitrogen, Nitrite (NO,) SSOMP?0570-2/6 17 17
SW 421 120 140 17 144
GW 91 74 17
SED Nitrogen, Total Kjeldahl (TKN) SM 4500 / SOP/07-15 17 17
SW 421 120 140 17 144
SW Phosphate, Ortho SM 4500/SOP/07-34 40 40
SW Phosphorous, Total SM 4500/SOP/07-35 40 40
Sw Solids, Total Dissolved SM 2540 / SOP/07-28 17 17
SW 137 64 17 56
GW . 17 17
| Total M 254 P/07-2
SW Solids, Total Suspended SM 2540 / SOP/07-29 155 120 506 7 12
GW Sulfate (SO,%) EPA 9038 / SOP/07-21 8 8
GW 17 17
) EPA 9060 /
SED Total Organic Carbon SOP/07-24 | W-028 17 17
SW 73 17 56
GW Arsenic. Dissolved EPA 6010/ SOP/06-01 187 74 33 17 18 45
SW ' (EPA 3005A/ SOP/05-05) 616 9 4 120 | 206 17 18 207 35
SED EPA 6010 / SOP/06-01 167 69 81 17
SOIL . (EPA 3050B/ SOP/05-07) 143 4 14 45 80
Al Total
SW reenic, fota EPA 6010 / SOP/06-01 616 9 4 120 | 206 17 | 18 207 | 35
GW (EPA 3005A/ SOP/05-05) 187 74 33 17 18 45
. EPA 6010/ SOP/06-01
SED Chromium, Total (EPA 30508/ SOP/05-07) 17 17
EPA 6010/ SOP/06-01
SED Lead, Total (EPA 30508/ SOP/05-07) o 7
SED EPA 6010 / SOP/06-01 69 69
GW Iron, Total EPA 6010 / SOP/06-01 74 74
SW (EPA 3005A/ SOP/05-05) 388 120 140 128
Page 1 of 2
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TABLE 2-2

SAMPLE SUMMARY BY PRE-DESIGN INVESTIGATION DRAFT
INDUSTRI-PLEX SITE OPERABLE UNIT 2
WOBURN, MASSACHUSETTS
Analytical Method/ No. of
Matrix Parameter SOP Reference s ' les! PDI-1 PDI-2 |PDI-3A |PDI-3B | PDI-4A | PDI-4B | PDI-4C | PDI-5 | PDI-6A | PDI-6B | PDI-6C | PDI-9A | PDI-10 | PDI-11 | PDI-12A | PDI-12B | PDI-15 | PDI-16
(Preperation Method) amples
GW 187 74 33 17 18 45
SED VOCs including Benzene and/or 1,2- 17 17
SOL DCA, TCE, Naphthalene EPA 8260/SOP/03-03 5 7 7
SW 483 9 120 140 17 18 144 35
EPA 8270C / SOP 03-06
SED B 81 81
enzo(a)pyrene (EPA 3540C/3546/SOP/02-04/122)
- EPA 9040B/9045C/
SED Corrosivity SOP/07-11 5 3 2
SED Ignitability EPA 1030 / SOP/07-60 5 3 2
SED Paint Filter Test EPA 9095A / SOP/07-70 5 3 2
SED Reactivity EPA 7.3 / SOP/07-37 5 3 2
SED TCLP Metals EPA 1311 5 3 2
SED 17 81013 4
SOIL Water Content ASTM D2216 18 3 3 8
SED . 34 81013 4 17
SOIL Grain Size ASTM D6913 and D422 16 3 3 5
SED . 17 81013 4
SOIL Atterberg Limts ASTM D4318 18 5 5 5
SED Loss on Ignition ASTM D2974/ GLP 121 17 81013 4
SED e . 17 81013 4
SOIL Specific Gravity ASTM D859 3 3 3 >
SED Large Diameter Settling Test USACE EM 1110-2-5027 3 3
SED API Filtrate Loss Test API 13A & 13B (ASTM D5981) 3 3
SED Hanging Tube Test see FSP text 3 3
SED Solidification Agent Testing see FSP text 7 3 4
SED 5 3 2
SW aPCR M 21 9 8 4
SW phospholipid fatty acid (PLFA) MI 8 8
SOIL CIU Triaxial ASTM D4767 9 3 3 3
SOIL 1-D Consolidation ASTM D2435 3 1 1 1
SOIL Visual Manual ID ASTM D2488 24 8 8 8
SW Percent absorbance (FDT) Procedures in FSP Attachment C3 160 160
GAC Packets Percent absorbance (FDT) Procedures in FSP Attachment C3 216 216
AIR Benzene GC VPSOP [H&A] 13 13
AIR Benzene Method TO-15/ SOP/A-001° 4 4
AIR Ammonia by Anasorb Galson Analytical Anasorb 13 13
"Total does not include field duplicate samples, which shall be collected at a frequency of 1 per event or every 20 samples.
2 _Prior to sample preparation for BaP analysis, soil and sediment samples will be inspected. Samples exhibiting greater than 50% moisture content or the presence of artifacts
(concrete or metal fragments/shavings) and/or high petroleum product content (i.e tar or oil impacted soils) be prepared using SOP/02-04 (soxhlet extraction).
S_Al samples will be analyzed by GC VPSOP (H&A) with 25% of these samples analyzed by EPA Method TO-15 (Alpha) for confirmation.
Page 2 of 2
Haley & Aldrich, Inc.
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TABLE 2-3

SAMPLE PRESERVATION AND HOLDING TIME
INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

DRAFT

Sample Containers Holding
Parameter Matrix Volume/Weight (Number, size® & type) Preservation Requirements Time? Analytical Laboratory
Total Alkalinity GW 100 mL 125 mL HDPE 4 +2°C 14 days Alpha Analytical, Inc
SW 100 mL 125 mL HDPE 4 +2°C 14 days Alpha Analytical, Inc
Biological Oxygen Demand GW 300 mL 1L HDPE 4 +2°C 24 hr Alpha Analytical, Inc
SW 300 mL 1L HDPE 4 +2°C 24 hr Alpha Analytical, Inc
Chemical Oxygen Demand GW 20 mL 250 mL glass H,SO, 28 days Alpha Analyt?cal, Inc
SW 20 mL 250 mL glass H,SO, 28 days Alpha Analytical, Inc
Dissolved Organic Carbon SW 150 mL 250 mL glass H,SO, 28 days Alpha Analytical, Inc
GW 500 mL 1 L amber glass H,SO, 28 days Alpha Analytical, Inc
Nitrogen, Ammonia (NHs) SED 1049 4 oz glass jar w/Teflon lined lid 4+2°C 48 hr Alpha Analytical, Inc
SOIL 10g 4 oz glass jar w/Teflon lined lid 4 +2°C 48 hr Alpha Analytical, Inc
SW 500 mL 1 L amber glass H,SO, 28 days Alpha Analytical, Inc
GW 50 mL 125 mL HDPE 4 +2°C 48 hr Alpha Analytical, Inc
Nitrogen, Nitrate (NO3) SED 10g 4 oz glass jar w/Teflon lined lid 412°C 48 hr Alpha Analytical, Inc
SW 50 mL 125 mL HDPE 4 +2°C 48 hr Alpha Analytical, Inc
GW 50 mL 125 mL HDPE 4 +2°C 48 hr Alpha Analytical, Inc
Nitrogen, Nitrite (NO,) SED 10g 4 oz glass jar w/Teflon lined lid 4 +2°C 48 hr Alpha Analytical, Inc
SW 50 mL 125 mL HDPE 4 +2°C 48 hr Alpha Analytical, Inc
GW 500 mL 1 L amber glass H,SO, 28 days Alpha Analytical, Inc
Nitrogen, Total Kjeldahl (TKN) SED 10g 4 oz glass jar w/Teflon lined lid 4 +2°C 48 hr Alpha Analytical, Inc
SW 500 mL 1 L amber glass H,SO, 28 days Alpha Analytical, Inc
Phosphate, Ortho sw 50 mL 125 mL HDPE 4+2°C 48 hr Alpha Analytical, Inc
Phosphorous, Total SW 100 mL 125 mL glass H,SO, 28 days Alpha Analytical, Inc
Solids, Total Dissolved sw 1000 mL 1L HDPE 4+2°C 7 days Alpha Analytical, Inc
Solids, Total Suspended SW 1000 mL 1L HDPE 4+2°C 7 days Alpha Analytical, Inc
Sulfate (SO,%) GW 50 mL 125 mL HDPE 4+2°C 28 days Alpha Analytical, Inc
SED 1049 4 oz glass jar w/Teflon lined lid 4 +2°C 14 days Alpha Analytical, Inc
Total Organic Carbon SW 150 mL 250 mL amber glass H,SO, 28 days Alpha Analytical, Inc
GwW 150 mL 250 mL amber glass H,SO, 28 days Alpha Analytical, Inc
. . GW 100 mL 250 mL HDPE HNO, 180 days Alpha Analytical, Inc
Arsenic, Dissolved -
SW 100 mL 250 mL HDPE HNO; 180 days Alpha Analytical, Inc
GW 100 mL 250 mL HDPE HNO; 180 days Alpha Analytical, Inc
Arsenic, Total SED 29 4 oz glass jar w/Teflon lined lid 4 +2°C 180 days Alpha Analytical, Inc
SOIL 29 4 oz glass jar w/Teflon lined lid 4 +2°C 180 days Alpha Analytical, Inc
SW 100 mL 250 mL HDPE HNO;3 180 days Alpha Analytical, Inc
Chromium, Total SED 29 4 oz glass jar w/Teflon lined lid 4 +2°C 180 days Alpha Analytical, Inc
Lead, Total SED 29 4 oz glass jar w/Teflon lined lid 4+2°C 180 days Alpha Analytical, Inc
Iron. Total GW 100 mL 250 mL HDPE HNO; 180 days Alpha Analytical, Inc
' SW 100 mL 250 mL HDPE HNO; 180 days Alpha Analytical, Inc
GW 40 mL 3-40 mL VOA vials HCI 14 days Alpha Analytical, Inc
Benzene* SED 1049 4 oz glass jar w/Teflon lined lid 4+2°C 14 days Alpha Analytical, Inc
1 2-Dichloroethane SOIL 1049 4 oz glass jar w/Teflon lined lid 4 +2°C 14 days Alpha Analytical, Inc
Trichloroethene SW 40 mL 3-40 mL VOA vials HCI 14 days Alpha Analytical, Inc
Naphthalene Store in dark,
15-25°C,
AIR 1L 1L Tedlar bag Protect from <10°C & > 30°C 3 days Alpha Analytical, Inc
Benzo(a)pyrene SED 209 4 oz glass jar w/Teflon lined lid 4 +2°C 7 days Alpha Analytical, Inc
SED 20g 4 oz glass jar w/ 33% Headspace Frozen >-20C;<-10C 365 days Alpha Analytical, Inc
Corrosivity SED 20g 4 oz glass jar w/Teflon lined lid 4+2°C ASAP (24 hr) Alpha Analytical, Inc
Ignitability SED 100 g 4 oz glass jar w/Teflon lined lid 4 +2°C 14 days Alpha Analytical, Inc
Paint Filter Test SED 100 g 4 oz glass jar w/Teflon lined lid None N/A Alpha Analytical, Inc
Reactivity (cyanide & sulfide) SED 20g 4 oz glass jar w/Teflon lined lid 4 +2°C 7 days Alpha Analytical, Inc
TCLP for Metals SED 100 g 4 oz glass jar w/Teflon lined lid 4 +2°C 14 days Alpha Analytical, Inc
Water Content SED 20-500g 8 oz glass jar w/Teflon lined lid NA NA Haley & Aldrich, Inc
SOIL 20-500g 8 oz glass jar w/Teflon lined lid NA NA Haley & Aldrich, Inc
Grain Size SED 20-500g 8 oz glass jar w/Teflon lined lid NA NA Haley & Aldrich, Inc
SOIL 20-500g 8 oz glass jar w/Teflon lined lid NA NA Haley & Aldrich, Inc
Atterberg Limits SED 20-500g 8 oz glass jar w/Teflon lined lid NA NA Haley & Aldrich, Inc
SOIL 20-500g 8 oz glass jar w/Teflon lined lid NA NA Haley & Aldrich, Inc
Loss on Ignition SED 20-500g 8 oz glass jar w/Teflon lined lid NA NA Haley & Aldrich, Inc
Specific Gravity SED 50-100g 4 oz glass jar w/Teflon lined lid NA NA Haley & Aldrich, Inc
SOIL 50-100g 4 oz glass jar w/Teflon lined lid NA NA Haley & Aldrich, Inc
Large Diameter Settling Test SED 57 L 3 X19L (5 gal) HDPE NA NA Hard Hat Services
API Filtrate Loss Test SED 15L 3 X500 mL HDPE NA NA Hard Hat Services
Hanging Tube Test SED 95L 5X19L (5 gal) HDPE NA NA Hard Hat Services
Solidification Agent Testing SED 15L 3 X500 mL HDPE NA NA Hard Hat Services
CIU Triaxial SOIL Shelby Tube 3 X 3.5 cu. Inch NA NA Geotesting Express
1-D Consolidation SOIL Shelby Tube 3 X3.5cu.Inch NA NA Geotesting Express
Visual Manual ID SOIL Shelby Tube 3 X 3.5 cu. Inch NA NA Geotesting Express
Phospholipid Fatty Acid (PFLA) SwW 2-3L 1L HDPE 412°C 24-48 hr Microbial Insights
DNA (qPCR) SED 50-100 g 8 oz glass jar w/Teflon lined lid 4 +2°C 24-48 hr Microbial Insights
SW 2-3L 1L HDPE 4 +2°C 24-48 hr Microbial Insights
Ammonia AIR Recorded duri.ng Anasorb tube, SKC Catalog no. NA 29 days Galson Laboratories
sample collection 226-29
Note:

* Benzene is the only VOC that will be sampled for air.
Toltis acknowledged that in some instances, where a large amount of moisture is present, additional or larger glass jars will be used to provide sufficient sample volume.
2 Holding time is determined from the time of sample collection, not when samples are received by the analytical lab.

Haley Aldrich, Inc.
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TABLE 3.1.1.2-1

PDI-1 HBHA POND SEDIMENT DREDGING

SAMPLING SUMMARY

INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

Sample Location Depth
Sampling Location ID Number Medium/Matrix (units) Analytical Parameter Site Location Rationale
HBHA Pond SD-1 through SD-23  [Sediment Floc Arsenic, Total Iron Delineation of noncompliant (i.e. Arsenic
HBHA Pond SD-1 through SD-23  [Sediment Sludge Arsenic, Total Iron exceeding) sediment deposits within HBHA
HBHA Pond SD-1 through SD-23  [Sediment Sand Arsenic, Total Iron Pond for the purpose of dredge design
Composite Water content, grain size, Noncompliant samples will be tested for
HBHA Pond grid 5to 10 samples Sediment Atterberg limits, organic Geotechnical properties for dredging and
Dredge Layer . . . : .

content, specific gravity material handling design

Large-diameter settling test,

API Filtrate Loss Test,

Hanging Tube Test,

Solidification Agent Testing,
Non Compliant 3 composite samples | Sediment Dredge layer TCLP Metals, Corrosivity, De-watering design and Waste
Cells Reactivity, Ignitability, Paint |Characterization for disposal

Filter Test, Water content,

grain size, specific gravity,

organic content, Atterberg

limits
De-watering 9 treatability tests Aqueous Effluent|N/A DISSO'.V ed Arsenic, Total . |Evaluate need for effluent treatment
Effluent Arsenic, Benzene, Ammonia

Haley & Aldrich, Inc.
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TABLE 3.1.1.2-2

PDI-1 HBHA POND SEDIMENT DREDGING
SAMPLING AND ANALYSIS METHODS
INDUSTRI-PLEX SITE OPERABLE UNIT 2
WOBURN, MASSACHUSETTS

Analytical Method/ No. of
Matrix Parameter SOP Reference Samples1
SW Nitrogen, Ammonia (NH3) SM 4500/ SOP/07-14 9
N EPA 6010/ SOP/06-01
SW Arsenic, Dissolved (EPA 3005A/ SOP/05-05) 9
EPA 6010 / SOP/06-01
SED . (EPA 3050B/ SOP/05-07) 89
Arsenic, Total
SwW EPA 6010/ SOP/06-01 9
(EPA 3005A/ SOP/05-05)
EPA 6010 / SOP/06-01
SED  |lron, Total (EPA 3050B/ SOP/05-07) S
SW Benzene EPA 8260/ SOP/03-03 9
SED Corrosivity EPA 9040B/9045C/ SOP/07-11 3
SED Ignitability EPA 1030 / SOP/07-60 3
SED Paint Filter Test EPA 9095A / SOP/07-70 3
SED Reactivity EPA 7.3 / SOP/07-37 3
SED TCLP Metals EPA 1311 3
SED Water Content ASTM D2216 81to 13
SED Grain Size ASTM D6913 and D422 8to 13
SED Atterberg Limits ASTM D4318 81to 13
SED Loss on Ignition ASTM D2974/ GLP 121 81013
SED Specific Gravity ASTM D4318 81013
SED Large Diameter Settling Test USACE EM 1110-2-5027 3
SED API Filtrate Loss Test APl 13A & 13B (ASTM D5981) 3
SED Hanging Tube Test Procedures in FSP PDI-1 Text 3
SED Solidification Agent Testing Procedures in FSP PDI-1 Text 3

'Total does not include field duplicate samples, which shall be collected at a frequency of 1 per event or every 20 samples.

Haley & Aldrich, Inc.
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TABLE 3.1.2.1-1

PDI-3A GROUNDWATER DISCHARGE EVALUATION TO HBHA POND

SAMPLING SUMMARY

INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

Sampling Location

Sample
Location
ID Number

Medium/Matrix

Depth
(units)

Analytical Parameter

Site Location Rationale

North-South Transects
along Eastern and
Western Edges of HBHA
Pond Extending South of
known limits of
contamination

Groundwater

5-10 ft

Groundwater

15-20 ft

Groundwater

25-30 ft/refusal

Ammonia, arsenic (dissolved
and total), benzene, 1,2-
dichloroethane,
trichloroethane, naphthalene,
total iron, ferrous iron,
nitrate/nitrite, and TKN plus
sulfate, BOD, COD, and
alkalinity from multiple depths
of two profiling locations

Groundwater plume
delineation/characterization of geochemistry

Within HBHA Pond

Groundwater

min 2 ft into
sand underlying
recent
sediments in
the Pond

Ammonia, arsenic (dissolved
and total), benzene, 1,2-
dichloroethane,
trichloroethane, naphthalene,
total iron, ferrous iron,
nitrate/nitrite, and TKN plus
sulfate and alkalinity from
multiple depths of two profiling
locations

Groundwater plume
delineation/characterization of geochemistry

Within HBHA Pond

upto4

Groundwater

min. 2 ft into
sediment

Ammonia, arsenic (dissolved
and total), benzene, 1,2-
dichloroethane,
trichloroethane, naphthalene,
total iron, ferrous iron,
nitrate/nitrite, and TKN

To support long term monitoring of
groundwater discharge into HBHA Pond

Along HBHA Pond
shoreline

5 couplets

Groundwater

shallow well 15
ft depth, deep
well 30 ft depth

Ammonia, arsenic (dissolved
and total), benzene, 1,2-
dichloroethane,
trichloroethane, naphthalene,
total iron, ferrous iron,
nitrate/nitrite, and TKN

Evaluate seasonal fluctuations in
groundwater discharge

Haley & Aldrich, Inc.
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TABLE 3.1.2.1-2
PDI-3A GROUNDWATER DISCHARGE EVALUATION TO HBHA POND
SAMPLING AND ANALYSIS METHODS

INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

DCA, TCE, Naphthalene

Analytical Method/ No. of
Matrix Parameter SOP Reference Samples®
GW Total Alkalinity SM 2320/ SOP/07-22 8
GW Biological Oxygen Demand SM 5210/ SOP/07-13 6
. SM 5220/
GW Chemical Oxygen Demand SOP/07-16 6
GW Nitrogen, Ammonia (NH3) SM 4500/ SOP/07-14 74
GW Nitrogen, Nitrate (NO3-) SM 4500/ SOP/07-26 74
GW Nitrogen, Nitrite (NO2-) SM 4500/ SOP/07-26 74
GW Nitrogen, Total Kjeldahl (TKN) SM 4500 / SOP/07-15 74
GW Sulfate (S0,*) EPA 9038 / SOP/07-21 8
- EPA 6010/ SOP/06-01
GW Arsenic, Dissolved (EPA 3005A/SOP/05-05) 74
. EPA 6010/ SOP/06-01
GW  |Arsenic, Total (EPA 3005A/ SOP/05-05) “
EPA 6010/ SOP/06-01
Gw  |lron, Total (EPA 3005A/ SOP/05-05) &
GW Ferrous Iron (Fe2+) Hach Method 8146 74
oW VOCs including Benzene, 1,2- EPA 8260/ SOP/03-03 74

'Total does not include field duplicate samples, which shall be collected at a frequency of 1 per event or every 20 samples.

Haley & Aldrich, Inc.
G:\33020\030\RDWP\RDWP_January 2011\Tables\FSP Tables\2011-03048-QC_All_PDIs_D2.xlsx

Page 1 of 1

DRAFT

3/25/2011



TABLE 3.1.2.2-1

PDI-3B SITEWIDE GROUNDWATER PLUME INVESTIGATION
SAMPLING SUMMARY

INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

Sample
Location Depth
Sampling Location ID Number Medium/Matrix (units) Analytical Parameter Site Location Rationale
Several transects between Arsenic (total and dissolved),
the EHP and WHP and 30 locations | Groundwater 5 ft below bgnzene, 1,2-dichloroethane, [Evaluate the stability of the groundwater
HBHA Pond water table trichloroethane, naphthalene, |plume
and ammonia
shallow well  [Arsenic (total and dissolved),
Between WHP and HBHA . 10-20 ft depth, [benzene, 1,2-dichloroethane, |locations where groundwater contamination
3 locations  [Groundwater . X .
Pond deep well 25- |trichloroethane, naphthalene, |was known to exist previously
35 ft depth and ammonia

Haley & Aldrich, Inc.
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TABLE 3.1.2.2-2
PDI-3B SITEWIDE GROUNDWATER PLUME INVESTIGATION
SAMPLING AND ANALYSIS METHODS

INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

DCA, TCE, Naphthalene

Analytical Method/ No. of
Matrix Parameter SOP Reference Samples®

GW Nitrogen, Ammonia (NH3) SM 4500/ SOP/07-14 33

. . EPA 6010/ SOP/06-01
GW Arsenic, Dissolved (EPA 3005A/ SOP/05-05) 33

. EPA 6010/ SOP/06-01
GW  |Arsenic, Total (EPA 3005A/ SOP/05-05) 33
oW VOCs including Benzene, 1,2- EPA 8260/ SOP/03-03 33

'Total does not include field duplicate samples, which shall be collected at a frequency of 1 per event or every 20 samples.
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TABLE 3.1.3.1-1

PDI-4A ESTIMATING RESIDENCE TIMES

SAMPLING SUMMARY

INDUSTRI-PLEX SITE OPERABLE UNIT 2
WOBURN, MASSACHUSETTS

Sample
Location Depth
Sampling Location ID Number | Medium/Matrix* (units) Analytical Parameter Site Location Rationale
Transect "A" (west) Al GAC Matrix ;bboﬂgvz;:riggﬁ:ze; 2 Percent absorbance (FDT) 8g:t?$ﬁ22 docfjgp?t:; \?vt/ii pHaEchIar
iy P2 [oscwan [oeneeneter?  oacenansonance o | ST 0T o bt
Transect "A" (east) A3 GAC Matrix ;bbo?/lgvll:r?:ri?(?lﬁ:z]e; 2 Percent absorbance (FDT) l(())gzt?(t)?]tigrr: dOLEFI)Dt:; \?vt/ii pHaBrE(I::.Iar
Transect "B" (west) B1 GAC Matrix ;bbo?/lgvzrf:rirggi(;:ze; 2 Percent absorbance (FDT) I?)EZS:)?;T doggrl?t; \?vt/ii E{aBrf_il('::.lar
e 2 Joscwuan [ eRTeneone T loerentaosomance o) [200on 0T e
Transect "B" (east) B3 GAC Matrix ;bboevlg\’z;:;rggicrge; 2 Percent absorbance (FDT) gﬁzgé?‘ti;): dOL:rI)Dt:l- \?vt/i?] pH%r:_iI;u.lar
Transect "C" (west) C1 GAC Matrix ;bboﬂgvz;:;?(gﬁ:ze; 2 Percent absorbance (FDT) gﬁzgéitigg dofjgp?t:]— \?vt/ii pHegEcAl\J'lar
ey |2 [oacwamc [beonSenenne? oo asorance (rom [t 70Tt 2 prt
Transect "C" (east) C3 GAC Matrix ;bboﬂgv(\;::ﬁ?g%ze; 2 Percent absorbance (FDT) ggzgéiﬁ:: dOLeF;; \?vt/i? pHi'r:_i::AL\J-Iar
Transect "D" (west) D1 GAC Matrix :lbboe\:gv(\;;:g:gﬁ:ze; 2 Percent absorbance (FDT) ggzgéiﬂg: dOLer?[:]- \?vt/iﬁ pHeggcAl\J.lar
ey |2 [cacwam  [LbeoNIenenne?  loascnt asomance eom [t 7Ot prte
Transect "D" (east) D3 GAC Matrix ;bboﬂzmé::rirggzze; 2 Percent absorbance (FDT) gggtri];iﬂgg dOLEth:]— \?vt/ii pHag:_i'iJ-lar
Transect "E" (west) E1l GAC Matrix ibboevlzvt\;::r?]rgg?rize; 2 Percent absorbance (FDT) ggzgéiﬂgg dofj;?t; \?vt/iér: pHaé:_i'(Xj-lar
et 2 Joscwan [t eneo e oarentavsomane (o) |00 170 T
Transect "E" (east) E3 GAC Matrix ;bbo?/lgvzr:::rirg:laze; 2 Percent absorbance (FDT) E)g:tri](t)itig: do(fj;?t-r: \;avt/ier: pHaé:LcAl\J.lar
Transect "F" (west) F1 GAC Matrix ;bbo?/lgvzr?:rirg((:)lﬁize; 2 Percent absorbance (FDT) I?)g:tri](t)iﬂzz dOLgEt:]- \;avt/ia pHaéE(;l\J.lar
Transect "F" 2 GAC Matrix 1 below chemocline; 2 Percent absorbance (FDT) Quantation of FDT at a particular

(midchannel)

above chemocline

location and depth w/in HBHA.
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TABLE 3.1.3.1-1

PDI-4A ESTIMATING RESIDENCE TIMES

SAMPLING SUMMARY

INDUSTRI-PLEX SITE OPERABLE UNIT 2
WOBURN, MASSACHUSETTS

Sample
Location Depth
Sampling Location ID Number | Medium/Matrix* (units) Analytical Parameter Site Location Rationale
. . 1 below chemocline; 2 Quantation of FDT at a particular
Transect "F" (east) F2 GAC Matrix above chemocline Percent absorbance (FDT) location and depth w/in HBHA.
Mouth of Hall's Brook ISCO-1 Surface Water 6" Fluorescent dye Evaluate Hall's Brook inlet water for
measurement concentration of post-release FDT.
HBHA Outlet 1SCO-2 Surface Water 6" Fluorescent dye Evaluate Hall's Brook outlet water for
measurement concentration of post-release FDT.
HI_3HA Wetland Culvert at 1SCO-3 Surface Water 6" Fluorescent dye Evaluate Hall_s, Brook wetland water
Mishawum Road measurement for concentration of post-release FDT.
- GAC = granular activated carbon packet; FDT = fluorescent dye tracer compound
Haley & Aldrich, Inc. Page 2 of 2
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TABLE 3.1.3.1-2

PDI-4A ESTIMATING RESIDENCE TIMES
SAMPLING AND ANALYSIS METHODS
INDUSTRI-PLEX SITE OPERABLE UNIT 2
WOBURN, MASSACHUSETTS

Analytical Method/ No. of
Matrix Parameter SOP Reference Samples?
SW Percent absorbance (FDT) Procedures in FSP Attachment C3 160
GAC Packets Percent absorbance (FDT) Procedures in FSP Attachment C3 216

“Total does not include field duplicate samples, which shall be collected at a frequency of 1 per event or every 20 samples.
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TABLE 3.1.3.2-1

PDI-4B COC TRANSFORMATION PROCESSES

SAMPLING SUMMARY

INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

Sample
Location Depth
Sampling Location ID Number | Medium/Matrix (units) Analytical Parameter Site Location Rationale
North, Central, South monitoring RM-1,RM-2, gPCR- AOB, NOB, Microbiological monitoring of
stations in HBHA Pond RM-3 Sediment up to 1 ft anammox, total eubacteria [sediments
RM-1,RM-2, Below
RM-3 Surface Water chemocline
North, Central, South Portions of RM-1,RM-2, ] W Above gPCR- AOB, NOB, Microbiological monitoring of
HBHA Pond RM-3 Surface Water chemocline anammoyx, total eubacteria [surface water
RM-1,RM-2, .
RM-3 Surface Water At chemocline

Haley & Aldrich, Inc.
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TABLE 3.1.3.2-2

PDI-4B COC TRANSFORMATION PROCESSES DRA FT
SAMPLING AND ANALYSIS METHODS

INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

Analytical Method/ No. of
Matrix Parameter SOP Reference Samples1
SED gPCR Ml 3
SW Ml 9

“Total does not include field duplicate samples, which shall be collected at a frequency of 1 per event or every 20 samples.
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TABLE 3.1.3.3-1

PDI-4C SURFACE WATER PROFILING

SAMPLING SUMMARY

INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

Sample
Location Depth
Sampling Location ID Number | Medium/Matrix (units) Analytical Parameter Site Location Rationale
at same Ammonia, nitrate, nitrite,  |Program designed to collect data
depths as CTD [TKN, benzene, arsenic regarding variability/sensitivity of
RM1 RM1 Surface Water sSensors as (total and dissolved), total |[chemocline in the natural setting
discussed in [iron, ferrous iron, total Samples collected on a periodic
FSP suspended solids basis as described in the FSP
at same Ammonia, nitrate, nitrite, Program designed to collect data
depths as CTD |TKN, benzene, arsenic regarding variability/sensitivity of
RM2 RM2 Surface Water sensors as (total and dissolved), total |[chemocline in the natural setting
discussed in [iron, ferrous iron, total Samples collected on a periodic
FSP suspended solids basis as described in the FSP

Haley & Aldrich, Inc.
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TABLE 3.1.3.3-2

PDI-4C SURFACE WATER PROFILING
SAMPLING AND ANALYSIS METHODS
INDUSTRI-PLEX SITE OPERABLE UNIT 2
WOBURN, MASSACHUSETTS

Analytical Method/ No. of
Matrix Parameter SOP Reference Samples®

SW Nitrogen, Ammonia (NH3) SM 4500/ SOP/07-14 120

SW Nitrogen, Nitrate (NO3-) SM 4500/ SOP/07-26 120

SW Nitrogen, Nitrite (NO2-) SM 4500/ SOP/07-26 120

SW Nitrogen, Total Kjeldahl (TKN) SM 4500 / SOP/07-15 120

SW Nitrogen, Total Organic Calc from NH3 & TKN 120

SW Solids, Total Suspended SM 2540 / SOP/07-29 120
- EPA 6010/ SOP/06-01

SW Arsenic, Dissolved (EPA 3005A/ SOP/05-05) 120
. EPA 6010/ SOP/06-01

SW Arsenic, Total (EPA 3005A/ SOP/05-05) 120
EPA 6010/ SOP/06-01

Sw|lron, Total (EPA 3005A/ SOP/05-05) &

SW Ferrous Iron (Fe2+) Hach Method 8146 120

SW Benzene EPA 8260/ SOP/03-03 120

'Total does not include field duplicate samples, which shall be collected at a frequency of 1 per event or every 20 samples.
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TABLE 3.1.4.3-1

PDI-5 TANK TREATABILITY STUDIES DRAFT
SAMPLING SUMMARY

INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

Sample Location Depth
Sampling Location ID Number Medium/Matrix | (units) Analytical Parameter Site Location Rationale
Pump intake above the chemocline Pump inlet gbove Surface Water N/A Arsenic (total and dissolved), TSS Quality at pump mI_et above the
chemocline chemocline
Pump intake below the chemocline Pump inlet _below Surface Water N/A Arsenic (total and dissolved), TSS Quality at pump m!et below the
chemocline chemocline
Aeration Test - Tank 1 (mixture) Influent and Effluent | Surface Water N/A Qi::I:nBToe;ts: /t:nérgor;laS,STlfrgial;mnte, Tanks contain a mixture of water
Aeration Test - Tank 2 (mixture) Effluent Surface Water N/A Arsenit’: Disso’Ived A’rsenié Total from above and below the
Aeration Test - Tank 3 (mixture) Effluent Surface Water N/A Iron Fe’rrous Iron Benzene’ chemocline.
Aeration Test - Tank 4 (mixture) Effluent Surface Water N/A ! ’
Aeration Test - Tank 1 (a) Influent and Effluent  |Surface Water N/A Aeration Test: Ammonia, TKN, Nitrite,
Aeration Test - Tank 2 (a) Effluent Surface Water N/A Nitrate, BOD5, COD, TSS, Total Tanks contain water from above
Aeration Test - Tank 3 (a) Effluent Surface Water N/A Arsenic, Dissolved Arsenic, Total the chemocline.
Aeration Test - Tank 4 (a) Effluent Surface Water N/A__|Iron, Ferrous Iron, Benzene
4 sample |Arsenic (total and dissolved), total
Settling Tank Settling Tank Surface Water | ports along|suspended solids, total dissolved Evalute settling rate for arsenic
side solids
. ) Bio Test, No Nutrients: Ammonia,
Bio. Test, No Nutrients - Tank 1 (a) Influent and Effluent  |Surface Water N/A TKN, Nitrite, Nitrate, BODS, COD,
. . TSS, Total Arsenic, Dissolved .
Bio. Test, No Nutrients - Tank 2 (a) Effluent Surface Water N/A X Tanks contain water from above
Arsenic, Total Iron, Ferrous Iron, the chemocline
Bio. Test, No Nutrients - Tank 3 (a)  |Effluent Surface Water N/A  [Benzene (with qPCR - AOB, NOB, '
- - anammox for Tank 1 and one test
Bio. Test, No Nutrients - Tank 4 (a) Effluent Surface Water N/A vessel), Total Alkalinity
Bio Test, No Nutrients: Ammonia,
Bio. Test, No Nutrients - Tank 1 (m)  [Influent and Effluent  |Surface Water N/A" | TKN, Nitrite, Nitrate, BOD5, COD,
N - TSS, Total Arsenic, Dissolved Tanks contain a mixture of water
Bio. Test, No Nutrients - Tank 2 (m) | Effluent Surface Water N/A__ | Arsenic, Total Iron, Ferrous Iron, from above and below the
Bio. Test, No Nutrients - Tank 3 (m)  |Effluent Surface Water N/A  |Benzene (with gPCR - AOB, NOB, |chemocline.
- - anammox for Tank 1 and one test
Bio. Test, No Nutrients - Tank 4 (m)  |Effluent Surface Water N/A~ |vessel), Total Alkalinity
Bio Test, With Nutrients: Ammonia,
Bio. Test, With Nutrients - Tank 1 (a) |Influent and Effluent  Surface Water N/A  [TKN, Nitrite, Nitrate, BOD5, COD,
TSS, Total Arsenic, Dissolved
- - - Arsenic, Total Iron, Ferrous Iron, Tanks contain water from above
Bio. Test, With Nutrients - Tank 2 (a) [Effluent Surface Water N/A Benzene, Total Phosphorus, the chemocline.
Bio. Test, With Nutrients - Tank 3 (a) |Effluent Surface Water N/A  |Orthophosphate (with gPCR - AOB,
- - - NOB, anammox for two test vessels),
Bio. Test, With Nutrients - Tank 4 (a) |Effluent Surface Water N/A" I Total Alkalinity
. . ) Bio Test, No Nutrients: Ammonia,
Bio. Test, With Nutrients - Tank 1 (m) |Influent and Effluent  [Surface Water N/A TKN, Nitrite, Nitrate, BOD5, COD,
Bio. Test, With Nutrients - Tank 2 (m) |Effluent Surface Water N/A TSS, Total Arsenic, Dissolved Tanks contain a mixture of water
Arsenic, Total Iron, Ferrous Iron, from above and below the
Bio. Test, With Nutrients - Tank 3 (m) [Effluent Surface Water N/A Benzene (with gPCR - AOB, NOB, chemocline.
. . X anammox for two test vessels), Total
Bio. Test, With Nutrients - Tank 4 (m) [Effluent Surface Water N/A o
Alkalinity
Evaluate presence of ammonia
All Test Tanks Headspace Air N/A Ammonia and benzene and/or benzene in headspace as
part of mass balance

a = Water from above the chemocline

m = Mixture of water from above and below the chemocline

Haley & Aldrich, Inc.
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TABLE 3.1.4.3-2

PDI-5 TANK TREATABILITY STUDIES
SAMPLING AND ANALYSIS
INDUSTRI-PLEX SITE OPERABLE UNIT 2
WOBURN, MASSACHUSETTS

Analytical Method/ No. of
Matrix Parameter SOP Reference Samples®
SW Total Alkalinity SM 2320/SOP/07-22 100
SW Biological Oxygen Demand SM 5210/ SOP/07-13 140
SW Chemical Oxygen Demand SM 5220/SOP/07-16 140
SW Dissolved Organic Carbon EPA 9060/ SOP/07-24 140
SW Nitrogen, Ammonia (NH3) SM 4500/ SOP/07-14 140
SW Nitrogen, Nitrate (NO3-) SM 4500/ SOP/07-26 140
SW Nitrogen, Nitrite (NO2-) SM 4500/ SOP/07-26 140
SW Nitrogen, Total Kjeldahl (TKN) SM 4500 / SOP/07-15 140
SW Phosphate, Ortho SM 4500/ SOP/07-34 40
SW Phosphorous, Total SM 4500/ SOP/07-35 40
SW Solids, Total Dissolved SM 2540 / SOP/07-28 64
SW Solids, Total Suspended SM 2540 / SOP/07-29 206
N EPA 6010/ SOP/06-01
SW Arsenic, Dissolved (EPA 3005A/ SOP/05-05) 206
. EPA 6010/ SOP/06-01
SW Arsenic, Total (EPA 3005A/ SOP/05-05) 206
EPA 6010/ SOP/06-01
SW_ |lron, Total (EPA 3005A/ SOP/05-05) 140
SW Ferrous Iron (Fe2+) Hach Method 8146 140
SW Benzene EPA 8260/ SOP/03-03 140
SW gPCR MI 8
SW phospholipid fatty acid (PLFA) Ml 8
AIR Benzene GC VPSOP [H&A] 13
AIR Benzene Method TO-15/ SOP/A-001? 4
AIR Ammonia Galson Analytical Anasorb 13

'Total does not include field duplicate samples, which shall be collected at a frequency of 1 per event or every 20 samples.
2Headspace samples will be analyzed in the field using Draeger tubes and a photoionization detector (PID); QC samples will be

submitted for GC analysis at Haley & Aldrich (with a 25% subset sent to Alpha Analytical for TO-15
analysis) and ammonia by anasorb analysis at Galson Analytical.
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TABLE 3.1.5.1-1

PDI-6A HBHA-4 COFFERDAM AND STORM FLOW BYPASS
SAMPLING SUMMARY

INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

Analytical Parameter

Site Location Rationale

Sample Location Depth

Sampling Location ID Number Medium/Matrix |  (units)
PSC-1 Soll 0-40 ft
PSC-2 Soll 0-40 ft
PSC-3 Each sample identified [gqj| 0-40 ft
PSC-4 by boring and depth g 0-40 ft
PSC-5 Soll 0-40 ft
PSC-6 Soll 0-40 ft
PSC-7 Soll 0-50 ft

Undisturbed tube samples if
fine grained soils are
encountered for geotechnical
lab strength testing and 1-d
consolidation testing

SPT samples would be collected at 5 ft
intervals with additional samples collected
as required to define the fill natural soil
interface. Location is along alignment of
proposed sheet pile structure. Depth of
exploration is approximately the maximum
depth a sheet pile structure might have to be
driven.

Location of flow bypass structure

Location of sensitive structures which may
be affected by construction

4 of the 7 borings Each sample identified

Total arsenic, ammonia,

To establish contamination levels at this
depth; to facilitate proper handling and

listed above by boring and depth Soil 510t benzene safety procedures in the geotechnical testing]
lab
. 1 ft below .
TPl Each sample identified Soil water table Bgél:;:;;isj;?eﬁzgor
by pit No., depth and a 1 ft below g . ng Shallow foundation design and soil disposal
P2 sketch showing Soil depending on soil types characterization
location water table |encountered (index testing,
. 1ftbelow [triaxial strength testing)
TP3 Soil
water table

Haley & Aldrich, Inc.
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TABLE 3.1.5.1-2
PDI-6A HBHA-4 COFFERDAM AND STORM FLOW BYPASS
SAMPLING AND ANALYSIS METHODS
INDUSTRI-PLEX SITE OPERABLE UNIT 2
WOBURN, MASSACHUSETTS

Analytical Method/ No. of

Matrix Parameter SOP Reference Samples®
SOIL Nitrogen, Ammonia (NH3) SM 4500/ SOP/07-14 4
SOIL . EPA 6010/ SOP/06-01 4

Arsenic, Total (EPA 3050B/ SOP/05-07)
SOIL VOCs including Benzene and/or

1,2-DCA, TCE, Naphthalene EPA 8260/ SOP/03-03 4
SOIL Water Content ASTM D2216 5
SOIL Grain Size ASTM D6913 and D422 5
SOIL Atterberg Limits ASTM D4318 6
SOIL Specific Gravity ASTM D854 3
SOIL CIU Triaxial ASTM D4767 3
SOIL 1-D Consolidation ASTM D2435 1
SOIL Visual Manual ID ASTM D2488 8

'Total does not include field duplicate samples, which shall be collected at a frequency of 1 per event or every 20 samples.
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TABLE 3.1.5.2-1

PDI-6B HALLS BROOK STORM BYPASS/HOLDING DISSIPATION SYSTEMS

SAMPLING SUMMARY
INDUSTRI-PLEX SITE OPERABLE UNIT 2
WOBURN, MASSACHUSETTS

Sample Location Depth
Sampling Location ID Number Medium/Matrix | (units) Analytical Parameter Site Location Rationale
TP-4 through TP-8 Each s_ample identified Soil L ft below Total Arsenic Soil management considerations
by boring and depth water table
W-1 Soil 0-40 ft Undisturbed tube samples if
\W-2 Each sample identified [Soil 0-40 ft fine grained soils are _ Location is along alignment of proposed
by boring and depth - encountered for geotechnical |overflow wier structure or extended Halls
W-3 Y g P Soil 0-40 ft lab strength testing; Total Broko Bypass
\W-4 Soil 0-40 ft arsenic, ammonia, benzene
Additional samples of soll Located between the railroad tracks and the
from fills, organic layers, or  [sewer line easements; will be used to help
PSC.7* PSC.7 Soil 0-50 ft fines susceptible to the assess the general stability of the railroad

influence of vibration will be
recovered for geotechnical
testing

embankment and what effect the proposed
construction might have on the railroad
tracks

*Note that PSC-6, PSC-7, TP-1, TP-2 and TP-3 from PDI-6A are linked to the decision making process for this Pre Design Investigation.
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TABLE 3.1.5.2-2
PDI-6B HALLS BROOK STORM BYPASS/HOLDING DISSIPATION SYSTEMS
SAMPLING AND ANALYSIS
INDUSTRI-PLEX SITE OPERABLE UNIT 2
WOBURN, MASSACHUSETTS

Analytical Method/ No. of
Matrix Parameter SOP Reference Samples1
SOIL Nitrogen, Ammonia (NH3) SM 4500/ SOP/07-14 4
. EPA 6010/ SOP/06-01

SOIL Arsenic, Total (EPA 30508/ SOP/05-07) 14
SOIL VOCs including Benzene and/or

1,2-DCA, TCE, Naphthalene EPA 8260/ SOP/03-03 4
SOIL Water Content ASTM D2216 5
SOIL Grain Size ASTM D6913 and D422 5
SOIL Atterberg Limits ASTM D4318 6
SOIL Specific Gravity ASTM D854 3
SOIL CIU Triaxial ASTM D4767 3
SOIL 1-D Consolidation ASTM D2435 1
SOIL Visual Manual ID ASTM D2488 8

'"Total does not include field duplicate samples, which shall be collected at a frequency of 1 per event or every 20 samples.
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TABLE 3.1.5.3-1

PDI-6C AAD & BECO DRAINWAY STORM ENERGY DISSIPATION SYSTEMS
SAMPLING SUMMARY

INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

Analytical Parameter

Site Location Rationale

SPT at 5 ft interval with up to 4
undisturbed tube samples if fine
grained soils encountered for
analysis of geotechnical strength
testing; up to 4 extra SPT
samples will be taken per hole to
delineate fill/natural soil interface

Location is in area of AAD inlet

Location is in area of AAD inlet

Location is in area of AAD inlet

Sample Location Depth
Sampling Location ID Number Medium/Matrix | (units)
Each sample identified | .
AAD Inlet-1 by boring and depth Soll 0-40 ft
Each sample identified | .
AAD Inlet-2 by boring and depth Soil 0-40 ft
Each sample identified | .
AAD Inlet-3 by boring and depth Soil 0-40 ft
Each sample identified | .
BECO Inlet-1 by boring and depth Soil 0-40 ft
Each sample identified | .
BECO Inlet-2 by boring and depth Soil 0-40 ft

SPT at 5 ft interval with up to 4
undisturbed tube samples if fine
grained soils encountered for
analysis of geotechnical strength
testing; up to 4 extra SPT
samples will be taken per hole to
delineate fill/natural soil interface

Location is in area of BECO
Drainway inlet

Location is in area of BECO
Drainway inlet

Haley & Aldrich, Inc.
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TABLE 3.1.5.3-2 DRA FT
PDI-6C AAD AND BECO DRAINWAY STORM ENERGY DISSIPATION SYSTEMS

SAMPLING AND ANALYSIS

INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

Analytical Method/ No. of
Matrix Parameter SOP Reference Samples1
SOIL Water Content ASTM D2216 8
SOIL Grain Size ASTM D6913 and D422 6
SOIL Atterberg Limits ASTM D4318 6
SOIL Specific Gravity ASTM D854 2
SOIL CIU Triaxial ASTM D4767 3
SOIL 1-D Consolidation ASTM D2435 1
SOIL Visual Manual ID ASTM D2488 8

“Total does not include field duplicate samples, which shall be collected at a frequency of 1 per event or every 20 samples.
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TABLE 3.1.6.1-1 DRAFT
SWMM5 MODEL INPUT INFORMATION
INDUSTRI-PLEX SITE OPERABLE UNIT 2
WOBURN, MASSACHUSETTS
Time Interval
between
Storm Water Monitoring Station Data Type Measurements Measurement Dates Source Comments
Water Levels recorded by Isco samplers, and flows calculated based on newly
SW-01-TT Flow 5 minutes 10/17/2008 - 08/31/2009 | ROUX ISCO SAMPLERS |developed rating curves on 09/22/2009.
Water Levels recorded by Isco samplers, and flows calculated based on newly
SW-02-TT Flow 5 minutes 10/17/2008 - 08/31/2009 | ROUX ISCO SAMPLERS |developed rating curves on 09/22/2009.
Water Levels recorded by Isco samplers, and flows calculated based on newly
SW-04-TT Flow 5 minutes 10/25/2008 - 08/31/2009 | ROUX ISCO SAMPLERS |developed rating curves on 09/22/2009.
Water Levels recorded by Isco samplers, and flows calculated based on newly
SW-2-1P Flow 5 minutes 10/17/2008 - 08/31/2009 | ROUX ISCO SAMPLERS |developed rating curves on 09/22/2009.
09/01/2009 - 09/25/2009
SW-03-TT Water Level 5 minutes 10/25/2009 - 11/30/2009 | ROUX ISCO SAMPLERS
SW-01-TT Rainfall 5 minutes 10/21/2008 - 08/29/2009 | ROUX ISCO SAMPLERS
SW-02-TT Rainfall 5 minutes 11/05/2008 - 08/29/2009 | ROUX ISCO SAMPLERS
SW-04-TT Rainfall 5 minutes 10/25/2008 - 08/29/2009 | ROUX ISCO SAMPLERS
SW-2-1P Rainfall 5 minutes 10/21/2008 - 08/29/2009 | ROUX ISCO SAMPLERS
09/01/2009 - 09/25-2009
SW-03-TT Rainfall 5 minutes 10/25/2009 - 11/30/2009 | ROUX ISCO SAMPLERS
G:\33020\031\FSP\Revised per EPA_Feb 2010\Tables\Table 3.1.6.1-1 PDI-7 Geosyntec.xls Page 1 of 1 3/25/2011
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TABLE 3.1.7.1-1

PDI-8 HYDRODYNAMIC MODELING HBHA POND
COMPARISON OF MODEL TECHNICAL ATTRIBUTES
INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

o ELCOM- CE-QUAL
Criteria CAEDYM FLOWMOD| EFDC W2
Commercially available X X X
Applicable to density-stratified X X X
flows
Can simulate three-dimensional
hydrodynamic patterns (and
) ", L. X X X
associated velocities) within pond
including side inflows
Can be used to evaluate shear
stress on sediments over
submerged weir
Can be used to evaluate potential X X X
disturbance to the chemocline
Can be used to assess the
circulation patterns and evaluate X X X

extent of mixing from aeration
devices

Notes:

Table taken from the ELCOM-CAEDYM description report provided by FlowScience on 5 May 2008.
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TABLE 3.1.8.1-1
PDI-10 IMPERMEABLE
SAMPLING SUMMARY

INDUSTRI-PLEX SITE OPERABLE UNIT 2

CAPS

WOBURN, MASSACHUSETTS

Sample
Location Depth
Sampling Location ID Number | Medium/Matrix (units) Analytical Parameter Site Location Rationale
Along surface water . . .
channels upgradient of |18 locations Groundwater Just below gw total/dissolved arsenic, Understand relationship between SW and GW near NBSD
table benzene, and ammonia
HBHA Pond
Along surface water total/dissolved arsenic
channels upgradient of 18 locations Surface Water |grab ’ Understand relationship between SW and GW near NBSD

HBHA Pond

benzene, and ammonia

Haley & Aldrich, Inc.
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TABLE 3.1.8.1-2
PDI-10 IMPERMEABLE CAPs
SAMPLING AND ANALYSIS

INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

Analytical Method/ No. of
Matrix Parameter SOP Reference Samples’
GW___INitrogen, Ammonia (NHs) SM 4500/ SOP/07-14 18
SW 18
GW Arsenic. Dissolved EPA 6010 / SOP/06-01 18
SW ’ (EPA 3005A/ SOP/05-05) 18
GW Arsenic. Total EPA 6010 / SOP/06-01 18
SW ’ (EPA 3005A/ SOP/05-05) 18
GW Benzene EPA 8260/ SOP/03-03 i
SW 18

'"Total does not include field duplicate samples, which shall be collected at a frequency of 1 per event or every 20 samples.

Haley & Aldrich, Inc.
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Page 1 of 1

DRAFT

3/25/2011



TABLE 3.1.9.1-1
PDI-11 PERMEABLE CAPS
SAMPLING SUMMARY

INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

Sample Location Depth Analytical
Sampling Location ID Number Medium/Matrix | (units) Parameter Site Location Rationale

Along Northern Shoreline of HBHA Determine extent of arsenic soil

Pond in the vicinity of BECO ROW (S1 through 15 Soil 0-0.5 ft Total arsenic .

NoO. 9 contamination

Along Northern Shoreline of HBHA . . .

Pond in the vicinity of BECO ROW (S1 through 15 Soil 0.5-1.5t Total arsenic Determ!ne _extent of arsenic soil

No. 9 bgs contamination

Along Northern Shoreline of HBHA . . .

Pond in the vicinity of BECO ROW (S1 through 15 Soil 1.5-3.01t Total arsenic Determ!ne gxtent of arsenic soil
bgs contamination

No. 9

Haley & Aldrich, Inc.
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TABLE 3.1.9.

1-2

PDI-11 PERMEABLE CAPS

SAMPLING AND ANALYSIS
INDUSTRI-PLEX SITE OPERABLE UNIT 2
WOBURN, MASSACHUSETTS

(EPA 3050B/ SOP/05-07)

Analytical Method/ No. of
Matrix Parameter SOP Reference Samples®
SOIL Arsenic, Total EPA 6010 / SOP/06-01 45

Total does not include field duplicate samples, which shall be collected at a frequency of 1 per event or every 20 samples.

Haley & Aldrich, Inc.

Page 1 of 1

G:\33020\030\RDWP\RDWP_January 2011\Tables\FSP Tables\2011-03048-QC_All_PDIs_D2.xlsx

DRAFT

3/25/2011



TABLE 3.1.12.2-1 Page 1 of 6
PDI-15 AERATION TECHNOLOGY COMPARISON AND SCREENING

FIELD SAMPLING PLAN

INDUSTRI-PLEX SITE OU2

WOBURN, MASSACHUSETTS

Background: The technologies identified in the following table include those technologies most commonly associated with aeration or oxygenation of natural
water bodies, man-made reservoirs, or tanks (e.g., water treatment plants). The purpose of the table is to screen and identify technologies for pilot testing in the
HBHA Pond (PDI-15). However, the technologies listed in the following table are assumed to be installed in the Pond itself and function as an oxygen delivery
mechanism; systems on the market that combine these techniques and a fixed film media (i.e., a bioreactor) are not the subject of this table, and have been
considered as part of other PDIs (e.g., PDI-5: Tank Treatability Studies). Principal considerations relevant to the screening of these technologies relate to the
following attributes of the Pond or other site limitations: 1) soft, fine-grained sediment bed; 2) approximately 4.6 acres in area; 3) maximum water depth of
approximately 16 ft; 4) flood storage loss must be minimized; 5) avoid disturbing sediments. The screening outcome presented in the following table is intended
to summarize the aeration technology type(s) warranting further evaluation and consideration for pilot testing in PDI-15.

Category Technology Description Select Manufacturers and Screening Rationale Screening
Type Model Number* Outcome
Diffused Air | Jet Diffuser Header piping delivers Mixing Systems, Inc.: Jet m Tanks and other process equipment for
compressed air and Aerator activated sludge treatment most common
water to diffuser head (www.jetaerators.com) application for technology
that combines the two m Would require the installation of base platforms
fluids and discharges within the Pond to physically attach and
the mixture into the support equipment at appropriate water -
; : Eliminate
water column. Uni-, elevation
bi-, or multi-directional ® Requires more capital equipment and
jet diffusers available. infrastructure (blower and pump) compared to
other technologies
m Significant disturbance of the water column
anticipated due to aggressive nature of jetting
technique, therefore not appropriate as a stand
alone option

DRAFT
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TABLE 3.1.12.2-1 Page 2 of 6
PDI-15 AERATION TECHNOLOGY COMPARISON AND SCREENING
FIELD SAMPLING PLAN
INDUSTRI-PLEX SITE OU2
WOBURN, MASSACHUSETTS
Category Technology Description Select Manufacturers and Screening Rationale Screenin%
Type Model Number* Outcome
Diffused Air | Surface Inclined propeller, Aeromix: Aquatornado™ Has been used in ponds (e.g., aquaculture and
(Cont.) Aspirating motor and shaft that Surface Aspirating Aerator to create aerated “cap” for ice management)
Aerator draws in air at the hub (www.aeromix.com/Tornado) Operation injects air and moves air-water
above the water line Aeration Industries mixture to distribute oxygen bubbles
and discharges air and International, Inc.: AIRE-O,® Can be operated all year
water mixture into the (www.aireo2.com/pdf) Works on floating pontoons that adjust with
water, where the water level Retain
propeller turbulence Propeller/shaft angle adjustable to control
shears and disperses depth of influence for mixing
the bubbles and Multiple units work together to enhance
enhances oxygen distribution and mixing of DO
transfer Angled bubble dispersion increases hang time
for oxygen transfer
Fine or Disk- or linear tubing- Vertex : Air 3XL Commonly utilized for pond aeration
Coarse shaped device with (www.vertexwaterfeatures.com) Would require the installation of base platforms
Bubble perforations of varying Siemens: DualAir® Fine Bubble within the Pond to physically attach and
Aerator size. Materials of Diffuser System (in ceramic or support diffusers at appropriate water
construction vary. membrane) elevation, hence does not self-adjust to varying
Compressed air (www.usfilter.com) water surface
delivered from on- Aeromix: Cyclone™ Coarse & Density (humber) of diffusers vary according to
shore compressor Cyclone Il Fine Bubble Diffusers target application (WWTP on dense grid, pond | Eliminate
through header piping (www.aeromix.com/Cyclone) aeration typically uses fewer aeration disks)
and bubbled through Aeromix: Aeromix® Diffused Air Maintenance requires removal of the
submerged diffusers. System submerged diffusers, although mechanical
(www.aeromix.com/Diffusedair) components (blower) mounted on shore
Installation in relatively shallow water depths
may limit oxygen transfer efficiency and area of
influence
DRAFT
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TABLE 3.1.12.2-1 Page 3 of 6
PDI-15 AERATION TECHNOLOGY COMPARISON AND SCREENING
FIELD SAMPLING PLAN
INDUSTRI-PLEX SITE OU2
WOBURN, MASSACHUSETTS
Category Technology Description Select Manufacturers and Screening Rationale Screenin%
Type Model Number* Outcome
Mechanical High or low Vertical axis mixer SolarBee®: Solar-powered, m Commonly utilized for pond aeration,
speed, vertical | pulls water up and, Low-speed surface aerator with including applications involving aeration caps
axis depending on flow adjustable intake in wastewater treatment lagoons
mechanical rate, configuration, exit Model SB10000v12 m Lifts water from depth (variable) to surface to
aerators velocity, may or may (www.solarbee.com) mix interval and enhance oxygen transfer
not spray the water out m Mounted on floats that adjust with the water Retain
onto the water surface surface
m Horizontal position established using anchors
m Intake height on SolarBee® Model adjustable
m Operates solar power, as well as from the
power grid
Conventional Low- or High- m Commonly utilized for WWTP operation
speed mixing systems used in m Pulls water up through intake cone
WWTP: (conventional units do not use adjustable
— Aeromix: Twister™ Low intake tube) and projects water outward as
Speed Surface Aerator droplets for oxygen transfer
(www.aeromix.com/Twister) m Mounted on floats that adjust with the water
— Aeromix: Typhoon™ High surface Eliminate

Speed Surface Aerator
(www.aeromix.com/Typhoon)

Horizontal position established using anchors
Do not typically use intake pipe

Conventional configuration may potentially
induce flow/sediment from depth; therefore,
not applicable.

Horizontal axis

Similar in principle to

Aeromix: Monsoon™ Horizontal

Commonly utilized in WWTP (oxidation ditches

Haley & Aldrich, Inc.
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mechanical vertical axis mixer Surface Aerator or channel aeration)
aerators although the mixer (www.aeromix.com/Monsoon) m  Not commonly applied in natural ponds

axis is horizontal and PMSL: AERO-BRUSH™ Brush -

_ Eliminate

uses disks or paddles Rotor

attached to rotating (www.philamixers.com)

shaft to agitate the

water.
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TABLE 3.1.12.2-1
PDI-15 AERATION TECHNOLOGY COMPARISON AND SCREENING
FIELD SAMPLING PLAN
INDUSTRI-PLEX SITE OU2
WOBURN, MASSACHUSETTS

Page 4 of 6
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Category Technology Description Select Manufacturers and Screening Rationale Screenin%
Type Model Number* Outcome
Waterfall Fountain Sprays water into the  |m  Aeromix: Fountain Aerator Commonly employed for aesthetic
air to enhance oxygen (www.aeromix.com/Fountain) improvement in stagnant ponds
transfer. Multiple The geometry of the HBHA Pond limits
fountain spray efficient application of technology since the Eliminate
geometries available. device tends to aerate the radius
surrounding the fountain and system does
not enhance dispersion
Cascade Simple waterfall over m  Variable Commonly employed stream morphology
Waterfall weir onto rocks or enhancement to improve re-aeration
similar to disturb and No moving parts or equipment to maintain
aerate water. unless pumps and related appurtenances
Depending on involved
configuration, may Generally low maintenance of weir
include pumps to raise depending on materials of construction Eliminate®
the head before the Relatively low re-aeration compared to other
waterfall. mechanical or diffused air systems
Requires increase in water elevation to
create fall, which results in loss of flood
storage volume. Hence, technology not
applicable to the HBHA Pond.
DRAFT
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TABLE 3.1.12.2-1
PDI-15 AERATION TECHNOLOGY COMPARISON AND SCREENING
FIELD SAMPLING PLAN
INDUSTRI-PLEX SITE OU2
WOBURN, MASSACHUSETTS

Page 5 of 6

Category

Technology
Type

Description

Select Manufacturers and
Model Number*

Screening Rationale

Screenin%
Outcome

Other

Oxygen
delivery:
oxygen/super-
oxygen
technologies

Encompasses a
variety of technologies
that deliver pure
oxygen gas (using
mechanism such as
diffused air) and other
“custom” devices
capable of delivering
high DO levels

Bubble plume oxygenation (w/ =
pure O,)

ECO.,: Speece Cone (Contact
Chamber oxygenation)
Others

Typically applied to large-scale hypolimnetic
aeration projects for stratified lakes or
reservoirs, including cases where
stratification is to be maintained and DO
deficits warrant water quality improvement
Bubble plume “oxygenation“ increases DO
levels by bubbling in pure oxygen gas, which
dissolves in the water column as the bubbles
rise due to buoyancy. DO is dispersed via
natural or induced currents. These systems
have been applied to some large, deep
lakes. For lakes where thermal stratification
is to be maintained, bubble size and injection
depth ideally designed so that bubble
disappears before encountering thermocline.
Due to shallow depths of the HBHA Pond,
not likely to be a candidate technology.
Speece Cone system typically uses a
submerged cone wherein water is pumped
into the top of the cone using a submersible
pump and pure oxygen gas is injected inside
the cone. Resultis high DO levels on
account of pure oxygen addition and high
hydrostatic pressures at deep water depth.
Superoxygenated water is distributed
through diffuser pipe(s). Submerged
Speece cone concept is to maintain thermal
stratification while raising DO. Maintenance
drawback is that liquid pump is submerged.
In deep water application, DO levels can be
raised higher (DO > 50 mg/L) due to the
combined atmospheric and hydrostatic head
at depth. Shallow depth of the HBHA Pond
reduces applicability of this technology.

Eliminate

Haley & Aldrich, Inc.
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TABLE 3.1.12.2-1 Page 6 of 6
PDI-15 AERATION TECHNOLOGY COMPARISON AND SCREENING

FIELD SAMPLING PLAN

INDUSTRI-PLEX SITE OU2

WOBURN, MASSACHUSETTS

Category Technology Description Select Manufacturers and Screening Rationale Screenin%
Type Model Number* Outcome

Notes:

1. Not an exhaustive list of technology vendors. Other vendors may be considered.

2. General technology type retained (or eliminated) from further consideration for PDI-15: HBHA Pond Mixing/Aeration Pilot Test. Other scenarios evaluated in
PDI-5 (Tanks Treatability Studies), may use one of the above methods/devices in the unit operation tested/evaluated [e.g., bubble diffusers for the
volatilization test (see PDI-5)].

3. Cascading waterfalls or stream riffles to enhance aeration may be appropriate in other areas, such as, but not limited to, Halls Brook discharge into the

HBHA Pond, downstream of the Pond, or other areas, as appropriate.

“WW” = wastewater

“WWTP” = wastewater treatment plant

“DO” = dissolved oxygen

o gk

DRAFT 3/25/2011
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TABLE 3.1.12.5-1

PDI-15 HBHA POND AERATION PILOT TEST

STARTUP SEQUENCE FOR LOW-SPEED SURFACE AERATION DEVICES
INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

Startup Sequencing

Time from Start Criteria Action

Mixing the 0-5 ft Layer
Start RC-S and RC-N in progression
14 hours total*

Parameter

stabilization® Lower intake tube 3 ft

Mixing the 5-8 ft Layer
See Note 1
5 hours total*

Parameter

stabilization® Lower intake tube 3 ft

Mixing the 8-11 ft Layer Lower intake tube 3 ft (or

See Note 1 Parameter to the target maximum
2 5 hours total* stabilization® depth at the circulator
' location)

Notes:

1. Start RC-S, then RC-N in progression

2. *=Time to exchange three volumes (at the relevant depth profile) based on the pond geometry
(volume by depth) and combined flow rate of 20,000 gpm (2 units at 10,000 gpm each). Time
for other layer based on the approximate volume in that interval, which varies by depth due the
pond bottom shape.

3. In addition to the estimated mixing duration for each layer, the intake will not be lowered until the
parameters (DO, T, conductivity, ORP, and NH4") have stabilized and DO is 2.0 mg/L or greater

DRAFT
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TABLE 3.1.12.6-1

PDI-15 HBHA POND AERATION PILOT TEST
SURFACE WATER MONITORING PROGRAM
INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

Page 1 of 1

Frequency of Monitoring/Sampling
(During Task 2 and 3, Following the Baseline Monitoring Phase)

Profiling Locations
RM1 & RM2
(2 Depths, Note 1)

Profiling Locations
RM1, RM2 & RM3
(5 Depths, Note 2)

Discrete Grab Sampling
Stations HB, AAD,
ROWD9, Pond OF

(Post-pilot) (Note 10)

Parameter Method (Grab, Note 3)
DO
Temperature .
Turbidity Field
Instrument . .

pH (Sonde) Hourly Daily Daily
ORP (Note 2)
Conductivity
Ammonia
Iron (ferrous) Field (Hach) lezll(l?gl(zlyveeeekklz) 9 None Weekly
Ammonia
m:g;;emote o Daily (Week 1) None Daily (Week 1)
TKN (org. Weekly (Week 2+) Weekly (Week 2+)
nitrogen)
Benzene Daily (Week 1) None Daily (Week 1)

Weekly (Week 2+) Weekly (Week 2+)
Arsenic (total Fixed Lab Daily (Week 1) Bi-weekly Daily (Week 1)
and dissolved) Weekly (Week 2+) Weekly (Week 2+)

(Note 8) -

Iron (total) Daily (Week 1) None Weekly

Weekly (Week 2+)
TSS Weekly None Weekly
TDS Bi-weekly None Bi-weekly
TOC Bi-weekly None Bi-weekly
DOC Bi-weekly None Bi-weekly
BOD Bi-weekly None Bi-weekly
COD Bi-weekly None Bi-weekly
Micro- RM1 Only None None
biological Note 4 2 Events - End of Test
Monitoring A and End Test B

Abbreviations: Halls Brook (HB); Atlantic Avenue Drainway (AAD), Right-of-Way No. 9 (ROW9), and Pond Outfall (Pond OF); Total
Kjeldahl Nitrogen (TKN).

Notes:

1. Approximately 3+ ft (100+ cm) below water (above the chemocline) and 9+ ft (300+ cm) below water (below the chemocline).
2. Approximately sampled at O ft (O cm), 3 ft (100 cm), 6 ft (200 cm), 9 ft (300 cm), and 12 ft (350-400 cm) below water.
3. Single depth, discrete grab surface water sample location.

4. Detailed descriptions of microbiological monitoring analyses are summarized in the RDWP/FSP text.

5. Includes filtered (dissolved) arsenic samples in surface water.
6. It is assumed that the sampling will continue when Test B begins (i.e., the sampling frequency does not reset to the beginning).
7. Nitrite is commonly short-lived in the environment, and thus is anticipated to be present at low or non-detect concentrations; if

nitrite is repeatedly non-detect at all monitoring stations in the initial event, a combined nitrate/nitrite analyses will be conducted to
reduce the analytical expense.
8. Analytical Methods for this list of parameters is provided in QAPP.
9. To the extent other PDIs are ongoing collecting these data, the programs will be coordinated to reduce redundant sampling and

analysis.

10. Baseline microbial testing addressed in PDI-4B.

Haley & Aldrich, Inc.
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TABLE 3.1.12.6-2

PDI-15 HBHA POND AERATION PILOT TEST
SAMPLING SUMMARY
INDUSTRI-PLEX SITE OPERABLE UNIT 2
WOBURN, MASSACHUSETTS

Sample
Location Depth
Sampling Location ID Number Medium/Matrix (units) Analytical Parameter Site Location Rationale
Ammonia, Nitrate, Nitrite, TKN,
Benzene, Arsenic (total and
RM1 Surface Water 3,91t dissolved), Iron(total and ferrous),
TSS, TDS, TOC, DOC, BOD,
coD Monitor effect of aeration pilot test on analytical
RM1 )
parameters above/below chemocline
above, at, and above, at,
below Surface Water and below  |Microbiological Monitoring
chemocline chemocline
Ammonia, Nitrate, Nitrite, TKN,
Benzene, Arsenic (total and . . . .
RM2 RM2 Surface Water 3,91t dissolved), Iron(total and ferrous), Monitor effect of aeration pilot tQSt. on analytical
TS, TDS, TOC, DOC, BOD, parameters above/below chemocline
COD
RM-1 RM-1 Surface Water 0,3,6,9 12 Arsenic (total and dissolved) Monitor effect of aeration pilot test on analytical
ft parameters across water column
RM-2 RM-2 Surface Water 0,3,6,9 12 Arsenic (total and dissolved) Monitor effect of aeration pilot test on analytical
ft parameters across water column
RM-3 RM-3 Surface Water 0,3,6,9 12 Arsenic (total and dissolved) Monitor effect of aeration pilot test on analytical
ft parameters across water column
Ammonia, Nitrate, Nitrite, TKN,
Benzene, Arsenic (total and
HB HB Surface Water Grab dissolved), Iron(total and ferrous), [Monitor analytical parameters at inlets
TSS, TDS, TOC, DOC, BOD,
COD
Ammonia, Nitrate, Nitrite, TKN,
Benzene, Arsenic (total and
AAD AAD Surface Water Grab dissolved), Iron(total and ferrous), [Monitor analytical parameters at inlets
TSS, TDS, TOC, DOC, BOD,
COD
Ammonia, Nitrate, Nitrite, TKN,
Benzene, Arsenic (total and
ROW9 ROW9 Surface Water Grab dissolved), Iron(total and ferrous), [Monitor analytical parameters at inlets
TSS, TDS, TOC, DOC, BOD,
COD
Ammonia, Nitrate, Nitrite, TKN,
Benzene, Arsenic (total and Monitor effects of aeration pilot test on
Pond Outlet Pond Outlet Surface Water Grab dissolved), Iron(total and ferrous), analytical parameters at pond outlet
TSS, TDS, TOC, DOC, BOD,
COD
RM1 Sediment Sediment Microbiological Monitoring

Haley & Aldrich, Inc.
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TABLE 3.1.12.6-3

PDI-15 HBHA POND AERATION PILOT TEST

SAMPLING AND ANALYSIS

INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

Analytical Method/ No. of
Matrix Parameter SOP Reference Samples®
SW Biological Oxygen Demand SM 5210/ SOP/07-13 56
SW Chemical Oxygen Demand SM 5220/ SOP/07-16 56
SW Dissolved Organic Carbon EPA 9060/ SOP/07-24 56
SW Nitrogen, Ammonia (NH,) SM 4500/ SOP/07-14 144
Sw Nitrogen, Nitrate (NO~) SM 4500/ SOP/07-26 144
SW Nitrogen, Nitrite (NO,") SM 4500/ SOP/07-26 144
SW Nitrogen, Total Kjeldahl (TKN) SM 4500 / SOP/07-15 144
SW Solids, Total Dissolved SM 2540 / SOP/07-28 56
SW Solids, Total Suspended SM 2540 / SOP/07-29 112
. EPA 9060 /
SW Total Organic Carbon SOP/07-24/W-028 56
. EPA 6010 / SOP/06-01
SW Arsenic, Total (EPA 3005A/ SOP/05-05) 207
SW  |Arsenic, Dissolved (EElf :‘SSJE?A’/SS%F;’%%'_%;) 207
EPA 6010 / SOP/06-01

Sw. . |lron, Total (EPA 3005A/ SOP/05-05) e
SW Ferrous Iron (Fe2+) Hach Method 8146 128
SW Benzene EPA 8260/ SOP/03-03 144
SW gPCR Ml 4

SED gPCR Ml 2

'"Total does not include field duplicate samples, which shall be collected at a frequency of 1 per event or every 20 samples.

Haley & Aldrich, Inc.
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TABLE 3.1.12.7-1

PDI-15 HBHA POND AERATION PILOT TEST
PERFORMANCE MONITORING CRITERIA
INDUSTRI-PLEX SITE OPERABLE UNIT 2
WOBURN, MASSACHUSETTS

PAGE 1of 1

Parameter Performance Criteria

Comments/Rationale

DO > 2 mg/L on average in the

upper 5 ft of the water column

If DO levels remain below 2 mg/L in upper 5 ft
of the water column for an extended period of
time (e.g. >12 hours) ecological receptors could
become distressed. The criteria only applies to
the upper 5 ft of the water column because at
greater depths there is often little DO under
current conditions.

Arsenic** < 0.150 mg/L at the outlet of

the pond

Increases in arsenic concentrations may also
be indicative of oxidation of sulfide deposits and
subsequent release of arsenic.

Ammonia** NRWQC criterion (variable) at

the outlet of the pond

The NRWQC is pH and temperature
dependent.

Benzene** < 0.046 mg/L at the outlet of

the pond

Benzene will be monitored and used to assess
performance

Ecological Observed fish kill

impacts

If a fish kill is observed, the aerators will be shut
down while the cause is evaluated.

> 150 NTUs at the outlet of
the pond

Turbidity

Turbidity has been seen at levels approaching
or exceeding 200 NTU near the chemocline.
Turbidity in excess of 150 NTU may indicate
solids potentially containing arsenic are
migrating downstream and the impeller will be
shutdown until the source of arsenic
concentrations of the water and suspended
solids can be determined. If the arsenic
analysis indicates that the arsenic concentration
is well below 150 pg/L under turbid conditions,
then the aerators may be turned back on.

Haley & Aldrich, Inc.
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3/25/2011
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TABLE 3.1.13.3-1

PDI-16 COFFERDAM SIMULATION PILOT TEST
SAMPLING SUMMARY

INDUSTRI-PLEX SITE OPERABLE UNIT 2
WOBURN, MASSACHUSETTS

Sample Location Depth
Sampling Location ID Number Medium/Matrix (units) Analytical Parameter Site Location Rationale
0 ft (Ocm)
3 ft (100cm) :
RM1 RM1 Surface Water 6 ft (200 cm) Aé?nr;logg&:’as;gziﬂz d) Observe effect of Curtain on chemocline
9 ft (300 cm)

12 ft (350-400cm)

Haley & Aldrich, Inc.
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TABLE 3.1.13.3-2

PDI-16 COFFERDAM SIMULATION PILOT TEST DRAFT
SAMPLING AND ANALYSIS

INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

Analytical Method/ No. of
Matrix Parameter SOP Reference Samples®
SW Nitrogen, Ammonia (NH;) SM 4500/ SOP/07-14 35
. EPA 6010 / SOP/06-01
Sw  |Arsenic, Total (EPA 3005A/ SOP/05-05) 35
. EPA 6010/ SOP/06-01
swW Arsenic Dissolved (EPA 3005A/ SOP/05-05) 35
VOCs including Benzene
Sw and/or 1,2-DCA, TCE, EPA 8260/ SOP/03-03 35
Naphthalene

'"Total does not include field duplicate samples, which shall be collected at a frequency of 1 per event or every 20 samples.

Haley & Aldrich, Inc. Page 1 of 1
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TABLE 3.2.1.1-1

PDI-9A WHP & EHP INVESTIGATION AND ASSESSMENT
SAMPLING SUMMARY

INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

Sample Location Depth
Sampling Location ID Number Medium/Matrix (units) Analytical Parameter Site Location Rationale
Benzene,ammonia,
nitrate/nitrite, TKN, Improve understanding of contaminants
Lower South Pond 17 locations Surface water 1/2 of total depth [total/dissolved associated with WHP, EHP and contiguous
arsenic, TSS, TDS, wetlands
TOC, DOC
Grain size, ammonia,
nitrate/nitrite, TKN, Improve understanding of contaminants
Lower South Pond 17 locations Sediment 0-6" TOC, total arsenic, associated with WHP, EHP and contiguous
benzene, chromium, |wetlands
lead
screened within B.enzeng,gmmonia, . .
the 3 1o 4 ft nitrate/nitrite, TKN, Improve understanding of contaminants
Lower South Pond 17 locations Groundwater total/dissolved associated with WHP, EHP and contiguous

sediment depth
interval

arsenic, TSS, TDS,
TOC, DOC

wetlands

Haley & Aldrich, Inc.

Page 1 of 1
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TABLE 3.2.1.1-2
PDI-9A WHP & EHP INVESTIGATION AND ASSESSMENT
SAMPLING AND ANALYSIS

INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

Analytical Method/ No. of
Matrix Parameter SOP Reference Samples®
GW . . EPA 9060/ 17
W Dissolved Organic Carbon SOP/07-24 7
GW 17
SED Nitrogen, Ammonia (NH;) SM 4500/ SOP/07-14 17
SW 17
GW 17
SED Nitrogen, Nitrate (NO5) SM 4500/ SOP/07-26 17
SW 17
GW 17
SED Nitrogen, Nitrite (NO,") SM 4500/ SOP/07-26 17
SW 17
GW 17
SED Nitrogen, Total Kjeldahl (TKN) SM 4500 / SOP/07-15 17
SW 17
CW Solids, Total Dissolved SM 2540 / SOP/07-28 il
SW 17
GW Solids, Total Suspended SM 2540 / SOP/07-29 ]
SW 17
GW 17
. EPA 9060 /
SED Total Organic Carbon SOP/07-24/W-028 17
SW 17
GW 17
Arsenic, Dissolved EPA 6010/ SOP/06-01
SW (EPA 3005A/ SOP/05-05) 17
GW EPA 6010 / SOP/06-01 17
SW Arsenic. Total (EPA 3005A/ SOP/05-05) 17
EPA 6010 / SOP/06-01
SED (EPA 3050A/ SOP/05-07) i
GW 17
SED Benzene EPA 8260/ SOP/03-03 17
SW 17
SED Grain Size ASTM D6913 and D422 17
. EPA 6010/ SOP/06-01
SED|Chromium (EPA 3050B/ SOP/05-07) 7
EPA 6010/ SOP/06-01
SED  |Lead (EPA 3050B/ SOP/05-07) 17

Total does not include field duplicate samples, which shall be collected at a frequency of 1 per
event or every 20 samples.

Haley & Aldrich, Inc.
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TABLE 3.3.1.2-1 DRAFT
PDI-2 WELLS G&H AND CBCA WETLANDS SEDIMENT DREDGING/EXCAVATION

SAMPLING SUMMARY

INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

Sample Location Depth
Sampling Location ID Number Medium/Matrix (units) Analytical Parameter Site Location Rationale
27 Sediment 0-0.5 Arsenic, *benzo(a)pyrene Define extent of dredge/excavation area
Target areas based on 27 Sediment 0.5-1.5 Arsenic, *benzo(a)pyrene Define extent of dredge/excavation area
accessibility 27 Sediment 1.5-25 Arsenic, *benzo(a)pyrene Define extent of dredge/excavation area
27 Sediment Lftintervals to Archlye, may be analyzed for Define extent of dredge/excavation area
bottom of core |arsenic, *benzo(a)pyrene
Water content, grain size
. . . Atterberg limits, organic content, . . .
2 locations in Wells G&H |Sediment up to 2 ft Specific gravity, Solidification Weight Bearing Capacity
Dredge areas Agent Testing —
Water content, grain size
. . . Atterberg limits, organic content, . . .
2 locations in CBCA Sediment up to 2 ft Specific gravity, Solidification Weight Bearing Capacity
Agent Testing
TCLP Metals, Corrosivity,
1 Composite in Wells G&H |Sediment Upto 2 ft Reactivity, Ignitability, Paint Filter |Waste characterization for disposal
Dredge areas Test
9 TCLP Metals, Corrosivity,
1 Composite in CBCA |Sediment Upto 2 ft Reactivity, Ignitability, Paint Filter |Waste characterization for disposal
Test
2 from Wells G&H Agqueous Effluent |NA Dissolved Arsenic, Total Arsenic |Evaluate need for effluent treatment
De-watering Effluent
2 from CBCA Agqueous Effluent |NA Dissolved Arsenic, Total Arsenic |Evaluate need for effluent treatment
*Benzo(a)pyrene will only be tested if Arsenic is not in exceedence
Haley & Aldrich, Inc. Page 1 of 1
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TABLE 3.3.1.2-2

PDI-2 WELLS G&H AND CBCA WETLANDS SEDIMENT DREDGING/EXCAVATION

SAMPLING AND ANALYSIS METHODS
INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

Analytical Method/ No. of
Matrix Parameter SOP Reference Samples®
. EPA 6010/ SOP/06-01
SW |Arsenic, Total (EPA 3005A/ SOP/05-05) 4
S EPA 6010/ SOP/06-01
SW Arsenic, Dissolved (EPA 3005A/ SOP/05-05) 4
. EPA 6010/ SOP/06-01
SED Arsenic, Total (EPA 30508/ SOP/05-07) 81
EPA 8270C / SOP 03-06
SED  |Benzo(a)pyrene (EPA 3540C/3546/SOP/02-04/12) il
SED Corrosivity EPA 9040B/9045C/ SOP/07-11 2
SED Ignitability EPA 1030 / SOP/07-60 2
SED Paint Filter Test EPA 9095A / SOP/07-70 2
SED Reactivity EPA 7.3 / SOP/07-37 2
SED TCLP Metals EPA 1311 2
SED Water Content ASTM D2216 4
SED Solidification Agent Testing Procedures in FSP PDI-1 Text 4
SED Grain Size ASTM D6913 and D422 4
SED Atterberg Limits ASTM D4318 4
SED Loss on Ignition ASTM D2974/ GLP 121 4
SED Specific Gravity ASTM D859 4

See Note 2.

See Note 2,3.

'"Total does not include field duplicate samples, which shall be collected at a frequency of 1 per event or every 20 samples.
2Additional archived samples may be analyzed based on analytical results.

®Prior to sample preparation for BaP analysis, soil and sediment samples will be inspected.

Samples exhibiting greater than 50% moisture content or the presence of artifacts (concrete or metal fragments/shavings) and/or
high petroleum product content (i.e tar or oil impacted soils) be prepared using SOP/02-04 (soxhlet extraction).

Haley & Aldrich, Inc.
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TABLE 3.4.1.1-1

PDI-12A SOIL IC DELINEATION
SAMPLING SUMMARY

INDUSTRI-PLEX SITE OPERABLE UNIT 2
WOBURN, MASSACHUSETTS

Sample Location Depth
Sampling Location ID Number Medium/Matrix | (units) Analytical Parameter Site Location Rationale
Seven properties, borings _ Soil 0-3ft Total Arsenic L _ o
at North, South, East & Apprpxmately _40 _ Determ_lne_ limits of contamination specified
\West of propertyl locations TBD in the field . . for Institutional Controls
Soil 3-15 1t Total Arsenic

1 - Each boring will not exceed 15'.

Haley & Aldrich, Inc.
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TABLE 3.4.1.1-2

PDI-12A SOIL IC DELINEATOIN
SAMPLING AND ANALYSIS
INDUSTRI-PLEX SITE OPERABLE UNIT 2
WOBURN, MASSACHUSETTS

(EPA 3050B/ SOP/05-07)

Analytical Method/ No. of
Matrix Parameter SOP Reference Samples’
SOIL Arsenic, Total EPA 6010 / SOP/06-01 80

'Total does not include field duplicate samples, which shall be collected at a frequency of 1 per event or every 20 samples.

Haley & Aldrich, Inc.
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TABLE 3.4.1.2-1

PDI-12B GROUNDWATER INSTITUTIONAL CONTROL DELINEATION

SAMPLING SUMMARY

INDUSTRI-PLEX SITE OPERABLE UNIT 2
WOBURN, MASSACHUSETTS

Sample Location Depth
Sampling Location ID Number Medium/Matrix | (units) Analytical Parameter Site Location Rationale

15 Grp undwater Profiling dissolved arsenic, total
Locations along . . L N -
. . 5-10 ft arsenic, ammonia, benzene, [Determine limits of contamination specified
interpreted extent of 15 locations Groundwater . I

L BGS trichloroethylene, 1,2- for Institutional Controls
contamination plume per .

dichloroethane, naphthalene

ROD
igc(;:i(();r;d;\llsrt]er Profiling dissolved arsenic, total
. 9 . 15-20 ft arsenic, ammonia, benzene, [Determine limits of contamination specified
interpreted extent of 15 locations Groundwater . -

S BGS trichloroethylene, 1,2- for Institutional Controls
contamination plume per .

dichloroethane, naphthalene
ROD
iic(;%:;d:(g;er Profiling dissolved arsenic, total
interoreted extgnt of 15 locations Groundwater 25-30 ft arsenic, ammonia, benzene, [Determine limits of contamination specified
P BGS trichloroethylene, 1,2- for Institutional Controls

contamination plume per
ROD

dichloroethane, naphthalene

Haley & Aldrich, Inc.
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TABLE 3.4.1.2-2
PDI-12B GROUNDWATER INSTITUTIONAL CONTROL DELINEATION
SAMPLING AND ANALYSIS

INDUSTRI-PLEX SITE OPERABLE UNIT 2

WOBURN, MASSACHUSETTS

Analytical Method/ No. of
Matrix Parameter SOP Reference Samples1
GW Nitrogen, Ammonia (NH3) SM 4500/ SOP/07-14 45
GW Arsenic, Total EPA 6010 / SOP/06-01 45
GW Arsenic, Dissolved (EPA 3005A/ SOP/05-05) 45
oW VOCs including Benzene and/or EPA 8260/ 45
1,2-DCA, TCE, Naphthalene SOP/03-03

'Total does not include field duplicate samples, which shall be collected at a frequency of 1 per event or every 20 samples.

Haley & Aldrich, Inc.
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ATDRICH WOBURN, MASSACHUSETTS

LOCUS
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—-——=-— 25FT TRANSECTS ] EDGE OF WATER
BATHYMETRY (METERS)

NOTES:

1. ALL LOCATIONS, DIMENSIONS, AND AREAL EXTENTS SHOULD BE
CONSIDERED APPROXIMATE.

2. 2001 1/2 METER RESOLUTION COLOR ORTHOIMAGERY OBTAINED FROM
THE OFFICE OF GEOGRAPHIC AND ENVIRONMENTAL INFORMATION
(MASSGIS), COMMONWEALTH OF MASSACHUSETTS EXECUTIVE OFFICE
OF ENVIRONMENTAL AFFAIRS.

3. BATHYMETRY TAKEN FROM NATURAL
ATTENUATION STUDY (FORD, 2004)

REMEDIAL DESIGN
INDUSTRI-PLEX SITE OPERABLE UNIT 2
WOBURN, MASSACHUSETTS

PDI-1 BATHYMETRY
TRANSECTS

SCALE: AS SHOWN
MARCH 2011

FIGURE 3.1.1.1-1




HBHA SEDIMENT CORE SAMPLE
® PROPOSED SEDIMENT TRAP ARRAY (FOUR TRAFS PER ARRAY)

NOTES:

1. ALL LOCATIONS, DIMENSIONS, AND AREAL EXTENTS SHOULD BE
CONSIDERED APPROXIMATE.

2. 2001 1/2 METER RESOLUTION COLOR ORTHOIMAGERY OBTAINED FROM
THE OFFICE OF GEOGRAPHIC AND ENVIRONMENTAL INFORMATION
(MASSGIS), COMMONWEALTH OF MASSACHUSETTS EXECUTIVE OFFICE
OF ENVIRONMENTAL AFFAIRS.

3. LOCATIONS OF SEDIMENT TRAP ARRAYS CONSIDERED APPROXIMATE.
TRAPS WILL BE INSTALLED WHERE THE SOF LAYER THICKNESS
IS GREATEST, BASED ON PROBING CONDUCTED AS PART OF PDI-1.

G://33020/Global/GIS/Map Projects/33020-031-036-HBHA POND SED SAMP_PDI1_03092010.mxd

HALEY REMEDIAL DESIGN
INDUSTRI-PLEX SITE OPERABLE UNIT 2

ATDRICH WOBURN. MASSACHUSETTS

PDI-1 PROPOSED HBHA POND

DREDGING DELINEATION SAMPLE

LOCATIONS

SCALE: AS SHOWN
MARCH 2011

3.1.1.1-2
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LEGEND:

PHASE | COMPLETED GROUNDWATER PROFILING LOCATION
$ COMPLETED IN MARCH 2009, BY GEOSEARCH INC.

i}

4@ PHASE | PROPOSED GROUNDWATER PROFILING LOCATION

PHASE Il PROPOSED IN POND GROUNDWATER SAMPLING LOCATION
(SEE NOTE 5)

PHASE lll PROPOSED GROUNDWATER MONITORING WELL
'@' COUPLET LOCATION

= APPROXIMATE SOUTHERN EXTENT OF GROUNDWATER PLUME
AREAS EXCEEDING PRGS

NOTES:

ALL LOCATIONS, DIMENSIONS, AND AREAL EXTENTS SHOULD BE
CONSIDERED APPROXIMATE.

2]

2001 142 METER RESOLUTION COLOR ORTHOIMAGERY OBTAINED FROM
THE OFFICE OF GEOGRAPHIC AND ENVIRONMENTAL INFORMATION
(MASSGIS), COMMONWEALTH OF MASSACHUSETTS EXECUTIVE OFFICE

APPROXIMATE SCALE IN FEET

OF ENVIRONMENTAL AFFAIRS,

]
GROUNDWATER PLUME EXTENT DERIVED AND PRESENTEDAS A HALEYt

o

REMEDIAL DESIGN
INDUSTRI-PLEX SUPERFUND SITE OPERABLE UNIT NO. 2

COMPOSITE OF MULTIPLE PARAMETERS SHOWN ON FIGURE BY ALDRICH WOBLURN. MASSACHUSETTS

TETRA TECH MUS, INC., GROUNDWATER PLUME AREAS EXCEEDING
PRGS, INDUSTRI-PLEX SITE, WOBURN, MASSACHUSETTS.

4

. ACTUAL NUMBER OF MONITORING WELL COUPLETS WILL BE
DETERMINED BASED ON PHASE | & Il RESULTS.

&

AT THE PHASE Il PROPOSED IN-POND GROUNDWATER SAMPLING LOCATIONS,
VERTICAL GRADIENT INFORMATION WILL ALSO BE COLLECTED DURING
INSTALLATION. FOUR TEMPORARY PIEZOMETERS WILL BE LEFT IN PLACE

FOR ADDITIONAL MONITORING OF VERTICAL GRADIENTS, THE LOCATIONS OF THESE
TEMPORARY PIEZOMETERS WILL BE DETERMINED BASED ON INITIAL FIELD DATA
COLLECTED DURING PHASE | AND PHASE 11,

PDI-3A GROUNDWATER PLUME
DISCHARGE AREA DELINEATION

SCALE: AS SHOWN

MARGH 2011 FIGURE 3.1.2.1-1
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LEGEND:
-@- PROPOSED GROUNDWATER PROFILE LOCATION

@ PROPOSED MONITORING WELL COUPLET LOCATION
EXISTING WOBURN LANDFILL MONITORING WELLS
EXISTING OLIN CHEMICAL MONITORING WELL

s PROPOSED GROUNDWATER TRANSECT

[//| APPROXIMATE EXTENT OF GROUNDWATER PLUME AREAS
EXCEEDING PRGS (ROD)

V' /] APPROXIMATE OU1/GU2 SITE BOUNDARY

G\33020\GLOBAL\GIS\MapProjects\Revis

NOTES:

1. ALL LOCATIONS, DIMENSIONS, AND AREAL EXTENTS SHOULD BE
CONSIDERED APPROXIMATE.

2 2008 30 CENTIMETER RESOLUTIOM COLOR ORTHOIMAGERY OBTAINED
FROM THE OFFICE OF GEOGRAPHIC AND ENVIRONMENTAL INFORMATION
(MASSGIS), COMMONWEALTH OF MASSACHUSETTS EXECUTIVE OFFICE
OF ENVIRONMENTAL AFFAIRS.

3. EXISTING MONITORING WELL LOCATIONS PROVIDED BY
DDMS ON 11 FEB 2010.

4. LOCATION OF PERMANENT WELLS WILL BE IDENTIFIED FOLLOWING
THE EWALUATION OF THE PRE- AND POST-ROD DATA.

HALEY&
ALDRICH

APPROXIIATE SCALE N FEE //
/]
REMEDIAL DESIGN

INDUSTRI-PLEX SITE OPERABLE UNIT 2
WOBURN, MASSACHUSETTS

PDI-3B PROPOSED GROUNDWATER
SAMPLING TRANSECTS

SCALE: AS SHOWN
MARCH 2011

FIGURE 3.1.2.2-1
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E

= BATHYMETRIC CONTOURS (WATER DEPTH IN METERS)
-@r DYE INJECTION POINT

@®  GAC SAMPLING STATION
v¢- ISCO SAMPLING STATION

NOTES:

1. ALL LOCATIONS, DIMENSIONS, AND AREAL EXTENTS SHOULD BE
CONSIDERED APPROXIMATE.

2. 2001 1/2 METER RESOLUTION COLOR ORTHOIMAGERY OBTAINED FROM
THE OFFICE OF GEOGRAPHIC AND ENVIRONMENTAL INFORMATION
(MASSGIS), COMMONWEALTH OF MASSACHUSETTS EXECUTIVE OFFICE
OF ENVIRONMENTAL AFFAIRS .

3. BATHYMETRY TAKEN FROM NATURAL ATTENUATION STUDY (FORD, 2004).

REMEDIAL DESIGN
INDUSTRI-PLEX SITE OPERABLE UNIT 2
WOBURN, MASSACHUSETTS

PDI-4A ESTIMATING RESIDENCE TIMES

SCALE: AS SHOWN
MARCH 2011

FIGURE 3.1.3.1-1
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NOTES:
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THE OFFICE OF GEOGRAPHIC AND ENVIRONMENTAL INFORMATION
(MASSGIS), COMMONWEALTH OF MASSACHUSETTS EXECUTIVE OFFICE
OF ENVIRONMENTAL AFFAIRS .

3. BATHYMETRY TAKEN FROM NATURAL ATTENUATION STUDY (FORD, 2004).
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