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1 INTRODUCTION

This document presents the findings of a Remedial Investigation (RI)/Feasibility Study (FS) at
the former Reynolds Metals Reduction Plant (Former Reynolds Plant) located at 4029
Industrial Way in Longview, Washington. The location of the Former Reynolds Plant is

shown on Plate 1-1.

1.1 Location of the Former Reynolds Plant

The Former Reynolds Plant is located in Cowlitz County, approximately 2.9 miles northwest
of the center of Longview and 4.8 miles northwest of Interstate 5. The Former Reynolds
Plant is located along-side the Columbia River at river mile 63 (statute miles) based on the
information in National Oceanic and Atmospheric Administration (NOAA) Chart 18524,
Edition 37 dated June 2011. The physical plant, buildings and other improvements are
owned by Millennium Bulk Terminals — Longview, LLC (MBTL) while the upland property
is owned by Northwest Alloys, Inc. (Northwest Alloys). Northwest Alloys is a wholly owned
subsidiary of Alcoa, Inc. (Alcoa). The Former Reynolds Plant also includes a dock and two
outfalls located within the Columbia River adjacent to the property owned by Northwest
Alloys.

As described in Section 2, the Former Reynolds Plant was formerly used for the manufacture
of aluminum. Aluminum manufacturing operations ended in 2001, and portions of the
Former Reynolds Plant have since been decommissioned. MBTL operates a bulk products
terminal that handles multiple products, including alumina, which is required for operation

of an active Alcoa aluminum manufacturing facility near Wenatchee.

1.2 The RI/FS Evaluates Model Toxics Control Act Cleanup Requirements

The purpose of the RI/FS is to evaluate the nature and extent of contamination associated
with the facility and to evaluate remedy alternatives, consistent with the requirements of the
Model Toxics Control Act (MTCA) and its implementing regulations (Washington
Administrative Code [WAC] Chapter 173-340). The MTCA regulations are implemented by
the Washington State Department of Ecology (Ecology) to address the cleanup of

contaminated soils, groundwater, or other media within the state of Washington.
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Plate 1-2 Role of the RI/FS in the MTCA Cleanup Process

Previous Remedial Cleanup Action Design,

Initial Site Investigations Investigation Plan

g Construction,
and Feasibility / | and Consent and Monitorina

Study Decree

1

Current
Document

Assessment and Cleanups

Under MTCA, the RI/FS includes two parts. The Rl completes the investigation of potential contaminants
at the Former Reynolds Plant. The FS then evaluates potential options for cleanup. The selection of a
final cleanup action occurs in a separate step and is documented in a Cleanup Action Plan.

As shown on Plate 1-2, the RI/FS is one of several steps in the cleanup process under MTCA.
That process begins with the initial site assessment performed by Ecology. During the site
assessment, Ecology reviews available data and establishes the agency’s priority ranking for
site investigation and cleanup. During its site assessment, Ecology ranked the Former

Reynolds Plant as a “5,” the lowest priority on Ecology’s 5-point scale.

Since completion of the initial assessment and site ranking, a number of investigations and
cleanup actions have been completed. The previously completed cleanup actions (see
Section 2.4) have resolved cleanup issues for a number of areas within the Former Reynolds
Plant. The previous investigations provide extensive site characterization data for the
remaining areas of the site. Data developed as part of these previous investigations have been

considered as part of Ecology’s scoping of the current RI/FS.

The RI/FS includes investigation work to complete the characterization of environmental
conditions at a site and an evaluation of a range of cleanup alternatives that address MTCA
cleanup requirements. The RI/FS includes identification of a preferred remedial action

alternative based on MTCA requirements and criteria.
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Final cleanup decisions are to be specified in an MTCA Cleanup Action Plan. The Cleanup
Action Plan is a separate document from this RI/FS. Design and implementation of the
cleanup action will be performed after finalization of the Cleanup Action Plan and court

approval of the consent decree.

The work described in this RI/FS has been performed consistent with the requirements of
Agreed Order (AO) No. DE-8940. The AO is a formal agreement that was entered into by
Ecology, Northwest Alloys (as the property owner), and MBTL (as the owner of the
improvements, property tenant, and terminal operator). The specific scope of RI/FS
investigation activities was defined in several Work Plan documents. These include an RI
Work Plan, approved by Ecology in June 2007 (Anchor QEA 2007a); a Work Plan Addendum
(Anchor QEA 2011a), approved by Ecology in August 2011; and additional addenda submitted
in December 2011 (Anchor QEA 2011b, 2011c) and in November 2012 (Anchor QEA 2012a).

1.3 The RI/FS Is Separate from Property Redevelopment Proposals

Although reasonably anticipated future land uses can be taken into account in the MTCA
process for a brownfield site, the RI/FS (and the MTCA process generally) is not a component
of any current or future land use proposal at or in the vicinity of the Northwest Alloys
property. Consistent with MTCA requirements, all RI/FS documents and final cleanup
decisions consider the types of land use authorized for the property (i.e., industrial,
commercial, or residential) and the activities that may occur in the future within and adjacent
to a cleanup site. In this case, the Former Reynolds Plant is located within an existing
industrial area and is zoned for industrial uses, as described in Section 2. Therefore, the RI/FS
considers potential exposure risks and cleanup requirements within the context of ongoing

industrial uses.

Portions of the Former Reynolds Plant are currently used for transloading and shipping bulk
materials. MBTL has applied for permits for a separate proposed project at the property for
the export of coal. Although the environmental review process for MBTL’s proposed coal
export terminal is separate from the RI/FS, use of the facility for expanded bulk materials
shipping is a potential future land use that may be considered in the MTCA process for a

brownfield site such as the Former Reynolds Plant. Nonetheless, the cleanup decision and its
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implementation are separate actions that would take place regardless of any particular reuse

plan for the Former Reynolds Plant or vicinity.

1.4 The RI/FS Evaluates a Broad Study Area

To ensure the completeness of the study, the RI/FS Study Area included evaluation and testing
both within the boundaries of the Former Reynolds Plant and in adjacent areas specified by
Ecology. Investigation within these adjacent areas is consistent with MTCA requirements to
determine the nature and extent of contamination but does not necessarily indicate the presence

of contamination or environmental impacts associated with the Former Reynolds Plant.

Plate 1-3 shows the extent of the properties owned by Northwest Alloys. This ownership
includes property located on both the north and south sides of Industrial Way. Only the
southern portions (i.e., the parcels located south of Industrial Way) of the property owned by
Northwest Alloys were used for aluminum manufacturing operations. The Former Reynolds
Plant in this area occupied approximately 436 acres. This total includes the property
associated with the former Cable Plant and property located west of the main aluminum

manufacturing facilities (see Section 2.2 for further discussion).

The Northwest Alloys property located north of Industrial Way (just under 100 acres) was
never included in the aluminum manufacturing operations. That northern property remains
undeveloped except for a small office building (former credit union property), an old softball

field, and power lines.

The characteristics of the RI/FS Study Area, including both the Former Reynolds Plant and
adjacent areas, are discussed in Section 2. The RI/FS Study Area includes the Northwest Alloys
owned property, portions of the regional ditch system operated by the Consolidated Diking

Improvement District (CDID), and adjacent areas of the Columbia River.

As part of its final cleanup decision documented in the Cleanup Action Plan, Ecology will
define the boundaries of the cleanup “Site” (the area within which Ecology’s cleanup
decision is applied). This Site boundary may be different (i.e., smaller) than the current
RI/FS Study Area.
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The approximate boundaries of the Northwest Alloys-owned properties are shown outlined in red. This includes the mostly undeveloped Northern Property located
north of Industrial Way, which was never used for industrial activities. The Reynolds Facility (including the aluminum manufacturing operations and the former Cable
Plant) were all located within 436 acres of Northwest Alloys property located south of Industrial Way. The alumina receiving dock is located within the Columbia River
on properties leased from the Department of Natural Resources. The separate parcels shown outlined in blue are owned by the Bonneville Power Administration (BPA)
and are located between the northern and southern Northwest Alloys properties.
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1.5 Report Organization

This RI/FS report is organized as follows:

e Section 2 — Study Area Background. This section presents information regarding
historical operations and materials handled, investigations, and cleanup actions, as
well as facility decommissioning, demolition, and waste removal activities.

e Section 3 — Remedial Investigation Methods. This section provides an overview of
the RI activities conducted between 2006 and 2013, including deviations from the
work plans listed in Section 1.2.

e Section 4 — Geology, Hydrology, and Hydrogeology. This section discusses the
geologic, hydrologic, and hydrogeologic characteristics of the RI/FS Study Area.

e Section 5 — Remedial Investigation Findings. This section presents the RI findings
based on the chemical and physical testing conducted between 2006 and 2013 and
considering other pre-existing data, as appropriate.

e Section 6 — Fate and Transport Evaluation. This section evaluates site-specific fate
and transport processes that restrict the potential movement of chemicals associated
with the Former Reynolds Plant.

¢ Section 7 — Conceptual Site Model. This section summarizes the RI findings and
presents the conceptual site model (CSM). The CSM summarizes the exposure
pathways and receptors applicable to the RI/FS Study Area.

e Section 8 — Cleanup Action Requirements. This section establishes remedial action
objectives (RAOs), as appropriate, and identifies potentially applicable federal and
local regulations; it also establishes cleanup standards.

e Section 9 — Screening of Cleanup Technologies. This section identifies a range of
remedial technologies potentially suitable for use as part of the final cleanup action.
Technologies that have been shown to be effective and implementable at other
similar cleanup sites are retained for consideration as part of the development of
cleanup alternatives.

e Section 10 — Description of Cleanup Alternatives. This section describes the six
cleanup alternatives, each addressing the cleanup action requirements set forth in
Section 8.

e Section 11 — Evaluation of Cleanup Alternatives. This section evaluates the cleanup

alternatives using criteria defined in the MTCA regulations.
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e Section 12 — Preferred Remedial Alternative. This section describes the preferred
cleanup alternative.

e Section 13 — References.

Appendices to this RI/FS report include key historical reports, RI field sampling logs, recent
sampling data validation and laboratory reports not previously reported, and supporting fate

and transport modeling documentation.

Throughout this report, compass directions are provided based on true north. This differs
from some historical documents associated with the Former Reynolds Plant that were
developed using a site-specific “plant-north” coordinate system. That site-specific coordinate

system was shifted approximately 50 degrees from true north.
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2 RI/FS STUDY AREA BACKGROUND

The Former Reynolds Plant is located within an industrial region and has been historically
used for aluminum manufacturing operations. The aluminum manufacturing processes
historically conducted at the Former Reynolds Plant are well understood for the following

reasons:

o The process itself was invented in 1882 and is largely unchanged since that time.

e The first aluminum operations in Longview were constructed in 1941 and were added
onto in the 1960s.

e No other industrial manufacturing has occurred at the Former Reynolds Plant.

e Extensive documentation of facility operations exist.

Prior to completion of the current RI/FS, extensive work has been conducted to
decommission inactive portions of the facilities, remove industrial materials and wastes from
the property, and to conduct closures and cleanup actions. These completed actions are
described in this section. The RI/FS testing program builds on this information to complete
the investigation of environmental conditions within the RI/FS Study Area and to provide
the basis for evaluating final cleanup requirements for the Former Reynolds Plant under

MTCA regulations.

2.1 Current Land Uses Are Industrial

The Former Reynolds Plant is located within a portion of the property owned by

Northwest Alloys. Northwest Alloys owns a total of approximately 536 acres of property.
Only the southern portion of this property (approximately 436 acres located south of Industrial
Way) was included in the historical aluminum manufacturing operations (see Plate 1-3). The
Northwest Alloys property located north of Industrial Way remains undeveloped except for a

small building that was a credit union, an old softball field and power lines.

The Former Reynolds Plant also includes an existing dock structure and two wastewater
outfalls that are located within the Columbia River. The Northwest Alloys-owned property
extends to the extreme low water (ELW) mark within the Columbia River. The aquatic
lands located waterward of the ELW mark within the Columbia River are owned by the state

of Washington and are managed by the Washington State Department of Natural Resources
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(WDNR). Portions of the dock and outfalls are located on land leased by Northwest Alloys
from WDNR under Aquatics Lands Lease No. 20-B09222.

The Northwest Alloys properties are currently leased to MBTL for operation of a bulk
products terminal. MBTL has leased the property since January 2011 when it purchased the
facility assets from Chinook Ventures, Inc. (CVI), and entered into a lease agreement with
Northwest Alloys. The MBTL terminal currently handles several bulk products that have
been historically managed at the Former Reynolds Plant. These products include alumina
and coal. Alumina is received by ship, stored, and is transloaded into railcars for shipment to
an operating aluminum manufacturing facility, Alcoa Wenatchee, in Malaga Washington.
These alumina shipments are critical to the operation of that facility. MBTL also receives by
rail, stores, and transports by truck coal for a neighboring facility. Other materials handled
at the facility since aluminum production ceased are carbon for the steel industry, cement,

fly ash, green petroleum coke, and miscellaneous other materials.

The Former Reynolds Plant is located within an industrial land use corridor located along
Industrial Way/Highway 432 and the Columbia River navigation channel (see Plate 2-1).
The Former Reynolds Plant and the adjacent properties are zoned for industrial uses. Uses at

these adjacent properties include the following:

o Properties to the West. The majority of the property located to the west of the
Former Reynolds Plant has been purchased by the Port of Longview. This property is
currently vacant. Other smaller properties located to the west include a closed
landfill, a small MBTL-owned parcel (located between the Port of Longview property
and the Columbia River), and a CDID pump station (the Reynolds Pump Station)
located on a small CDID-owned parcel located adjacent to the Columbia River

o Properties to the East (Weyerhaeuser). A Weyerhaeuser wood/paper products facility
is located immediately to the east (upstream) of the Former Reynolds Plant. The
Weyerhaeuser industrial facility is complex and includes multiple affiliated operations.

e Properties to the North. The properties located to the northeast include the
Mint Farm Industrial Park, which is owned by the City of Longview. Other
properties located to the north and northwest include several Bonneville Power
Administration (BPA)-owned properties located along Industrial Way/Highway 432,

a quarry, and other privately owned hillside acreage.
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The Reynolds Facility is located along Highway 432 (Industrial Way), adjacent to the Columbia River navigation channel. All properties in the vicinity are zoned and used
for industrial purposes. The property west of the Reynolds Facility is owned by the Port of Longview. The Mint Farm Industrial Park located northeast of the Reynolds

Facility is owned by the City of Longview. The Weyerhaeuser Facility is located immediately east of the Reynolds Facility.

Mint Farm
Industrial Park
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A significant feature within the adjacent portions of the Longview area is the CDID system
of levees and approximately 35 miles of drainage ditches. The CDID flood protection system
includes both protection by the dikes against external flooding from the Cowlitz and
Columbia rivers, and protection from internal flooding from storm drainage runoff and
groundwater from lands found adjacent to and inside the levee system. The mission
statement of the CDID is to “protect life, property, and environment by providing
comprehensive flood protection for the portions of the City of Longview, the City of Kelso,
and Cowlitz County that fall within its jurisdictional boundaries” (CDID 2013). The CDID
system has permitted safe development in the surrounding floodplain areas including areas at
elevations below the Columbia River level. Permitted discharges from publicly and privately
owned properties occur throughout the ditch system, and as result, the CDID is a secondary
permittee on the Cowlitz County/Kelso/Longview Municipal National Pollutant Discharge

Elimination System (NPDES) permit.

The CDID diking and drainage system includes structures located on CDID-owned
properties, rights-of-way, easements, and privately owned property. CDID facilities located

within or near the Former Reynolds Plant include the following:

e CDID Levee. A CDID levee extends along the shoreline of the Columbia River across
the full river frontage of the site. That levee is located on Northwest Alloys-owned
property, which is on land subject to a CDID right-of-way agreement.

o Industrial Way Ditches. CDID drainage ditches are located along portions of
Industrial Way on property not owned by Northwest Alloys.

e CDID Ditch No. 14. The drainage ditch located along the western edge of the RI/FS
Study Area, CDID Ditch No. 14, is located on Northwest Alloys-owned property,
with the exception of the CDID-owned and operated pump station (also known as the
Reynolds Pump Station) located next to the Columbia River. That pump station is
located on CDID-owned property.

¢ Industrial Way Pump Station Outfall Easement. An easement for the underground
discharge line connecting the Industrial Way pump station to its outfall is located

along the eastern portion of the Northwest Alloys-owned property.
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2.2 Historical Reynolds Metals Operations

Industrial use of the Former Reynolds Plant began in approximately 1941 with the
development of the aluminum production operations by Reynolds Metals Company
(Reynolds). The manufacturing capabilities were expanded in the 1960s. The operations at
the Former Reynolds Plant focused on primary aluminum production, without extensive
downstream product manufacturing facilities. Historical facility operations are well

documented and include the following:

e Aluminum Production Facilities (Section 2.2.1)

e Former Cable Plant Operations (Section 2.2.2)

e Former On-site Recycling Processes (Section 2.2.3)

e Industrial Landfills (Section 2.2.4)

e Other Reynolds-associated Operations (Section 2.2.5)

2.2.1 Aluminum Production Facilities

Aluminum production operations were initiated in 1941, with construction and operation of
the first aluminum production (i.e., reduction or smelting) and casting operations. In 1967,
operations expanded to include additional aluminum production capacity in what is known

as the North Plant.

The aluminum production process used at the Former Reynolds Plant is summarized on
Plates 2-2 and 2-3. In that process, alumina ore was received by ship or by rail. Alumina
was unloaded and transferred to the alumina storage silos and from there to the potline
buildings (see Plate 2-2).

The potline buildings included an extensive series of pots (see Plate 2-3) in which the
reduction process was performed. In the aluminum reduction process, alumina was placed in
the pots and dissolved in a material known as cryolite (containing sodium, fluoride, and
aluminum). The resulting molten material consisting of alumina and cryolite is called bath.
Electricity was then passed through the mixture, between an anode and a cathode (potliner),
producing molten aluminum. Both the anode and the cathodes were made on site from

carbonaceous materials.
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Alumina used at the Reynolds Facility was received by ship. The alumina was transferred to storage silos and then used in the potline buildings to produce molten
aluminum (see Plate 2-3). The aluminum was then cast into solid form inside the cast houses. The aluminum manufacturing was curtailed in 2001, but the dock and

storage silos remain in use for import of bulk products, including alumina required by the operating aluminum facility in Wenatchee.

Plate 2-2
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The diagram (top) illustrates the aluminum manufacturing or “reduction” process. Solid alumina is placed in a “pot” and
dissolved in a cryolite solution (consisting of sodium, fluoride, and aluminum). Electricity is then passed through the
material in the pot to produce molten aluminum. The photograph (bottom) from the late 1960s shows one of the Reynolds
“potlines” (the A-line in Room 51) during Longview plant operations.
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The molten aluminum produced in the potlines was transferred to the casting facility where
it was cast into a variety of products, including t-bar (t-ingots), extrusion billets, and sheet

ingots. The two cast houses are shown on Plate 2-2.

The anodes and cathodes used in the reduction process were produced on site from
carbonaceous materials. These raw materials were received by rail and truck and included
calcined petroleum coke, coal tar pitch (pitch), and anthracite coal. The pitch used at the
Longview facility was a hard, asphalt-like material that was solid except when heated. Use
of this asphalt-like form of the pitch minimized the potential for significant spills or dust
generation during its handling (in comparison to the types of pitch handled at some
aluminum production facilities). The pitch used at the Former Reynolds Plant was received
by rail and transferred into storage tanks. These heated storage tanks had distribution lines

that connected the tanks and the carbon plant.

The anodes used at the Former Reynolds Plant were of the S6derberg design (as opposed to
the pre-baked anode, which is more commonly used within the aluminum industry). One
benefit of the Soderberg design is that it does not require the use of a baking furnace to bake
and harden the anode. As a result, the facility did not produce extensive quantities of spent
furnace brick waste, which is common at some aluminum production facilities using

pre-baked anodes.

Electricity used in the aluminum production process was obtained from the off-property
BPA electrical yards (see Plate 1-3). This electricity was routed through two
Reynolds-owned rectifier yards (the north and south yards). The rectifiers were used to
convert the alternating current electricity received from BPA to direct current required in
the aluminum production process. One rectifier yard was located next to each set of
potlines. The south rectifier yard began operating in 1941, and the north rectifier yard began
operating in 1967. The original rectifiers in the south yard were mercury-arc rectifiers but
were replaced with solid-state rectifiers during the 1980s. Some electrical transformers and
capacitors were located within the rectifier yards, and smaller transformers and capacitors
were located within other portions of the Former Reynolds Plant as necessary to support

facility operations.
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2.2.2 Former Cable Plant Operations

The former Cable Plant (see Plate 1-3) is located within the Former Reynolds Plant, to the
west of the aluminum production areas. The Cable Plant was constructed in the late 1960s.
It produced electrical cable products, including aluminum wire, rods, and insulated

(polyethylene and polyvinyl) low and medium voltage cable.

The Cable Plant received molten aluminum from the aluminum production facilities and
processed it in three furnaces—a continuous ingot caster, a rolling mill, and wire drawers.
Ancillary structures associated with the Cable Plant included office buildings, parking, and

an on-site sanitary wastewater treatment plant.

Although Reynolds owned both the aluminum production facilities and the Cable Plant, the
facilities were managed by different entities within the company and generally functioned
independently. The Cable Plant assets were sold to BICC Cable Corporation (BICC) in 1992
and production immediately ceased. BICC removed all the assets from the buildings and
returned ownership of the empty buildings to Reynolds in the mid-1990s. Since that time,

the facility has been primarily inactive, only used sporadically for storage.

2.2.3 Former On-site Recycling Processes

One byproduct that is produced during aluminum manufacturing is known as spent potliner
(SPL). The potliner consists of the carbon lining of the pots (see Plate 2-3) in which the
molten aluminum is produced (Ecology 1982). Over time this lining eventually becomes
compromised and must be replaced. The SPL contains fluoride (from the cryolite solution
used in the process) and polycyclic aromatic hydrocarbon (PAH) compounds (from the
carbon materials). SPL can also contain cyanide, which can be produced during operation of
the pots when nitrogen in the air combines with carbon in the carbonaceous materials. The
levels of cyanide in SPL can vary depending on the specific production methods used and pot

technology.

At the Former Reynolds Plant, a recycling process was operated to recover reusable materials
from SPL. This process was conducted in the former Cryolite Recovery Plant (see Plate 2-4)

located in the East Plant area. The former Cryolite Recovery Plant was constructed in 1953.
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The East Plant area includes the location of the former on-site recycling process that was used to recover reuseable materials

aluminum pots. The former material stockpile and the cryolite recovery plant (above-left) have long since been removed and testing has been performed in each of
these areas (see Section 2.4.5). Lime used in the process was managed in Fill Deposit A (above-right). The residual carbon that remained after cryolite recovery was
managed in constructed fill areas within the Reynolds Facility, including Fill Deposits B-1 and B-2 (above). These fill areas were closed in the 1960s and 1970s and were
subsequently capped with clean soil. Also present in the East Plant area is a closed landfill used during aluminum manufacturing operations to manage floor sweeps

from the potline buildings. That landfill was closed in the early 1980s.
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The Cryolite Recovery Plant reclaimed electrolyte that was absorbed into the spent
carbonaceous pot lining. The SPL recycled at the Former Reynolds Plant came both from

the site, as well as from other northwest aluminum reduction plants.

The Cryolite Recovery Plant also recovered reusable fluoride compounds from the wet air
emission control system solids (underflow solids). These solids were generated during
operation of the wet electrostatic precipitators, which were used to control air emissions
from the aluminum manufacturing process. These underflow solids were collected in
thickener tanks (also known as clarifiers) operated at two locations within the Former

Reynolds Plant.

Cryolite recovery involved a multiple-step process. The feedstock consisted of SPL that was
stockpiled in the southwestern portion of the plant (see Plate 2-4). This material was
crushed, ground, and blended with underflow solids. The material was then slurried with an
alkaline sodium hydroxide solution, which extracted fluoride compounds from the solid
materials for reuse. The slurry was pumped to a thickener where the liquor was separated
from the remaining treated solids, which were composed primarily of residual carbon.
During plant operations these solids were termed black mud due to the characteristic dark
color associated with the carbon present in the solids. The residual carbon was disposed in
several fill deposits constructed within the Former Reynolds Plant (see Fill Deposits B-1, B-2,
and B-3 on Plates 2-4 and 2-5).

Lime was processed at the site to produce the sodium hydroxide solution used in the cryolite
recovery process. Spent lime (known during plant operations as “white mud” due to its
characteristic white color) was generated during this process. This spent lime was initially
segregated and managed in Fill Deposit A located in the East Plant area (see Plate 2-4). After
Fill Deposit A was closed in the 1970s, the spent lime was no longer segregated and was

combined and managed with the residual carbon.

The final steps in cryolite recovery included separating the cryolite using precipitation and
filtration. The solids from the filter were dried in a rotary kiln and multi-hearth “herreshoff”
furnace. The dried cryolite was reused within the Former Reynolds Plant or was sold to

other facilities for reuse.
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A Consolidated Diking and Improvement District (CDID) ditch (No. 14) and CDID pump station (Reynolds Pump Station) are
located along the edge of the West Plant area. The West Plant area includes Fill Deposit B-3 (above center), which was
used during the 1960s and early 1970s to manage residual carbon from the on-site recycling process. This area was closed
in the early 1970s and was subsequently capped with clean soil. The West Plant area also includes the Closed BMP Facility,
which was closed in the early 1990s, including construction of a landfill cap and implementation of a maintenance and
monitoring program under with a formal Ecology-approved closure/post-closure plan. The West Plant area also includes a
landfill (Landfill #2; above left) which was used to manage industrial debris from until it was closed in the early 1980s.

ANCHOR Plate 2-5
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The Cryolite Recovery Plant continued operation until May 1990. After that time, all SPL

generated during aluminum manufacturing was shipped off site to permitted treatment,

storage, and disposal facilities (TSDFs). The Cryolite Recovery Plant structures have since

been removed, and this portion of the Former Reynolds Plant is now vacant (see Plate 2-4).

Regulatory requirements associated with handling and recycling of SPL and with the cryolite

recovery process changed over time. Reynolds operations changed over time in compliance

with those requirements:

Between the 1950s and the 1980s, the SPL used as the raw material for the cryolite
recovery process was not subject to special regulation. The SPL was stored in the
designated stockpile area and was used in the recovery process.

In 1982, the State of Washington adopted the dangerous waste regulations

(WAC Chapter 173-303) to meet federal Resource Conservation and Recovery Act
(RCRA) requirements. These regulations were directed at ongoing waste generation
activities, not at previously operated fill placement activities. These regulations had
limited effect on the active cryolite recovery process. Reynolds considered the SPL to
be a raw material to the former Cryolite Recovery Plant for the recovery of fluoride
compounds, not a waste. SPL was not a listed federal hazardous waste at that time.

In 1982, Ecology tested Reynolds SPL and determined that if considered a waste, it
would not be designated as a hazardous or dangerous waste.

Regulatory requirements associated with SPL stockpiling and handling increased during
the 1980s. Based on concerns about potential impacts to groundwater in the stockpile
area, Reynolds entered into an agreement with Ecology in July of 1983 (AO No. DE
83-293 issued under the authority of Revised Code of Washington [RCW] 90.48, not
RCW 70.105; Ecology 1983) to remove the SPL stockpile in a time span of 5.5 years. In
addition, SPL was no longer imported from other off-site facilities. During the 5.5-year
work period, the stockpiled SPL was covered, and groundwater monitoring wells were
installed upgradient and downgradient of the pile. Reynolds met the technical and
schedule requirements established by AO DE 83-293, including removal of the
stockpiled SPL. Most of the stockpiled SPL was processed and recycled in the Cryolite
Recovery Plant. SPL that was imbedded in the underlying soils was excavated and

disposed of in an off-site permitted hazardous waste TSDF.
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Subsequent regulatory changes included the listing of SPL (waste code K088) under
the federal hazardous waste regulations. The federal regulations were promulgated
on September 13, 1988 (53 Federal Register 35412). The State of Washington adopted
the listing and incorporated it into WAC 173-303-9904 on April 7, 1991. No deposits
of SPL are known to remain within the Former Reynolds Plant. The stockpile of SPL
was completely removed, and all SPL generated after closure of the Cryolite Recovery

Plant was managed by off-site disposal at appropriately permitted TSDFs.

The residual carbon generated during the cryolite recovery process had different chemical

properties than the original raw materials, and the historical management of residual carbon

is discussed in more detail below:

Between the 1950s and 1972, residual carbon generated from the cryolite recovery
process was landfilled in designated management areas located in the East Plant and
West Plant areas. Originally, the residual carbon material was placed in a constructed
deposit just to the east of the former Cryolite Recovery Plant (see Fill Deposit B-2; see
Plate 2-4). An additional fill deposit (Fill Deposit B-1; see Plate 2-4) was constructed
along the eastern edge of the property. These fill deposits were excavated at least
once, and the materials were placed in the southwestern portion of the property near
the industrial landfill (see Fill Deposit B-3; see Plate 2-5). Placement of residual
carbon in these three fill deposits ceased in 1972. These three fill areas were capped
with soil in 1988.

Residual carbon produced at the Former Reynolds Plant after 1972 was managed in
an impoundment constructed within the western plant area. This 33-acre facility was
formally closed in 1991. That closure was subject to additional regulatory
requirements under the Washington Dangerous Waste regulations in place at that
time. In accordance with an Ecology-approved closure plan meeting the
requirements of WAC 173-303 (see Closed BMP Facility; see Plate 2-5), the closure
included the construction of a landfill cap, the filing of restrictive covenants, and
implementation of a long-term operation and monitoring plan. The closure and post-
closure requirements were associated with a state regulatory requirement
(Washington-specific waste designation), which has since been modified by the State.
The Closure/Post Closure Plan (Reynolds and CH2M Hill 1991) was submitted to

Ecology in 1991, and the final cover was constructed in 1992. Closure and subsequent
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2.2.4

operation and monitoring of the facility have been performed in accordance with the
Ecology-approved Closure/Post Closure Plan (Reynolds and CH2M Hill 1991). The
closed facility has continued to meet the plan requirements, and Ecology has
continued to implement its oversight role during implementation of this post-closure
monitoring and maintenance, as described in Appendix B.

Residual carbon deposits remain present in several managed disposal areas within areas
of the East Plant and West Plant (see Plates 2-4 and 2-5). These areas were developed
prior to the application of the K088 waste listings for SPL. This residual carbon is not
SPL, and the cryolite recovery process modifies the material such that the residual
carbon does not maintain the levels of chemicals for which the K088 waste code was
established (i.e., if the carbon deposits are excavated and tested, they are not a
characteristic hazardous waste under state or federal criteria). However, under federal
rules, some of the regulatory requirements intended for application to unprocessed SPL
also restrict management options for the residual carbon deposits should these deposits
be excavated and removed from the property. These additional requirements do not
apply to the in-place management of these residual carbon materials. These regulatory

considerations are analyzed as part of the FS (see Section 8).

Industrial Landfills

The Former Reynolds Plant includes three historical on-site landfills, which were used during

facility operations for construction debris and other materials. Use of these three landfills

ceased in the 1980s prior to implementation of more restrictive regulations affecting landfills

operated since that time. The following is a brief description of each historical landfill:

Landfill #1 (floor sweeps, see Plate 2-4) was used for the dry materials swept from the
floors in the potlines. These materials included alumina, bath, cryolite, and
aluminum fluoride.

Landfill #2 (industrial, see Plate 2-5) was used primarily for management of inert
wastes, including scrap calcined petroleum coke, ore, cryolite, aluminum fluoride,
bath, brick, concrete, and miscellaneous dry materials. Standard practices were not to
place liquids in the landfill.

Landfill #3 (construction debris, see Plate 2-6) contains concrete debris and other

inert plant wastes similar to those in the industrial landfill (Landfill #2).
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Landfill #3
(Construction Debris)

A former landfill (Landfill #3, above) was used to manage construction debris during the 1970s. It is located on Northwest Alloys owned property between the CDID
levee and the Columbia River.

Plate 2-6
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2.2.5

Reynolds-associated Operations

During its operation, the Former Reynolds Plant included an extensive staff with a peak

number of more than 1,200 employees. The facility had more than 800 employees at the

time of its closure in 2001. The facility included many support operations necessary for

aluminum manufacturing. These Reynolds-associated operations included the following:

Maintenance Facilities. The Former Reynolds Plant had a complete maintenance
department to support plant operations. These activities were largely performed in
the central plant maintenance buildings. The maintenance department utilized land
to the west of the western potlines as a scrap yard in the location later used by CVI as
a flat material storage area (see Plate 2-7). Scrap metal was placed in this area for
reuse or off-site recycling.

Water Supply Wells. Nine water production wells are located at the Former Reynolds
Plant. Production well numbers 1 to 4 were installed during construction of the South
Plant potlines in the early 1940s, and well numbers 5 to 8 were installed during
construction of the North Plant potlines in 1967. The deepest production well (No. 7)
was drilled to a depth of 410 feet below ground surface (bgs). An additional production
well was installed to service the Cable Plant in 1968. Monitoring of the water system was
performed by Reynolds consistent with Washington State Department of Health
requirements. This monitoring has shown that the water generated from these wells is
clean except for the presence of naturally occurring iron, manganese, and arsenic, which
are characteristic of the regional water supply aquifer under this portion of Cowlitz
County. Currently, drinking water for the Northwest Alloys property is obtained from
the City of Longview using a newly installed water supply connection. The water supply
wells generate process water for continued industrial use.

Wastewater Treatment Systems. The Former Reynolds Plant is serviced by two
wastewater treatment systems. A domestic wastewater treatment system (sanitary
treatment plant) was constructed in the 1940s and updated in the 1960s. This facility is
still in use today. The treatment system discharges are regulated under the site

NPDES permit No. WA-000008-6. The Industrial Wastewater Chemical Treatment
Plant (Facility 71), the Retention Basin, and the Filter Plant (Facility 73) were added
between 1988 and 1994 (see Plate 2-7). These systems treated industrial wastewater from
the air emissions equipment and commingled stormwater and process water prior to

discharge.
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The former flat storage area was located west of the potline buildings. This area was used by CVI for storage of bulk products.
The bulk products stored in this area by CVI and the associated structures installed by CVI have been removed. The main
on-site wastewater treatment facilities, permitted under the facility’s National Pollutant Discharge Elimination System (NPDES)
permit, are located in between this area and the Columbia River. MBTL recently completed the removal of accumulated solids
from the retention pond, and the removal of debris and fill material that had been placed in the U-Ditch by CVI. The U-Ditch is
part of the on-site water management system regulated under the NPDES permit.

ANCHOR Plate 2-7
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2.3 Historical Uses after Closure of Former Reynolds Plant

In 2000, Alcoa purchased Reynolds as a wholly owned subsidiary. As a requirement of this
transaction, Reynolds was required to divest the Longview smelter. To fulfill this obligation,
Reynolds sold the facility to Longview Aluminum in 2001 but retained ownership of the
land. Reynolds then entered into a ground lease with Longview Aluminum. Longview
Aluminum immediately closed the aluminum production operations, and the facility has not
produced aluminum since that date. Longview Aluminum declared bankruptcy in 2003, and
Development Services, Inc., took over operations for the bankruptcy court as the trustee of

the estate.

In December 2004, CVI purchased the Longview assets from the bankruptcy trustee and
entered into a long-term ground lease with Reynolds. Reynolds continued to retain
ownership of the land. In September 2005, ownership of the land transferred from Reynolds
to Northwest Alloys, both wholly owned subsidiaries of Alcoa.

CVI was the sole operator of the facility and associated Northwest Alloys-owned properties
between 2004 and 2011. CVI operated a terminal for the import, handling, and export of dry
bulk materials, such as alumina, coal, green petroleum coke, cement, fly ash, slag, and other

materials.

During its occupancy, CVI decommissioned the majority of the facilities associated with
aluminum manufacturing operations and recycled materials from smelters being
decommissioned throughout the northwest region. These activities included the removal

and disposal or recycling of alumina, electrolyte bath, coal, and carbon products.

In addition to aluminum manufacturing products, CVI handled a variety of other materials
for various customers. These products were generally handled in new equipment and
facilities developed by CVI. Products handled by CVI included cement, fly ash, coal, green
petroleum coke, lignin, scrap metal, and thin stillage (an agricultural byproduct of
corn-based ethanol manufacturing). CVI initiated development of handling facilities for
liquid caustic soda (sodium hydroxide), but these facilities were not completed, and the

product was not handled at the property.
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On January 11, 2011, CVI sold its Longview assets to MBTL. MBTL has subsequently
removed most of the structures that were constructed by CVI and has continued facility

decommissioning, removal, and cleanup activities, as described in Section 2.4.

2.4 Previous Decommissioning and Cleanup Activities

Extensive decommissioning, demolition, waste removal, and cleanup activities have been
conducted to date at the Former Reynolds Plant. These actions have been conducted in
coordination with Ecology. Extensive quantities of material have been appropriately reused,
recycled, or disposed of using permitted off-site facilities. These actions have improved site

safety and have helped to return the property to productive reuse.

24.1 Decommissioning of the Former Reynolds Plant

Extensive facility decommissioning and demolition activities have been conducted since
cessation of aluminum production in 2001. A detailed description of these activities as of
June 2011 is provided in the report Demolition and Cleanup Accomplishments at the Former
Reynolds Longview Reduction Plant (Northwest Alloys 2011). A summary of
accomplishments between June 2011 and December 2012 is provided in the report
Addendum to Demolition and Cleanup Accomplishments at the Former Reynolds Longview
Reduction Plant (Northwest Alloys and MBTL 2013).

In May 2004, Reynolds hired Envirocon, Inc. (Envirocon), to demolish the Cryolite Recovery
Plant. Materials removed during that project included approximately 800 tons of metals,

150 tons of concrete, 161 tons of construction debris, 132 tons of brick/refractory and

850 tons of underflow solids. A total of 40 potroom transformers were sold by the
bankruptcy trustee to Calbag Metals Co. (Calbag) in Portland, Oregon. Calbag recycled the

transformer metals and transformer oil.

During the period from 2004 through January 2011, CVI conducted decommissioning,
cleanup, and off-site disposal and recycling activities in several areas of the Former Reynolds

Plant, including the following:

e Plant-Wide Demolition and Cleanup Work. In 2005, Envirocon was hired to perform

the demolition of the North Plant and South Plant potrooms under a work plan
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approved by Ecology. Additional work was self-performed by CVI. Demolition and

cleanup accomplishments during this period include the following:

- Reduction plant equipment in the north and south potrooms was removed.
Wastes generated in the process were managed in accordance with local, state and
federal requirements. Metals including copper, aluminum, and steel were
recycled. Anode carbon was reused and SPL and bath were appropriately
disposed of off site.

- The potrooms were cleaned, including the outside courtyards.

- The fume control systems attached to the potrooms were cleaned. In addition, the
fume sludge handling equipment including piping, tanks and clarifiers were cleaned.

- Equipment in the two cast houses was demolished and cleaned. The furnaces and
other casting equipment were removed and the rooms were cleaned, including the
casting pits.

- The mixer side of the Carbon Plant used for blending carbonaceous products for
anodes was demolished and cleaned. The mixers and related piping were removed
and recycled.

- The maintenance buildings, the pot digging building, the pin-and-channel
building, pot relining building and compressor buildings were cleaned.

- The unloading tower and the central loading/unloading tower were cleaned,
including the South Plant alumina handling system.

- The wastewater and stormwater systems were cleaned including the Wastewater
Treatment Plant, the storm lines, and the stormwater multi-media filter building.

- The Cable Plant cast house and warehouse were cleaned.

~  Other materials, including scrap metals, used oil, and unused transformers were

recycled.

e Soil Cleanup Work. As described in Section 2.4.3, soil cleanup work was conducted
in several areas, including the former scrap yard, the Cryolite Area ditches, the
former warehouse fuel island and the heat transfer media (HTM) Oil Area.

e Opver the period that CVI owned the plant, the following materials were removed and

recycled or appropriately disposed at permitted off-site facilities (Northwest Alloys 2011):

- 3,568 tons of copper (recycled)

- 7,578 tons of aluminum (recycled)
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- 38,440 tons of steel (recycled)
- 24,324 tons of anode carbon (beneficially reused or recycled)
- 29,270 tons of hazardous waste (disposed off site)

- 9,688 tons of non-hazardous waste and contaminated soils (disposed off site)

24.2 Removal of Materials by MBTL
Following the sale of the CVI assets in January 2011, MBTL took ownership of the facility

assets. Since then, MBTL has continued to remove the remaining aluminum smelting
equipment, materials, and wastes from the property, as well as materials that remained from

CVI operations.

As part of its acquisition of the facility assets, MBTL leased approximately 2 to 3 acres to CVI
for temporary storage of some remaining CVI equipment that had not been removed prior to
the closing date. CVI equipment was relocated to the temporary storage area by May 2011
(Northwest Alloys 2011). This lease for the temporary storage area expired in August 2011,

and CVI-owned equipment was no longer present on the property after August 2011.

As CVI equipment was cleared from the property, MBTL proceeded to clear debris and waste
materials from areas formerly operated by CVI. Initial activities included clearing and
disposal of scrap wood, metal, and other debris. Equipment and debris were removed from
the parking lots, and the main courtyards were swept and cleaned by MBTL. From

January 2011 through December 2012, MBTL conducted or coordinated the removal and
reuse, recycling, or appropriately permitted off-site disposal of the following materials

(quantities are approximate; Northwest Alloys and MBTL 2013):

e 700 tons of cleanup debris (disposed off site)

e 90 tons of wood waste (disposed off site)

e 1,200 tons of scrap metal (recycled)

e 20 tons of pitch-contaminated debris (disposed off site)
e 200 tons of underflow solids (disposed off site)

e 1.8 million gallons of thin stillage (disposed off site)

e 2.8 million gallons of stormwater runoff from the flat storage area (disposed off site)
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More than 6,500 tons of alkaline ore from the north and south pot rooms (disposed
off site)

2,500 tons of alumina ore (removed by product owner)

20,000 tons of carbon (recycled off site)

26,000 tons of fly ash (reused off site)

During this same time period, MBTL conducted additional abatement, removal and facility

repair activities including the following:

Machine shop floor. The machine shop floor in the maintenance building was
equipped with a wood block floor. Testing showed that the oil and mastic in the floor
contained asbestos, polychlorinated biphenyls (PCBs), and lead. An abatement
contractor was hired by MBTL to remove the floor. The project was completed in

3 months, and approximately 68 tons of flooring, including some of the cement under
and around the perimeter of the floor, was removed and disposed of in a permitted
Toxic Substances Control Act (TSCA) and hazardous waste landfill in Arlington,
Oregon (Northwest Alloys and MBTL 2013).

Flat storage area. The flat storage area was developed by CVI in the western area of
the property, between the potline buildings and the Cable Plant (see Plate 2-7). CVI
constructed a pad structure from cement-amended soil for stockpiling bulk products,
such as green petroleum coke and coal. More than 100,000 tons of green petroleum
coke was left in the flat storage area when CVI vacated the property. Ecology
approved an MBTL plan to remove the remaining petroleum coke (MBTL 2012;
Ecology 2012a). During spring and summer of 2012, MBTL coordinated with Conoco
Phillips, the owner of the product, to ship all remaining petroleum coke off site by
truck (Ecology 2012a). Ecology also authorized removal of the pad structure. Final
removal and decommissioning of the flat storage pad was completed by MBTL as of
December 2012 (see Plate 2-7). More than 21,000 tons of cement were removed as
part of the pad decommissioning and shipped to a permitted landfill in

Hillsboro, Oregon.

Stormwater retention pond. As part of routine stormwater pond maintenance,
approximately 1,000 tons of pond solids were removed from the Stormwater
Retention Basin (see Plate 2-7 and Appendix C). The removed solids had

accumulated in the basin since the previous cleanout in approximately 2001. These
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2.4.3

solids were characterized for disposal purposes prior to and outside of the RI/FS
process. The removed solids were disposed of in an appropriate and permitted
disposal facility off site.

U-Ditch reconnection. The U-ditch is an earthen stormwater ditch located in the
southwestern portion of the Former Reynolds Plant (see Plate 2-7). A portion of the
U-ditch channel had been filled by CVI, and Ecology had ordered CVI to re-establish
the connection of the U-ditch (Ecology Administrative Order No. 8027; Ecology
2010). MBTL completed the connection in fall 2012, with the removal of fill and
debris from the U-ditch. As part of the reconnection project, MBTL characterized
and removed more than 14,000 tons of debris from the property, which was disposed
of off site at a permitted landfill in Hillsboro, Oregon (Northwest Alloys and

MBTL 2013). Following debris removal and grading activities, sampling was
conducted in November 2012 to characterize soils underlying the U-ditch. This
post-removal soil sampling included the collection of surface grab samples from
sidewalls and within the base of the final graded U-ditch channel, as outlined in the
U-ditch Sampling and Analysis Plan (MBTL 2012). Results of confirmation sampling
are presented in Appendix A.

Previously Completed Cleanup Actions

A number of cleanup actions were completed prior to the current RI/FS to address areas of

localized soil contamination. These actions have been completed in coordination with

Ecology. The locations of these cleanup areas are shown on Plates 2-7, 2-8, and 2-9. A brief

summary of these completed actions is provided in the bullets below. Additional supporting

information is included in Appendix A.

Scrap Yard Soil Cleanup. The scrap yard was located west of the former North Plant
potlines (see Plate 2-9) and was historically used during Former Reynolds Plant
operations for the handling of materials designated for reuse or off-site recycling
(Anchor 2007a). Approximately 200 cubic yards of PAH-impacted soil in this area
were removed by CVI. Soil samples collected after the cleanup confirmed that soil

PAH concentrations were less than the MTCA Industrial Use cleanup levels
(Anchor 2007b).
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Cleanup Area

As described in Section 2.4, several investigation and cleanup actions have been completed prior to the development of the
Remedial Investigation/Feasibility Study (RI/FS). Three of these areas are shown in the above photograph: 1) Petroleum-
contaminated soils located near a former fuel island (above right) were removed; 2) Petroleum-contaminated soils adjacent
to an above-ground storage tank (above left) were removed to the extent practicable without damaging the tank structure,
and the remaining impacted soils in this area are subject to restrictive covenants filed for the property; and 3) A separate
release of heat transfer media (HTM; similar to mineral oil) occurred near the pitch storage tanks. Soils in this area were
removed, and additional testing in this area was performed as part of the RI/FS.

ANCHOR
QEA &2

Former Fuel Island
Cleanup Area

Pitch Storage Tanks
and Cleanup of
HTM Release

Plate 2-8

Locations of Previous Cleanup Actions — Central Plant Area
Remedial Investigation/Feasibility Study

Former Reynolds Metals Reduction Plant — Longview
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A series of removal and cleanup actions (green areas) have been completed in coordination with Washington Department of Ecology. The Remedial
Investigation/Feasibility Study (RI/FS) investigates conditions within the remaining areas of the facility, building on the extensive data set available from previous
environmental investigations as described in Section 2.4.5. As described in Section 3, the Rl investigations include targeted work in the blue areas shown above, as well

as additional testing in the adjacent RI/FS Study Areas.

Plate 2-9
ANCHOR Summary of Previous Cleanup and Removal Areas and Remedial Investigation Focus Areas
QEA &2 Remedial Investigation/Feasibility Study
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- Initial sampling of the scrap yard was completed in July 2000 (MFG 2000). Soil
samples were analyzed for RCRA metals, PCBs, and PAHs. Of these parameters,
only PAH compounds exceeded these cleanup levels. The area of impacted soil
was delineated, and the soil cleanup was completed in 2005 by CVI as a voluntary
cleanup action.

- Asshown on Plate 2-9, the scrapyard footprint was later included within the flat
storage area developed by CVI. The RI/FS includes additional testing in this area
to assess soil quality following the removal of the stored products and the flat

storage pad.

e Cable Plant Underground Storage Tank Cleanup. An underground storage tank (UST)
located adjacent to the Cable Plant (see Plate 2-9) was removed in 2001. Localized
gasoline-impacted soil and groundwater in this area were cleaned up with Ecology
oversight under the Voluntary Cleanup Program. In 2003, Ecology provided a
No Further Action determination for this area (Anchor 2003).

- A 1,000-gallon gasoline UST was originally installed by Reynolds in 1974 to fuel
company vehicles and equipment. Petroleum-impacted soils and groundwater
were identified, and Ecology was notified of the impacts in November 1991 when
Reynolds removed the UST (PNE 1991). In 1992, additional soil and groundwater
sampling was conducted at the site (PNE 1992). Additional soil and groundwater
sampling was conducted in 1993 (PNE 1993) and 1994 as part of a focused RI/FS
(PNG 1994).

- Soil impacted with total petroleum hydrocarbon (TPH) was excavated and
removed from the site in 1994. Confirmation testing of remaining soils showed
that cleanup levels had been achieved (PNG 1994), and follow-up quarterly
groundwater monitoring was conducted (EMCON 1996). Groundwater
monitoring continued until 1997.

- Final remediation was documented in the Voluntary Cleanup Report —
Underground Gasoline Tank — Former Reynolds Longview Cable Plant, which
was submitted to Ecology on January 9, 2003 (Anchor 2003). Ecology provided a
No Further Action determination for this area in a letter dated February 19, 2003
(Anchor 2003).
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e Warehouse UST and Fuel Island Cleanup. A cleanup was completed to address a
localized area of diesel-impacted soil associated with a former UST fuel island (see
Plate 2-9). Soils from this area were excavated and treated successfully using on-site
bioremediation. After treatment, the soils complied with MTCA Method A cleanup

levels. With Ecology’s approval, the treated soils were reused on-site as fill.

- The UST fuel island was located approximately 25 feet from a 10,000-gallon UST,
which was decommissioned in May 2004. The decommissioning of the UST was
conducted by the bankruptcy trustee in June 2004 (Evren Northwest 2004).
Sampling was performed following removal of the tank, lines, and dispenser.
Gasoline and PAH constituents were not detected, and benzene concentrations
were below applicable groundwater cleanup levels in a confirmation groundwater
sample collected from the tank excavation.

- No gasoline was detected in soil adjacent to the tank, fuel lines, or dispensers.
Gasoline, PAH compounds, and benzene concentrations in a temporary well point
were not detected in groundwater or were below applicable cleanup levels.
However, elevated diesel-impacted soil was present under the middle dispenser
between 2 and 9 feet bgs (Evren Northwest 2004).

- The petroleum-contaminated soil in the fuel island area was removed in October
2007 by CVI (Northwest Alloys 2011). Soils excavated from the former UST fuel
island were treated using bioremediation. The treatment successfully reduced soil
concentration to below MTCA Method A cleanup levels. With Ecology’s
approval, the treated soil was used for fill within former equipment concrete pits

in the Cable Plant warehouse floor (Northwest Alloys 2011).

¢ Soil Removal from the Former Cryolite Area Ditches. During 2008, soils containing

elevated PAH concentrations were removed from the three ditches located southeast
of the former cryolite plant (see Plate 2-9). The cleanup included removal of 5 to

6 feet of material from the bottom and sides of the ditches. The three cryolite area
ditches historically managed stormwater runoff from the area around the former
Cryolite Recovery Plant. Ditch water from this area is managed as part of the on-site
wastewater treatment plant. Sampling performed in 2002 indicated that the soils
contained PAH concentrations in excess of industrial soil cleanup levels (MFG 2003).

Other constituents were below industrial soil cleanup levels. During the cleanup in
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2008, approximately 2,663 tons of material were removed and disposed in an off-site
Subtitle D landfill (Northwest Alloys 2011). Confirmation sampling established that
the soil in the bottom of the ditches was below Method A soil cleanup levels.

e Cleanup at the Diesel Aboveground Storage Tank. In 1991, Reynolds conducted an
independent cleanup action to remove approximate 480 cubic yards of
diesel-impacted soils adjacent to the 200,000-gallon diesel aboveground storage tank
(AST). The tank is located between the alumina silos and the carbon plant
(see Plates 2-8 and 2-9). Testing of groundwater indicated that the impacts were
limited to soil (Reynolds 1991). The excavation removed all of the impacted soils that
could be safely accessed without compromising the integrity of the tank foundation.
The excavated soils were treated using on-site bioremediation. The cleanup of the
diesel AST area included recording of institutional controls for the localized area of
impacted soils remaining contained in place between the active tank foundation
(Reynolds 1991).

e Cleanup of Other Reported Spills to Soil. During the history of the Former Reynolds
Plant, a number of other release events were reviewed as part of the RI/FS planning
(e.g., Ecology 1978, 1980, and 1988; Reynolds 1984a, 1986a, and 1986b; see
Appendix A). Completed cleanup actions in response to these other spill events

included the following:

- Drum Soil Cleanup (1984). In July 1984, a release from a drum was noted near
Shed No. 1 near the North Plant at the Reynolds site (Reynolds 1984b). The
remaining liquid in the container was removed and placed into secure drums.
PCBs were detected in soil samples, and associated impacted soils were removed
in October 1984, and July and August 1985 (Reynolds 1984b, 1986c). The total
quantity of soil removed initially included seventy-seven 55-gallon drums of soil,
with follow-up excavations generating 105 cubic yards of soil. Final confirmation
samples verified that trichlorobenzene and PCB concentrations were below
1 milligram per kilogram (mg/kg; i.e., below the current industrial and residential
soil cleanup levels; Ecology 1986). On February 20, 1986, Ecology approved the
work as complete based on review of Reynolds’ summary report and laboratory
results (Ecology 1986).

- Cleanup of Heat Transfer Media. During CVI operations at the site, a release of

HTM oil from the tank heating system was discovered within the containment
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area around the pitch storage tanks (see Plate 2-8). HTM oil is similar to mineral
oil. CVI removed oil-impacted soil in the HTM Oil Area. As described in Section
3.1, additional soil and groundwater sampling was conducted as part of the RI/FS

to document current conditions in this area.

Closure and Post-Closure Monitoring of the BMP Facility

As described in Section 2.2.3, the 33-acre impoundment located in the northwestern area of

the Former Reynolds Plant was formally closed in 1992. The closed black mud pond facility
(Closed BMP Facility) location is shown on Plates 2-5 and 2-9. Since 1992, the Closed BMP

Facility has been subject to an ongoing maintenance and monitoring program, as specified in
the Ecology-approved Closure/Post Closure Plan (Reynolds and CH2M Hill 1991). The

Closed BMP Facility has continued to meet the plan requirements, as described in

Appendix B. A brief summary of closure and post-closure activities is described in the

following (additional details are available in Appendix B):

Summary of Closure Activities. The impoundment was closed in 1992 with the
construction of a landfill cover consistent with the Ecology-approved
Closure/Post-Closure Plan (Reynolds and CH2M Hill 1991). The closure system
included an engineered cap consisting of a multi-layer, low permeability cover and
drainage conveyance (Reynolds 1992).

Operation and Monitoring. Since closure, quarterly groundwater and surface water
monitoring has been performed at the site as part of the ongoing compliance
monitoring program. Annual reports, which include the results of quarterly
groundwater and surface water monitoring since 1984, are kept on file at the Former
Reynolds Plant, in accordance with the Ecology-approved Closure/Post-Closure Plan
(Reynolds and CH2M Hill 1991), which was prepared in accordance with WAC
Chapter 173-303 requirements. The monitoring program includes nine groundwater
monitoring wells (“RL-series”) and two surface water sampling locations in the CDID
Ditch No. 14. Groundwater monitoring data have shown decreasing trends in
fluoride and alkalinity in many of the monitoring wells since completion of the
closure activities (Anchor QEA 2011e).

2011 Cover Repair. During 2011, cover repair and maintenance activities were

performed. The repair action was performed consistent with an engineering plan
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developed by Gibbs & Olson, Inc. (G&O), and approved by Ecology in July 2011 to
address stormwater drainage issues with a portion of the landfill cover (Anchor QEA
2011d). Other work included the development of an updated maintenance plan to
address invasive blackberries and weeds on the cover (Anchor QEA 2011d).
Maintenance and inspection activities outlined in the plan include routine mowing of
the cover in accordance with the schedule and recommendations outlined in the
G&O engineering plan and compliance with inspection requirements established by

the 1992 Operation and Maintenance Manual prepared by Reynolds (Reynolds 1992).

Other Site Investigations Prior to the RI/FS

In addition to the information gathered during previous cleanup actions, extensive

environmental characterization data have been developed during previous investigations.

The data from these investigations provided a very good understanding of the environmental

conditions present at the Former Reynolds Plant prior to initiation of the current RI/FS

study. This previous information was considered by Ecology in developing the scope of

required investigations necessary to fill data gaps for the RI/FS, as described in Section 3.

Areas of the Former Reynolds Plant that had previously been investigated included the

following:

Fill Deposit A (Spent Lime). The fill deposit located in the northeastern area of the
Former Reynolds Plant (Fill Deposit A, see Plate 2-4) was investigated in 2000 as part
of field investigations conducted by McCully Frick & Gillman, Inc. (MFG), for the
Phase Il Environmental Site Assessment (MFG 2000).

Fill Deposit B-1. The fill deposits containing residual carbon and located along the
eastern edge of the property (Fill Deposit B-1, see Plate 2-4) were investigated in 2002
(MFG 2003).

Former SPL Stockpile Area. The former SPL stockpile area was located southeast of
the Cryolite Recovery Plant (see Plate 2-4). Reynolds installed six groundwater
monitoring wells (“R-series” wells) in the SPL area in October 1982 (Ecology 1985).
These wells were monitored quarterly from 1983 to 2002 and have been part of an
ongoing quarterly monitoring program since 2011. Soil sampling was performed in

this area following removal of the SPL stockpile and associated soils (Reynolds 1988).
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In 2002, MFG conducted soil and groundwater testing in the area of the former SPL
stockpile; no SPL was observed in the area (MFG 2003).

e Cryolite Recovery Plant and Fill Deposit B-2. As described in Section 2.2.3, the
Cryolite Recovery Plant has been removed. Environmental testing of soils and
groundwater has been performed within the former plant footprint and vicinity.
MFG conducted sampling of surface and subsurface soils in the Cryolite Recovery
Plant area in both 2000 and 2002. Soils beneath the Cryolite Recovery Plant did not
contain elevated fluoride levels. In contrast, elevated fluoride was detected in areas
east of the former plant location, in the area where residual carbon was managed
(Fill Deposit B-2, see Plate 2-4). Testing in this area identified preliminary material
thicknesses and provided information on the concentrations of fluoride, cyanide, and
PAHs in the material (MFG 2003).

e Landfill #1 (floor sweeps). The floor sweeps landfill is located in the southeast corner
of the site (Landfill #1, see Plate 2-4). Soil and groundwater quality in this area was
investigated by MFG in 2000 and 2002, providing information on the levels of
fluoride, cyanide, metals, petroleum, and PAHs in these materials (MFG 2003).

e Landfill #2 (industrial) and Fill Deposit B-3. Environmental testing has been
completed in the southwest corner of the property, near the industrial landfill
(Landfill #2, see Plate 2-5) and Fill Deposit B-3 (see Plate 2-5) containing residual
carbon. This work was initiated in 1985 (Sweet, Edwards, and Associates, Inc. 1986)
with the installation of soil borings installed through the Industrial Landfill and the
installation of soil borings and monitoring wells in adjacent areas. Additional
groundwater testing was later performed in this area in July of 2000 (MFG 2000) and
again in 2002 (MFG 2003).

e Sediment Investigations. Investigations of Columbia River sediments adjacent to the
Former Reynolds Plant were conducted in 1990 and 2010. The locations of these
previous sediment sampling locations are shown on Plate 2-10. Neither study

identified the presence of sediment contamination.

- 1990 Sediment Sampling by Ecology. In February 1990, Ecology conducted
sediment sampling offshore of the site as part of a Class Il NPDES Inspection at
the Reynolds site (Ecology 1991). Sediment sample locations included three
stations adjacent to Outfall 002A; the three sediment samples were identified as

Upstream, Diffuser, and Downstream (see Plate 2-10). Chemical testing included
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priority pollutants (fluoride, cyanide, volatile organic compounds [VOCs], PAHs,
pesticides, and PCB Aroclors; Ecology 1991). No sediment impacts were detected
near the Outfall 002A discharge. PCBs and pesticides were not detected in any of
the test samples. Bioassays using Hyallela azteca and Microtox found no
indication of toxicity in the sediment samples (Ecology 1991).

- 2010 Sediment Sampling. In 2010, Ecology issued AO No. 7392, requiring CVI to
investigate surface and subsurface sediments in the vicinity of the existing dock
and berthing areas. The order was issued in response to a release of petroleum
coke at the site in February 2010 (Anchor QEA 2010a). The results of this study
are presented in the DMMP Suitability Determination (DMMP 2010). Testing
included seven surface sediment grab samples at a depth interval of 0 to 10 cm
below the mudline at the locations shown on Plate 2-10. Testing also included
analysis of subsurface sediment samples that were collected within the shoaled
berth area. Subsurface sediment samples (locations are shown on Plate 2-10) were
analyzed for conventional parameters, metals, PAHs, semivolatile organic
compounds (SVOCs), PCBs, and pesticides (DMMP 2010; Anchor QEA 2010b).
None of the surface or subsurface test results exceeded screening levels approved
by the Dredged Material Management Program (DMMP 2010). Following review
of the sampling report, the DMMP issued a suitability determination approving
the sediments in the berth area for management by open-water disposal.
Dredging of this area has since been completed. The DMMP also approved the
use of a “moderate” sampling density for any future dredge material

characterization work at the site.

The data available for the Former Reynolds Plant prior to the initiation of the current RI/FS
study is extensive. These data include information on soil, groundwater, and sediment
quality with testing throughout most of the facility. This information was considered by

Ecology in developing the scope of required investigations necessary to fill data gaps for the
RI/FS, as described in Section 3.
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Multiple rounds of sediment testing have been performed previously adjacent to the Former Reynolds Plant. These have included testing by the Washington
Department of Ecology in 1990, as well as both surface (grab sample) testing and subsurface (core sample) testing performed in 2010. No areas of sediment
contamination were identified during these investigations.

Plate 2-10
ANCHOR Columbia River Sediments near the Former Reynolds Plant Have Been Tested Previously
QEA &2 Remedial Investigation/Feasibility Study
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2.5 Summary of Conditions Prior to the RI/FS
As described in Section 2.1 and 2.2, the history of the Former Reynolds Plant is well

documented. Multiple cleanup actions and environmental investigations have already been
completed (see Sections 2.3 and 2.4, respectively). This RI/FS builds on the existing
information available for the Former Reynolds Plant. The available information was
considered by Ecology during its initial site assessment of the Former Reynolds Plant, when
Ecology ranked the Former Reynolds Plant as a “5,” the lowest priority on Ecology’s 5-point

scale.

The understanding of the current environmental setting and conditions for the RI/FS

includes the following:

e The Former Reynolds Plant is zoned for industrial uses and is located within an
industrial area. Therefore, the RI/FS considers potential exposure risks and cleanup
requirements within the context of ongoing industrial uses.

o The facility has been historically used for aluminum manufacturing operations. The
former processes conducted at the facility are limited and are well understood due to
the presence of documentation of facility operations.

e Prior to completion of the current RI/FS, extensive work has been conducted to
decommission inactive manufacturing facilities, remove industrial materials and
wastes from the property, and conduct closures and cleanup actions within portions
of the facility.

e The chemicals associated with historic aluminum manufacturing operations are well
understood and have been evaluated during previous investigation and cleanup
activities. Environmental considerations are principally associated with the former
landfills and fill deposits present at the site. These localized areas contain primarily
PAHs and fluoride from aluminum manufacturing processes.

e Activities conducted by CVI following termination of aluminum manufacturing
operations have been reviewed by Ecology. Additional testing has been incorporated
into the RI/FS work to determine whether any of these activities resulted in
contamination requiring cleanup under MTCA.

e The RI/FS testing program builds on all existing information to complete the

investigation of environmental conditions within the RI/FS Study Area and to provide
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the basis for evaluating final cleanup requirements for the Former Reynolds Plant

under MTCA regulations.

Section 3 describes the Ecology-identified data gaps and the additional investigation work
completed during the current RI/FS. Sections 4, 5, and 6 describe the updated understanding

of site conditions, including the findings of the RI investigations.
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3 REMEDIAL INVESTIGATION METHODS

Prior to developing the current RI/FS, extensive environmental testing information was
available for the Former Reynolds Plant from previous investigation, cleanup, and closure
activities, as described in Section 2. Ecology reviewed this information and defined focus areas

for further evaluation during the RI/FS. These RI/FS focus areas are shown on Plate 2-9.

Ecology then defined specific data gaps and testing requirements for the RI/FS. These
requirements were documented in a series of work plans and addenda, as described
subsequently. Plate 3-1 shows the locations of the resulting testing that was implemented as
part of the current RI/FS. The balance of this section provides a detailed description of the
intent of the additional investigations and the methods used for their implementation. The
investigations included testing within the Former Reynolds Plant, as well as within adjacent

portions of the RI/FS Study Area.

3.1 Work Plan Development

The RI/FS work included multiple phases of investigation activity. The scope of these
investigations was developed by Ecology and was documented in the following series of

work plans and addenda:

e Prior to developing the RI Work Plan (Anchor 2007a), a summary of previous
investigations was compiled as the ALCOA Longview Facility Data Report
(Anchor 2006). The report included tabular and graphical summaries of existing
analytical data, geologic and hydrogeologic information, and available site
geochemical data.

e An RI Work Plan (Anchor 2007a) was subsequently reviewed and approved by Ecology.
The work plan included soil, groundwater, and surface water investigations to document
environmental conditions at the site. The investigation included testing for chemicals of
concern (COCs) known to be present at the site from historical operations and as verified
by previous testing. These COCs included fluoride, cyanide, PAH compounds, and
petroleum (certain site areas). The RI work included testing for other parameters, (PCBs,
solvents, pesticides, and heavy metals). It also included testing for site geochemical

parameters that are useful in assessing contaminant fate and transport.
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Extensive testing was performed during the current remedial investigation and feasibility study (RI/FS). The black symbols above show the locations of environmental

testing performed during the RI/FS. The different types of testing included in that work are shown on Plates 3-2 through 3-6. The locations of environmental testing
performed prior to development of the RI/FS are shown in blue.

Plate 3-1
ANCHOR Overview of Remedial Investigation Testing Locations
QEA &2 Remedial Investigation/Feasibility Study
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After completion of initial RI activities, an RI Work Plan Addendum

(Anchor QEA 2011a) was prepared in 2011 and approved by Ecology. The document
defined additional investigations to be performed under Ecology direction. A
follow-up memorandum specified the locations of two monitoring wells and a
geochemical testing program to be performed (Anchor QEA 2011b).

A second Work Plan Addendum was also approved by Ecology to address installation
and sampling of a new monitoring well near Landfill #3 (Anchor QEA 2011c).

A Draft Remedial Investigation and Feasibility Study Report (Draft RI/FS;

Anchor QEA 2012b) was completed in March of 2012 and provided to Ecology on
March 31, 2012, for review. In a letter dated June 28, 2012, Ecology identified several
data gaps and requested that supplemental investigations be performed prior to
finalizing the RI/FS. Work Plan Addendum No. 3 (Anchor QEA 2012a) outlines the
procedures used for the data gaps investigation in response to Ecology’s comment
letter. Work Plan Addendum No. 3 was provided to Ecology on November 30, 2012,
and following Ecology approval, the data gap investigations were conducted in the
fall of 2012 and early 2013.

The subsequent sections describe the field investigations and testing performed as part of the

RI/FS conducted under the previously described Work Plans. The investigation work is

summarized in the following subsections:

Section 3.2 — Focus Areas Identified for Supplemental Sampling, including the main
areas identified by Ecology for further investigation as part of the RI/FS

Section 3.3 — Hydrogeologic Field Investigation, including use of existing and newly
installed monitoring wells and piezometers, measurement of groundwater gradients
and hydraulic conductivities, and completion of a groundwater tidal study

Section 3.4 — Aerial Photograph Review to provide information to Ecology for use in
identifying locations for environmental testing

Section 3.5 — Chemical Testing, including analysis of site landfill and fill deposit
materials, soil, lysimeter soil and porewater, groundwater, ditch and surface water,

and sediment
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3.2 Focus Areas Identified for Supplemental Sampling

Several focus areas (see Plate 2-9) were identified by Ecology for further investigation as part
of the RI/FS. These areas were discussed in detail in the RI Work Plan Addenda

(Anchor QEA 2011a, 2011b, 2012a). To fill data gaps identified by Ecology, supplemental
sampling was required to update surface water and groundwater data for the RI/FS

Study Area. Soil and sediment testing data were also required from each of the specific areas

described in the following subsections.

3.2.1 Field Southwest of the Cable Plant

Ecology requested that sampling be performed in a portion of the field located southwest of
the Cable Plant (see Plate 2-9) based on concerns that a small quantity of fill materials
potentially containing elevated fluoride or cyanide may have been re-graded in that area
during CVT’s operations (Anchor QEA 2011a). Geotechnical investigations have been
performed in this area and did not indicate the presence of waste fill material. In order to
further investigate potential impacts to soils in the field located southwest of the Cable Plant,
test pits were excavated as part of RI activities (Anchor QEA 2011a). Test pit locations are
shown on Plate 3-2 and Figure 3-1.

3.2.2 Former Thin Stillage Application Areas

One of the products handled by CVI was thin stillage. Thin stillage can contain elevated
levels of nutrients, including nitrogen, nitrate, nitrite, phosphate, and potassium. Some thin
stillage was land-applied by CVI in the area located east of the Closed BMP Facility. Ecology
requested that surficial soil sampling be conducted in the former thin stillage application
areas (see Plate 2-9) to determine if any accumulations of thin stillage remain in surficial soils
at a level that could potentially impact site conditions (Anchor QEA 2011a). Sampling

locations are shown on Plate 3-2 and Figure 3-1.
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Soil, landfill, and fill deposit testing performed during the remedial investigation and feasibility study (RI/FS) was extensive. The testing included soil borings and test
pits to collect soils for laboratory analysis, and additional observation test pits to assess the presence or to verify the extent of fill deposits. The testing program was

developed to address specific data gaps identified by Washington Department of Ecology.

Plate 3-2
ANCHOR Remedial Investigation Soil, Landfill, and Fill Deposit Testing Locations
QEA &2 Remedial Investigation/Feasibility Study
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Additional soil sampling was conducted in this area to verify that no wastes or impacted soils

are present in this area. Test pit locations are shown on Plate 3-2 and Figure 3-1.

3.2.3 Flat Storage Area

CVI developed a flat storage area for handling petroleum coke and coal in the central portion
of the site (see Plates 2-7 and 2-9). Ecology requested that soil sampling be conducted
throughout the flat storage area to determine if contaminants associated with the petroleum
coke product stored in the area may have leached into surrounding soils (Anchor QEA 2011a).
Historical laboratory analyses of the petroleum coke stored at the site detected elevated
concentrations of PAHs (Ecology 2009). Soil and groundwater sampling in the vicinity of the
flat storage area were included as part of RI activities in 2011, 2012, and 2013. Sampling in
2011 was conducted before the cement storage pad was removed from the area. Supplemental
sampling in 2012 and early 2013 were performed following pad removal. Final soil sampling

locations are shown on Plate 3-2 and Figure 3-1.

3.24 Casting Pit Fill Soils

CVI decommissioned and filled two casting pits located within one of the two cast houses (see
Plates 2-2 and 2-9) and finished the fill by capping the pits with concrete (Anchor QEA 2011a).
The casting pits are concrete-lined structures approximately 20 to 30 feet bgs that were formerly
used in the direct chill casting of molten aluminum (Anchor QEA 2011a). Ecology requested
that soil sampling be performed within the two filled casting pits to ensure no materials
exceeding proposed site cleanup levels were disposed of in the pits during fill activity. As
requested by Ecology, soil samples were collected from the casting pits as part of RI activities in
2011 (Anchor QEA 2011a). Soil sampling locations are shown on Plate 3-2 and Figure 3-1.

3.2.5 Heat Transfer Media Release Area

During CVI operations at the site, a release of HTM from the tank heating system was
discovered within the containment area between the two easternmost pitch storage tanks
(HTM Oil Area, see Plate 2-8 and 2-9). HTM is a hydrocarbon product similar to mineral oil.
Partial removal of contaminated soil was performed by CVI in the vicinity of the HTM

Oil Area.
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Additional soil and groundwater sampling were conducted during 2011 and 2012 RI
activities to document current conditions in this area. Final soil sampling locations are

shown on Plate 3-2 and Figure 3-1.

3.2.6 Landfill #3 (Construction Debris)

A former landfill containing construction debris was identified in the southeastern portion of
the site (see Plates 2-6 and 2-9). The debris fill in this area was identified by CVI during
on-site soil excavation and grading activities (Anchor QEA 2011a). During 2011 and 2012 RI
activities, soil test pits were excavated, and a new groundwater monitoring well was installed
and sampled in the construction debris landfill (Landfill #3) to further delineate the vertical
and horizontal extent and composition of the fill material. Test pit locations are shown on
Plate 3-2 and Figure 3-1.

3.2.7 Drainage Pathway Soils Adjacent to Outfalls 003 and 005

Ecology requested sampling of drainage pathway soils in the on-site drainages located
between Outfalls 003 and 005 and the adjacent CDID ditches. To comply with Ecology
requests, RI sampling was performed in order to further characterize the historical
stormwater discharge pathway and to address potential transport pathways leading to the

CDID ditch system. Ditch soil sampling locations are shown on Plate 3-2 and Figure 3-1.

3.2.8 Characterization of Landfill Contents and Fill Deposits

Ecology requested collection of test samples from within the three on-site landfills and
within the four fill deposits containing spent lime (Fill Deposit A; see Plate 2-4) and residual
carbon (Fill Deposits B-1 and B-2 on Plate 2-4; and Fill Deposit B-3 on Plate 2-5). The intent
of this sampling was to verify the types and concentrations of materials contained within
these areas. Test pits were excavated, and both discrete and composite samples were
collected of mud and fill materials and submitted for chemical testing. Test pit locations are
shown on Plate 3-2 and on Figure 3-1. Testing was also performed using fish bioassays to
compare against Ecology’s characterization requirements under WAC Chapter 173-303

regulations.
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3.2.9 Sampling of Columbia River Sediments

Ecology requested the completion of additional sediment quality testing at specific locations
to supplement previous studies conducted in 1990 and 2010 (see Plate 2-10). These RI/FS
sampling locations were approved by Ecology in Work Plan Addendum No. 3, and the
sampling was conducted during December of 2012. In addition, sediment testing was
performed by MBTL during December of 2012 to support the renewal of the facility’s NPDES
permit (NPDES permit number WA-000008-6) and to satisfy Sediment Management
Standard (SMS) requirements for baseline characterization of active outfall discharge areas.
RI/FS and NPDES sediment testing locations are shown on Plate 3-3 and Figure 3-2. The
results of both the RI/FS and NPDES sediment investigations are described in this RI/FS in

Section 5 of this document, and the collection and testing approach is summarized as follows:

e RI/FS sediment testing included collection of surface sediment samples from eight
nearshore locations, two locations near Outfall 001S, two locations near Outfall 002A
and one location near the CDID outfall from Ditch No. 14. Sediments (0 to 10 cm) at
each of these locations were analyzed for SMS parameters and PCB congeners.

e The NPDES testing included collection and analysis of surface sediment samples from
13 offshore stations within the mixing zones of Outfalls 001S and 002A. Each of these
samples was analyzed for chemical parameters at two depth intervals (0 to 2 cm and
0 to 10 cm). Samples were analyzed for PAHs, PCB Aroclors, aluminum, fluoride,
cyanide, and conventional parameters. Additional sampling methodology and
rationale is outlined in the NPDES Sediment Sampling and Analysis Plan
(Anchor QEA 2012c). Chemical testing was also conducted for the 0 to 10 cm
interval at two contingent sample locations in the vicinity Outfall 002A.
Confirmational bioassay testing was performed on three sediment samples collected
near Outfall 002A consistent with the NPDES Sediment Sampling and Analysis Plan
(Anchor QEA 2012c).
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The Remedial Investigation and Feasibility Study (RI/FS) included extensive testing of sediment quality within the Columbia River near the Reynolds Facility. Testing
locations sampled during the RI/FS are shown above. Refer to Plate 2-9 for the locations of sediment sampling locations tested prior to the RI/FS.

Plate 3-3
ANCHOR RI/FS Sediment Sampling Locations

Remedial Investigation/Feasibility Study
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3.3 Hydrogeologic Field Investigation

Hydrogeologic field investigations were conducted to supplement available data and to better
characterize the presence and movement of groundwater at the Former Reynolds Plant. The
field activities included monitoring well installation, monitoring well development,
measurement of groundwater, surface water and ditch water elevations, completion of a tidal
study, and slug testing (a technique used to assess the hydraulic conductivity of the aquifer
matrix). Unless noted, all hydrogeologic field investigation activities were completed in
accordance with the RI Work Plan (Anchor 2007a) and RI Work Plan Addenda

(Anchor QEA 2011a, 2011b, 2012a).

These supplemental hydrogeologic investigations build on the previous investigation
activities completed by Sweet, Edwards, and Associates, Inc., Reynolds, CH2M Hill, Inc.
(CH2M Hill), and MFG. Copies of previous investigation reports prepared by these
companies were submitted to Ecology in August 2006 and were summarized as part of the
Alcoa Longview Facility Data Report (Anchor 2006). The supplemental studies also build on
regional hydrogeologic data developed by the City of Longview for use in water supply
planning (Kennedy/Jenks 2010).

3.3.1 Monitoring Well Installation

To supplement existing monitoring wells installed at the site, an additional 13 groundwater
monitoring wells were installed in September 2006. Four shallow and deep pairs of wells
were installed in the East Groundwater Area (G1-S/G1-D, G2-S/G2-D, G3-S/G3-D, and
G4-5/G4-D), and two pairs of monitoring wells were installed in the West Groundwater Area
(G5-5/G5-D and G6-5/G6-D). In addition, a single deeper monitoring well (G7-D) was
installed in the West Groundwater Area adjacent to an existing shallow piezometer (PZ-7).

These well locations are illustrated on Plate 3-4 and on Figure 3-3.

Three shallow groundwater monitoring wells were installed during January and February
2012 to evaluate groundwater quality in areas where soil and/or fill impacts were identified.
These wells were installed in the flat storage area (SSA4-MW-01), the HTM Oil Area
(SSA6-MW-01), and adjacent to Landfill #3 (SSA7-MW-01) and are shown on Figure 3-3.
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During the remedial investigation and feasibility study (RI/FS), groundwater testing was performed throughout the Reynolds Facility. Groundwater monitoring
parameters varied by location as directed by the Washington Department of Ecology. The groundwater testing also included evaluation of groundwater tidal influences

during a tidal study conducted in the fall of 2012 (that study included the locations highlighted in blue above).

Plate 3-4

ANCHOR RI/FS Groundwater Monitoring and Tidal Study Locations
QEA & Remedial Investigation/Feasibility Study
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All of the monitoring wells were installed by Cascade Drilling, Inc., of Portland, Oregon,
using a hollow stem auger drilling rig. Materials encountered during drilling were logged
under the direction of an Anchor QEA geologist, and Anchor QEA personnel supervised the
construction of the monitoring wells. Appendix D includes copies of the boring logs, well

construction details for all site monitoring wells, and a summary of well construction data.

All newly installed monitoring wells were surveyed after installation relative to the North
American Vertical Datum of 1988 (NAVD88) and Washington State Plane South North
American Datum of 1983 (NAD83) horizontal datum. All existing monitoring wells were

re-surveyed in 2006 relative to each datum.

3.3.2 Monitoring Well Development

After construction of the monitoring wells and prior to collection of groundwater elevation
data and groundwater samples, new monitoring wells were developed to optimize hydraulic
communication between the screened intervals and the surrounding formations. Well
development was completed with the use of a surge block and pump. During development,
field parameters were monitored to evaluate the adequacy of development. Well
development logs for new (2006 through 2012) and existing wells requiring redevelopment

prior to groundwater sampling and slug testing are included in Appendix D-1.

3.3.3 Measurement of Groundwater and Surface Water Elevations

Depths to water were measured at all site monitoring wells and piezometers in 2006
(September and October), 2011 (July and October), and 2012 (October and December;

see Appendix D-1) using an electric water level sounder. Groundwater elevations at
monitoring wells were calculated by subtracting the measured depth to water from surveyed

measuring point elevations relative to NAVDS88.

In 2006, surface water and ditch water elevations were monitored by electronic pressure
transducers deployed at the following locations: the CDID ditch next to the Reynolds pump
station, the CDID ditch approximately 200 feet downstream of the Industrial Way pump
station, and the Columbia River at the site’s dock facility. A review of the 2006 surface water

elevation data collected from the transducer deployed in the Columbia River indicated the
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magnitude of the tidal fluctuations was much lower than anticipated. Discussions with field
personnel indicate they were unable to safely secure the transducer to a dock piling, the
result being the transducer moved upstream and downstream with tidal fluctuations.
Accordingly, Columbia River surface water elevation data collected from the site dock were
substituted with surface water elevation data collected by NOAA at the Longview Bridge.

All surface water elevation data are presented relative to NAVDS88.

3.34 Slug Testing

In order to characterize the hydraulic conductivity of the soils encountered at the site, slug
tests were completed at ten site monitoring wells on October 23 through 25, 2006. The
following monitoring wells were tested: G1D, G2D, G3D, G4D, G5D, G6D, G7D, R1D,
RL-3D, and RL-4D. Slug testing was performed consistent with U.S. Environmental
Protection Agency (EPA) Slug Test Standard Operating Procedure 2046, Revision 0.0, dated
December 3, 1994, and the RI Work Plan (Anchor 2007a).

It should be noted that prior to performing the slug tests, monitoring wells were developed
or redeveloped in order to maximize the hydraulic communication between the well and the
surrounding formation. Slug tests were conducted at each well location by adding and
removing a “slug” of known volume from each well and measuring the response of the water
table as it returned to pre-test static conditions. Introduction and removal of the slug
resulted in an approximate water level change of 3 feet at most of the wells. Both a falling
head (inserting a slug) and a rising head (removing a slug) test were performed on ten
monitoring wells. A rising head test was not performed at monitoring wells G4D, G7D, and
RL-3D due to the relatively long recovery time noted in the falling head test. A detailed
memorandum describing the data collection methods, evaluation methods, and field data

sheets is presented in Appendix D-2.

3.3.5 2012 Tidal Study

A tidal study was implemented in late September 2012 to evaluate the tidal influence, if any,
on the groundwater flow directions at high and low tide. In addition, data from the tidal
study were used to evaluate the mean groundwater gradient in the shallow aquifer and used

in the groundwater flow model discussed in Section 6.5.
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Non-vented pressure transducers were deployed in a series of wells across the site, as shown
on Plate 3-4 and Figure 3-3. Prior to the start of the tidal study, each transducer was
suspended approximately 1 foot from the bottom of each well using Kevlar cord, the length
of the cord was recorded in the field notes, and the well casing was left open to the
atmosphere. A manual water level was recorded at the time of deployment, as well as at the
time of transducer retrieval, to allow for quality control of the electronic data being
collected. Pressure readings were automatically recorded every 15 minutes during the
96-hour tidal study and were saved onboard the transducers until final download at the
conclusion of the study. A barometric pressure transducer was placed near the Cryolite
Recovery Plant building to collect atmospheric pressure data representative of the site

(see Figure 3-3). The barometric pressure data were used to correct transducer data collected

from wells that were part of the tidal study network.

Findings of the tidal study are discussed in more detail in Section 4 and Section 6.

3.4 Aerial Photograph Review

An aerial photograph collection of the entire Northwest Alloys-owned property, including
the site and portions located north of Industrial Way, was assembled and reviewed in
accordance with the requirements of the AO and as described in the RI Work Plan

(Anchor 2007a). The review was conducted to assist Ecology in identifying areas of site
disturbance or use that could have been associated with the management or release of wastes

or contaminated materials.

Available aerial photographs were compiled and reviewed. These photographs are included in
Appendix D-3. Part of the property that was reviewed in the photographs includes land owned
by Northwest Alloys immediately north of Industrial Way. This portion of the property is
primarily vacant land, with the exception of the building previously occupied by the Reynolds

Credit Union, an old softball field, and BPA power transmission towers and lines.

No industrial activities were visible in the aerial photographs. Earth moving activity occurred
on the property during the construction of the North Plant potlines and during the

construction of the softball fields. Borrow piles were created and actively used during these
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times. One area of interest was noted in the northeast corner of the property in the
June 29, 1974 and September 29, 1980 photographs, whereby Ecology required collection of
soil samples from the surface and at depth. The comments on the reviewed aerial photographs

are included in Appendix D-3. The results of the soil sampling are presented in Section 5.

3.5 Chemical Testing

RI chemical testing activities were conducted at the site between 2006 and 2013. Unless
noted, all field sampling activities were performed in accordance with the Ecology-approved
RI Work Plan (Anchor 2007a) and RI Work Plan Addenda (Anchor QEA 2011a, 2011b,
2011c, 2012a). Initial testing was performed between 2006 and 2007, consistent with the

RI Work Plan (Anchor 2007a). Supplemental testing was performed during 2011, 2012, and
2013 consistent with the Work Plan Addenda (Anchor QEA 2011a, 2011b, 2011c, 2012a).
The 2011 to 2013 supplemental investigation activities included collection and testing of
landfill and fill deposit materials, lysimeter soil and porewater, soil, groundwater, ditch and
surface water, sediment, and geochemical testing of site soils to support contaminant fate and

transport evaluations.

In 2006 and 2007, analytes for groundwater and surface water monitoring locations included
broad testing for fluoride and cyanide. Monitoring wells in selected locations were also
sampled for PAHs, which are known to be present at the site but are infrequently detected in
groundwater. Selected wells were also tested for other priority pollutants. Soils were
sampled for both site COCs and additional priority pollutants where historical aerial
photographs showed a potential land disturbance in the field north of Industrial Way

(North Field area), in the former north and south rectifier yards, and at Landfill #1

(floor sweeps, see Plate 2-4) and at Landfill #2 (industrial, see Plate 2-5). In addition, a total
of three shallow lysimeters were installed at Landfill #1 (floor sweeps) and former SPL

stockpile area (see Plate 2-9) and were sampled for fluoride and cyanide.

In 2011, 2012, and early 2013, additional sampling was completed at Ecology’s request to
address remaining data gaps. Supplemental investigations were described in the Work Plan

Addenda (Anchor QEA 2011a, 2011b, 2011c) and included comprehensive groundwater,

surface water, and ditch water monitoring; installation of three new groundwater
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monitoring wells; soil sampling throughout the Former Reynolds Plant; a diver survey of the
dock area; and an evaluation of material partitioning and geochemistry in support of updated

fate and transport modeling.

The information from these supplemental investigation activities was included in the

Draft RI/FS provided to Ecology on March 30, 2012. Ecology issued comments on the

Draft RI/FS on June 28, 2012, documenting data gaps that required additional field sampling
and analytical testing prior to the completion of the RI/FS. The requested field sampling
approach was described in Work Plan Addendum No. 3 (Anchor QEA 2012a) and included
sediment testing in the Columbia River, sampling of outfall drainage pathway soils,
additional site groundwater monitoring, characterization of the materials in the three
landfills and four fill deposits, additional surface and ditch water sampling, and follow up soil

sampling in the flat storage area.

The following sections summarize the RI data collection activities. Unless noted, sampling
was performed consistent with the Ecology-approved Sampling and Analysis Plan (SAP;

Anchor 2007a [see Appendix A]) and SAP Addendum (Anchor QEA 2011a [see
Attachment B]). A summary of RI sampling is included in Appendix D-4.

3.5.1 Landfill and Fill Deposit Sampling
Testing of landfill and fill deposit materials was performed during 2011 and in 2012. In each

case, test pits were extended from the ground surface to the base of each landfill or fill
deposit, or to the maximum depth that could be safely excavated. Testing locations are

shown on Plate 3-2 and on Figure 3-1.

Testing of Landfill #3 (construction debris) was performed in 2011. That investigation included

extensive testing of discrete soil samples. The remaining deposits were tested in 2012.

For the 2012 testing, samples representing a single vertical composite across each landfill or
fill deposit were collected at all test pit locations. Composite samples consisted of equal
portions of discrete samples collected at 2-foot intervals, which began at a depth of 2 feet

below the surface of the deposit of interest. Field screening with a photoionization detector
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(PID) was used to determine if TPH, extractable petroleum hydrocarbons (EPH), and VOC
analysis were appropriate. Surficial cover soils (above landfill and fill deposits) were not
included in the composite sample used for characterization. Once sampling was complete,
each test pit was backfilled and the surficial cover over the landfill or fill deposit was

compacted using the backhoe.

Samples were collected from the following deposits (refer to Plate 3-2 and Figure 3-1 for

sampling locations):

o Landfill #1 (floor sweeps). Three test pits were excavated, and composite samples
were analyzed for fluoride, cyanide (weak acid dissociable [WAD] and total), metals
(total and toxicity characteristic leaching procedure [TCLP]), SVOCs, and PCBs.

o Landfill #2 (industrial). Five test pits were excavated, and composite samples were
analyzed for fluoride, cyanide (WAD and total), metals (total and TCLP), SVOCs,
and PCBs.

e Landfill #3 (construction debris). Investigated during 2011 RI activities, ten test pits
were excavated, and discrete samples were analyzed for fluoride, cyanide, sulfate,
PAHs, PCBs, and TPH. Discrete sampling targeted observed fill material, with
additional soil samples analyzed for intervals above and below apparent fill material.

o Fill Deposit A (Spent Lime). Four test pits were excavated, and composite samples
were analyzed for total metals, fluoride, cyanide (WAD and total), and PAHs. One
composite sample was also analyzed for TCLP metals, SVOCs, and PCBs.

o Fill Deposit B-1 (Residual Carbon, East Plant Area). Five test pits were excavated,
and composite samples were analyzed for total metals, fluoride, cyanide (WAD and
total), and PAHs. One composite sample was also analyzed for TCLP metals, SVOCs,
and PCBs.

o Fill Deposit B-2 (Residual Carbon, East Plant Area). Four test pits were excavated,
and composite samples were analyzed for total metals, fluoride, cyanide (WAD and
total), and PAHs. One of the composite samples was also analyzed for TCLP metals,
SVOCs, and PCBs.

o Fill Deposit B-3 (Residual Carbon, West Plant Area). Eight test pits were excavated,
and composite samples were analyzed for total metals, fluoride, cyanide (WAD and total),
and PAHs. One of the composites was also analyzed for TCLP metals, SVOCs, and PCBs.
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Based on field screening of excavated material, at least one discrete sample from each landfill or

fill deposit, except the area east of the former Cryolite Recovery Plant, was analyzed for VOCs.

One composite sample each from Landfills #1 and #2 and one composite sample each from
Fill Deposits A, B-1, B-2, and B-3 were tested for waste toxicity using a 96-hour trout
bioassay test. This test is used by Ecology under WAC Chapter 173-303 to evaluate potential
classifications for materials designated for off-site management (i.e., treatment or disposal).
Testing was performed by CH2M Hill (Corvallis, Oregon). Soil boring and test pit logs are
included in Appendix D-1.

As part of 2006 RI activities, sampling also included two samples collected from the floor
sweeps landfill (sample S2) and industrial landfill (sample S3) to evaluate landfill wastes in
these areas (see Figure 3-1). Both fill deposit samples were collected from the 0 to 0.5 feet
depth interval and analyzed for priority pollutants including fluoride, cyanide, priority

pollutant metals, PCB Aroclors, PAHs, VOCs, and pesticides.

In addition, four samples were collected during February 2007 and submitted for synthetic
precipitation leaching procedure (SPLP) testing in order to estimate the potential leachability
of fluoride and cyanide from soils collected in the former SPL stockpile area, Landfill #1
(floor sweeps), and from Fill Deposit B-1 containing residual carbon (SPLP 1, 2, 3, and 4; see
Figure 3-1). Samples were analyzed for bulk fluoride and cyanide and for leachable fluoride

and cyanide using the SPLP extraction method.

3.5.2 Lysimeter Installation and Sampling

Lysimeters were sampled in 2006 and 2012 (see Plate 3-5 and Figure 3-4) to assess fluoride
partitioning to evaluate the quality of porewater in contact with fill deposit materials
containing elevated fluoride. Lysimeters were installed within the RI/FS focus areas,
including the fill deposits used to manage spent lime (Fill Deposit A) and residual carbon
(Fill Deposits B-1, B-2, and B-3).
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The Remedial Investigation and Feasibility Study (RI/FS) included specific tests to assess the geochemical processes controlling the mobility of fluoride, which is present
within the landfills and fill deposits. This testing included placement of lysimeters to evaluate the characteristics of porewater in contact with the fill. Geochemical test
borings were used to assess the types of geochemical processes that are occurring naturally within the soils at the Reynolds Facility.

Plate 3-5

ANCHOR RI/FS Lysimeter and Geochemical Test Boring Locations
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In 2006, three lysimeters were installed in the former SPL stockpile area and floor sweeps
landfill. The installation details and boring logs for these lysimeters are included in
Appendix D-5.

As part of the 2012 RI activities, eight new ceramic suction (Soil Moisture Equipment Corp.)
lysimeters were installed and sampled in Fill Deposits A, B-1, B-2, and B-3 (see Plate 3-5 and
Figure 3-4). Each lysimeter was installed using a 2.25-inch-diameter hand auger, and the
ceramic cup was placed at least 6 inches below the target material deposits (e.g., spent lime
or residual carbon material) at the depth where water was first encountered. At the depth
that each lysimeter was installed, one soil sample was collected and composited from the

auger cuttings; these soil samples were analyzed for total fluoride.

Following installation, all lysimeter borings were backfilled in order by: 1) a silica slurry
(surrounding the ceramic cup); 2) “native” excavated soils; 3) bentonite pellets
(approximately a 1-foot-diameter seal); and 4) top soil. During the week after installation
and 24 hours before sampling events, lysimeters were completely purged of water, and field
parameters (including volume, conductivity, and pre- and post-vacuum pressures) were
measured to ensure that lysimeters were functioning properly and that representative
porewater was sampled in each lysimeter. The installation and development log sheets for

these eight lysimeters are included in Appendix D-5.

In January 2012, a total of 16 water samples were collected from the eight new lysimeters.
Samples were collected during two discrete sampling events, spanning a period of 35 days
after the lysimeters were installed. The first round of lysimeter sampling occurred on
January 4; these water samples were analyzed for conventional parameters, dissolved metals,
and dissolved fluoride. The second round of lysimeter sampling was performed on

January 25 to confirm the first round fluoride results. These water samples were analyzed
for total and dissolved fluoride. The third round of lysimeter sampling was performed on
September 26, 2012, to confirm previous results and to assess whether results may vary due

to seasonality.

Lysimeter porewater samples were analyzed for fluoride (total and dissolved), total chloride,

total phosphate, sulfate, dissolved metals (aluminum, calcium, iron, magnesium, manganese,
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potassium, sodium, and silicon), pH, and alkalinity. Lysimeter GC-LY-03 did not yield
sufficient sample volume for laboratory analysis. In addition, samples from GC-LY-01 and
CG-LY-02 had insufficient volume for dissolved fluoride analysis; however, all other

parameters were analyzed.

The lysimeter soil and porewater results from these sampling events are used to evaluate
pore-water fluoride concentrations within each fill deposit and to support the fluoride fate

and transport evaluation described in Section 6.

3.5.3 Geochemical Soil Borings

As part of the current RI/FS, targeted testing was performed to evaluate soil properties that
affect the mobility of fluoride in groundwater. The testing was targeted in Fill Deposit B-2
and in the area immediately downgradient (see Plate 3-5 and Figure 3-4). Geochemical work
in 2011 and 2012 included installation of four borings and testing of soil mineralogy.

Geochemical sampling details are included in Appendix D-5.

Geochemical soil borings were advanced into the saturated zone along a southwest-northeast
trending transect (see Figure 3-4). At each location, soil samples were collected using
direct-push boring sampling methods. Direct-push sampling was performed consistent with
methods defined in the Work Plan Addendum (Anchor QEA 2011a).

3.5.4 Other Soil Sampling and Analysis

Plate 3-2 and Figure 3-1 show the locations of soil observations and chemical sampling
conducted as part of the RI/FS. Except for the deviations outlined subsequently, all soil
sampling activities were performed in accordance with the 2007 RI Work Plan

(Anchor 2007a) and RI Work Plan Addenda (Anchor QEA 2011a, 2011b, 2011c, 2012a). Soil
boring and test pit logs are included in Appendix D-1. Additional descriptions of the testing

conducted in each area are provided in the following:

e Northern Property Soils. A potential disturbance in north field soils (north of
Industrial Way) was identified during a review of historical aerial photographs. Soils
in this area were sampled in 2006 to investigate for potential impacts by plant waste

materials. Soil samples were collected from the 0.5- to 1-foot bgs and 1.5- to 2-foot
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bgs depth intervals at sampling location S1 (see Figure 3-1). Both soil samples were
analyzed for fluoride, cyanide, and PAHs.

e North and South Rectifier Yards. In 2006, soil sampling was conducted in the north
and south rectifier yards. A total of six soil samples (RY1 to RY6) were collected from
rectifier yards near the large transformer/rectifiers. Soil samples from the rectifier
yards were collected from depths of 0 to 0.5 feet bgs and tested for PCBs, TPH, and
mercury.

o Field Southwest of the Cable Plant. Soil sampling was performed in the field
southwest of the Cable Plant to investigate whether any aluminum manufacturing
materials containing fluoride, cyanide (e.g., residual carbon), or petroleum were
present. Eight test pits were excavated in this area. Only apparent native soils were
encountered in six of the eight pits. Soils in two of the test pits appeared slightly
different from surrounding soils. Soils from these two pits were sampled and
analyzed for fluoride, cyanide, TPH, and PAHs.

e Thin Stillage Application Areas. Surficial soil sampling was performed in the former
thin stillage application areas to investigate potential nutrient impacts to soil. Hand
shovels were used to excavate shallow test plots within locations where thin stillage
was applied. Grab samples of shallow soils (0 to 0.5 feet bgs) from within the test
plots were analyzed for nutrient compounds typically associated with thin stillage
(total nitrogen, nitrate, nitrite, ammonia, total and available phosphorous, and
potassium). Four test plots were excavated along two transects. Reference samples
were also obtained from two shallow test plots located away from areas of thin stillage
application, specifically southwest of the application areas, between the CDID levee
and the Columbia River. Reference samples were analyzed for the same constituents
as the samples from the thin stillage application areas.

e Northwestern Area. Soil sampling was performed in the northwestern area of the
Former Reynolds Plant, between the Closed BMP Facility and CDID Ditch No. 14
(see Plate 2-9). Testing was conducted to verify that there were no deposits of
residual carbon or other aluminum manufacturing wastes in this area. Shallow
subsurface soils were sampled using test pits excavated along four sampling transects.
Grab samples were collected from each test pit representing the 2- to 3-foot bgs soil

interval and analyzed for fluoride and cyanide (WAD and total).
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e Flat Storage Area. Soil sampling was conducted in 2011, 2012, and 2013 in the flat
storage area to determine if PAHs associated with green petroleum coke products
stored in this area may have become entrained into underlying soils. Soil sampling is
summarized in Appendix D-4 and included areas adjacent to the storage pad where

stormwater runoff may have accumulated during CVI operations.

- In 2011, sampling was performed at 11 locations using direct-push borings within
each of the nine quadrants that cover the entire storage pad area and in two
adjacent areas. Soil samples from beneath the storage pad were collected at 1-foot
intervals to a maximum sampling depth of 5 feet bgs or the observed depth to
groundwater, whichever was encountered first. The first two sample intervals
from each location were analyzed for PAHs (as an indicator of petroleum coke).
Deeper soil samples (2- to 3- and 3- to 4-foot intervals) from location AQ-SSA4-05
were also analyzed due to elevated concentrations of PAHs in shallow soil
intervals. Prior to sampling, stored product was removed from the sample
locations, and the composition and integrity of the pad was visually assessed.
Sampling included coring or cutting of the pad to expose underlying soils
for access.

- In 2012 and 2013, additional soil samples were collected in the flat storage area to
supplement 2011 sampling data. The additional sampling in 2012 and 2013 was
performed after the petroleum coke was removed and after the cement storage
pad structure was removed from the area. In 2012, 12 test pits were excavated to a
maximum depth of 3 to 4.5 feet bgs. Soil samples were collected in 1-foot vertical
increments from the ground surface until groundwater was encountered. Based
on field observations, individual samples were either submitted for PAH analysis
or archived. Four test pits were excavated and sampled in January 2013 to provide
improved delineation of an area of PAH contamination in the northeast corner of
the flat storage area. Samples were collected consistent with the test pit
procedures outlined in the SAP addenda (Anchor QEA 2011e; Attachment B of
Anchor QEA 2012a); soil samples were submitted for PAH analysis.

e Casting Pit Soils. Casting pits are located within the former Cast Houses
(see Plates 2-3 and 2-9). Two of these casting pits were decommissioned by filling

with sandy on-site soils and capping with concrete. These casting pit fill soils were

Remedial Investigation/Feasibility Study January 2015
Former Reynolds Metals Reduction Plant — Longview 67 130730-01.01



Remedial Investigation Methods

sampled using direct-push borings to assess the nature of the fill material. Three
borings were placed in each of the two casting pit areas, as shown on Figure 3-1. Soil
samples were collected at depth intervals of 8 to 10 and 14 to 16 feet bgs, except for
location AQ-SSA5-05, in which the shallower sample was collected at a depth
interval of 5 to 7 feet bgs. All samples were analyzed for PAHs and fluoride

(see Appendix D-4).

e HTM QOil Area. Soil sampling was conducted within the HTM Oil Area to complete
previous soil characterization activities and to verify that this area has been
adequately remediated. Soil sampling was performed using limited access,
direct-push borings at 11 locations within the containment area—four locations
between the pitch storage tanks, three locations south of the tanks, one location west
of the tanks, and three additional locations north of the tanks. Appendix D-4 presents
a summary of the sampling and testing details, and Figure 3-1 presents the soil
sampling locations. Soils from each boring were continuously sampled and field
screened using visual inspection techniques and sheen testing. A total of 27 soil
samples were analyzed for Northwest Total Petroleum Hydrocarbons diesel-range
(NWTPH-Dx), with silica gel cleanup to assess petroleum concentrations. A
minimum of two soil samples were collected from each boring; additional samples
were collected when potentially impacted soil intervals were observed. Based on the
NWTPH-Dx results, three soil sample intervals were analyzed for EPH to provide
petroleum fractionation data for assessing a site-specific TPH cleanup level.

e Construction Debris Landfill. Test pits were completed in the construction debris
landfill (Landfill #3 on Plate 2-6) to evaluate the lateral and vertical extent of the
landfill, and to assess the chemical composition of the fill. A total of ten test pits
(AQ-SSA7-01 through AQ-SSA7-10) were excavated to a minimum depth of
7 feet bgs or to the base of the apparent fill material, where observed. Figure 3-1
includes Landfill #3 test pit locations. Three test pits (AQ-SSA7-04, -05, and -06)
were relocated to the east because the planned locations were located within wooded
areas inaccessible to the test pit excavation equipment.

¢ Qutfall Drainage Pathway Soils. A total of three samples were collected from the
on-site drainages located between Outfalls 003 and 005 and the CDID ditches.
Sampling in these areas was conducted at Ecology’s request to further characterize the

historical stormwater discharge pathway to CDID ditches. Soils were collected using
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a hand-trowel or hand-auger, and individual soil samples were collected at two
intervals, 0 to 10 cm and 0.5 to 1 foot, respectively. The surface soil samples

(0 to 10 cm) were submitted for laboratory analysis for total solids (TS), SMS metals
(antimony, arsenic, cadmium, chromium, copper, lead, mercury, nickel, silver, and

zinc), and PCB Aroclors. The 0.5- to 1-foot sample was archived.

3.5.5 Groundwater Sampling

Several groundwater sampling events have been conducted as part of the RI. Plate 3-4 and
Figure 3-3 show the locations of the groundwater monitoring wells sampled, and each

individual groundwater monitoring event is discussed in more detail subsequently.

In 2006, the site-wide monitoring well network was sampled for fluoride, cyanide, and
conventional analytes, including field parameters (e.g., pH and dissolved oxygen [DO]),
consistent with the RI Work Plan (Anchor 2007a). Two samples were collected for priority
pollutants adjacent and downgradient of Landfill #2 (RLSW-2) and Landfill #1 (G2-S). Both
of these wells are screened in the shallow groundwater screen interval to evaluate potential

impacts of fill material in these areas.

In 2007, the following eight monitoring wells were sampled for PAHs: G1-S, G2-S, G6-S,
PZ-1, PZ-3, PZ-4, PZ-5, and RLSW-2. These wells were selected for PAH sampling due to

their proximity to potential PAH sources.

During 2011 and 2012, supplemental groundwater sampling was conducted as part of the
site-wide groundwater data collection and subsequent data gaps investigation, as described in
the Work Plan Addendum No. 1 (Anchor QEA 2011a), Work Plan Addendum No. 2
(Anchor QEA 2011c), and Work Plan Addendum No. 3 (Anchor QEA 2012a).

Groundwater monitoring activities in 2011 were performed for the site-wide monitoring
well network, including the five well series G, PZ, R, RL, and RLSW (see Figure 3-3). The
2011 sampling occurred during two events—a July collection event and an October
collection event—to evaluate potential seasonal variations in groundwater quality.

Groundwater monitoring wells were sampled in 2011 to assess potential changes in
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constituent levels since 2006 and 2007 groundwater sampling events associated with the
2007 RI sampling event (Anchor 2007b).

Groundwater testing parameters for all 2011 samples are included in Appendix D-4.
Groundwater samples associated with this investigation were collected from the

following wells:

o All 13 “G series” monitoring wells
o All 7 “PZ series” piezometers

o All 6 “R series” wells

o All 13 “RL series” wells

o All 4 “RLSW series” wells

In 2011, all groundwater monitoring wells were sampled in accordance with the procedures
and methods approved in the 2007 RI Work Plan (Anchor 2007a) and as described in the
SAP Addendum (Anchor QEA 2011e). Water elevations were measured in each well at the
time of sampling. Field measurements included temperature, pH, sulfide, DO, ferrous iron,
oxidation reduction potential (ORP), and conductivity. Laboratory analyses included total
dissolved solids (TDS), total suspended solids (TSS), alkalinity, fluoride, total chloride, total
phosphorous, cyanide (free, WAD, and total), sulfate, and dissolved metals, including
aluminum, calcium, iron, magnesium, manganese, potassium, silicon, and sodium. In
addition, several wells were tested for PAHs (e.g., PZ-1 to PZ-5, G6-S and G6-D, to R series
wells, and RL-4S). All sampled wells and analytical parameters are summarized in
Appendix D-4. Groundwater field sampling data sheets (FSDS) are included in

Appendix D-1.

Three new groundwater monitoring wells were installed and sampled in February 2012 in

response to Ecology comments. These wells include the following:

o SSA4-MW-01 (located just north of the Flat Storage Area)
e SSA6-MW-01 (within the HTM Oil Area)
e SSA7-MW-01 (adjacent to Landfill #3)
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The locations of these wells are shown on Plate 3-4 and Figure 3-3. These three wells were
sampled at the time of installation in February 2012 and as part of the RI groundwater

monitoring event in October 2012.

Groundwater monitoring activities in October 2012 were performed for a subset of the
site-wide monitoring well network, including wells from all six well series G, PZ, R, RL,
RLSW, and the newly installed SSA wells (see Figure 3-3). Groundwater monitoring wells
sampled in 2012 include the following:

o All 13 “G-series” wells

o All 7 “PZ-series” wells

o All 4 “RLSW-series” wells
o All 3 “SSA-series” wells

e R-2

e RL-1S

In 2012, all groundwater monitoring wells were sampled in accordance with the procedures
and methods approved in the 2007 RI Work Plan (Anchor 2007a) and as described in the
SAP Addendum (Anchor QEA 2012a; Attachment B to Work Plan Addendum No. 3). Water
elevations were measured in each well at the time of sampling. Field measurements included
temperature, pH, turbidity, sulfide, DO, ferrous iron, ORP, and conductivity. Laboratory
analyses included TDS, TSS, alkalinity, fluoride, total chloride, sulfate, total phosphorous,
cyanide (free, WAD, and total), sulfate, as well as dissolved metals, including aluminum,

calcium, iron, magnesium, manganese, potassium, silicon, and sodium.

A subset of wells was also analyzed for an extended suite of priority pollutant chemicals
(total and dissolved metals, SVOCs, low-level PCB Aroclors, and VOCs). These locations
were selected by Ecology pollutant testing based on their locations downgradient from the

on-site landfills and fill deposits.

e G2-S (downgradient of the Landfill #1)

e RLSW-3 (downgradient of Landfill #2),

e G4-S (downgradient of Fill Deposits A and B-1)
e R-2 (downgradient of Fill Deposit B-2)

e RL-1S (downgradient of Fill Deposit B-3)
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Selected groundwater wells were re-sampled in December 2012. The follow-up sampling

event consisted of sampling groundwater from the following wells and analyzing for:

RLSW-3: PAHs

G1-S and G1-D: Total and dissolved cyanide (WAD, free, and total)

G2-S and G2-D: PAHs

SSA6-MW-01: Total petroleum hydrocarbon — diesel range (TPH-Dx; with and

without silica gel cleanup)

All sampled wells and analytical parameters are summarized in Appendix D-4. Groundwater
FSDS are included in Appendix D-1.

3.5.6

Ditch and Surface Water Sampling

The RI/FS included extensive sampling of surface water from the Columbia River and ditch

water from the CID ditch system within and adjacent to the RI/FS Study Area. Surface water

and ditch water sampling locations are shown on Plate 3-6 and on Figure 3-5.

Water samples were collected from the following four areas during the 2006, 2011, and 2012

RI activities:

CDID ditch water was collected from three locations adjacent to the Former Reynolds
Plant (W2, W3, and W4). Sampling in 2006 was performed 1 foot below the water
surface. During 2011 and 2012, these samples were collected from 0.5 feet above the
mudline.

Background CDID ditch system water was collected from locations outside of the site
boundaries (W1, W6, and W7). Sampling in 2006 was performed 1 foot below the
water surface. During 2011 and 2012, these samples were collected from 0.5 feet
above the mudline.

Columbia River water was collected from the dock (W5). This sample was collected
from 2 feet below the water surface.

Nearshore Columbia River water was collected along the shoreline (W8, W9, and
W10). These locations were first sampled during the 2012 RI activities and were

collected from just above the mudline.
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The Remedial Investigation and feasibility study (RI/FS) included extensive testing of water quality within the Columbia River and within the CDID ditch system near the
Reynolds Facility. RI/FS surface water and CDID ditch water testing locations are shown above (black triangles).

Plate 3-6
ANCHOR RI/FS Surface Water and CDID Ditch Water Sampling Locations
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In 2011, ditch and surface water sampling was conducted in parallel with the July and
October groundwater monitoring event described in the Section 3.3.2. Field measurements
included temperature, pH, sulfide, DO, ferrous iron, ORP, and conductivity. Laboratory
analyses included TDS, TSS, alkalinity, fluoride, total chloride, total phosphorous, cyanide
(free, WAD, and total), sulfate, and dissolved metals, including aluminum, calcium, iron,
magnesium, manganese, potassium, silicon, and sodium. In 2011, the only deviation from
the SAP Addendum was an adjustment to the analytical sampling parameters from the
October 2011 sampling event; in October, surface and ditch water samples were tested for

dissolved fluoride and cyanide and field filtered at the time of collection.

In 2012, surface water sampling was conducted in parallel with the October groundwater
monitoring and RI sampling event. The same field parameters were monitored, and the same
laboratory analyses were conducted in 2012 as in 2011 with the exception that both fluoride
and metals (including aluminum, calcium, iron, magnesium, manganese, potassium, silicon,
and sodium) were analyzed for total and dissolved concentrations in 2012. The only
deviation from Work Plan Addendum No. 3 was that surface and ditch water samples were
collected from Stations W1 through W7 in addition to the proposed samples from W8, W9,
and W10 (see Figure 3-5). A summary of surface and ditch water analytical testing methods
is presented in Appendix D-4.
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4 GEOLOGIC AND HYDROGEOLOGIC SETTING

This section summarizes the geologic and hydrogeologic setting of the Former Reynolds
Plant and RI/FS Study Area. This information was derived from previous studies performed
at the facility, testing performed during the RI/FS, and regional studies conducted within the

Longview area. Information presented in this section is organized as follows:

e Study Area Geologic Conditions (Section 4.1). The properties of the shallow surficial
soils are presented, along with the properties of the underlying soil strata. These
strata include the Upper and Lower Alluvium. The geologic conditions are relevant
to the distribution and behavior of groundwater within the RI/FS Study Area.

e Hydrologic Influences (Section 4.2). The Columbia River and the CDID ditch system
both influence the behavior of groundwater within the RI/FS Study Area. Section 4.2
presents and discusses these influences.

e Study Area Hydrogeology (Section 4.3). Section 4.3 discusses the presence and
behavior of groundwater within the RI/FS Study Area as developed during RI/FS

studies and regional studies.

This section introduces the overall groundwater CSM. Elements of the groundwater CSM
are discussed in Sections 4.1 through 4.3. This groundwater CSM is expanded as part of the

fate and transport analysis and overall CSM in Sections 6 and 7, respectively.

4.1 Study Area Geologic Conditions

The RI/FS Study Area is located within the Longview-Kelso basin (see Plate 4-1), a topographic
and structural depression formed by the Cascadia subduction zone (Evarts et al. 2009). The
Longview-Kelso basin is composed primarily of Tertiary age bedrock overlain by Quaternary
age unconsolidated alluvium. Bedrock units include volcanic rocks of the Grays River
formation and thinly interbedded sandstone, siltstone, and shale layers of the Cowlitz
Formation (Phipps 1987; Walsh 1987).
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The Northwest Alloys Property and Remedial Investigation/Feasibility Study area are located atop a regional geologic layer of silt/clay soils (known as the Upper

Alluvium) that extends beneath most of the Longview-Kelso basin. The silt/clay layer beneath the Northwest Alloys Property averages approximately 200 feet in
thickness and separates surficial groundwater from deeper water-bearing strata. The above figure illustrates the extent of this silt/clay layer, as mapped by the City of

Longview (Kennedy Jenks 2009).

Plate 4-1
ANCHOR Northwest Alloys Property Is Located atop a Regional Layer of Silt and Clay Soil
QEA &2 Remedial Investigation/Feasibility Study
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The layers of the alluvium include thick sequences of the catastrophic Missoula flood
deposits (coarse-grained sand and gravel) overlain by channel and floodplain deposits (silt,
fine-grained sand, and clay) of the Columbia and Cowlitz Rivers (Swanson et al. 1993;
Evarts et al. 2009). This two-layer alluvial system is illustrated in the groundwater CSM
(see Plate 4-2).

Plate 4-1 shows the characteristics of the Upper Alluvium within the Longview-Kelso basin.
In the RI/FS Study Area and beneath most of the Longview area, the upper portion of the
alluvium (Upper Alluvium) consists of fine-grained sand, silt, and clay overlying the much

deeper sequence of coarser-grained gravels and cobbles (Lower Alluvium):

e Upper Alluvium. Asshown on Plate 4-1, the characteristics of the Upper Alluvium
vary within the Longview-Kelso basin. However, in the RI/FS Study Area, the Upper
Alluvium consists of fine-grained silt and clay deposits. Analysis of shallow and deep
boring logs from the Former Reynolds Plant water supply wells from studies
performed for the City of Longview Mint Farm Well Field (Mint Farm) confirm the
Upper Alluvium locally consists of interbedded silt and fine-grained sand layers, with
minor fractions of silty sand, sandy silt, and clay interbeds. This fine-grained Upper
Alluvium averages approximately 200 feet in thickness beneath the RI/FS Study Area.
The unit is approximately 200 to 300 feet thick along the Columbia River shoreline,
thinning to 130 to 190 feet in the northeastern portion of the RI/FS Study Area.

e Lower Alluvium. The Lower Alluvium consists of the deeper, coarse-grained geologic
unit containing gravels and cobbles. Many of the water production wells located
within the Former Reynolds Plant and on nearby industrial properties (including
those of the Mint Farm) are completed within these coarse-grained gravel deposits.
Not all production wells are completed in the Lower Alluvium. Several of the deepest
water production wells in the region also penetrate bedrock beneath this layer.
Beneath the RI/FS Study Area and Mint Farm areas, the Lower Alluvium consists of

coarse-grained sand and gravel deposits and ranges in thickness from 100 to 350 feet.
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Geologic and Hydrogeologic Setting

Surficial soils within the RI/FS Study Area can contain other types of soil, including
anthropogenic fill deposits, or other disturbances to the Upper Alluvium. Fill has been
placed on the Former Reynolds Plant during its development, including coarse-grained
dredged material from the Columbia River, coarse-grained materials used to construct the
CDID levy, and other materials. Other disturbances include ditching, grading, and filling

during site development and re-development.

4.2 Hydrologic Influences

The behavior of groundwater within the RI/FS Study Area is influenced by the area
hydrology. Local hydrologic influences include the Columbia River, the surface ditches of
the regional CDID Ditch system and those of the on-site NPDES ditch system. The

influences of these features on groundwater are described below.

4.2.1 CDID Ditch System

The RI/FS Study Area is located in the southeastern corner of the Grays/Elochman Water
Resource Inventory Area (WRIA) 25. The average ground surface within the Former
Reynolds Plant is approximately 12 feet above mean sea level (MSL), though there is

extensive topographic variation within the facility.

The Columbia River is located along the southern side of the Former Reynolds Plant.

A CDID flood control levee is located along the shoreline. This levee is part of a larger
network of dikes and levees originally constructed by U.S. Army Corps of Engineers
(USACE) along the Columbia River shoreline during the 1920s to protect Longview
properties from flooding by the Columbia River. Along the Former Reynolds Plant, the
height of the levee averages approximately 32 feet above MSL.

As shown on Plate 4-3, a network (approximately 35 miles) of drainage ditches is operated
throughout the Longview/Kelso basin by the CDID. These ditches were excavated by the
USACE to drain both stormwater and shallow groundwater from properties within the
district (see Plate 4-3) and permit development within the flood plain. The nearest CDID
ditches are located along the north and west sides of the RI/FS Study Area.

Remedial Investigation/Feasibility Study January 2015
Former Reynolds Metals Reduction Plant — Longview 79 130730-01.01



| |
® 43th Ave Booster Station

O’&_,-——\ ‘I|I Pump statili?n

Main Pump
Station

Northwest Alloys
Property

Reynolds Pump Station

e,
e

Columbia River ="

B CDID Ditch System

_____ Feet
0 0 3500
 —"

I

Shallow groundwater flow directions in the Longview area are affected by the ditch system operated by the Consolidated Diking and Improvement District (CDID).
Groundwater and stormwater are actively pumped by the CDID from the ditches to maintain water levels below those in the Columbia River. At the Reynolds Facility,

this results in a flow of shallow groundwater away from the river and toward the CDID ditches (to the north and west).
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Plate 4-3

Regional CDID Ditch System Influences Shallow Groundwater Flow Directions
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Geologic and Hydrogeologic Setting

The CDID ditches are structurally isolated from the Columbia River but ultimately discharge
to the Columbia River through a series of pump stations and gated valves. The CDID ditch
system receives stormwater from the cities of Longview and Kelso, and other areas in

Cowlitz County, plus a number of industrial discharges (Ecology 1993).

The water levels within the CDID ditch system are maintained by active pumping at levels
beneath those of the Columbia River. Plate 4-3 shows the locations of the ditches and CDID
pump stations in the vicinity of the RI/FS Study Area. The closest pump stations are the
Industrial Way pump station (located northeast of the Former Reynolds Plant), and the

Reynolds pump station located at the southwest corner of the Former Reynolds Plant.

Plate 4-4 illustrates that the water levels within the CDID ditch system are maintained at
levels several feet lower than those in the Columbia River. Specifically, that plate shows the
following control elevations established for operation of the two large pumps within the

Reynolds Pump station located adjacent to the Former Reynolds Plant:

e The two pumps in the Reynolds pump station activate when ditch water elevations
exceed just over 1 foot above MSL. The two pump control levels differ slightly.

e The pumps in the Reynolds pump station deactivate when ditch water elevations fall
below a specified minimum, just below MSL.

e In contrast to the tightly controlled elevations of the CDID ditches, the water levels
within the Columbia River vary seasonally due to typical weather and rainfall, and
hourly due to the effects of tides on the Columbia River. Average daily elevations of
the Columbia River are shown on Plate 4-4 for the period 2002 to 2012. These

average elevations typically range between about 5 to 15 feet above sea level.

The pumping of the CDID ditches tends to induce groundwater gradients toward the ditch
system. For the RI/FS Study Area, this results in a groundwater gradient from the
Columbia River (with its higher water surface elevation) north and west toward the

CDID ditches.
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Geologic and Hydrogeologic Setting

In addition to influencing the flow of shallow groundwater, the CDID ditches receive
discharges of stormwater from residential, commercial and industrial properties throughout
the Longview area. The CDID is a secondary permittee on the Cowlitz

County/Kelso/Longview Municipal NPDES permit.

The movement of CDID ditch water within the RI/FS Study Area varies depending on the water
levels in the ditches and the operation of the pump stations. The Lower System of CDID consists
of four pumping stations: the Main Pump Station, Oregon Way Pump Station, Industrial Way
Pump Station, and Reynolds Pump Station (see Plate 4-3) all of which are owned and operated
by the CDID. Flow within the ditch system can be toward the east (toward the Industrial Way
Pump or Oregon Way pump stations), toward the southwest (toward the Reynolds pump
station) or toward the northwest (toward the Main Pump Station). Based on pumping data for
the lower system obtained from CDID for the years 2009 to 2011 (see Plate 4-5), the average
annual volume pumped from all four lower CDID pump stations was approximately 14.5 billion
gallons. Of this average volume, approximately 64 percent was pumped by the Main Pump
Station (9.3 billion gallons), 30 percent by the Oregon Way Pump Station (4.4 billion gallons),

4 percent by the Industrial Way Pump Station (0.56 billion gallons), and 2 percent by the
Reynolds Pump Station (0.331 billion gallons).

Plate 4-5 Average Annual Flow from Lower CDID Pumping Stations (2009 to 2011)
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Geologic and Hydrogeologic Setting

4.2.2 NPDES Drainage Ditch System

In addition to the CDID ditches, numerous on-site ditches collect stormwater runoff. Like
the CDID ditch system, these ditches can also influence/extract shallow groundwater.
Plate 4-6 shows the principal internal ditch systems. The water collected from these ditches

is managed consistent with NPDES permit number WA-000008-6.

The Former Reynolds Plant includes three outfalls that are managed under the facility’s
NPDES permit. Outfalls 003 and 005 discharge stormwater from limited site areas to the
CDID ditch system along the north side of the Former Reynolds Plant. Other facility waters
are treated and discharged to the Columbia River via Outfall 002A. The waters collected
from the Former Leachate Ditch and the Cryolite Area Ditches are first treated at Facility 71
and are then collected at Outfall Sump/Pump Station (Facility 77) along with the flow from
other facility pumps and ditches. All waters co-mingled at Facility 77 (treated wastewater,
process water, and stormwater) are then pumped through the treatment system at Facility 73

(including the retention basin and the filter plant) prior to being discharged at Outfall 002A.

4.3 Study Area Hydrogeology

As shown on Plate 4-2, there are several water bearing zones (WBZ) beneath the RI/FS
Study Area. These include those of the Lower Alluvium, the Upper Alluvium, and the
surficial soils. The on-site water supply wells are completed within the Lower Alluvium.
However, it is the shallow groundwater within the Upper Alluvium and the surficial soils

that is most relevant to the RI/FS.

The groundwater monitoring wells developed as part of environmental monitoring programs
and the RI/FS are completed within the surficial soils and in some cases within the Upper
Alluvium. The depth of these well completions varies. The depth of the deepest
environmental monitoring well within the network is 38 feet bgs. Generally the monitoring
wells indicated as “shallow” are screened across the first water table encountered, with
depths of less than 19 feet bgs. The monitoring wells indicated as “deep” are screened
slightly deeper, between 19 and 38 feet bgs (see Plate 4-2). None of these wells penetrate

into the Lower Alluvium, which is on average more than 200 feet bgs.
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Observations from site hydrogeologic investigations and monitoring well logs indicate that
the conditions encountered in the upper soils vary by location due to natural variations in
the top of the Upper Alluvium, and due to variations in the history of site development and
the composition of surficial soils overlying the Upper Alluvium. Generally, deeper wells and
borings within the Former Reynolds Plant encountered discontinuous and interbedded

fine-grained sand, silt, and clay layers.

4.3.1 Groundwater Gradients

Groundwater flow in the shallow WBZ of the surficial soils and the Upper Alluvium is
influenced primarily by the Columbia River, the regional CDID ditch system, and by the
on-site NPDES ditches. Precipitation recharge and seasonal fluctuations are noted in this
upper zone. Tidal influences are noted in areas near the Columbia River, as described in
Section 4.3.2.

Figures 4-1 and 4-2 located at the back of this section illustrate the groundwater gradients
measured during the end of the dry season (October 2012) and during the wet season
(December 2012). Based on these observed water levels, shallow groundwater within this
upper WBZ typically flows north and west, away from the Columbia River toward the CDID
ditches. The on-site NPDES ditches appear to also influence groundwater gradients in some
localized areas (i.e., in areas where the water level maintained in the on-site ditches was

below that of the nearby groundwater).

Seasonal variations in groundwater elevations were noted in the shallow WBZ.
Groundwater elevations were higher (with variation up to 2 feet) in the wet season than
during the dry season. This is reasonable given the higher rates of precipitation and
estimated groundwater recharge during the wet season, and also given the higher
Columbia River levels that typically occur during winter months. The extent of seasonal

variation differed by well location.
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The Reynolds Facility includes an internal network of ditches and three outfalls that are managed under the facility’s NPDES permit. Outfalls 003 and 005 discharge
stormwater from limited site areas to the CDID ditch system. Other facility waters are treated and discharged to the Columbia River via Outfall 002A. The waters
collected from the Former Leachate Ditch and the Cryolite Area Ditches are first treated at Facility 71 and are then collected at Facility 77 along with the flow from
other facility pumps and ditches. All waters co-mingled at Facility 77 (including treated wastewater, process water, and stormwater) are then pumped through the
treatment system at Facility 73 (including the retention basin and the filter plant) prior to being discharged at Outfall 002A.

Plate 4-6
ANCHOR Internal Ditch System Is Managed Under the Facility’s NPDES Permit
QEA &2 Remedial Investigation/Feasibility Study
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Geologic and Hydrogeologic Setting

Some of the environmental monitoring wells exhibited unusually high groundwater
elevations in comparison to adjacent wells. These conditions have been noted at wells G6-S
and RLSW-4, which are located along the CDID levee near the Columbia River. The water
elevations in these wells also have not correlated well with river stage in comparison to
deeper-screened wells in these areas (see Plate 4-7). The observations from these wells
suggest that groundwater in this area is perched on low permeability silt and clay layers, as
noted in the boring logs for these wells. In December 2012 (and to a certain extent October
2012), relatively high groundwater elevations were observed at wells R-1S, R-4S, and G1-§,

which are also located along the CDID levee near the Columbia River.

Figure 4-3 shows the estimated bottom elevations of landfill and fill deposits and how they
are influenced by groundwater during wet weather conditions. Figure 4-3 was developed
using information contained in Appendix D-6. In the East Groundwater Area, solid media in
Fill Deposit A, Fill Deposit B-2, and Landfill #1 is in contact with or beneath the wet weather
groundwater elevations. The test pits excavated within Fill Deposit B-1 were not able to
fully penetrate the fill deposit (see Appendix D); therefore, the bottom elevation is unknown.
Fill in this deposit extend below the maximum water table elevations depicted by the
groundwater elevation contours in Figure 4-3. The fill deposits in the West Groundwater
Area (Landfill #2 and Fill Deposit #3) appear to be predominantly above underlying

groundwater during wet weather conditions.

4.3.2 Tidal Effects

As discussed in Section 4.2, the water levels within the Columbia River fluctuate with the
tides. These fluctuations were documented during a 96-hour tidal study conducted in late
September and early October of 2012. During that tidal study, the Columbia River elevation
fluctuated over 5 feet (see Plate 4-7).

The extent of tidal influences on groundwater within the Longview/Kelso basin has been
evaluated by others. Tidal influences tend to propagate furthest in the coarse-grained Lower
Alluvium and to a much lesser degree within the fine-grained Upper Alluvium or in the

surficial soils.
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Water Levels in the Columbia River near the Reynolds Facility vary not only with season and weather, but also with the tides. Water levels in the river fluctuated by
approximately 4 to 5 feet between high and low tides during the Fall 2012 tidal study. Tidal fluctuations induce mixing of non-perched groundwater in nearshore areas
(see tidal fluctuations as measured in wells G6-D and SSA7-MW-01). These fluctuations are not observed in wells located in the interior of the facility or in wells located
in perched groundwater units (see the lack of fluctuation in perched wells RLSW-4 and G6-S).

Plate 4-7
ANCHOR Columbia River Water Levels Fluctuate Due to Tides
QEA &2 Remedial Investigation/Feasibility Study
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Geologic and Hydrogeologic Setting

As part of the October 2012 tidal study, the extent of tidal variation of groundwater
elevations in the environmental monitoring wells was assessed. Results are shown on

Plate 4-8. Tidal influences were measurable in wells located nearest to the Columbia River
(i.e., in wells SSA7-MW-01, R-1, R-4, G1, and G6-D). The tidal effects were somewhat more
pronounced in the deeper well within each well pair (e.g., R-1D and G1-D), with the
exception of well pair R-4, in which similar tidal effects were noted in R-4S and R-4D. Over
the course of the 96-hour tidal study, the groundwater elevations in the above-listed wells
fluctuated up to a maximum of 0.5 feet. The greatest tidal influence observed at monitoring

well SSA7-MW-01, which is located within a shallow sand unit adjacent to the river.

4.3.3 Hydraulic Conductivities and Vertical Gradients

Hydraulic conductivities were measured in the environmental monitoring wells during the
RI/FS to provide a point of comparison to those measured in the Upper Alluvium and Lower
Alluvium during regional studies performed by others. The hydraulic conductivities were
measured both during “slug tests,” and using the information developed during the tidal

study.

e Shallow Water Bearing Zone. The hydraulic conductivities within the environmental
monitoring wells completed in the shallow WBZ varied by location (see Figure 4-4
for measured values). The observed variation is reasonable given the variable nature
of the surficial fill soils and the variable contacts with the Upper Alluvium. The
measured hydraulic conductivities in the environmental monitoring wells ranged
from a low of 0.003 to a high of 16 feet per day.

e Upper Alluvium. Hydraulic conductivities were measured during the City of
Longview’s preliminary design studies for the water production wells at the Mint
Farm (Kennedy/Jenks 2010). These measurements were performed using laboratory
measurements. Of eleven representative samples of the Upper Alluvium, nine were
from silt deposits, with measured conductivities between 3x10 and 3x10- feet per
day. Two of eleven samples from the Upper Alluvium were collected from layers
containing higher sand content, with measured conductivities ranging from 0.3 feet

per day to 3 feet per day.
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Tidal influences in the Columbia River result in fluctuations in groundwater elevations in nearshore areas. During the fall of 2012, the extent of tidal influences on
groundwater in the shallow groundwater WBZ measured. Tidal influences extended several hundred feet into the upland, just past the inshore boundary of the CDID
levee. The extent of tidal response varied by well. Monitoring wells G6-S and RLSW-4, located in a perched groundwater unit, exhibited no tidal response

(see Section 4.3.1 and Plate 4-7). No tidal variation was measured within the dredged material storage area.
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Plate 4-8

Groundwater near the Columbia River Is Also Tidally Influenced
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e Lower Alluvium. The conductivities of the coarse grained Lower Alluvium were also
reported in the City of Longview’s design study (Kennedy/Jenks 2010). The
conductivity for this layer was estimated to range between 20 and 2,500 feet per day,

with an average of about 725 feet per day (Kennedy/Jenks 2010).

Vertical gradients between the Lower Alluvium and Upper Alluvium were assessed as part of
the City of Longview’s preliminary design studies. During June and November 2009, vertical
gradients in well pairs completed in each alluvium layer showed the presence of an upward
gradient. In most of the paired sentinel wells, groundwater heads measured in the shallow
wells were from 2 to 5 feet lower than those in adjacent deep wells. The study concluded
that the aquifer within the Lower Alluvium behaved as a confined system near the

Columbia River where the silty deposits of the Upper Alluvium were the thickest
(Kennedy/Jenks 2010). This includes the area surrounding the RI/FS Study Area.
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5 REMEDIAL INVESTIGATION FINDINGS

This section describes the findings of the RI, including presentation of the results of chemical
and biological testing of different media. Results of testing for each media are compared
against appropriate screening levels, and the key findings are summarized in Section 5.6.

This section is organized as follows:

e Section 5.1 — Summary of Screening Levels by Media

e Section 5.2 — Testing Results for Soils, Landfills, and Fill Deposits
e Section 5.3 — Testing Results for Groundwater

e Section 5.4 — Testing Results for CDID Ditches and Surface Water
e Section 5.5 — Testing Results for Sediments

e Section 5.6 — Key Remedial Investigation Findings

The information presented in this section documents the types and concentrations of
compounds present in soil, surface water, groundwater, and sediment at the Former

Reynolds Plant.

Following the presentation of RI findings in this section, Section 6 presents a detailed
evaluation of the factors limiting the fate and transport of fluoride in groundwater. That
evaluation draws on the information contained in Section 4 and Section 5 of this report.

Section 7 then presents an overall CSM for use in developing the FS.

5.1 Summary of Screening Levels by Media

The findings of the RI testing program have been evaluated against a set of screening levels
appropriate to different media (e.g., soils and groundwater). The purpose of the screening
process is to identify those constituents that may be present at concentrations that require
further evaluation under MTCA. The screening levels are based on the MTCA regulations
and on other potentially applicable or relevant state or federal regulations or guidance, as

described in this section.

The screening levels presented in this section do not necessarily represent final cleanup
levels applicable to the RI/FS Study Area (refer to Section 8 of the RI/FS for a detailed

discussion of potentially applicable cleanup requirements). However, they are intended to
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provide a conservative (i.e., stringent) basis for reviewing the chemical and biological testing

data for soil, groundwater, surface water, and sediment.

5.1.1 Screening Levels for Soils, Landfills, and Fill Deposits

The RI/FS Study Area includes areas of soil that may have been impacted by historical
industrial activities. In addition, the RI/FS Study Area includes three closed landfills and
several fill deposits used during operation of the Former Reynolds Plant to manage spent

lime and residual carbon.

Screening levels for soils, landfills, and fill deposits consider MTCA cleanup levels protective
of industrial site uses, as well as those protective of groundwater. Where available, MTCA
Method A and Method C soil cleanup levels for industrial land uses are used as initial
screening criteria. The Method A values are conservative because they include default
assumptions intended to be protective of groundwater at all sites; these assumptions may not
be applicable to the conditions at the Former Reynolds Plant. When Method A cleanup
levels are not available, Method C values are applied. Method B soil cleanup levels are
applicable for unrestricted residential use. These residential criteria are not applicable to the
Former Reynolds Plant given its zoning and its long history of industrial uses. However,
they provide a point of reference for how low the constituent levels are in soils outside of the
landfills and fill deposits.

Soil, landfill materials and fill deposit screening levels are presented in Table 5-1. These

include the following:

e MTCA Method A Industrial Soil Cleanup Levels (WAC 173-340-745). MTCA
Method A Industrial soil cleanup levels are based on industrial land use. Specifically
these cleanup levels consider values protective of adult industrial workers. MTCA
Method A levels also include conservative assumptions regarding the chemical
concentrations that would be protective of groundwater quality. These conservative
assumptions may not be applicable to conditions at the Former Reynolds Plant.

e MTCA Method C Industrial Soil Cleanup Levels (WAC 173-340-745). MTCA

Method C levels are based on a direct-contact exposure scenario. These cleanup
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levels are protective of industrial workers. These values are used for those parameters
for which Method A Industrial Soil Cleanup Levels are not available.

e Natural Background. MTCA regulations consider background chemical
concentrations as part of data screening and development of cleanup levels.
Consistent with WAC 173-340-200, the term “natural background” includes both
naturally occurring concentrations and anthropogenic concentrations that are
distributed over very large areas. As defined under the MTCA rule, natural
background represents “the concentration of hazardous substance consistently present
in the environment that has not been influenced by localized human activities ... ]
also, low concentrations of some particularly persistent organic compounds such as
PCBs can be found in surficial soils and sediment throughout much of the state due to
global distribution of these hazardous substances. These low concentrations would be

considered natural background.”

As part of the RI testing program, the contents of the on-site landfills and fill deposits were
also subjected to testing using state and federal testing protocols (i.e., testing under the TCLP
and Washington State bioassay testing protocols for characterization of Dangerous Wastes)
applicable to the characterization of materials designated for off-site management. These
tests are different from the screening levels described previously in that they are not
applicable to the soil, landfills and fill deposits when managed in place within the Former
Reynolds Plant. Rather, this testing was conducted in order to provide information useful in

evaluating the costs of different material management options during the FS.

Additionally, the FS (refer to Section 8) considers other potential data screening and
evaluation procedures to ensure protection of terrestrial ecological receptors (e.g., birds and
mammals) consistent with MTCA regulatory requirements. The terrestrial ecological
evaluation (TEE) is described in Section 8 and includes review of soil quality data applicable
to MTCA TEE requirements.

5.1.2 Screening Levels for Groundwater

The groundwater contained in the fill soil and shallow silt/clay soils of the Upper Alluvium

within the Reynolds Facility is not used as a drinking water source. The fine-grained texture
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and low hydraulic conductivities of the Upper Alluvium, in conjunction with the upward
groundwater gradients between the lower water supply aquifer and the Upper Alluvium,
severely limit the potential for this shallow groundwater to impact potential sources of

drinking water.

Despite the foregoing, the data screening process for groundwater included consideration of
regulatory requirements applicable to groundwater that is used as a drinking water source.

Groundwater screening levels are presented in Table 5-1 and include the following:

e MTCA Method A Groundwater Cleanup Levels (WAC 173-340-720). These levels
consider risks associated with ingestion of drinking water.

e State Drinking Water Maximum Contaminant Levels (MCLs; WAC 246-290-310).
These levels assume drinking water as the highest beneficial use of groundwater and
are typically more stringent than the national drinking water standards.

e Natural Background. As with soil screening levels, MTCA regulations consider
background chemical concentrations as part of data screening and development of

cleanup levels for groundwater.

Throughout most of the Former Reynolds Plant, shallow groundwater has the potential to
migrate toward the CDID ditch system or to the Columbia River. As part of the data
screening process, groundwater data were also compared against screening levels for surface
water (see Section 5.1.3). These screening levels do not directly apply to shallow

groundwater located within the Former Reynolds Plant.

5.1.3 Screening Levels for Surface Water

Screening levels for surface water consider both the protection of aquatic life, as well as the
protection of potential consumptive surface water uses (e.g., consumptive use). These
screening levels are considered when evaluating water quality within the Columbia River,
and within the CDID ditch system (see Section 4.2.1). These screening levels are
conservatively evaluated for water quality within the CDID ditch system because water
contained in that system is periodically discharged into the Columbia River. The CDID
ditches are considered waters of the state subject to protection at applicable surface water

quality guidelines. The Columbia River includes fish and other potential aquatic receptors,
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and is additionally designated for water supply uses. Surface water screening levels do not
apply to the on-site ditch system that is part of the NPDES permitted water management
system for the Former Reynolds Plant (see Section 4.2.2). That system is subject to

treatment, discharge and monitoring requirements of the NPDES program.

Surface water screening levels presented in Table 5-1 were assembled based on MTCA
procedures for establishing cleanup levels. Accordingly, these values presented represent the
most stringent of the available criteria from the following Applicable or Relevant and

Appropriate Requirements (ARARs):

o State Surface Water Quality Standards (WAC Chapter 173-201A). These standards
are based on protection of aquatic life in freshwater as evaluated using chronic
exposure scenarios for sensitive aquatic receptors.

o The National Toxics Rule (40 Code of Federal Regulations [CFR] Part 131). The
National Toxics Rule provides chemical-specific, numeric criteria protective of
human health and aquatic life.

e State Drinking Water MCLs (WAC Chapter 246-290). The MCLs are used where
applicable. The MCLs are protective of potential consumptive use of surface water.

e Natural Background. As with soil and groundwater screening levels, MTCA
regulations and other state and federal rules consider background chemical
concentrations as part of data screening and the development of cleanup levels for

surface water.

5.1.4 Screening Levels for Sediment

The SMS (WAC Chapter 173-204; as updated by Ecology in February 2013 [Ecology 2013a])
include numeric chemical criteria and bioassay testing criteria applicable to freshwater
sediments. These criteria were used as screening levels for sediments within the Columbia

River.

The development of cleanup levels under the SMS rule also considers the limitations
(e.g., quantitation limits) of chemical testing methods, potential natural and regional
background influences on sediment quality, and adjustments for certain bioaccumulative

compounds to ensure protection of human health. These other considerations are evaluated
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further as part of Section 8 of the FS. Sediment screening levels and biological testing

criteria are presented in Table 5-1, and include the SMS sediment cleanup objective (SCO)

and the cleanup screening level (CSL).

5.2

Testing Results for Soils, Landfills, and Fill Deposits

Extensive testing was conducted during the RI/FS for soils throughout the Former Reynolds

Plant. This testing program also included evaluation of the contents of three landfills and

the other fill deposits present within the Former Reynolds Plant. The figures and plates in

this section summarize these data together. Detailed testing data are presented in the data

tables by type of media. The following testing data are presented in this section:

Testing of Landfill and Constructed Fill Deposits. Three landfills and four fill deposits
were constructed within the Former Reynolds Plant for management of construction
debris, industrial materials, spent lime and residual carbon (see Tables 5-2 through
5-9 for detailed testing data). These materials were tested extensively to document
their contents and to provide a basis for evaluating the protectiveness of their current
conditions. Testing was also conducted to inform the FS evaluation of potential
material management options.

Geochemical Testing. Specialized testing was performed within the fill deposits
containing spent lime and residual carbon, and within soils to inform the evaluation
of fluoride fate and transport properties. These geochemical testing data are
presented in Section 5.2.10. The detailed evaluation of these data is conducted in
Section 6. The geochemical testing data are presented in Tables 5-9 (SPLP testing
results), 5-10 (lysimeter testing results) and 5-11 (soil geochemical testing results).
Testing of Soils. RI/FS testing data for other facility soils are presented in Tables 5-12
through 5-17. These data include testing of soils located adjacent to landfills and fill
deposits, and testing in localized areas identified by Ecology. The scope of testing for
these samples varies based on Ecology-specified information needs developed as part
of the RI/FS Work Plan process. As described in Section 3, the areas targeted for soil
testing included the following:

- The field north of Industrial Way (north field area)
- The field southwest of the Cable Plant

~  The northwest site area
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- The former flat storage area

- Fill in the former casting pits

- Soils in the HTM Oil Area

- Soils adjacent to Landfill #3 (construction debris)

~  Outfall drainage areas near facility Outfalls 003 and 005

- Former thin stillage application areas

Results of testing for soil, landfill and fill deposit materials are described in the following

subsections. For ease in readability, the discussion is organized by testing parameter.

5.2.1 Cyanide

As part of the RI/FS, extensive testing was conducted for cyanide in soil, landfill contents and
fill deposits. Cyanide testing was performed because (as described in Section 2.2.3) certain
aluminum manufacturing byproducts can contain cyanide. During aluminum
manufacturing, varying levels of cyanide compounds can be produced when nitrogen in air
combines with carbon in the carbonaceous materials of the pot lining. No areas of SPL are
known to remain at the facility. Residual carbon (a byproduct of the cryolite recovery
process) is managed within closed fill deposits at the facility, but the residual carbon no
longer maintains the chemical properties of the original potliner due to the activities
conducted during the recycling process, and would not be expected to contain high

cyanide levels.

The RI/FS testing for cyanide included both testing for total cyanide and WAD cyanide in
soil. The total cyanide measurement includes forms of cyanide that are not available or

reactive, as well as the more available forms of cyanide measured by the WAD cyanide test.

As shown on Plate 5-1 and Figure 5-1, total cyanide levels within soils, landfills, and fill
deposit materials throughout the Former Reynolds Plant were very low. None of the tested
samples exceeded soil screening levels. Measured concentrations in all samples were below
both the MTCA soil cleanup levels applicable to industrial sites (MTCA Method C Cleanup
Level; 70,000 mg/kg), as well as the more stringent criteria established under MTCA for
residential sites (MTCA Method B Cleanup Level; 1,600 mg/kg). As described in Section 8,

Remedial Investigation/Feasibility Study January 2015
Former Reynolds Metals Reduction Plant — Longview 98 130730-01.01



Remedial Investigation Findings

soil total cyanide levels were below the concentrations considered protective of

ecological receptors.

5.2.2 Fluoride

Fluoride can be present in aluminum manufacturing byproducts due to its use in the
manufacturing process. As part of the RI/FS, extensive testing was conducted for fluoride in
the on-site landfills used to manage floor sweeps, construction debris and other plant
materials, and also in the fill deposits used to manage spent lime (Fill Deposit A) and residual
carbon (Fill Deposits B-1, B-2, and B-3). Extensive testing was also conducted in other

facility soils. Results of that testing are summarized on Plate 5-2 and on Figure 5-2.

Consistent with the typical properties of spent lime and residual carbon from the aluminum
manufacturing process, fluoride levels within the landfills and fill deposits typically ranged
between 1 and 9 percent. These concentrations are below the screening levels applicable to

industrial land uses (MTCA Method C soil cleanup levels; 210,000 mg/kg). This means that

the concentrations of fluoride in these materials are protective of on-site workers.
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Total Cyanide (mg/kg) RI/FS Soil Sample Location
© (2006-2007, 2011-2012)

B <1600 RIFS Landfill or Fill Deposit

[ | 1,600 - 70,000 Sample Location
op (2006-2007, 2011-2012)

] >70,000 !
. . RI/FS Lysimeter or
Approximate Ordinary Geochemical Soil Sample
~" High Water Line @ Location (2006, 2011-2012)

] sPa Property Pre-RI/FS Soil Sample
pu— /\ Location (2000, 2002)
I_ | Landfill or Fill Deposit

1. 1,600 mg/kg = MTCA Method B soil cleanup level
(WAC 173-340-740)

+|2. 70,000 mg/kg = MTCA Method C soil cleanup level
(WAC 173-340-745)

Soil within the RI/FS Study Area has been extensively tested for total cyanide. None of the soil, landfill, or fill deposit samples tested exceeded screening levels applicable to
industrial sites (MCTA Method C cleanup levels). Cyanide concentrations were also well below the more stringent soil cleanup levels applicable to residential properties
(green symbols above represent soil samples with cyanide concentrations less than the MCTA Method B residential cleanup level of 1,600 milligrams per kilogram [mg/kg]).
Refer to Figure 5-1 and Tables 5-2, 5-9, 5-10, and 5-12 for detailed testing results.

Plate 5-1
RI/FS Soil, Landfill and Fill Deposit Testing Results - Total Cyanide
ANCHOR Remedial Investigation/Feasibility Study

QEA & Former Reynolds Metals Reduction Plant - Longview



Fluoride (mg/kg) RI/FS Soil Sample Location
- (2006-2007, 2011-2012)
<4.800 RI/FS Landfill or Fill Deposit
. 4,800 — 210,000 Sample Location
O > 210,000 (2006-2007, 2011-2012)
. . RI/FS Lysimeter or
____Approximate Ordinary Geochemical Soil Sample
High Water Line @ Location (2006, 2011-2012)

) eraproperty Pre-RI/FS Soil Sample
/\ Location (2000, 2002)

I |Landfil or Fill Deposit

1. 4,800 mg/kg = MTCA Method B soil cleanup level
(WAC 173-340-740)

+(2. 210,000 mg/kg = MTCA Method C soil cleanup level
(WAC 173-340-745)

Fluoride is present within the spent lime and residual carbon managed in the on-site landfills and fill deposits at the Reynolds Facility. Soil testing has shown that outside of
these defined fill areas fluoride concentrations comply with residential soil cleanup levels (green symbols above show soil samples with fluoride concentrations less than the
MTCA Method B residential soil cleanup levels). None of the landfill or fill deposit samples (blue symbols) exceeded the soil cleanup levels (MTCA Method C) applicable to
industrial sites. Results confirm that fluoride is contained within the managed fill areas and that site soils are safe for on-site industrial workers. Refer to Figure 5-2 and
Tables 5-2, 5-9, 5-10, 5-11, and 5-12 for detailed testing results.

Plate 5-2
RI/FS Soil, Landfill and Fill Deposit Testing Results - Fluoride
ANCHOR Remedial Investigation/Feasibility Study

QEA & Former Reynolds Metals Reduction Plant - Longview
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In areas outside of the landfills and fill deposits, fluoride concentrations were very low. In
these other areas of the Former Reynolds Plant, all measured fluoride concentrations were
below the MTCA Method B residential screening level of 4,800 mg/kg. These residential
criteria are not applicable to the Former Reynolds Plant given its zoning and its long history
of industrial uses. However, they provide a point of reference for how low the fluoride

levels are in soils outside of the landfills and fill deposits.

As described in Section 8, the existing fluoride concentrations in soils throughout the facility
were evaluated for potential risks to terrestrial ecological receptors. The only materials that
exceeded protective levels for fluoride are the materials contained within the closed fill and
landfill deposits. These materials are currently capped. Options for the long-term

management of these fill and landfill deposits are discussed further as part of the FS.

Evaluation of groundwater data (see Section 5.3) indicates that the soil quality outside of the
landfills and fill deposits is protective of groundwater quality. Groundwater fluoride
concentrations do not exceed applicable screening levels except in the immediate vicinity of

these landfills and fill deposits.

5.2.3 Polycyclic Aromatic Hydrocarbons

Extensive testing of soil, landfill materials and fill deposits was performed for PAH
compounds. These compounds are present in the carbonaceous materials used to construct
the anodes and pot linings used in the aluminum manufacturing process. In particular, the
pitch-based binder material used for constructing anodes tends to contain elevated
concentrations of these compounds. These compounds are typically elevated in the residual
carbon managed in the on-site fill deposits, and in other materials managed in the on-site
landfills.

Plate 5-3 and Figure 5-4 summarize the results of RI/FS testing for PAH compounds,
specifically the carcinogenic polycyclic aromatic hydrocarbon (cPAH) compounds that have
the most stringent screening levels. Both Method A Industrial Soil Cleanup Levels (which
are based on default groundwater protection assumptions that may not be applicable to the
facility) and Method C Industrial Soil Cleanup Levels (which ensure protection of industrial

workers) are available and are used to screen the data on Plate 5-3. As shown on Plate 5-3,
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cPAH concentrations were elevated in certain areas of the Former Reynolds Plant. Areas
with cPAH concentrations in subsurface soils exceeding applicable screening levels included

the following:

o Landfills #1, #2, and #3 (floor sweeps landfill, industrial landfill, and construction
debris landfill)

o Fill Deposits B-1, B-2, and B-3 (residual carbon deposits)

e Northeast corner of the former flat storage area

e Soils near the cryolite area ditches (testing data from pre-RI/FS studies)

e Soil in and near the former stockpile area (testing data from pre-RI/FS studies)

With the exception of a single localized soil sample in the northeast corner of the former flat
storage area, the only soil samples that exceeded the Method C Industrial Soil Cleanup Levels
for cPAH (yellow sampling data on Plate 5-3) are the subsurface soils contained within
Landfill #1 (floor sweeps) and Landfill #2 (industrial), and in the fill deposits containing
residual carbon (Fill Deposits B-1, B-2, and B-3). These landfills and fill deposits are
currently contained and do not present an exposure risk to on-site industrial workers. The
one sample in the flat storage area that exceeded Method C Industrial Soil Cleanup Level
exceeded the cleanup level only slightly, and three samples within 50 feet of that location
were below this soil cleanup level. These factors indicate that the elevated cPAH
concentrations in this location are extremely localized and are not likely to impact on-site

industrial workers.

In addition to evaluating the soil PAH concentrations against cleanup levels protective of
on-site workers as described above, soils were screened against default cleanup levels
intended by Ecology to ensure protection of groundwater quality. Soils and fill materials
exceeding the MTCA Method A Soil Cleanup Level for Industrial Sites (blue data symbols
shown on Plate 5-3) were present in additional areas including Landfill #3 (construction
debris) and in soils near the Cryolite Area ditches and the Former Stockpile Area. The
Method A Soil Cleanup Level is based on default parameters for the protection of
groundwater that may not be applicable to the facility. Groundwater data for PAH
compounds (see Section 5.3) indicate that these compounds have very limited mobility under
facility conditions and these generally do not exceed screening levels in shallow groundwater

at the facility. Naphthalene (one of the non-carcinogenic PAH compounds) exceeded the
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MTCA Method A cleanup level (also based on default parameters for protection of
groundwater quality) within selected samples in some of the same deposits containing
elevated cPAH compounds. Method A exceedances for naphthalene were noted in samples
from Landfill #1, Landfill #2, and from Fill Deposits B-1 and B-3 (residual carbon). None of
the samples exceeded MTCA cleanup levels based on direct-contact exposures for residential
or industrial land uses. See Figure 5-6 for a summary of the naphthalene results in soils,

landfills, and fill deposit materials.

Soil concentrations of PAH (including both cPAH and naphthalene) did not exceed
applicable screening levels in other portions of the Former Reynolds Plant or the Northwest
Alloys property located north of Industrial Way. The areas that complied with PAH

screening levels included the following:

e Northwest Alloys property located north of Industrial Way

e Stormwater drainage areas near facility Outfalls 003 and 005

o Agricultural field southwest of the former Cable Plant

e (Casting pit fill soils

e Materials within fill deposit A (spent lime)

e Soils located between Landfill #3 (construction debris) and the Columbia River

e Soils within the footprint of the former cryolite plant (pre-RI/FS sampling data)

In summary, the results of testing indicate that PAH concentrations in site surface soils are
protective of industrial workers, with the exception of one localized exceedance in the
northeast corner of the flat storage area. Management of soils in that portion of the flat
storage area is addressed in the FS. In other portions of the facility, elevated PAH
concentrations are limited to the subsurface soils contained within the landfills and residual
carbon fill deposits. Industrial workers are not exposed to these soils during regular on-site

work activities.

As described in Section 8, the PAH concentrations in areas outside of the landfill and fill
deposits are protective of ecological receptors. Groundwater testing data are summarized in
Section 5.3 and indicate that except within certain landfill and fill deposits, PAHs are not

elevated in shallow groundwater at the Former Reynolds Plant.
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Total cPAHs as TEQ (mg/kg) RI/FS Soil Sample Location ||
© (2006-2007, 2011-2012)

. <2 RI/FS Landfill or Fill Deposit

W 2-18 Sample Location

[] >1s gp (2006-2007, 2011-2012)
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Approximate Ordinary Geochemical Soil Sample

~" High Water Line @ Location (2006, 2011-2012)

Pre-RI/FS Soil Sample
BPA Propert
! perty /\ Location (2000, 2002)
|__ [Landfill or Fill Deposit

TEQ = Benzo(a)pyrene Toxicity Equivalent

1.2 mg/kg = MTCA Method A soil cleanup level for industrial soil
+(WAC 173-340-745)

2. 18 mg/kg = MTCA Method C soil cleanup level for industrial soil

(WAC 173-340-745)

Samples of soil, landfill contents, and fill deposits throughout the Reynolds facility have been tested extensively for carcinogenic PAH (cPAH) compounds. In most facility areas, these parameters
are present at concentrations below applicable industrial site screening levels (MTCA Method A and Method C industrial soil screening levels, as designated by the green and blue symbols above).
Concentrations exceeding the industrial soil screening levels (MTCA Method C cleanup levels for industrial sites or 18 mg/kg; designated by the yellow symbols above) are present in the residual
carbon and landfill materials managed in the on-site landfills and fill deposits. A localized exceedance is also located in the northeastern corner of the flat storage area.

Refer to Figure 5-4 and Tables 5-5 and 5-14 for detailed cPAH testing results.

Plate 5-3
RI/FS Soil, Landfill and Fill Deposit Testing Results - cPAH
ANCHOR Remedial Investigation/Feasibility Study

QEA & Former Reynolds Metals Reduction Plant - Longview
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5.2.4 Polychlorinated Biphenyls

Testing for PCBs was conducted as part of the RI/FS. As noted in Section 2, the aluminum
manufacturing operations at the Former Reynolds Plant did not include the types of
operations (e.g., rolling mills) that have been associated with PCB impacts at other aluminum
manufacturing sites. The RI/FS included targeted testing within the footprint of former
electrical facilities (rectifier yards) as well as testing within the landfills, fill deposits and

stormwater drainage areas.

Results of PCB testing are shown on Plate 5-4 and Figure 5-5. The green symbols shown on
Plate 5-4 represent soil and fill samples with total PCB (Aroclors) concentrations less than
the MTCA Method A screening level applicable to industrial sites (10 mg/kg). None of the

measured soil concentrations exceeded this Method A screening level.

As described in Section 8, the measured PCB concentrations were all less than the levels
considered protective of terrestrial ecological receptors. As described in Section 5.3, PCBs

have not been detected in any of the groundwater samples.
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PCB = Polychlorinated biphenyl
1. 10 mg/kg = MTCA Method A soil cleanup level for industrial
land uses (WAC 173-340-745)

Soils within the RI/FS tudy Area have been extensively tested for PCBs, including soils near former electrical equipment (recitfier yards), soils in stormwater drainage areas,
and samples of landfill and fill deposit materials. None of the soil, landfill, or fill deposit samples tested exceeded screening levels applicable to industrial sites (MTCA Method
A industrial soil cleanup levels). Refer to Figure 5-5 and Tables 5-5 (landfill and fill deposit samples) and 5-15 (soil samples) for detailed testing results.

Plate 5-4
RI/FS Soil, Landfill and Fill Deposit Testing Results - Total PCBs (Aroclors)
ANCHOR Remedial Investigation/Feasibility Study

QEA & Former Reynolds Metals Reduction Plant - Longview
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5.2.5

Metals and TCLP Metals

The RI/FS testing program included extensive testing of soils, landfills, and fill deposits.

Results of testing for heavy metals are summarized in Tables 5-3 (landfill materials and fill

deposits) and 5-13 (other facility soils). Results confirm that concentrations of heavy metals

are very low within the Former Reynolds Plant.

As described in the following bulleted list, with the exception of localized metals

exceedances in the landfill deposits, concentrations of heavy metals were below screening

levels applicable to industrial sites:

Fill Deposits A (spent lime) and B-1, B-2, and B-3 (residual carbon). No exceedances
of screening levels were noted for 13 of the 14 heavy metals, including antimony,
arsenic, barium, beryllium, cadmium, copper, lead, mercury, nickel, selenium, silver,
thallium and zinc (see Table 5-3). Total chromium concentrations in most fill deposit
samples were below the natural background concentrations (42 mg/kg) estimated by
Ecology for the state of Washington (Ecology 1994). A single sample of residual
carbon contained chromium (43.1 mg/kg) in excess of this value. This result is not
statistically significant as defined under MTCA compliance monitoring requirements
(WAC 173-340-740). The detected chromium concentration was also well below the
screening level based on chromium IIT (2,000 mg/kg), which is the most common
form of chromium.

Landfill #1 (floor sweeps) and Landfill #2 (industrial landfill). Heavy metals
concentrations generally complied with screening levels in the tested landfill contents
(see Table 5-3). No exceedances were noted for 11 of the 14 heavy metals tested,
including antimony, barium, beryllium, copper, lead, mercury, nickel, selenium,
silver, thallium and zinc. Sporadic exceedances were noted for arsenic, cadmium and
chromium. For arsenic all samples were below both the Method A and Method C
industrial soil screening levels, and only 1 of 10 samples exceeded the Method A
screening level. Cadmium slightly exceeded (by less than two-fold) the Method A
screening levels (2 mg/kg) in three of ten samples tested. Chromium concentrations
exceeded the natural background concentrations for total chromium (42 mg/kg;
Ecology 1994) in five of ten samples but were below the screening level based on

chromium III (2,000 mg/kg, the most common form of chromium) in all samples.
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e Rectifier Yard Soils. Soils in the rectifier yards were tested for mercury (to verify that
historical use of mercury-containing electrical components did not result in impacts
to site soils). No mercury was detected in these soil samples (see Table 5-13).

e Drainage Area Soils. Heavy metals tested in stormwater drainage area soils (in the
vicinity of Outfalls 003 and 005) were below screening levels for 9 of 10 metals,
including antimony, cadmium, chromium, copper, lead, mercury, nickel, silver, and
zinc (see Table 5-13). Arsenic concentrations near Outfall 5 were below screening
levels. The sample collected adjacent to the CDID ditch (sample AQ-OF5D; see
Figure 5-3) and the sample collected near Outfall 003 were both intermediate
between the MTCA Method A and Method C cleanup levels.

In addition to the testing of heavy metals in the soil, landfill and fill deposits, Ecology
requested that the landfill and fill deposit materials be evaluated for TCLP metals. This test
is not used as part of MTCA cleanup level evaluations. Rather, the TCLP metals test is used
under state and federal regulations to determine whether soils or other materials designated
for off-site management require special management under State Dangerous Waste or
Federal Hazardous Waste regulations. Bioassay tests are also used by the State of
Washington as part of this classification process. Bioassay tests were performed on landfill

and fill deposit samples described as follows:

e TCLP Testing Data (see Table 5-4). Four fill deposit samples and 8 landfill samples
were tested for TCLP metals. No exceedances of test criteria were noted in any of the
samples.

o Waste Bioassay Testing. As an additional verification step, one sample from each of
the fill deposits and from Landfills #1 and #2 were tested under the Washington state
bioassay test used by Ecology as part of state waste classification procedures. No
toxicity was measured in any of the test samples, indicating that none of the samples
tested would characterize as Dangerous Waste under Washington State criteria

(WAC 173-303-100). Results of bioassay testing are contained in Appendix F.

5.2.6 Total Petroleum Hydrocarbons

Testing for petroleum hydrocarbons was performed in several areas of the Former Reynolds

Plant during the RI/FS. Exploratory testing was performed in the rectifier yards, the field
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southwest of the Cable Plant, and in the three landfills and in Fill Deposit B-1 and B-2.

Follow-up testing was also performed within the HTM Oil Area. No areas of petroleum

exceeding applicable screening levels were identified during that testing, as summarized in

the following:

Rectifier Yard Soils. Seven samples from the rectifier yards (at RY1, RY2, RY3, RY4,
RY5, and RY6) were analyzed for petroleum. None of these samples exceeded the soil
screening levels (see Table 5-16).

Field Southwest of the Cable Plant. Two samples from the field southwest of the
cable plant (at AQ-SSA1-03 and -06) were analyzed for petroleum. Neither of these
samples exceeded the soil screening levels (see Table 5-16).

Landfill #3 (construction debris). Testing for petroleum was performed in the
construction debris landfill using the hydrocarbon identification (HCID) and
NWTPH-Dx methods. Based on TPH-HCID detections for two samples from
Station AQ-SSA7-05 in the Landfill #3 (construction debris) area (see Table 5-7),
these samples were selected for follow-up analysis via NWTPH-Dx. Petroleum
concentrations in both samples were below the soil screening levels.

Landfills #1 (floor sweeps) and #2 (industrial) and Fill Deposits B-1 and B-2 (residual
carbon). Samples of selected landfill and fill deposit materials from Landfill #1 (floor
sweeps), Landfill #2 (industrial landfill), and Fill Deposits B-1 and B-2 containing
residual carbon were initially submitted for petroleum testing using both the
NWTPH-Dx and EPH analytical methods. The two tests were performed to provide
multiple lines of evidence to help distinguish between petroleum hydrocarbons and
the PAH-containing carbonaceous materials known to be present in these deposits.
These landfills and fill deposits all contained carbonaceous aluminum manufacturing
byproducts and elevated PAH concentrations (see Section 5.2.3). Results of the
petroleum analysis were flagged by the analytical laboratory as being inconsistent
with the properties of petroleum. A detailed review of the chromatogram traces
indicated that the results of these tests did not contain petroleum hydrocarbons, and
that results were not valid due to interference from PAH compounds present in the
samples. The findings confirm that no petroleum was present at elevated
concentrations in these materials. A full discussion of the NWTPH-Dx data and

chromatogram analysis for these samples is provided in Appendix F.

Remedial Investigation/Feasibility Study January 2015
Former Reynolds Metals Reduction Plant — Longview 110 130730-01.01



Remedial Investigation Findings

e HTM Qil Area. Twenty-seven soil samples from the HTM Oil Area were analyzed for
petroleum hydrocarbons. TPH concentrations for five samples from the HTM Oil
Area exceeded the default MTCA Method A soil screening level (2,000 mg/kg for the
sum of diesel and oil-range hydrocarbons). Based on the NWTPH-Dx results, three
soil sample intervals were analyzed using the Washington State EPH method to
provide information for developing site-specific TPH cleanup levels protective of
groundwater and direct contact for the HTM Oil Area. Results of EPH testing were
used along with Ecology’s TPH Workbook to develop a site-specific cleanup level
(Ecology 2007, 2011; see Appendix G). Results indicated that the petroleum
concentrations tested were below levels protective of direct contact risk and of
groundwater quality. A site-specific soil cleanup level of 12,050 mg/kg was developed
based on protection of direct contact for unrestricted land use and for protection of
groundwater quality (see Appendix G). None of the measured soil petroleum
concentrations exceeded this value. Additionally, groundwater testing has been
performed in this area (see Section 5.3), and no impacts to groundwater have been

detected.

5.2.7 Volatile Organic Compounds
Testing was performed for VOCs during the RI/FS (see Table 5-8 and Figure 5-7). No

chlorinated solvents or other typical VOCs were identified in excess of applicable screening
levels (see Table 5-8). These results are consistent with findings from groundwater studies

(see Section 5.3), which do not indicate VOC impacts in facility groundwater.

Soil testing performed during 2006 included testing of fill samples from Landfills #1 (floor
sweeps) and #2 (industrial landfill). No VOCs exceeded applicable screening levels in

these samples.

During 2012, additional testing was performed on 17 samples of landfill materials from
Landfill #1 (floor sweeps), Landfill #2 (industrial landfill) and Fill Deposits A (spent lime),
and B-1, B-2, and B-3 (residual carbon). No chlorinated solvents or other typical VOCs

exceeded applicable screening levels in these samples other than naphthalene.
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Based on separate testing of PAH compounds using the SVOC test method (see Section 5.2.3
and Figure 5-6), naphthalene is known to be present in the landfills and fill deposits.
Naphthalene is a PAH compound associated with the carbonaceous aluminum
manufacturing byproducts, and it is included within the list of analytes that can be measured
using the VOC test method. Naphthalene concentrations measured in two samples tested
using the VOC test method exceeded the soil screening level (MTCA Method A cleanup
level). This included one sample from Landfill #1 (floor sweeps) and one sample from
Landfill #2 (industrial). These results are consistent with the findings of the testing
performed using the SVOC test method.

5.2.8 Pesticides

As part of the comprehensive nature of the RI/FS testing program, the RI/FS included testing
for pesticides in fill samples from the Old Industrial Landfill and Floor Sweeps Landfill.

Pesticides were not detected in either sample.

5.2.9 Nutrients

During operation of the facility by CVI, thin stillage (an agricultural byproduct from ethanol
manufacturing that is sometimes used as cattle feed) was applied to a portion of the field
located southwest of the Cable Plant. Consistent with Ecology requirements, nutrient
testing was performed to determine if soils in this area had high residual levels of nutrients
(elevated levels of the nutrients nitrogen and phosphorous can be present in thin stillage).
Testing included analysis of eight test samples from the thin stillage application areas, and
two unaffected samples from clean reference areas where no thin stillage was applied. Test
parameters included ammonia, nitrate, phosphorous, potassium, total Kjeldahl nitrogen, total

organic carbon, and TS.

Results of nutrient testing are summarized in Table 5-17. The range of nutrient
concentrations in the test samples was not significantly different from the concentrations of

nutrients in the reference samples.
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5.2.10 Soil Geochemical Testing

Fluoride in groundwater can geochemically interact with soils, immobilizing fluoride or
retarding its movement. To assess the potential effects of facility soils on fluoride fate and
transport, specialized geochemical testing was performed in selected portions of the Former

Reynolds Plant. Geochemical testing included the following:

e Soil SPLP Testing. Several samples of soil were tested using the SPLP. Results from
this testing are summarized in Table 5-9.

e Lysimeter Testing. Lysimeters were installed in several of the fill deposits containing
spent lime and residual carbon in order to develop a direct measurement of the
concentrations of fluoride and cyanide in the soil porewater. These lysimeters were
placed directly in the lime and carbon materials containing elevated fluoride. Testing
also included measurement of pore-water geochemical properties useful for
evaluating fluoride fate and transport processes. Lysimeter testing data are

summarized in Table 5-10 and as follows:

- Cyanide. Free cyanide concentrations measured in the lysimeters were very low,
ranging from non-detect (less than 0.0005 milligrams per liter [mg/L]) to
0.00822 mg/L. These concentrations are well below the groundwater screening
levels (MCL; 0.2 mg/L). These results are consistent with the results of groundwater
testing, which has shown very low or non-detectable groundwater cyanide
concentrations even in wells located within or adjacent to the fill deposits.

- Fluoride. Lysimeter testing included three rounds of fluoride analysis. The
fluoride concentrations measured in the different lysimeters ranged from
53.8 mg/L to 164 mg/L. The highest concentrations were measured in Fill Deposit
B-2, which also had the highest measured groundwater fluoride concentrations
(see Section 5.3.2).

- Geochemical Parameters. Geochemical parameters measured in the lysimeters
included aluminum, calcium, iron, magnesium, manganese, potassium, silicon,
and sodium, and groundwater pH and redox potential. The pH was highest in the
spent lime deposits, which is consistent with the known properties of this

material. Refer to Table 5-10 for detailed testing results.

e Geochemical Test Borings. Four test borings were placed within and downgradient of

Fill Deposit B-2, located east of the former Cryolite Recovery Plant. These borings
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were used to collect soil test samples for specialized geochemical testing. Soil samples
from the borings were initially tested for fluoride, TOC, pH, and TS. The data from
these analyses are presented in Table 5-11. Geochemical test boring results confirmed
the presence of soils and fill materials containing elevated fluoride and carbon
concentrations in the upper samples from the first three borings (GC-SB-01,
GC-SB-02, and GC-SB-03). The concentrations of fluoride in the shallow soil samples
from these borings ranged up to 54,000 mg/kg. Below 7.5 feet bgs, the fluoride
concentrations decreased rapidly with depth. Fluoride concentrations in the soils
beneath the fill deposit and in the boring (GC-SB-04) located north of the deposit
were very low, typical of background soil concentrations. Subsamples from the
geochemical test borings were used for evaluation of soil geochemical properties.

That work is described separately in Section 6.2 and in Appendix H.

5.3 Testing Results for Groundwater

Testing of groundwater was conducted over a series of multiple sampling events. The
primary sampling events occurred in September and October 2006, July 2011, October 2011,
and October 2012. Specific testing parameters varied with sampling event, consistent with

Ecology testing requirements defined in the RI/FS Work Plan and Addenda (see Section 3).

Groundwater data are presented in tabular format for the West Groundwater Area

(see Tables 5-18a to 5-18f) and for the East Groundwater Area (see Tables 5-19a to 5-19e).
Sampling data are presented in the figures (see Figures 5-8a through 5-12) at the end of this
section. Key findings are summarized in the plates within the section and are

described below.

5.3.1 Cyanide

Groundwater cyanide concentrations within the Former Reynolds Plant are very low and
have decreased over time. Testing has included measurements of total, WAD, and free

cyanide, and testing of both unfiltered and filtered groundwater samples.

In the West Groundwater Area, none of the groundwater samples collected during any of the
RI/FS sampling events (during 2006, 2011, and 2012) exceeded the groundwater MCL
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(0.2 mg/L) for free cyanide (see Table 5-18 b). Concentrations of free cyanide also exhibited
a decrease between 2006 and the 2011 and 2012 sampling events. As shown on Plate 5-5, the
green data symbols indicated that 2012 free cyanide concentrations in all West Groundwater
Area samples were below both the groundwater screening levels (0.2 mg/L) and surface
water screening levels (0.0052 mg/L). Cyanide testing results are presented for 2006, 2011,
and 2012 sampling events on Figures 5-8a through 5-8e.

In the East Groundwater Area, concentrations of free cyanide also exhibited a substantial
decrease between 2006 and the 2011 and 2012 sampling events. One of the groundwater
samples (location PZ-5 located near the Former Stockpile Area) slightly exceeded the
groundwater MCL in 2006, but concentrations decreased significantly by the 2011 and 2012
sampling events. During 2011 and 2012, none of the free cyanide results in the East
Groundwater Area (see Table 5-19 b) exceeded the groundwater MCL (0.2 mg/L). As shown
on Plate 5-5, the 2012 free cyanide concentrations in most East Groundwater Area samples
were below both the groundwater screening level (0.2 mg/L) and surface water screening
level (0.0052 mg/L). Only three locations (two near the former Stockpile Area and one near
Landfill #1 (floor sweeps) remained in excess of the surface water screening levels (refer to
the blue data symbols on Plate 5-5). Wells located downgradient of these locations are clean
(as shown by the green data symbols on Plate 5-5), with free cyanide concentrations less
than the surface water screening level. These results confirm that groundwater is protective
of water quality in the adjacent CDID ditches. Refer to Table 5-19b and Figures 5-8a
through 5-8e for detailed testing results.
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2012: Total Free Cyanide (mg/L) & Groundwater Sampling Location

[ <0.0052 Approximate Ordinary
. 0.0052 - 0.2 ~~ High Water Line

D >0.2 - BPA Property

[ Not Measured | [Landiil or Fill Deposit

1. Co-located samples are for shallow/deeper well pairs; upper boxes
represent shallower wells, and lower boxes represent deeper wells.
2.0.0052 mg/L = surface water quality criterion under WAC 173-201a
3. 0.2 mg/L = MTCA Method A groundwater cleanup level

(WAC 173-340-720)

Groundwater within the Reynolds Facility has been tested extensively for cyanide, including testing of wells screened at the water table and at deeper intervals within the
silty/clay of the upper alluvium (testing locations at paired wells are shown by the stacked boxes above). Cyanide concentrations in all of the groundwater samples tested in
2011 and 2012 were well below the safe drinking water standard (groundwater MCL, 0.2 milligrams per liter [mg/L]). Testing also confirmed that cyanide concentrations in
groundwater in downgradient locations near the CDID ditches and along the Columbia River comply with water quality levels established for protection of fish and aquatic life.
Refer to Figures 5-8a through 5-8e and Tables 5-18b and 5-19b for detailed testing results.

Plate 5-5
RI/FS 2012 Groundwater Testing Results - Total Free Cyanide
ANCHOR Remedial Investigation/Feasibility Study
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5.3.2 Fluoride

Groundwater fluoride concentrations within most of the Former Reynolds Plant are below
groundwater screening levels. The exception to this is the shallow groundwater located
within or immediately adjacent to the existing landfills and fill deposits. Groundwater
testing was performed during 2006, 2011 and 2012 to document current fluoride distribution.
Testing included sampling of both total and dissolved fluoride. Detailed sampling results are
presented in Tables 5-18b and 5-19b, and on Figures 5-9a through 5-9e. Data from the most
recent events in 2012 are summarized on Plate 5-6 for total fluoride. Green data symbols on
that Plate and on Figures 5-9a through 5-9e represent groundwater fluoride concentrations
that are below the drinking water MCL (4.0 mg/L).

In the West Groundwater Area, the highest concentrations of fluoride are measured in wells
located within Fill Deposit B-3 and adjacent to Landfill #2 (industrial landfill), and in the
wells located immediately downgradient of the Closed BMP Facility (see Plate 5-6).

Additional details regarding West Groundwater Area fluoride concentrations are as follows:

e Concentrations of fluoride in the wells located adjacent to the Closed BMP Facility
have been decreasing over time as documented during the groundwater post-closure
monitoring (refer to the groundwater trend analysis in Appendix B). This decrease
confirms that the closure of that facility is functioning as expected.

e Concentrations of fluoride in groundwater within and adjacent to Landfill #2 and
Fill Deposit B-3 attenuate rapidly with distance from the fill materials. The
concentrations of fluoride in wells located within or immediately adjacent to the
deposits (RLSW-1, RLSW-2 and RLSW-3 and G6-S; see Figures 5-9a through 5-9e)
are similar to the fluoride concentrations measured in lysimeters placed within the
deposits. In contrast, fluoride concentrations in the well pair located just
downgradient of the deposits, adjacent to the CDID ditch (RL-1S and RL-1D) are very
low. The deeper well in the pair complies with the groundwater MCL (4 mg/L) and
the fluoride concentration in the shallower groundwater well is roughly ten-fold
lower than the fluoride concentration measured in wells immediately adjacent to the

fill deposit.
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1. Co-located samples are for shallow/deeper well pairs; upper boxes
represent shallower wells, and lower boxes represent deeper wells.
2. 4 mg/L = drinking water MCL

(WAC 246-290-310)

Groundwater within the Reynolds Facility has been tested extensively for fluoride. The mobility of fluoride in groundwater is limited by: 1) the geochemical properties of the area soils; and 2) the
upward groundwater gradients between the deeper aquifer and the thick layer of silt and clay soils (upper alluvium) on which the facility is located. Elevated fluoride levels (blue, yellow, and purple
symbols above) are present only in the shallow groundwater located immediately adjacent to the landfills and fill deposits. The groundwater quality in downgradient areas, and all deep water supply
wells (results not shown) are below the screening levels protective of drinking water (green symbols above indicate groundwater fluoride concentrations less than the MCL of 4 milligrams per liter
[mg/L]). Refer to Figures 5-9a through 5-9e and Tables 5-18b and 5-19b for detailed testing results.

Plate 5-6
RI/FS 2012 Groundwater Testing Results - Total Fluoride
ANCHOR Remedial Investigation/Feasibility Study

QEA & Former Reynolds Metals Reduction Plant - Longview
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In the East Groundwater Area, groundwater monitoring data show that fluoride
concentrations attenuate rapidly with distance from the fill and landfill deposits, which are

summarized as follows:

o Fill Deposit A (spent lime) and B-1 (residual carbon). Groundwater concentrations
immediately downgradient of these deposits comply with the groundwater MCL
(see well pair G4-S and G4-D on Figures 5-9a through 5-9e). This is more than
10-fold to 20-fold lower than the concentrations of fluoride measured in the
lysimeters within the fill deposits.

e Landfill #1 (floor sweeps). Two well pairs are located immediately adjacent to this
landfill (less than 10 feet from the landfill contents). In both well pairs, the deeper
groundwater samples comply with the groundwater MCL, and the fluoride
concentration in the shallower groundwater samples slightly exceed the MCL.

e Fill Deposit B-2 (residual carbon). The highest groundwater fluoride concentrations
within the Former Reynolds Plant are located within Fill Deposit B-2, located just
east of the former Cryolite Recovery Plant. The groundwater wells in this area are
located within the fill deposit and immediately adjacent to the former Stockpile Area
and cryolite area ditches. Groundwater in this area has elevated alkalinity, which
enhances fluoride solubility. In contrast, the groundwater fluoride concentrations
immediately downgradient of this deposit (Well R-2; see Figures 5-9a through 5-9e)
are consistently below the MCL, showing that fluoride in this area is
relatively immobile.

e Landfill #3 (construction debris). One well is located adjacent to Landfill #3. The
fluoride concentration in this well (SSA7-MWO01; see Figures 5-9a through 5-9e)
slightly exceeds the MCL.

Taken together with other RI/FS monitoring data, the groundwater data for fluoride
demonstrate that the closure of the Closed BMP Facility has been effective, and that the
elevated fluoride present in shallow groundwater adjacent to the other landfill and fill
deposits is localized and relatively immobile. The higher concentrations of fluoride present
within Fill Deposit B-2 appear to be a function of the fill deposits and the geochemical

properties of this area, including the elevated alkalinity of groundwater.
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Groundwater fluoride concentrations attenuate rapidly with depth and with distance
laterally from these landfills and fill deposits. This has been observed in all areas of the
Former Reynolds Plant, including the areas near Fill Deposit B-2. Surface water monitoring
(see Section 5.4) demonstrates that the fluoride present in the shallow groundwater is not
impacting water quality in the adjacent CDID ditches located downgradient from the Former

Reynolds Plant.

Section 6 presents the results of an expanded analysis of the factors limiting fluoride mobility
in the Former Reynolds Plant groundwater. That analysis includes analysis of detailed
geochemical testing information, and provides estimates of how these natural processes
interact to limit fluoride mobility in groundwater under existing conditions. The FS includes
additional evaluations of how potential soil and groundwater remediation methods may
modify these existing conditions. This understanding is used to inform the evaluation of

remedial alternatives as presented in Section 10.

5.3.3 Polycyclic Aromatic Hydrocarbons

As requested by Ecology, groundwater samples from selected locations were analyzed for
PAH compounds. Results from each round of sampling (2007, 2011, and 2012) are presented
on Figures 5-10a, 5-10b and 5-10c respectively, and in Tables 5-18e and 5-19d. Plate 5-7
shows the maximum concentration of cPAH compounds measured during each of those

sampling events.

None of the measured cPAH concentrations from the West Groundwater Area exceeded
groundwater screening levels (MTCA Method A groundwater cleanup levels). As shown on
Plate 5-7 by the green data symbols, groundwater concentrations of cPAH in the West
Groundwater Area were less than both the Method A groundwater cleanup levels, and also
the Method B surface water screening levels. Testing locations include wells located
immediately adjacent to Fill Deposit B-3 (residual carbon) and Landfill #2 (industrial). No
exceedances of either the groundwater screening levels or the surface water screening levels
were noted for the groundwater wells located adjacent to the Flat Storage area (see

Plate 5-7).
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Maximum 2007-2012 Groundwater cPAHs as TEQ (ug/L) & Groundwater Sampling Location

[ <o0.03 Approximate Ordinary
| o003-01 ~ " High Water Line

W >o01 -BPA Property

[®] Sampled but Not Detected |__ [Landfill or Fill Deposit
] Not Measured

1. Co-located samples are for shallow/deeper well pairs; upper boxes
represent shallower wells, and lower boxes represent deeper wells.
2. 0.03 pg/L = MTCA Method B surface water cleanup level
(WAC 173-340-730)
2. 0.1 pg/L = MTCA Method A groundwater cleanup level

| (WAC 173-340-720)

Groundwater within the Reynolds Facility has been tested extensively for carcinogenic PAH (cPAH) compounds. The cPAH concentrations in groundwater samples tested in 2007, 2011, and
2012 were all below the MTCA screening level protective of drinking water quality (MTCA Method A groundwater cleanup level, 0.1 milligrams per liter [mg/L] (expressed as Benzo(a)pyrene
toxic equivalents or TEQ) except for three wells. One of these wells were located adjacent to Landfill #1 (Floor Sweeps) and the other two were located within Fill Deposit B-2 (Residual Carbon).
Testing confirmed that cPAH concentrations in groundwater in downgradient locations near the CDID ditches and along-side the Columbia River comply with MTCA Method B surface water
cleanup levels (0.030 ug/L). Refer to Figures 5-10a through 5-10c and Tables 5-18e and 5-19d for detailed testing results.

Plate 5-7

RI/FS 2007-2012 Groundwater Testing Results - Total cPAHs as TEQ

ANCHOR Remedial Investigation/Feasibility Study
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QEA & Former Reynolds Metals Reduction Plant - Longview
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Though naphthalene was detected at elevated soil concentrations within Landfill #2
(industrial) and within Fill Deposit B-3 (residual carbon), no exceedances of groundwater
screening levels were noted for this compound. The absence of elevated naphthalene
concentrations in the West Groundwater Area is not surprising because of two factors. First,
the high organic carbon content of the landfill and residual carbon materials tends to limit
naphthalene leachability and thereby minimize the potential for naphthalene to impact
shallow groundwater. Second, naphthalene is a biodegradable compound under typical
groundwater conditions, which further limits the potential for naphthalene to persist in

groundwater.

In the East Groundwater Area, cPAH concentrations during the 2012 sampling events were
below the groundwater screening levels (MTCA Method A Groundwater Cleanup Levels;
0.10 micrograms per liter [ug/L]) in all locations except for the wells located immediately
within or adjacent to fill deposits. These three localized areas (refer to purple sample data
symbols on Plate 5-7) included wells located immediately adjacent to Landfill #1 (floor
sweeps) and Fill Deposit B-2 (residual carbon). The cPAH concentration in wells located
further downgradient were less than both the groundwater screening level and the surface
water screening level (MTCA Method B Surface Water Cleanup Level; 0.030 pg/L),
indicating that groundwater quality is protective of surface water quality in the adjacent

CDID ditches (refer to green sample data symbols on Plate 5-7).

No exceedances of groundwater or surface water screening levels for cPAH were noted in
the well located between Landfill #3 (construction debris) and the Columbia River
(see Plate 5-7).

5.3.4 Polychlorinated Biphenyls

As part of the RI/FS testing program, Ecology required testing for PCBs in groundwater at
wells located immediately downgradient of the landfills and fill deposits. As summarized on
Plate 5-8, no PCBs were detected in any of the groundwater samples analyzed (green sample
data symbols on Plate 5-8 indicate non-detect results for PCBs in groundwater). Results of

groundwater testing are consistent with PCB sampling in soils, which did not identify any
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PCBs in excess of soil screening levels. Refer to Figure 5-11 and in Tables 5-18f and 5-19e for

detailed sampling results.

5.3.5

Heavy Metals

Sampling for heavy metals was performed during 2011 and 2012 at selected locations

identified by Ecology, and is summarized as follows:

During July and October of 2011, the dissolved metals arsenic, chromium, copper, and
nickel were analyzed at all nine “RL” series monitoring wells in the West
Groundwater Area.

During October of 2012, total and dissolved arsenic, chromium, copper, and nickel
were analyzed at well SSA4-MW-01 in the West Groundwater Area and at wells
SSA6-MW-01 and SSA7-MW-01 located in the East Groundwater Area.

Both total and dissolved priority pollutant metals were analyzed at wells located
downgradient from the landfills and fill deposits. These wells included locations
RL-1S and RLSW-3 in the West Groundwater Area and wells G2-S, G4-S, and R-2 in

the East Groundwater Area.

Results from all heavy metals testing events are presented in Tables 5-18c and d (West

Groundwater Area) and Table 5-19¢ (East Groundwater Area). Findings of this testing

indicate that groundwater heavy metals concentrations are below applicable screening levels:

In both the West Groundwater Area and the East Groundwater Area, all dissolved
arsenic concentrations were less than the background arsenic concentrations
estimated for Cowlitz County. Concentrations of arsenic in regional Cowlitz County
supply wells are available from the Washington Department of Health. Available
data for the period 2001 to 2011 range up to approximately 55 pg/L, with a median
value of approximately 10 pg/L and a 90 percentile value of 42 pg/L.
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2012 PCB Results & Groundwater Sampling Location
. PCBs Not Detected Approximate Ordinary
[ PCBs Detected
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1. Co-located samples are for shallow/deeper well pairs; upper
boxes represent shallower wells, and lower boxes represent deeper
wells.

As part of the RI/FS, ology required groundwater samples at selected locations to be tested for the presence of PCBs. No PCBs were detected in any of the groundwater
samples analyzed (groundwater samples tested for PCBs and in which PCBs were not detected are indicated by the green symbols above.) Refer to Figure 5-11 and
Tables 5-18f and 5-19e for detailed testing results.

Plate 5-8
RI/FS 2012 Groundwater Testing Results - Total PCB Aroclors
ANCHOR Remedial Investigation/Feasibility Study
QEA & Former Reynolds Metals Reduction Plant - Longview
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o All other heavy metals testing results for the West Groundwater Area and East
Groundwater Area were less than the groundwater screening levels. The only
exception was one RI/FS sampling result for dissolved chromium in well RL-2S
(66.7 pg/L). That result slightly exceeded the groundwater screening level (50 pg/L;
MTCA Method A) for chromium VI but was well below the screening level for
chromium III, the more common chromium species. Follow-up testing
(see Appendix E) confirmed that no chromium VI was detectable in this well
(reporting limit 1 pg/L). Therefore, reported chromium levels in well RL-2S consist
primarily of chromium IIT and do not represent an exceedance of MTCA groundwater
screening levels. All other 2011 and 2012 samples were below applicable
groundwater screening levels for dissolved chromium, copper, and lead.

e In addition to the data collected for the RI/FS, historical groundwater data collected
prior to the RI by CVI (see Appendix C) and collected subsequently by MBTL as part
of quarterly monitoring activities were also reviewed. These data, contained in
Appendix C, included elevated readings for chromium, nickel, and copper in well
RL-5 in the West Groundwater Area and in well R-3 in the East Groundwater Area.
These elevated readings were shown to be biased high by the presence of dissolved
salts, which are known to cause method interferences with the analytical methods
used.

e Follow-up testing using alternative analytical methods that are not adversely affected
by dissolved salts (i.e., EPA Method 1640; EPA 1997) demonstrated much lower
concentrations, well below applicable groundwater or surface water screening levels.
This follow-up testing is described in Appendix E, along with a summary of how the

method interference issue was identified and quantified.

5.3.6 Volatile Organic Compounds

As part of the RI/FS testing program, VOCs were analyzed at selected locations within the
Former Reynolds Plant. Green sample data symbols on Plate 5-9 indicate locations were
VOCs were tested for in groundwater but were not detected. The designated testing

locations were located downgradient of landfill and fill deposits as shown on Plate 5-9.
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No VOC compounds were detected in any of the groundwater samples analyzed. These
results are consistent with the soil VOC testing results, which did not identify any
chlorinated solvents or typical VOCs in excess of applicable soil screening levels. Refer to
Figure 5-12 and Tables 5-18f and 5-19e for detailed testing results. VOC detection limits
were below applicable screening levels for most VOC compounds. VOC detection limits
slightly exceeded applicable screening levels for 1,2-dichloropropane,
bromodichloromethane, cis-1,3-dichloropropene, trans-1,3-dichloropropene,
1,2-dibromoethane, and vinyl chloride. There is no indication that these compounds were
used at the Former Reynolds Plant, and none of the parent compounds that can result in
production of these compounds (e.g., TCE as a parent compound for vinyl chloride) were

detected.

5.3.7 Total Petroleum Hydrocarbons
The RI/FS testing program included analysis for petroleum hydrocarbons in the HTM Oil

Area. That testing included installation and sampling of a new groundwater monitoring well
(SSA6-MW-01).

Groundwater testing results are presented in Table 5-19f. Testing for this well was
performed three times, including in January 2012, October 2012 and December 2012.
Measured NWTPH-Dx concentrations (performed with silica gel cleanup) were well below
groundwater screening levels. The maximum detected concentration of petroleum in
groundwater was 0.23 mg/L (the sum of diesel and oil range TPH), well below the
groundwater screening level of 0.5 mg/L. EPH were also tested for this groundwater sample

in January 2012. EPH concentrations were below method detection limits.

5.3.8 Groundwater Geochemical Parameters

As part of the RI/FS groundwater testing program, geochemical parameters were analyzed to
provide inputs to the evaluation of fluoride fate and transport properties contained within
Section 6 of this RI/FS. That testing included analysis of conventional parameters in the field
at the time of groundwater sampling and laboratory analysis of geochemical indicator

parameters.
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As part of the RI/FS testing program, Ecology required testing of groundwater for VOCs in areas located downgradient of certain landfill and fill deposits. No VOCs were
detected in any of these groundwater samples. Refer to Figure 5-12 and Tables 5-18f and 5-19e for detailed testing results.

Plate 5-9

RI/FS 2012 Groundwater Testing Results - VOCs
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Field testing of geochemical parameters included evaluation of groundwater pH. The pH of
most groundwater within the Former Reynolds Plant is near neutral, ranging typically
between 6 and 8. Alkaline groundwater is located in two areas of the facility. Alkalinity is

significant in that it can enhance the solubility of fluoride.

Areas with notable alkalinity in groundwater included the following:

e Shallow groundwater wells PZ-6 and RL-2S located near the Closed BMP Facility
have elevated pH values (higher than other West Groundwater Area wells; ranging
between 8.4 and 9.8). Analysis of historical trends indicates that the pH in these
wells has been decreasing (approaching neutral pH) since closure of the facility.

e In the East Groundwater Area, alkaline groundwater was present in the vicinity of
the Former Stockpile Area and Fill Deposit B-2. Groundwater pH in this area ranged
from 8.35 to 10.51. This alkalinity correlates with higher fluoride solubility in

groundwater in this area.

Results of other geochemical testing are included in Table 5-18a (West Groundwater Area)
and 5-19a (East Groundwater Area). These results are discussed further as part of the fate

and transport analysis in Section 6.

5.4 Testing Results for CDID Ditches and Surface Water

The RI/FS testing program included extensive testing of surface water quality within the
Columbia River and CDID ditches within the RI/FS Study Area. Surface water samples were
collected from these areas during the 2006, 2011, and 2012 sampling events. The ditch and
surface water results are presented in Table 5-20, and on Figures 5-13a, 5-13b, 5-14a, and
5-14b. Key findings are discussed as follows.

5.4.1 Cyanide

Testing for cyanide was conducted within the Columbia River and the CDID ditches within
the RI/FS Study Area. Testing included analysis of total, WAD cyanide, and free cyanide.
Free cyanide results were compared to surface water screening levels (State of Washington

water quality criteria).
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None of the surface water samples exceeded surface water screening levels for free cyanide
during the 2006, 2011 or 2012 sampling events. Plate 5-10 shows the results of the 2012
sampling event which was the most extensive. Green sample data symbols in that figure
represent sampling locations at which free cyanide was tested for but was not detected above

the surface water screening level (0.0052 mg/L).

Results of cyanide testing in surface water confirm that conditions within the Former
Reynolds Plant do not exceed surface water quality criteria for COCs. Refer to Table 5-20
and to Figures 5-13a and 5-13b for detailed testing results.

5.4.2 Fluoride

Extensive testing was performed for fluoride in surface water samples from the Columbia
River and CDID ditches located within the RI/FS Study Area. The testing program included
evaluation of both total and dissolved fluoride concentrations. Testing was performed during
2006, 2011, and 2012.

Results of surface water testing confirm that surface water quality in the Columbia River and
CDID ditches does not exceed surface water quality criteria for the COCs. The fluoride
concentrations in all RI/FS surface water testing samples were below the applicable surface
water screening level (groundwater MCL, 4 mg/L). Concentrations of fluoride in the
Columbia River samples were consistently below 0.2 mg/L. Refer to Plate 5-11, Table 5-20,
and to Figures 5-14a and 5-14b for detailed testing results.

5.4.3 Geochemical Testing Parameters

As part of the RI/FS testing program, surface water samples from the Columbia River and
from the CDID ditches were analyzed for geochemical parameters. These included analysis
of field parameters at the time of sampling and laboratory analysis of additional parameters
(aluminum, calcium, iron, magnesium, manganese, potassium, silicon, sodium, chloride,
alkalinity, suspended solids, and TDS). The geochemical data are presented in Table 5-20.
These data have been incorporated into the analysis of fluoride fate and transport

(see Section 6).
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Extensive testing has been performed during the RI/FS to verify the protection of water quality in the Columbia River and in the CDID ditches located adjacent to the Reynolds
Facility. The green symbols shown above identify ditch and surface water sampling locations analyzed for cyanide during 2012; all tested samples complied with water quality
criteria established by Washington State for the protection of aquatic life. Refer to Figures 5-13a and 5-13b and Table 5-20 for detailed testing results.

Plate 5-10

RI/FS 2012 Surface Water and Ditch Water Testing Results - Total Free Cyanide
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(WAC 246-290-310)
Extensive fluoride testing has been performed during the RI/FS to verify the protection of water quality in the Columbia River and in the CDID ditches located adjacent to the
Reynolds facility. The green symbols shown above identify ditch and surface water sampling locations tested for fluoride during the most recent sampling events in 2012.

None of the tested samples exceeded the RI/FS screening level (groundwater MCL; 4 milligrams per liter [mg/L]). The highest concentrations measured in the Columbia River
were less than 0.2 mg/L. Refer to Figures 5-14a and 5-14b and Table 5-20 for detailed testing results.

Plate 5-11

RI/FS 2012 Surface Water and Ditch Water Testing Results - Fluoride
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Remedial Investigation Findings

5.5 Testing Results for Sediments

As part of the RI/FS, samples of sediment were analyzed from nearshore and offshore areas
within the Columbia River. These data supplement previous testing data available from
previous sampling efforts (see Section 2). The RI/FS testing program was coordinated with
routine sediment monitoring performed as part of the NPDES monitoring requirements.
Both RI/FS and NPDES testing data are summarized in this section. The combined testing
program included analysis of eight nearshore sediment samples, and analysis of 14 offshore

sediment samples.

The specific analytical testing parameters were defined by Ecology as part of the Work Plan
approval process. Most sediment samples were analyzed at the 0- to 10-cm sampling
interval, which is representative of the sediment bioactive zone regulated by the Sediment
SMS (WAC Chapter 173-204). The NPDES sampling stations located in the vicinity of the
two Former Reynolds Plant outfalls were also analyzed at the 0- to 2-cm sampling interval to
provide potential information regarding sediment quality trends. These trends can be useful

in distinguishing between historical and ongoing chemical inputs.

As part of the testing program, samples were archived for use in conducting conformational
bioassay testing. During the integrated testing program, bioassay testing was performed at
three sampling stations. The results of sediment testing from the combined sampling
program are summarized on Plate 5-12. Detailed sampling results are presented on

Figure 5-15 and in Tables 5-21 and 5-22. Key findings are summarized in the following

subsections.

5.5.1 Results of Sediment Chemical Testing

The results of sediment chemical testing were compared to SMS criteria for freshwater
sediments as defined in Ecology’s February 2013 update of the SMS rule (Ecology 2013a). No
exceedances of the SCOs defined in that rule were noted in any of the eight nearshore
sediment samples, or in 10 of the 14 offshore sediment samples. Confirmational bioassays
were conducted at three of the four stations (SS-09, SS-10, and SS-12) at which exceedances

were detected.
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Extensive sediment testing was performed in the Columbia River to supplement previously available sediment quality data. No exceedances of sediment screening
levels (Washington State freshwater Sediment Cleanup Objectives [SCO]) were noted at the sampling locations designated by the green triangles (2010 testing data)
and green circles (RI/FS and NPDES sampling locations) above. Confirmational bioassay results demonstrated compliance with the SCO at two additional testing
locations (SS-10 and SS-12; green diamonds). A localized area immediately adjacent to Outfall 002A exceeded the SCO (blue circle) and Cleanup Screening Level (CSL;
purple diamond). However, vertical profile testing demonstrated that sediment quality in this area is recovering, as demonstrated by substantial improvements in the
recently deposited sediment (0- to 2-cm sample) in comparison to the deeper sampling interval (0 to 10 cm). Refer to Tables 5-21 and 5-22 for detailed sediment
chemical testing results and Table 5-23 for bioassay testing results.

Plate 5-12
ANCHOR Sediment Chemical and Bioassay Testing Results
QEA &2 Remedial Investigation/Feasibility Study
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Remedial Investigation Findings

As described in Section 8, sediment quality data for the bioactive zone sediments (0 to 10 cm)
were also evaluated to assess whether the concentrations of detectable bioaccumulative
compounds (cPAH and PCBs) were protective of human health. This evaluation is described
in Appendix I and included screening of PCB compounds against the practical quantitation
limit (PQL) and completion of a human health risk evaluation for cPAH compounds using
the methods defined by Ecology pursuant to the requirements of the updated SMS rule. As
described in Appendix I, the concentrations of PCB compounds were less than the applicable
PQL, and health risks associated with detectable cPAH compounds were less than both the
10~ and 10 risk levels defined as protective in the SMS rule.

5.5.2 Results of Confirmational Bioassay Testing

Confirmational sediment bioassay tests were conducted at three sampling stations (SS-09,
SS1-10, and SS-12, as shown on Plate 5-12). That testing was conducted consistent with the
NPDES sampling plan (Anchor QEA 2012c) and included analysis using the amphipod
(Hyallela azteca) and midge (Chironomus tentans) bioassays. The findings of the sediment

bioassays are summarized in Table 5-23.

Results of bioassay testing demonstrated that no benthic impacts were occurring at sediment
testing Stations SS-10 and SS-12. Bioassay results for these stations complied with the

interpretive criteria contained in the SMS rule.

Bioassay results indicated the presence of potential sediment toxicity only at one station
(Station SS-09), located immediately downstream from Outfall 002A. Bioassay responses at that

location exceeded the SMS interpretive criteria for both the amphipod and midge bioassays.

As noted in the following section, the sediment trend analysis indicated that chemical
concentrations (both PAH and PCB concentrations) at Station SS-09 were significantly lower
in surface sediment concentration (0- to 2-cm interval) than in the deeper sediment interval
(0 to 10 cm) submitted for bioassay testing (see Section 5.5.3). Results confirm that the
sediment quality in this area is recovering over time, and that the elevated chemical

concentrations are not the result of an ongoing release.
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5.5.3 Sediment Trend Analysis

The integrated RI/FS and NPDES testing program included analysis of sediment trends using

analysis of sediment samples from different depth intervals.

First, the NPDES testing program included analysis of paired 0- to 2-cm and 0- to 10-cm
sampling intervals at multiple testing locations. For sampling Station SS-09 where bioassay
test responses in the 0- to 10-cm sample indicated a potential for localized benthic impacts,
the results from the 0- to 2-cm sampling interval provide information regarding the trends in

sediment analyte levels over time.

For both PAH compounds and PCBs, the concentrations measured in the 0- to 2-cm samples
were substantially reduced in comparison to the 0- to 10-cm sampling interval (average of
test sample and verification sample; see Table 5-21). The concentrations of total PCBs and
PAH decreased seven-fold to more than ten-fold between the deeper sediments (0- to 10-cm

interval) and the more recent sediments (0- to 2-cm interval).

The results of the sediment trend analysis indicate that the chemicals present in sediments at
Station SS-09 are the result of historical discharges, rather than an ongoing discharge. This is
reasonable given the termination of aluminum manufacturing operations in 2001, the
subsequent cleaning of the combined stormwater and wastewater system in 2010, and the
routine cleanout of solids from the stormwater retention basin in 2012. These completed

actions address potential source control issues associated with Outfall 002A.

Sediment testing was also conducted at depth at Station SS-09. This testing was conducted to
verify the thickness of the sediment layer containing elevated chemical constituents at this
location. Chemical concentrations in an interval analyzed from the 18- to 24-cm sampling
were below the SCO for all PAH compounds. Dibenzofuran concentrations in that sample
slightly exceeded the SCO for that compound. Based on these results, the sediments
containing exceedances of the SCO for PAH compounds are limited to approximately 18 cm
(approximately 6 inches) in thickness. Results demonstrate that the area of impact at

Outfall 002A is limited in both area and depth and is recovering over time.
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5.5.4

Ecology Determination for Sediments near Outfall 002A

Consistent with direction provided by Ecology, the area of sediments located adjacent to

Outfall 002A and exceeding bioassay performance standards (i.e., the localized area of

sediments represented by sample Station SS-09) has been carried forward for further

revaluation in the FS.

5.6

Key Remedial Investigation Findings

Key findings from the RI are summarized in Plates 5-12 through 5-15 and include the

following:

Surface soil quality throughout the majority of the Former Reynolds Plant is
protective of industrial workers. The one exception to this is a single, localized soil
sampling location within the northeast corner of the flat storage area (see Plate 5-13).
The management of this area is to be addressed in the FS.

The contents of several of the closed landfills and fill deposits at the facility contain
elevated concentrations of PAH compounds (see Plate 5-13). Fluoride concentrations
in these materials are generally between the residential and industrial soil cleanup
levels (see Plate 5-14). These materials are contained and not exposed to industrial
workers during normal on-site work activities. The long-term management of the
landfills and fill deposits is addressed as part of the FS.

There are no exceedances of soil screening levels for mercury, PCBs, solvents, or
pesticides.

Soil quality outside of the contained landfills and fill deposits is protective of
terrestrial exposures, as described in Section 8. The long-term management of the
landfills and fill deposits is addressed as part of the FS.

No VOCs or PCBs were detected in groundwater. Cyanide levels are protective of
drinking water and surface water quality. Fluoride and PAH concentrations are
elevated only in groundwater present in the upper fill and silt/clay soils immediately
within or adjacent to the landfill and fill deposits (see Plate 5-15). Monitoring shows
that these constituents have limited mobility and are not impacting downgradient
groundwater or surface water quality. Section 6 includes a detailed evaluation of

fluoride fate and transport properties.
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e Surface water quality within the Columbia River and CDID ditches was extensively
evaluated during the RI/FS. No impacts to surface water quality were detected.

e Columbia River sediments were tested extensively during coordinated RI/FS and
NPDES monitoring events. No impacts to nearshore or offshore sediments were
noted, except for a localized area immediately adjacent to Outfall 002A. Bioassay
testing criteria were exceeded at only a single test station (Station SS-09) in that area.
Trend analysis indicates that sediments in this extremely localized area are recovering
over time, and concentrations of PCBs and cPAH compounds did not exceed criteria
for human health protection as contained in the updated SMS rule. However,
Ecology requested that the localized area adjacent to Outfall 002A be carried forward

for evaluation in the FS.

Section 6 provides a summary of fluoride fate and transport processes occurring at the
Former Reynolds Plant within shallow groundwater. Section 7 then provides an overall

CSM, based on the RI/FS investigation findings.
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TEQ = Benzo(a)pyrene Toxicity Equivalent
1. 2 mgikg = MTCA Method A soil cleanup level for industrial soil (WAC 173-340-745)
2.18 mg'kg = MTCA Method C soil cleanup level for industrial soil (WAC 173-340-745)

Concentrations of carcinogenic PAH compounds in soil throughout most of the Reynolds Facility comply with soil cleanup standards protective of industrial workers
(MTCA Method C soil cleanup levels). A localized area of soil exceeding these standards remains in the former flat storage area, and isolated deposits of pitch are
located near the pitch storage tanks. The management of soils in these two areas is discussed further in the FS. In addition, concentrations of carcinogenic PAH
compounds are elevated in the residual carbon and other materials contained in the on-site landfills and fill deposits. These areas are currently contained by soil caps.

The long-term management of these fill and landfill deposits is discussed in the FS.

Plate 5-13
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Concentrations of fluoride throughout the Reynolds Facility comply with soil cleanup standards protective of industrial workers (MTCA Method C soil cleanup levels).
This is true of both soils and the contents of the landfills and fill deposits. Outside of the landfill and fill deposits, which are currently contained by soil caps, the soil
fluoride levels comply with soil cleanup standards protective of residential land uses (MTCA Method B soil cleanup levels), and standards protective of potential
terrestrial ecological exposures. The long-term management of these fill and landfill deposits is discussed in the FS.
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Summary of Soil and Fill Areas Containing Elevated Fluoride Concentrations
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The Reynolds Facility is located on top of a thick sequence of silty clay soils known as the upper alluvium. Shallow groundwater within the uppermost portion of this
water bearing zone exhibits elevated fluoride levels only immediately adjacent to the landfill and fill deposits. The long-term management of these areas (highlighted in
this plate) is discussed in the FS. The quality of deep groundwater in the lower alluvium is protected by the thickness of the silty/clay soil deposits and the upward
groundwater gradients between the two water-bearing zones. No impacts have been observed in the deep groundwater. Natural processes limiting the mobility of

fluoride in groundwater are discussed further in Sections 6 and 7 of the RI/FS.

Area of Shallow Groundwater
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1. Co-located samples are for shallow/deeper well pairs; upper boxes
represent shallower wells, and lower boxes represent deeper wells.
2. 4 mg/L = drinking water MCL (WAC 246-290-310)

Plate 5-15

Summary of Areas Containing Elevated Concentrations of Fluoride in Shallow Groundwater
Remedial Investigation/Feasibility Study
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6 FATE AND TRANSPORT EVALUATION

This section summarizes assessment activities performed as part of the RI to characterize the
fate and transport properties of fluoride in site soils and groundwater. These assessment
activities use data from field and laboratory testing, and integrated geochemical and
hydrogeologic modeling. As discussed in Section 5, fluoride is the primary COC for
groundwater at both the West and East Groundwater Areas. The factors affecting the
transport and attenuation of fluoride in groundwater at the site were evaluated based on a

synthesis of geochemical, hydrogeological, and other data.

The fate and transport work included detailed evaluations of natural processes occurring

along potential chemical migration pathways, including each of the following:

e Geochemical factors limiting the leaching of fluoride from source areas (areas of
elevated fluoride concentrations) to groundwater (see Section 6.1)

e Natural geochemical and hydrogeologic processes affecting the fate of fluoride in
saturated soils, solid media (i.e., residual carbon), and groundwater downgradient of
source areas (see Section 6.2)

e Geochemical and other interactions occurring at the point of exchange between
groundwater and ditch water (see Section 6.3) and between groundwater and surface
water in the Columbia River (see Section 6.4)

e In addition, groundwater fate and transport modeling was performed to quantitatively
evaluate the long-term effectiveness and reliability of these geochemical processes in
attenuating fluoride in groundwater and preventing potential surface water quality

impacts (see Section 6.5)

The data used in the fate and transport evaluations are presented in Sections 4 and 5. Site
hydrogeologic information was presented in Section 4, including groundwater gradients,
surface water and ditch water elevations, and properties associated with the silt and clays
present in the upper alluvial aquifer. Section 5 presented the chemical testing data for
fluoride and for selected geochemical properties measured in site soils and solid media. Also
presented in Section 5 are porewater data collected from lysimeters, groundwater data, and

data from ditch water and surface water.
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Additional data collected specifically to inform the fate and transport analyses are presented
in Appendix H. Mineralogical testing data presented in that appendix provides information
used to assess fluoride attenuation capacity within site subsurface soils. The data were
collected within the East Groundwater Area and included measurement of total fluoride and
total organic carbon concentration in site soils and solid media; identification of mineral
phases by powder X-ray diffraction (XRD) and high-resolution scanning electron microscopy
(SEM); quantification of iron, aluminum, and manganese oxides by selective extraction; and
determination of cation exchange capacity (CEC) and anion exchange capacity (AEC). These

data are summarized in Appendix H.

6.1 Processes Controlling Fluoride Leachability in Source Areas

Most fluoride concentrations within site soils and solid media are well below MTCA
direct-contact screening levels for unrestricted and industrial land use. However, there are
several areas within the site where soils or solid media contain elevated concentrations of
fluoride (typically at fluoride concentrations between 1 and 6 percent) from former smelter
operations and where closure or remediation work has not been completed. Source areas
containing soils/solid media with elevated fluoride levels and included in the geochemical

testing program are:

e Fill Deposits B-3 and B-1 located in southwest and eastern portion of the study area,
respectively

e Fill Deposit A located in the northeast portion of the study area

e Fill Deposit B-2

Other potential source areas investigated as part of the RI included Landfill #1, Landfill #3,
and the Former Stockpile Area. Previous testing data from Landfill #1 indicated fluoride
concentrations were less than 0.2 percent in these solids. Testing in Landfill #3 included
chemical analysis, but not geochemical testing, of solid media and groundwater. Testing data
collected in the Former Stockpile Area have shown that previous actions successfully
removed source materials from that third area. None of the borings completed in the Former

Stockpile Area identified elevated (i.e., percent levels) fluoride concentrations.
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For the fill deposits, testing was performed to evaluate the factors controlling the leaching of
fluoride from remaining source areas. Leaching can occur when soils or solid media contact
either precipitation (i.e., rainwater) or groundwater. Rates of leaching are controlled by the
properties of the media and water, including a number of chemical reactions occurring
between fluoride and other naturally occurring components of groundwater and soil (such as
calcium, phosphate, or iron). These soil properties and the associated chemical reactions
tend to restrict fluoride mobility by limiting dissolved fluoride concentrations. Solubility
controls on fluoride leachability were evaluated through the following: 1) direct
measurement of porewater concentrations; 2) a review of the material composition; and

3) chemical speciation modeling performed using the porewater geochemical data. Some

testing using lysimeters and SPLP testing was also performed in the Former Stockpile Area.

The following sections (see Sections 6.1.1 through 6.1.4) describe the findings of the

source-area leachability testing.

6.1.1 Residual Carbon Deposits

Residual carbon was generated during the operation of the on-site cryolite recovery process.
Historical analyses of residual carbon indicate that it typically includes the following

principal constituents (chemical composition and constituent concentrations can vary):

e (Calcium carbonate (approximately 48 percent)

e Alumina (16 percent)

e (Carbon (12 percent)

e Fluoride compounds (up to 8 percent) of which calcium fluoride (fluorite) is a
significant proportion (3 percent)

e Sodium (3 percent)

e Iron (0.7 percent)

e Sulfate (0.3 percent)

During the RI, dissolved fluoride concentrations were measured directly in porewater
samples collected from lysimeters placed within on-site fill deposits. Two of these lysimeters
were installed in Fill Deposit B-1 in the East Groundwater Area (GC-LY-03 and GC-LY-04),
and two were installed in Fill Deposit B-3 in the southwest portion of the site (GC-LY-07
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and GC-LY-08). Fluoride concentrations in these residual carbon materials ranged from 2 to
6 percent. The dissolved fluoride concentrations in the porewater as measured in the

lysimeters were relatively low, ranging from 47.8 to 80 milligrams per liter (mg/L; equivalent
to 0.005 to 0.008 percent).

Geochemical speciation modeling results indicate that the residual carbon porewaters are
consistently undersaturated with respect to relatively soluble fluoride species but are slightly
supersaturated or close to equilibrium with respect to fluorite (CaF2). This indicates that any
soluble fluorides originally present in residual carbon (e.g., sodium fluoride [NaF] and
cryolite [NasAlFs]) would tend to dissolve into the porewater within these deposits, but that
dissolved fluoride concentrations are controlled by the precipitation of fluorite once its

solubility is reached, according to the following reaction:
Ca2+ +2F” \:\CQFZ(S) (6—1)

Dissolved calcium concentrations in porewater from the lysimeters installed in Fill Deposits
B-1 and B-3 range from 2.4 to 40.7 mg/L. The calcium needed for precipitation of fluoride is
provided by dissolution of the abundant calcium carbonate (calcite) present in the residual

carbon, according to the following reaction:
CaCO3c5) = Ca** + €03~ (6-2)

Speciation modeling results show that the residual carbon porewaters are generally
moderately undersaturated with respect to calcite, indicating conditions are favorable to its
dissolution, thereby providing a continuous supply of dissolved calcium to porewater, as it is
simultaneously removed by precipitation of fluorite. Based on the calcium carbonate content
of the residual carbon, the amount of calcite available far exceeds what would be required to

sequester all the fluoride present in the residual carbon as fluorite.

SPLP leach testing was conducted in 2007 on a shallow sample (SPLP4) collected from
Fill Deposit B-1 in the East Groundwater Area. While the total fluoride concentration was
29,500 mg per kg, the leachate concentration was 18.0 mg/L. Total fluoride concentrations

in residual carbon samples co-located with lysimeters in the fill deposit range from 16,000 to
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61,800 mg/kg. The solid-water partition coefficient (Ka) for fluoride is calculated according
to the following equation, where Cs is the solid media concentration (mg/kg) and Cw is the

dissolved concentration (mg/L):

Ke=— (6-3)

Ka estimates do not represent the complexities of the factors affecting fluoride leachability.
However, they do provide a quantitative estimate of the effectiveness of fluoride solubility in
limiting leaching. As shown in Table 6-1, the calculated K estimates for the residual carbon
samples ranged from 204 to 1,093 L/kg for the lysimeters and 1,639 L/kg for the SPLP test
sample, with an overall average of 880 L/kg for the lysimeter and SPLP data combined.
These values are reasonable given the calcium-mediated limitations on fluorite solubility and

the excess of calcium present in the materials.

6.1.2 Fill Deposit A

Spent lime was also produced during the cryolite recovery process, specifically from the
production of sodium hydroxide (for use in the recovery process) from limestone. The

typical composition of spent lime includes the following principal constituents:

e (Calcium carbonate (approximately 82 percent)
e (Calcium fluoride (up to 9 percent)

e Sodium (2 percent)

Dissolved fluoride concentrations in Fill Deposit A porewater samples were measured
directly from two lysimeters installed within the spent lime at Fill Deposit A locations
GC-LY-01 and GC-LY-02. The measured fluoride concentrations in the collected porewater

from these two lysimeters ranged from 88.5 to 94 mg/L.

Geochemical speciation modeling results for spent lime porewater indicate that porewater in
the spent lime is close to equilibrium with respect to both fluorite and calcite. Dissolved
fluoride concentrations in the spent lime porewater are controlled by the solubility of
fluorite. This is similar to the conditions present in the residual carbon fill deposits. The

slightly higher fluoride concentrations relative to residual carbon porewaters are explained
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by the lower dissolved calcium concentrations (1.1 to 1.5 mg/L). The lower calcium
concentrations in spent lime porewater are due to the lower solubility of calcite at the higher

pH of the spent lime (pH 9.8 to 11.1) relative to residual carbon (pH 7.4 to 8.7).

Dissolved fluoride concentrations in equilibrium with fluorite are related to calcium
concentrations through the solubility product of fluorite (the square brackets in the

following equation denote the activity of dissolved species):
Ksp = [Ca®*] x [F7]* = 1071946 qt 25°C (6-4)

As shown in Table 6-1, the average measured Ka value for the spent lime is 682 L/kg, with a
range of 636 to 728 L/kg. As expected, these Ka values are similar to those calculated for the

residual carbon, due to the similarity of the processes controlling fluoride transport.

6.1.3 Fill Deposit B-2

Fill Deposit B-2 is more complex than the other fill deposits at the site. In addition to
deposits of residual carbon, the area has also been impacted by alkaline discharges to nearby
ditches and surface soil. Multiple types of testing have been performed in this area in order
to understand factors controlling fluoride leachability from residual carbon and also to
understand how solid media and groundwater properties affect the potential mobility of

fluoride in site soils and groundwater.

Dissolved fluoride concentrations in porewater samples were measured directly from two
lysimeters placed in this area. These were installed at locations GC-LY-05 and GC-LY-06.
The measured fluoride concentrations ranged from 73 to 187 mg/L. Solid media fluoride
concentrations measured in the paired samples collected from the lysimeter installations
were 0.27 and 0.64 percent, respectively. However, solid media samples collected from other
borings (GC-SB-01 and GC-SB-02) placed in the immediate vicinity as part of geochemical
evaluations had fluoride concentrations ranging from 0.12 to 4.6 percent. This increased
variability of solid media composition and the presence of elevated groundwater fluoride and
alkalinity in this area make the analysis of leaching properties more complex for these

materials.
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Section 6.2 provides a more complete discussion of the factors affecting fluoride mobility in

the vicinity of Fill Deposit B-2.

6.1.4 Former Stockpile Area

As part of the first round (2006) of RI testing, lysimeter and SPLP testing work was
conducted within the Former Stockpile Area. That testing was conducted in parallel with
soil bulk fluoride concentration testing to verify that SPL had been removed from this area

successfully and to assess potential fluoride transport properties in this area.

This Former Stockpile Area was historically used for stockpiling of SPL used in cryolite plant
operations. The SPL was formerly stored in on-site stockpiles prior to processing. The
composition of SPL typically consists primarily of carbon (13 to 69 percent), with sodium
(8.6 to 22 percent), aluminum (7 to 22 percent), fluoride (7 to 22 percent), and lesser amounts

of other constituents, such as silicon, calcium, and iron (Spiegel and Pelis 1990).

As described in Section 2.2.3, the SPL stockpile was removed in the 1990s, consistent with
Ecology requirements after the shutdown of the cryolite plant. Testing performed in the
Former Stockpile Area at the time of removal and during subsequent soil investigations has
shown that the SPL was successfully removed. However, shallow groundwater in this area
remains impacted by elevated fluoride levels associated with the East Groundwater Area.
The fluoride concentrations remaining in soils of this area are below MTCA direct contact
cleanup levels for unrestricted land use. Measured total fluoride concentrations in soil have
ranged up to 0.13 percent, well below the typical fluoride concentrations in the SPL

materials (typically 7 to 22 percent), which were previously removed.

As shown in Table 5-10, the average dissolved fluoride concentrations in porewater samples
collected from two lysimeters at the Former Stockpile Area (installed and sampled three
times in 2006; LYS1 and LYS2) were 34.6 and 59.5 mg/L, respectively. Total fluoride
concentrations in co-located soil samples collected during lysimeter installation were

523 and 1,310 mg/kg, respectively. These lysimeters were located in an area of very shallow
groundwater, and porewater samples collected from these lysimeters may have included

contributions from area groundwater.
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Dissolved calcium concentrations were not measured in the porewater samples, but the
dissolved fluoride at LYS2 is consistent with values measured in porewater at other areas
where aqueous fluoride concentrations have been shown to be controlled by
calcium-mediated fluorite solubility. The lower dissolved fluoride concentration at LYS1
correlates with lower soil fluoride than at LYS2 and suggests that fluoride leaching from low
fluoride soils is partly controlled by adsorption-desorption reactions on soil oxide and clay

components.

SPLP testing was also conducted on one shallow soil sample (SPLP3) collected from the
Former Stockpile Area (see Table 5-13). That soil sample had a very low total fluoride
concentration of 784 mg/kg. SPLP testing of that soil sample resulted in a leachate
concentration of 9.1 mg/L.. A preliminary soil-water partitioning coefficient calculated based
on these data is 86 L/kg. This value is significantly lower than in the residual carbon and
spent lime deposits, reflecting the different mechanisms controlling partitioning and

leaching from soils and solid media with lower total fluoride concentrations.

6.1.5 Summary of Factors Controlling Source-Area Leachability

The leachability of fluoride from materials with high fluoride content such as residual carbon
and spent lime present in source areas is primarily limited by fluorite (calcium fluoride)
solubility, which regulates dissolved fluoride concentrations. This process relies on a source
of calcium, which is present in these materials as calcium carbonate. The quantities of
calcium carbonate in residual carbon and spent lime exceed the fluoride concentrations,
therefore, providing the capacity to sequester essentially all of the fluoride as fluorite in these
materials. Adsorption-desorption reactions also appear to be operating but only as a
controlling factor for leaching from soils with relatively low total fluoride concentrations
where fluorite solubility is not exceeded in porewater. The average Ka for residual carbon
and spent lime is 823 L/kg (see Table 6-1).

6.2 Geochemical Processes Occurring in Site Soils and Groundwater

A detailed analysis of site geochemical processes was performed within a test area established
in a portion of the East Groundwater Area (see Plate 6-1). This test area was selected for

detailed evaluation based on the following considerations:
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This area includes shallow deposits of solid media containing elevated fluoride
concentrations, so both desorption and transport processes can be evaluated in
this area.

The highest fluoride concentrations in groundwater are located in this area, and
extensive groundwater data exist both within and downgradient of the area.
Groundwater gradients are well defined in this area and are understood both
vertically and horizontally.

Groundwater fluoride concentrations attenuate rapidly with distance along the
groundwater transport pathway, providing an opportunity to assess geochemical
properties across a range of fluoride concentrations.

Extensive groundwater testing data are available, including characterization of

geochemical parameters.

Within the test area, extensive solid media and groundwater data were synthesized to

document the different processes occurring that impact fluoride leaching and mobility, as

well as to evaluate the potential attenuation of fluoride transport in groundwater. Following

a summary of background conditions within the test area, each of the various geochemical

processes identified are described separately in Sections 6.2.2 through 6.2.5. Refer to

Section 6.1.3 for a discussion of leaching test data applicable to this area:

Section 6.2.1: Geochemical Test Area Conditions and Test Methods
Section 6.2.2: Precipitation of Fluorite

Section 6.2.3: Precipitation of Fluorophosphate Minerals

Section 6.2.4: Anion Exchange on Clays

Section 6.2.5: Adsorption on Aluminum and Iron Oxides
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6.2.1 Geochemical Test Area Conditions and Test Methods

Plate 6-1 indicates the location of the geochemical test area. Shallow groundwater quality in
the area is the result of both the presence of fluoride-containing solid media (generally
present 1 to 7.5 feet bgs) and fluoride and alkalinity releases in aqueous phase during
historical cryolite plant operations. Test area groundwater contains elevated concentrations
of both dissolved fluoride and sodium. The groundwater pH in a portion of the test area is

more alkaline (pH ranges from less than 9 to more than 10) than surrounding groundwater.

The groundwater gradients in the test area are well defined, and shallow groundwater flows
in a northeasterly direction away from the Columbia River and toward the CDID ditch
located north of the site (see Figures 4-1 and 4-2). Vertical groundwater gradients in this
area are generally upward. As discussed in Section 4, groundwater elevation data collected at
the site show that in both the West and East Groundwater Areas, groundwater in the upper
alluvium WBZ north of the CDID levee dike flows to the north, northwest, and/or northeast
and ultimately discharges into the CDID ditch system (see Figures 4-1 and 4-2). In the
vicinity of the CDID and on-site ditches, the upper alluvium WBZ is generally characterized
by upward gradients, due to the hydraulic influence of the ditch system. As discussed in
Section 5, water quality in the CDID ditches is not impacted. Groundwater elevations in
both the shallow and slightly deeper (approximately 30 feet bgs) wells completed in the
upper alluvium WBZ are higher than surface water elevations in the nearby ditches,
indicating upper alluvium groundwater ultimately discharges to the CDID ditch system.
Away from the Columbia River and CDID ditches, vertical hydraulic gradients across the site

tend to be weak, consistent with predominantly horizontal groundwater flow.

The major mineralogy of natural alluvial soils at the site consists of quartz, plagioclase
(calcium-rich) feldspar, alkali (sodium or potassium) feldspar, and smectite clay
(montmorillonite). Calcium and magnesium are the predominant exchangeable cations in
native montmorillonite. Iron, aluminum, and manganese oxides are also ubiquitously

present in varying amounts and likely form surface coatings on the other mineral particles.

Geochemical testing included installation of four borings that were advanced to 20 feet bgs
along a southwest-northeast transect following the northerly groundwater flow direction.

The transect provides for assessment of soil/solid media and groundwater geochemical
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processes occurring along the primary migration pathway, north toward the CDID ditch. As
shown on Plate 6-1, the borings extended from the cryolite area ditches near PZ-1to a

location downgradient of PZ-4 (GC-SB-01 to GC-SB-04; see Plate 3-5). No fluoride

migration has been noted past location PZ-4 during RI groundwater sampling.

At each of the four test borings, soil/solid media samples were collected at 2.5-foot-depth
intervals to a total depth of 20 feet. Selected samples were analyzed for mineralogical and
geochemical characteristics to identify the forms of fluoride present and quantify
constituents that are available to react with and limit the mobility of fluoride in
groundwater. Fluoride leaching data presented in Section 6.1 and groundwater data
presented in Section 5 were also used as part of the geochemical evaluations described

subsequently and in Appendix H.

6.2.2 Precipitation of Fluorite

The mineralogical effects of infiltration of alkaline sodium fluoride solutions are overprinted
on the native soils within portions of the test area. Most notably, fluorite is present to depths
of 7.5 feet in GC-SB-01, GC-SB-02, and GC-SB-03 (see Plate 6-2).

Crystal morphologies such as those shown on Plate 6-2 indicate that fluorite has precipitated
in-place from groundwater. Precipitation of fluorite requires calcium, which is derived from
two sources: 1) exchangeable calcium present in clays; and 2) calcium derived from the
dissolution of plagioclase feldspars. Cation exchange reactions of sodium in alkaline
groundwater with calcium on smectite release calcium to groundwater. This is supported by
the inverse relationship between exchangeable calcium and exchangeable sodium in solid
media (see Plate 6-3).
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Crystal morphologies such as those shown in this scanning electron micrograph indicate that fluorite (CaF,) has precipitated in-place from
groundwater. Precipitation of fluorite requires calcium, which is derived from two sources: 1) exchangeable calcium present in clays; and

2) calcium derived from the dissolution of plagioclase feldspars. Cation exchange reactions of sodium in alkaline groundwater with calcium on
smectite release calcium to groundwater, driving the precipitation of fluorite.

Plate 6-2
ANCHOR Scanning Electron Micrograph Showing FIuorite. Cr\(stals For.m.e?d In Situ
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The inverse relationship between exchangeable calcium and exchangeable sodium in soil is direct evidence of the effect of past infiltration of

alkaline sodium fluoride solutions into the native soils within portions of the test area. Cation exchange reactions of sodium in alkaline
groundwater with calcium on smectite clay release calcium to groundwater to react with fluoride.

Plate 6-3
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The elevated sodium in groundwater also drives a dissolution-precipitation reaction in which
calcium-rich plagioclase feldspar is progressively replaced by albite (sodium feldspar),

whereby dissolved calcium is released to groundwater:
CaAl,Si,0gs) (plagiocalse) + 2Na* + 4Si0, = 2NaAlSi;0g s, (albite) + Ca®* (6-5)

This process, known as albitization, occurs naturally in sodium-rich environments, such as
during the diagenesis of marine sediments. Mineralogical data indicate that only albite is
present at depths shallower than 7.5 feet in GC-SB-01, -02, and -03, where it has apparently
completely replaced plagioclase. Albite coexists with plagioclase at depths below 7.5 feet in
GC-SB-01 and -02. In GC-SB-03, only plagioclase is detected below 10 feet.

Geochemical speciation modeling indicates that groundwater in wells PZ-5, R-3, PZ-2, PZ-1,
PZ-3, PZ-4, and R-2 is undersaturated with respect to Ca-rich feldspar but is consistently
supersaturated with respect to albite and fluorite, signifying a spontaneous tendency for

Ca-rich feldspar to dissolve and albite and fluorite to precipitate from these groundwaters.

The spatial distribution of fluorite, albite, and plagioclase in the subsurface demonstrates the
occurrence of natural attenuation of dissolved fluoride concentrations both vertically and
laterally as groundwater flows from the southern area near the cryolite area ditches
northward across the test area. The soil mass of calcium present in plagioclase feldspar and
smectite is much greater than the total mass of fluoride in the alkaline groundwater such that
fluorite precipitation represents a self-sustaining process controlling downgradient dissolved
fluoride concentrations essentially preventing migration of fluoride and arresting plume
movement. The variability in fluoride concentrations across the site is due in part to the pH
dependence of calcium solubility, which in turn results in a direct correlation between pH
and fluoride concentrations in equilibrium with fluorite (see Plate 6-4). For pH values of

8 or less, fluorite solubility effectively limits dissolved fluoride concentrations to fewer than
100 mg/L. Geochemical modeling results for East Groundwater Area wells indicates that

fluorite precipitation may be controlling dissolved concentrations to values as low as
10 mg/L.
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The alkalinity of groundwater within the central portion of the test area promotes desorption
of phosphate from native soil, increasing dissolved phosphorus concentrations in

groundwater (see Plate 6-5).

Geochemical speciation modeling results show that groundwater in wells PZ-5, R-3, PZ-2,
PZ-1, PZ-3, PZ-4, and R-2 is supersaturated with respect to several fluoride-containing
phosphate solid phases including fluorapatite, carbonate fluorapatite, and
monofluorophosphate (MFP) apatite and indicating the possibility for fluoride removal from

groundwater by the following reactions:
5Ca** + 3HPO;™ 4+ F~ 2 Cas(P0,)sF (fluorapatite) + 3H* (6-6)

10Ca?* + SHPOZ™ + 1.5C0%™ + 2F~
= Cayo(P0,)5(C03)1 5F,(5)(carbonate fluorapatite) + SH* (6-7)

6Ca’** + 4Na* + 6HPOZ™ + 6F~ + 2H™
\_—\ Ca6Na4_(P03F)602(S)(MFP apatite) + 4‘H2 (6‘8)

The relatively low concentrations of phosphate in comparison with fluoride concentrations
in groundwater suggest that precipitation of fluorophosphates would be more effective as a
fluoride removal mechanism at relatively low dissolved fluoride concentrations because the
stoichiometric ratios of fluoride to phosphorus in these solids range from 1:3 in fluorapatite
to 1:1 in MFP apatite. These phases might be expected to form at the fringes of the fluoride
plume and would be very difficult to detect by powder XRD methods due to their low
abundance. MFP apatite was tentatively identified by XRD in one sample from the farthest
downgradient boring (GC-SB-04, 15 to 17.5 feet bgs).
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The elevated pH of groundwater within the central portion of the former cryolite area promotes desorption of phosphate from native soils,
increasing dissolved phosphorus concentrations in groundwater, as shown in the above graph. Geochemical speciation modeling results show
that groundwater in wells PZ-5, R-3, PZ-2, PZ-1, PZ-3, PZ-4, and R-2 is supersaturated with respect to several fluoride-containing phosphate solid
phases including fluorapatite, carbonate fluorapatite, and monofluorophosphate (MFP) apatite, indicating the potential for fluoride removal
from groundwater by the precipitation of fluorophosphates. These phases are most likely to control fluoride concentrations at the fringes of the

fluoride plume.
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Plate 6-5

Dissolved Phosphorus as a Function of pH in East Groundwater Area Wells
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6.2.3 Anion Exchange on Clays

Evidence for the uptake of fluoride from groundwater by anion exchange reactions on clay is
provided by direct analysis of AEC and exchangeable fluoride concentrations

(see Appendix H). AEC ranges from 6 to 28 milli-equivalents per kilogram (meq/kg) soil
(average 16 meq/kg). Exchangeable fluoride ranges from a maximum of 38 meq/kg in the
higher-fluoride soils in GC-SB-02 to a minimum of 0.13 meq/kg in the furthest downgradient
boring GC-SB-04. Exchangeable fluoride is strongly correlated with exchangeable sodium,

indicating a common source (see Plate 6-6).

Exchangeable fluoride also shows a strong correlation with total fluoride concentrations up
to approximately 500 mg/kg (see Plate 6-7), demonstrating anion exchange as an important
mechanism regulating dissolved fluoride concentrations at the fringes and leading edge of
the groundwater plume characterized by lower groundwater fluoride concentrations.
Comparison of exchangeable fluoride concentrations to AEC of individual samples indicate
that while the solid media is fully fluoride exchanged at GC-SB-01 and GC-SB-02 within the
source area, significant AEC is still available for fluoride uptake in the solid media at the two
downgradient locations (average of 44 percent of AEC at GC-SB-03 and 92 percent at
GC-SB-04).

6.2.4 Adsorption on Aluminum and Iron Oxides

Aluminum and iron oxides provide additional capacity for uptake of dissolved fluoride
through adsorption reactions. Fluoride, in particular, has a strong affinity for aluminum
oxide surfaces. Soil fluoride concentrations show a good correlation with aluminum oxide

content (see Plate 6-8).

Fluoride adsorption on aluminum and iron oxides is pH dependent. Fluoride, being a
negatively charged ion, is adsorbed much more readily at near-neutral and acidic pH than in
basic conditions, due to the negative charge which develops on oxide mineral surfaces as pH
increases. Sorption reactions are, therefore, a more important factor in limiting fluoride
migration at the leading edge of the groundwater plume, where the groundwater exhibits a

near-neutral pH.
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Fluoride uptake from groundwater by anion exchange reactions on clays is evidenced by direct analysis of anion exchange capacity and
exchangeable fluoride concentrations (see Appendix H). Exchangeable fluoride is strongly correlated with exchangeable sodium, indicating a
common source of sodium and fluoride (i.e., shallow groundwater).

Plate 6-6
ANCHOR Correlation of Exchangeable Fluoride with Exchangeable Sodium Concentrations in Solid Media
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The strong correlation between exchangeable and total fluoride concentrations in soil up to approximately 500 mg/kg total fluoride indicates
that anion exchange is an important mechanism regulating dissolved fluoride concentrations at the fringes and leading edge of the groundwater
plume characterized by lower groundwater fluoride concentrations.

Plate 6-7
ANCHOR Variation of Exchangeable Fluoride with Total Fluoride Concentrations in Solid Media
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Adsorption on aluminum and iron oxides in soil provides additional capacity for attenuation of dissolved fluoride. Fluoride has a strong affinity
for aluminum oxide surfaces. In the above graph, soil fluoride concentrations show a good correlation with extractable aluminum oxides.
Fluoride adsorption on aluminum and iron oxides is pH dependent. Fluoride, being a negatively charged ion, is adsorbed much more readily at
near-neutral and acidic pH than in basic conditions, due to the negative charge which develops on oxide mineral surfaces as pH increases.
Sorption reactions are, therefore, a more important factor in limiting fluoride migration at the leading edge of the groundwater plume, where

the groundwater exhibits a near-neutral pH.
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Plate 6-8

Correlation of Soil Fluoride Concentrations with Extractable Aluminum Oxide Content
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6.2.5 Summary of Findings from East Groundwater Area Geochemical Study

Plate 6-9 provides a synopsis of the processes occurring within the groundwater of the test
area and how they affect groundwater fluoride concentrations. These processes are
applicable to other site areas, though the conditions present in those areas will affect the

impact of these processes on groundwater fluoride concentrations.

6.3 Geochemical Interactions at Ditch Water Boundaries

This section discusses processes occurring at the site that limit fluoride concentrations
discharging to surface water in the numerous ditches in and surrounding the study area. As
discussed in Section 4.3 and shown on Figures 4-1 and 4-2, shallow groundwater in the
shallow alluvium WBZ beneath the site generally flows away from the Columbia River
toward the CDID ditches. The only exception is riverward of the CDID levee, where flow
can be toward the river. Fate and transport processes in areas near the Columbia River

shoreline are discussed in more detail in Section 6.4.

Sampling results for surface water, including the CDID ditches, presented in Section 5.4 and
Figures 5-14a and 5-14b show that dissolved fluoride concentrations are either non-detect or

below the surface water screening level of 4 mg/L.

Groundwater near the CDID ditches is characterized by upward vertical hydraulic gradients,
indicating both shallow and slightly deeper (approximately 30 feet bgs) groundwater in the
upper alluvium WBZ discharge to the CDID ditches surrounding the study area. Shallow
monitoring wells in the upper alluvium WBZ located adjacent to the ditches show a range of
concentrations, depending on location, from less than 1 mg/L to a maximum of 84.5 mg/L at
PZ-6. In contrast, slightly deeper (approximately 30 feet bgs) monitoring wells in the upper
alluvium WBZ show much lower fluoride concentrations, generally less than or up to 1 mg/L,
with only one exception (RL-2D). Mixing of shallow groundwater with slightly deeper low-
fluoride groundwater within the upper alluvium WBZ in the vicinity of ditches can partly
explain the empirical observation of very low fluoride detections in ditch water. Based on the
understanding of geochemical processes affecting fluoride fate and transport at the site, as
documented in Section 6.2, lines of evidence indicating the potential role of specific geochemical

processes in attenuating fluoride concentrations discharging to the ditch system were evaluated.

Remedial Investigation/Feasibility Study January 2015
Former Reynolds Metals Reduction Plant — Longview 163 130730-01.01



Process Description

Location within Test Area

Impact on Fluoride in Groundwater

Applicability to Other Site Areas

Fluoride leaching from
residual carbon and
associated source materials

Upper solid media
(1 to 7.5 feet below ground surface)

Concentrations are generally limited
to less than 100 mg/L by fluorite
solubility.

Extent of leaching depends in part
on groundwater alkalinity.
See Section 6.1 for leaching data.

Fluorite precipitation

Upper solid media and shallow
groundwater

Reduces dissolved fluoride to 10 to
100 mg/L depending on pH and
calcium.

Shallow groundwater in the West
Groundwater Area

Fluorophosphate precipitation

Fringes of groundwater plume
where fluoride concentrations are
comparable to phosphate
concentrations

Controls dissolved fluoride to low
levels when sufficient phosphate is
available.

Throughout the site in the
unsaturated and saturated zones,
depending on dissolved phosphate
to fluoride concentrations.
Groundwater-surface water
transition zone at ditch and river
boundaries.

Adsorption (anion exchange)
on clays

Solid media and groundwater in the
saturated and unsaturated zones

Retards fluoride movement. Uptake
is more effective for lower dissolved
fluoride concentrations.

Throughout the site in the
unsaturated and saturated zones.
Groundwater-surface water
transition zone at ditch and river
boundaries.

Adsorption on aluminum and
iron oxides

Solid media and groundwater in the
saturated and unsaturated zones

Retards fluoride movement. Uptake
is more effective for lower dissolved
fluoride concentrations and at near-
neutral pH.

Throughout site in the unsaturated
and saturated zones. Groundwater-
surface water transition zone at
ditch and river boundaries.

Note:
mg/L = milligram per liter

This plate provides a synopsis of the processes documented to be occurring within the East Groundwater Area and how these processes affect
groundwater fluoride concentrations. These processes are applicable to other site areas, though the specific conditions present in those areas
will affect the impact of these processes on groundwater fluoride concentrations.
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Plate 6-9

Summary of Geochemical Processes ldentified Within the East Groundwater Area
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Geochemical modeling was conducted to evaluate potential reactions affecting fluoride
during the subsurface mixing of shallow groundwater over variable depths (8 to 30 feet bgs)
as flow paths converge near ditches. Geochemical mixing models were developed for
selected variable-depth groundwater sample pairs, including PZ-7 and G7-D, and PZ-6 and
G7-D, using the geochemical modeling software PHREEQC (Parkhurst and Appelo 1999).
Briefly, the shallow (8 to 18 feet bgs) and deep (20 to 30 feet bgs) end-members were mixed
over a range of proportions from 0 to 100 percent, and minerals such as fluorite and

fluorapatite were allowed to precipitate to equilibrium if they became supersaturated.

Modeling results for one example (PZ-6 mixing with G7-D) are shown on Plate 6-10. These
results indicate that, while these waters are not supersaturated with respect to fluoride-
bearing minerals, mixtures of the two waters can be supersaturated. Mixing of shallow
groundwaters over a depth interval of 8 to 30 feet bgs (due to convergence of groundwater
flow near ditch boundaries) can, therefore, lead to precipitation of fluorite or fluorapatite
minerals in the aquifer adjacent to the ditch. The calculations indicate, furthermore that,
depending on the samples selected as end-members in the mixing calculations, fluoride
concentrations can be reduced by up to a factor of three relative to the concentrations
calculated for simple conservative mixing alone. These results demonstrate the relative
importance of fluoride mineral precipitation reactions in regulating groundwater fluoride
concentrations in near-ditch environments and in reducing the dissolved concentrations that

could ultimately discharge to surface water.

Adsorption on iron and aluminum oxides and clay minerals provides an additional
mechanism for fluoride removal from groundwater prior to discharge to surface water.
These mineral sorbents are ubiquitous in the environment and were documented in site soils
in Section 6.2. Iron and aluminum oxides and clay minerals are typically abundant in the
fine sediment that accumulates in the bottom of ditches over time. The presence of these
materials provides an adsorptive barrier to fluoride migration from groundwater to surface

water.
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Subsurface mixing of shallow groundwater from variable depths (up to 30 feet bgs) as flow paths converge near ditches can result in
precipitation of fluorite and/or fluorapatite minerals in the aquifer adjacent to the ditch. Geochemical modeling results for one subsurface
mixing example (PZ-6 shallow groundwater from 8 to 18 feet bgs mixing with G7-D deeper groundwater from 20 to 30 feet bgs) indicate that
while these waters are not supersaturated with respect to fluoride-bearing minerals, groundwater can become supersaturated as a result of
mixing. This calculation indicates that fluoride concentrations can be reduced by up to a factor of three relative to the concentrations calculated
for simple conservative mixing alone.

Plate 6-10
ANCHOR Modeled Dissolved Fluoride Concentrations During Subsurface Mixing of Shallow (PZ-6) and Deep (G7-D) Groundwater
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The overall very low fluoride concentrations detected in water in ditches surrounding the
site results largely from geochemical factors, including mixing-induced precipitation of
insoluble fluoride minerals such as fluorite and fluorapatite and adsorption on clays and iron

and aluminum oxides in the aquifer.

6.4 Processes Occurring at River Boundary

This section discusses processes occurring on-site at locations where groundwater may
discharge to the surface waters of the Columbia River. Fluoride concentrations in the
Columbia River adjacent to the site are low (approximately 0.2 mg/L) and statistically similar
to concentrations measured upstream of the site. The surface water sampling results show
empirically that groundwater discharging from the site does not have a measurable impact

on fluoride concentrations in the river.

Groundwater in the upper alluvium WBZ generally flows from the Columbia River toward
upland areas due to hydraulic control by pumping of the CDID ditch system, except in areas on
the riverward side of the CDID levee, where groundwater gradients can sometimes be south
and west toward the Columbia River (see Figures 4-1 and 4-2), depending on river stage.

Vertical hydraulic gradients are generally downward in nearshore areas along the river.

Monitoring wells located in these areas include G1-S, G1-D, R-1S, R-1D, R-4S, R-4D, and
SSA7-MW-01 in the eastern part of the site and G6-S, G6-D, and RLSW-4 in the western
part. Fluoride concentrations are typically less than 2 mg/L in the deeper wells, while higher

concentrations are found in the shallower wells, with a maximum of 96.8 mg/L at RLSW-4.

Water levels in three of the wells located near the crest of the CDID levee (G6-S, RLSW-4,
and G1-S) are persistently several feet higher than the stage of the Columbia River, without
any obvious source of recharge other than precipitation. A review of well logs and the
absence of tidal influence on water levels (see Sections 4.3.1 and 4.3.2 and Plates 4-7 and 4-8)
indicate that these wells are likely monitoring groundwater that is perched above low
permeability horizons within the CDID levee or adjacent to the river bank. The persistence
of these anomalously high water levels indicates a perched condition, with recharge due to

local precipitation and slow drainage characteristics.
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The elevated fluoride concentrations at RLSW-4 and G6-S (96.8 and 78.7 mg/L, respectively)
also appear to be localized. The fluoride in the perched zone appears to have very limited if
any impact on slightly deeper groundwater, as evidenced by the very low fluoride

concentrations detected in monitoring well G6-D (approximately 1 mg/L).

The observed limited vertical migration of fluoride described above, despite the strong
downward vertical gradients and absence of detectable water quality impacts in river water,
is strong evidence that attenuation of fluoride concentrations in groundwater is occurring
prior to discharge to surface water. In this setting, characterized by relatively low fluoride
concentrations (typically 10 mg/L or less in areas where hydraulic gradients are toward the
river), adsorption on clays, iron, and aluminum oxides present in overbank deposits is the

primary attenuation mechanism.

Geochemical speciation modeling results indicate that upper alluvium WBZ groundwater
adjacent to the Columbia River is supersaturated with respect to fluorapatite and other
fluorophosphate minerals, although fluoride concentrations are generally too low to allow
precipitation of fluorite. Precipitation of fluorophosphates is thus another important

attenuation mechanism for fluoride in this setting.

In addition, tidal mixing in nearshore areas of the upper alluvial WBZ provides further
reduction of the relatively low groundwater fluoride concentrations prior to discharge at the
interface with the river. As described in Appendix H, tidal attenuation modeling was
performed, using data obtained from the tidal study discussed in Section 4.3.2, to evaluate the
attenuation that occurs in nearshore groundwater discharging to the Columbia River. Based
on this modeling, the calculated attenuation factor for non-perched groundwater located at
the shoreline discharging to the river is 0.3. This means that groundwater fluoride
concentrations at the shoreline would be reduced by a factor of 0.3 due to tidal mixing

(i.e., physical attenuation).

Collectively, these near shore processes are shown quantitatively to provide sufficient in situ
attenuation of fluoride concentrations to be protective of surface water quality in the

Columbia River.
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6.5 Fluoride Fate and Transport Modeling

Groundwater flow and transport modeling was performed to quantitatively evaluate the

long-term effectiveness and reliability of geochemical processes in attenuating fluoride in
groundwater and preventing potential surface water quality impacts. This section briefly
describes the flow and geochemical reactive transport models and key simulation results.

Details of model development, calibration, and application are provided in Appendix H.

6.5.1 Groundwater Flow Model

A three-dimensional numerical groundwater flow model was developed for the entire site
using MODFLOW. The model domain boundaries include the Columbia River to the south,
and the CDID ditches to the north and west (see Plate 6-11). Additional features included in
the model are the various on-site ditches and definition of recharge areas within the site.
The model was calibrated to observed heads. The calibrated model was used to simulate

groundwater flow and evaluate flow patterns across the site.

The simulated flow patterns in the upper alluvium WBZ for the dry season, wet season, and
long-term average conditions are illustrated on Plates 6-12 through 6-14, respectively. In the
West Groundwater Area, patterns are generally consistent with flow from the Columbia
River toward the U-ditch and, ultimately, the CDID ditches. In the East Groundwater Area,
groundwater flows toward the Columbia River within a narrow band along the shore.

A divide, approximately coincident with the levee road, separates this zone from upland
areas where groundwater flow is toward the on-site ditches and CDID. The average
groundwater discharge to the Columbia River is calculated at 27.2 million gallons per year
(MGY), while 64 MGY are discharged to the CDID system and 47.6 MGY are captured by
the on-site ditches (U-ditch in the West Groundwater Area and 004 Pump Station in the East
Groundwater Area). Note that these flow rates represent all water, whether or not it
contains fluoride. As discussed in Section 5, water quality in the CDID ditches is not

impacted. Internal ditches are managed in accordance with the facility’s NPDES permit.
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The groundwater flow model domain boundaries include the Columbia River to the south and the CDID ditches to the north and west.
Additional model features include the on-site ditches (i.e., U-ditch, cryolite area ditches, and the ditch adjacent to Fill Deposits A, B-1, and B-2
[discharging to 004 Pump Station]) and recharge areas defined within the site. The groundwater flow model also incorporates a drain feature in

order to keep water from ponding on the simulated ground surface.

Plate 6-11
Groundwater Flow Model Domain and Boundaries
ANCHOR Remedial Investigation/Feasibility Study
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Note: Groundwater elevations are shown in meters above Mean Sea Level. The contour interval is 0.2 meter.

This plate shows the simulated groundwater flow pattern in the upper alluvium WBZ during the dry weather season. The model was calibrated
to observed heads measured at the site in October 2012. In the West Groundwater Area, groundwater flows from the Columbia River towards
the U-ditch and, ultimately, the CDID ditches. In the East Groundwater Area, groundwater flows towards the Columbia River within a narrow
band along the shore. A divide, approximately coincident with the levee road, separates this zone from upland areas where groundwater flow is
towards the on-site ditches and CDID ditches.

Plate 6-12
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Note: Groundwater elevations are shown in meters above Mean Sea Level. The contour interval is 0.3 meter.

This plate shows the simulated groundwater flow pattern in the upper alluvium WBZ during the wet weather season. The model was calibrated
to observed heads measured at the site in December 2012. In the West Groundwater Area, groundwater flows from the Columbia River towards
the U-ditch and, ultimately, the CDID ditches. In the East Groundwater Area, groundwater flows towards the Columbia River within a narrow
band along the shore. A divide, approximately coincident with the levee road, separates this zone from upland areas where groundwater flow is

towards the on-site ditches and CDID ditches.

Plate 6-13
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Note: Groundwater elevations are shown in meters above Mean Sea Level. The contour interval is 0.3 meter.

This plate illustrates the simulated long-term average groundwater flow pattern in the upper alluvium WBZ. In the West Groundwater Area,
groundwater generally flows from the Columbia River towards the U-ditch and, ultimately, the CDID ditches, with the exception of a narrow
band along the shore in the south-central portion of the site. In the East Groundwater Area, groundwater flows towards the Columbia River
within a narrow band along the shore. A divide, approximately coincident with the levee road, separates this zone from upland areas where

groundwater flow is towards the on-site ditches and CDID ditches.

Plate 6-14
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6.5.2 Reactive Transport Model

Multi-component reactive transport models were developed for the East and West
Groundwater Areas using the reactive transport simulator PHAST. The calibrated
MODFLOW model provided the basis for the flow component of the models. In addition to
groundwater flow, geochemical processes regulating fluoride concentrations and movement
in groundwater are simulated by PHAST. These processes include aqueous speciation,
mineral dissolution and precipitation, cation exchange on clays, and surface complexation on
oxide surfaces. The chemical components simulated included aluminum, calcium, sodium,
chloride, fluoride, phosphate, silica, inorganic carbon, and pH. The initial and boundary
water and solid phase chemical compositions vary spatially according to the distribution of
different geochemical zones, as identified on Plate 6-15. This includes definitions for
background groundwater, Columbia River water, and precipitation (recharge) chemistry. In
addition, several fluoride source zones were defined, including fill (residual carbon) deposits
and a landfill deposit in the East Groundwater Area and a fill deposit in the West
Groundwater Area. Concentrations of specific minerals, the ion exchange complex, and
adsorbing surfaces were assigned based on site-specific data obtained from the geochemical
study. Particularly important to fluoride transport, initial conditions throughout the model
domain included exchangeable calcium concentrations based on site-specific data (see
Appendix H). In the model, exchangeable calcium represents the calcium available in
soil/solid media to react with and remove fluoride from groundwater. Further details of the

setup and preparation of the PHAST models can be found in Appendix H.

Simulations were performed to evaluate fluoride transport and attenuation. The objective of
these simulations was specifically to identify portions of the site where the documented
natural attenuation processes will be sufficient to provide long-term protection of surface
water quality and, conversely, to pinpoint locations where the effectiveness may be limited,
for example, due to insufficient buffer zone or other site-specific factors. The reactive
transport models were run for a total simulation time of 2,000 years. During the course of
the simulations, fluorite was allowed to precipitate in a grid cell if the groundwater became
supersaturated or dissolve if undersaturated groundwater entered a grid cell containing
fluorite. Additionally, the adsorption-desorption of fluoride was modeled as a surface

complexation reaction.
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East and West Groundwater Areas East Groundwater Area West Groundwater Area
Fill Deposit B-2 Impacted Area Former
Background Columbia and Former | Fill Deposit | Fill Deposit | Shallow GW Fill Deposit | Surrounding | Stockpile Fill Deposit | Fill Deposit | Closed BMP
Aquifer! River? Precipitation?® | Stockpile Area® A® B-17 Area? Landfill #1° B-210 Pz-411 Area'? B-313 B-3* Facility'*
Recharge Recharge Recharge Recharge Recharge
Initial Constant and Source | and Source and Source and Source | and Source
Parameter Units Condition Head Recharge Recharge Zone Zone Source Zone Zone Source Zone Zone Zone Source Zone | Recharge | Source Zone
Temperature °C 15 15 15 15 15 15 15 15 15 15 15 15 15 15
pH - 6.50 7.09 5.60 8.06 10.46 7.54 6.95 6.95 9.36 9.70 10.25 7.03 7.70 9.90
> | Dissolved Inorganic mg/L 45 54 0.2 95 75 75 120 120 195 700 1100 96 75 525
4 | Carbon
g Aluminum mg/L 0.019 6.73 x 103 - 3.16 15.14 4.05 0.10 0.10 0.19 0.6 0.22 1.25 2.3 0.75
S | calcium mg/L 40 14.57 0.34 6.01 0.85 11.5 54.7 54.7 4.17 4.1 1.0 14 7.47 15
_§ Sodium mg/L 23 6.75 0.141 557 378 327 400 400 1000 4250 6750 449 400 3500
—g Chloride mg/L 6 4.38 0.36 8.58 7.95 3.41 49.5 49.5 25.6 110 63.5 6.14 2.73 10
“ IFluoride mg/L 0.15 0.13 0.13 123.4 94.35 54.7 21 21 222 1080 2280 80 80 500
Phosphorus mg/L 1.47 0.029 0.05 0.046 0.021 0.012 1.9 1.9 7.48 36.5 21.1 0.93 0.042 10
Silica mg/L 31.1 4.62 - 11.21 3.75 17.2 22 22 11.8 15.3 26.5 18.25 14.21 10
o Calcite moles/kgw 0 0 0 0 0 0 1 1 0 0
£ 8 cryolite moles/kgw - - - - - - 1000 1000 - -
:-E % Gibbsite moles/kgw 0 1 1 0 0 1 1 1 0 0
2 9| Fluorite moles/kgu 0 1 1 0 1 1 1 1 1 1
- b= Amorphous Silica moles/kg 1 NA NA 0 1 1 1 0 0 0 1 NA 1
w
Cation Exchanger® (CaX,) moles/kgw 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Aluminum Oxide grams/kgw 2 2 2 2 2 2 2 2 2 2
(=AIOH Adsorbing Surface)®
Notes:
1. Average site-wide background chemistry (based on monitoring wells G4-S, G4-D, G5-S, G5-D, R-2, RL-4S, and RL-4D 2011/2012 data)
2. Average Columbia River water chemistry (based on surface water sampling location W5 2006/2011 data)
3. Site-wide non-source zone recharge chemistry (modified rainwater chemistry provided in PHREEQC manual [example 4])
4. Average recharge chemistry for the West Groundwater Area Fill Deposit B-3 and Landfill #2 (based on lysimeters GC-LY-07 and GC-LY-08 2012 data)
5. Average recharge chemistry for the Fill Deposit B-2 and the Former Stockpile Area (based on lysimeters GC-LY-05 and GC-LY-06 2012 data)
6. Average recharge and initial source zone chemistry for the East Groundwater Area Fill Deposit A (based on lysimeters GC-LY-01 and GC-LY-02 2012 data); Recharge: solution chemistry only
7. Average recharge and initial source zone chemistry for the East Groundwater Area Fill Deposit B-1 (based on lysimeters GC-LY-03 and GC-LY-04 2012 data); Recharge: solution chemistry only
8. Average initial source zone chemistry for the East Groundwater Area encompassing Fill Deposits A, B-1, and B-2, the Former Stockpile Area, and Landfill #1 (based on monitoring wells G1-S, G2-S, G3-S, R-1S, and R-45 2011/2012 data)
9. Contains the same geochemical parameters as the impacted shallow groundwater area, with the exception of Landfill #1 being supersaturated with Fluorite; Recharge: solution chemistry only

[any
o

. Average initial source zone chemistry for Fill Deposit B-2 and Cryolite Area Ditches (based on monitoring wells PZ-1S, PZ-2D, PZ-3, and soil borings GC-SB-01, GC-SB-02, and GC-SB-03 2011/2012 data)

. Average initial recharge and source zone chemistry for the area surrounding monitoring well PZ-4 and soil borings GC-SB-02 and GC-SB-03 (based on monitoring well PZ-4 and soil borings GC-SB-01, GC-SB-02, and GC-SB-03 2011/2012 data)

. Average initial recharge and source zone chemistry for the area surrounding monitoring wells R-3 and PZ-5 [i.e., Former Stockpile Area] (based on monitoring wells R-3, PZ-5, and soil borings GC-SB-01, GC-SB-02, and GC-SB-03 2011/2012 data)
. Average initial source zone chemistry for the West Groundwater Area Fill Deposit B-3 and Landfill #2 (based on RLSW-2 2011/2012 data)

. Average initial source zone chemistry for the West Groundwater Area Closed BMP Facility [including pre-closure recharge] (based on monitoring well RL-2S historical data, as well as site source zones containing residual carbon)

. Calculated from the CEC and exchangeable calcium data discussed in Section 1.4

. Amount of aluminum oxides determined based on the extractable oxide data discussed in Section 1.5

e e I ol e
OUD WN R

Plate 6-15
Summary of Geochemical Initial and Boundary Conditions for the Reactive Transport Model
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Fate and Transport Evaluation

In the East Groundwater Area base case model, the maximum groundwater fluoride
concentrations (in the vicinity of Fill Deposit B-2) decreased by a factor of approximately

four from 2,350 mg/L to 600 mg/L over the 2,000-year simulation period. The footprint of the
plume (in the vicinity of Fill Deposit B-2) exceeding 4 mg/L, however, did not change
appreciably (see Plates 6-16 through 6-19). This is largely explained by the pH dependence of
dissolved calcium concentrations (increasing with decreasing pH) and the fact that the
available exchangeable calcium exceeds dissolved fluoride at the leading edge of the plume. As
alkaline-, sodium-, and fluoride-rich groundwater migrates from the former cryolite area
downgradient toward the CDID ditch, the pH is gradually neutralized by reactions with soil
minerals. Sodium exchanges for soil calcium, which is more soluble at lower pH and becomes
available to react with fluoride and precipitate fluorite. In this way, the rate of advance of
dissolved fluoride is negligible compared to groundwater flow, and the fluoride plume is
essentially arrested in both time and space. High fluoride concentrations can only be sustained
as long as groundwater pH is elevated. Over the 2,000-year simulation period in the vicinity of
the Former Stockpile Area and Landfill #1, the model predicts riverward transport of fluoride
concentrations in excess of 4 mg/L, as shown in Plates 6-16 through 6-19. This is due to the

fact that these deposits lie across the groundwater divide discussed in Section 6.5.1.

Concentrations downgradient of the fluoride plume also remain relatively stable. For example,
the fluoride concentration in well G4-S remains below 1 mg/L over the entire simulation
period. As a result, fluoride concentrations in groundwater downgradient of the East
Groundwater Area plume are predicted to remain low into the foreseeable future. This result
indicates that natural attenuation processes in the East Groundwater Area are and will

continue to provide sufficient treatment to be protective of surface water in the CDID ditches.

In the West Groundwater Area, maximum groundwater fluoride concentrations are generally
lower than in the East Groundwater Area (less than 200 mg/L) and primarily the result of past
loading to groundwater beneath the Closed BMP Facility prior to its closure in 1990 and the
leaching of fluoride containing materials in Fill Deposit B-3 (see Plate 6-20). Over the course of
the 2,000-year base case simulation, the relic fluoride plume beneath the Closed BMP Facility is
slowly flushed and concentrations are predicted to decline to levels below 10 mg/L beneath most
of the footprint of the Closed BMP Facility. Concentrations beneath Fill Deposit B-3 are
predicted to remain relatively stable since the residual carbon, which contains fluorite, is in

direct contact with groundwater in places (see Plates 6-21 through 6-23).
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This plate illustrates the footprint of the East Groundwater Area fluoride plume exceeding 4 milligrams per liter (mg/L), representing current site
conditions. The maximum simulated groundwater fluoride concentration under current site conditions is 2,350 mg/L near the Former Stockpile
Area and southernmost cryolite area ditches.

Plate 6-16

Plan View and Vertical X-sections of the Simulated East Groundwater Area Fluoride Plume for Current Site Conditions
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Note: Pink squares denote monitoring well locations; pink dashed lines denote the Fill Deposit and Landfill boundaries.

This plate illustrates the simulated East Groundwater Area fluoride plume after 200 years with no reduction in infiltration. The footprint of the simulated
plume (in the vicinity of Fill Deposits A, B-1, and B-2) exceeding 4 milligrams per liter (mg/L) does not change appreciably over the course of 200 years. This is
largely explained by the pH dependence of dissolved calcium concentrations (increasing with decreasing pH) and the fact that the available exchangeable
calcium exceeds dissolved fluoride at the leading edge of the plume. As alkaline-, sodium-, and fluoride-rich groundwater migrates from Fill Deposit B-2
downgradient towards the CDID ditch, the pH is gradually neutralized by reactions with soil minerals. Sodium exchanges for soil calcium, which becomes
available to react with fluoride and precipitate fluorite. The rate of advance of dissolved fluoride is negligible compared to groundwater flow towards the
internal site and CDID ditches, and the fluoride plume is essentially arrested in both time and space. High fluoride concentrations can only be sustained as long
as groundwater pH is elevated. The 4 mg/L fluoride plume in the vicinity of the Former Stockpile Area and Landfill #1 shows a certain degree of riverward
migration, which is because these deposits lie on or are adjacent to the groundwater divide discussed in Section 6.5.1.

Plate 6-17

Plan View and Vertical X-sections of the Simulated East Groundwater Area Fluoride Plume

after 200 Years with No Reduction in Infiltration
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This plate illustrates the simulated East Groundwater Area fluoride plume after 1,000 years with no reduction in infiltration. The footprint of the simulated
plume (in the vicinity of Fill Deposits A, B-1, and B-2) exceeding 4 milligrams per liter (mg/L) does not change appreciably over the course of 1,000 years. This is
largely explained by the pH dependence of dissolved calcium concentrations (increasing with decreasing pH) and the fact that the available exchangeable
calcium exceeds dissolved fluoride at the leading edge of the plume. As alkaline-, sodium-, and fluoride-rich groundwater migrates from Fill Deposit B-2
downgradient towards the CDID ditch, the pH is gradually neutralized by reactions with soil minerals. Sodium exchanges for soil calcium which becomes
available to react with fluoride and precipitate fluorite. The rate of advance of dissolved fluoride is negligible compared to groundwater flow towards the
internal site and CDID ditches, and the fluoride plume is essentially arrested in both time and space. High fluoride concentrations can only be sustained as long
as groundwater pH is elevated. The 4 mg/L fluoride plume in the vicinity of the Former Stockpile Area and Landfill #1 shows a certain degree of riverward
migration, which is due to the fact that these deposits lie on or are adjacent to the groundwater divide discussed in Section 6.5.1.

Plate 6-18

Plan View and Vertical X-sections of the Simulated East Groundwater Area Fluoride Plume

after 1,000 Years with No Reduction in Infiltration
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This plate illustrates the simulated East Groundwater Area fluoride plume after 2,000 years with no reduction in infiltration. The footprint of the simulated
plume (in the vicinity of Fill Deposits A, B-1, and B-2) exceeding 4 milligrams per liter (mg/L) does not change appreciably over the course of 2,000 years. This is
largely explained by the pH dependence of dissolved calcium concentrations (increasing with decreasing pH) and the fact that the available exchangeable
calcium exceeds dissolved fluoride at the leading edge of the plume. As alkaline-, sodium-, and fluoride-rich groundwater migrates from Fill Deposit B-2
downgradient towards the CDID ditch, the pH is gradually neutralized by reactions with soil minerals. Sodium exchanges for soil calcium, which becomes
available to react with fluoride and precipitate fluorite. The rate of advance of dissolved fluoride is negligible compared to groundwater flow towards the
internal site and CDID ditches, and the fluoride plume is essentially arrested in both time and space. High fluoride concentrations can only be sustained as long
as groundwater pH is elevated. The 4 mg/L fluoride plume in the vicinity of the Former Stockpile Area and Landfill #1 shows a certain degree of riverward
migration, which is due to the fact that these deposits lie on or are adjacent to the groundwater divide discussed in Section 6.5.1.
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Plate 6-19

Plan View and Vertical X-sections of the Simulated East Groundwater Area Fluoride Plume
after 2,000 Years with No Reduction in Infiltration
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This plate illustrates the simulated West Groundwater Area fluoride plume exceeding 4 milligrams per liter, representing current site conditions.
Elevated groundwater fluoride concentrations are primarily the result of past loading to groundwater beneath the Closed BMP Facility prior to
its closure in 1990 and leaching of Fill Deposit B-3.

Plate 6-20

Plan View and Vertical X-sections of the Simulated West Groundwater Area Fluoride Plume under Current Site Conditions
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This plate illustrates the simulated West Groundwater Area fluoride plume (exceeding 4 milligrams per liter [mg/L]) after 200 years with no
reduction in infiltration. Over the course of 200 years, the relic fluoride plume beneath the Closed BMP Facility is slowly flushed and
concentrations are predicted to decline to levels below 100 mg/L beneath most of the footprint of the Closed BMP Facility. Concentrations
beneath Fill Deposit B-3 are predicted to remain relatively stable since the residual carbon, which contains fluorite, is in direct contact with
groundwater in places. Fluoride concentrations in groundwater adjacent to the CDID ditches are predicted to continue to decrease over time as

they have been doing since closure of the BMP Facility.
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Plate 6-21

Plan View and Vertical X-sections of the Simulated West Groundwater Area Fluoride Plume
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This plate illustrates the simulated West Groundwater Area fluoride plume (exceeding 4 milligrams per liter [mg/L]) after 1,000 years with no
reduction in infiltration. Over the course of 1,000 years, the relic fluoride plume beneath the Closed BMP Facility is slowly flushed and
concentrations are predicted to decline to levels below 50 mg/L beneath most of the footprint of the Closed BMP Facility. Concentrations
beneath Fill Deposit B-3 are predicted to remain relatively stable since the residual carbon, which contains fluorite, is in direct contact with

groundwater in places. Fluoride concentrations in groundwater adjacent to the CDID ditches are predicted to continue to decrease over time as
they have been doing since closure of the BMP Facility.
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Plate 6-22

Plan View and Vertical X-sections of the Simulated West Groundwater Area Fluoride Plume

after 1,000 Years with No Reduction in Infiltration
Remedial Investigation/Feasibility Study
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This plate illustrates the simulated West Groundwater Area fluoride plume (exceeding 4 milligrams per liter [mg/L]) after 2,000 years with no
reduction in infiltration. Over the course of the 2,000-year simulation, the relic fluoride plume beneath the Closed BMP Facility is slowly flushed
and concentrations are predicted to decline to levels below 10 mg/L beneath most of the footprint of the Closed BMP Facility. Concentrations
beneath Fill Deposit B-3 are predicted to remain relatively stable since the residual carbon, which contains fluorite, is in direct contact with
groundwater in places. Fluoride concentrations in groundwater adjacent to the CDID ditches are predicted to continue to decrease over time as

they have been doing since closure of the BMP Facility.
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Plate 6-23

Plan View and Vertical X-sections of the Simulated West Groundwater Area Fluoride Plume

after 2,000 Years with No Reduction in Infiltration
Remedial Investigation/Feasibility Study
Former Reynolds Metals Reduction Plant — Longview




Fate and Transport Evaluation

Concentrations in groundwater adjacent to the CDID ditches are predicted to continue to
decrease over time as they have been doing since closure of the BMP Facility. For example,
the fluoride concentration in well RL-1S, currently close to 8 mg/L, is predicted to decrease
below 4 mg/L over approximately 100 years (see Plate 6-24). The fluoride concentration in
the nearby CDID ditch (at surface water Station W4) has been measured recently at less than
1 mg/L; therefore, the current fluoride concentration at RL-1S is protective of surface water
quality and is expected to continue to be protective into the foreseeable future (see

Plate 6-25). In another example, fluoride concentrations in RL-2S are currently near

50 mg/L and have decreased by approximately an order of magnitude since the Closed BMP
Facility was in operation (see Plate 6-26). Concentrations in nearby CDID ditch (at surface
water Station W3) are on the order of 1 mg/L; therefore, the measured concentration in
RL-2S is protective of surface water quality. The 50-fold difference between shallow
groundwater and surface water and the lack of measurable impact on surface water quality is
likely due to a combination of processes including the mixing of shallow and slightly deeper
(low fluoride) groundwater as groundwater flow converges toward the CDID ditches,
precipitation of fluorite due to mixing or reaction with calcium in the aquifer, and adsorption

on clays and oxides in soils and solid media.

The model predicts that concentrations will continue to decline to less than 20 mg/L within
200 years, as most of the dissolved fluoride mass beneath the Closed BMP Facility is flushed
out, then more gradually as fluoride continues to leach from Fill Deposit B-3. In this case,
the model predicts that fluoride concentrations in RL-2S will still be marginally greater than
4 mg/L after 2,000 years (see Plate 6-27). Because current concentrations, which are
approximately an order of magnitude higher, are shown to be protective of surface water
quality, decreasing fluoride concentrations in RL-2S will also continue to be protective of

surface water quality.
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Fluoride concentrations in groundwater adjacent to the CDID ditches are predicted to continue to decrease over time as they have been doing
since closure of the BMP Facility. In the southwestern corner of the site near the U-ditch and CDID (Reynolds) pump station, the fluoride
concentration in well RL-1S, currently close to 8 milligrams per liter (mg/L), is predicted to decrease below 4 mg/L over the course of
approximately 100 years for the 50 and 100 percent infiltration reduction scenarios, as well as the base case involving no reduction in infiltration
over Fill Deposit B-3 and Landfill #2.

Plate 6-24
ANCHOR Simulated Fluoride Breakthrough Curves at Monitoring Well RL-1S

OFA < Remedial Investigation/Feasibility Study
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Current fluoride concentrations measured at RL-1S are protective of surface water quality. The fluoride concentration in CDID Ditch No. 14 (at
surface water Station W4), proximal to monitoring well RL-1S, has been measured recently at less than 1 milligram per liter. Concentrations in
groundwater adjacent to the CDID ditches are predicted to continue to decrease over time (as shown in Plate 6-24); therefore, continued
protection of surface water quality in the future is ensured, regardless of whether or not infiltration is reduced.

Plate 6-25
ANCHOR Measured and Simulated Future (2,000 years) Fluoride Concentrations at Well RL-1S and Surface Water Station W4
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Groundwater and ditch water quality surrounding the Closed BMP Facility has been monitored since the early 1990s as part of the Ecology-
approved closure and post-closure monitoring program. Results of monitoring have shown that the closure and dewatering of the facility have
been effective. As described in Section 5 of the Remedial Investigation, there are no impacts to water quality in the adjacent CDID ditches for
cyanide or fluoride. Cyanide levels in the shallow groundwater within the silt/clay soils immediately adjacent to the Closed BMP Facility are
protective of both drinking water and surface water quality. As shown in this plate, fluoride concentrations in shallow groundwater have been
on a decreasing trend since facility closure. Fluoride concentrations in wells RL-2S (shallower well, green symbols above) and RL-2D (slightly
deeper well, blue symbols) continue to decrease, reflecting the attenuation of fluoride by native soils.

Plate 6-26
ANCHOR Reduction in Groundwater Fluoride Concentrations S.ince Clos:ed !BMP Fac?li'FY Closure
e Remedial Investigation/Feasibility Study
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Measured fluoride concentrations in RL-2S are currently near 50 milligrams per liter (mg/L) and have decreased by approximately an order of
magnitude since the Closed BMP Facility was in operation (see Plate 6-26). The model predicts that concentrations will continue to decline to
less than 20 mg/L within 200 years (illustrated in the above graph), as most of the dissolved fluoride mass beneath the Closed BMP Facility is
flushed out. In 2,000 years, the model predicts that fluoride concentrations in RL-2S will still be marginally greater than 4 mg/L. Current
measured concentrations in the nearby CDID ditch (at surface water Station W3) are on the order of 1 mg/L. Since current concentrations in
RL-2S are empirically demonstrated to be protective of surface water quality, decreasing fluoride concentrations in groundwater in the future
will ensure continued protection of surface water quality. The 50-fold difference between shallow groundwater and surface water and the lack
of measurable impact on surface water quality is likely to be due in part to the mixing of shallow groundwater from variable depths (lower
fluoride at greater depths) as groundwater flow converges towards the CDID ditches, precipitation of fluorite due to mixing or reaction with
calcium in the aquifer, and adsorption on clays and oxides in soils and solid media.

Plate 6-27

ANCHOR Simulated Fluoride Breakthrough.Curve fo.r Mf)nitoring. V.\/.eII RL-2S
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Fate and Transport Evaluation

A series of simulations were also performed to evaluate the potential benefit of reducing
infiltration on fluoride source zones on the rate of attenuation of the fluoride plume. The
source zones included Fill Deposits A, B-1, B-2, and Landfill #1 in the East Groundwater
Area and Fill Deposit B-3 and Landfill #2 in the West Groundwater Area. The base case

model results were compared to results for the following scenarios:

1. Infiltration in the source zones is reduced by 50 percent

2. Infiltration in the source zones is reduced by 100 percent

Plates 6-17, 6-18, and 6-19 show the base case simulated East Groundwater Area fluoride
plume after 200, 1,000, and 2,000 years, respectively. Plates 6-28, 6-29, and 6-30 show the
simulated East Groundwater Area fluoride plume after 200, 1,000, and 2,000 years,
respectively, assuming 50 percent reduction in infiltration through the deposits/landfill.
Plates 6-31, 6-32, and 6-33 show the simulated East Groundwater Area fluoride plume after
200, 1,000, and 2,000 years, respectively, assuming 100 percent reduction in infiltration,
respectively. There is little discernible change in maximum fluoride concentrations (shown
in yellow) beneath Fill Deposit B-2 between the three simulation scenarios, as would be
expected based on the fact that residual carbon and spent lime are in direct contact with
groundwater in some places. After a simulation time of 2,000 years, the fluoride plume at
the southern edge of Landfill #1 (floor sweeps) is predicted to have retreated somewhat for
the 50 percent infiltration reduction scenario, while for the 100 percent infiltration
reduction scenario, no riverward migration of the 4 mg/L fluoride plume is predicted; overall
concentrations beneath this landfill are predicted to decrease by about a factor of 3 for the
100 percent infiltration reduction scenario. Also, there is a noticeable decrease in the
fluoride concentrations at the edges of Fill Deposits A and B-1 after 2,000 years with

100 percent reduction in infiltration. However, the fluoride concentration in shallow
groundwater immediately downgradient of the East Groundwater Area is currently less than
1 mg/L, well below the MCL, and remains below 1 mg/L in all three of the infiltration
simulations (see Plates 6-34 and 6-35). Based on these results, there does not appear to be an
appreciable improvement in groundwater quality downgradient of the East Groundwater
Area as a result of significant (50 to 100 percent) reduction in infiltration through the East

Groundwater Area fill and landfill deposits.
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This plate shows the East Groundwater Area fluoride plume after 200 years assuming 50 percent reduction in infiltration through Fill Deposits A,
B-1 and B-2, and Landfill #1. There is little discernible change in maximum fluoride concentrations (shown in yellow) beneath Fill Deposit B-2
between the base case scenario after 200 years (no reduction in infiltration [see Plate 6-17]) compared to 50 percent reduction in infiltration, as
would be expected based on the fact that residual carbon and spent lime are in direct contact with groundwater in some places. The rate of
advance of dissolved fluoride is negligible compared to groundwater flow towards the internal site and CDID ditches, and the fluoride plume (in
the vicinity of Fill Deposits A, B-1, and B-2) is essentially arrested in both time and space. There is, however, a decrease in the downgradient
footprint of the fluoride plume at the southern edges of the Former Stockpile Area and Landfill #1 (floor sweeps) with 50 percent reduction in
infiltration as compared to the base case model.

Plate 6-28

ANCHOR Simulated East Groundwater Area Fluoride Plume after 200 Years with 50. Percent .Red.uction in. Irn.‘iltration
OFA < Remedial Investigation/Feasibility Study
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Note: Pink squares denote monitoring well locations; pink dashed lines denote Fill Deposit and Landfill boundaries.

This plate shows the East Groundwater Area fluoride plume after 1,000 years assuming 50 percent reduction in infiltration through Fill Deposits

A, B-1 and B-2, and Landfill #1. The

between the base case scenario after 1,000 years (no reduction in infiltration [see Plate 6-18]) compared to 50 percent reduction in infiltration,

as would be expected based on the

advance of dissolved fluoride is negligible compared to groundwater flow towards the internal site and CDID ditches, and the fluoride plume (in
the vicinity of Fill Deposits A, B-1, and B-2) is essentially arrested in both time and space. There is, however, a decrease in the downgradient
footprint of the fluoride plume at the southern edges of the Former Stockpile Area and Landfill #1 (floor sweeps) with 50 percent reduction in

infiltration as compared to the base case model.
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Note: 2x Vertical Exaggeration
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re is little discernible change in maximum fluoride concentrations (shown in yellow) beneath Fill Deposit B-2

fact that residual carbon and spent lime are in direct contact with groundwater in some places. The rate of

Plate 6-29

Simulated East Groundwater Area Fluoride Plume after 1,000 Years with 50 Percent Reduction in Infiltration
Remedial Investigation/Feasibility Study

Former Reynolds Metals Reduction Plant — Longview
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This plate shows the East Groundwater Area fluoride plume after 2,000 years assuming 50 percent reduction in infiltration through

Fill Deposits A, B-1 and B-2, and Landfill #1. There is little discernible change in maximum fluoride concentrations (shown in yellow) beneath

Fill Deposit B-2 between the base case scenario (no reduction in infiltration [see Plate 6-19]) compared to 50 percent reduction in infiltration, as
would be expected based on the fact that residual carbon and spent lime are in direct contact with groundwater in some places. The rate of
advance of dissolved fluoride is negligible compared to groundwater flow towards the internal site and CDID ditches, and the fluoride plume is
essentially arrested in both time and space. There is, however, a decrease in the downgradient extent of the fluoride plume at the southern
edge of Landfill #1 (floor sweeps) with 50 percent reduction in infiltration as compared to the base case model.

Plate 6-30

ANCHOR Simulated East Groundwater Area Fluoride Plume after 2,000 Years with 50. Percent .Red.uction in. Irn.‘iltration
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Note: Pink squares denote monitoring well locations; pink dashed lines denote Fill Deposit and Landfill boundaries.

This plate shows the East Groundwater Area fluoride plume after 200 years assuming 100 percent reduction in infiltration through Fill Deposits A, B-1
and B-2, and Landfill #1. There is little discernible change in maximum fluoride concentrations (shown in yellow) beneath Fill Deposit B-2 between the
base case scenario at 200 years (no reduction in infiltration [see Plate 6-17]) compared to 100 percent reduction in infiltration, as would be expected
based on the fact that residual carbon and spent lime are in direct contact with groundwater in some places. With 100 percent reduction in infiltration,
there is no riverward migration of the 4 milligrams per liter fluoride plume from the southern edge of the Former Stockpile Area and negligible
riverward migration from the southern edge of Landfill #1, as compared to the base case scenario. Also, there is a decrease in the fluoride
concentrations at the edges of Fill Deposits A and B-1 after 200 years with 100 percent reduction in infiltration. Ultimately, the rate of advance of
dissolved fluoride is negligible compared to groundwater flow, and the fluoride plume is essentially arrested in both time and space.

Plate 6-31

ANCHOR Simulated East Groundwater Area Fluoride Plume after 200 Years with 100. Percent .Red.uction in. Irn.‘iltration
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This plate shows the East Groundwater Area fluoride plume after 1,000 years assuming 100 percent reduction in infiltration through

Fill Deposits A, B-1 and B-2, and Landfill #1. There is little discernible change in maximum fluoride concentrations (shown in yellow) beneath

Fill Deposit B-2 between the base case scenario at 1,000 years (no reduction in infiltration [see Plate 6-18]) compared to 100 percent reduction
in infiltration, as would be expected based on the fact that residual carbon and spent lime are in direct contact with groundwater in some places.
With 100 percent reduction in infiltration, there is no riverward migration of the 4 milligrams per liter fluoride plume from the southern edge of

Landfill #1, as compared to the base case scenario after 1,000 years. Also, there is a noticeable decrease in the fluoride concentrations at the

edges of Fill Deposits A and B-1 after 1,000 years with 100 percent reduction in infiltration. Ultimately, the rate of advance of dissolved fluoride
is negligible compared to groundwater flow, and the fluoride plume is essentially arrested in both time and space.
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Plate 6-32

Simulated East Groundwater Area Fluoride Plume after 1,000 Years with 100 Percent Reduction in Infiltration
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This plate shows the East Groundwater Area fluoride plume after 2,000 years assuming 100 percent reduction in infiltration through

Fill Deposits A, B-1 and B-2, and Landfill #1. There is little discernible change in maximum fluoride concentrations (shown in yellow) beneath
Fill Deposit B-2 between the base case scenario (no reduction in infiltration [see Plate 6-19]) compared to 100 percent reduction in infiltration,

as would be expected based on the fact that residual carbon and spent lime are in direct contact with groundwater in some places. Overall

concentrations beneath Landfill #1 are predicted to decrease by approximately a factor of 3 with 100 percent reduction in infiltration, and there
is no riverward migration of the 4 milligrams per liter fluoride plume, as compared to the base case scenario after 2,000 years. Also, there is a

noticeable decrease in the fluoride concentrations at the edges of Fill Deposits A and B-1 after 2,000 years with 100 percent reduction in
infiltration. Ultimately, the rate of advance of dissolved fluoride is negligible compared to groundwater flow, and the fluoride plume is
essentially arrested in both time and space.

Plate 6-33

ANCHOR Simulated East Groundwater Area Fluoride Plume after 2,000 Years with 100. Percent .Red.uction in. Ir.nfiltration
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The fluoride concentration in shallow groundwater immediately downgradient of the East Groundwater Area, at monitoring well G4-S near CDID
Ditch No.5, is currently less than 1 milligram per liter (mg/L), well below the MCL, and remains below 1 mg/L in all three of the infiltration
reduction simulations, as shown in the above graph. Based on these results, significant reduction (50 to 100 percent) of infiltration through the
East Groundwater Area landfill and fill deposits does not appreciably improve groundwater quality downgradient of the East Groundwater Area.

Plate 6-34
ANCHOR Measured and Simulated Future (2,000 Years) FIuo.ride Cont.:ent.rations a.t Well G4-S
Remedial Investigation/Feasibility Study

[ & &g
QEA &2 Former Reynolds Metals Reduction Plant — Longview



5
G4-S ——0% Infiltration Reduction
——50% Infiltration Reduction
——100% Infiltration Reduction
Fluoride MCL

4
= 3
S
ol
E
[}
i)
S
o
=
[ )

1

—
0 T T T T T T T T T T T T T T T T T T T
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Time (years)

The fluoride concentration in shallow groundwater immediately downgradient of the East Groundwater Area is currently less than 1 milligram
per liter (mg/L), well below the MCL, and is predicted to remain less than 1 mg/L in all of the infiltration reduction scenarios. Based on these
results, reduction of infiltration through the East Groundwater Area landfill and fill deposits by 50 to 100 percent does not provide appreciable
improvement in groundwater quality downgradient of the East Groundwater Area relative to no infiltration reduction.

Plate 6-35
ANCHOR Simulated Fluoride Breakthrough Curves at Monitoring Well G4-S for the Differenjc InfiItrat?on .Reductio.n .S.cenarios
Remedial Investigation/Feasibility Study
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Fate and Transport Evaluation

Plates 6-21, 6-22, and 6-23 show the base case simulated West Groundwater Area fluoride plume
after 200, 1,000, and 2,000 years, respectively. Plates 6-36, 6-37, and 6-38 show the simulated
West Groundwater Area fluoride plume after 200, 1,000, and 2,000 years, respectively, assuming
50 percent reduction in infiltration through the fill and landfill deposits. Plates 6-39, 6-40, and
6-41 show the simulated West Groundwater Area fluoride plume after 200, 1,000, and

2,000 years assuming 100 percent reduction in infiltration, respectively. Similar to the East
Groundwater Area simulations, reduction in infiltration through Fill Deposit B-3 does not result
in a discernible decrease in the maximum groundwater concentrations (shown in green). There
is, however, a notable decrease in fluoride concentrations in groundwater at the edges of

Fill Deposit B-3 after 2,000 years with 100 percent reduction in infiltration. As shown on

Plates 6-24 and 6-25, fluoride concentrations in shallow groundwater immediately
downgradient of Fill Deposit B-3 are predicted to drop below the MCL within about 100 years,
regardless of the level of infiltration reduction. Based on these results, there does not appear to
be an appreciable improvement in groundwater quality as a result of significantly (50 to

100 percent) reducing infiltration through the West Groundwater Area fill deposit.

6.6 Fluoride Fate and Transport Summary

The following major processes are influencing the fate and transport of fluoride within soil, solid

media, and groundwater in the study area:

e The leaching of fluoride from source areas is presently limited by the solubility of
fluorite (calcium fluoride).

e Similarly, dissolved fluoride transport in groundwater from areas historically
impacted by alkaline sodium fluoride solutions is limited by the solubility of fluorite
(less than 100 mg/L for pH less than 8) and fluorophosphates, such as fluorapatite.

e Anion exchange and adsorption to soil aluminum oxides also serve to retard fluoride
movement in groundwater at the leading edge of the plume. Testing indicates that
natural AEC remains in areas outside of the source area deposits. This natural
capacity is available for uptake of dissolved fluoride.

e In specific areas where relatively high groundwater pH and associated low soluble
calcium concentrations permit elevated fluoride levels to persist, the abundance of
available calcium in the upper alluvial soils ensures that fluoride concentrations are
regulated by fluorite precipitation, which essentially arrests the plume in place and

prevents downgradient migration.
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This plate shows the simulated West Groundwater Area fluoride plume after 200 years assuming 50 percent reduction in infiltration through
Fill Deposit B-3 and Landfill #2. Reducing infiltration through Fill Deposit B-3 does not result in an appreciable decrease in the maximum
groundwater fluoride concentrations (shown in green) or the overall extent of the plume, as compared to the base case scenario after 200 years

(no reduction in infiltration [see Plate 6-21]).
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Plate 6-36

Simulated West Groundwater Area Fluoride Plume after 200 Years with 50 Percent Reduction in Infiltration

Remedial Investigation/Feasibility Study
Former Reynolds Metals Reduction Plant — Longview



Time = 1000 years

Approximate
Ordinary High
Water Line

Blli=%

B N

4000
1000
400

I 100

40
I 10
4

Fluoride
(mg/L)

|-
0 500 ft

Columbia River CDID Ditch No.14 No.10
A/ NN A

zzzzzzzz

- —— - - = = =
e i - - —— - T I H I |

“ | | - 1 I | I 1 i ] |

i | | ||,||||| |||| | N 1 1l il il |

Tims = 1000 years

Columbia River U-Ditch CDID Ditch No.10
B

b ndm—

T

Tims = 1000 years

It \

T Tl 11 Tl I1 1 11
L TR |

Note: Pink squares denote monitoring well locations; pink dashed line denotes the Fill Deposit boundary.

Note: 2x Vertical Exaggeration

This plate shows the simulated West Groundwater Area fluoride plume after 1,000 years assuming 50 percent reduction in infiltration through
Fill Deposit B-3 and Landfill #2. Reducing infiltration through Fill Deposit B-3 does not result in an appreciable decrease in the maximum
groundwater fluoride concentrations (shown in green) as compared to the base case scenario after 1,000 years (no reduction in infiltration

[see Plate 6-22]).
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Note: Pink squares denote monitoring well locations; pink dashed line denotes the Fill Deposit boundary.
This plate shows the simulated West Groundwater Area fluoride plume after 2,000 years assuming 50 percent reduction in infiltration through
Fill Deposit B-3 and Landfill #2. Reducing infiltration through Fill Deposit B-3 does not result in an appreciable decrease in the maximum
groundwater fluoride concentrations (shown in green) as compared to the base case scenario after 2,000 years (no reduction in infiltration
[see Plate 6-23]).
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This plate shows the simulated West Groundwater Area fluoride plume after 200 years assuming 100 percent reduction in infiltration through
Fill Deposit B-3 and Landfill #2. Reducing infiltration through Fill Deposit B-3 does not result in an appreciable decrease in the maximum
groundwater fluoride concentrations (shown in green) as compared to the base case scenario (no reduction in infiltration [see Plate 6-21]), but
there is a noticeable decrease in the fluoride concentrations at the edges of Fill Deposit B-3 after 200 years with 100 percent reduction in

Time = 200 years BI
4000
1000
400
I 100
A 40
I 10
4
Approximate Fluoride
Ordi High
Water Line (me/1)
—_ a
: — —_—
A Columbia River CDID Ditch No.14 Al
I e e e
T e U-Ditch CDID Ditch No.10 |1°°
B / l/\é l/ feet

Note: Pink squares denote monitoring well locations; pink dashed line denotes Fill Deposit boundary.

Note: 2x Vertical Exaggeration

infiltration.
Plate 6-39
ANCHOR Simulated West Groundwater Area Fluoride Plume after 200 Years with 100. Percent .Red.uction in. I|.'n.°iltration
OFA < Remedial Investigation/Feasibility Study
e Former Reynolds Metals Reduction Plant — Longview



Time = 1000 years BI
4000
1000
400
I100
A 40
I10
4
Approximate .
Ordinary High Fluoride
Water Line (mg/L)
__________ A
B |
0 500 ft
A ZColumbia River CDID Ditch N0.14\No.10\ AI
TB _ my; Columbia River l/¢U—Ditch l/cmD Ditch No.10 B! f1eoefi

Time = 1000 years

Note: 2x Vertical Exaggeration
Note: Pink squares denote monitoring well locations; pink dashed line denotes the Fill Deposit boundary.

This plate shows the simulated West Groundwater Area fluoride plume after 1,000 years assuming 100 percent reduction in infiltration through
Fill Deposit B-3 and Landfill #2. Reducing infiltration through Fill Deposit B-3 does not result in an appreciable decrease in the maximum
groundwater fluoride concentrations (shown in green) as compared to the base case scenario (no reduction in infiltration [see Plate 6-22]), but
there is a noticeable decrease in the fluoride concentrations at the edges of Fill Deposit B-3 after 1,000 years with 100 percent reduction in
infiltration.
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This plate shows the simulated West Groundwater Area fluoride plume after 2,000 years assuming 100 percent reduction in infiltration through
Fill Deposit B-3 and Landfill #2. Reducing infiltration through Fill Deposit B-3 does not result in an appreciable decrease in the maximum
groundwater fluoride concentrations (shown in green) as compared to the base case scenario after 2,000 years (no reduction in infiltration

[see Plate 6-23]), but there is a noticeable decrease in the fluoride concentrations at the edges of Fill Deposit B-3 after 2,000 years with
100 percent reduction in infiltration.
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Fate and Transport Evaluation

Hydrogeologic conditions in the study area are influenced by the regional drainage networks
of the CDID ditch system. These drainage networks generate a groundwater gradient
flowing generally northward away from the Columbia River, with shallow groundwater
discharging to the waters of the CDID ditch system. Fluoride that may be present in
groundwater near the groundwater/ditch boundary is subject to a number of attenuation
processes, including the precipitation of fluorophosphates, anion exchange, and adsorption
reactions on soils present beneath the ditch bottom. Ditch water monitoring conducted as
part of the RI has shown that these processes are capable of maintaining ditch water fluoride

concentrations below 4 mg/L.

In the southernmost portions of the study area, groundwater gradients are at times toward
the Columbia River. The portion of site groundwater that can flow toward the river is
limited by site hydrogeologic gradients. Groundwater moving along this path is subject to
dispersion, as well as tidally induced mixing in river nearshore areas. Geochemical processes
applicable to the boundary between groundwater and the river include adsorption, exchange,
and calcium fluorophosphate precipitation. Surface water concentrations measured within
the Columbia River have been consistent with upriver background concentrations of

approximately 0.2 mg/L or less.

Groundwater transport modeling analyses also provide support for the long-term
effectiveness of the natural attenuation processes described above in regulating fluoride
concentrations. Reactive transport simulations show that the abundance of available calcium
in the upper alluvial WBZ soils and sediments is sufficient to guarantee that the dissolved
alkaline fluoride plume in the former cryolite area is essentially arrested in place and will
further attenuate downgradient as pH shifts to neutral and calcium becomes more soluble.
Similarly, in areas of high fluoride groundwater with near-neutral pH, calcium provided by
cation exchange and mineral dissolution reactions drives the precipitation of fluorite such
that fluoride plumes associated with specific source areas appear to remain essentially
stationary on timescales of centuries to millennia. These processes provide sufficient in situ

treatment to be protective of surface water quality in the Columbia River and CDID ditches.

The results of the fate and transport evaluations have direct implications on remediation

levels (RELs) for groundwater and soil. Empirical data demonstrate that current
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Fate and Transport Evaluation

groundwater conditions are protective of surface water quality in CDID ditches and the
Columbia River. Historical monitoring data documents decreasing concentration trends in
downgradient groundwater post-closure of on-site disposal fill deposits, such as the Closed
BMP Facility, demonstrating the effectiveness of natural attenuation processes in regulating
fluoride over time. Reactive transport modeling further supports that these processes will
continue to operate and be protective into the future. Setting RELs for groundwater that
rely on continued stable or decreasing fluoride concentration trends will ensure continued

protection of surface water quality.

Soil RELs for identifying soils suitable for reuse on site can be based on consideration of site-
specific fluoride partitioning and unsaturated zone attenuation consistent with MTCA
guidelines. Site-specific K4 values for fluoride leaching from soils containing fluoride
residuals, based on leaching of the concentrated residual materials (see Table 6-1), can be
combined with a soil attenuation factor to derive soil concentrations that would be
protective of groundwater quality. By extension, soil RELs defined in this manner would

also be protective of surface water quality.

The derivation of site-specific groundwater and soil RELs is discussed in detail in Section 8.

Remedial Investigation/Feasibility Study January 2015
Former Reynolds Metals Reduction Plant — Longview 207 130730-01.01



7 CONCEPTUAL SITE MODEL

This section provides a summary of the CSM developed for the study area based on the
findings of the RI. The CSM includes a summary of environmental conditions at the site,
fate and transport characteristics of principal site COCs, and an evaluation of potential

exposure pathways and receptors. The CSM is illustrated on Figures 7-1 through 7-4.

7.1 Summary of Environmental Conditions

The environmental conditions at the site were initially evaluated through a series of
investigation and cleanup actions conducted between the 1980s and 2007. These previous

actions are described in Section 2.

After evaluating data gaps for the study area, the RI activities described in this report were
initiated under Ecology direction to complete the assessment of current environmental
conditions. These findings of the RI provide the information necessary to define the
environmental conditions, develop the CSM, and support the development of cleanup
alternatives in the FS consistent with MTCA requirements. The key findings of the RI

include the following:

e Principal site COCs in soil/solid media are fluoride, cyanide, and PAH compounds.
These compounds are associated primarily with former smelter operations and are
generally present in localized areas where deposits of residual carbon and spent lime
are currently managed on site. These localized areas include the landfills and fill
deposits shown on Figure 7-1.

e Surface soil quality throughout the majority of the Former Reynolds Plant is
protective of industrial workers. The exceptions to this are localized soil sampling
locations within the northeast corner of the Flat Storage Area and impacted soils in
Landfill #3 (construction debris). These areas are also shown on Figure 7-1, and
management of these areas will be addressed in the FS.

o The contents of several of the closed landfills and fill deposits at the facility contain
elevated concentrations of PAH compounds. Industrial workers are not exposed to
these contained materials during normal, on-site work activities. The long-term

management of the landfills and fill deposits is addressed as part of the FS.
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e Columbia River sediments were tested extensively during coordinated RI/FS and
NPDES monitoring events. No impacts to nearshore or offshore sediments were
noted, except for a localized area immediately adjacent to Outfall 002A, which is
monitored under the NPDES program. Trend analysis indicates that sediments in this
extremely localized area are recovering over time. As described in Section 8,
evaluation of detectable bioaccumulative concentrations confirms that existing
concentrations are protective of human health and the environment. However, at
Ecology’s request, the limited area of benthic impacts to sediments will be addressed
in the FS. The sediments near Outfall 002A are also subject to future monitoring
under the NPDES program.

e Extensive testing has been performed in CDID ditch waters and surface waters of the
Columbia River adjacent to the site. No exceedances of screening levels were noted
in these ditch or surface water samples.

e No VOCs or PCBs were detected in groundwater. Cyanide levels are protective of
drinking water and surface water quality. Fluoride and PAH concentrations are
elevated only in the upper fill and silt/clay soils immediately within or adjacent to the
landfill and fill deposits.

Fluoride is the principal COC for site groundwater. Groundwater concentrations of fluoride
exceed MCLs in portions of the West Groundwater Area and East Groundwater Area and in
a localized area adjacent to Landfill #3. The highest fluoride concentrations are located in
the vicinity of Fill Deposit B-2. Fluoride concentrations in other portions of the East
Groundwater Area and West Groundwater Area are more than ten-fold lower than this area.
Concentrations of fluoride in groundwater adjacent to Landfill #3 are even lower, exceeding

the MCL by only a narrow margin.

7.2 Fate and Transport Processes

Extensive testing has been conducted to evaluate the factors affecting the potential fate and
transport of fluoride. Most site COCs are relatively immobile, as evidenced by the lack of
groundwater impacts. Findings of the fate and transport evaluation are summarized in
Section 6 and are illustrated in the CSM cross sections shown on Figures 7-2, 7-3, and 7-4.

These principal fate and transport processes include the following:
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e Leaching of fluoride from source areas is limited by the geochemical properties of the
soils, solid media, and groundwater. A primary example of this is the
calcium-mediated solubility of fluorite (calcium fluoride) in residual carbon and spent
lime deposits.

e Certain conditions present in the vicinity of Fill Deposit B-2 (e.g., historical
discharges of alkaline waters to this area) can enhance fluoride solubility in
comparison to the conditions present in the other fill deposits. These conditions are
localized to this area (i.e., Fill Deposit B-2) and only persist because of the
elevated pH.

e Dissolved fluoride transport in groundwater away from areas historically impacted by
alkaline sodium fluoride solutions is limited by the solubility of fluorite (less than
100 mg/L for pH less than 8) and fluorophosphates, such as fluorapatite.

o The supply of calcium available from soil minerals (feldspars, cation exchange sites on
clays) far exceeds the amount of fluoride in groundwater. Because of this condition,
the fluoride plume can be thought of as being arrested by the continued reaction with
soil-derived calcium to precipitate fluorite.

e Anion exchange and adsorption to soil aluminum oxides also serve to retard fluoride
movement in groundwater at the leading edge of the plume. Testing indicates that
substantial adsorption capacity remains in soils outside of the source area deposits.
This natural capacity is available for uptake of dissolved fluoride.

o These attenuation processes have limited the migration of fluoride both laterally and

vertically under current hydrogeologic conditions present at the site.

Hydrogeologic conditions in the study area are influenced by the regional drainage networks
of the CDID ditch system. These drainage networks generate a groundwater gradient
flowing generally northward or westward away from the Columbia River, with shallow
groundwater generally discharging to the waters of the regional CDID ditch system

(see Figure 7-2). Fluoride that may be present in some groundwater near the
groundwater/ditch boundary is subject to a number of attenuation processes, including the
precipitation of fluorite and fluorophosphates, anion exchange, and adsorption reactions on
soils present beneath the ditch bottom. Ditch water monitoring conducted as part of the RI

has shown that these processes effectively maintain ditch water fluoride concentrations
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below site screening levels under existing pre-remediation conditions. Remediation

measures would further protect water quality in the ditches.

In the southernmost portions of the site, groundwater gradients are at times toward the
Columbia River (see Figures 7-3 and 7-4). The portion of site groundwater that can flow
toward the river is limited by site hydrogeologic gradients. Groundwater moving along this
path is subject to dispersion, as well as tidally induced mixing in river nearshore areas.
Geochemical processes applicable to the boundary between groundwater and the river
include adsorption, exchange, and calcium fluorophosphate precipitation. Surface water
concentrations measured within the Columbia River have been consistent with upriver

background concentrations of approximately 0.2 mg/L or less.

Results of geochemical reactive transport simulations for fluoride in groundwater show that the
natural processes presently limiting fluoride transport at the site will continue to provide long-

term protection of surface water quality in the river and CDID ditches on timescales of centuries.

7.3 Exposure Pathways and Receptors

The site is an industrial property surrounded by other industrial properties. Access to the
site is controlled, consistent with its industrial land use. Surface drainage at the site is
controlled by the on-site drainage system. Groundwater at the site has been extensively
monitored, and hydrogeologic and geochemical processes have been evaluated. A series of
cleanup actions have already been completed, as described in Section 2. Relevant exposure

pathways and receptors for principal exposure pathways at the site include the following:

e Soil direct contact — industrial workers. Fluoride and cyanide, two of the principal
COQGs at the site, do not exceed industrial cleanup levels protective of direct contact
exposures in any areas of the site. Most areas of impacted soils exceeding industrial
screening levels (i.e., those soils containing elevated PAH and TPH concentrations)
and present at the site have already been isolated from direct contact as part of
previous soil cover placement or cleanup actions (e.g., partial cleanup of
TPH-impacted soils at the 200,000-gallon fuel oil AST). However, localized areas of

shallow impacted soil remain present on site. Further actions are appropriate to
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address these localized soil areas and to provide for long-term protection against
direct contact exposures.

e Protection of groundwater quality. A key consideration at the site is the protection of
groundwater quality in areas that serve as a current or potential future source of
drinking water. The deep alluvium WBZ, the coarse aquifer unit present at 200 feet
bgs and deeper, is used locally as a source of industrial and municipal water supply.
Direct protection of the deep alluvium WBZ from fluoride transport is currently
achieved by site hydrogeologic conditions (i.e., upward hydraulic gradients) in the
shallow alluvium WBZ in the East Groundwater Area and West Groundwater Area
and by the geochemical processes occurring in site soils and groundwater that prevent
migration of fluoride.

e Protection of ditch and surface waters. Extensive testing of CDID ditch and surface
waters at the site has been performed as part of the RI/FS, and no site-related impacts
have been identified above applicable screening levels. Results of geochemical
reactive transport simulations for fluoride in groundwater show that the natural
processes presently limiting fluoride transport at the site will continue to provide
long-term protection of surface water quality in the river and CDID ditches on
timescales of centuries.

e Protection of benthic organisms. Columbia River sediments were tested extensively
during coordinated RI/FS and NPDES monitoring events. No impacts to nearshore or
offshore sediments were noted, except for a localized area immediately adjacent to
Outfall 002A, which is monitored under the NPDES program. Trend analysis
indicates that sediments in this extremely localized area are recovering over time. As
described in Section 8, evaluation of detectable bioaccumulative concentrations
confirms that existing concentrations are protective of human health and
environment. However, at Ecology’s request, the area exceeding benthic criteria will
be addressed in the FS.
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8 CLEANUP ACTION REQUIREMENTS

A final cleanup action for the site must be protective of human health and the environment,
meet state cleanup standards, and comply with other applicable state and federal laws.
Cleanup standards will be consistent with the current and anticipated future land use. As
discussed in Section 2.1, the Former Reynolds Plant is located within an industrial land use
corridor, zoned for industrial use, and located adjacent to other industrial facilities.
Therefore, cleanup standards will be based on industrial criteria. This section discusses
site-specific requirements to be considered during alternative development. The assembly

and evaluation of remedial alternatives are discussed in Sections 10 and 11.

8.1 Feasibility Study Site Units

Based on the results of the RI portion of this study, 12 distinct FS site units (SUs) and two
areas of affected groundwater (i.e., the West Groundwater Area and the East Groundwater
Area) have been identified for further evaluation, as shown on Figure 8-1. FS SUs were
defined based on a combination of historical knowledge of site operations, historical aerial
photographs, survey data, and visual observations. The boundaries of historical site landfill
deposits (SUs 1 and 8) were defined using historical aerial photos (see Appendix D-3), land
survey data (ALTA Survey; MGS 2010), and visual observations from RI field investigations
(exploratory test pits; see Appendix D-4). The former cryolite ditches (SU4) and site fill
deposits containing residual carbon (SUs 2, 3, and 6) or spent lime (SU7) were identified
based on historical site use in these areas (e.g., former Cryolite Recovery Plant operations;
see Section 2.2.3) and were delineated using site observations and the 2010 ALTA Survey.
The boundary of the former SPL stockpile footprint (SU5) was identified using historical
aerial photographs and Former Reynolds Plant maps. In addition, the boundaries of SUs 2, 3,
and 5 were field-verified using visual observations from exploratory test pits conducted
during February 2012 (see Plate 3-2). Based on historical site operations, visual observations
during RI sampling activities, and RI chemical testing results, the former pitch storage area
(SU9), landfill deposit containing construction debris (Landfill #3; SU10), and a portion of
the former Flat Storage Area (SU11) were also identified as FS SUs for further evaluation. A
small area of surficial sediments in the Columbia River in the vicinity of Outfall 002A was

identified as SU12 based on an exceedance of benthic criteria. Surface and ditch waters are
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not identified as FS SUs; the RI concluded that surface water resources and ditch water are

currently protected and that groundwater impacts are limited to confined, shallow zones.

8.2 Remedial Action Objectives

This section contains the following RAOs for the site:

e RAO-1. Continued protection of surface water adjacent to the site designated for
potential future beneficial use as drinking water through enhancement of natural
attenuation processes, where necessary.

e RAO-2. Protection of human health and the environment by limiting direct contact
with COC-impacted media (i.e., soil, residual carbon, spent lime, and groundwater)
based on an industrial use scenario.

e RAO-3. Protection of human health and the environment by reducing or controlling
migration of fluoride-impacted groundwater from fill deposits, landfills, and impacted
soil.

e RAO-4. Protection of terrestrial ecological receptors from exposure to COC-impacted
soil.

e RAOQO-5. Protection of aquatic and benthic ecological receptors from exposure to

COC-impacted media.

8.3 Applicable Federal, State, and Local Laws

Many environmental laws may apply to a cleanup action. In addition to meeting
environmental standards set in applicable laws, the cleanup action must also comply with
elements of other applicable environmental reviews and permitting requirements.

WAC 173-340-710 provides that MTCA cleanup actions must comply with applicable state
and federal laws. Though a cleanup action performed under formal MTCA authorities (e.g., a
Consent Decree) would be exempt from the procedural requirements of most state and all
local environmental laws, the action must nevertheless comply with the substantive
requirements of such laws (RCW 70.105D.090 and WAC 173-340-710). Potentially
applicable federal, state, and local laws that may apply during the implementation of
remedial actions at the site are summarized in the following sections. Potential federal
requirements are specified in several statutes, codified in the United States Code (USC) and

regulations promulgated in the CFR.
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In general, ARARs are classified into the following three categories; some requirements,

however, may not fall precisely into this classification system (EPA 1988):

Chemical-specific. Ambient or chemical-specific requirements are usually health- or
risk-based numerical values or methodologies, which when applied to site-specific
conditions, result in the establishment of numerical values. These values establish the
acceptable amount or concentration of a chemical that may be found in or discharged
to the ambient environment.

Action-specific. Performance, design, or other action-specific requirements are
usually technology- or activity-based requirements or limitations on cleanup actions.
These requirements may include chemical-specific standards or criteria that must be
met as the result of an action. For remedial actions at the site, these requirements are
not necessarily triggered by the presence of specific impacts to site media but rather
by the specific actions that occur at the site.

Location-specific. Location-specific requirements are restrictions placed on the
concentration of COCs or the conduct of activities solely because they occur in special
locations. They are triggered based on the location of the remedial action to be
undertaken. Location-specific ARARs may restrict or preclude certain remedial

actions or may apply only to certain portions of the site.

Plate 8-1 presents ARARs that potentially apply to selection of chemical-specific cleanup

levels at the site. Plate 8-2 presents action- or location-specific ARARs that may apply

depending on the selected remedial activities. Each act/authority is described in

Sections 8.3.1 and 8.3.2. Potential ARARs for caps are discussed separately in Section 8.3.3.
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Plate 8-1 Chemical-specific ARARs for Remedial Action at the Site

Act/Authority Criteria/Issue Citation Brief Description

Lo Chapters 43.20
Public Water State Drinking
and 70.119A . Lo
Supply Water Establishes MCLs for drinking water.

Regulati Regulations RCW, Chapter
egulations & 246-290 WAC

Safe Drinking
Water Act

National Primary
Drinking Water
Regulations

42 USC 300f,
40 CFR 141

Establishes MCLs for drinking water.

Surface Water

State Ambient

Chapter 90.48

Establishes water quality standards for protection of human health and for protection of

Quality Wate'r Ql,jahty RCW, Chapter aquatic life (for both acute and chronic exposure durations).
Standards Criteria 173-201A WAC
Requires the establishment of guidelines and standards to control the discharge of
Clean Water Federal Ambient 33 USC 1251 pollutants to waters of the United States. Two kinds of water quality criteria are
Act/National Water Quality 40 CER 131 | developed—one for protection of human health and one for protection of aquatic life. The
Toxics Rule Criteria federal recommended water quality criteria are published on EPA’s website:
http://water.epa.gov/scitech/swguidance/standards/criteria/current/index.cfm.
Establishes numerical standards for the protection of benthic invertebrates in marine
) Chapters 90.48 | sediments. Ecology adopted amendments to the SMS rule on February 22, 2013, including
Sediment State Sediment and 70.105D | freshwater SCOs protective of aquatic organisms. The new freshwater standards include
Management Quiality Criteria RCW, Chapter | chemical criteria and provisions for overriding the chemical criteria using bioassay tests. The
Standards 173-204 WAC | amendments also establish methodology for assessing risks to human health. The revised
SMS criteria became effective on September 1, 2013.
Notes:

CFR = Code of Federal Regulations
Ecology = Washington State Department of Ecology
EPA = U.S. Environmental Protection Agency

MCL = maximum

contaminant level

RCW = Revised Code of Washington
SMS = Sediment Management Standard
USC = United States Code

WAC = Washington Administrative Code
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Plate 8-2 Action- or Location-specific ARARs for Remedial Action at the Site
Remedial
Activity Act/Authority Criteria/lIssue Citation Brief Description
i Washington Protects surface water; Chapter 90.48
Soil and/or Water P ﬁ " tablish tiaati licy f RCV\F/) Chant Exempt from procedural requirements under
ater Pollution | establishes mitigation policy for , Chapter
Waste "Hgation policy P WAC 173-340-710(9) (b).
Excavation, Control Act aquatic resources 173-201A WAC
illi Regulates the placement of fill material in waters of the
Upland Filling Discharges of pollutants or 33 USC 1341 and g p L .
and Disposal | Clean Water Act o . United States, including fill placement below ordinary
placement of fill into navigable 1344, 40 CFR , . . .
(§ 401 and 404) high water elevation or within navigable waters or
waters and wetlands Part 230
wetlands.
40 CFR Part 122,
NPDES Discharge of pollutants to waters Chapter 90.48 Permitting system for discharging pollutants into waters
of the United States RCW, Chapter of the United States.
173-226 WAC
Washinet State equivalent of RCRA A “contained-out” determination has been received from
ashington
& requirements for designating Ecology allowing groundwater in contact with SPL and
Hazardous . . Chapter 70.105 ] ]
certain solid wastes as residual carbon to be managed as solid waste. Any
Waste y " RCW, Chapter ,
dangerous waste”; governs and dangerous waste transported from the site must be
Management . . 173-303 WAC . . .
Act establishes regulations for managed in accordance with these regulations. See also
C
hazardous waste TSDFs WAC 173-340-710(9)(b).
Generation and transportation 42 USC 6921-22;
of hazardous waste and waste 40 CFR Parts 260, | See previous description—this is a delegated state
RCRA management activities at TSDFs; 261, and 268; program under the Washington Hazardous Waste
off-site land disposal Chapter 70.105 Management Act.
considerations RCW
Tracks industrial chemicals in the
TSCA United States and regulates 15 USCs/s 2601 | Regulates PCBs, asbestos, indoor radon gas, and

intrastate and interstate
commerce

et seq. [1976]

lead-based paint.
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Preservation Act

historic sites

Remedial
Activity Act/Authority Criteria/Issue Citation Brief Description
Chapters 75.20
Washington Protection of fish and aquatic and 77.55 RCW, | Exempt from procedural requirements of Chapter
Hydraulics Code resources Chapter 220-110 | 75.20/77.55 under WAC 173-340-710(9)(b).
WAC
Consideration and analysis of Chapter 43.21C . o . L .
i . i Construction activities associated with implementing a
SEPA environmental impacts of major RCW, Chapter
. MTCA CAP.
proposed actions 197-11 WAC
Requirements for developments .
. . Exempt from procedural requirements under WAC
Washington within water areas of the state . . .
; L Chapter 90.58 173-340-710(9)(b). Drainage ditches built to control
Shoreline or within 200 feet of the . . .
. . RCW, Chapter flooding, to drain lands, and controlled by mechanical
Management shoreline (based on ordinary B L,
. 173-16 WAC pumps are not “naturally occurring” streams and are not
Act high water mark of the ]
o shorelines of the state.
Columbia River)
Other In conjunction with the federal permitting process, the
Remedial federal agency must consult with the State Historic
Activities National Historic Protection of cultural or 30 CER 800 Preservation Office and the federal Advisory Council on

Historic Preservation to determine if the project would
affect cultural or historic sites on, or eligible for, the
National Register of Historic Places.

Endangered
Species Act

Effects on listed endangered or
threatened species

16 USC 1531 et
seq., 50 CFR
Part 17

Actions authorized, funded, or carried out by federal
agencies may not jeopardize the continued existence of
endangered or threatened species or adversely modify
or destroy their critical habitats.

Federal Clean Air
Act; Washington

42 USC §7401 et
seq., Chapter

Regulates air emission discharges, including fugitive dust.

Clean Air Act: Protects air quality 70.94 RCW, Exempt from procedural requirements of Chapter 70.94
’ Chapter 173-400 | RCW under WAC 173-340-710(9)(b).
SWCAA
WAC
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Remedial

Activity Act/Authority Criteria/lIssue

Citation

Brief Description

Minimum
Standards for
Construction

Cha

Water well construction
and

Maintenance of
Wells

pter 18.104

RCW, Chapter
173-160 WAC

Establishes minimum standards for the construction and
decommissioning of all wells in the state of Washington.

Notes:

CAP = Cleanup Action Plan

CFR = Code of Federal Regulations

MTCA = Model Toxics Control Act

NPDES = National Pollutant Discharge Elimination System
PCB = polychlorinated biphenyl

RCRA = Resource Conservation and Recovery Act
RCW = Revised Code of Washington

SEPA = State Environmental Policy Act

SPL = spent potliner

SWCAA = Southwest Clean Air Agency

TSCA = Toxic Substances Control Act

TSDF = treatment, storage, and disposal facility
USC = United States Code

WAC = Washington Administrative Code
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8.3.1 Federal Requirements

Potential federal requirements are specified in several statutes, codified in the USC, and

regulations promulgated in the CFR, as discussed in the following subsection.

The Safe Drinking Water Act (42 USC 300f; 40 CFR 141) establishes MCLs for drinking
water. MCLs are ARARs for establishing cleanup levels for groundwater and surface water
designated for use as drinking water. Designated beneficial uses of the Columbia River
include public domestic water supply, and the highest beneficial use of groundwater at the
site is for potable use. Therefore, these standards are relevant and appropriate for use as

cleanup standards at the site (see Section 8.4).

The Clean Water Act (CWA; 33 USC Section 1251 et seq.) requires the establishment of
guidelines and standards to control the discharge of pollutants to waters of the United States.
Section 304 of the CWA (33 USC 1314) requires EPA to publish water quality criteria, which
are developed for the protection of human health and aquatic life. Federal water quality
criteria are published as they are developed, and many of them are included in Quality
Criteria for Water 1986, EPA 440/5-86-001, May 1, 1986 (51 FR 43665), commonly known as
the “Gold Book.” Publications of additional criteria established since the Gold Book was
printed are announced in the Federal Register. Federal water quality criteria are used by
states, including Washington, to set water quality standards for surface water. These
standards are relevant and appropriate for possible actions at the site. Federal water quality
criteria (along with related state standards) have been incorporated into the cleanup

standards summarized in Section 8.4.

e Discharges of pollutants into navigable waters are regulated under Sections 401 and
404 of the CWA (33 USC 1341 and 1344), 40 CFR Part 230 (Section 404(b)(1)
guidelines), 33 CFR Parts 320 (general policies), 323 and 325 (permit requirements),
and 328 (definition of waters of the United States). These requirements regulate the
placement of fill material below the ordinary high water elevation of waters of the
United States or the placement of fill in navigable waters or wetlands. Cleanup
activities may include disturbance of lands designated as wetlands by USACE. The
CWA Section 404 regulations are implemented by the USACE. CWA Section 401
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requires a water quality certification, which in Washington is implemented by
Ecology.

o A NPDES Waste Discharge Permit is required for discharge of pollutants to waters of
the United States pursuant to Section 402 of the CWA. NPDES permits are obtained
from Ecology.

The Resource Conservation and Recovery Act addresses the generation and transportation of
hazardous waste and waste management activities at facilities that treat, store, or dispose of
hazardous wastes. Subtitle C (Hazardous Waste Management) mandates the creation of a
“cradle to grave” management and permitting system for hazardous wastes. RCRA regulates
“solid wastes” that are hazardous because they may cause or significantly contribute to an
increase in mortality or serious illness or that pose a substantial hazard to human health or
the environment when improperly managed. In Washington State, RCRA is implemented
by Ecology through regulations promulgated under the state’s Hazardous Waste
Management Act (also known as Dangerous Waste Regulations), Chapter 173-303 WAC

(see Section 8.3.2).

The Toxic Substances Control Act (TSCA; 15 USC s/s 2601 et seq. [1976]) enables the EPA to
require manufacturers and processors of chemicals to test and report potential health and
environment hazards of chemicals, which might create an unreasonable environmental or
public health hazard. The EPA also has the power to track industrial chemicals in the
United States and regulate intrastate and interstate commerce under this act. Chemicals that
the EPA deems to be an unreasonable risk may be prohibited from use in the United States.
TSCA specifically regulates PCBs (Title I Section 6 (e)), asbestos (Title II), indoor radon gas
(Title III), and lead-based paint (Title IV). Additionally, TSCA regulations supplement other
federal statues, such as RCRA.

The National Historic Preservation Act (36 CFR 800) requires that when proponents seek a
federal approval, the responsible federal agency must consult with the State Historic
Preservation Officer and the federal Advisory Council on Historic Preservation to determine
if the project would affect cultural or historic sites on, or eligible for, the National Register of

Historic Places.
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The Endangered Species Act (16 USC 1536 (a) — (d); 50 CFR Part 402) Section 7(a) requires
federal agencies to ensure that any action authorized, funded, or carried out by a federal
agency is not likely to jeopardize the continued existence of any endangered or threatened
species or result in the destruction or adverse modification of the critical habitat of such

species.

The Clean Air Act (42 USC §7401 et seq.) regulates emissions of pollutants to the air,
including fugitive dust. Controls for emissions are implemented through federal, state, and

local programs.

8.3.2 Washington State and Local Requirements

Potential state and local requirements are specified in several statutes, codified in the WAC

and RCW, and discussed in the following subsection.

Public Water Supply Regulations (Chapters 43.20 and 70.119A RCW; Chapter 246-290
WAC) establish MCLs for groundwater and surface water designated for use as drinking

water.

Sediment Management Standards (Chapters 90.48 and 70.105D RCW; Chapter 173-204
WAC) are numerical standards established by the state for the protection of benthic
invertebrates in marine sediments. Ecology adopted amendments to the SMS rule on
February 22, 2013, including freshwater SCOs protective of aquatic organisms. The new
freshwater standards include chemical criteria and provisions for overriding the chemical
criteria using bioassay tests. The amendments also establish methodology for assessing risks

to human health. The revised SMS became effective on September 1, 2013.

The Washington Water Pollution Control Act (Chapter 90.48 RCW; Chapter 173-201A
WAC) provides for the protection of surface water quality. Chapter 173-201A WAC
establishes water quality standards for surface waters of the state. Consistent with the
requirements of Chapter 90.48 RCW, Ecology issues a water quality certification for any

activity that may result in a discharge to state water.
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The Washington Hazardous Waste Management Act (Chapter 70.105 RCW) and regulations
promulgated thereunder (Chapter 173-303 WAC) are the state equivalent of RCRA and its
implementing regulations. Washington’s regulations use somewhat different terminology
and designate certain solid wastes as “dangerous waste.” This act governs and establishes
regulations for hazardous waste treatment, storage, transfer, and disposal facilities. Under
this act, materials designated as hazardous waste must be monitored until they are properly
disposed of or undergo a process to become non-dangerous waste. Hazardous waste
transported from the site must be tracked, sampled, and monitored under the regulations

developed.

The Washington Hydraulics Code (Chapters 75.20 and 77.55 RCW; Chapter 220-110 WAC)
establishes regulations for the construction of hydraulic projects or performance of other
work that will use, obstruct, or change the natural flow or bed of any of the salt or fresh
waters of the state and sets forth procedures for obtaining a hydraulic project approval.

MTCA cleanups are exempt from the procedural requirements of these chapters under WAC
173-340-710(9)(b).

The State Environmental Policy Act (SEPA; Chapter 43.21C RCW; Chapter 197-11 WAC) is
intended to ensure that state and local government officials consider environmental values
when making decisions. The SEPA process begins when an application for a permit is
submitted to an agency or when an agency proposes to take some official action, such as
implementing a MTCA Cleanup Action Plan (CAP). Prior to taking any action on a proposal,
agencies must follow specific procedures to ensure that appropriate consideration has been
given to the environment. The severity of potential environmental impacts associated with a

project determines whether an Environmental Impact Statement is required.

The Washington Shoreline Management Act (Chapter 90.58 RCW; Chapter 173-16 WAC)
and regulations promulgated therein establish requirements for substantial developments
occurring within water areas of the state or within 200 feet of the shoreline. Cowlitz County

has set forth requirements based on local considerations. MTCA cleanups are exempt from
the procedural requirements of Chapter 90.58 RCW under WAC 173-340-710(9)(b).
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The Washington Clean Air Act (Chapter 70.94 RCW) provides for the preservation,
protection, and enhancement of air quality for current and future generations. This act

regulates air emission discharges, including fugitive dust. MTCA cleanups are exempt from
the procedural requirements of Chapter 70.94 RCW under WAC 173-340-710(9)(b).

The Minimum Standards for Construction and Maintenance of Wells (Chapter 18.104 RCW;
Chapter 173-160 WAC) establishes minimum standards for the construction and

decommissioning of all wells in the state of Washington.

8.3.3 Potential ARARs for Caps to Be Considered in the Feasibility Study

Under state law, the requirements for closures involving caps apply to various types of wastes
and landfills. WAC 173-340-710(7)(c) addresses this issue specifically.

Solid Waste Landfill Closure Requirements. Chapter 173-350 WAC provides minimum
closure requirements for solid waste landfills created after its promulgation in 2003. Ecology
may determine that the more stringent closure requirements in Chapters 173-351 or 173-303

WAC are relevant and appropriate to MTCA cleanup actions.

In general, current regulations that apply to newly created solid and dangerous waste units,
including those specifically referenced in WAC 173-340-710(7)(c), do not apply to the site
because placement of aluminum manufacturing process residuals ceased long before the
applicable dates of the regulations. However, the regulations are considered even though
they are not legally applicable to the site. The cap designs proposed for the site comply with
WAC 173-340-710(7)(c) for the reasons subsequently discussed in this subsection.

Chapter 173-351 WAC applies only to new and existing municipal solid waste landfill units.
These regulations specifically address design standards and closure requirements for
municipal solid waste landfills. No municipal solid waste landfills are located at the site, and

these regulations would not apply to the site based on dates of applicability.

Chapter 173-303 WAC is applicable to dangerous wastes managed after the effective dates of

the regulations. With respect to cap design, these regulations are not applicable to
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Landfill #1; Landfill #2; Landfill #3; and Fill Deposits A, B-1, B-2, and B-3. These areas were
closed prior to the effective dates of the WAC 173-303 rules and associated waste listings.
However, the Closed BMP Facility was closed under these regulations. Nonetheless,
alternatives that consider off-site management of residual carbon would be developed

consistent with provisions in WAC 173-303.

The Minimum Functional Standards for Solid Waste Handling (Chapter 173-304 WAC) were
established in 1985, after closure of the fill deposits and Closed BMP Facility. Similarly,
Chapter 173-350 WAC (promulgated in 2003) superseded Chapter 173-304 WAC for units
created after its effective date, and its standards do not apply to units closed before 2003.
Based on the dates of unit closures, these regulations are not applicable at the site. However,
the provisions of the regulations in WAC 173-350 addressing cap design and evaluation for
limited purpose landfills have been considered as ARARs in evaluating capping technologies
for the two landfills and the fill deposits present on the site because the regulations address

similar purposes, actions and activities, and media as those addressed by the cleanup action.

8.4 Area of Contamination Policy

Expectations for cleanup actions under WAC 173-340-370(5) include consolidation of
hazardous substances that remain on site at concentrations that exceed cleanup levels “to the
maximum extent practicable where needed to minimize the potential for direct contact and
migration of hazardous substance.” On-site consolidation of residual carbon or spent lime in
the fill deposits is included in select remedial alternatives developed in Section 10. Although
residual carbon is classified as a listed dangerous waste if it is excavated and disposed of

off site (“generated”), under EPA’s Area of Contamination (AOC) policy, materials that
would otherwise qualify as hazardous wastes may be moved within designated areas without
triggering RCRA land disposal restrictions or minimum technology requirements. Although
the AOC concept was initially discussed in the context of the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) program, it applies equally to RCRA

corrective action sites, cleanups under state law, and voluntary cleanups.

EPA’s AOC policy allows for certain broad AOCs to be considered RCRA landfills
(EPA 1995). Certain discrete areas of generally dispersed contamination (AOCs) can be
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equated to a RCRA landfill, and movement of hazardous wastes within such areas is not
considered land disposal and does not trigger the RCRA land disposal restrictions. The
preamble to the National Contingency Plan (NCP; 55FR 8758-8760, March 8, 1990) also
discusses using the concept of placement to determine which requirements might apply
within an AOC. The concept of placement is important because placement of hazardous
waste into a landfill or other land based unit is considered land disposal, which triggers the
land disposal restrictions and may trigger other RCRA requirements, including permitting (at
a non-CERCLA site), closure, and post-closure. In the NCP, EPA states “placement does not
occur when waste is consolidated within an AOC, when it is treated in situ, or when it is left
in place.” Placement does occur, and additional RCRA requirements may be triggered when
wastes are moved from one AOC to another (e.g., for consolidation) or when waste is

actively managed (e.g., treated ex situ) within or outside the AOC and returned to the land.

Application of the AOC concept at the site is discussed in Section 10 in association with

specific remedial alternatives that make use of this concept.

8.5 Cleanup Standards

A cleanup standard defines the point of compliance (POC) and concentration of a hazardous
substance in media above which the impacted media may pose a risk to human health and
the environment through a specified exposure pathway (i.e., the cleanup level). Ecology will
select cleanup standards and points of compliance in the Cleanup Action Plan. This section

evaluates applicable cleanup levels and POCs for purposes of evaluating cleanup alternatives.

8.5.1 Methodology
The MTCA Cleanup Regulations (Sections 173-340-720, -730, and -740 WAC) establish

procedures to develop cleanup levels for surface water, groundwater, and soil. The MTCA
Method A procedure is applicable to sites with relatively few hazardous substances and is
applicable to the Former Reynolds Plant because fluoride is the primary COC in
groundwater and there are obvious, reliable and proven remedial options for aluminum
smelter sites. Cleanup levels based on this method are derived through selection of the most

stringent concentration presented in the following sources:
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e Concentrations listed in WAC Tables 173-720-1, -740-1, and -745-1 (for groundwater
and soil)
e Concentrations established under ARARs

o Concentrations protective of the environment and surface water beneficial uses

Where numeric values were not available from these sources, Method C procedures were
used to develop site-specific cleanup levels. MTCA Method C procedures employ a
risk-based evaluation of potential human health and environmental exposures to site COCs
and are applicable to all industrial sites. Therefore, cleanup levels for the Former Reynolds

Plant are based on a combination of Method A and C procedures.

The Method C procedure also requires that a cleanup level for one medium must also be
protective of the beneficial uses of other affected media. For example, site groundwater
discharges into the CDID regional drainage ditches, which are periodically discharged into
the Columbia River. Therefore, site-specific groundwater cleanup levels also considered
surface water protection requirements. The procedures for developing cleanup levels for
groundwater, surface water, and soil are outlined in the MTCA Cleanup Regulations,
Sections 173-340-720, -730, and -740 WAC, respectively. Included in these sections are the
specific rules for evaluating cross-media protectiveness. Where relevant to the site,
cross-media protectiveness of cleanup levels is discussed in the following sections and
incorporates the results of the fate and transport studies presented in previous sections of

this report.

The SMSs establish procedures to develop cleanup levels for sediment.

8.5.2 Surface Water Cleanup Levels and Points of Compliance

In accordance with WAC 173-340-730, surface water cleanup levels must be at least as
stringent as the criteria established under WAC 173-201A, Section 304 of the Federal CWA,
and the National Toxics Rule (40 CFR Part 131). In addition, for surface water resources that
may potentially be used as a drinking water source, criteria set forth in WAC 173-340-720 of
MTCA must also be considered. As discussed in previous sections of this report, free cyanide

and fluoride have been detected in groundwater adjacent to locations where groundwater
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discharges into the CDID regional drainage ditches. Free cyanide and fluoride have not been
detected in Columbia River surface water adjacent to the site. For free cyanide, consistent
numeric criteria are published in the state and federal regulations cited previously. These
criteria are less than the state MCL (200 micrograms per liter [pg/L]) and are, therefore, also
protective of drinking water resources. Applicable state and federal criteria do not include

published numeric values for fluoride. The state and federal MCL for fluoride is 4 mg/L.

The POC for surface water cleanup levels is the point or points at which hazardous
substances are released to surface waters of the state (WAC 173-340-730[6]). The CDID
regional drainage ditches convey water from various locations within the cities of Kelso and
Longview to the Columbia River to prevent flooding of the area. The water contained
within the ditches is considered surface water of the state because it is released via permitted
point discharges to the Columbia River. Although the CDID ditches themselves are not
direct sources of drinking water, they are subject to the same surface water criteria as the
river. The location where the reasonable maximum exposure associated with consumption
of drinking water is the Columbia River; however, it is not practicable to monitor that

location.

Therefore, a POC for surface water would be monitored in the CDID Ditch No. 14 water
column at locations upgradient of the point of discharge to the Columbia River (i.e., the
CDID pump station). It is important to note that establishment of a surface water
monitoring station at the CDID ditch is more protective than monitoring at a POC located
within the Columbia River because it provides a potentially more conservative measure of
the conditions at the point of exposure. Surface water samples would be analyzed after
filtering in accordance with the methodology established in WAC 173-201A applicable to
free cyanide monitoring. In addition, because inert, non-bioavailable fluoride is abundant in
the naturally formed soil, filtered samples are also appropriate to monitor fluoride
concentrations in the surface water. Plate 8-3 summarizes the cleanup levels and POC for

surface water.
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Plate 8-3 Surface Water Cleanup Standards

Groundwater
Chemical of Potential Concern Cleanup Level Protection Basis Point of Compliance
Fluoride (dissolved) 4 mg/L State Drinking Water MCL Columbia River
(measured upgradient in
Free Cyanide (dissolved) 5.2 pg/L WAC 173-201A CDID Ditch No. 14)

Notes:

pg/L = microgram per liter

CDID = Consolidated Diking Improvement District
MCL = maximum contaminant level

mg/L = milligram per liter

WAC = Washington Administrative Code

8.5.3 Groundwater Cleanup Levels and Points of Compliance

As previously discussed, future site uses will continue to be industrial; there are no plans to
extract water for consumption from the shallow water-bearing layers, and existing water
supply regulations effectively preclude this potential site exposure pathway within portions
of the site. In addition, data collected during the RI indicates that the shallow water-bearing
layers are isolated from the deeper production aquifer used for drinking water at the site.
The City of Longview confirmed that impacted groundwater at the site will not impact the
Mint Farm Wellfield installed in the deep aquifer primarily due to the presence of the
silt/clay confining layer (Kennedy/Jenks Consultants 2012). However, consistent with
MTCA, potential drinking water uses and surface water protection were considered in the
initial development of groundwater cleanup levels. Because the site has few groundwater

contaminants, Method A was used to develop cleanup levels for the site.

Final cleanup levels were selected as the most stringent values from the following sources:

e Method A WAC 173-720-1 table values
e Federal Drinking Water Standards and Health Advisories (EPA 2002)
e State Primary Drinking Water Regulations (Chapter 246-290 WAC).

For locations of the site where groundwater discharges to CDID drainage ditches, surface
water criteria may also apply. As discussed in Section 6, fluoride is the primary COC for

groundwater. The surface water cleanup level established in the previous section is based on
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the MCL; therefore, no adjustment to the initial groundwater cleanup level was necessary to

protect surface water resources.

In accordance with WAC 173-720-7(C), natural background groundwater concentrations
were considered when selecting screening levels (see Section 5.1) and cleanup levels. For
example, naturally occurring arsenic has been observed at concentrations above MTCA
Method A values and MCLs, 5 pg/L and 10 pg/L, respectively. Data available from the State
Department of Health for Cowlitz County for the period 2001 to 2011 indicate an arsenic
concentration range of up to 55 pg/L in groundwater. Per the guidelines in WAC
173-340-709(3), the 90th percentile of the background concentrations was calculated, and a
screening level of 42 ug/L was established in Section 5.1. Site groundwater data were
screened against this value, and no data were identified above the screening level; therefore,

arsenic was not identified as a site COC, and no cleanup level is established in this section.

As defined in the MTCA regulations, the standard POC for groundwater extends from the
uppermost level of the saturated zone to the lowest depth that could be potentially affected
by site releases. For fluoride, it is anticipated that it would not be practicable! (as
demonstrated in the disproportionate cost analysis [DCA] in Section 11) to meet
groundwater cleanup levels throughout the site within a reasonable timeframe. According to
WAC 173-340-720(8)(c), “Where it can be demonstrated under WAC 173-340-350 through
173-340-390 that it is not practicable to meet the cleanup level throughout the site within a
reasonable restoration time frame, Ecology may approve a conditional POC that shall be as
close as practicable to the source of hazardous substances, and except as provided under (d)
of this subsection, not to exceed the property boundary. Where a conditional POC is
proposed, the person responsible for undertaking the cleanup action shall demonstrate that

all practicable methods of treatment be used in the site cleanup.”

As demonstrated in subsequent sections, the only alternative that could potentially achieve
groundwater cleanup levels at the standard POC within a relatively short timeframe is

Alternative 6, which consists of complete removal and off-site disposal of soil, landfill contents

! Practicability is based on a determination that a more permanent cleanup action is not practicable based on
the disproportionate cost analysis in WAC 173-340-360(3)(e).
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and fill deposits with concentrations exceeding cleanup levels. However, as demonstrated in
the DCA in Section 11, the costs are clearly disproportionate as little incremental

environmental benefit (i.e., no additional protection) is achieved between Alternatives 5 and 6.

Based on this discussion and demonstrations in subsequent sections that it is not practicable
to meet the standard POC in groundwater for fluoride, compliance with the fluoride
groundwater cleanup level would be measured at conditional POC monitoring points located
downgradient from the respective source areas prior to discharge to surface water, in
accordance with WAC 173-340-720(8)(c). For all other constituents, compliance will be
evaluated at wells located where remedial action occurs or adjacent to SUs. Plate 8-4

summarizes the cleanup levels and POC for groundwater.

Plate 8-4 Groundwater Cleanup Standards
Chemical of Potential | Groundwater
Concern Cleanup Level Protection Basis Point of Compliance
Conditional POC at property
Fluoride (dissolved) 4 mg/L State Drinking Water MCL line and Groundwater-Ditch
Boundary
Free cyanide (dissolved) 200 pg/L State Drinking Water MCL
cPAHs 0.1 pg/L MTCA Method A Standard Value | Wells adjacent to applicable
TPH-Dx 500 pg/L MTCA Method A Standard Value SUs
TPH-Ox 500 pg/L MTCA Method A Standard Value
Notes:

pg/L = microgram per liter

cPAH = carcinogenic polycyclic aromatic hydrocarbon
MCL = maximum contaminant level

mg/L = milligram per liter

MTCA = Model Toxics Control Act

POC = point of compliance

SU = site unit

TPH-Dx = total petroleum hydrocarbon — diesel range
TPH-Ox = total petroleum hydrocarbon — oil range

8.5.4 Soil Cleanup Levels

The site is zoned for industrial use, and there are no current or future plans to request a
change in zoning; therefore, site operations meet the requirement of a “traditional industrial
use” under the MTCA regulations (Section 173-340-745 WAC). Thus, industrial use is the
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appropriate basis for development of site-specific soil cleanup levels using MTCA Method A
and C procedures. Soil cleanup levels were developed for fluoride, PAHs, TPH, and PCBs by

considering the following potential exposure/risk pathways:

e Human health protection from direct soil contact
e Human health protection from soil-to-groundwater pathway exposure
e Human health protection from soil-to-air pathway exposure

o Terrestrial ecological protection

The final cleanup levels for site soils are summarized in Plate 8-5. Development of these

cleanup levels is discussed in the following sections by pathway.

Plate 8-5 Soil Cleanup Levels
Chemical of Potential Concern | Soil Cleanup Level Protection Basis
Fluoride?! 210,000 mg/kg* Method C
PAHs? 18 mg/kg Method C
PCBs 10 mg/kg Method A3
TPH Diesel Range 2,000 mg/kg Method A
TPH Heavy Oil Range 2,000 mg/kg Method A
TPH Mineral Oil 4,000 mg/kg Method A
HTM Ol 10,000 mg/kg Protective of Groundw.ater, Direct C.ontact, Soil
Vapor, and Residual Saturation®
Notes:

1 =This cleanup level provides protection against direct-contact exposures for industrial workers. Refer to
Section 8.5.4.2 for a discussion of groundwater protection. Described in that section, values protective of
groundwater were determined to be 83,900 mg/kg for materials enriched with calcium or 3,100 mg/kg for other
materials containing elevated fluoride.

2 = Cleanup level developed for potentially carcinogenic PAHs based on the approved MTCA TEF procedure.

3 =This is a total value for all PCBs. This value may be used only if the PCB contaminated soils are capped and the
cap is maintained as required by 40 CFR 761.61. If this condition cannot be met, the value for unrestricted site use
(1 mg/kg) must be used.

4 = As presented in Section 8.5.4, the soil to air pathway resulted in the most conservative cleanup level for

HTM Oil. Therefore 10,000 mg/kg is selected as the soil cleanup level.

HTM = heat transfer media

mg/kg = milligram per kilogram

MTCA = Model Toxics Control Act

PAH = polycyclic aromatic hydrocarbon

PCB = polychlorinated biphenyl

TEF = Toxicity Equivalency Factor

TPH = total petroleum hydrocarbon
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8.54.1 Direct Soil Contact Pathway Exposure

Future development plans at the site include grading of the existing site with a minimum of
12 inches of clean fill and asphalt pavement; therefore, direct contact exposures to soil will
be minimized. The primary potential pathway for direct contact would occur during
earthwork operations and other activities required for site development. Accordingly,
cleanup levels were initially derived using Method C WAC Equations 173-340-745-1, -745-2,
and -745-3 for non-carcinogenic, carcinogenic, and petroleum COCs, respectively. No
modifications were made to the standard parameters for these equations. However, because
the TSCA regulation for PCBs lists more restrictive cleanup levels than those derived under
Method C, the initial PCB cleanup level was adjusted downward from 66 to 10 mg/kg. This

value is also consistent with the Method A concentration for Industrial Use scenarios.

8.5.4.2 Soil-to-Groundwater Pathway Exposure

Cleanup levels based on Method C direct contact must also consider the protection of
groundwater resources. However, when empirical data exists that indicates that current
groundwater impacts are not occurring and sufficient time has elapsed for migration from
source areas to the point of measurement to reinforce that demonstration, then cleanup
levels derived for direct contact would not require adjustment. Under some remedial
scenarios and in some parts of the site, groundwater resource protection may be achieved by

other means (e.g., groundwater remediation measures).

Section 5 discusses the groundwater monitoring performed to date. For cPAHs,
concentrations were observed below 0.1 pg/L (Method A groundwater cleanup level for
cPAHs), and source control work is planned in SU9 and SU11 to remove impacted soils above
MTCA Method C Industrial cleanup levels to limit direct contact exposures. Concentrations
of PAHs in groundwater have been observed slightly above 0.1 pug/L in wells PZ-1 and PZ-4
at SU3 and in well G2-D in the East Groundwater Area; however, concentrations at SU3
have reduced significantly since 2006 when cPAH concentrations were observed up to 1 pg/L
in some wells. Therefore, the PAH soil cleanup level was not adjusted downward for

protection of groundwater resources for these areas.

Remedial Investigation/Feasibility Study January 2015
Former Reynolds Metals Reduction Plant — Longview 233 130730-01.01



Cleanup Action Requirements

These source materials have percent level total fluoride concentrations (i.e., 2 to 7 percent);
however, fluoride leachability is controlled by fluorite solubility. As discussed in Section 6.1
(summarized in Table 6.1), a range of K4 values was calculated for spent lime and residual
carbon samples collected from Fill Deposits A, B-1, and B-3. While estimated K4 values
range from 200 to 1640 L/kg, the fluoride leachate concentrations (18 to 94 mg/L) do not

reflect the same level of variability as K4 values.

MTCA Equation 173-340-747-1 (the standard 3-phase partitioning model is presented
subsequently) is the standard approach used by Ecology to determine soil constituent
concentrations protective of groundwater resources. However, because the solubility of
fluoride is limited by pH and the availability of other ions (such as calcium and phosphate),
Equation 173-340-747-1 is not an accurate method for predicting the leachability of
fluoride. For example, as discussed in Section 6.2, when a calcium source is mixed with
groundwater containing dissolved fluoride under neutral pH conditions, fluoride will react
with calcium to precipitate fluorite. After the reaction occurs—thus, reducing fluoride
concentrations in groundwater, while increasing fluoride concentrations in soil—a new
steady state is achieved, and the characteristic Ka value of the treated soil/groundwater
matrix would be increased. Therefore, remedial alternatives that include in situ groundwater
treatment are expected to result in increases of fluoride concentrations in soil and RELs
based on simple Ka values would grossly under predict soil concentrations protective of
groundwater resources. For this reason, adjustments to the fluoride soil cleanup level were

not made based on a predicted soil concentration derived using Equation 173-340-747-1.

However, Equation 173-340-747-1 is a useful tool to evaluate order of magnitude source
material and soil concentrations that would not adversely impact groundwater quality.

Using an average Ka value of 1,049 L/kg, this equation results in a protective source material
concentration of approximately 83,900 mg/kg. All source material located in the vadose zone
at or below concentrations of 83,900 mg/kg would not be expected to result in exceedances

of the groundwater cleanup level.

C,=C, (UCF)DF[Kd +w} 8-1)
P
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where:
Variable Value Basis for Selection
Cs Protective source material concentration (mg/kg) 83,900 Calculated
Cw Groundwater cleanup level (ug/L) 4,000 Section 8.5.3
UCF Unit conversion factor (1 mg/1,000 pg) 0.001 MTCA default value
DF Dilution factor (unitless) 20 MTCA default value
Kq Distribution coefficient (L/kg) 823 Site-specifict
Ow Water-filled soil porosity (mL water/mL soil) 0.3 MTCA default value
0, Air-filled soil porosity (mL air/ml soil) 0.13 MTCA default value
Hec Henry’s law constant (unitless) 0 MTCA default value
Pb Dry soil bulk density (kg/L) 1.5 MTCA default value

1 = Refer to Table 6-1.
Mg = microgram

kg = kilogram

L = liter

mL = milliliter

mg = milligram

In areas containing soil with elevated fluoride concentrations, but no residual carbon or spent
lime (e.g., Landfills #1 and #3), the average calculated fluoride REL protective of groundwater is
3,100 mg/kg based on 2006 lysimeter data and 2007 SPLP data collected from Landfill #1 and the
Former Stockpile Area, and an average Ka of 39 L/kg. Therefore an REL of 3,100 mg/kg fluoride
in soil could be used as a conservative screening level to determine whether or not soil
encountered/excavated as part of future industrial operations or redevelopment activities could
be reused on site as fill. Alternatively, empirical data could be used to determine the
protectiveness of reuse of soils with higher fluoride concentrations. It is important to note this

value does not apply to calcium rich materials such as spent lime and residual carbon.

8.5.4.3 Soil-to-Air Pathway Exposure

For COCs that readily evaporate (such as diesel and solvents), the inhalation of vapors arising
from impacted soil must be considered. Under Method C, the vapor pathway must be
evaluated whenever a volatile substance is expected on site. On this site, diesel and oil range
hydrocarbons are present; however, the pathway is considered incomplete whenever the
TPH concentration is less than 10,000 mg/kg for diesel range constituents (see

WAC 173-340-745(5)(iii)(C)(II)). For TPH (diesel and oil range), the pathway is considered
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incomplete when the existing concentrations are approximate to the cleanup level derived
for protection of groundwater resources. The maximum TPH concentrations in SU9 and
SU10 are less than 10,000 mg/kg. TPH cleanup levels for the site are protective of the

soil-to-air pathway.

8.5.4.4 Terrestrial Ecological Protection

As part of a MTCA site RI/FS, Ecology requires a TEE to determine whether a release of
hazardous substances to soil may pose a threat to the terrestrial environment through either
a simplified or a site-specific TEE approach. Though the majority of the site area is covered
by industrial infrastructure, landfills and fill deposits, the Former Reynolds Plant contains at
least 10 acres of mixed native and invasive vegetation within 500 feet of areas where
contamination is located, which triggered the need for a site-specific TEE in accordance with
WAC 173-340-7490.

This section provides a summary of the site-specific TEE conducted using Ecology guidance
(WAC 173-340-7493) and procedures provided via the TEE Interactive User’s Guide
(Ecology 2014); the detailed evaluation is provided as Appendix I-1. The site-specific TEE
performed for the Former Reynolds Plant included the two key elements required under
MTCA guidance: problem formulation and selection of evaluation method to characterize
existing or potential threats to terrestrial plants or animals exposed to hazardous substances
in soil. Per guidance, the problem formulation evaluated the site sources and history using
existing site data to identify the issues to be addressed in the site-specific TEE, specifically
the identification and toxicological assessment of chemicals of potential ecological concern
(COPECs) and the development of a CSM as the basis for evaluating COPEC exposure to

receptors of concern.

8.54.4.1 Problem Formulation
During the problem formulation step of the TEE, four COPECs (cyanide, fluoride,

benzo(a)pyrene, and total PCB Aroclors) were identified through a conservative screening of
all available soil data collected from O to 6 feet bgs at 147 locations across the site to
ecological indicator concentrations (EICs). Because the site is industrial, under TEE

guidance, only wildlife EICs were required. However, the screening also conservatively used
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other available EICs when wildlife EICs did not exist. COPECs benzo(a)pyrene and total
PCB Aroclors were identified based on exceedances of wildlife EICs. Cyanide and fluoride
were identified as COPECs using literature-based and plant EIC-based screening numbers,
respectively. The problem formulation step concluded that further refinement of the
evaluation of potential risk from exposure to cyanide and fluoride was a precautionary
approach given the relative uncertainty in the use of screening values other than wildlife
EICs. A site-specific TEE was therefore conducted to determine protective concentrations of
fluoride and cyanide and to further characterize potential risk from exposure to

benzo(a)pyrene and total PCB Aroclors using default TEE wildlife EICs.

8.5.4.4.2 Site-specific TEE

Several evaluation methods are available for application under site-specific TEE guidance to
ensure that the goals of the ecological evaluation are fulfilled. Methods for conducting this
site-specific TEE included a literature survey for cyanide and fluoride toxicity and
bioaccumulation data and site-specific geochemical modeling to address fluoride
bioaccessibility as well as further characterization of potential risks from benzo(a)pyrene and
total PCB Aroclors. The site-specific TEE in Appendix I-1 describes the evaluation methods,

details of the literature survey, the risk characterization, and the uncertainty evaluation.

For COPECs benzo(a)pyrene and total PCB Aroclors, potential risks were further
characterized beyond the conservative screening conducted in the problem formulation step
by determining the overall exposure concentration to wildlife foraging the site through
calculation of a 95% upper confidence limit (UCL) using available soil data and comparison
to default TEE wildlife EICs.

The literature survey was used to identify toxicity and bioaccumulation data needed to
calculate protective fluoride and cyanide soil concentrations based on the TEE wildlife
exposure models used to develop the wildlife EICs. The survey was conducted to locate
applicable toxicity data for mammalian (short-tailed shrew and meadow vole) and avian
(American robin) receptors, earthworm bioaccumulation factor values, and a plant uptake
coefficient. These values were developed using sources including those used in TEE

guidance for other chemicals, incorporating values from multiple studies for most parameters
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and including an evaluation of variability in the available earthworm bioaccumulation
factors for fluoride. Additionally, for fluoride, the calculation of a protective soil
concentration was also modified based on geochemical modeling taking into account the
finite solubility of calcium fluoride given: 1) the chemical nature of site soils limiting
dissolved fluoride and 2) fluoride being predominantly present in mineral forms that are
unlikely to be bioaccessible or toxic to terrestrial biota. The geochemical model results were
applied in the default TEE equations for both incidental soil ingestion and earthworm

content to calculate fluoride wildlife protective concentrations in soil.

Protective soil concentrations of COPECs cyanide and fluoride were then calculated for the
shrew, vole, and robin using these derived input values, and the lowest of the three receptors

were compared to site soil data.

The site-specific TEE concluded that cyanide and fluoride are unlikely to pose a risk to
terrestrial wildlife at the site. Cyanide concentrations in all site soil samples were below the
calculated protective concentration. Fluoride concentrations in site soils exceeded the
calculated protective concentration in areas of the site that are designated as remediation
SUs. Outside of the designated SUs, only two samples in the U-Ditch area exceeded the
protective fluoride soil concentration. The U-Ditch area 95% UCL is less than the protective

soil fluoride concentration.

The site-specific TEE concluded that benzo(a)pyrene and total PCB Aroclors are also
unlikely to pose a risk to terrestrial wildlife at the site. Benzo(a)pyrene and total PCB
Aroclor concentrations in site soils exceeded the EICs only in areas of the site that have been
designated as remediation SUs. When considered on a site-wide basis, the 95% UCLs for
these chemicals are less than their respective protective concentrations. Therefore, soil

cleanup levels were not further adjusted to protect terrestrial ecological resources.

8.5.4.5 Soil Point of Compliance

The standard POC for direct contact with soils extends from the ground surface throughout
the site to 15 feet bgs (see WAC 173-340-740(6)(d)).
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As set forth in WAC 173-340-740(6)(f), for MTCA cleanup actions that involve containment of
hazardous substances, soil cleanup levels will typically not be met at the standard POC in soils
shallower than 15 feet bgs. In these cases, the cleanup action consisting of engineered caps

may be determined to comply with cleanup standards, provided that the following applies:

o The selected remedy is permanent to the maximum extent practicable using the
procedures in WAC 173-340-360 (see Section 10).

e The cleanup action is protective of human health and the environment.

e The cleanup action is demonstrated to be protective of terrestrial ecological receptors.

e Institutional controls are put in place under WAC 173-340-440 that prohibit or limit
activities that could interfere with the long-term integrity of the containment system
(see Section 10).

e Compliance monitoring under WAC 173-340-410 and periodic reviews under
WAC 173-340-430 are designed to ensure the long-term integrity of the containment
system (see Section 10).

o The types, levels, and amount of hazardous substances remaining on site and the

measures that will be used to prevent migration and contact with those substances are
specified in the draft CAP.

8.5.5 Sediment Cleanup Standards

Under SMS, cleanup standards are developed based on protection of human health, higher

trophic level species, and the benthic community.

Appendix I-2 performs the human health risk screening of sediment data for the site, finding
that average concentrations in the study area are below the applicable risk-based threshold
concentrations for all bioaccumulative chemicals (e.g., cPAHs and PCBs). Therefore,
sediments are protective of human health at baseline conditions and cleanup standards were
not developed for protection of human health. Similarly, cleanup standards were not
developed for higher trophic level species because sediments are below applicable risk-based

threshold concentrations at baseline conditions.

Cleanup standards were developed for the benthic community based on the chemical and
biological (i.e., bioassay) criteria in WAC 173-204-563. WAC 173-204-563 provides two
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levels for potential use as cleanup standards for each contaminant: the SCO and the CSL.
The SCO is set at a concentration at which no adverse effects have been shown to occur,
including no acute or chronic adverse effects on biological resources. The CSL is a minor
adverse effects level, which is the minimum level to be achieved in SMS cleanup actions.
The more stringent SCO criteria were selected as cleanup levels for the site. The cleanup

levels are applied to the biologically active zone, which is the upper 10 cm of sediment.

The area of impacted sediment is developed by considering both chemical criteria and
bioassays, with bioassay criteria overriding chemical criteria. In addition, the presence of
sheen in subsurface sediment is also considered in determining the area requiring

remediation. However, the presence of sheen is not considered a cleanup level, per se.
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As described in the introductory sections, the Former Reynolds Plant was used for aluminum
smelting throughout its operational history. The aluminum smelting process, raw materials,
and byproducts are well understood and documented. Many former aluminum smelter sites
have been cleaned up in the United States and worldwide; Alcoa has performed similar
cleanups at two former aluminum smelters in Washington and Oregon, as well as a facility
still in operation in Ferndale and various cleanups in the United States, some currently in
progress. Therefore, there is a wealth of experience from similar facilities that can be applied
to determine the best cleanup approach at this site. Because the COCs are similar at
aluminum smelter sites and because byproducts from the manufacturing process were
typically deposited on site in large volumes, remedial technologies applied to the cleanup of
former aluminum smelters are also well understood. On-site containment of residual carbon,
spent lime, and construction debris is typically a component of cleanup at these sites because
the materials are not very toxic, and containment technologies are effective in eliminating
exposure to potential receptors and preventing migration of COCs. However, there are
site-specific factors that must be considered in the cleanup of any site, including
hydrogeology, geochemistry, physical setting, potential exposures, and receptors. This
section evaluates cleanup technologies for the upland portions/media (groundwater, soil, and
residual carbon) following MTCA guidance and in consideration of site-specific factors for
possible implementation at the site. Potentially applicable technologies are identified and
retained for assembly of site-specific alternatives in Section 10. Sediment cleanup

technologies are evaluated separately in Appendix J.

Cleanup technologies are typically organized under General Response Actions that represent
different conceptual approaches to remediation. The following six general response actions

have been identified for the site:

e Institutional Controls

e Monitored Natural Attenuation

e In Situ Containment

e [In Situ Treatment

e Removal with On-site Consolidation/Containment or Off-site Disposal

e FEx Situ Treatment
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Technology screening begins by identifying available technologies that will not address site
COCs or are not able to be implemented for technical reasons. These technologies are
eliminated at this initial screening stage. Retained technologies are evaluated further and for
each affected medium (soil, residual soil media, and groundwater). Cleanup technologies
under the same general response action are evaluated relative to one another on the basis of

the following three criteria:

o Effectiveness. The effectiveness criterion evaluates the technology for its
protectiveness and reduction in chemical toxicity, mobility, or volume. Both short-
term and long-term effectiveness are evaluated. Short-term effectiveness addresses
the construction and implementation periods. Long-term effectiveness evaluates the
technology after the action is in place.

e Implementability. The implementability criterion evaluates the technology for
technical and administrative feasibility. Technical feasibility refers to the ability to
construct, operate, maintain, and monitor the action during and after construction
and meet technology-specific regulation during construction. Administrative
feasibility refers to the ability to obtain permits for off-site actions and availability of
specific equipment and technical specialists.

e Cost. The cost criterion is used to compare different technologies. In most cases, the
full cost of a given technology cannot be determined at this screening level; however,
typical technology costs obtained from vendors, cost-estimating guides, prior projects,
and engineering judgment are used to determine the relative cost of a technology

compared with similar technologies.

9.1 Institutional Controls

Institutional controls are measures undertaken to limit or prohibit activities that may
interfere with a cleanup action or result in exposure to hazardous substances. They may be
physical restrictions, such as fences, or legal restrictions, such as use limitations recorded on

the property deed.

Potentially applicable institutional controls include the following:

e Fences and warning signs to limit access to the site or specific areas on the site

e Deed restrictions addressing land use and soil excavation
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e Deed restrictions to preclude drinking water use
e Use restrictions and monitoring requirements to prevent disturbance of caps or other

engineered controls

All of these institutional controls are potentially effective at preventing exposure to
hazardous substances, are easy to implement, and can be implemented at relatively low costs.

Therefore, they have been retained for further consideration.

9.2 Natural Attenuation

Natural attenuation is the reduction in concentrations of COCs in soil, groundwater, and
surface water through a combination of naturally occurring physical, chemical, and

biological processes.

As a general response action, monitored natural attenuation provides data to document the
presence and effectiveness of natural processes removing or containing site COCs. Measures
to enhance natural processes are considered under the In Situ Treatment general response
action. Natural attenuation is an important mechanism affecting contaminant fate and
transport under any cleanup action involving contaminant mass left in place. Furthermore,
the results of the groundwater fate and transport study presented in Section 6 indicate that
natural attenuation processes are occurring and have effectively arrested movement of the
groundwater fluoride plumes and are expected to do so for the foreseeable future. Residual
groundwater impacts will persist upon waste and affected media removal due to the low
permeability nature of the shallow aquifer materials and natural geochemistry. Enhanced
natural attenuation, such as the addition of reactive materials to standard excavation backfill,
may also be effective and is discussed in Section 9.4.2. As a stand-alone technology,
monitored natural attenuation is highly implementable and cost effective. Therefore,

monitoring of natural attenuation was carried forward for more detailed analysis in this FS.

9.3 In Situ Containment

In situ containment involves confining hazardous substances in situ through placement of
physical or hydraulic barriers. Containment technologies are designed to prevent contact

with and migration of the hazardous substances. Use of in situ containment technologies
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typically results in minimal short-term releases of hazardous substances during construction
and can provide a relatively lower, cost effective method of reducing the potential for

exposure.

Hydraulic controls can be effective methods for preventing the expansion of groundwater
plumes. This technology is often paired with a treatment system designed to reduce COC
concentrations in the extracted groundwater. Accordingly, the effectiveness and
implementability of hydraulic controls are discussed in Section 9.5.4. The remainder of this

section discusses various physical barriers (i.e., covers and caps) that may be effective to:

e Reduce the potential for direct contact exposure to COCs
e Reduce the potential for COC-impacted solid media to migrate beyond source areas

e Reduce the potential for COCs to migrate from solid media to groundwater

9.3.1 Physical Barriers

When properly designed for site-specific conditions, physical barriers are effective and
reliable methods for preventing direct contact exposures and migration or erosion of
impacted solid media. Long-term physical barrier integrity can be ensured through
implementation of appropriate institutional controls and routine inspection and
maintenance. The ability of a physical barrier to reduce the potential for groundwater
impacts is dependent on the design of the barrier—the main purpose being the infiltration
reduction of surface water through the isolated media. This is achieved through a balance of
surface water conveyance (i.e., runoff) at the top of the barrier, water percolation or
evaporation within the barrier, lateral water conveyance (i.e., drainage) within the barrier,
and infiltration retardation (i.e., permeability reduction) at the base of the barrier. To
evaluate the effectiveness of a range of physical barrier process options, a preliminary
quantitative analysis was performed to evaluate the relative performance of the following

three process options described below and shown on Figure 9-1:

e Soil Cover. Soil covers typically consist of a layer of clean soil overlain by a
vegetative layer to prevent erosion and promote runoff of rain water from the top of
the cover. They also prevent exposure to underlying soils. The primary cover layer
prevents direct contact exposure to underlying impacted solid media and can be

designed to reduce or promote infiltration. When designed to promote infiltration,
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the cover material is specified to allow infiltrating rainwater to drain away from the
fill area to points where it can be captured and conveyed away from the impacted
solid media. The soil cover included in the performance evaluation includes a 6-inch
vegetation layer and an 18-inch sandy soil layer that work together to convey water
away from the fill deposit or landfill. In areas where a more durable surface is
preferred, the vegetative layer could be replaced with structural fill (e.g., compacted
gravel).

e Low-permeability Soil Cap. Caps constructed of low-permeability soil, such as
compacted sandy clay, prevent exposure to underlying soils and reduce surface water
infiltration through contaminated materials by retarding the flow of water below the
main barrier layer. They also reduce the mobility of contaminants located in the
unsaturated soil zone and control erosion of contaminated material. The cap included
in the performance evaluation includes a 12-inch vegetation layer and a 12-inch
moderately compacted, low-permeability soil layer. To further enhance cap
performance, a geocomposite drainage layer was modeled between the vegetative and
barrier layers. Alternatively, semipermeable engineered materials (e.g., asphalt or
soil-cement mixtures) or structural fill (e.g., compacted gravel) could also be used in
areas requiring a durable surface, such as high-traffic areas in lieu of the vegetative
layer. The replacement of the vegetative layer with such engineered materials would
increase the conveyance of surface water away from the cap, thus increasing the
overall performance of the cap if implemented.

o Composite Cap. A composite cap is constructed of various layers of soil and
engineered materials, such as flexible membrane liners, geonets, or geosynthetic clay
liners. The additional impermeable layer prevents infiltration to underlying soils
from occurring as well as prevents direct exposure and controls erosion. This type of
cap is the typical design employed in new landfill construction, which could be
considered a more protective option under certain site conditions but is also a more
expensive alternative. For the purposes of the comparative performance analysis, a

standard multi-component cap, as shown on Figure 9-1, was included.

The quantitative analysis was performed using the Hydrologic Evaluation of Landfill
Performance (HELP) model. Developed by the U.S. Army Engineer Waterways Experiment

Station, the HELP computer program is a quasi-two-dimensional hydrologic model of water

Remedial Investigation/Feasibility Study January 2015
Former Reynolds Metals Reduction Plant — Longview 245 130730-01.01



Screening of Cleanup Technologies

movement across, into, through, and out of landfills (Schroeder et al. 1994). It accepts
weather, soil, and design data and uses solution techniques to calculate items such as runoff
volume (which is a function of material and slope), material permeability (k; saturated and
unsaturated), and evaporation rate. Landfill systems with various types of designs may be
modeled. The primary purpose of the model is to assist in the comparison of landfill design

alternatives.

The HELP weather generator module was used to simulate two categories of rainfall events:
1) annual accumulations simulated over a theoretical 100-year period, and 2) during the
25-year, 24-hour design return period event. For both approaches, precipitation data from
the nearest representative observation location (Longview, Washington) was input to the
HELP model to develop a rainfall record. The standard simulation was then manually
modified to include the 25-year, 24-hour precipitation event that is included in WAC 173-
303-665 as design criteria.? This type of event is predicted to occur once every 25 years on
average; in any given year, the probability of occurrence is 4 percent. Details of the analyses,

including input parameters and graphics of results, are summarized in Appendix K.

Plate 9-1 summarizes the total rainfall and average predicted leakage for the existing site
conditions (i.e., base case) and the three cap types during the 25-year return period event and
over one year; calculated values include those on the day of the event and during the
subsequent 5 days. The results determined that infiltration reductions of at least 11 and

37 percent could be achieved over the average annual accumulation period and during the
25-year event, respectively, for the soil cover. The low-permeability cap would be expected
to reduce infiltration by at least 80 and 95% over the average annual accumulation period
and during the 25-year event, respectively. The composite cap would expect to reduce
infiltration by at least 99 percent for either precipitation event. As discussed in Section 6.5.2,
infiltration reductions of 0, 50, and 100 percent were simulated with the groundwater model.
The results indicated that the fate and transport of fluoride is not significantly affected by the
reduction in infiltration. As a result, it is expected that a soil cover will perform as

sufficiently as a low-permeability soil cap or composite cap to achieve an infiltration

2 The 25-year, 24-hour precipitation event was calculated from “Precipitation Intensity Cells for Washington
State” available from the Oregon Climate Service as Geographic Information System shapefiles (Washington
State Department of Transportation 2013). Cells overlaying the project site were queried using ArcView.
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reduction that would prevent long-term migration of fluoride-impacted groundwater.
However, the soil cap does not reduce infiltration to the maximum extent practicable as

required by the ARARs applicable to cap design.

Capping costs vary with the design of the cap. Costs are associated with cap design,
construction, institutional controls, and long-term monitoring. Low-permeability soil caps
are more costly than soil covers, but the added protection may be appropriate under some
conditions to reduce infiltration. Therefore, both of the soil cover and low-permeability soil
cap technologies have been retained for further consideration of impacted soil containment.
Composite caps are significantly more expensive to construct and maintain and do not
provide an incremental benefit over the other physical barriers considered. Therefore,

composite caps have not been retained for further consideration.

9.3.2 Site-specific Conditions

Site-specific conditions that warrant additional consideration when evaluating in situ
containment technologies and designing landfill covers include potential seismic and flood
hazards. Each of these potential hazards, and how they have been considered in this FS, is

discussed as follows.

Much of the state of Washington, including Longview, is designated as a seismic impact zone
by the United States Geological Survey. Seismic impact zones are defined as areas in which
there is at least a 10 percent probability that horizontal seismic accelerations equal to or
greater than 0.1 g (acceleration of gravity at the earth’s surface) will occur within a 250-year
period. In general, relatively flat earth structures, such as the landfills and fill deposits
present at the site, are resistant to seismic motions and will move together with the
surrounding ground in the event of an earthquake. Nonetheless, federal and state regulations
require seismic analysis, based on a relatively severe earthquake event, for the design of
landfill cover systems. For example, a slope stability and deformation analysis would be
performed as part of the engineering design to verify that the cover system would remain
serviceable after a 1 in 2,500-year seismic event and that the range of material displacement
would be considered repairable and the costs associated with such maintenance acceptable

over a given occurrence interval.
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As discussed in Section 4.2.1, the Columbia River is located along the southern side of the
Former Reynolds Plant. A CDID flood control levee is located along the shoreline, and
protects the site from exposure to high current velocities (e.g., greater than 1 foot per second)
during flood events that could cause scour or erosion of the landfills and fill deposits. Along
the Former Reynolds Plant, the height of the levee averages approximately 32 feet above
MSL, which protects the site from flood events with recurrence intervals of greater than

500 years. Based on the topography of the site, under extreme flood conditions, water could
enter the site from the river at the downgradient end of the site around the levee and create
a “backwater” condition in the upland portion of the site behind the levee. In this situation,
fill deposits and landfills could be saturated for a relatively short time period, but the current
velocities would not be sufficient to scour the engineered covers or ground surface. As
demonstrated by the fate and transport analysis in Section 6, fluoride migration in
groundwater is controlled at the site by the natural geochemistry, even in deposits that are in
contact with groundwater. Therefore, short-term conditions whereby fill deposits and

landfills are saturated do not pose any additional potential risk of contaminant migration.
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Plate 9-1 Summary of Preliminary Physical Barrier Performance Evaluation
Annual Summary Over a Theoretical 100-year Period 25-year Design Return Period Event
Rainfall or Estimated
Average Rainfall or Estimated Percent Reduction in Infiltration (inches) Percent Reduction in
Model Run Infiltration (inches) Infiltration from Base Case | During Storm Event'? Infiltration from Base Case

Rainfall generated during 36.25 N/A 422 N/A
storm event
Base CaS('e -no cha'nge from 23.29 N/A 3424 N/A
current site conditions
Soil Cover 20.80 11% 2.170 37%
Low-permeability Cap 4.67 80% 0.184 95%
Composite Cap 0.08 Approximately 100% 2.27E-03 Approximately 100%

Notes:

1=The 25-year return period storm event represents a very high-intensity storm that is the standard for which new landfills are designed to consider.

2 = Value presented represents the 6-day accumulation of rainfall or simulated infiltration after the initiation of the storm event.

N/A = not-applicable
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9.4 In Situ Treatment

A common approach to site remediation is the application of in situ technologies that address
subsurface impacts without removing large volumes of impacted materials. In situ treatment
technologies can potentially reduce the concentration, mobility, and toxicity of COCs. They
can also minimize potential releases of hazardous substances and the amount of waste
generated. The disadvantage of many in situ treatment technologies is that their
effectiveness can be limited by subsurface conditions that create inefficiencies in treatment
processes. In situ treatment can be applied to both soil and groundwater. In general, if
source material is removed, in situ treatment can be applied to address residual groundwater
impacts. In situ treatments relevant for this project include direct injection of chemical
reagents to stabilize or solidify soil, permeable reactive barriers (PRBs), and backfill amended

with reactive agents.

9.4.1 In Situ Soil Treatment

Stabilization. Depending on in situ conditions, chemical reagents can be injected or mixed
directly into a potential source area to address elevated soil and groundwater conditions.
Ideally, the chemical reagents would react with the soil or the COCs in the groundwater to
reduce the concentration of COCs or decrease their mobility. The effectiveness of this
technology can be limited in heterogeneous and low-permeability soils or where there is
extensive debris due to poor distribution of the reagents. Because the SUs tend to contain
variable, low-permeability soils and solid media, and due to the uncertainty of stabilization
effectiveness for complete fluoride treatment, this technology has not been retained for

further consideration.

Solidification. Soil is stabilized by adding amendments to immobilize contaminants resulting
in a low-permeability, subsurface mass. Potential amendments include pozzolans and
cement. Amendments can be mixed with soil in situ. This treatment method does not
destroy contaminants and often increases the volume of impacted material. Due to the
additional volume generated by this technology and the typically higher cost of in situ
stabilization compared to more reliable, ex situ methods, this technology has not been

retained for consideration.
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9.4.2 In Situ Groundwater Treatment

Permeable Reactive Barriers. A PRB is a “continuous, in situ permeable treatment zone
designed to intercept and remediate a contaminant plume” (ITRC 2005). The general design
is a vertical trench, perpendicular to movement of contaminated groundwater, which is
backfilled with the selected reactive media (see Plate 9-2). Reactive media selection depends
on the chemical(s) to be treated and site conditions. A PRB would require minimal
maintenance and operational costs. This technology was retained for proven effectiveness,
implementability, and relatively low cost. Effectiveness and implementability of this

technology are discussed in greater detail in the following sections.

Soil Backfill Amendment. Areas excavated to a depth below the seasonal high