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documents the CERCLA remedial action decision for each waste site. The CAD
documents the RCRA corrective action decision for each of the waste sites subject to
corrective action. Although the CAD and ROD could be issued separately, a single
CAD/ROD document is recommended to ensure that the selected cleanup decisions are
compatible for implementation. The CAD/ROD also will contain responses to comments

from the public.

Background

In 2009, the DOE Richland Operations Office developed a cleanup framework to reduce
the size of the Hanford Site’s active cleanup footprint to the area known as the

Central Plateau. The Central Plateau is in the central portion of the Hanford Site and
encompasses approximately 195 km? (75 mi?). The two major geographic cleanup areas
within the Central Plateau are the 170 km? (65 mi*) Outer Area and the 25 km? (10 mi?)
Inner Area. The 200-DV-1 OU is located in the Inner Area (Figure ES-1).
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Figure ES-1. Location of the 200-DV-1 OU within Central Plateau Inner Area
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DOE, EPA, and Ecology (together known as the Tri-Parties) initiated the Deep Vadose
Zone (DVZ) Project in 2010 to address the challenges of cleaning up the deeper mobile
contamination in the Central PI :au. The DVZ Project is addressing the ch: enge by

instituting the following:

e A separate OU (the 200 V-1 OU) to focus on arriving at cleanup decisions for
the DVZ.

e AnA lied Field Research Initiative (AFRI) to develop innovative technology
alternatives for DVZ challenges in  aracterization, prediction, remediation, and
monitoring. The 200-DV-1 C  coordinates with the AFRI to support the
200-DV-1 OU cleanup decision-making process and to address data needs through

technology development and implementation.

The Tri-Parties established the 'VZ Project in response to input from the Tribal Nations,
the state of Oregon, the Hanford Advisory Board, and stakeholders to place greater focus
on DVZ cleanup. The goal ¢ the 'VZ Project is to ensure long-term protection of

groundwater on the Central Plateau.

The DVZ contamination is a sign cant issue because it represents a potential source for
continued release of mobile contamination to the groundwater. This contamination,
which is the result of past waste disposal practices on the Hanford Site’s Central Plateau,
occurs deep in the subsurface anc  not easily remediated by typical surface remedies.
The DVZ is defined as the sc  below the practical depth of typical surface-based
remedies (e.g., excavation or surf 2 engineered barrier influence) and above the water
table. The Central Plateau VZ begins at a depth of approximately 5 m (50 ft) below
ground surface (bgs) and extends to the water table at depths ranging from approximately

55 m (180 ft) bgs to approximately 83 m (270 ft) bgs.

The primary DVZ contaminants at the Hanford Site driving long-term risk are
technetium-99 and uraniunr  ecause of their persistence, high inventory in the vadose
zone, mobility, difficulty ir redicting subsurface behavior, and long half-lives.
Additional mobile contaminants of long-term concern are iodine-129, chromium

(assumed to be hexavalent), an 1itrate.
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Forty-three wastes sites have been assigned to the 200-DV-1 OU based on (1) the unique

remediation challenge of mobile contamination in the DVZ, (2) the complex technical

and regulatory challenges of DVZ contamination (e.g., co-mingled plumes, and

determining nature and extent), and (3) the geographic proximity to waste management

areas (WMAs). The 200-DV-1 OU waste sites are primarily the cribs and trenches
adjacent to and associated with the B-BX-BY, T-TX-TY, and S-SX Tank Farm WMAs

(Figure ES-2). In this work plan, these three areas are referred to as the B Complex area,

the T Complex area, and the S Complex area, respectively. The 200-DV-1 OU includes

the vadose zone from the ground surface to the water table at these 43 waste sites. A zone

of perched water in the B Complex area is also included in the 200-DV-1 OU and is

addressed in this work plan.
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Figure ES-2. Location of 200-DV-1 OU Waste Sites in the Central Plateau Inner Area

The 200-DV-1 OU decision process will include the following:

e Investigate the nature and extent of contamination from the ground surface to

the groundwater.
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e Evaluate potential impacts to human health and the environment.
¢ Evaluate potential impacts on groundwater and the Columbia iver.

e Evaluate a combination « proven and emerging technologies Hr characterizing,

remediating, and monitoring DVZ contamination.

e Evalu . select, and implement remedi: solutions for contamination in the vadose

zone to protect human alth, the environment, and groundwater.
The 200-DV-1 OU doesnoti .u  the groundwater underlying the waste sites.

Characterization to investigate the nature and extent of contamination will be conducted
at the 200-DV-1 OU waste sites using either drilled wells or cone penetrometer wells,
Soil samples will be collected for laboratory analysis, and the wells will be geophysically
logged. In most cases, the well(s) will be insta :d within the footprint of the waste site

being characterized.

Based on the characterization data, a treatability test will be conducted in one of the three
arcas (anticipated to be the B Complex area) for a 200-DV-1 OU contaminant
remediation technology. Treatability studies can reduce remedial technology costs and
performance uncertainties, provide information that enables a technology to be scaled up
for alternative development and evaluation purposes. and support remedial design of

a selected alternative.

Work Plan History

The development of the preliminary CSMs for 200-DV-1 OU waste si.tes, and the
assessment of data needs through the data quality objective (DQQO) process, occurred
in 2011. In January 2012, the Characterization Sampling and Analysis Plan for the
200-DV-1 Operable Unif®> was approved. The chara rization activities designed to 1
the data needs identified in the 2( | DQO process are described in the SAP.

The preliminary CSMs, which were developed in 2011 to support 2 DQO and SAP,
have not been updated in this work plan; they will be updated in the RI/RFI report

following collection of the I FI data.

for the 200-DV-1 Operable Unit, Rev. 0,
agton. A able at:
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In January 2014, the Sampling and Analysis Plan for Perched Water Wells C8914 and
C8915 in the 200-DV-1 Operable Uni® was ap ved. The sampling and analysis

activities described in the SAP were completed in fiscal year 2014.

If during the RI/RFI and FS/CMS processes additional data needs are identified to
support devel ment of remedial alternatives,t  a supplemental DQO and SAP or SAP

addendum may be develope

6 DOE/RL-201 3-52, 2013, Sampling and Analysis Plan for Perched Water Wells C8914 and C8915 in the 200-DV-1
; Office, Richland, Washington. Available at:
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1.3 Hanford Site Cleanup Co  etion Framework and Inner Area Principles

This section discusses the framework for completing cleanup on the Hanford Site, as well as the cleanup
principles for the Central Plateau Inner Area.

1.3.1  Hanford Site Cleanup Completion Framework

DOE’s overall Hanford Site cleanup gy and approach to completing the remainder of the :anup
mission is described in DOE/RL-2009-10, Hanford Site Cleanup Completion Framework. The framework
document defines the principal componer  of cleanup and provides the context for individual cleanup
actions by establishing the approaches and common goals for those decisions needed to complete the
cleanup mission.

The framework document (DOE/RL-2009-10) defines the overarching goals for cleanup, as shown in
Table 1-1. These goals embody more than 20 years of dialogue among the Tri-Parties, Tribal Nations,
state of Oregon, stakeholders, and the public. The goals consider key values captured in forums, such as the
Hanford Future Site Uses Working Gror , Tank Waste Task Force, Hanford Summits, Tribal Nation values
statements, and the HAB. The goals serve as a guide for all aspects of Hanford Site cleanup and help set
priorities to apply resources and sequence cleanup efforts for the greatest benefit.

To achieve these goals, Hanford Site cleanup is organized into three major components: the River
Corridor, including the Hanford Reach N onal Monument; the Central Plateau; and tank farms/tank
waste. Each component of the cleanup is complex and challenging, involving multiple prc :cts and
contractors and requiring many years and billions of dollars to complete. Environmental cleanup of waste
sites and facilities in the River Corridor is  2aring completion, with substantial progress made on
groundwater remediation. Closure of the tanks and tank farms was evaluated in 'OE/EIS-0391, Final
Tank Closure and Waste Management Environmental Impact Statement for the Hanford Site, Richland,
Washington (TC & WM EIS), with a ROD issued in December 2013 (78 FR 240, “Record of Decision for
the Final Tank Closure and Waste Management Environmental Impact Statement for the Hanford Site,
Richland, Washington™).
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1.3.2 Central Platea Inner Area Cleanup Principles

12013-2014, DOE, EPA, and Ecology undertook an initiative to develop a set of cleanup principles for

the Inner Area of the Central Plateau. utcome of this initiative is the establishment of an overarching
and consistent set of cleanup principl the Tri-Parties have agreed are the foundation for evaluating
waste sites and making cleanup decis each « the OUs within the Inner Area pursuant to the

Tri-Party Agreement.

The overarching goals of the princi] s are to (1) provide a consistent approach for assessment of risks to
urr  health and the environment and evaluation of remedial alternatives within the Inner Area; and

(2)i tify and im :ment regulatory strategies that will optimize assessment resources, streamline

doct  ntation requirements, and promote consistency in decisions.

The substantive components of these principles related to land use, baseline risk assessment, cleanup
levels, points of compliance, and regulatory strategies are defined below. The principles, as they apply to
the 200-DV-1 OU, are reflected in the appropriate sections of this work plan.

1.3.2.1 Land Use

e Inner Area land use is industrial.

e The agencies are in agreement that current 25.9 km? (10 mi?) Inner Area footprint will not be reduced
further.

1.3.2.2 Baseline Risk Assessment (BRA)

e BRA will use the default EPA industrial scenario (multiple pathway) to determine need for action at
cumulative cancer risk level of | in I )00 and | in 100,000 and a hazard index of | for
non-carcinogenic effects.

e State requirement for cumulative cancer risks under the Model Toxic Control Act (MTCA) Method C
at 1 in 100,000 will be considered because of future corrective action requirements.

e Once a basis for action is determined, cleanup standards for chemicals will be based on MTCA
Method C industrial cleanup levels for direct contact.

° ae only institutional control is industrial land use.
e BRA will not include residential or ti al scenarios.
e BRA will be done on OU-by-OU ba  (each work plan).

e DOE will develop RI/FS Work Plan sections that describe the principles and specific parameters on
baseline risk assessments that will serve as guiding principles for all work plans.

1.3.2.3 Cleanup Levels

e Preliminary Remediation Goals (PRGs) for human health direct contact with radionuclides will be
risk-based.

e PRGs for chemicals will be based on  TCA Method C (direct contact).

e Approach to ecological cleanup w  be the same as for River Corridor, as applied for the 100-D/H
area RI/FS (DOE/RL-2010-95).

e  Groundwater protection modeling wi be based on natural recharge and will not consider irrigation.

1-9
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Pipeline boundary interface points are ass iated with the following:

e  200-PW-I1,200-PW-3, 20 -PW-6,an 200-CW-5 OU soil waste sites (as defined in the ROD
[EPA etal., 2011])

e 200-DV-1, 200-WA-1, 200-BC-1, and 200-EA-1 OU soil waste sites
e All canyons
o All WMASs

No major ¢ :line boundary interface p- s are associated with the 200-SW-2 Land! s or the
groundwater OUs.

The existence of interface points can :ate conflicts in cleanup decision and remedy implementation
processes across OUs. The following criteria and process have been developed to define interface
boundary point con cts and mitigate the impact of the conflicts for the 200-DV-1, 200-WA-1, 200-BC-1,
and 200-EA-1 OU soil waste sites.

e Each soil waste site will be eval  :d to identify the presence of pipelines in and/or adjacent to the
soil waste site. An interface con  : will be considered to exist when either of the following occur:

— A pipeline'9 is located within the boundary of the soil waste site as defined in the Waste
Information Data System (W S) database waste site mapping overlay and is not included as
being part of the waste sitc in WIDS.

— A pipeline is located outside of the boundary of the soil waste and is located within 7.6 m
(25 ft)'* of the boundary. This criterion is inclusive of the segment of pipeline that extends into
the waste site.

e Specific coordinates of the interface points will be established and referenced for soil waste sites
identified with interface conflicts. | E intends to redefine and update the WIDS summary sheets to
be inclusive of all pipelines located within the waste site boundary and all pipeline segments outside
of the boundary, up to a distance of 7.6 m (25 ft).

¢ The updated WIDS summary sheets will be circulated to EPA and Ecology for information.

e The RI/FS and RFI/CMS process will address the portion of pipeline waste sites defined by the
interface conflict points and will be updated in WIDS.

e DOE does not anticipate any new pipeline or soil waste sites to be created by this process.

1.4.4 Central Plateau Groundwater erable Units

Groundwater impacts resulted from discharges to waste sites and, in some cases, vertical tran ort was
enhanced by poorly sealed nearby Contaminants present in three groundwater OUs were affected
by historical discharges to 200-DV- waste sites. The 200 V-1 OU waste sites are underlain by the
200-ZP-1, 200-UP-1, and 200-BP-: indwater OUs. A groundwater pump-and-treat (P&T)
remediation system was constructed to address contaminated groundwater present in the 200-ZP-1

10 Pipeline is inclusive of the pipeline and  eline auxiliary components such as encasements, support structures,
valve boxes, manholes, and diversion boxes.

1 The general distance criterion is 7.6 m (25 ft); however, actual distances may vary slightly based on waste site
characteristics and pipeline components such as the nearest manhole or junction.
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Figure 2-2. Location of B-BX-BY Tank Farms in the B Complex Area
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The B-BX-BY Tank Farms complex operations that resulted in waste disposal to the 200-DV-1 OU waste
sites can be separated into four historical eras:

1.

The B Tank Farm was constructed in 1943 and 1944 to provide storage for radioactive liquid waste
produced at B Plant. B Plant used th¢  ismuth phosphate process to separate plutonium from
irradiated fuel slugs. The bismutt hosphate process produced five waste streams:

Bismuth phosphate metal waste was the byproduct from the plutonium-separation phase of the
bismuth phosphate process. Bisir  h phosphate metal waste contained unfissioned uranium and
approximately 90 percent of the fission products « the irradiated fuel. The bismuth phosphate
metal waste was stored in tanks  the B Tank Farm.

First-cycle waste (referred to as 1C waste) was the byproduct from the first plutonium
decontamination cycle of the bismuth phosphate process. This waste contained approximately
10 percent of the fission products of the irradiated fuel. The 1C was stored in tanks at the

B Tank Farm.

Second-cycle waste (referre 0 as 2C waste) was the byproduct from the second and last
lutonium decontamination cycle of the bismuth phosphate process. This waste contained less
than 0.1 percent of the fission  oducts of the irradiated fuel. The 2C waste was stored in tanks

at the B Tank Farm.

“Building 224 waste” was low-level liquid waste from the 224-B Plutonium Concentrator
Building. This waste stream was 2 primary contributor of plutonium contamination to the soil.
The waste was discharged to the 241-B-361 Settling Tank, and the supernate overflowed to the
216-B-5 Reverse Well (Figure 2

“Tank 5-6 waste” was low-level liquid waste from individual process cells in B Plant. Drainage
from the cells was stored in  ank 5-6. The Tank 5-6 waste was discharged to the
241-B-361 Settling Tank, and the supernate overflowed to the 216-B-5 Reverse Well.

From 1946 until 1952 (when E was shut down), the tank farms were expanded and received
liquid waste from bismuth pho -operations. Liquid waste disposal to the soil column through
cribs near B Tank Farm was initiated.

To increase waste tank storage space, activities were initiated to dispose the relatively low-level
2C waste to the ground, concent  : the intermediate-level 1C waste in an evaporator, recover
the unfissioned uranium inthe b uth phosphate metal waste, and build additional waste tanks.
The BX Tank Farm was constructed in 1946 and 1947, and the BY Tank Farm was constructed
in 1948 and 1949 (Figure 2-2). Facilities for the uranium recovery operations also were built
during this time.

In 1946, the Building 224 waste was re-routed from the 216-B-5 Reverse Well to tanks in the

B Tank Farm (initially Tank 241 -201 in 1946, and then the Tank 241-B-204-203-202 cascade
series in 1948), and the supernate overflowed to the 216-B-7A&B Cribs (Figures 2-1 and 2-2).
In 1947, the 216-B-5 :verse W  was taken out of service, and the Tank 5-6 waste was
temporarily combined with the ] ~ ding 224 waste being discharged through the

216-B-7A&B Cribs. In 1948, the 216-B-9 Crib and Tile Field were built for disposal of

Tank 5-6 waste (Figure 2-1).
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213 Waste Site Descriptions

The 200-DV-1 OU waste sites in the B Complex area were used from 1945 to 1974 for disposal of
waste associated with plutonium-separation operations at B Plant, uranium recovery and fission product
scavenging al  Plant, and ITS operations at the B-BX-BY Tank Farms. The timeline for use of waste
sites for waste disposal is shown in Figure 2-3.

The types of waste sites in the 200-DV-1 OU were designed to percolate wastewater into the ground
without exposing the wastewater to the atmosphere. The 200-DV-1 OU waste sites in the B Complex area
include the fi  owing:

Reverse wells (one): Also known as injection wells, reverse wells were used for the disposal of
intermediate-level liquid waste it 2 early phases of Hanford Site operations. Reverse Well 216-B-5
in the B Complex area of the 200 V-1 OU consists of a drilled and cased borehole. The lowermost
15 m (50 ft) of casing was perforated to allow liquid to seep into the vadose zone at depths greater
than the cribs and French drains (Fig :2-4). The 216-B-5 perforated casing extended approximately
3 m (10 ft) into the groundwater (HW-17088, The Underground Disposal of Liquid Wastes at the
Hanford Works, Washington, pp. 31-32).

Cribs (twelve): Cribs in the 200-DV  OU were relatively shallow excavations (typically ss than
10 w30 ft] deep) that were held open by wood cribbing (216-B-7A&B, 216-B-8, 216-B-9) or
concrete culverts (216-B-43 through 216-B-50) or gravel (216-B-57) (Figures 2-5 and 2-6). They
were designed to receive liquid via a pipeline from the waste-generating facility on a more or less
continuous basis until the unit’s specific retention or radionuclide capacity was met. Two of the cribs
(216-B-8 and 216-B-9) included tile fields used for waste liquid overflow from the associated cribs.

Trenches (eight): Trenches in the 200-DV-1 OU were relatively shallow excavations (typically less
than 10 m [30 ft] deep) that were used to dispose contaminated liquid waste by direct discharge via

a temporary, overland pipeline (216-B-35 through 216-B-42) (Figure 2-7). The trenches were typically
used on a specific retention basis, with a fixed volume of liquid i ntified for discharge prior to use.

French drains (one): French Drain 216-B-11A&B in the 200-DV-1 OU was constructed of vertically
oriented. irge-diameter, steel culverts with open bottoms that were perforated along their lengths
(Figure 2-8). The inside of each culvert was open, and the annulus between each culvert and the hole
excavated to bury it was filled with gravel.

Health instrument shafts (one): | h Instrument (HI) Shaft 200-E-45 in the 200-DV-1 OU was
a24m(8 diameter, 16.8 m (55 eep concrete pipe, with steel laterals installed through holes
in the pipe wall for collection of s¢ s beneath the adjacent 216-B-8 Crib (Figure 2-9).

Addition details on the construction and configuration of the waste sites in the 200-DV-1 OU are
provided in Table 2-2 and in the tables prepared to support the DQO process (Appendix C).
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The T X. Y Tank Farm operations that resulted in waste disposal to the 200-DV-1 OU waste sites can
be separated into four historical eras:

1.

The T Tank Farm was constructed in 1943 and 1944 to provide storage for radioactive liquid waste
prc tced at T Plant. T Plant used the bismuth phosphate process to separate plutonium from
irradiated fuel slugs. The bismuth phosphate process at T Plant produced the same five waste streams

th  were produced at B Plant (Section 2.1.1):

e Bismuth phosphate metal waste was stored in the T Tank Farm tanks.

o 1C was stored in the T Tank Farm tanks (RPP-5957 notes that 1C waste also contained
coating-removal waste; however, this was not mentioned in HNF-5231),

e 2C was stored in the tanks in T Tank Farm.

o “Building 224 waste” was low-level liquid waste from the 224-T Plutonium Concentrator
Building. This waste stream was the primary contributor of plutonium contamination to the soil.
This waste was discharged to the 241-T-361 Settling Tank, and the supernate overflowed to the

216-T-3 Reverse Well (Figure 2-11).

e “Tank 5-6 waste” was low-level quid waste from floor drains in individui process cells in
T Plant. This waste was discharged to the 216-T-4 Pond (not a 200-DV-1 OU waste site) during
the T Plant startup testing “cold run” but was routed to Tank 5-6 in T Plant when processing of
irradiated fuel began in December 1944. Waste stored in Tank 5-6 was discharged to the
241-T-361 Settling Tank, and the supernate overflowed to the 216-T-3 Reverse Well.

From 1946 until 1956 (when T Plant was shut dow
liquid waste from the bismuth phosphate operations. Liquid waste disposal to the soil column through

cribs near the T Tank Farm was initiated.

, the tank farms were expanded and received

e To increase waste tank storage space, activities were initiated to dispose the relatively low-level
2C waste to the ground, concentrate the intermediate-level 1C waste in an evaporator, recover the
unfissioned uranium in the .smu  phosphate metal waste, and build additional waste tanks.

The TX Tank Farm was constructed in 1947, and the TY Tank Farm was constructed in 1952
(Figure 2-12). Facilities for the uranium recovery operations also were built during this me.

e In August 1946, the Building 224 waste and Tank 5-6 waste continued to be discharged to the
241-T-361 Settling Tank, but the supernate was re-routed from the 216- -3 Reverse Well to the
216-T-6 Cribs (Figures 2-11 and 2-12). However, the 241-T-361 Settling Tank had filled with
sludge and could no longer be used. Consequently, in October 1946, the 1ink 5-6 waste line was
modified to bypass the 241-T-361 Settling Tank and discharge Tank 5-6 waste directly to the
216-T-6 Cribs without settling. The waste line at the 224 Building was re-routed to the 200-series
tanks in the T Tank Farm for settling, and the supernate overflowed to the 216-T-32 Cribs.

e As occurred at the B Tank Farm (Section 2.1.1), the continuing shortage of tank space resulted

in discharge of the 2C supernate waste, after cascading a

settling, to the ground through =

216-T-7 Crib and Tile Field from 1947 to 1955 (Figures 2-11 and 2-12). In 1951, the Tank 5-6
waste was combined with the 2C waste being discharged to the 241-T-110-111-112 cascade for
settling and supernate overflow to the 216-T-7 Crib. In 1952, the Building 224 waste also was
diverted to this cascade when 2 200-series tanks filled with sludge. After December 1955, these

waste streams were re-routed to the 216-T-19 Crib until T
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4. From 1965 to 1974, ITS processes were operated to reduce tank volumes. The ITS condensate was
discharged to cribs.

e The ITS process wasusec »r  ve liquid waste supernate from SSTs. The 242-T Evaporator
was mc fied for continuous operation and was restarted in December 1965 as the ITS system.
Evaporator condensate was discharged directly to the 216-T-19 Tile Field, bypassing the
216-T ) Crib.

222 scription of Tank Farms ¢ 1 cilities

The T-TX-TY Tank Farms consist of the fi owing (based on RPP-23752, Field Investigation Report for
Waste Management Areas T and TX-TY, Section 1.2):

e T Ta Farm: Twelve 2,025,195 L (535,000 gal), 100-series single-shell underground waste storage
tanks (241-T-101 through 241-T-112) and four 208,198 L (55,000 gal), 200-series tanks (241-T-201
through 241-T-204) (Figure 2-12).

e TX Tank Farm: Eighteen 2,869,342 L (758,000 gal), 100-series SSTs (241-TX-101 through
241-TX-118) (Figure 2-13).

e TY Tank Farm: Six 2,869,342 L (758,000 gal), 100-series SSTs (241-TY-101 through 241-TY-106)
(Figure 2-13).

The 100-series tanks were constructed with cascade overflow lines in a two-, three-, or four-tank series
(four sets of three tanks in the T Tank Farm, three sets of four tanks, and two sets of three tanks in the
TX Tank Farm; three sets of two tanks in the TY Tank Farm) that allowed gravity flow of liquid waste
between the tanks (RPP-23752, p. 1-5). In the T-TX-TY Tank Farms, the tanks cascaded »m east to
west (e.g., 241-T-110 to 241-T-111 to 2¢ T-112 [Figure 2-12]) (RPP-7123, Surface Conditions
Description of the T-TX-TY Waste Management Area, Section 2.1.1).

From the beginning of Hanford Site tas  farm operations, the primary leak detection system was routine
monitoring of liquid surface levels within each tank (RPP-RPT-42296, Hanford TY-Farm Leak
Assessments Report, Sections 2.1 and 2.2). Routine monitoring of gross-gamma activity in drywells near
the SSTs provided a second leak detection method. The dryw: s for the T-TX-TY Tank Farms are
provided in RPP-7123.

The status of the integrity of ea  tank in the T-TX-TY Tank Farms is provided in HNF-EP-0182, Waste
Tank Summary Report for Month Ending July 30, 2011. (Note: HNF-EP-( 32 is updated monthly with

a new revision number.) Past leaks in the TY Tank Farm were reassessed in 2010 and documented in

a leak assessment report (RPP-RPT-42296). The ak assessment report provides detailed construction
information and operating history for each tank in the TY Tank Farm. Table 2-3 indicates the leak status
of each tank in the T Complex and provides the reference for the detailed information summary.

Each tank farm also includes waste transfer lines, leak detection systems, and tank ancillary equipment.
The configuration of these infrastructure « ments changed over time. The istorical infrastructure for
the T-TX-TY Tank Farms is provi d in RPP-5957.

2-27

































DOE _-2011-102, DRAFT A
MARCH 2015

2 This page intentionally left blank.

2-38













DOE/RL-2011-102, DRAFT A
MARCH 2015

2 This page intentionally left blank.

2-42




W

0 3

11
12
13
14

15

16
17
18

DOE/RL-2011-102, DRAFT A

x
¥ \I__\
Warden .
= /‘3/ l] ____\_J\/_/ e : Syncline —+— Anticline
s -
r e May Junction Fault
J e 3 ®—&— Pasco Basin
P Basalt Outcrop
\ N A L} Othello - Inner Area Boundary
‘) [ Hanford Reach National Monument
/ - River
'4
x 0 8 16 km
—_—
= -N{..-—/ 0 3 8 am
* R Faults associaied witt
.
S 8 Syncline d
L] 7
u""lan Gable
,l,. UmNIRTT55Y - Gable Min 1Ay Mbuntain . ~
ix
* Y
. _',
\\ May Junction {
I\ Fault s | Franklin Connty
u . |
R A r 7 ¥d
| 4 ]
1o LR
: :
| E &
Zillah 2
i1 .
A\ .
» W
4 A ¢ ‘
4 4 X »
£ % -
AR ot Pasco, . ¢
= ] N Wal
§ vy, N\ . g Snakéﬁ'vﬂt @
- Ly . 17 L}
' J\Regnewic L€ Burbamk )
- - A
ESer / -
y 2 %
> \ .
Henton County Highiand § 4
( L
- / ”
N Columbia Rivery”
g
.
|
) W FADSPRC WA1 CP Svuenral ST i 0,

Note: This figure modified from PNNL-6415, Hanford Site National Environmental Policy Act (NEPA) Characterization.

Figure 2-18. Generalized Geologic Structure Map of the Pasco Basin

Climatological data for the Hanford Site are compiled at the Hanford Meteorological Station (HMS),
which is located on the Central Plateau.

24.21 Wind

The Cascade Mountains have a considerable effect on the wind regime at the Hanford Site by serving as
a source of cold (more dense) air drainage. This orographic drainage results in a northwest to
west-northwest prevailing wind direction. Summertime winds from the northwest frequently exceed

13 m/s (30 mph), although the fastest wind speeds at the HMS are usually associated with flow from the
southwest. Monthly average wind speeds of 15 m (50 ft) above the ground were slower during the winter
months, averaging 2.7 to 3.1 m/s (6 to 7 mph), and faster during the spring and summer months,
averaging 3.6 to 4.0 m/s (8 to 9 mph). The maximum speed of the drainage winds (and their frequency of
occurrence) tends to decrease as they move southeast across the Hanford Site.

24.2.2 Temperature and Humidity

The average monthly temperatures at the HMS range from a low of -0.7°C (31°F) in January to a high of
24.7°C (76°F) in July, based on data collected from 1946 through 2004. Daily maximum temperatures at the
HMS vary from an average of 2°C (35°F) in late December and early January to 36°C (96°F) in late July.
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DOE/RL-2002-39, Standardized Stratigraphic Nomenclature for Post-Ringold-Formation Sediments Within the Central
Pasco Basin (DOE, 2002).
The Miocene to Pliocene Ringold Formation and Associated Deposits of the Ancestral Columbia River System, South-Central
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PNNL-14753, Groundwater Data Package for Hanford Assessments (Thorne et al., 2006).
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Figure 2-19. Stratigraphic and Hydrostratigraphic Columns

for the B Complex, T Complex, and S Complex Areas
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Waterfowl and aquatic birds formerly inhabited areas with running or standing water; however, these
areas have been removed thr.  gh stabilization and remedial action - :anup activities. No substantial
bodies of open water remain in the Central Plateau.

2.4.6.4 Reptiles and Amphibians

Common rept s include gopt  snakes (Pituophis melanoleucus) and sideblotche lizards

(Uta stansburiana). Other rept  : and amphibians at are infrequently observed include sagel 1ish
lizards (Sceloporus graciosus), homed toads (Phrynosoma douglassii), western spadefoot toads
(Scaphiopus intermontana), yellow-bellied racers (Coluber constrictor), Pacific rattlesnakes

(Crotalus viridis), and striped whipsnakes (Masticophis taeniatus). Both lizards and snakes are prey items
of mammalian ar avian predators.

24.6.5 Insects

Hundreds of insect species it abit the Central Plateau. Two of the most common groups of insects
include several species of darkling beetles and grasshoppers. Harvester ants also are common and have
been implicate  in the uptake of radionuclides from so 2 of the burial grounds in the eastern Central
Plateau. The maximum documented burrowing depth of harvester ants at the Hanford Site, and depth
from which ants can excavate and bring up material, is 270 ¢cm (8.9 ft) (Sample et al., 2( 5, “Depth of
the Biologically Active Zone in Upland Habitats at the Hanford Site, Washington: Implications r
Remediation and Eci »gical Risk Management”; PNL-2774, Characterization of the Hanford 300 Area
Burial Grounds, Task 1V, Biological Transport). Insects affect the surrounding plant community and
serve as the prey base for many species of birds, reptiles, and mammals.
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BY Cribs and 216-B-57 Crib Investigations

The BY Cribs (216-B-43 through 216  -50 Cribs) and the 216-B-57 Crib were characterized in 1991
and 1992 in accordance with the 200-BP-1 OU RI/FS work plan (DOE/RL-88-32). Three boreholes
were drilled and sampled in each of the eight BY Cribs to approximately 9 m (30 ft). Three boreholes
were drilled and sampled through the 216-B-57 Crib to approximately 15 m (50 ft). Three of the wells
(one ai 2 216-B-43 Crib, one at the 216-B-49 Crib, and one at the 216-B-57 Crib) were then deepened
to approximately 70 m (230 bgs, nea to the water table. ” : rationale for drilling the deep wells in
these three ¢t s is as follows (DOE/RL-88-32, Section 5.1.4):

Boreholes will be drilled through cribs 216-B-43, 216-B-49, and 216-B-57 to the water
table (approximately 230 feet) ... It is anticipated that boring through vadose zone soils
below these cribs will be adequate to represent soils below the other cribs that receive
waste effluents.

The cribs were selected based on waste disposal history and location. Cribs 216-B-43
and 216-B-49 both received TBP supernatant waste. Crib 216-B-43 was selected because
it was used for a brief period of time and received the smallest volume of waste

(560,000 gallons). It should represent the lower limits of contaminant levels.

Crib 216-B-49 received 1,770,000 gallons of waste and should represent the upper limits
of contaminant levels. Crib 216-B-57 was selected because it received a larger volume of
ITS condensate waste than did crib 216-B-50. The borehole locations selected will also
provide three-dimensional information on subsurface stratification.

The results of the 200-BP-1 OU Rl at the BY C s and the 216-B-57 Crib are documented in
DOE/RL-92-70, Phase [ Remedial Investigation Report for 200-BP-1 Operable Unit, and summarized in
e information tables prepared to support the DQO process (Tables C-8 and C-9 in Appendix C).

Two groundwater wells (299-E33-341 an  299-E33-342) were drilled near, but outside the footprint of,
the BY Cribs in 2008 as part of the 200-BP-5 OU RI because concentrations of technetium-99 and other
co-contaminants in the groundwater beneath the BY Cribs had been increasing (Section 3.1.2 of
PNNL-19277). The wells were illed frc  ground surface to the water table and then down to the top
of the basalt. During drilling, grab and core samples (more than 160 samples at each borehole) were
retrieved, and selected samples were used for geochemical, hydrologic, and physical characterization.
The results are documented in PNNL-19277 and were used to evaluate the lateral extent of vadose zone
contamination associated with the BY Cribs in the information tables prepared to support the DQO
process (Table C-8 in Appendix C).

The results indicate that mobile contaminants in waste fluids discharged to the 216-B-49 Crib migrated
vertically to groundwater and laterally along fine-grained lenses within the Hanford formation sand
(PNNL-19277. pp. 3.15 and 3.16). Mobile contaminants in the waste fluids discharged to the
216-B-43 Crib  kely reached the water table in the past and are continuing to be a source today
(PNNL-19277, p. 3.20).

BX Trenches Investigations

The 216-B-38 Trench was characterized in 2001 in accordance with the 200-TW-2 OU work plan
(DOE/RL-2000-38). One well (C3104) was drilled through the eastern end of the 216-B-38 Trench to the
water table at a depth of approximately 80 m (263 ft). Samples were collected at 10 intervals between

1.4 and 80.8 m (4.5 and 265 ft). The borehole location was chosen based on the results of spectral gamma
logging at five direct-push locations. The five direct-push holes were placed along the center axis of the
trench, distributed along the length of the trench, and pushed to approximately 18 m (60 ft). The gamma
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Source: PNNL-19277, Conceptual Models for Migration of Key Groundwater Contaminants Through the Vadose Zone

and Into the Unconfined Aquifer Below

the B-Complex, Figure 3.30.

Figure 3-9. Location Map for 216-B-7A&B Cribs, 216-B-8 Crib and Tile Field,
and 216-B-11A&B French Drains and Vicinity Boreholes/Wells
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Source: PNNL-19277, Conceptual Models for Migration of Key Groundwater Contaminants Through the Vadose Zone
and Into the Unconfined Aquifer Below the B-Complex, Figure 3.25.

Figure 3-10. Location Map for the BX Trenches

During the RI for the 200-BP-1 OU, two of the 9.1 m (30 ft) deep boreholes were extended to
approximately 70.1 m (230 ft) bgs, nearly to the water table. Well 299-E33-296 was drilled in the
216-B-43 Crib, and Well 299-E33-302 was drilled in the 216-B-49 Crib (DOE/RL-92-70) (Figure 3-11).
Two wells were drilled to groundwater near the BY Cribs in 2008 during the RI for the 200-BP-5 OU.
Well 299-E33-341 was drilled approximately 10.7 m (35 ft) west of the western sides of the 216-B-48 and
216-B-49 Cribs and Well 299-E33-342 was drilled approximately 22.9 m (75 ft) south of the southern
side of the 216-B-43 Crib (PNNL-19277, p. 3.6).
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Source: PNNL-19277, Conceptual Models for Migration of Key Groundwater Contaminants Through the Vadose Zone
and Into the Unconfined Aquifer Below the B-Complex, Figure 3.1.

Figure 3-11. Location Map for the BY Cribs
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The DVZ below the BY Cribs is currently contributing technetium-99, cyanide, nitrate, and perhaps
cobalt-60 to the groundwater. The distribution of technetium-99 is shown in Figure 3-12. Although
uranium is present in the groundwater beneath the BY Cribs, it does not appear to be associated with
waste liquids discharged to the BY Cribs because water-extractable uranium in the vadose zone sediment
below the BY Cribs is found only in shallow sediments far from the water table (PNNL-19277,

pp- 3.25 and 9-8).

~ = v 7 v 299-E33-38 Technetium-99 Trend
Distribution of BY Cribs Tc-99 (Ci) o v
Source: PNNL-19277, Table 9.2, Average Values 5—‘
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Figure 3-12. Distribution of Technetium-99 from Discharges to the BY Cribs

The estimated lateral extent of contamination at the BY Cribs is shown in Figure 3-13. A 150 m (492 ft)
east-west by 110 m (361 ft) north-south anomalous region (low-resistivity) is spatially co-located with
the BY Cribs, with the zone of lowest resistivity centered to the east of the 216-B-44, 216-B-45, and
216-B-46 Cribs (RPP-34690, Figures 4-19 and 4-20). The horizontal dimensions remain consistent from
30 to 50 m (98 to 164 ft) in depth. The top of the anomalous zone occurs in the 15 to 20 m (49 to 66 ft)
depth range. The base of the anomalous zone is estimated to be about 60 m (197 ft) in depth. Cobalt-60
was detected laterally 53.3 m (175 ft) northwest of the center of the 216-B-50 Crib and 50.3 m (165 ft)
southeast of the 216-B-43 Crib (GJO-2003-458-TAC, p. 32).
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Based on the available information, it is hypothesized that the BY Tank Farm is not a significant
contributor to DVZ contamination or to the groundwater plumes under the B Complex under current
conditions (PNNL-19277, Section 6.4).

3.2.5 Groundwater Contamination beneath the B Complex Area

The 200-DV-1 OU waste sites, the perched water zone, and the tank farms in the B Complex area

overlie groundwater in the 200-BP-5 OU. Contamination in the 200-BP-5 OU will be addressed through
a separate RI/FS process. The primary groundwater contaminants currently underlying the B Complex
are nitrate, technetium-99, cyanide, chromium, iodine-129, and uranium (DOE/RL-2011-01, Hanford Site
Groundwater Monitoring Report for 2010). The groundwater at the 216-B-5 Reverse Well is locally
contaminated with plutonium-239/240, strontium-90, and cesium-137 as a result of direct discharges to
the aquifer through the well perforations.

From 1956 through at least the mid-1960s, a large, high-concentration groundwater plume was present
below the B Complex that contained mobile fission products such as ruthenium-106; mobile activation
products such as cobalt-60; and chemicals such as nitrate, cyanide, and sodium. The early plume likely
contained tritium and technetium-99, which were mobile contaminants contained in the waste discharges.
Because the gross-beta (mainly ruthenium-106 and cobalt-60) species have relatively short half-lives
(i.e., 1 year and 5.7 years, respectively), they are no longer useful for tracking the migration of the
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Figure 3-20. T Complex Area Subregions in the 200-DV-1 OU
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Figure 3-29. T Complex Area Subregion 1: Contaminant Conceptual Model, West to East Cross Section
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Figure 3-30. T Complex Area Subregion 2: Contaminant Conceptual Model, Northwest to Southwest Cross Section
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Figure 3-31. T Complex Area Subregion 2: Contaminant Conceptual Model, West to East Cross Section
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Figure 3-32. T Complex Area Subregion 2: Contaminant Conceptual Model, Southwest to Northeast Cross Section
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Figure 3-33. T Complex Area Subregion 3: Contaminant Conceptual Model, Northwest to Southeast Cross Section
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Figure 3-34. T Complex Area Subregion 3: Contaminant Conceptual Model, South to North Cross Section

V 14vda ‘20L-110z-14/30a

G102 HOUVIN



18-€

South North
216-1-28 216127 216126
L9 Edge of _— | ‘Lgr
WIDS Boundary -
$ B l ' e & & &
A o~ N\ &
& & 5 e g & &
& & 4 B
T E
[ =
C &
§ [ ek
&
= B ‘)
g =3
£ -
g L 3
= F e
)
3
.
: P
8
140 150 160
Distance (m) No Vertical Exaggeration
Gross Gamma Geophysical Log
Backfill (Hdb) Hanford formation Cold Creek unit Ringold Formation Waste Site Profile - Historical (past) Flevated
Gamima Activity
unit 1 {Hil) silt dominated (CCuz) member of Taylor Flat (RFtf) AT b L
. Cs 18710 pCilg (09/30110)  ——L—
unit 2 {H{2) caldie geosol (caliche) (CCug) member of Wooded Island-unif ¢ (RFwic) Total Depth Drilled - . 2EE8E

ps

FEST_2011_0189

Source: SGW-49924, Conceptual Site Models for the 200-DV-1 Operable Unit Waste Sites in the T Complex Area, Central Plateau, Hanford, Washington.

Figure 3-35. T Complex Area Subregion 4: Contaminant Conceptual Model, South to North Cross Section
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Figure 3-36. T Complex Area Subregion 5: Contaminant Conceptual Model, North to South Cross Section
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Figure 3-37. T Complex Area Subregion 6: Contaminant Conceptual Model, North to South Cross Section
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Figure 3-38. Map of Nitrate Groundwater Plume in the T Complex Area
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Figure 3-39. Map of Tritium Groundwater Plume in the T Complex Area
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Figure 3-40. Map of lodine-129 Groundwater Plume in the T Complex Area
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Figure 3-41. 200-DV-1 OU S Complex Area Subregions and Surrounding Facilities
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e 216-S-13, consisting of 216-S-13 Cr : The 216-S-13 Crib was used from 1952 to 1972 for disposal
of 5 million L (1.3 million gal) of lig | waste from the 203-S Decontaminated Metal Storage
Facility, the 204-S UNH Lag Storage Facility, and the 276-S Organic Solvent (methyl isobutyl
ketone) Make-Up Facility. Geophysical logging data is available for the one borehole near the
216-S-13 waste site. Based on the waste site construction dimensions, contamination is not
anticipated in the upper 4.6 m (15 ft); gamma-emitting contaminants were not detected in this zone by
geophysical logging of the nearest wi 15 m (49 ft) from the center of the crib. The available data
suggest that contaminants from the 216-S-13 waste site are unlikely to have reached groundwater in
the past and are unlikely to cont 1ate groundwater in the future. Additional data collection is
planned to confirm/refine this C

310 r minary F ik Assess ent

The purposes of a BRA are to assess potential risks associated with residual contamination at a site under
baseline conditions (i.e., no further actior identify key radionuclide and chemical contributors to risk,
identify key exposure pathways, and dete 1ine if there is a need to take an action to reduce risks.
Clarification of the role of the BRA in develt ing Supe ind remedial alternatives and supporting risk
management decisions is provided in ( 1y, 1991, “Role of Baseline Risk Assessment in Superfund
Remedy Selection Decisions” (OSWER Directive 9355.0-30). This directive states that the BRA is part of
the RI. It further states the following:

The baseline risk assessment should “characterize the current and potential threats to
human health and the environment that may be posed by contaminants migrating to
groundwater or surface water, releasing to air, leaching through soil, remaining in the
soil, and bioaccumulating in the food chain’ ([NCP] Section 300.430/d][4]).

The primary purpose of the baseline risk assessment Is to provide risk managers with

an understanding of the actual and potential risks to human health and the environment
posed by the site and any uncertainties associated with the assessment. This information
may be useful in determining whether a current or potential threat to human health or the
environment exists that warrants remedial action.

The general methodology for conducting 2 BRA is described in the following sections.

3.10.1 Human Health Risk AssessI :nt Approach

Human health risk assessment (HHRA) methods and parameters are drawn from EPA’s Risk Assessment
Guidance for Superfund, Volume I, Human Health Evaluation Manual (Part A): Interim Final (also
known as Risk Assessment Guidance for Superfund [RAGS]) (EPA/540/1-89/002).

3.10.1.1 Definition of Human Exposure Scenario

Human health risks in the Inner Area wi be assessed using an industrial worker exposure scenario.

ne basis for the industrial worker scenario will be drawn from EPA’s Regional Screening Level
guidance (EPA, 2014a, Regional Screening Levels for Chemical Contaminants at Superfund Sites) for
chemicals, and from EPA’s Radionuclide PRG guidance (EPA, 2014b, Preliminary Remediation Goals
Jfor Radionuclides) for radionuclides. Key assumptions are as follows:

e Exposure pathways selected for ¢ istrial worker scenario are based on the assumption that direct
contact exposure is potentially com to contaminants in soil.

—  xposure pathways for chemicals include soil ingestion, inhalation of dust and volatiles, and
dermal contact with soil.
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Toxicity Values for Nonradionuclides

For nonradionuclides, the analyte-specific toxicity values are determined using the recommended

reference hierarchy as described in Cook, 2003, Human Health Toxicity Values in Superfund Risk
Assessments (OSWER Directive 9285.7-53). " ¢ hierarchy is the same as used in the baseline risk
assessments for the River Corridor OUs and 1s summarized below.

e Tier | — EPA Integrated Risk Information System (IRIS)
e Tier 2 — EPA Provisional Peer Reviewed Toxicity Values (PPRTVs)

e Tier 3 — Other Toxicity Values

Tier 1 - IRIS. The preferred source of toxicity data is the EPA Integrated Risk Information System (IRIS)
database (EPA, 2014c¢). Expert toxicologists at EPA have derived the values in this database, and the
values have undergone thorough review and validation bo  within and outside of the EPA. If a toxicity
value is available in IRIS, that value is used in preference to values published in Tier 2 and Tier 3 sources.

Tier 2- PPRTVs. If a toxicity value is not available in IRIS, the next source is the EPA PPRTVs.

This source includes toxicity values that have been developed by the Office of Research and
Development/National Center for Environmental Assessment/Superfund Health Risk Technical Support
Center. This database is not available to1  general public, but is accessible to EPA risk assessors via
the EPA intranet. These values are also published at the EPA Regional Screening Levels website

(EPA, 2( 1a). Tier 2 values are used in ference to Tier 3 values.

Tier 3 — Other Toxicity Values. Tier 3 includes additional EPA and non-EPA sources of toxicity
information, including the following:

e The California EPA Toxicity Criteria 'atabase (OEHHA, 2014) provides toxicity values that are peer
reviewed and address both carcinogenic and noncarcinogenic effects.

e The Agency for Toxic Substances an Disease Registry minimal risk levels for hazard substances are
peer-reviewed estimates of 2 daily human exposure to hazardous substances that is kely to be
without appreciable risk of adverse noncarcinogenic health effects over a specified duration of
exposure.

e Toxicity values in EPA 540-R-97-036, Health Effects Assessment Summary Tables (HEAST),
FY 1997 Update.

When Tier 1, Tier 2, or Tier 3 toxicity values are not available for an analyte, the toxicity values from 2
National Center for Environmental Assessment are used. These values can be found in the Risk
Assessment Information System (ORNL, 201

Toxicity Ve es for Radionuclides

The cancer slope factors for radionuclides will be obtained from EPA, 2001, Health Effects Assessment
Summary Tables database, “April 16, 2001 Update: Radionuclide Toxicity,” *Radionuclide Table:
Radionuclide Carcinogenicity — Slope Factors”. These values are the same as used in the BRA in the
River Corridor OUs.

3.10.1.6 Risk Characterization

Risk estimates will be presented by exposure area and depth in soil. The BRA will also discuss risk
estimates relative to Hanford Site background levels. The risk characterization identifies the COPCs that
are risk drivers.
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3.10.3.2 Evaluation of Cumulative Impacts and Approach for Evaluation
of Alternative Point of Compliance

An alternative can be developed in the FS (and CMS, as applicable) that considers an alternative point of
compliance in groundwater. The detailed evaluation of this alternative will consider the evaluation of
cumulative impacts, taking into consideration the upgradient groundwater contamination through the
same comprehensive approach as PNNL-11800, Composite Analysis for Low-Level Waste Disposal in the
200 Area Plateau of the Hanford Site, and the cumulative impact analysis conducted for the Tank Closure
and Waste Management Environmental Impact Statement (DOE/EIS-0391). The following considerations
will be defined for this evaluation:

e The alternative point of compliance process will define a model domain (in space and time) that
covers all the source waste sites within the boundary as well as existing groundwater contamination.
An example of this boundary is shown in Figure 3-57. This proposed boundary encompasses all of
the liquid effluent disposal sites and the existing concentrated groundwater contamination areas
within the Central Plateau. The actual boundary will be determined through the RI/FS process (and
RFI/CMS, as applicable) for source OUs. The evaluation will be conducted for 1,000 years.
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Figure 3-57. Boundary Proposed for the Evaluation of Alternative
Point of Compliance for Groundwater Protection

¢ Inventory estimates for waste sites will include measurements for surface soils and the vadose zone,

as well as the following sources:
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candidates from the previous technology -eening and from results of current DVZ technology
development efforts (see Appendix B). C  didate treatability test technologies include the following:

e Gas hase treatment for uranium
e Phosphate sequestration

e Infiltration control

e Pore water extraction

e Refined desiccation testing

4.5.3 Long-Term Monitoring

Similar to characterization tools, data 1 associated with long-term monitoring for the 200-DV-1 OU
include field testing of enhanced monit ; tools in conjunction with planned characterization to provide
a basis for evaluating the implementab ind data quality for these tools. Monitoring for the vadose
zone and complex sites such as the Ha: Site is recognized as a challenge requiring development and

testing of improved monitoring approa (PNNL-21379, Scientific Opportunities for Monitoring at
Environmental Remediation Sites (SO! 5): Integrated Systems-Based Approaches to Monitoring).
Because monitoring will be an integral part of vadose zone remedies, information of 1e effectiveness and
implementability of monitoring is needec i the FS and is therefore incorporated into this work plan.
Testing and implementation of monitoring approaches are anticipated to improve the quality of data for

remedy selection by providing a me to (1) collect temporal data important to interpreting
contaminant fate and transport, (2) ¢ baseline monitoring data from which remedy performance
can be evaluated, and (3) e blish f e information to evaluate integration of monitoring with
remediation technology design. Wo mplementation will include an assessment of candidate tools
as part of planning for individual ch :ation (e.g., borehole) campaigns. The SAP will be appended

as needed based on this assessment. Candidate monitoring tools include the following:

e Surrogates and systems-based indicators
e  Geophysical assessment tools

e Sensors

e Mass flux/mass discharge measurem s
e Bioassessment monitoring

e Perturbation monitoring approaches
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WHC-SD-DD-AP-013, 1992, UN-216-W-31 Unplanned Release Site Interim Stabilization Plan and
Alternatives Evaluation, Rev. OA, Westinghouse Hanford Company, Richlan  Washington.

WHC-{ -EN- [-216, 1994, Vegetation Communities Associated with the 100-Area and 200-Area
Facilities on the Hanford Site. Rev. 0. Westinghouse Hanford Companv. Richland. Washington.
Av  lable at
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Fluor Daniel Northwest, Inc., Ri |, Washington.

WHC-SF  098-7, 1995, Routine Environmental Monitoring Schedule, Calendar Year 1996, Rev. 0,
Westin; buse Hanford Company, Richland, Washington.
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B1 Scie :eand Technology Advances

This appendix summarizes specific elements of science and technology activities relevant to the
200-DV-1 Operable Unit (OU).

Published in 2008, DOE/RL-2007-56, Deep Vadose Zone Treatability Test Plan for the Hanford Central
Plateau, fined a program of technology testing and evaluation for the deep va ise zone (DVZ).
The following elements of the DVZ treat ility test| m (DOE/RL-2007-56) have been completed:

A DVZ remediation technology review, which was included as part of the DVZ treatability test plan
(DOE/RL-2007-56), identified soil desiccation and gas-phase remediation techn: gies as ¢ highest
priority for development and testing. he field scale. The review also identified efforts needed to
evaluate (1) the role of surface infiltr  on barriers for DVZ contaminants, (2) soil flushing as an
extraction technique, and (3) in situ grouting of vadose zone contaminants.

A treatability test of desiccation was initiated on the Central Plateau, and the following elements of
the test have been completed:

— The fo wing laboratory and mc ling assessments of the desiccation process and design
elements have been completed:

« Qostrom et al., 2009, “Desiccation of Unsaturated Porous Media: Intermediate-Scale
Experiments and Numerical Simulation”

= Qostrom et al., 2011, “Determination of Water Saturation in Relatively Dry and Desiccated
Porous Media Using Gas-Phase Partitioning Trace Tests”

= Qostrom et al., 2012a, “Sensor and Numerical Simulator Evaluation by Porous Medium
Desiccation and Rewetting at the Intermediate Laboratory Scale”

= Qostrom et al., 2012b, “Effects of Porous Medium Heterogeneity on Vadose Zone
Desiccation: Intermediate-Sc:  : Laboratory Experiments and Simulations;”

= PNNL-20146, Laboratory and Modeling Evaluations in Support of Field Testing for
Desiccation at the Hanford Site

= PNNL-17274, Experimental and Numerical Investigations of Soil Desiccation for Vadose
Zone Remediation: Report for Fiscal Year 2007

= NNL-20507, Pore-Water Extraction Intermediate-Scale Laboratory Experiments and
Numerical Simulations

= Truex et al., 2012b, “Technical Basis for Gas-Phase Vadose Zone Remediation Technologies
at Hanford: A Review — 12 36"

- The active portion of desiccation field testing has been completed, as described in the
following publications:

= PNNL-18800, Characterization of Sediments from the Soil Desiccation Pilot Test (SDPT) Site
in the BC Cribs and Trenches ea

= PNNL-21369, Deep Vadose Zone Treatability Test for the Hanford Central Plateau: Soil
Desiccation Pilot Test Results
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Zhang, Z.F., C.E. Strickland, J.G. Field.  _. Parker,and R . Clayton, 2012a, “Evaluating the
Performance of a Surface Barric  r Reducing Soil-Water Flow,” Vadose Zone J. 11(3).

Zhang, Z.F., L. Zhong, M.D. White, and J.E. Szecsody, 2012b, “Experiment; Investigation of the
Effective Foam Viscosity in Uns: rated Porous Media,” Vadose Zone J. 11(4).

Zhong, L., N.P. Qafoku, J.E. Szecso -, P . Dresel, and Z.F. Zhang, 2009, “Foam Delivery of Calcium
Polysulfide to the Vadose Zone for Chromium(VI) Immobilization: A Laboratory Evaluation,”
Vadose Zone J. 8(4):976-985,

Zhong, L., J.E. Szecsody, F. Zhang, an S.V. Mattigod, 2010, “Foam Delivery of Amendments for

Vadose Zone Remediation: Propagation Performance in Unsaturated Sediments,” Vadose
Zone J. 9(3):757-764.
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216-S-21 and 216-S-25, con ting of the 216 21 Crib and: 1-S-25 Crib (preliminary
assessment): Because e waste type disposed to the 216-S-21 Crib was not particularly concentrated
in any of the five mobile contaminants and the  ral spread was not particularly large, the mass of
residual contaminants in the vadose zone nc  mificant. Comparatively, the 216-S-21 Crib

sedime . may contain about 1 percent of the total chromium released to the S Complex Area but less
than 0.2 percent of any of the other mobile conta inants. The 216-S-25 Crib is a 200-WA-1 OU
waste site.

216-S-13, consisting of the 216-S-13 Crib (preliminary assessmeir : The 216-S-13 Crib is unlikely
to have impacted groundwater base on geophy al logging. However, there is uncertainty regarding
the inventory of chromium disposed to this site.
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C8 Step6-Sp ify Tolerable Limits on Decision Errors
Because analytical data can only esti he true condition of the site under investigation, decisions that
arc made base on measuremen’ ita | potentially be in error (i.¢., decision error). For this reason,

the primary objective of DQO Step 6 is to determine which DSs (if any) require a statistically based
sam] :design. For those DSs requiring a statistically based sample design, DQO Step 6 defines tolerable
limits on e probability of making a decision error.

The sampling design for =200-DV  OU waste sites is judgmental (nonstatistically based).

C9 Step 7 - Optimize the Design

The objective of DQO Step 7 is to present: ernative data collection designs that meet the minimum data
quality requirements specified in DQO Steps 1 through 6. A selection process is then used to identify the
most resource-effective data collection design that satisfies all of the .ta quality requirements. Table 6-3
in Chapter 6 of this work plan differentiates between those DSs that require a statistical sampling design

from >se that may be resolved using nonstatistical design.

The data collection designs are spec in 200-DV-1 OU characterization SAP (DOE/RL-2011-104).
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Table C-10. Reauired Information for Waste Site/Groun 216-T-3 Reverse Wells and 216-T-6 Cribs

The inventory for the 216-T-3 Reverse Well represents the inventory discharged to the 241-T-361 Settling Tank and 216-T-3 Reverse Well system.
Some of the inventory is expected have been retained in the settling tank sludge.

Soil concentration (actual or 2-1,2-2 Well 299-W11-22 (originally named Well 241-T-361) was drilled 8.2 m (27 ft) northeast of 216-T-3 in 1944, The well was re-opened in No For the 216-T-3 Reverse Well, the supplemental

estimated) for target analytes October 1949, cleaned out, and deepened from 2 m (7 ft) above the 1949 water table to 14.3 m (47 ft) below the water table. No contamination was characterization SAP includes a borehole to

in the vadose zone found in the sediments, but alpha and beta-gamma activity above the background level of activity was found in the groundwater samples. Water groundwater with nine split-spoon samples. For
samples analyzed by fluorophotometer indicated that all the alpha activity in the well was due to uranium (HW-17088, pp. 70-71). the 200-DV-1 OU, implementing this borehole as
Thirteen boreholes were drilled at the 216-T-6 Cribs in 1947, and soil samples were collected to determine the nature and extent of contamination planned is recommended,. but a(_idmg two or three
(HW-9671, p. 15). The plutonium contamination was summarized as being contained within 6 m (20 ft) below the 216-T-6 Cribs, with a lateral samples above the CCU, 1nclud1ng_one above
spread of 13.7 m (45 ft). Fission product contamination was summarized as extending to 32.6 m (107 ft) below the cribs, with a 29 m (95 ft) lateral 4.6 m (15 ft) bgs, to help characterize the shallow
spread (HW-9671, p. 17). contamination.

Additional sediment samples were collected in October 1949 from the bottoms of the 13 boreholes drilled in 1947. Contamination was found only in For the 216-T-6 Cribs, the supplemental

two sediment samples: one sample from 299-W11-58 at 23 m (75 ft) bgs, and one sample from 299-W11-62 at 31 m (102 ft) bgs. About 0.08 mCi of characterization SAP includes four direct-push

beta-gamma activity/kg of sediment was detected in each sample (detection limit of 0.05 mCi/kg). No significant alpha contamination was detected boreholes to 12 m (40 ft) bgs with geophyswal

in any of the sediment samples obtained in October 1949. Samples from the bottom of the six boreholes penetrating through the silt-clay bed (likely logging. Based on the l.atest conceptual site

the CCU silt layer) showed no evidence of contamination (HW-17088, p. 66). model, 200-DV-1 OU instead recommends two
) ] ) ) . direct-push boreholes to the CCU (about 27.5 m

SGW-4.9498 summarizes the geophy31.cal lggglng results for the 216-T-3 Reverse_Wel_l and the 216-T-6 Cribs. Based on the geophysical log data [90 fi] bgs) with geophysical logging and

evaluation for wells near these waste sites, it appears that contaminants have possibly impacted groundwater at both sites (SGW-49498, p. A-9). sampling at one direct-push borehole

The three closest wells are within 9 m (30 ft) of the 216-T-3 Reverse Well. Relatively high concentrations of cesium-137 are shown at about 4.6 m for contaminants.

(15 ft) bgs in all three boreholes. Two of the boreholes indicate contamination throughout the sediments to the approximate top of the CCU, where

the perforations begin in the 216-T-3 Reverse Well. All three boreholes indicate increases in cesium-137 concentrations at a level equivalent to

the top of the perforations. All three boreholes exhibit cesium-137 contamination below the CCU interval that continues into the upper Ringold

Formation. The highest concentration of cesium-137 was 46,000 pCi/g at 4.6 to 5 m (15 ft to 16 ft) bgs in Well 299-W11-79, about 8.2 m (27 ft)

southeast of the reverse well (SGW-49498, p. A-42).

At the 216-T-6 Cribs, cesium-137 contamination was detected in all 15 boreholes. A zone of elevated concentrations was identified from about 6 to

18.3 m (20 to 60 ft) bgs, with the highest cesium-137 concentrations between 20 to 12 m (40 ft) bgs. The highest cesium-137 concentrations are

located adjacent to Crib 1, but significant gamma contamination does not appear to exceed 21.4 m (70 ft) bgs. The maximum concentration of

cesium-137 was 9,600 pCi/g at 10.4 m (34 ft) bgs in 299-W11-54. The uranium-23¢& at a concentration of 34 pCi/g was also identified in this

borehole at 13.7 m (45 ft) bgs. At the only borehole (299-W11-60) near Crib 2, the maximum cesium-137 concentration was 10 pCi/g. The current

gamma profiles are generally consistent with the 1948 profiles in HW-9671. Comparison of the data suggests that shorter lived contaminants existed

at greater depths and lateral extent in 1948, but that the currently detectable cesium-137 has not migrated deeper at any appreciable amounts into the

vadose zone over the past 60 years. Spectral gamma logging in 2003 did not detect plutonium; the maximum detectable limit for plutonium-239 is

about 10 nCi/g (SGW-49498, pp. A-43 to A-44).

Extent of contamination 2-2 At the 216-T-3 Reverse Well, the lateral extent of contamination is about 14 m (45 {t) radially from the well, based on historical detectable mobile No The planned supplemental characterization, as
gamma contamination (SGW-49924, Figure 3-13). The vertical extent of contamination likely extends at least to 62 m (204 ft) bgs, the lowermost modified by the recommendations described
depth of the perforations (SGW-49924, Figure 3-14). above, is needed to refine these estimates based
At the 216-T-6 Cribs, the lateral extent of contamination is an ellipse with a northwest-southeast axis about 75 m (246 ft) long and _ on geophysical logging.

a northeast-southwest axis about 45 m (147.6 ft) long, based on historical detectable mobile gamma contamination (SGW-49924, Figure 3-13). The
vertical extent of contamination likely extends at least to 46 m (150 ft) bgs to the Ringold Formation (SGW-49924, Figure 3-14).
Contaminant fate and 2-1,2-2 The hydraulic and transport parameter values for the vadose zone and unconfined aquifer are provided for the stratigraphic units in the T Complex Yes None

transport parameters

conceptual model report (SGW-49924, Chapter 4).

Note: The references cited in this table are included in the References section of this appendix.

bgs = below ground surface
CCU = Cold Creek unit
DS

i

decision statement

ou
PSQ
SAP = sampling and analysis plan

operable unit

i

prineipal study question

C-48




























































































































BY Cribs Lateral Extent of Vadose Contamination

SGE Anomaly (30m Depth)

B-Complex
Well Locations and
Surrounding Facilities

LE-R0 HARE)| - .
Gammacont. in

Only immobile gamma perfinterval _*_533- 39
contamination detectedin only7210-235 ft
vadose zone Ir'"-'; bgs B-51 French Droin
533-3%%5; :
| R
y b\: E33-50 No gamma cont.
| @ A inborehole
c33.28 @ E33\ 305
“p T, Esh-nm
|
\ : E33-15
\“-———l/ I"— . uw-.-’- &Il 11T -
18 FUCHF - 1000 (el 1
I R SO B 1 - E
Il\rlllﬁtlh.- -
| @ @ @ otic i B-8TF Tile Fiekd
£33-31%] * :
' f"‘-—-""'._ ﬁ ; Fan 4
More Mobile Gamma
zco)z SingIE-She” Tﬂnk -¢- Groundwater Monifor‘fng We” Contamination
(Shading indicates + Vadose Zone Monitoring Well § mm  Diversion Box ™
@ © suspected/confirmed o ( Vsl
203 |eaking) * Characterization Borehole ~, S

CHSGW20140677

Figure C-4. BY Cribs Lateral Extent of Vadose Contamination

DOE/RL-2011-102, DRAFT A
MARCH 2015

C-89



DOE/RL-2011-102, DRAF A
MARCH 2015

2 This page intentionally :ft blank.

C-90



















o0~ w A W N —

11
12
13

14
15
16

17
18
19

20
21

22
23

24

DOE/RL-2011-102 DRAFT A
M, CH 2015

WHC-EP-0133, 1988. UI1/U2 Uranium Plume Characterization. Remedial Action Review and
Recommend 1gton.
Available at

WHC-EP-0560, 1992, Miscellaneous Underground Radioactive Waste Tanks, Westinghouse Hanford
Company, Ric and, Wasl  gton.

WHC-MR-0227, 1991, Tank Wastes Discharged Directly to the Soil at the Hanford Site, Westin  ouse

WHC-SD-DD-AP-013, 1992, UN-216-W-31 Unplanned Release Site Interim Stabilization Plan and
Alternatives Evaluation, Rev. 0A, Westinghouse Hanford Company, Richland, Washington.

WHC-SD-DD-TI-064, 1992, UN-216-E-17 Interim Stabilization Final Report, Rev. 0, Westinghouse

WHC-SD-DD-TI-078, | 3, Interim Stabilization of Radioactive Surface Contamination Associated with
hington. Available at:

WHC- Discharges from B-Plant to Cribs, Rev. 0,
1ngton. Available at:

WHC-SP-0098-7, 1995, Routine Environmental Monitoring Schedule, Calendar Year 1996, Rev. 0,
Westinghouse H  »rd Company, Richland, Washington.

WHC-SP-1149, 1994, Status of Outdoor Radioactive Contamination at the Hanford Site, Westinghouse
Hanford Company, Richland, Washington.
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D1 Introduction

This appendix resents potential ap) cal orr :vant and appropriate requirements (ARARs) that may
ap] /to 200-DV-1 Operable Unit (OU)1 ediation activities. Table D-1 presents potential federal
ARARSs and to-be-considered (TBC) criteria. Table D-2 presents potential Washington State ARARs and
TBC criteria.
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E1 Potential Remedia >n zchnologies for Deep Vadose Zone Contamination

In 2011, potentially applicable remedial technologies were identified and screened to develop a list of
promising technologies for further evi iation during the 200-DV-1 Operable Unit (OU) remedial
investigation (RI)/feasibility study (FS) activities. This screening was performed in accordance

with U.S. Environmental Protection Agency (EPA) guidance for conducting treatability studies
(EPA/540/R-92/071a, Guidance for Con  -ting Treatability Studies under CERCLA, Final) under the
Comprehensive Environmental Response, Compensation, and Liabilitv Act of 1980. The EPA guidance
document identifies technology pre-screening, to be ¢t lucted early in the planning and scoping phase
of the RIFS, as an important first step in the identification of potentially applicable remediation
technologies and the need for treatability sting. This early screening of technologies for the

200-DV-1 OU provides an opportunity to identify promising remediation technologies that require further
treatability testing to determine potential feasibility or those that are mature enough to be carried forward
and evaluated during the FS.

An initial list of 59 potentially af cat technologies for remediating contamination in the deep vadose
zone (DVZ) was developed from a variety of sources, including the following:

e Remediation approaches from sim r sites across the country

e Research and development activities performed within the U.S. Department of Energy (DOE)
and the U.S. Department of Defense

e Past technology research and development occurring at the Hanford Site
e Solicited input from DOE, PA, the Washington State Department of Ecology, and stakeholders

Information was then collected on each of the technologies, including the general description, state
of development, contaminant applicab ty, maturity level, and limitations/development needs for
full-scale deployment.

The technologies were grouped to four general response action categories to aid in the pre-screening
process. This initial search for potentially applicable technologies identified 7 containment technologies
(Table E-1), 18 removal techn: »gies ( 1ble E-2), 8 ex situ treatment and disposal technologies

(Table E-3), and 26 in situ treatment technologies (Table E-4).

The technologies were then screened into different bins based on their readiness for full-scale
implementation. The technology screening bins include the following:

e Technologies that are FS-ready

e Technologies that need additional remedy selection information
e Technologies that need field demonstration to prove

e Technologies for no further evaluation

Eleven technologies were conside 1 ready for evaluation in the FS. These technologies primarily
consist of commonly used remediation m:  ods such as soil vapor extraction, perched water removal,
or landfill disposal. Twenty-one technologies were considered to benefit from the collection of
additional information on remedy performance and/or implementation cost prior to evaluation in the FS.
The technologies in this category prime y include a variety of containment/barrier methods and deep
excavation techniques for contaminant removal.
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Twenty-two technologies were identified that are not ready for immediate deployment and would require
further evaluation before use, including possible treatability testing. These technologies are primarily
associated with in situ treatment methods (from soil flushing through contaminant sequestration) and

inc 1de a variety of different delivery techniques to get the reagents to the contamination. Finally, five
technologies were identified for no further evaluation at this time. These technologies are either not
applic leto e contaminants of concern or will not be ready for full-scale implementation in the

near term.

Additional details on this technology screening and the evaluation process are provided in
SGW-50339-FP, Remediation Technologies Screening Report for the Deep Vadose Zone, Hanford's
Central Plateau. esults of the 2011 technology screening and evaluation will be reviewed and updated,
as needed, based on recent technology evaluations by the DVZ Applied Field Research Initiative and
recent treatability test resi s (e.g., pore water extraction) as a task under this work plan (see Section 5.3
in the main text discussion).
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