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ALARA as low as reasonably achievable
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maximum contaminant levels

monitored natural attenuation

Modular Storage Unit

“Model Toxics Control Act—Cleanup” (WAC 173-340)

National Contingency Plan (40 CFR 300, “National Oil and Hazardous
Substances Pollution Contingency Plan”)

National Priorities List

operations and maintenance

ordinary least squares

operable unit
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potential to emit

quality assurance

quality control

remedial action objective

remedial design/remedial action
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Hanford Federal Facility Agreement and Consent Order
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1 Introduction

The U.S. Department of Energy (DOE) Hanford Site is a 1,500 km? (580 mi?) federal facility located in
Benton County, near Richland, Washington, along the Columbia River (Figure 1-1). For administrative
purposes, the Hanford Site was divided into four National Priorities List (NPL) sites (40 CFR 300,
“National Oil and Hazardous Substances Pollution Contingency Plan,” hereinafter referred to as the
National Contingency Plan [NCP], Appendix B) under the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA) in 1989. In anticipation of the NPL (40 CFR 300,
Appendix B) listing, DOE, the U.S. Environmental Protection Agency (EPA), and the Washington State
Department of Ecology (Ecology) entered into the Hanford Federal Facility Agreement and Consent
Order (Ecology et al., 1989a) (hereinafter called the Tri-Party Agreement) in May 1989, which
established a procedural framework and schedule for developing, implementing, and monitoring
CERCLA response actions and Resource Conservation and Recovery Act of 1976 compliance and
permitting on the Hanford Site.

The River Corridor and the Central Platea are the two main geographic areas for cleanup work on the
Hanford Site (Figure 1-1). The River Corridor includes the 100-BC-1, 100-BC-2, and 100-BC-5 Operable
Units (OUs) (100-BC Area), which spans approximately 11.5 km? (4.45 mi?) of land and includes the
former operation areas for the B Reactor and C Reactor (Figure 1-2). The 100-BC-1 and 100-BC-2
Source OUs and 100-BC-5 Groundwater OU (hereinafter referred to as 100-BC) are part of the Hanford
Site 100 Area. This remedial design/remedial action (RD/RA) work plan addresses all three 100-BC OUs.

The DOE, Richland Operations Office (DOE-RL) is the lead agency responsible for implementing
remedial actions (RAS) at 100-BC. EPA is the lead regulatory agency for 100-BC as identified in
Appendix C of the Tri-Party Agreement (Ecology et al., 1989a). In accordance with the Tri-Party
Agreement (Ecology et al., 1989a), Article X1V, Paragraph 54, DOE developed and implemented interim
RAs for 100-BC through previous investigations and remedial decisions. DOE/RL-2010-96, Remedial
Investigation/Feasibility Study (RI/FS) for the 100-BC-1, 100-BC-2, and 100-BC-5 Operable Units
(hereinafter referred to as the 100-BC remedial investigation [RI]/feasibility study [FS]), was the basis for
DOE/RL-2016-43, Proposed Plan for Remediation of the 100-BC-1, 100-BC-2, and 100-BC-5 Operable
Units. A 60-day public comment period for the proposed plan was held from October 7 through
December 9, 20109.

Following receipt of public comments on the proposed plan, a final remedy was selected for 100-BC as
described in EPA et al., 2021, Record of Decision Hanford 100 Area Superfund Site 100-BC-1, 100-BC-2,
and 100-BC-5 Operable Units (hereinafter referred to as the 100-BC Record of Decision [ROD]).

The final remedy was selected in accordance with CERCLA, as amended by the Superfund Amendments
and Reauthorization Act of 1986, the Tri-Party Agreement (Ecology et al., 1989a), and, to the extent
practicable, the NCP (40 CFR 300). The final remedies for 100-BC to address the contaminants of
concern (COCs) in the 100-BC-1 and100-BC-2 OU waste sites include no further action for 82 waste
sites; removal, treatment (as required), and disposal (RTD) of 1 waste sitel; and institutional controls
(ICs). The selected remedies for the 100-BC-5 OU include monitored natural attenuation (MNA) and ICs
to address COCs in groundwater.

1 Multiple components are listed for the 100-B-34 waste site. The RTD remedy only applies to the western segment
(associated with a former sodium dichromate transfer line). The shallow and deep zone IC component only applies to
the eastern segments (associated with former cooling water effluent sewers).

1-1



DOE/RL-2021-44, DRAFT A
MARCH 2022

I 100-8c-1 Waste sites
I 100-8C-2 Waste sites
[ 1ooscaea

Aerial Image Source: National Agricultural
Imagery Program 7/1612017.

o 200 400 m

L ——
0 3

0% 1 cuscwzozononey

\B|Reactor

(C[Reactor/

Figure 1-2. Site Features and OUs in the 100-BC Area
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The final RAs implemented for 100-BC will minimize the release or threat of release of hazardous
substances that pose a risk to human health and the environment. Completion of the RAs will provide an
end state consistent with the 100-BC ROD (EPA et al., 2021).

The final RAs to be implemented at 100-BC will complement previous interim RAs conducted at the
100-BC-1 and 100-BC-2 Source OUs as described in the following decision documents:

e 1995 - EPA/ROD/R10-95/126, Interim Remedial Action Record of Decision for the 100-BC-1,
100-DR-1, and 100-HR-1 Operable Units, Hanford Site, Benton County, Washington

e 1997 - EPA/AMD/R10-97/044, Amendment to the Interim Remedial Action Record of Decision for
the 100-BC-1, 100-DR-1, and 100-HR-1 Operable Units, Hanford Site, Benton County, Washington

e 1999 — EPA/ROD/R10-99/039, Interim Action Record of Decision for the 100-BC-1, 100-BC-2,
100-DR-1, 100-DR-2, 100-FR-1, 100-FR-2, 100-HR-1, 100-HR-2, 100-KR-1, 100-KR-2, 100-1U-2,
100-1U-6, and 200-CW-3 Operable Units, Hanford Site, Benton County, Washington (100 Area
Remaining Sites)

e 2000 - EPA/ROD/R10-00/121, Interim Remedial Action Record of Decision for the 100-BC-1,
100-BC-2, 100-DR-1, 100-DR-2, 100-FR-2, 100-HR-2, and 100-KR-2 Operable Units, Hanford Site
(100 Area Burial Grounds), Benton County, Washington

e 2004 - EPA et al., 2004, Explanation of Significant Differences for the 100 Area Remaining Sites
Interim Remedial Action Record of Decision

e 2007 — EPA and DOE, 2007, Explanation of Significant Difference for the Interim Action Record of
Decision for the 100-BC-1, 100-BC-2, 100-DR-1, 100-DR-2, 100-FR-2, 100-HR-2, and 100-KR-2
Operable Units (100 Area Burial Grounds) October 2007

e 2009 - EPA et al., 2009, Explanation of Significant Differences for the 100 Area Remaining Sites
Interim Remedial Action Record of Decision: Hanford Site, Benton County, Washington

Based on the findings of DOE/RL-93-37, Limited Field Investigation Report for the 100-BC-5 Operable
Unit, interim action to address groundwater contamination was not recommended. The interim actions
identified in the above decision documents are replaced with the final remedy described in the

100-BC ROD (EPA et al., 2021).

1.1 Purpose

This RD/RA work plan describes how the site remedies will be designed, installed, and operated to meet
the remedial action objectives (RAOs) identified in the 100-BC ROD (EPA et al., 2021). It establishes the
general size, scope, and character of the RAs and identifies the technical requirements. This RD/RA work
plan is being submitted in accordance with the 100-BC ROD (EPA et al., 2021) and Section 11.6 of
Ecology et al., 1989b, Hanford Federal Facility Agreement and Consent Order Action Plan (hereinafter
referred to as the Tri-Party Agreement Action Plan).

1.2 Scope

This RD/RA work plan represents the plan and schedule for design, construction, and monitoring
activities necessary for successful implementation of the RA selected in the 100-BC ROD (EPA et al.,
2021). The selected remedies for the OUs are identified in Table 1-1 and described further in Chapter 2.

1-3
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Table 1-1. Selected Remedy Components
Waste Sites
Groundwater
100-BC-1 OU 100-BC-2 OU 100-BC-5 Operable Unit
Remove, treatment Institutional controls | Monitored natural attenuation for hexavalent chromium,
(as required), and trichloroethene, tritium, and strontium-90, and institutional
disposal and controls
institutional controls

Implementation, maintenance, and periodic inspection requirements for ICs at the Hanford Site are
described in this 100-BC RD/RA work plan and DOE/RL-2001-41, Sitewide Institutional Controls Plan
for Hanford CERCLA Response Actions and RCRA Corrective Actions (hereinafter called the Sitewide

IC Plan), which will be updated to incorporate the 1C requirements specified in the 100-BC ROD

(EPA et al., 2021). Unique ICs identified in the 100-BC ROD are discussed in detail in Section 2.1.1.3 for
waste sites and Section 2.1.3.3 for groundwater.

RTD will be used to remove contaminated soil, structures, and debris from waste site 100-B-34 (western
segment) with excavated material treated as necessary and disposed at the Environmental Restoration
Disposal Facility (ERDF), which is considered on site, or at another facility approved by EPA. Following
collection, laboratory analysis, and evaluation of cleanup verification soil samples, waste site 100-B-34
will be backfilled with clean material, recontoured, and planted with native vegetation. The sampling and
analysis plan (SAP) for 100-B-34 RTD and verification sampling will be provided as a future addendum
to this RD/RA work plan. Section 5.1.1 provides details of the planned approach for addressing RTD of
100-B-34 (western segment).

MNA will be implemented for the groundwater COCs that include hexavalent chromium (Cr (VI1)),
strontium-90, trichloroethene (TCE), and tritium. The groundwater COCs will be monitored through
periodic sampling, laboratory analysis, and reporting until cleanup levels are met. Groundwater
monitoring was previously conducted in the 100-BC-5 OU per DOE/RL-2003-38, 100-BC-5 Operable
Unit Sampling and Analysis Plan (as amended by applicable Tri-Party Agreement change notices),
which is being replaced by the performance monitoring sampling and analysis plan included as
Addendum 1 in this RD/RAWP.

Addendum 1 is a performance monitoring sampling and analysis plan to which an addendum will be
drafted to incorporate requirements for installation of new monitoring wells and to update the sampling
and analysis schedule to account for the new wells. Addendum 2, a biological studies SAP, is also
planned. The revised groundwater and biological studies SAPs will be prepared and submitted for EPA
review in accordance with the schedule presented in Section 8.2.

1.3 Report Organization

The essential elements of this RD/RA work plan are presented in Chapters 1 through 9. The appendices
and addenda present additional information and guidance. The contents of each section are briefly
described as follows:

e Chapter 1, “Introduction,” presents the purpose, scope, and overview of this report’s organization.
It also presents site background information and introduces the conceptual site model (CSM).

e Chapter 2, “Basis for Remedial Action,” presents the objectives, cleanup levels, cleanup verification
approach, and applicable or relevant and appropriate requirements (ARARS).
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e Chapter 3, “Remedial Action Management,” presents the project organization and change
management components for RA.

e Chapter 4, “Groundwater Remedial Design/Remedial Action Approach,” summarizes the
groundwater selected remedy components, the RD approach for groundwater COC plume MNA and
ICs, and the primary MNA RA tasks, including biological studies.

e Chapter 5, “Waste Site Remedial Design/Remedial Action Approach,” summarizes the waste site
selected remedy components, the RD approach for the waste site RTD and IC, and the primary RTD
RA tasks.

e Chapter 6, “Environmental Management and Controls,” describes general controls for potential
releases, waste stream management for the RAs, resource protection, and the health and safety,
emergency response, and quality assurance (QA) programs.

o Chapter 7, “Remedial Action Progress and Completion, Data Evaluation, and Reporting” presents the
general approach for evaluating and reporting completion of the soil and groundwater RAs.

e Chapter 8, “Cost and Schedule,” presents a cost summary and implementation schedule.
e Chapter 9, “References,” identifies reference information used for the main body of the report.

e Appendix A, “Applicable or Relevant and Appropriate Requirements,” presents a summary of the
federal and state ARARSs identified in the 100-BC ROD (EPA et al., 2021).

o Appendix B, “Guidance for Waste Site Closeout,” provides guidance for development of final
closeout documentation for the 100-BC-1 and 100-BC-2 waste sites where RTD and ICs will be
implemented.

1.4 Site Description and Background

The Hanford Site is divided into numerically designated areas. These areas served as the location for
reactor, chemical separation, and related activities associated with the production and purification of
special nuclear materials and other nuclear activities. The reactors and their support facilities were located
along the south shore of the Columbia River in the 100 Area, due to the need for large quantities of water
to dissipate the heat generated during reactor operations. The 200 Area, located about 11 km (7 mi) south
of the Columbia River, housed the facilities used to separate, isolate, store, and ship plutonium. The 300
Area, located adjacent to and north of the city of Richland, Washington, contained the reactor fuel
manufacturing plants and the research and development laboratories. The 400 Area, located 8 km (5 mi)
northwest of the 300 Area, contained the Fast Flux Test Facility designed for testing liquid metal reactor
systems. The 600 Area consisted of facilities that served more than one specific area or, in some cases,
the entire project.

The 100-BC Area is in the northern portion of the Hanford Site adjacent to the Columbia River and
includes the B Reactor and C Reactor and the former operations areas. The B and C Reactors’ primary
mission was plutonium production. These water-cooled nuclear reactors and the associated structures and
processes that generated solid and liquid wastes were the primary sources of contamination for the
100-BC Area. Solid waste was placed in unlined burial grounds. Liquid contaminants were released to the
environment via retention basins, trenches, cribs, ditches, and outfall piping to the Columbia River.

These waste sites comprise the 100-BC-1 and 100-BC-2 Source OUs. Groundwater contamination that
originated from liquid wastes discharged to the two source OUs comprises the 100-BC-5

Groundwater OU.

1-5



o ~N O O~ WDN B

el
= O ©

PR R R R R
©O~NOoO O~ WN

NN DNDNDN P
A OWODNPE OO

NDNDNDNDN
©O© 00 ~N o O

W www
W N -, O

B W Wwwww
O ©Woo~NO O~

DOE/RL-2021-44, DRAFT A
MARCH 2022

The B Reactor operated from 1944 until 1968 and the C Reactor from 1952 through 1969. Operation of
the reactors and their associated processes generated large quantities of liquid and solid waste. Large
volumes of river water were used as cooling water during reactor operations. The river water was treated
to remove particulates and with sodium dichromate to reduce corrosion. Contaminants potentially present
in the cooling water included uranium fuel particles, fission and irradiation byproducts, and Cr (V1).

1.41 Physical Setting

The 100-BC topography is relatively flat inland from the Columbia River, with ground surface elevations
declining from 150 m (490 ft) at the southern border to 130 m (430 ft) along the northern border where
the ground surface slopes steeply to the shoreline at an elevation of 122 m (400 ft). The 100-BC Area has
been disturbed and graded extensively since reactor construction began in 1943 and through facility
decommissioning and waste site interim actions.

The vadose zone underlying 100-BC includes up to 30 m (98 ft) of Hanford formation boulders and
cobbles with discrete sand lenses and little silt and clay (Figure 1-3). The upper portion of the unconfined
aquifer beneath most of 100-BC lies in the highly permeable Hanford formation. The lower portion of the
unconfined aquifer and the entire aquifer near the Columbia River lies within the Ringold unit E sands
and gravels. The unconfined aquifer is 32 to 48 m (105 to 158 ft) thick and is underlain by the low
permeability Ringold Formation upper mud unit, which forms a continuous aquitard that restricts COC
transport to deeper geologic units.

The water table depth ranges from 0 m at the river to 30 m (98 ft) inland. The water table is nearly flat in
southern 100-BC and steepens toward the Columbia River. Water-level data indicate the direction of
groundwater flow in the southern portion of 100-BC varies from north to east (Figure 1-4) but on average
is toward the northeast at an average velocity of 1 m/d (3 ft/d). In the northern part of 100-BC, where the
unconfined aquifer lies primarily in Ringold unit E and the hydraulic conductivity is much lower, the
average flow direction is to the north under an increased hydraulic gradient along the river shoreline.

Unconfined aquifer groundwater and the Columbia River are hydraulically connected in 100-BC with the
river stage influencing the groundwater elevation and flow direction, especially along the shoreline.
During low river stage conditions, groundwater flows north to the Columbia River. However, during high
river stage conditions, the direction of flow may temporarily reverse along the shoreline as surface water
infiltrates into the unconfined aquifer.

Unconfined aquifer groundwater discharges to the Columbia River via upwelling through the riverbed
substrate and riverbank seeps (Figure 1-5). Because the river stage fluctuates up and down on a daily and
seasonal basis, the groundwater flow direction oscillates back and forth over a limited distance, with river
water infiltrating into the unconfined aquifer and mixing with groundwater during high river stage.

High river stage generally occurs from May through June and low river stage from September through
October, with transitional levels in the other months. River-stage fluctuations affect the movement of
contaminated groundwater along the river. The volume of groundwater discharge from the unconfined
aquifer is very small compared to the river’s volumetric flow rate. Hydrologists estimate that groundwater
currently flows from the Hanford Site unconfined aquifer to the Columbia River at a rate of 0.8 m%/s

(28 ft3/s) (PNNL-13674, Zone of Interaction Between Hanford Site Groundwater and Adjacent Columbia
River). This rate is 0.02% of the Columbia River’s average flow rate of 3,400 m?/s (120,000 ft/s).

1-6
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Figure 1-5. Groundwater and Surface Water Interaction at 100-BC

1.4.2 Nature and Extent of Contamination

DOE performed three limited field investigations in the early 1990s for the 100-BC-1, 100-BC-2, and
100-BC-5 OUs (DOE/RL-93-06, Limited Field Investigation Report for the 100-BC-1 Operable Unit;
DOE/RL-94-42, Limited Field Investigation Report for the 100-BC-2 Operable Unit; and
DOE/RL-93-37, Limited Field Investigation Report for the 100-BC-5 Operable Unit) to investigate the
nature and extent of vadose zone soil and groundwater contamination. A comprehensive RI for all
portions of 100-BC was initially completed in 2012 but was extended through 2014 under TPA-CN-559,
Tri-Party Agreement Change Notice Form: DOE/RL-2009-44, Sampling and Analysis Plan for the
100-BC-1, 100-BC-2, and 100-BC-5 Operable Units Remedial Investigation/Feasibility Study, Rev. 0, to
include additional hyporheic zone and unconfined aquifer data collection. The nature and extent of waste
site soil and groundwater contamination are summarized in the following subsections. Additional
information on the nature and extent of 100-BC contamination is provided in the 100-BC RI/FS report
(Chapter 4 in DOE/RL-2010-96).

1.4.2.1 Waste Sites

The primary sources of contamination in 100-BC were the B and C Reactors, their associated solid and
liquid waste disposal sites, and the processes that supported reactor operations. Reactor cooling water,
obtained from the Columbia River, was conditioned before it was pumped through the reactors. The
conditioning process included solids removal and addition of sodium dichromate for corrosion protection.

Fission and activation products entered the cooling water as it passed through the reactors. Liquid wastes
were discharged to basins, cribs, trenches, ponds, and the Columbia River. The liquid waste discharged to
waste sites contained metals, anions, radionuclides, and organic chemicals. The largest volume of waste
from reactor operations was cooling water discharge containing Cr (V1) and radionuclides.

Solid wastes contaminated with radionuclides, hazardous chemicals, or both were generated from reactor
and support operations. Solid wastes included reactor and other facility process components, debris from
construction and renovation, sludge, and various other contaminated items. These wastes were primarily
disposed of in burn pits or burial grounds, depending on the type of waste.

1-9
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Remediation under the interim action RODs was completed for almost all 100-BC waste sites. Data from
interim remediation were reevaluated as part of decision-making for the 100-BC ROD (EPA et al., 2021).
This RD/RA work plan addresses residual contamination in shallow soils (less than 4.6 m [15 ft] below
ground surface [bgs]) at 6 waste sites and residual contamination in deep soils (greater than 4.6 m [15 ft]
bgs) at 29 waste sites.

1.4.2.2 Groundwater with Contaminants Above Cleanup Levels

Aqueous contaminants from waste site and facility discharges infiltrated through the vadose zone into the
periodically rewetted zone (PRZ) and groundwater. Less mobile contaminants tend to sorb to soil
particles in the vadose zone and PRZ, while more mobile contaminants tend to move through the vadose
zone and PRZ into groundwater. As the water table rises and falls due to Columbia River stage changes,
mobile contaminants in the PRZ may desorb into groundwater.

Groundwater COCs include Cr (VI), strontium-90, TCE, and tritium. Figure 1-6 shows the distribution of
the COC plumes, with concentrations greater than the cleanup levels defined in the 100-BC ROD

(EPA et al., 2021), based on year 2020 groundwater monitoring results. Current information on the
groundwater COC concentrations and concentration trends is provided in the following subsections.

1.4.2.2.1  Hexavalent Chromium

Cr (V1) in groundwater has been delineated as three plumes above the 10 ug/L cleanup level. The larger
plume lies in the upper portion of the aquifer (Figure 1-6) with two smaller plumes present in the lower
portion of the aquifer. The highest Cr (V1) concentration observed in 2020 in the upper plume was

52.1 pg/L (well 199-B3-47), whereas in the two lower plumes, Cr (V1) concentrations of 28.2 ug/L
(well 199-B5-5) and 37.1 pg/L (well 199-B5-9) were detected.

Cr (V1) concentrations in the upper plume are decreasing with concentration trends reflecting plume
migration due to the aquifer’s horizontal groundwater flow gradient, natural attenuation processes, and
river stage fluctuations (Figure 1-7). At well 199-B4-14, located in southern 100-BC near the remediated
100-C-7:1waste site, Cr (V1) concentrations peaked in 2012 during waste site remediation activities and
have since steadily decreased. The subsequent lower concentration peaks are related to seasonal variations
in the natural groundwater flow gradient. The concentration has remained less than 10 pg/L since 2018.
The concentration increases and decreases observed at downgradient wells 199-B4-7 (central 100-BC)
and 199-B5-2 (farther north) illustrate downgradient passage of the 100-C-7:1 Cr (V1) plume.

Cr (V1) concentrations at well 199-B3-47, located near the Columbia River where the unconfined aquifer
is entirely within Ringold unit E, have exhibited more variability. This well continued to show the highest
observed Cr (V1) concentrations in 2020 (52.1 pg/L) (Figure 1-7). Persistent Cr (V1) concentrations at
well 199-B3-47 may indicate the presence of a residual PRZ source near the well (Section 5.5.2 in the
100-BC RI FS Report [DOE/RL-2010-96]). Cr (V1) concentrations at well 199-B3-47 are much lower
during periods of high river stage as river water mixes with the groundwater. Cr (V1) concentrations are
also steadily declining at other wells in northern 100-BC (e.qg., wells 199-B3-46 and 199-B3-52)

(Figure 1-7). While Cr (V1) concentrations are above the cleanup level in aquifer tubes located between
the high and low water mark along the shoreline, they do not exceed the cleanup level in river water.

The highest concentrations in 100-BC aquifer tube groundwater typically occur at 06-M, located near the
center of the plume (46.1 pg/L in 2020). When last sampled, river water had Cr (V1) concentrations less
than 10 pg/L (Chapter 4 in the 100-BC RI FS Report [DOE/RL-2010-96]).
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The dashed Cr (V1) isopleth contour lines shown in Figure 1-8 illustrate Cr (V1) distribution in the lower
part of the aquifer in Ringold unit E. Concentrations are gradually declining or stable in the deep wells
(Figure 1-8). The highest concentration in 2020 was 37.1 pg/L at well 199-B5-9. The vertical distribution
of Cr (V1) in western 100-BC is attributed to contaminant releases at different times under different
vertical gradients.
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Figure 1-8. Cr (VI) Concentration Trends at Selected Wells in Lower Plumes
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1.4.2.2.2  Strontium-90

Strontium-90 is present in groundwater above the 8 pCi/L cleanup level within a plume located in the
upper portion of the aquifer (Figure 1-9). Previous sampling has shown that strontium-90 is not present
above the cleanup level in the lower portion of the aquifer (Section 4.3.3 in the 100-BC RI/FS report
[DOE/RL-2010-96]).

The highest strontium-90 concentrations observed in 2020 were detected at wells 199-B3-52 (37.7 pCi/L),
199-B3-46 (43.7 pCi/L), and 199-B3-1 (24.8 pCi/L) (Figure 1-9). The decline in concentrations since
2000 in some wells is less than expected based on radioactive decay, which may indicate residual
strontium-90 in the PRZ (Section 4.3.3 in the100-BC RI/FS report [DOE/RL-2010-96]). However,
concentrations do not increase notably when the water table rises, suggesting that the amount of
contamination is limited.

Strontium-90 concentrations at several 100-BC aquifer tubes remained above the 8 pCi/L cleanup level
in 2020 with the highest observed concentration of 11 pCi/L detected at 06-M and AT-B-3-S.
Concentrations are typically lower in deeper tubes, reflecting distribution in the aquifer. Strontium-90
does not extend to the shallow hyporheic zone; strontium-90 continued to be below detection limits in
100-BC hyporheic sampling point in 2020.

1.4.2.2.3 Trichloroethene

TCE is present in groundwater samples collected at wells screened in the lower portion of the aquifer.
Well 199-B5-11 has historically had concentrations above the 4 pg/L cleanup level since the well was
installed in 2016 (Figure 1-10). In 2020, the TCE concentration at well 199-B5-9 increased to 4.8 pg/L,
exceeding the cleanup level for the first time.

TCE is no longer analyzed in samples from wells screened in the upper part of the aquifer because
concentrations were near or below detection limits in the past (Section 4.3.5 in the 100-BC RI/FS report
[DOE/RL-2010-96]).

1.4.2.2.4  Tritium

Tritium concentrations in 100-BC monitoring wells and aquifer tubes have been below the 20,000 pCi/L
cleanup level since 2013. The highest concentration in 2020 was 13,000 pCi/L at well 199-B5-2 (located
upgradient of the former 116-C-5 Retention Basins), an increase from 7,340 pCi/L in 2019.

Soil sampling at the 118-B-1 Burial Ground indicated that residual tritium remained after site remediation
(Section 4.2.4 in the 100-BC RI/FS report [DOE/RL-2010-96]). Concentrations in groundwater at nearby
well 199-B8-6 have been below the cleanup level since 2010 and were below the detection limit in 2020.
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Figure 1-10. TCE Concentration Trends in Selected Deep Wells
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2 Basis for Remedial Action

Evaluations presented in the 100-BC RI/FS report (DOE/RL-2010-96) determined that most RTD interim
actions conducted in the 100-BC-1 and 100-BC-2 Source OU waste sites were effective in reducing
human health risk to EPA’s 10 to 10°® target risk range and therefore require no further action. At two
waste sites (100-B-34, 118-B-8:4) not previously addressed under interim action and four waste sites
(116-B-5, 116-B-6A/116-B-16, 116-C-1, and 118-B-1) where interim action RTD was performed,
evaluations presented in the RI/FS determined that further RA is warranted. For the 100-BC-5
Groundwater OU, the evaluations presented in the RI/FS determined that Cr (VI), strontium-90, and
TCE are present at concentrations above applicable standards and thus require RA. Although tritium

is not currently present in groundwater above its cleanup level, the evaluation presented in the

100-BC RI/FS report (Section 5.4.1 in the 100-BC RI FS Report [DOE/RL-2010-96]) determined that
tritium may leach from the 118-B-1 waste site soil under an irrigation land use scenario at levels that
could result in an exceedance of the groundwater cleanup level.

The 100-BC ROD (EPA et al., 2021) states that further RA is necessary to protect the public health and
welfare and the environment from actual or threatened releases of hazardous substances, pollutants, or
contaminants into the environment. Such a release or the threat of release may present an imminent and
substantial endangerment to public health, welfare, or the environment.

21 Selected Remedy

The following subsections summarize the various components of the final remedy selected for
contaminated soil and groundwater and present the RAOs and final cleanup levels for 100-BC soil and
groundwater as described in the 100-BC ROD (EPA et al., 2021). Preliminary RD and RA information
for the various remedy components are provided in Chapter 4 (groundwater) and Chapter 5 (waste sites)
of this document with additional information to be provided in the SAP addenda.

211 Waste Site Remedy Components

The final remedy selected for the 100-BC-1 and 100-BC-2 Source OU waste sites includes no action,
RTD, and/or ICs as summarized in the following subsections and in Table 2-1.

2.1.1.1 No Action for Waste Sites

Interim RA data collected through July 2015 were evaluated as part of development of the 100-BC ROD
(EPA et al., 2021). No further action is required for 82 waste sites where residual contaminant
concentrations do not occur above established standards defining acceptable levels of exposure. These
sites, identified in Table 2-1, are not addressed further in this RD/RA work plan.
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Table 2-1. Components of the 100-BC Selected Remedy

Final Remedy Component

Waste Sites

No Action

100-BC-1 OU (56 waste sites):

100-B-2, 100-B-3, 100-B-10, 100-B-11, 100-B-12, 100-B-14:2, 100-B-14:3,
100-B-14:4, 100-B-14:5, 100-B-14:6, 100-B-14:7, 100-B-15, 100-B-16,
100-B-18, 100-B-19, 100-B-20, 100-B-21:1, 100-B-21:2, 100-B-21:3,
100-B-22:1, 100-B-22:2, 100-B-24, 100-B-25, 100-B-26, 100-B-27, 100-B-28,
100-B-32, 100-B-33, 100-B-35:1, 100-B-35:2, 116-B-6B, 116-B-7, 116-B-9,
116-B-10, 116-B-12, 116-B-13, 116-B-15, 118-B-5, 118-B-9, 118-B-10, 120-B-1,
126-B-2, 126-B-3, 128-B-2, 128-B-3, 132-B-1, 132-B-3, 132-B-4, 132-B-5,
132-B-6, 132-C-2, 1607-B1, 1607-B2:1, 1607-B2:2, 1607-B7, 600-230

100-BC-2 OU (26 waste sites):

100-B-1, 100-B-23, 100-B-31, 100-C-3, 100-C-7, 100-C-7:1, 100-C-9:1,
100-C-9:2, 100-C-9:3, 100-C-9:4, 116-C-6, 118-B-2, 118-B-3, 118-B-4, 118-C-2,
118-C-3:3, 118-C-4, 128-C-1, 132-C-1, 132-C-3, 1607-B8, 1607-B9, 1607-B10,
1607-B11, 600-232, 600-233

Removal, treatment,
and disposal to
cleanup levels

100-BC-1 OU (1 waste site):
100-B-34 (western segment)?

ICs (irrigation
prohibition)P

100-BC-1 OU (1 waste site):
116-C-1° (2034)

100-BC-2 OU (1 waste site):
118-B-1°¢ (2051)

ICs (shallow zone)®

Residential use prohibitions
and excavation restrictions

Waste sites with
radiological contamination
exceeding human health
direct contact cleanup levels
at a depth less than 4.6 m
(15 ft) bgs

100-BC-1 OU (4 waste sites):
100-B-34 (eastern segment)? (2055)
116-B-5 (2021)

116-B-6A° (2045)/116-B-16° (2045)
118-B-8:4 (2203)

100-BC-2 OU (1 waste site):
118-B-1°¢ (2040)

ICs (deep zone)®
Excavation restrictions

Waste sites with
radiological contamination
exceeding human health
direct contact cleanup levels
at a depth deeper than 4.6 m
(15 ft) bgs

100-BC-1 OU (17 waste sites):
100-B-5 (2083)
100-B-8:1 (2055)
100-B-8:2 (2065)
100-B-14:1 (12110)
100-B-21:4 (2112)
100-B-342 (2055)
116-B-1 (2112)
116-B-2 (2112)
116-B-3 (2075)
116-B-4 (2152)
116-B-6A° (2095)
116-B-11 (2247)
116-B-14 (2030)
116-B-16° (2095)
116-C-1° (2485)
116-C-5 (2137)
118-B-8:4¢ (7942)

100-BC-2 OU (12 waste sites):
100-C-6:1 (2055)
100-C-6:2 (2065)
100-C-6:3 (2065)
100-C-6:4 (2065)
116-C-2A (2228)
116-C-2B (2228)
116-C-2C (2228)
116-C-3 (2109)
118-B-1° (2081)
118-B-6 (2042)
118-C-1 (8698)
118-C-3:2 (2254)

2-2



© 0 o Ol W DN -

el
(I )

=
w N

H
o

NN B R R
R OO~ U

DOE/RL-2021-44, DRAFT A
MARCH 2022

Table 2-1. Components of the 100-BC Selected Remedy

Final Remedy Component Groundwater

IC (restrict use)

Limit access to and use of
groundwater

MNA Entire 100-BC-5 OU

Reduce concentrations of
Cr (VI), Sr-90, tritium, and
TCE to below cleanup

levels

a. Multiple remedy components are listed for the 100-B-34 waste site. The remove, treat, and dispose remedy applies to the
western segment (associated with a former sodium dichromate transfer line) only. The shallow zone and deep zone ICs apply
to the eastern segments (associated with former cooling water effluent sewers) only.

b. The numbers in parentheses are the year that radioactive decay of elements decreases to concentrations less than

cleanup levels that are protective of UU/UE.

¢. Multiple ICs are identified for the 116-B-6A, 116-B-16, 116-C-1, 118-B-1, and 118-B-8:4 waste sites.

bgs = below ground surface ou = operable unit
IC = institutional control UU/UE = unlimited use/unrestricted exposure
MNA = monitored natural attenuation

2.1.1.2 RTD for One Waste Site

RTD of the 100-B-34 (western segment) waste site to achieve RAOs and cleanup levels will be conducted
as follows:

1. RTD soil and debris with COC exceeding soil cleanup levels as deep as 4.6 m (15 ft) bgs to protect
human health from direct exposure to contaminants.

2. RTD soil and debris below depths of 4.6 m (15 ft) bgs with COC exceeding soil cleanup levels
protective of groundwater and surface water.

3. Treat contaminated soil and debris with concentrations above cleanup levels as necessary to meet
applicable land disposal restrictions (LDRs) and disposal facility requirements and dispose at ERDF
or another facility approved by EPA.

4. Backfill the excavated waste site with clean material to match the surrounding ground surface and
revegetate with native plant species.

2.1.1.3 Institutional Controls for Waste Sites

ICs are required before, during, and after the active phase of RA implementation where ICs are necessary
to protect human health and the environment. ICs are used to control access to residual contamination in
soil above standards for unlimited use and unrestricted exposure. The implementation, maintenance, and
periodic inspection requirements for ICs at the Hanford Site are described in the Sitewide IC Plan
(DOE/RL-2001-41). ICs will be maintained until the concentrations of hazardous substances are at such
levels to allow for unlimited use/unrestricted exposure (UU/UE) and EPA authorizes removal of
restrictions.
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The ICs to be implemented by DOE to support achievement of the RAQOs for 100-BC include the
following:

e DOE shall control drilling and excavation in areas where contamination that exceeds levels protective
of human health and the environment is left at depths less than 4.6 m (15 ft) bgs.

e DOE shall prohibit the development and use of property for residential housing, elementary and
secondary schools, childcare facilities, and playgrounds in areas where contamination that exceeds
levels protective of human health and the environment is left at depths less than 4.6 m (15 ft) bgs.

e DOE shall control drilling and excavation below 4.6 m (15 ft) bgs in areas where contamination that
exceeds levels protective of human health and the environment is left deeper than 4.6 m (15 ft) bgs.

e DOE shall prohibit irrigation in areas where soil contamination exceeds levels protective of
groundwater and surface water.

e Inthe event that land is transferred out of federal ownership, DOE shall establish deed restrictions
(proprietary controls such as easements and covenants) that are legally enforceable against
subsequent property owners.

e DOE shall report on the effectiveness of ICs for all OUs that are the subject of this RD/RA work plan.

The ICs to prohibit use and restrict excavation at depths less than 4.6 m (15 ft) bgs are required to ensure
future activities do not result in unacceptable exposure to contaminant concentrations that exceed soil
cleanup levels. Excavation restrictions are also required for waste sites with deep zone contamination to
control access to residual contamination in soil below depths of 4.6 m (15 ft) bgs that is above standards
for UU/UE. Exposure to contamination deeper than 4.6 m (15 ft) bgs is not anticipated; however,
DOE-RL will implement ICs restricting excavation to ensure future activities do not bring contamination
to the surface or otherwise result in unacceptable exposure to contaminant concentrations that are above
standards for UU/UE.

Irrigation prohibitions are required at the 118-B-1 and 116-C-1 waste sites to restrict potential
contaminant migration under an irrigation land use scenario.

Individual waste site 1C requirements are listed in Table 2-1 and shown in Figure 2-1. Additional
information on the waste site remedy components is provided in Chapter 5.
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Figure 2-1. 100-BC Waste Site-Specific ICs
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21.2 Groundwater Remedy Components

The remedy identified in the 100-BC ROD for the 100-BC-5 Groundwater OU includes I1Cs, and MNA
for Cr (V1), strontium-90, TCE and tritium. The 1Cs specific to the 100-BC-5 OU are described in
Section 2.1.3.3. MNA will be used to reduce groundwater COC concentrations below the groundwater
cleanup levels discussed further in Section 2.3 of this document. The primary natural attenuation
processes include dilution, dispersion, radioactive decay, sorption, and abiotic/biotic degradation.

The required performance monitoring component includes installation of additional monitoring wells,
periodic sampling, aquatic benthic biological studies, laboratory analysis, and data evaluation.

The purpose of performance monitoring is to assess and confirm the occurrence of natural attenuation
processes, verify that attenuation rates are consistent with RI/FS model estimates, and ensure overall
protectiveness of human health and the environment. The MNA processes are expected to achieve the
cleanup level for Cr (VI) by the year 2130, TCE by the year 2040, and strontium-90 by the year 2090.

Cr (V1) concentrations are expected to decrease below the 48 pg/L “Model Toxics Control Act—
Cleanup” (MTCA) (WAC 173-340) risk-based concentration for human health protection by the

year 2030. Cr (V1) concentrations are expected to decrease below the 10 ug/L surface water quality
standard (WAC 173-201A, “Water Quality Standards for Surface Waters of the State of Washington”) for
potential discharge to surface water by the year 2080. Tritium has not exceeded the groundwater cleanup
level since 2013; however, monitoring will be performed downgradient from the 118-B-1 waste site until
2051, which is when modeling predicts an irrigation restriction is no longer warranted.

To evaluate Columbia River benthic communities in relation to the Cr (V1) cleanup level, additional
biological studies will be integrated into a biological studies SAP as an addendum to the RD/RA work
plan. These studies will include a phased approach to evaluate impacts to benthic communities relative to
expected remedy performance. If biological studies result in an observed impact and correlation with
COCs, then the effectiveness of the remedy will be evaluated based on remedy performance monitoring.

The MNA component of the selected remedy also includes inspection, maintenance, and periodic
replacement of monitoring wells Monitoring well inspection, maintenance, and replacement activities will
be described in the100-BC-5 Monitoring Network Operations and Maintenance Plan provided as
Appendix B of DOE/RL-2021-44-ADD1, 100-BC-5 Groundwater Sampling and Analysis Plan.

Additional information on the MNA remedy component is provided in Chapter 4.

2.1.3 Institutional Control Components

ICs are required to protect human health and the environment by controlling access to residual
contamination in soil and groundwater above standards for UU/UE. DOE shall be responsible for
implementing, maintaining, reporting on, and enforcing I1Cs. Although DOE may later transfer these
procedural responsibilities to another party by contract, property transfer agreement, or through other
means, DOE shall retain ultimate responsibility for remedy integrity and ICs. ICs are categorized as
common to all OUs, specific to 100-BC-1 and 100-BC-2, and specific to 100-BC-5.

2.1.3.1 Institutional Controls - Common Elements

ICs are required before, during, and after the active phase of 100-BC RA to protect human health and the
environment. ICs are used to control access to residual contamination present in soil and groundwater
above cleanup levels. DOE is responsible for implementing, maintaining, reporting on their status, and
enforcing ICs, and their eventual removal once cleanup levels are achieved. Although DOE may later
transfer procedural responsibilities to another party by contract, property transfer agreement, or through
other means, DOE shall retain ultimate responsibility for the ICs. If land is transferred out of federal
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ownership, deed restrictions (proprietary controls such as easements and covenants) are required that are
legally enforceable against subsequent property owners.

The current implementation, maintenance, and periodic inspection requirements for ICs at the Hanford
Site are defined by approved RD/RA work plans and described in the Sitewide I1C Plan
(DOE/RL-2001-41). DOE shall comply with the Sitewide IC Plan as updated and approved by EPA and
Ecology. The following IC performance objectives are required to be met as part of the 100-BC RD/RA
work plan. ICs will be maintained until cleanup levels are achieved, hazardous substance concentrations
are at such levels to allow for UU/UE, and EPA authorizes IC removal. The scope of the ICs to be
implemented by DOE, to support achievement of the RAOs described in Section 2.2, shall include the
following:

o In the event that land is transferred out of federal ownership, deed restrictions (proprietary controls
such as easements and covenants) are required that are legally enforceable against subsequent
property owners.

e DOE shall report on the effectiveness of ICs for all OUs that are the subject of the 100-BC ROD, as
defined by this RD/RA work plan.

2.1.3.2 Institutional Controls - Unique Elements for 100-BC-1 and 100-BC-2 OU

The waste sites that require ICs are shown in Table 2-2. The ICs to be implemented by DOE to support
achievement of the RAOs include the following elements for the 100-BC-1 and 100-BC-2 OUs:

e DOE shall control drilling and excavation in areas where contamination that exceeds levels protective
of human health and the environment is left at depths less than 4.6 m (15 ft) bgs.

e DOE shall prohibit the development and use of property for residential housing, elementary and
secondary schools, child care facilities, and playgrounds in areas where contamination that exceeds
levels protective of human health and the environment is left at depths less than 4.6 m (15 ft) bgs.

o DOE shall control drilling and excavation below 4.6 m (15 ft) bgs in areas where contamination that
exceeds levels protective of human health and the environment is left deeper than 4.6 m (15 ft) bgs.

DOE shall prohibit irrigation in areas where soil contamination exceeds levels protective of groundwater
and surface water. The applicable IC(s) will be removed once authorized by EPA. The ICs for these sites
will be implemented by revising the Sitewide IC Plan (DOE/RL-2001-41) as described above in

Section 2.1.3.1.

2.1.3.3 Institutional Controls for 100-BC-5 Groundwater Operable Unit

The IC component requires DOE to employ and maintain a permit program limiting 100-BC-5
groundwater access and use to research purposes and for monitoring in areas where groundwater
contamination exceeds cleanup levels for TCE, strontium-90, or the Cr (V1) 48 ug/L risk-based
concentration for human health protection (Section 9.1.2 of the 100-BC ROD [EPA et al., 2021]).

The groundwater use restriction IC boundary spans the entire 100-BC-5 Groundwater OU footprint as
shown in Figure 2-2. DOE will maintain the groundwater use restriction IC until cleanup levels for TCE,
strontium-90, tritium, and the risk-based concentration for human health protection for Cr (V1) are
achieved.

2-7
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Table 2-2. IC Requirements for 100-BC-1 and 100-BC-2 Source OU Waste Sites

Risk Driver

Specific Institutional Control Type — Year IC Removed

Waste sites with radiological contamination
exceeding human health direct contact
cleanup levels at a depth <4.6 m (15 ft) bgs

Shallow excavation restriction IC (1 waste site):

116-B-5 — 2021°

Waste sites with radiological contamination
>4.6 m (15 ft) bgs exceeding human health
direct contact cleanup levels?

Deep excavation restriction I1C (23 waste sites):

100-B-5 — 2083
100-B-8:1 — 2055
100-B-8:2 — 2065
100-B-14:1 — 12110
100-B-21:4 — 2112

116-B-1 — 2112
116-B-2 — 2112
116-B-3 — 2075
116-B-4 — 2152

116-B-11 — 2247
116-B-14 — 2030

100-C-6:1 — 2055
100-C-6:2 — 2065
100-C-6:3 — 2065
100-C-6:4 — 2065
116-C-2A — 2228
116-C-2B — 2228
116-C-2C — 2228

116-C-3 — 2109
116-C-5 — 2137
118-C-1 — 8698

118-C-3:2 — 2254

118-B-6 — 2042

Waste sites with radiological contamination
exceeding human health direct contact
cleanup levels at a depth of <4.6 m (15 ft) bgs
and depth >4.6 m (15 ft) bgs

Shallow/deep excavation restriction IC (3 waste sites):
100-B-34 (eastern segment) — 2055 /2055

116-B-6A/116-B-16 — 2045/2095
118-B-8:4 — 2203/7942

Waste sites with radiological contamination
exceeding human health direct contact
cleanup levels at a depth of <4.6 m (15 ft)
bgs; radiological contamination exceeding
direct contact cleanup levels at a depth >4.6 m
(15 ft) bgs; and where groundwater/surface
water protection risk occurs if irrigation were
applied

Shallow/deep excavation restriction/irrigation prohibition IC
(1 waste site):

118-B-1 —2040/2081/2051

Waste sites with radiological contamination
>4.6 m (15 ft) bgs exceeding human health
direct contact cleanup levels® and where
groundwater/surface water protection risk
occurs if irrigation were applied

Deep excavation restriction/irrigation prohibition IC
(1 waste site):

116-C-1 — 2485/2034

Note: This table is the same as Table 2-1; however, the waste sites have been grouped by specific IC type.

a. These waste sites have contamination at depth where human exposure is not expected. ICs would be applied to prevent material
from being brought to the surface and to prevent other unacceptable exposure from drilling or excavation.

b. This waste site shown for completeness; the IC has already been removed.

bgs = below ground surface
IC = institutional control
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Figure 2-2. 100-BC-5 Groundwater OU IC Boundary

2.2 Remedial Action Objectives

2-9

The RAOs describe what the RA is expected to accomplish. RAOs generally include information on the
media, COCs, potential exposure pathways, and cleanup levels, considering the current and reasonably
anticipated future land and groundwater use.

The RAOs identified in the 100-BC ROD (EPA et al., 2021) are presented in Table 2-3 and referenced to
the sections of the RD/RA work plan that describe the actions that address each RAO. The 100-BC-1 and
100-BC-2 Source OU RAQOs (#3 through #6) are based on a residential land use and exposure scenario.
The 100-BC-5 Groundwater OU RAOs (#1, #2, and #7) reflect the potential use of groundwater as a
drinking water source and protection of the Columbia River. These RAOs address the risks identified in
the 100-BC RI/FS report (DOE/RL-2010-96) and are protective of human health and the environment.
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Table 2-3. 100-BC Remedial Action Objectives
RD/RA Work Plan
RAO Locations

RAOQ 1. Prevent unacceptable risk to human health from ingestion of and incidental Section 2.1.2
exposure to groundwater containing COCs at concentrations above federal and state
standards and risk-based thresholds.
RAOQ 2. Prevent unacceptable risk to human health and ecological receptors from Section 2.1.2
groundwater discharges to surface water containing COCs at concentrations above
federal and state standards and risk-based thresholds.
RAOQ 3. Prevent unacceptable risk from COCs migrating and/or leaching through soil Section 2.1.3

that will result in groundwater concentrations that exceed standards and risk-based
thresholds for protection of surface water and groundwater.

RAOQ 4. Prevent unacceptable risk to human health from exposure to the upper 4.6 m
(15 ft) of soil, structures, and debris contaminated with nonradiological COCs at
concentrations above the MTCA unrestricted land-use standards for human health.

Sections 2.1.1 and 2.1.3

RAOQ 5. Prevent unacceptable risk to human health from exposure to the upper 4.6 m
(15 ft) of soil, structures, and debris contaminated with radiological COCs at
concentrations that result in an ELCR threshold of 1 x 10 to 1 x 10 above
background for the residential exposure scenario.

Section 2.1.3

RAO 6. Manage direct exposure to contaminated soils deeper than 4.6 m (15 ft) to
prevent an unacceptable risk to human health and the environment.

Section 2.1.3

RAO 7. Restore groundwater in 100-BC-5 OU to cleanup levels, which include
DWSs, within a timeframe that is reasonable given the particular circumstances of the
site.

Section 2.1.2

cocC = contaminant of concern

DWS = drinking water standard

ELCR = excess lifetime cancer risk

MTCA = WAC-173-340, “Model Toxics Control Act—Cleanup”
RAO = remedial action objective

RD/RA = remedial design/remedial action

2.3 Cleanup Levels

Cleanup levels for 100-BC soil and groundwater are specified in the 100-BC ROD (EPA et al., 2021).
Soil cleanup levels for the 100-BC-1 and 100-BC-2 Source OUs were developed based on direct human
contact (Table 2-4) as well as groundwater and surface water protection (Table 2-5). Groundwater
cleanup levels for the 100-BC-5 OU are based on site-specific data, current federal drinking water
standards (DWSs), state water quality standards, and risk-based concentrations that are more stringent
than the DWS for TCE using a MTCA (WAC 173-340) calculation method plus EPA-approved toxicity

information (Table 2-6).
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Table 2-4. 100-BC Soil Cleanup Levels for Protection of Human Health
Contaminant of Cleanup Level
Concern Units (4.6 m [15 ft] bgs) Basis for Cleanup Level
Radionuclides
Carbon-14 pCil/g 81 Direct contact residential scenario
Cesium-137 pCilg 4.4 Direct contact residential scenario
Cobalt-60 pCil/g 3.1 Direct contact residential scenario
Europium-152 pCilg 3.6 Direct contact residential scenario
Europium-154 pCilg 45 Direct contact residential scenario
Nickel-63 pCilg 594 Direct contact residential scenario
Strontium-90 pCilg 2.3 Direct contact residential scenario
Tritium pCilg 624 Direct contact residential scenario
Chemicals
Hexavalent chromium mg/kg 240 Direct contact, MTCA Method B

Note: Waste sites that contain multiple contaminants will meet cumulative risk limits of 10 for radionuclides.

bgs = below ground surface
MTCA = ‘l‘JI\S/Iec;del Toxics Control Act—Cleanup” (WAC 173-340), Methods A and B (Soil Cleanup Levels for Unrestricted Land
Table 2-5. 100-BC Soil Cleanup Levels for Protection of Groundwater and Surface Water
Soil Cleanup Levels for Protection of Groundwater and Surface Water
Contaminant of Concern (Ground Surface to Water Table)®
Radionuclides ("GT*'")
Carbon-14 Not applicable®
Cesium-137 Not applicable®
Cobalt-60 Not applicable®
Europium-152 Not applicable®
Europium-154 Not applicable®
Strontium-90 2,120
Tritium 60

Chemicals (mg/kg)

Cr (VI) 2.0

a. Soil cleanup levels for radionuclides protective of groundwater and protective of surface water are provided on a unit-length basis.
To apply these soil cleanup levels, divide the listed value by a representative length across the waste site decision unit in the general
direction of groundwater flow to obtain the cleanup value for evaluation use. This scaling is not applicable to the soil cleanup level for
Cr (VI).

b. Soil cleanup levels for groundwater and surface water protection for carbon-14, cesium-137, cobalt-60, europium-152,
europium-154, and nickel-63 are not identified because model predictions indicate that there is no breakthrough of these contaminants
within 1,000 years; therefore, they will not impact groundwater or surface water at levels that pose a risk.
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Table 2-6. 100-BC Groundwater Cleanup Levels
Contaminant of Concern Units Cleanup Level Basis for Cleanup Level
Hexavalent chromium pg/L 10 WAC 173-340-720
Trichloroethene pg/L 4 WAC 173-340-720
Strontium-90 pCi/L 8 40 CFR 141.66
Tritium pCi/L 20,000 40 CFR 141.66

References: 40 CFR 141.66, “Maximum Contaminant Levels for Radionuclides.”
WAC 173-340-720, “Model Toxics Control Act—Cleanup,” “Groundwater Cleanup Standards.”

2.4 Applicable or Relevant and Appropriate Requirement Compliance

ARARSs are determined based on analysis of which requirements are applicable or relevant and appropriate
to the distinctive set of circumstances and actions at a specific site. The NCP (40 CFR 300, Appendix B)
requires that ARARS be attained or appropriately waived during implementation and at completion of the
RA. No ARAR waivers are authorized as part of the ROD for 100-BC (EPA et al., 2021). Appendix A
presents a summary of federal and state ARARSs identified in the 100-BC ROD. This section provides
examples for how ARARs identified in the ROD will be met during RA.

241 Chemical-Specific ARARs

Chemical-specific ARARs are typically health- or risk-based regulatory values or methodologies that are
applied to site-specific media and used to establish cleanup criteria. Chemical-specific ARARs identified
in the 100-BC ROD include the following:

e 40 CFR 141, “National Primary Drinking Water Regulations: Establishes maximum
contaminant levels (MCLs) and nonzero MCL goals for drinking water. The standards/goals are
designed to protect human health from adverse effects of inorganic contaminants (40 CFR 141.62,
“Maximum Contaminant Levels for Inorganic Contaminants; 40 CFR 141.51(b), “Maximum
Contaminant Level Goals for Inorganic Contaminants”) and radionuclides (40 CFR 141.66,
“Maximum Contaminant Levels for Radionuclides™) in drinking water and regulate the
concentrations of contaminants in public drinking water supplies. MNA will be used to achieve
drinking water standards for tritium and strontium-90.

e  WAC 173-340-720, “Model Toxics Control Act—Cleanup,” “Groundwater Cleanup
Standards”: Establishes that groundwater is classified as potable (WAC 173-340-720(2))
and cleanup requirements are ARARS where they are more stringent than federal
MCL ARARs. Groundwater cleanup levels for chemicals are calculated using
WAC 173-340-720(4)(b)(i-iii)(A)&(B). Adjustments to cleanup levels are made in accordance
with WAC 173-340-720(7) with standard points of compliance established throughout the
100-BC-5 OU aquifer (WAC 173-340-720(8)). Compliance monitoring requirements are identified
in WAC 173-340-720(9)(b-f). MNA will be used to achieve cleanup standards for Cr (V1) and TCE.

o WAC 173-201A, “Water Quality Standards for Surface Waters of the State of Washington”:
Establishes chemical water quality standards for surface waters of the State of Washington for
protection of aquatic life, including standards for toxic substances in WAC 173-201A-240(5), “Toxic
Substances.” MNA will be used to achieve the cleanup standards for Cr (VI).

2-12



CO~NO O WN -

11
12
13
14
15
16
17

18
19
20
21
22
23

24

25
26
27
28
29
30

31
32
33
34
35
36
37
38
39
40
41
42

DOE/RL-2021-44, DRAFT A
MARCH 2022

WAC 173-340-740, “Unrestricted Land Use Soil Cleanup Standards™: Establishes methodology
for calculating soil cleanup levels based on unrestricted land use (WAC 173-340-740(3)); adjustments
to calculated cleanup levels to take into account cumulative effects of multiple contaminants and
exposure pathways, adjustments based on state and federal law, and adjustments in consideration of
natural background levels and practical quantitation limits (WAC 173-340-740(5)); points of
compliance where cleanup levels must be attained (WAC 173-340-740(6)); and monitoring protocols
for sampling, analysis, and statistical methods used to determine compliance (WAC 173-340-740(7)).
Soil cleanup levels for unrestricted land use were selected in the 100-BC ROD (EPA et al., 2021).
Sampling and analysis locations and requirements are addressed in accordance with the approach
described in this RD/RA work plan for the 100-B-34 (western segment) waste site undergoing RTD.

WAC 173-340-747, “Deriving Soil Concentrations for Groundwater Protection”: Establishes
methodology for determining soil concentrations that will not cause contamination of groundwater at
levels that exceed groundwater cleanup levels under WAC 173-340-720. Methodologies are
presented and described in WAC 173-340-747(3-8). Soil cleanup levels for Cr (VI) to ensure
protection of groundwater were selected in the 100-BC ROD (EPA et al., 2021) using alternative fate
and transport modeling as allowed in WAC 173-340-747(8). The selected remedy will comply
through RTD of contaminated soil at the 100-B-34 (western segment) waste site.

WAC 246-247-035(1)(a)(ii), “Radiation Protection—Air Emissions,” “National Standards
Adopted by Reference for Sources of Radionuclide Emissions”: Requires that owners or operators
of each stationary source of hazardous air pollutants subject to a national emission standard for a
hazardous air pollutant comply with numerical emission limits. For source waste site RAs, standard
construction techniques such as use of water spray to control fugitive emissions of radioactively
contaminated dust and particles will be used to meet this ARAR.

24.2 Action-Specific ARARs

Action-specific ARARs typically are technology- or activity-based requirements or limitations triggered
by a particular type of action. For the 100-B-34 (western segment) waste site, these action-specific
ARARSs include excavation, transport, and/or disposal of waste. Groundwater action-specific ARARS
include monitoring well installation and maintenance, and transport and/or disposal of remediation waste
(e.g., drill cuttings and purge water). Action-specific ARARs for RAs identified in the 100-BC ROD
(EPA et al., 2021) include the following:

WAC 173-160, “Minimum Standards for Construction and Maintenance of Wells”: Establishes
requirements for planning and construction (WAC 173-160-161, “How Shall Each Water Well Be
Planned and Constructed?”), preserving natural barriers (WAC 173-160-181, “What Are the
Requirements for Preserving the Natural Barriers to Ground Water Movement Between Aquifers?”),
minimum standards (WAC 173-160-400, “How Do I Apply for a Variance on a Resource Protection
Well?”) for wells, construction standards (WAC 173-160-420, “What Are the General Construction
Requirements for Resource Protection Wells?”), casing (WAC 173-160-430, “What Are the
Minimum Casing Standards?”), cleaning (WAC 173-160-440, “What Are the Equipment Cleaning
Standards?”), sealing (WAC 173-160-450, “What Are the Well Sealing Requirements?”’), and
decommissioning (WAC 173-160-460, “What Is the Decommissioning Process for Resource
Protection Wells?”). Standard practices for 100-BC-5 OU monitoring wells incorporate practices that
comply with these requirements.
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WAC 173-400-040, “General Regulations for Air Pollution Sources,” “General Standards for
Maximum Emissions”: All sources and emission units are required to meet the general emission
standards unless a specific source standard is available. General standards apply to visible emissions,
particulate fallout, fugitive emissions, odors, emissions detrimental to health and property, sulfur
dioxide, and fugitive dust. RAs in the 100-BC-1 and 100-BC-2 OUs will be conducted in a manner to
ensure compliance with substantive provisions of these standards. In particular, compliance with
these requirements will be achieved by the use of fixatives and water sprays to control emissions of
contaminated dust and particulates.

WAC 173-400-075, “Emission Standards for Sources Emitting Hazardous Air Pollutants”:
Establishes emission standards for hazardous air pollutants from various sources and adopts, by
reference, 40 CFR 61, “National Emission Standards for Hazardous Air Pollutants.” 100-BC-1 and
100-BC-2 RAs will be designed and performed in compliance with the standards.

WAC 173-460, “Controls for New Sources of Toxic Air Pollutants”: These requirements are
considered applicable if a treatment technology that involves toxic air pollutant emissions is
necessary during implementation of the RA. No treatment requirements have been identified at this
time for RAs to be conducted at 100-BC that would be required to meet the substantive requirements
of WAC 173-460. Treatment of Cr (VI)-contaminated waste generated by RTD at the 100-B-34
(western segment) waste site may be required to meet the ERDF waste acceptance criteria
(ERDF-00011, Environmental Restoration Disposal Facility Waste Acceptance Criteria). In most
cases, the type of treatment anticipated would consist of solidification/stabilization techniques, and
the provisions of WAC 173-460 would not be an ARAR. If the need for any treatment technology
with toxic air pollutant emissions potentially subject to WAC 173-460 is identified, DOE will notify
EPA and an evaluation of WAC 173-460 requirements will be conducted.

WAC 173-480, “Ambient Air Quality Standards and Emission Limits for Radionuclides”;
WAC 246-247, “Radiation Protection—Air Emissions”: Specify that airborne radionuclides may
not exceed 10 mrem/yr to the whole body of any member of the public (WAC 173-480-040,
“Ambient Standard”/WAC 246-247-035). The radionuclide emission standard applies to fugitive,
diffuse, and point-source air emissions generated during excavation and treatment of waste site
contaminated soil within the 100-BC-1 OU and during monitoring well drilling in the 100-BC-5 OU.
Compliance with the standard is determined on a Hanford Sitewide basis and is documented in the
annual radionuclide air emissions report for the Hanford Site. WAC 246-247-040(2), (3), and (4),
“General Standards,” identify limitations on radioactive air emissions and requirements for best
available radiation control technology at new facilities and as low as reasonably achievable (ALARA)
control technology. WAC 173-480-050, “General Standards for Maximum Permissible Emissions,”
requires that all emission units make every reasonable effort to maintain radioactive materials in
effluents to unrestricted areas to levels that are ALARA. WAC 173-480-060, “Emission Standards for
New and Modified Emission Units,” and WAC 246-247-040(3) require the application of best
available radionuclide control technology to control radioactive air emissions for new emission units;
WAC 246-247-040(4) requires use of ALARA-based control technology for existing emission units.
WAC 246-247-075(2), (4), (8)-(14), “Monitoring, Testing, and Quality Assurance,” and

WAC 173-480-070, “Emission Monitoring and Compliance Procedures,” establish monitoring,
testing, and QA requirements for emissions of radioactive material. WAC 246-247-035(1)(a)(i) and
(ii) require determination of compliance with numerical limits in accordance with 40 CFR 61
emission tests. 100-BC remediation activities associated with radionuclides are required to meet all
these standards, including associated design, work practices, and/or air emissions controls. Standard
construction techniques such as using water spray to control fugitive emissions of contaminated dust
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and particulates will be used to meet emission standards of WAC 173-480 and WAC 246-247 when
excavating at the 100-B-34 (western segment) waste site.

40 CFR 60, “Standards of Performance for New Stationary Sources”; and 40 CFR 63,
“National Emission Standards for Hazardous Air Pollutants for Source Categories”: Establish
standards for stationary engines including maintenance plans, timers, monitoring requirements,
operation, maintenance, and recordkeeping for maintenance. 100-BC RA activities may use a
stationary engine for support, in which case the substantive requirements will be met.

WAC 173-303, “Dangerous Waste Regulations”: Establishes a variety of substantive requirements
applicable to generation, storage, treatment, and disposal of materials designated as dangerous waste.
Dangerous waste associated with RAs in 100-BC will comply with substantive provisions of the
identified requirements through adherence to waste management procedures and the receiving
disposal facility’s waste acceptance criteria (e.g., ERDF-00011). Specific provisions of

WAC 173-303 identified in the 100-BC ROD (EPA et al., 2021) as ARARs include the following:

-  WAC 173-303-016, “Identifying Solid Waste,” and WAC 173-303-017, “Recycling
Processes Involving Solid Waste”: Establish criteria for identifying materials that are and are
not solid wastes, including materials that are or are not solid wastes when recycled in certain
ways.

—  WAC 173-303-070, “Designation of Dangerous Waste”: Establishes the method for
determining if a solid waste is regulated as a dangerous waste.

—  WAC 173-303-077, “Requirements for Universal Waste”: Exempts universal waste
(i.e., certain batteries, mercury-containing equipment, and lamps) from most of the requirements
of WAC 173-303 in lieu of alternative, less stringent management requirements.

—  WAC 173-303-120, “Recycled, Reclaimed, and Recovered Wastes”: Describes requirements
for persons who recycle materials that are solid and dangerous wastes. Certain recyclable
materials, including scrap metal, spent refrigerants, spent antifreeze, and lead acid batteries, are
subject to less stringent standards under WAC 173-303-120 when being recycled.

WAC 173-303-120(5) provides for the recycling of used oil.

—  WAC 173-303-140, “Land Disposal Restrictions”: Establishes treatment requirements and
prohibitions for land disposal of dangerous waste. Provisions incorporate treatment standards for
federal RCRA hazardous or mixed (hazardous and radioactive) wastes, in addition to establishing
requirements for land disposal of certain state-only (nonfederally regulated) dangerous waste.

—  WAC 173-303-170, “Requirements for Generators of Dangerous Waste”: Establishes
requirements for generators of solid waste, including requirements to determine if the waste is
regulated as a dangerous waste; requirements for generators who accumulate dangerous waste on
site in tanks, containers, or containment buildings for a period of 90 days or less; and
requirements for generators who treat waste in onsite containers, tanks, or containment buildings
within 90 days of waste generation.

—  WAC 173-303-630, “Use and Management of Containers”: Establishes substantive
requirements for management of containers holding dangerous waste, including requirements for
maintaining containers in good condition, identifying container contents, using containers that are
compatible with stored waste, keeping containers closed when not adding or removing waste,
maintaining adequate aisle space, and providing secondary containment for containers of liquid
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dangerous waste; and standards for storage of containers holding ignitable or reactive waste and
incompatible wastes.

—  WAC 173-303-280(6), “General Requirements for Dangerous Waste Management
Facilities”: Establishes or identifies requirements for owners/operators of cleanup-only facilities,
including waste analysis, management, inspection, maintenance, planning, and records. Facilities
used for 100-BC RAs are managed per the requirements.

—  WAC 173-303-610(2), (4) and (5), “Closure and Post-Closure”: Establishes dangerous waste
facility closure performance standards, time allowed for closure, and certification requirements
that a dangerous waste management unit or facility has been closed according to specifications in
an approved closure plan.

—  WAC 173-303-64620(4), “Requirements” (corrective action): Requires corrective action for
releases of dangerous waste and dangerous constituents and establishes minimum standards for
implementing actions. Corrective action performed under CERCLA authority must be consistent
with these standards. The process, selected action, and implementation of the RA for the
100-BC-1, 100-BC-2, and 100-BC-5 OUs satisfy this requirement.

—  WAC 173-303-64690, “Staging Piles”: Establishes substantive standards for staging and
accumulation of remediation waste in staging piles. Remediation waste from 100-BC stored in
staging piles shall be managed in accordance with these standards.

WAC 173-350, “Solid Waste Handling Standards”: Establishes minimum standards for the proper
handling and disposal of nondangerous, nonradioactive solid waste. WAC 173-350-025, “Owner
Responsibilities for Solid Waste,” identifies that owners are responsible for satisfactory and legal
solid waste handling on their property. WAC 173-350-040, “Performance Standards,” requires that
solid waste facilities be designed, constructed, operated, and closed in a manner that does not pose a
threat to human health or the environment, and that comply with other applicable environmental laws.
WAC 173-350-300, “On-Site Storage, Collection and Transportation Standards,” establishes
requirements for onsite storage of solid waste in containers and for collection and transportation in a
manner that avoids littering or releases. WAC 173-350-900, “Remedial Action,” establishes roles of
the jurisdictional health department and the department. RA will comply with these requirements
through adherence to the waste management procedures in Chapter 6.

24.3 Location-Specific ARARs

Location-specific ARARs are restrictions or requirements placed on hazardous substance concentrations
or RAs based on the specific location of the substance or action. The location-specific ARARs established
in the 100-BC ROD (EPA et al., 2021) include the following:

36 CFR 65, “National Historic Landmarks Program,” and 36 CFR 800, “Protection of Historic
Properties”: Require federal agencies to consider the impact of their actions on cultural properties
through identification and evaluation. Potential adverse effects are to be avoided or resolved through
consultation. Historical and cultural reviews have been performed to identify cultural and historic
sites within the 100-BC-1, 100-BC-2, and 100-BC-5 OUs. Additional reviews will be done, if
necessary, at RA areas. RAs will be performed in a manner to avoid or mitigate impacts on identified
cultural properties and to minimize harm to any national historic landmarks. Remedial actions will
not impact B Reactor.
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43 CFR 10, “Native American Graves Protection and Repatriation Regulations”: Provides
requirements for federal agency responsibilities for discovery, protection, and appropriate disposition
of human remains, associated and unassociated funerary objects, sacred objects, and items of cultural
patrimony. Remedial activities in the 100-BC-1, 100-BC-2, and 100-BC-5 OUs will be conducted in
a manner to identify, protect, and provide for appropriate disposition of covered human remains,
objects, and items. In the event of a discovery of covered items, Native American Tribal consultation
will be conducted.

Archaeological and Historic Preservation Act of 1974: Requires that federal projects do not cause
the loss of archaeological or historic data through preservation; it does not require protection of the
actual waste site or facility. Remediation activities in the 100-BC-1, 100-BC-2, and 100-BC-5 OUs
will prevent irreparable loss of significant scientific, prehistoric, or archeological data through
preservation.

Endangered Species Act of 1973: These requirements are applicable to federal agency actions that
may affect listed species or result in destruction or adverse modification of critical habitat or taking of
any endangered species. The RA for the 100-BC-5 OU will be managed to avoid groundwater
discharges to the Columbia River that could adversely affect a listed species or critical habitat.

Migratory Bird Treaty Act of 1918: These requirements are applicable to the protection of migratory
bird species associated with 100-BC, including upland species and waterfowl. “Taking” of protected
migratory birds, their young, or their eggs is prohibited. Federal agencies are required to avoid or
minimize impacts to migratory bird resources, restore or enhance their habitat, and prevent or abate
detrimental alteration. RAs will require mitigation measures to deter nesting by migratory birds on,
around, or within RA sites, and methods to identify and protect occupied bird nests.

Bald and Golden Eagle Protection Act of 1940, and 50 CFR 22, ‘Wildlife and Fisheries,” “Eagle
Permits”: These provisions require protection of eagle habitat to maintain eagle populations so the
species is not classified as threatened, endangered, or sensitive. Bald eagles nest, feed, and overwinter
along the shores of the Columbia River. RAs in 100-BC will be performed in a way to protect bald
eagle habitat.
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3 Remedial Action Management

This chapter describes the work elements and management approach associated with implementation of
the selected 100-BC remedies.

3.1 Project Organization

The DOE contractor will conduct the RA on behalf of DOE, which has responsibility for the RA. The
management responsibilities for the project team, which includes the individuals working to accomplish
the 100-BC-1, 100-BC-2, and 100-BC-5 OU RA, are described in this section.

3.1.1 Lead Agency (U.S. Department of Energy)

The lead agency for the project includes both a project manager and a project lead, whose responsibilities
are highlighted in their respective sections.

3.1.1.1 DOE-RL Manager

The DOE-RL project manager is responsible for the following tasks:

e Monitoring contractor performance of the 100-BC RAs

e Obtaining lead regulatory agency approval of the RD/RA work plan and addenda
e Authorizing RA activities

e Approving the RD/RA work plan

3.1.1.2 DOE-RL Project Lead
The DOE-RL project lead is responsible for the following tasks:

e Providing day-to-day oversight of contractor work scope performance
o Working with the contractor and the lead regulatory agency to identify and resolve technical issues
e Providing technical input to the DOE-RL manager

3.1.2 Regulatory Lead
EPA is the Lead Regulatory Agency and is responsible for the following tasks:

e Providing regulatory oversight of the RA
e Approving the RD/RA work plan, addenda, SAPs, and other associated regulatory documentation

e Working with the DOE-RL to resolve concerns over the work described in the RD/RA work plan and
its addenda, in accordance with the Tri-Party Agreement (Ecology et al., 1989a)

3.1.3 Remediation Contractor

The DOE remediation contractor performs work under the direction of the DOE-RL project manager,
assisted by other DOE personnel, as outlined in the following descriptions and shown in Figure 3-1.
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Figure 3-1. Project Organization

3.1.3.1 Regulatory Strategy & Integration Manager
The Regulatory Strategy & Integration Manager is responsible for the following tasks:

Providing oversight

Coordinating with DOE-RL and primary contractor management in support of RA and reporting
activities

Providing support to the OU Project Manager to ensure that work is performed safely and cost
effectively

3.1.3.2 Outer Area End States Manager

The Outer Area End States Manager is responsible for implementing source OU remediation activities,
including waste site remediation and closure, in the River Corridor.
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3.1.3.3 Operable Unit Project Manager
The OU project manager (or designee) is responsible and accountable for the following tasks:

Coordinating project-related activities for both waste sites and groundwater

Coordinating with DOE-RL, regulatory agencies, and contractor management in support of the RA
activities to ensure that work is performed safely, compliantly, and cost effectively

Managing documents, requirements, field activities, subcontracted tasks, and the project file

Ensuring that project personnel are working to the current version of this work plan and its addenda

3.1.3.4 Operable Unit Technical Lead
The OU technical lead is responsible for the following tasks:

Developing specific RA design, sampling design, analytical requirements, and quality control (QC)
requirements, either independently or as defined through a systematic planning process

Ensuring that RA activities (as delegated by the OU project manager) are carried out in accordance
with the lower tier implementation documents

Working closely with the environmental compliance officer, QA, Health and Safety, field sample
operations, and sample management and reporting to integrate these and other technical disciplines in
planning and implementing the work scope

3.1.3.5 Sample Management and Reporting
The sample management and reporting group is responsible for the following activities:

Generating field sampling paperwork, labels, and instructions for field sampling personnel
Revising field sampling paperwork to reflect approved changes

Developing sample authorization forms to provide information and instructions to the analytical
laboratories

Coordinating laboratory analytical work with the SAPs
Verifying laboratories are qualified for performing analytical work outlined in the SAPs

Resolving sample documentation deficiencies or issues associated with the field sampling operations,
laboratories, or other entities

Receiving analytical data from the laboratories
Entering data into the Hanford Environmental Information System database
Arranging for data validation (as requested) and recordkeeping

Informing the OU project manager of issues reported by the analytical laboratories, as appropriate
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3.1.3.6 Field Sampling Operations
Field Sampling Operations is responsible for the following tasks:

Planning and coordinating field sampling resources and personnel
Collecting samples in accordance with the SAPs

Completing field logbooks, data forms, and chain-of-custody forms, including any shipping
paperwork

Assisting sample delivery to analytical laboratories

3.1.3.7 Quality Assurance
The QA point of contact is responsible for the following tasks:

Providing independent oversight
Addressing QA issues on the project
Overseeing implementation of the project QA program

Reviewing project documents (including the RD/RA work plan, data quality objective [DQQO]
summary report, SAPs, and other lower tier implementation documents)

3.1.3.8 Environmental Compliance Officer
The environmental compliance officer is responsible for the following tasks:

Providing technical oversight, direction, and acceptance of project and subcontracted
environmental work

Developing appropriate mitigation measures to minimize adverse environmental impacts

Reviewing plans, protocols, and technical documents to ensure that environmental requirements
have been addressed

Identifying environmental issues affecting operations
Responding to environmental and regulatory issues or concerns

Overseeing project implementation for compliance with applicable internal and external
environmental requirements

3.1.3.9 Health and Safety
The Health and Safety organization is responsible for the following tasks:

Coordinating project industrial safety and health support in accordance with the health and safety
program, job hazard analyses, and pertinent federal regulations

Assisting project personnel in complying with the applicable health and safety program

Coordinating with Radiological Engineering to determine personal protective equipment requirements
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3.1.3.10 Radiological Engineering

Radiological Engineering is responsible for the following tasks:

e Providing radiological engineering and project health physics support

e Conducting ALARA reviews, exposure and release modeling, and radiological controls optimization

¢ Identifying radiological hazards and ensuring that appropriate controls are implemented to maintain
worker exposures to hazards at ALARA levels

e Interfacing with the project Health and Safety representative and other appropriate personnel
as needed to plan and direct project radiological control technician support

3.1.3.11 Waste Management
Waste Management is responsible for the following tasks:

o Communicating policies and protocols for waste storage, transportation, disposal, and tracking in a
safe and cost-effective manner

¢ Identifying waste management sampling/characterization requirements for regulatory compliance
e Interpreting data to determine waste designations and profiles

3.1.3.12 Analytical Laboratories

Analytical Laboratories are accredited by Ecology for the analyses performed under the SAPs and are
responsible for the following:

e Maintaining custody and analyzing samples in accordance with established quality systems
e Providing data packages containing sample and QC results
¢ Providing explanations of results to support data review and resolve analytical issues

3.1.3.13 Well Drilling and Well Maintenance
The Well Drilling and Maintenance manager is responsible for the following activities:

e Planning, coordinating, and executing drilling and construction
e Conducting well maintenance and repair activities

e Coordinating with the OU technical lead to identify field constraints that could affect RAs
and sampling

3.1.3.14 Hanford Site Mission and Site Services Contractor

The Hanford Site Mission and Site Services contractor reports directly to DOE-RL and is responsible for
the following activities:

e Implementing activities associated with ICs restricting shallow/deep excavation and drilling, and
irrigation prohibitions at the waste sites listed in Section 2.1.3

e Implementing the groundwater use restriction IC for the 100-BC-5 Groundwater OU

3-5
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3.2 Change Management

Three types of changes may occur during implementation of the RAs that could affect compliance with
100-BC ROD (EPA et al., 2021) requirements. These changes may include the following:

¢ A nonsignificant or minor change does not have a significant impact on the remedy scope,
performance, or cost. An example of a nonsignificant change may include modifications to the RA
schedule that do not impact an agreed-upon milestone. Minor changes should be documented in the
appropriate post-decision project file (e.g., through interoffice memoranda or in logbooks) or the Unit
Manager’s Meeting minutes.

e Asignificant change is defined as a change that significantly modifies the scope, performance, or
remedy cost but does not fundamentally alter the overall cleanup approach. Significant changes will
be addressed in an explanation of significant differences (ESD).

¢ A fundamental change involves an appreciable change or changes in the scope, performance, or cost
or may be a number of significant changes that together have the effect of a fundamental change.
Should this situation arise, the ROD must be amended.

Determining the significance of the change is the responsibility of DOE and EPA. The Remediation
Contractor OU Project Manager is responsible for tracking and reporting on all changes and obtaining
appropriate reviews by DOE and EPA. The Remediation Contractor OU Project Manager will discuss the
change with DOE, and DOE will then discuss the type of change that is necessary with EPA.

A determination on which document type to use will be made based on guidance provided in

EPA 540-R-98-031, A Guide to Preparing Superfund Proposed Plans, Records of Decision, and Other
Remedy Selection Decision Documents. ESDs and ROD amendments are subject to public notice and
public participation, respectively. All change documents will undergo EPA review and be posted to the
Administrative Record. Table 3-1 identifies types of changes and processes associated with the change.

Table 3-1. Project Modifications and Approval Mechanisms for Change Management

Type of Change | Documentation Process Potential Examples
Nonsignificant Project File New monitoring well screen interval change based on
Changes (technical memos or conditions observed in the field during installation.

Iculation o P
calculations) New monitoring well development procedure modification.

DOE-RL Informational Groundwater or biological studies sampling schedule change
Notifications to due to temporary resource or access (e.g., unexpected river
Regulator stage change) considerations.

Biological study location change due to temporary physical
access considerations.

Tri-Party Revision(s) to the RD/RA work plan or addenda.
Agreement-Change
Notice or Document
Revision
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Table 3-1. Project Modifications and Approval Mechanisms for Change Management

Type of Change | Documentation Process Potential Examples
Significant Explanation of Realize cost increase or decrease (>+50% or <—30%).
han ignificant Differen . - o
Changes Significa erences Add new contaminant for testing, monitoring, and cleanup
verification.
Fundamental Record of Decision Remedy change.
Changes Amendment
DOE-RL = U.S. Department of Energy, Richland Operations Office

Tri-Party Agreement = Hanford Federal Facility Agreement and Consent Order
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4 Groundwater Remedial Design/Remedial Action Approach

This chapter presents the RD (Section 4.1) approach and RA work tasks (Section 4.2) to support
implementing the groundwater selected remedy.

41 Monitored Natural Attenuation Remedial Design Approach

The MNA component of the selected remedy uses natural attenuation processes occurring in the aquifer
to achieve cleanup levels. Key natural attenuation processes include dispersion, surface water infiltration
mixing/dilution, abiotic/biotic transformation of Cr (V1) to Cr (l11), radioactive decay, and abiotic/biotic
reduction of TCE (Appendix N of the 100-BC RI FS Report [DOE/RL-2010-96]). Implementation of the
MNA remedy component will include the following activities:

e A performance monitoring program, which includes a remediation monitoring phase and an
attainment monitoring phase. The monitoring program includes biological studies and installing new
monitoring wells to complement the existing network. Section 4.2.1 of this RD/RA work plan
summarizes performance monitoring, and Addendum 1 includes details of routine groundwater
performance monitoring. A separate SAP addressing biological studies will be included as a future
addendum to this RD/RA work plan.

o Operations and maintenance (O&M) activities to include periodic inspection, maintenance, and
replacement of monitoring wells, aquifer tubes, and hyporheic sampling points (HSPs) over the
lifetime of the performance monitoring program. O&M activities are summarized in Section 4.2.1.7.
Monitoring well decommissioning is discussed in Section 7.5.

41.1 Design Approach

The primary groundwater RD activity is preparation of the groundwater monitoring SAP (Addendum 1)
and the biological study SAP. 100-BC-5 OU groundwater monitoring has been occurring in accordance
with DOE/RL-2003-38, 100-BC-5 Operable Unit Sampling and Analysis Plan, Rev. 2, which informed
the development of the initial monitoring approach presented in DOE/RL-2021-44-ADD1. It is
anticipated that this will be supplemented with up to 10 new wells. Installation and monitoring for new
wells will be incorporated into the groundwater SAP in accordance with the identified change
management process within that SAP.

As described in Section 2.1.2, the selected remedy also includes a biological study component. The
ecological risk assessment in the 100-BC RI/FS report (DOE/RL-2010-96) found that there is a potential
for adverse effects to benthic aquatic invertebrates exposed to Cr (V1) in the hyporheic zone at the
100-BC Area. In consideration of uncertainties identified in macroinvertebrate diversity data previously
collected at the 100-BC Area, biological studies will include a phased approach to evaluate impacts to
benthic communities relative to expected remedy performance. The first phase will evaluate if there are
benthic community impacts in areas of contaminated groundwater upwelling adjacent to the

100-BC Area. This phase will consider the life cycles of the target taxa and the periods of upwelling
regime.

Over the course of the performance monitoring program, sampling locations and frequencies may be
adjusted in response to observed plume behavior and COC attenuation rates. Any modification to
sampling locations, frequencies, and/or analysis methods will be implemented per the change
management section of the groundwater monitoring or biological study SAP.
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41.2 Conceptual Design Summary
The following subsections present information on the following groundwater RD activities:

e Updated Cr (VI) fate and transport modeling
e Groundwater performance monitoring
e Monitoring well installation and attainment monitoring

4.1.2.1 Updated Cr (VI) Fate and Transport Modeling

The primary performance monitoring program focus is on Cr (VI). To assist in optimizing the existing
monitoring well network and to support identification of new wells locations and screen depths, updated
fate and transport modeling was conducted as described in SGW-59365, Model Package Report:100-BC
Scale-Appropriate Fate and Transport Model. The key steps in the updated Cr (V1) fate and transport
modeling included the following:

e Expansion of the calibration dataset. The RI/FS flow and transport model included data collected
between 2012 and 2014. The updated model included data collected between 2012 and 2020 resulting
in a dataset approximately five times larger than that used in the RI/FS model, resulting in improved
calibration in the northeast corner of the model domain where RI/FS data were limited.

¢ Inclusion of a Cr (V1) continuing source in the vicinity of former retention basins north of B Reactor.
An evaluation was also conducted to determine if a continuing source should be added in the vicinity
of the former 100-C-7:1 waste site. However, since Cr (V1) concentrations at wells located in this
area have decreased to less than 10 pg/L, the evidence suggests that any continuing source has been
depleted.

o Development of three Cr (V1) continuing source CSMs to assess the effects of variable Cr (V1)
distribution in the vadose zone and PRZ on future Cr (V1) concentrations within the aqueous plume
and overall remediation timeframe.

The model results project that future Cr (V1) concentrations in the upper portion of the aquifer will
decrease below the cleanup level within about 65 years, while Cr (V1) concentrations in the lower portion
of the aquifer will require 114 years (year 2130) to achieve the 10 pg/L cleanup level.

4.1.2.2 Estimated Remediation Timeframes

The estimated durations for MNA to achieve cleanup levels vary by COC and are based on the fate and
transport simulations presented in the 100-BC RI/FS Report (Section 9.2.2 in the 100-BC RI FS Report
[DOE/RL-2010-96]). The estimated timeframes for each COC were estimated in 2016 and are presented
in Table 4-1.
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Table 4-1. Estimated Timeframe for Groundwater Cleanup Levels to be Attained Through MNA

Maximum Estimated Year Number of
Cleanup Concentration Cleanup Level Elapsed
CcocC Units Level Year (Well) Attained® Years
Cr (VI) pg/L 10 2020 52.1 (199-B3-47) 2130 114
2019 63.1 (199-B3-47)
2018 57.0 (199-B3-47)
2015 (RI/FS) 57.9 (199-B3-47)
TCE pg/L 4 2020 5.9 (199-B5-11) 2040 24
2019 4.6 (199-B5-11)
2018 6.19 (199-B5-11)
2015 (RI/FS) No data®
Sr-90 pCi/L 8 2020 43.7 (199-B3-46) 2090 74
2019 34.3 (199-B3-52)
2018 61.8 (199-B3-52)
2015 (RI/FS) 35.2 (199-B3-52)
Tritium pCi/L 20,000 2020 13,000 (199-B5-2) Not applicable®
2019 9,860 (199-B3-52)
2018 8,840 (199-B3-52)
2015 (RI/FS) 13,800 (199-B8-9)

a. Cleanup timeframe is for a base year of 2016 + timeframe in years presented in Table 9 and Section 12.2.5 of EPA et al.,
2021, Record of Decision Hanford 100 Area Superfund Site 100-BC-1, 100-BC-2, and 100-BC-5 Operable Units.

b. No wells were sampled for TCE in 2015. Well 199-B5-11 was first sampled for TCE in 2016.

¢. Tritium has not exceeded the groundwater cleanup level since 2013. Monitored natural attenuation for tritium would be
performed downgradient of the 118-B-1 waste site to assess potential leaching, to ensure protectiveness, and to confirm
current understanding of the nature and extent of contamination.

COC = contaminant of concern
RI/FS = remedial investigation/feasibility study
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4.1.2.3 Groundwater Performance Monitoring Program

A key element of the MNA remedy component is the performance monitoring program that is used to
track remedy performance and cleanup level attainment to evaluate achievement of the RAOs presented
in Section 2.2. The performance monitoring program documented in DOE/RL-2021-44-ADDL1 is based
on the current monitoring approach for 100-BC-5 groundwater and is supplemented with relevant
elements from the 100-FR-3 groundwater monitoring SAP (DOE/RL-2014-44-ADD2, Remedial Design
Report/Remedial Action Work Plan Addendum for the 100-F/IU Groundwater) that were established to
specifically evaluate progress of the 100-FR-3 MNA remedy. Following a strategic planning session
using the DQO process, DOE/RL-2021-44-ADD1 will be updated to identify the locations of new wells
to fill data needs required to reduce uncertainties in the distribution of COCs horizontally and vertically
and document any changes in the performance monitoring approach for the 100-BC-5 monitoring well
network. Section 8.2 provides information on the timing of this activity.

Although tritium does not currently exceed cleanup levels, groundwater monitoring will be performed at
selected wells through year 2050 to confirm the absence/presence of tritium leaching from deep vadose
zone soil at the 118-B-1 waste site that could pose an unacceptable risk in an irrigation scenario.

Section 4.2 summarizes the performance monitoring program. DOE/RL-2021-44-ADD1 describes
groundwater sampling, laboratory analysis, data evaluation, and reporting in greater detail.

4.1.2.4 Biological Study Program Design

4.1.2.4.1  Phase 1- Detailed Conceptual Exposure and Effects Model

The purpose of Phase 1 will be to evaluate if there are benthic community impacts in areas of
contaminated groundwater upwelling adjacent to the 100-BC Area through the use of biological studies.
Elements of Phase 1 will include the following:

e Confirming the extent of the area of upwelling (length of shoreline and distance from shoreline into
the mid-channel)

o Establishing a baseline understanding (characterization) of different aquatic habitats within the area
of upwelling, including:
— Number, types, areas, locations
— Suitability for freshwater benthic organisms

e Characterizing the lifecycles of the potentially exposed benthic community

e Developing a detailed understanding of the exposure potential for the benthic community(ies) with
potentially complete pathways of exposure from the 100-BC-5 OU including:

— Understanding fluctuations in river flow rate and upwelling regime
— Linking lifecycles to river flow dynamics

e Establishing appropriate reference areas for each unique type of affected habitat

Critical to the biological studies will be detailed problem statements around the unacceptable risk to
ecological receptors and groundwater concentrations exceeding risk-based thresholds. The DQOs and
biological studies SAP (Addendum 2) will clearly identify if the study questions are focused on the
groundwater upwelling zone as a whole, or specific locations. Similarly, if multiple habitats and different
benthic communities are identified in Phase 1, then the need for distinct study goals and decisions will be
discussed as part of the DQO process.
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If Phase 1 results in the identification of an observed impact to aquatic benthic biota, then a second phase
will include additional studies to determine if there is a correlation to 100-BC-5 COCs.

4.1.2.4.2 Phase 2 - Correlative Analysis

The purpose of Phase 2 will be to assess the relationship between benthic community(ies) health and
Cr (VI) exposure concentrations. This relationship should be assessed specifically where the 100-BC-5
OU meets the Columbia River and Cr (V1) is detected in upwelling porewater above the surface water
quality standard. Assessing adverse effects include the following:

e Establishing appropriate biotic parameters and metrics to measure and assess risk of adverse effects to
the benthic community including:

— Types of effects
— Assessment level (e.g., individual, population, community)

o Establishing appropriate abiotic parameters (e.g., physical parameters, habitat suitability, and
confounding factors) that affect benthic community parameters and metrics

If there is an observed impact and correlation with COCs is identified in Phase 2, then effectiveness of the
remedy will be evaluated based on remedy performance monitoring, and additional phases may be
considered. Additional monitoring considerations would include establishing appropriate biotic and
abiotic parameters and metrics and corresponding data collection and analysis methods.

Biological study and monitoring data from the 100-BC study site locations will be compared to data from
appropriate reference locations. Data reporting and study design modification evaluation requirements
will be defined in the biological studies SAP.

4.1.2.5 |Institutional Controls

The implementation, maintenance, and periodic inspection requirements for ICs at the 100-BC Area are
described in the Sitewide IC Plan (DOE/RL-2001-41). ICs to be implemented by DOE to support
achievement of the RAOs in the 100-BC-5 groundwater OU are described in Section 2.1.3.

4.2 Groundwater Remedial Action Work Tasks

This section describes RA work tasks related to implementation of the MNA remedy including,
performance monitoring via groundwater sampling and analysis, maintenance of ICs to ensure protection
of human health and the environment, attainment monitoring, procurement and construction of new
monitoring wells, implementation of the phased approached to biological studies, and data use and
interpretation for the MNA groundwater remedy component. Table 4-2 summarizes RA work activities.

421 Performance Monitoring

Performance monitoring of 100-BC-5 groundwater includes two phases: remediation monitoring and
attainment monitoring, as described in OSWER 9355.0-129, Guidance for Evaluating Completion of
Groundwater Restoration Remedial Actions. This section summarizes monitoring, well installation, data
interpretation, O&M, and reporting.

4.2.1.1 Remediation Monitoring Progress Evaluation

The objective of the remediation monitoring phase is to evaluate the progress of the MNA remedy relative
to the expected time frames. During the remediation monitoring phase in the 100-BC-5 OU, natural
attenuation rates for each COC will be evaluated. The description of methods used to determine COC
attenuation rates and evaluate COC progress toward meeting the cleanup levels, and triggers for
reassessing MNA performance are summarized in Section 7.2.2.
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Table 4-2. Groundwater Remedial Action Work Activities
Further
Activity Purpose Frequency Reporting Description
Evaluate monitoring results: Monitor MNA performance to restore the aquifer and protect the Columbia River. Ensure Annually Hanford Site annual groundwater Section 7.2.2
« Evaluate groundwater monitoring results to ensure monitoring objectives are being met. response action meets scope to restore groundwater to cleanup levels and to achieve water monitoring reports
quality standards prior to discharge to the Columbia River. Conduct statistical, trend, or
judgmental evaluations to assess adequacy of existing groundwater monitoring network
Communicate missed sampling events: Identify and communicate to the regulator any samples missed due to equipment malfunctions, | Monthly Outstanding sample trips tracking Addendum 1
o Complete sample disposition entry for missed samples missing aquifer tubes, or other conditions that prevent a scheduled sample from being table
collected.
Evaluate progress of remediation: Monitor and assess the progress toward completion of the remedial action using individual Every 5 years 100-BC-5 Performance Section 7.2.2
« Conduct performance monitoring and calculate progress of remedy in removal of well analysis, simple regression analysis, and trend analysis to determine if expected cleanup evaluation report
contaminant mass and reduction in plume dimensions. Monitoring locations, analytes, and | timeframes are being met. Information used to assess cleanup progress towards the cleanup
frequency identified in the Addendum 1 SAP (DOE/RL-2021-44-ADD1). levels identified in Table 2-5.
Evaluate MNA remediation monitoring: Monitor to demonstrate natural attenuation and assess progress toward completion of the Every 5 years 100-BC-5 Performance Section 7.2.2

e Conduct trend test and mean test.

remedial action.

evaluation report

Attainment monitoring:
o Conduct evaluation of monitoring data and attainment of cleanup levels to meet RAOs.

Confirm COC concentrations will remain below cleanup levels. Collect monitoring data to
demonstrate attainment of cleanup levels (Table 2-5) and RAOs.

As defined in
DOE/RL-2021-44-ADD1

100-BC-5 Performance
evaluation report

Section 7.2.2.6

Summarize completion of remedial actions: Prepare final report in accordance with guidance (see Table 8-2) to document remedial action Once Final 100-BC closeout report or Section 7.4
o Final report on completion of remedial actions under the ROD. completion. operatble unit specific close out
repor
Evaluate SAP revisions: Changes to the SAP are handled consistent with HASQARD (DOE/RL-96-68) and the After five TPA-CNs Per change control requirements Section 3.2
« Evaluate existing monitoring plan to determine if updates are appropriate; consider a Tri-Party Agreement Action Plan (Ecology et al., 1989b).
complete document update after five TPA-CNs.
Maintain monitoring networks: Perform routine inspections and maintenance to ensure representative groundwater samples Annually No formal reporting requirements Section 4.2.2

o Perform inspection and corrective maintenance on wells, aquifer tubes, and HSPs.

o Evaluate function and performance of automated water level in system wells; perform
repairs and/or calibration as necessary.

obtained.

References: Comprehensive Environmental Response, Compensation, and Liability Act of 1980.

DOE/RL-96-68, Hanford Analytical Services Quality Assurance Requirements Document (HASQARD).

DOE/RL-2021-44-ADD1, 100-BC-5 Groundwater Sampling and Analysis Plan.
Ecology et al., 1989b, Hanford Federal Facility Agreement and Consent Order Action Plan.

CcocC = contaminant of concern

HASQARD = Hanford Analytical Services Quality Assurance Requirements Document
HSP = hyporheic sampling points

MNA = monitored natural attenuation

RAO = remedial action objective

ROD
SAP

record of decision
sampling and analysis plan

Tri-Party Agreement = Hanford Federal Facility Agreement and Consent Order Action Plan

TPA-CN

Tri-Party Agreement Change Notice
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As discussed in OSWER 9355.0-129, the remediation phase at a monitoring well is completed when the
data collected and evaluated from that well demonstrate that groundwater has reached cleanup levels for
all COCs. OSWER 9355.0-129 specifies that at any time during groundwater remediation, conclusions
may be made to remove certain COCs from the monitoring program because the data indicate that they
have met their cleanup level before other, more recalcitrant COCs have met cleanup levels in the well.
This conclusion will be documented in the performance evaluation monitoring report and used in
conjunction with the current well data at the time of RA completion to make the conclusion that all COCs
have reached their cleanup levels.

4.2.1.2 Institutional Control Maintenance

Throughout the lifecycle of the MNA remedy, all ICs identified in Section 2.1.3.3 must be maintained and
periodically evaluated for effectiveness.

Progress evaluations will be performed and documented in 5-year performance evaluation reports through
the remediation monitoring phase. When the progress evaluation demonstrates that concentrations of a
COC have met the cleanup level at a specific well, attainment monitoring for that COC/well will begin.
Depending on timing, a progress evaluation may be performed separately from the 5-year performance
monitoring report if a given COC/well has met the cleanup level and is ready to enter the attainment
monitoring phase. In this case, the evaluation will be included in the subsequent 5-year report.

4.2.1.3 Attainment Monitoring Evaluation

When the remediation monitoring progress evaluation demonstrates that COC concentrations have
attained cleanup levels at a specific well, the attainment monitoring phase will commence for that specific
COC and well. The objective of attainment monitoring is to ascertain whether concentrations will
continue to remain below cleanup levels.

A minimum of eight samples is needed to calculate an upper confidence limit (UCL); therefore,
attainment monitoring will be performed until a minimum of eight samples have been collected, which is
anticipated to be up to 5 years for each COC and well combination. The attainment monitoring evaluation
may include data used to evaluate remediation monitoring completion. If the results of attainment
monitoring demonstrate that a COC/well has attained the cleanup level, using the methods presented in
Section 7.2.2, then attainment monitoring for that COC/well will cease. However, additional monitoring
may be performed, if needed, to support preparing plume maps and performance monitoring reports.

Some areas of the COC plume will attain the cleanup level more rapidly than other areas. Therefore, both
remediation monitoring and attainment monitoring may be performed for the same COC at different wells
during the same sample period.

Only monitoring well results will be used for demonstrating that a COC plume has attained the cleanup
level. In the case of tritium, monitoring results will be used to determine if the IC preventing irrigation
can be removed, since tritium does not currently exceed a cleanup level. When attainment monitoring is
completed at each well within the monitoring network, and COC concentrations have attained the cleanup
level throughout the plume(s) and are expected to continue to meet the cleanup level, then the RA for that
COC will be complete. The subsequent evaluation of cleanup level attainment and RA completion for that
COC will be documented either in the next 5-year performance monitoring report or in the final RA
report, whichever is appropriate. If attainment monitoring results for a given COC do not demonstrate that
the cleanup level has been attained, then DOE and EPA will evaluate the results and determine the path
forward for identifying and selecting a new remedy. When data evaluations demonstrate attainment of the
cleanup levels for all COCs and it is expected that groundwater will continue to meet the cleanup levels,
then the RA will be complete and a final RA report for the 100-BC-5 OU will be prepared.
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4.2.1.4 Procurement and Construction

Procurement and construction will include contracts for well drilling and installation, geophysical
services, and analytical services. The work will be accomplished using the most efficient combination of
onsite resources and service vendors.

Access to new well locations may require construction of access roads. Maintenance of new and existing
roads and other locations used for the 100-BC RA will be required to provide access until the RA is
complete or until the wells are decommissioned.

4.2.1.5 Biological Studies

To assess potential impacts to benthic communities, the phased approach to planning and conducting
biological studies described in Section 4.1.2.4 will be followed.

The first task of Phase 1 will be to conduct a DQO session to identify principal study questions (PSQSs)
and data needs; determine what data are already available to answer the PSQs; document data gaps that
must be filled to answer the PSQs; and plan how, when, and where data will be collected to fill the
identified data gaps.

After the DQO session, the next task of Phase 1 will be the development of a biological study SAP to
formalize the outcome of the DQO and provide complete a complete sampling methodology and work
instructions. Once the SAP is approved, the third task of Phase 1 is the implementation of the biological
studies detailed in the SAP.

If Phase 1 identifies an observed impact to aquatic benthic biota, then a second phase will include
additional studies to determine if there is a correlation to 100-BC-5 OU COCs. If Phase 2 identifies an
observed impact and correlation with COCs, then effectiveness of the remedy will be evaluated based on
remedy performance monitoring.

4.2.1.6 Data Use and Interpretation

MNA performance monitoring data are reviewed and evaluated to assess progress toward achieving the
RAOs. Activities associated with preparation of the Hanford Site annual groundwater monitoring reports
are the primary data interpretation vehicle. These reports include summaries of the following:

e Well, aquifer tube, and HSP locations

e Groundwater elevation contour and flow maps

e COC plume maps

e Time-series charts showing COC concentrations changes over time
o Graphs of estimated plume areas over time

The web-based version of recent annual reports also provides tools for plotting and tracking contaminant
plumes, charting contaminant trends in groundwater, and examining geological cross sections. Detailed
information on groundwater data evaluation methods is presented in Section 7.2.

4.21.7 Monitoring Well Operations and Maintenance

Appendix B of the groundwater SAP (DOE/RL-2021-44-ADD1) describes O&M activities associated
with the monitoring network. Activities include inspection, maintenance, and periodic replacement of
monitoring wells, aquifer tubes, and HSPs. The plan describes routine maintenance activities for the
monitoring network. Any well maintenance activities that affect sample quality will be summarized in the
annual groundwater report (e.g., DOE/RL-2020-60, Hanford Site Groundwater Monitoring Report for
2020). Due to the long-term nature of the MNA remedy for the 100-BC-5 OU COCs, roadway access and
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associated maintenance will be required to support sample collection through the performance and
attainment monitoring periods at the specified sample locations.

As COC concentrations decrease and the plumes shrink, the monitoring network will be adjusted.
Monitoring wells, aquifer tubes, and HSPs will not be removed from the network unless they have
achieved cleanup levels as described in Section 7.2 or are determined to be no longer be required

(e.g., water-level monitoring) in accordance with the decommissioning guidelines described in
DOE/RL-2005-70, Hanford Site Well Decommissioning Plan, Rev. 4) and with concurrence from EPA.

4.2.2 Reporting

Yearly results of performance monitoring will be summarized in Hanford Site groundwater annual reports
(e.g., DOE/RL-2020-60). Comprehensive performance monitoring evaluation reports will be prepared at a
5-year frequency throughout the remedy. Progress evaluations, including any groundwater modeling
updates, will be presented in the reports.
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5 Waste Site Remedial Design/Remedial Action Approach

This chapter presents the RD and RA technical approaches to support implementation of the waste site
RTD (Section 5.1) and IC (Section 5.2) components of the selected remedy.

5.1 Waste Site Scope

One waste site (100-B-34 [western segment]) requires RTD to remove shallow (less than 4.6 m [15 ft])
Cr (V1)) contamination. The site consists of a 17 m (55 ft) long section of 10 cm (4 in.) diameter steel
pipe located between the former 183-C and 183-B facilities at a depth of 1.8 m (4 ft) bgs. The waste site
is located beneath the fire-suppression water pipeline loop for remaining 100-BC facilities, including the
B Reactor National Historic Landmark. This pipe was a former sodium dichromate transfer line, and
residual sodium dichromate liquid originally present inside this pipe segment was flushed out using grout
and collected for disposal. Some sodium dichromate was visibly incorporated into the cured grout. No
evidence of pipeline leakage was identified, although Cr (V1) is potentially present in the soil beneath the
transfer line.

The RTD remedy component will include the following activities:

¢ Identifying the ends of the pipeline segment and any associated contaminated soil using an
observational approach that includes visual surveillance and Cr (V1) soil sampling and laboratory
analysis to guide excavation decisions

e Excavating using best practices, including appropriately sloped sidewalls based on the type of the
material being removed, benching, shoring, and proper placement of excavated overburden

e Maintaining ICs associated with access for the active remediation area

e Suppressing dust while excavating, loading, and transporting to ensure dust and contaminants are not
spread by wind

Contaminated soil, if discovered, will be excavated and treated to meet LDRs and waste acceptance
criteria, as necessary, and disposed at ERDF. Following RTD, the disturbed area will be backfilled with
clean fill material, graded/contoured to match the surrounding area, and planted with native vegetation.
Additional information on the RD and RA approach is presented in the following sections.

5.1.1 Waste Site RTD — Remedial Design Approach

The RD for RTD of the 100-B-34 (western segment) waste site includes the development of an RD
package that consists of all design work, project plans, project procedures, drawings, and specifications
required to perform the RA. Project plans will define the data-gathering requirements to ensure worker
health and safety and demonstrate that the waste site meets cleanup levels.

Remediation waste generated by RTD activities will be managed as described in Section 6.3. Because
RTD activities will be performed at only one waste site, sampling and analysis requirements will be
addressed as part of RD once excavation location and dimensions are more precisely known. The RD will
include considerations for the overlaying and proximal fire-suppression water supply line. This line may
be temporarily removed from service or abandoned in coordination with utility services personnel.

DOE shall provide the RD package to EPA for review and approval. Summary briefings and discussions
may be held at Unit Manager’s Meetings or other forums, as agreed. Issues will be identified and resolved
in a timely manner to prevent or minimize impacts to the remediation
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5.1.2 Waste Site RTD - Remedial Action Work Tasks

RA work tasks specific to waste site RTD are described in the following subsections. These tasks include
Task 1 - Mobilization; Task 2 — RTD; Task 3 - Verification Sampling; and Task 4 - Backfill, Contour,
and Revegetation.

5.1.2.1 Task 1 - Mobilization

Mobilization and construction include the following activities that are necessary to prepare the 100-B-34
(western segment) waste site for excavation:

o Establishing site utility services and field support facilities as required.

e Stripping to remove surface and near-surface materials (including vegetation, roots, and cobbles) that
may be stockpiled and used later as a top dressing and planting medium for revegetation.

¢ Removing clean overburden material. Clean overburden and layback soils may be segregated and
stockpiled onsite for later use as backfill material.

5.1.2.2 Task2-RTD

This section addresses activities specific to waste site RTD. Dust control will be maintained at the
excavation site and active work areas. Dust control water use at the excavation site will be minimized.
Soil fixatives (e.g., soil cement) will be applied during periods of extended inactivity or when potential
concerns arise about health issues or the spread of contaminants.

Under the RTD process, soil and debris with COCs exceeding cleanup levels will be removed to depths
up to 4.6 m (15 ft) bgs to meet residential direct contact exposure (Table 2-4) and groundwater/surface
water protection cleanup levels (Table 2-5). Soil excavation will continue below depths of 4.6 m (15 ft)
bgs, as necessary, only if Cr (V1) concentrations exceed the groundwater/surface water protection cleanup
level (Table 2-5). Site-specific modeling and consideration may be used to demonstrate
groundwater/surface water protectiveness for Cr (V1) concentrations at depths greater than 4.6 m

(15 ft) bgs that are nominally above the cleanup level.

5.1.2.2.1 Excavation

Excavation removes clean and contaminated soil and debris at the waste site. Material that is free of
anomalous waste and below cleanup levels may be stockpiled on site for use as backfill material.
Excavated material is expected to include Cr (V1) contamination only. Excavated nonradiological
contaminated material with concentrations above cleanup levels and within ERDF waste acceptance
criteria may be placed in an approved staging pile area (SPA) for subsequent loadout or may be loaded
directly into waste transportation containers or material handling vehicles (e.g., dump trucks) at the
excavation site. Debris may be size-reduced in the excavation or SPA as needed to facilitate container
loading and meet waste acceptance criteria. While not anticipated, other excavated material will be
managed as follows:

e Cr (VI) Anomalous waste (e.g., unknown materials) or contaminated soil and pipeline debris with
COC concentrations above cleanup levels and ERDF waste acceptance criteria will be set aside
within the area of contamination (AOC) or within a designated SPA for further characterization and
dispositioning. Waste that is identified for ERDF disposal or staging will be managed as described
above. Excavated material that must be sent to facilities other than ERDF for treatment or disposal
will be stockpiled or drummed and staged within the AOC, within designated SPAs, or within a
container storage area until loaded for offsite shipment. Identification of an appropriate treatment or
disposal facility and arrangements for loading and transporting excavated material to facilities other

5-2
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than ERDF will be made on a case-by-case basis by project waste management personnel. Prior to
shipment, an offsite acceptability determination in accordance with 40 CFR 300.440, “Procedures for
Planning and Implementing Off-Site Response Actions,” must be obtained from EPA for receipt,
storage, treatment, and disposal of CERCLA waste at the identified treatment/disposal facility.

e LDR waste or containers of LDR waste that do not comply with ERDF waste acceptance criteria may
need repackaging or treatment. LDR waste that has been placed into a container will not be placed
back into the AOC (i.e., on the land), except with EPA approval. LDR waste may be removed from a
container and placed directly into another container, even within the AOC boundary, if no land
placement occurs. Containerized LDR waste that needs to be placed on the ground for treatment or
repackaging will be done within a designated SPA or as otherwise approved by EPA.

¢ Radiological contaminated material, if encountered, with concentrations above cleanup levels and
within ERDF waste acceptance criteria will be loaded into plastic-lined roll-off containers on project
haul trucks at the excavation site. The loaded containers will be covered (i.e., by folding and securing
the liner over the load) and surveyed prior to being transported. If radiological contamination is found
on a container exterior, the container will be decontaminated using standard equipment and
techniques. If a container cannot be decontaminated using standard methods, advanced techniques
will be implemented. Released containers will be staged at the site until applicable shipping papers
(e.g., a waste tracking form) are completed. When the shipping papers have been completed, ERDF
transport vehicles will pick up the containers and haul them to ERDF.

o A temporary soil cover may be placed over an excavation footprint or stockpile as a temporary
measure to minimize an imminent threat to workers (e.g., a high-dose item is uncovered and a
temporary soil cover is appropriate to control worker exposure) or the environment. A temporary soil
cover may also be used to prevent windborne dispersal of excavated material or highly contaminated
soil and to maintain segregation from other waste site materials. These temporary measures may be
undertaken while plans are developed for safe reexcavation and removal of this material. In these
instances, EPA notification will be made.

e Non-LDR material that has been packaged may be returned to an excavation or SPA in situations
where the dose rates, contamination levels, free liquids, or other abnormalities have subsequently
been determined to exceed normal transport requirements. In these situations, when repackaging is
necessary, the material will be reloaded into the transportation container. Notification to EPA is
generally not required for these actions.

Materials transported from the excavation site are covered, contained, or have moisture content adequate
for inhibiting dust without being covered or contained during transport and disposal. The moisture content
of bulk contaminated material destined for ERDF disposal will be in accordance with ERDF waste
acceptance criteria.

When site excavation is complete, exposed dig faces will be sampled to verify that cleanup levels have
been achieved. When cleanup levels have been met and backfill concurrence is obtained from EPA,
backfilling is authorized. Approval of a waste site reclassification form constitutes backfill approval, or
EPA may approve backfill in advance. Unless specified otherwise, the term “backfill” refers to filling in
or recontouring an excavation once waste site remediation sampling has demonstrated that cleanup levels
have been met. Clean backfill material is obtained from overburden stockpiles and local borrow sites.
Excavations are backfilled as described further in Section 5.1.2.4.

5-3
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5.1.2.2.2  Material Handling and Transportation to ERDF

Contaminated materials (including excavated soils, debris, disposable protective clothing, air filters, and
trash) require proper packaging, handling, and transportation in accordance with an approved waste
management plan. Onsite transportation and packing will be conducted in accordance with
DOE/RL-2001-36, Hanford Sitewide Transportation Safety Document. Contaminated bulk materials will be
transported for disposal using approved vehicles and containers. Drummed waste may be loaded into
standard ERDF containers or transported by other means, such as flatbed tractor-trailer units or cargo vans.

Containers will be transported from the remediation site to ERDF over existing Hanford Site roads. Each
waste shipment to ERDF will be referenced to a waste profile that is intended to provide an upper bound
on the contaminant concentrations in materials found at the waste site. The waste profile is in effect until
the waste characteristics change significantly.

ERDF containers will be inspected for the presence of water prior to placing a liner or waste into the
container. Water in a container with an estimated volume of less than 150 L (40 gal) or less than a depth
of 1.3 ¢cm (0.5 in.) in the bottom of the container may be used as an aid for dust suppression in an adjacent
excavation or staging pile, or absorbent materials may be used in the container. For water found in a
container with an estimated volume greater than 150 L (40 gal), EPA approval is necessary to use the
water as an aid for dust suppression. Transportation and handling for offsite treatment and disposal of
contaminated material will be coordinated on a case-by-case basis. All offsite shipments will be
conducted using equipment and methods that are compliant with applicable U.S. Department of
Transportation (DOT) regulations.

5.1.2.2.3  Soil and Debris Characterization

Soil and debris characterization will be based on the observational approach and performed in accordance
with the procedures described in the RD package work instruction. This observational approach relies on
available historical information, previous investigations, and a “characterize-and-remediate-in-one-step”
methodology. This methodology uses visual evaluation of waste forms (e.g., Cr (V1) discoloration of soil)
encountered during remediation and in-process analytical sampling. These elements are used together and
in consideration of waste site-specific information to characterize waste as remediation proceeds.
Site-specific cleanup verification sampling is performed as described in Section 7.1.

5.1.2.2.4 Decontamination

While not expected, when radiological decontamination is necessary to support excavation activities, it
will generally be performed using dry methods (e.g., wiping and high-efficiency particulate air
[HEPA]-filtered vacuum cleaners). When the use of wet methods (e.g., pressure washers and steam
cleaners) are required to achieve decontamination objectives and the associated water or cleaning
solutions are not collected, work will be conducted by trained site workers in accordance with the best
management practices (BMPs) described below. Other decontamination, when necessary, will generally
be performed using wet methods in accordance with the following BMPs.

5.1.2.2.5 General BUPs
These BMPs apply to equipment cleaning and decontamination activities within the waste site:

e Decontamination is typically performed within active excavation AOC.
e The amount of water used to clean equipment will be minimized.
e Only raw or potable water will be used.

e Soaps, detergents, or other cleaning agents that would be regulated as a hazardous waste will not be
added to wash water.

5-4
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o Pressure washing will normally use cold water (hot water may be used to avoid icing).

o Steam cleaning will be used only after other methods prove to be ineffective.

e Decontamination practices will be documented in the daily log.

o Personnel responsible for equipment decontamination will be trained to the general BMPs.

e A pre- and post-survey will be performed on the washing or decontamination area to assess and
remediate (if required) areas affected by the activity. When the washing/decontamination is set up in
an area where cleanup levels have been attained, sampling of the area may be performed in
accordance with the RD package work instruction at the discretion of EPA.

e The project may perform other methods of equipment washing or decontamination for the completed
site (e.g., wrap the equipment for transfer to a decontamination pad, provide for a temporary facility
at the site to collect wash water, or fix the contamination to the equipment).

5.1.2.3 Task 3 - Verification Sampling

Verification sampling to confirm that cleanup levels have been achieved following RTD will be
performed as described in Section 7.1.

5.1.2.4 Task 4 - Backfill, Recontour, and Revegetate

Once attainment of the RAOs has been verified (Section 7.1), the waste site RTD footprint will be
backfilled. Stockpiled overburden material and material transported from approved borrow areas will be
used to return the surface of the site to a grade that matches surrounding topography.

Revegetation will be performed after backfilling to minimize runoff and erosion effects, as well as to
restrict the spread of noxious weeds. Revegetation may be delayed in areas intentionally maintained
without vegetative cover. Native plant species will be selected based on availability and appropriateness
for the structure of the soils to be revegetated. Shrubs such as sagebrush, bitterbrush, and hopsage may be
planted as tubelings to provide habitat and structure for nesting wildlife. Native grasses adapted to site
conditions may be planted to provide an understory. Areas that have been excessively compacted may be
loosened by ripping the soil with heavy equipment. Linear rip lines should be smoothed prior to
revegetation. Based on site-specific conditions, fertilizer and straw mulch may be applied to support
revegetation.

5.2 Waste Site Institutional Controls

ICs are mechanisms to control activities or uses of land, facilities, and environmental media to prevent
exposure until such contamination is at levels that allow for UU/UE. ICs generally include nonengineered
restrictions on activities and access to land, waste sites, waste disposal areas, groundwater, and other
areas or environmental media that may contain hazardous substances. Common types of ICs include
procedural restrictions for access, warning notices, permits, easements, deed notifications, leases and
contracts, and land-use controls. ICs for waste sites are provided in Section 2.1.3.

5-5
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6 Environmental Management and Controls

This chapter describes environmental management and controls associated with implementation of the
100-BC waste site, groundwater, and biological studies remedy components.

6.1 Air Emissions

The requirements for environmental management and controls of radiological and nonradiological air
emissions are described in the following sections.

6.1.1 Radiological Air Emissions

To demonstrate compliance with the ARARs of WAC 173-480 and WAC 246-247, the appropriate
quantification of potential emissions, monitoring of emissions, and identifying and employing control
technology will be used for waste site RTD. Radiological air emissions associated with groundwater
MNA performance monitoring and biological studies are not anticipated.

6.1.1.1 Potential-to-Emit (WAC 173-480-040; WAC 173-480-070(2))

Remedial action associated with RTD activities to be conducted at waste site 100-B-34 (western segment)
will be evaluated to assess the potential to emit (PTE) radionuclides from any point, diffuse, or fugitive
source(s), as needed. This evaluation will be documented in a PTE calculation to be provided with the
final RD package.

6.1.1.2 Monitoring of Radiological Emissions (WAC 246-247-035(1)(a)(i) & (ii);
WAC 246-247-075(2), (4), (8)-(14))

Based on the PTE evaluation, periodic confirmatory measurements may be used to confirm radiological
fugitive and diffuse emissions. This will consist of using Hanford Site near-facility and site-wide
monitoring program results. The existing near-facility monitoring network will be used, and near-facility
monitors will be selected based on proximity to the remedial activity. Near-facility monitors will be
identified in an air monitoring plan or other work control document. If higher radiological emissions are
anticipated or encountered, additional monitoring may be implemented. EPA will be informed if any air
sample exceeds 10% of the values listed in Table 2 of 40 CFR 61, Appendix E, “Compliance Procedures
Methods for Determining Compliance With Subpart 1,” as measured by the Hanford Site near-facility
ambient air monitors located near the remedial activity.

6.1.1.3 Identification and Employment of Control Technology (WAC 173-480-050;
WAC 173-480-060; WAC 246-247-040(2)-(4))

Based on the PTE evaluation, RTD activities will be managed with the appropriate best available
radionuclide control technology or ALARA control technology to control worker exposure and minimize
airborne releases. The use of control technology includes but is not limited to dust suppression

(e.g., water, water sprays, and fixatives), decontamination (abrasive or washing methods), and the use of
other standard engineering controls (e.g., HEPA filter vacuum cleaners).

6.1.2 Nonradiological Air Emissions

To demonstrate compliance with the ARARs of WAC 173-400 and WAC 173-460, the appropriate
guantification of potential emissions, monitoring of emissions, and identifying and employing control
technology will be used for waste site RTD. Nonradiological air emissions associated with groundwater
MNA performance monitoring and biological studies are not anticipated.

6-1
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6.1.2.1 Potential Emissions (WAC 173-400-075(6)(b); WAC 173-460-060, “Control Technology
Requirements”; WAC 173-460-150, “Table of ASIL, SQER and de minimis Emission
Values”)

Remedial action associated with RTD activities to be conducted at 100-B-34 (western segment) waste site
will be evaluated to assess the PTE nonradionuclides from any point, diffuse, or fugitive source(s), as
needed. This evaluation will be documented in a PTE calculation to be provided with the final RD bid
package.

6.1.2.2 Monitoring of Emissions (WAC 173-400-040; WAC 173-400-075)

During RTD activities, emissions will be observed using the appropriate methods to determine if
emissions are visible. If visible emissions are present, appropriate control technology will be applied.

6.1.2.3 Identification of Control Technology (WAC 173-400-040; WAC 173-400-075(6)(b))

Based on the evaluation of potential emissions, remedial activities will be managed with the appropriate
reasonably available control technology and toxics best available control technology to control worker
exposure and minimize airborne emissions. The use of control technology includes but is not limited to
dust suppression (e.g., water, water sprays, and fixatives), decontamination (abrasive or washing
methods), and the use of other standard engineering controls (e.g., HEPA filter vacuum cleaners).

6.2 Reporting Requirements for Nonroutine Releases

40 CFR 302, “Designation, Reportable Quantities, and Notification,” requires immediate notification to
the National Response Center upon discovery of a release of a hazardous substance into the environment
in excess of a reportable quantity in a 24-hour period. 40 CFR 355, “Emergency Planning and
Notification,” requires immediate notification to the community emergency coordinator for the local
emergency planning committee and to the State Emergency Response Commission for a release of a
reportable quantity of an extremely hazardous substance or a CERCLA hazardous substance in a 24-hour
period, except for releases exempted from reporting under 40 CFR 355.31, “What Types of Releases are
Exempt from the Emergency Release Notification Requirements of this Subpart?”” The Hanford Site has
comprehensive policies and procedures in place to report nonroutine releases to the environment. These
procedures will be followed during the 100-BC RA implementation phase. Notwithstanding, any incident
that involves a spill, release, fire, explosion, or environmental permit exceedance will be reported to the
contractors’ environmental event single point of contact, as required by DOE/RL-94-02, Hanford
Emergency Management Plan, to determine the applicability of requirements and to perform appropriate
environmental notifications.

6.3 Waste Management

Waste management requirements for project waste streams, waste characterization, designation and
disposal, waste generation management, management of waste containers, final disposal/storage, waste
disposal records, waste transportation, waste treatment, and waste minimization and recycling are
presented in this section.

6.3.1 Projected Waste Streams
Similar types of waste specific to the 100-BC OUs will be managed uniformly. Projected waste streams
may include the following:

o Miscellaneous solid waste such as filters, wipes, gloves, and other personal protective equipment
(PPE); cloth; sampling and measuring equipment; pumps; pipe; wire; plastic sheeting, tools;
bentonite; sand; paper, wood, and construction debris; metal; and glass

6-2
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o Drill cuttings and associated waste generated from installation of new or replacement monitoring
wells, and plugging and abandonment of existing wells

e Purgewater generated during groundwater well or aquifer tube installation, development, testing,
monitoring, maintenance, and decommissioning

e Excavated materials above cleanup levels (i.e., soil, vegetation, debris, and engineered structures)
e Decontamination fluids

e Spent/excess chemicals/reagents from field sampling (e.qg., calibration standards and reagents used
during field screening/analysis of groundwater samples)

o Liquids generated during screening analysis
o Materials generated from cleanup of unplanned releases

e Equipment and construction material (e.g., well casings, drill string, drive barrel, construction
equipment and materials, decommissioning materials, and wooden pallets)

6.3.2 Waste Designation and Disposal

Waste will be designated in accordance with the substantive standards of WAC 173-303 using process
knowledge, historical analytical data for similar waste streams, or waste characterization analysis results
identified in this RD/RA work plan of its subsequent addenda, as appropriate. The 100-BC-5 OU has an
extensive groundwater well and aquifer tube sampling network. Many years of historical analytical data
and interim waste site remediation data are available for use as the basis of waste designation. New waste
streams are not anticipated but would be characterized as necessary for designation purposes.

Miscellaneous solid waste and decommissioning debris that have contacted potentially contaminated
materials may be segregated from other materials and will be disposed based on the waste designation.
Contaminated materials or materials that have contacted contaminated media may be disposed at ERDF if
the waste acceptance criteria can be met (ERDF-00011). If ERDF waste acceptance criteria cannot be
met, disposal will be made to another facility that is approved by EPA.

Contact solid waste that is nonhazardous and radiologically released, or waste that has not contacted
potentially contaminated materials, may be disposed offsite to a Subtitle D solid waste landfill or
recycled, as appropriate.

Purgewater that is generated will be managed as specified in Section 6.3.3.2.

6.3.3 Waste Stream-Specific Management

This section describes the management of waste streams produced from monitoring well or aquifer tube
installation, sample collection, maintenance activities, and decommissioning, and excavated material and
miscellaneous solid waste.

6-3
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6.3.3.1  Drill Cuttings

Drill cuttings (soil and slurries) from outside an area of known or suspected contamination will be
collected in stockpiles near the point of generation. Soil and slurries from known or suspect contaminated
areas will be placed on a tarp or in containers. Contained soil slurries will be decanted, and free liquids
remaining in the container will be eliminated by evaporation or the addition of absorbent material prior to
disposal, as necessary. Decanted water will be managed as purgewater. Soil and slurries may be placed on
the ground, near the point of generation, if they meet the following criteria:

e Soil cleanup levels as specified in the 100-BC ROD (EPA et al., 2021) for protection of human health
(Table 2-4 in this document) and for protection of groundwater and surface water (Table 2-5 in this
document)

¢ Not designated as a dangerous waste
e Contaminant concentrations are less than substantive cleanup standards from WAC 173-340-740
¢ Radiologically released

Decanting slurries and eliminating free liquids are authorized without prior approval. Liquid decanted
from slurries may be disposed as purgewater.

6.3.3.2 Purgewater

Purgewater is generated during well or aquifer tube installation, development, aquifer testing, monitoring,
sampling, maintenance, and decanting of saturated soil during drilling activities. Purgewater will be
dispositioned in accordance with this section.

6.3.3.21  Purgewater Discharge

All groundwater (including purgewater and free liquids separated from aquifer sediments or other
materials generated during well drilling, well construction, and well development) will be managed in
accordance with the following sections. Purged groundwater is collected for management at the Modular
Storage Unit(s) (MSU) or returned to the environment as described in the Section 6.3.3.2.2.

The MSUs are lined units approved for purgewater consolidation and management. The work plan
(DOE/RL-2009-80, Investigation Derived Waste Purgewater Management Work Plan), approved by the
Tri-Parties, provides details for construction, operation, safety, health, and environmental management
and controls, and project administration. CERCLA Section 104(d)(4) allows the lead agency to treat these
related facilities as one site for response purposes and therefore allows the lead agency to manage waste
transferred between such noncontiguous facilities without having to obtain a permit. DOE will continue to
manage purgewater at the MSUs per the requirements in DOE/RL-2009-80.

For returning groundwater to the environment, DOE can perform discharge in accordance with the
guidelines provided in Chapter 10 of DOE/RL-2011-41, Hanford Site Strategy for Management of
Investigation Derived Waste.

6.3.3.2.2  Groundwater Discharge Guidelines
Groundwater discharge guidelines are outlined below, consistent with Chapter 10 of DOE/RL-2011-41.
Purgewater may be discharged to the ground surface based on the following criteria:

e Water from wells where groundwater contaminant concentrations are less than cleanup levels, when
purgewater is generated in support of monitoring (e.g., aquifer testing)
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e Low-purge and low-flow sampling methods for groundwater sample collection resulting in
purgewater volumes of 19 L (5 gal) or less

e Purgewater from aquifer tube samples

For purgewater not meeting these criteria, DOE will prepare a discharge request. Discharge requests will
be prepared with the information specified in the subsections below. Before EPA will grant a new
discharge request allowing groundwater to be discharged to the environment, EPA will evaluate the
potential effect of the proposed action based on the criteria listed below. If EPA does not approve the
discharge request within 30 days, the request will be considered denied. If the request is denied,
purgewater will be collected and transported to the MSU(s) or other appropriate Hanford Site location.

Some aquifer tubes are located within the seasonal high-water mark of the Columbia River. When
these tubes are sampled during high-water periods, purgewater discharges to the Columbia River
are allowed.

6.3.3.2.3 Chemistry

DOE will evaluate radiological groundwater data to meet the requirements of DOE Order 5400.5 Chg 2,
Radiation Protection of the Public and the Environment, or subsequent replacement. DOE will submit
discharge requests relating to nonradiological parameters for purgewater to EPA. Decisions will be based
on existing data and will consider the following:

e Applicable regulatory requirements
o Approved and applicable decision documents under the Tri-Party Agreement (Ecology et al., 1989a)
e Previously approved contained-in determinations

The discharge request will contain applicable analytical data and associated QA/QC data to demonstrate
that the discharge decision is appropriate.

6.3.3.2.4 Location
Discharge to the ground is not allowed where it may remobilize potential existing contamination and may
not occur within or on 100-BC OU waste sites.

Discharges will be 6.1 m (20 ft) or greater from any well head to prevent channeling of water along
the annulus of the well. DOE shall not propose to establish new waste sites by the approval of
discharge requests.

6.3.3.25 Volume

DOE will evaluate purgewater volume, as well as chemistry and location considerations. Purgewater
discharges to the ground are exempt from WAC 173-216, “State Waste Discharge Permit Program,”
permitting based on Condition G.12.A of Ecology, 2013, State Waste Discharge Permit Number
ST0004511 (Miscellaneous Streams).

6.3.3.3 Returned Sample Waste

Returned sample waste or unusable (e.g., expired) preservative chemicals that are generated during
implementation of groundwater RA at the 100-BC-5 OU will be managed and disposed at ERDF if the
facility’s waste acceptance criteria can be met, or at an offSite treatment, storage, and disposal facility in
accordance with 40 CFR 300.440. Sulfuric acid and sodium hydroxide will be neutralized prior to
disposal.
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6.3.3.4 Excavated Material

Excavated material may include soil, debris, engineered structures (i.e., pipeline segments, slabs, and
foundations), and stripped vegetation removed during RTD activities. Excavated material will be
surveyed and characterized prior to disposal. Excavated materials may be stockpiled and staged in an
approved SPA for subsequent loadout or may be loaded directly into waste transportation containers or
vehicles at the excavation site. The SPAs will be operated in accordance with the standards and design
criteria prescribed in 40 CFR 264.554(d) through (k), “Standards for Owners and Operators of Hazardous
Waste Treatment, Storage, and Disposal Facilities,” “Staging Piles.” Material that is free of anomalous
waste and below cleanup levels may be stockpiled onsite for use as backfill material. Stripped vegetation
may be stockpiled and used later as a top dressing and planting medium for revegetation, as practicable.

Radiologically contaminated material that is above cleanup levels and within ERDF waste acceptance
criteria (ERDF-00011) will be loaded into plastic-lined roll-off containers on project haul trucks at

the excavation site. The loaded containers will be covered (i.e., by folding and securing the liner over the
load) and surveyed prior to being transported.

Nonradiological contaminated material above cleanup levels and within ERDF waste acceptance criteria
(ERDF-00011) may be loaded into plastic-lined or unlined roll-off containers (as described above) or may
be directly loaded into material handling vehicles (e.g., dump trucks) for transportation to ERDF.
Asbestos-containing material will be double-bagged or placed into double-lined roll-off containers.

As an alternative to storage within the AOC or in containers, waste that is not immediately transported to
ERDF or other EPA-approved disposal facility may be stored in staging piles. The SPAs must be operated
in accordance with the standards and design criteria stated in 40 CFR 264.554(d) through (k).

SPAs are to be used only during remedial operations for temporary storage at a facility and must be
located in an area contiguous to the point of generation. A record of the date when remediation waste is
first placed into the pile will be maintained until a closure plan has been issued for the site or until a term
of 3 years has been reached. Surveys of the SPA will be performed prior to waste placement to ensure that
the waste is not staged in previously contaminated areas and to prevent cross-contamination. A SPA must
not be operated for more than 2 years (measured from the first time remediation waste is deposited into
the pile) without EPA approval of an operating term extension.

The SPA must be designed to prevent or minimize the release of hazardous waste and hazardous
constituents into the environment, minimize or adequately control cross-contamination, and protect
human health and the environment. Appropriate controls may include installing berms, using dust
suppression, or using plastic liners or covers.

The SPA must be closed within 180 days after the operating term of the SPA and in accordance with

40 CFR 264.258(a), “Closure and Post-Closure Care,” and 40 CFR 264.111, “Closure Performance
Standard.” Approval of this waste management plan constitutes general authorization to operate staging
piles during remediation activities. Specific SPA locations will be identified on project drawings or maps
and approved by EPA prior to beginning field operations.

Field operations of staging piles within the referenced regulatory provisions will be accomplished through
the following controls:

e The SPA will be surrounded with a minimum of a 15 cm (6 in.) berm to control run-on/run-off prior
to use.
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o Dust-control practices will be used consistent with soil piles managed in the AOC, including the use
of crusting agents (as necessary) to minimize migration/leaching of contaminants into underlying soil.

e SPA surveys will be performed prior to waste placement to ensure that cross-media transfer or staging
of waste on previously contaminated areas does not occur.

e SPAs must be remediated within 180 days after the operating period in accordance with
40 CFR 264.554, paragraphs (j) and (k).

6.3.3.5 Decontamination Fluids

Equipment decontamination to support waste site remediation activities will be performed in accordance
with the BMPs identified in Section 5.1.2.2.5. Decontamination fluids (water and nonhazardous cleaning
solutions) generated from cleaning other equipment and tools in the OUs will be managed as purgewater.

Small volumes of decontamination fluids may be stabilized to eliminate free liquids and then disposed at
ERDF, provided the waste acceptance criteria can be met (ERDF-00011).

Following removal of visible residue, decontamination of sample equipment will be performed at the
6268 Building utilizing the decontamination and containment systems established at this facility. The waste
generated at these facilities is managed in accordance with applicable regulations and the waste
management procedures of the facilities.

6.3.3.6 Analysis Screening Fluids

Unaltered liquid waste generated during screening analysis may be managed as purgewater (as previously
described). Altered sample waste will be disposed at the Effluent Treatment Facility, ERDF, MSU(s), or
another appropriate facility, as authorized by EPA, depending on the waste designation. Some liquids
may be neutralized or stabilized to meet disposal facility waste acceptance criteria.

6.3.3.7 Miscellaneous Solid Waste

Miscellaneous solid waste is nonhazardous, nonradioactive waste that is expected to consist of paper,
PPE, debris, materials from cleanup of unplanned releases, and other solid waste that will be collected
during remediation activities. Miscellaneous solid waste that has contacted potentially contaminated
materials will be segregated from other materials and placed into containers that are appropriate for the
material and disposal facility. Miscellaneous solid waste that has contacted contaminated media may be
disposed at ERDF if the waste acceptance criteria can be met (ERDF-00011). If the ERDF waste
acceptance criteria cannot be met, the waste will be shipped to an offsite facility, as appropriate and
authorized by EPA, depending on the waste designation.

Miscellaneous solid waste that has not contacted contaminated media, has contacted miscellaneous solid
waste that is nondangerous, and has been released for radionuclides may be disposed at an offsite solid
waste landfill.

6.3.3.8 Decommissioning Debris

Decommissioning debris, such as concrete, wood, rebar, metal/plastic pipe and screens, wire, liners,
bentonite/sand/gravel, equipment, and pumps, is generated during RTD and well decommissioning.
Debris that has contacted contaminated media may be disposed at ERDF if the ERDF waste acceptance
criteria can be met (ERDF-00011) or at an approved offsite facility if the ERDF waste acceptance criteria
cannot be met. Contact debris that is nondangerous and radiologically released or materials that have not
contacted potentially contaminated materials may be disposed offsite at a solid waste landfill or

a Subtitle D solid waste landfill or recycled, as appropriate.
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6.3.3.9 Well Decommissioning

Wells that have been decommissioned and aquifer tubes that are no longer in service will be removed
from the list of wells identified in the groundwater monitoring SAP (DOE/RL-2021-44-ADD1).

6.3.4 Packaging and Labeling

Materials requiring collection will be placed in containers suitable for the material and the receiving
facility. Containers will primarily consist of ERDF containers and drums. However, “truck and pup” style
containers may be used for nonradionuclide-contaminated solid waste. Packaging for large or irregular-
shaped waste (e.g., well casings) may include other containment. Such packaging will ensure that
contaminants will not migrate and will provide protection from environmental degradation. The
packaging may include but is not limited to plastic wrap. Waste will be packaged, marked, and labeled in
accordance with ARARs.

State regulatory requirements for management of containers are established in WAC 173-303-630. All
containers of waste will be managed in accordance with applicable substantive federal and state
requirements, including labels that define the known major risks; dangerous waste codes; and, if awaiting
analysis, wording that states “waste pending analysis,” with the date of initial sampling.

Low-volume miscellaneous materials associated with activities such as groundwater well sampling,
water-level measurements, and groundwater well maintenance may be temporarily stored near the
wellhead in an appropriate container (e.g., 208 L [55 gal] drum) or may be bagged, taped, and labeled
with the well number at the wellhead. The bagged material will be transported in a protective manner
(i.e., containment of the material is maintained) while proceeding from well to well in the OUs.

Upon arrival at the storage location, materials will be placed into an accumulation container and managed
as waste. The material may also be taken directly to ERDF for disposal, if appropriate, without storage.

For waste site remediation, radiologically contaminated material, if encountered, that is above cleanup
levels and within the ERDF waste acceptance criteria (ERDF-00011) will be loaded into plastic-lined roll-
off containers at the excavation site. Loaded containers will be covered (i.e., by folding and securing the
liner over the load) and surveyed prior to being transported. Nonradiological contaminated material above
cleanup levels and within ERDF waste acceptance criteria may be loaded into plastic-lined or unlined
roll-off containers or may be direct loaded into material handling vehicles (e.g., dump trucks) for
transportation to ERDF.

Alternate packaging requirements for facilities other than ERDF may be identified on a case-by-case basis
by project waste management personnel. Prior to shipment, an offsite acceptability determination in
accordance with 40 CFR 300.440 must be obtained from EPA for receipt, storage, treatment, and disposal
of CERCLA waste at the identified treatment/disposal facility.

LDR waste or containers of LDR waste that do not comply with the ERDF waste acceptance criteria may
need repackaging or treatment. LDR waste that has been placed into a container will not be placed back
into the AOC (i.e., on the land), except by EPA approval. LDR waste may be removed from a container
and placed directly into another container, even within the AOC boundary, if no land placement occurs.
Containerized LDR waste that needs to be placed on the ground for treatment or repackaging will be done
within a designated SPA or as otherwise approved by EPA.

Non-LDR material that has been packaged may be returned to an excavation area or SPA in situations
where the dose rates, contamination levels, free liquids, or other abnormalities have subsequently been
determined to exceed normal transport requirements. In these situations, when repackaging is necessary,
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the material will be reloaded into the transportation container. Notification to EPA is generally not
required for these actions.

6.3.5 Storage and Transportation

This section describes the storage and transportation of waste produced from waste site RTD, monitoring
well installation, sample collection, maintenance activities, and decommissioning, as well as
miscellaneous solid waste.

6.3.5.1 Storage

In general, waste generated in support of this RD/RA work plan will be disposed at ERDF or other
approved onsite or offsite facility. As necessary, waste will be stored within the AOC, in onsite container
storage areas, in staging piles, or at ERDF.

Much of the waste is expected to be generated in small quantities on an ongoing basis. Waste will be
stored at a centralized location until analytical data are evaluated for proper waste designation or at an
assigned SPA, as appropriate. Some waste (e.g., field decontamination fluids) may be temporarily
(generally less than 2 weeks after generation) accumulated near the point of generation in the

100-BC OUs, then staged at a waste container storage area, or at the 200 Area Centralized Groundwater
Waste Storage area in the 6265A Building in accordance with CERCLA Section 104(d)(4).

While in storage, waste will be managed in accordance with the waste management provisions of this
RD/RA work plan. Most contaminated waste will be disposed at ERDF if the waste acceptance criteria
can be met (ERDF-00011). However, based on field screening instrumentation or analytical data, it may
be determined that it is appropriate to dispose of certain waste types at another approved facility rather
than ERDF. Waste that cannot be treated to meet the waste acceptance criteria for the approved disposal
facility will remain at the waste site or in a centralized storage location pending disposal at an
appropriate facility.

Miscellaneous solid waste will be collected when generated during RA field activities and may be
transported and stored at the 6265A Building located in the Central Plateau. Waste stored at the

6265A Building will be kept segregated by OU. The collection, transport, and storage of the solid waste
will be conducted in accordance with ARARs. Once waste storage activities have been completed, the
substantive requirements of WAC 173-303-200, “Conditions for Exemption for a Large Quantity
Generator that Accumulates Dangerous Waste,” regarding closure will be implemented.

Waste that is excavated and held (i.e., not immediately transported to the ERDF) for further analysis,
treatment, or any other reason may be managed within the AOC delineated on project drawings. Waste
managed within the AOC is not subject to substantive waste management requirements. Any movement
of waste outside of the AOC will trigger compliance with all ARARs for management of waste.
Excavated waste may also be held outside of the AOC at a SPA as described in Section 6.3.3.4.

6.3.5.2 Substantive Container Management Requirements

Federal and state regulatory requirements for management of containers are established in

WAC 173-303-630. All containers of waste will be managed in accordance with the applicable
substantive state requirements, including labels that define the known major risks; dangerous waste codes;
and, if awaiting analysis, wording that states “waste pending analysis,” with the date of initial sampling.
Substantive requirements of WAC-173-303-630 are outlined as follows:

o WAC 173-303-630, “Use and Management of Containers”: Establishes substantive requirements
for management of containers holding dangerous waste, including requirements for maintaining
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containers in good condition, identifying container contents, using containers that are compatible with
stored waste, keeping containers closed when not adding or removing waste, maintaining adequate
aisle space, providing secondary containment for containers of liquid dangerous waste, and standards
for storage of containers holding ignitable or reactive waste and incompatible wastes.

6.3.5.3 Waste Transportation

Packaging, marking, and labeling for transportation will be in accordance with DOT requirements

(49 CFR, “Transportation”), ARARs, and procedures, as appropriate. With appropriate documentation
(e.g., safety analysis report for packaging or risk-based exemption), packaging exceptions to DOT
requirements that provide an equivalent degree of safety during transportation may be used for waste
shipments. Coordination and preparation of these documents will be approved by DOE-RL. ERDF
roll-off-type containers will be used for most bulk wastes. Drummed waste may either be loaded into
standard ERDF containers or be transported by other means such as flatbed tractor-trailer units or cargo
vans. Containers will be sealed and shipped to the identified disposal facility as quickly as economically
feasible. Waste will be transported in accordance with WAC 173-303, DOT regulations, and
DOE/RL-2001-36, as appropriate.

6.3.5.4 Waste Treatment

When necessary, waste treatment may be conducted at the site, at ERDF (in special cases), or at an
EPA-approved offsite facility. Offsite treatment must be performed at a facility approved by the EPA in
accordance with 40 CFR 300.440. Return of treated waste from offsite treatment facilities for disposal at
ERDF will require additional authorization from DOE-RL.

Treatment will be required for LDR material unless a treatability variance or ARAR waiver is requested
by DOE-RL and approved by the EPA. If LDR wastes are encountered, the requirements of

WAC 173-303-140 will be applied. If LDR material is encountered, it may be temporarily stored within
the AOC, in a container storage area, or in staging piles before disposal in accordance with applicable
regulations.

6.4 Cultural/Historical/Ecological Resources

DOE will comply with the location-specific ARARs, as identified in Section 2.4. Cultural resource reviews
have been completed to identify historic properties and evaluate potential impacts at 100-BC. One historic
property has been identified within the area of potential effects of RAs, and it will not be adversely affected
by RAs. Work controls will be implemented to ensure that site protection measures are effective.
Consultations are being conducted to ensure that a good faith effort is made to identify all historic properties
with the area of potential effects of RAs. If required, qualified personnel will complete additional cultural
resource reviews and surveys, determinations, and notifications, as necessary, prior to undertaking ground-
disturbing activities for remaining work scope, using DOE/RL-98-10, Hanford Cultural Resource
Management Plan, as guidance. Potential adverse effects are to be avoided or resolved through consultation.
If adverse effects cannot be avoided, further procedures, including entering into memoranda of agreement or
other agreement documents, will be entered into to resolve the adverse effect.

Disturbance to natural vegetation and habitat will be minimized by using existing roads and support areas,
where practicable. Overhead power supply will be preferentially used to limit further ground disturbance.
The remediated waste site area will be revegetated and other disturbed areas will be restored, as
appropriate, when they are no longer needed to support remedial activities and where additional near-term
land disturbance is not expected by other site activities.
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6.5 Health and Safety Program

A health and safety plan (HASP) is required to protect personnel from environmental hazards associated
with hazardous substances (chemical and radiological), as well as physical hazards. The HASP specifies
the physical and administrative controls to protect personnel and the environment.

6.5.1 Worker Safety Program

Work activities identified in this RD/RA work plan are regulated under 29 CFR 1910.120, “Occupational
Safety and Health Standards,” “Hazardous Waste Operations and Emergency Response.” The Site Wide
Health and Safety Program includes all procedures for occupational safety and industrial hygiene
developed and implemented to protect the health and safety of workers. The Health and Safety Program
meets the requirements of 29 CFR 1910.120 for a written safety and health program. The HASP that will
be followed for this RA is an extension of the overall Central Plateau Cleanup Company (CPCCo) Safety
and Health Program. The HASP identifies the controls necessary to mitigate general hazards that can be
encountered on the project. The controls to mitigate task-specific hazards are identified and evaluated in
task-specific job hazard analyses as part of the work package development process.

6.5.2 Integrated Safety Management System
The Integrated Safety Management System is incorporated into all work activities and includes the
following elements:

o Organizational structure that specifies the official chain of command and the overall responsibilities
of supervisors and employees

e Comprehensive work plan developed before work begins at a site to identify operations and
objectives and address the logistics and resources required to accomplish project goals

e Comprehensive hazard analysis when workers could be exposed to hazardous substances (chemical
and radiological), as well as physical hazards

o Worker training commensurate with individual job duties and work assignments

e Medical surveillance program administered to comply with 29 CFR 1910.120 requirements
e CPCCo procedures, as well as project- and task-specific implementing plans and procedures
e Voluntary protection plan

6.5.3 Health and Safety Plan and Activity Hazards Analysis

Access and work activities are controlled in accordance with approved work packages, as required by
established internal work requirements and procedures. The HASP identifies how safety and health
requirements are integrated into the work control process:

e Safety and health hazard analysis identifying hazards and their mitigations

e Employee training assignments

e PPE to be used by employees for tasks and operations

e Medical surveillance requirements

e Frequency and types of air monitoring, personnel monitoring, and environmental sampling techniques
e Site control measures

e Decontamination procedures
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o Emergency response plan, including necessary PPE and other equipment
o Confined space entry procedures
o Spill containment measures

As part of work package development, a job hazards analysis is completed to identify and control hazards
associated with work tasks. Before work activities begin, a pre-job briefing is held with the involved
workers. This briefing includes a review of the hazards that may be encountered and their associated
safety requirements.

6.5.4 Radiological Controls and Protection

The Radiological Controls and Protection Program is defined in DOE-approved programs and approved
procedures. This program implements CPCCo policy to reduce safety and health risks to levels that are

ALARA and ensure adequate worker protection.ZThe CPCCo Radiological Protection Program complies
with the requirements of 10 CFR 835, “Occupational Radiation Protection.” Appropriate dosimetry,
radiological work permits (RWPs), PPE, ALARA planning, surveys, and radiological control technician
support are provided.

In addition to the HASP, RWPs are prepared for work in areas with potential radiological hazards. The
RWP extends the Radiological Protection Program to the specific work site or operation. All personnel
assigned to the project and all work site visitors must strictly adhere to the HASP and RWP provisions.

Radiological control requirements are assessed as necessary. These controls identify specific requirements
for activities, such as periodic or continuous radiation monitoring by radiological control technicians.

The ALARA planning process is used to identify contamination control requirements, radiation
monitoring requirements, and other radiation control requirements for individual tasks conducted during
the remedial/removal action.

Measures are implemented to minimize the possibility of releases to the environment. Radiological
worker exposure is monitored using approved occupational radiological protection methods.

6.6 Emergency Response

During construction and operations, emergency response for project activities will be covered by the
project-specific HASP, related health and safety procedures, and work instructions. The HASP, health
and safety procedures, and work instructions contain primary emergency response actions for site
personnel, area alarms, implementation of the emergency action plan, and emergency equipment at each
task site, as well as emergency coordinators, emergency response procedures, and spill containment.

A copy of the HASP will be kept in the construction field office.

6.7 Quality Assurance Program

Overall QA for the RD/RA work plan will be planned and implemented in accordance with the following:
e 10 CFR 830, “Nuclear Safety Management,” Subpart A, “Quality Assurance Requirements”

o EPA/240/B-01/003, EPA Requirements for Quality Assurance Project Plans

2 Worker safety and health standards are not environmental standards by definition; therefore, they are not potential
ARARs. Instead, compliance with applicable safety and health regulations is required external to the CERCLA
ARAR process.
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e EPA/240/R-02/009, Guidance for Quality Assurance Project Plans

e EPA/240/B-05/001, Guidance on Quality Assurance for Environmental Technology Design,
Construction, and Operation

QA activities will use a graded approach based on the potential impact to the environment, safety, health,
reliability, and continuity of operations. QA for implementing the groundwater remedies is discussed in
the applicable SAP and will comply with the following requirements:

¢ DOE/RL-96-68, Hanford Analytical Services Quality Assurance Requirements Document
(HASQARD)

e DOE 0 414.1D, Quality Assurance

The laboratories analyze samples, in accordance with established procedures and the requirements of this
plan and provide data packages containing analytical and QC results. Laboratories provide explanations
of results to support data review and resolve analytical issues. Statements of workflow down quality
requirements consistent with HASQARD. The laboratories are evaluated under the DOE Consolidated
Audit Program — Accreditation Program to DoD/DOE QSM, 2018, Department of Defense (DoD),
Department of Energy (DOE) Consolidated Quality Systems Manual (QSM) for Environmental
Laboratories, requirements, or its successor programs, and must be accredited by Ecology for the
analyses performed.

The SAP supporting the 100-BC RAs contain a QA project plan. This plan establishes the quality
requirements for environmental data collection, including planning, implementation, assessment of
sampling, field measurements, and laboratory analysis, and corrective and quality improvement actions.

6.7.1 Quality Assurance Implementation

All project-related activities will establish and implement appropriate QA requirements. Conditions
adverse to quality will be identified in nonconformance reports, audit reports, surveillance reports, or
corrective action requests. Investigation and corrective actions in response to these adverse conditions
will be completed in a timely manner.

6.7.2 Responsibilities and Authority

The contractor must perform quality engineering, design reviews, and surveillances and audits
(as necessary) to achieve QA objectives. The contractor also must ensure that various contractors and
design agencies establish programs to control design and QA in accordance with applicable requirements.

6.7.3 Document Control

All technical documents (e.g., specifications and drawings) will be controlled in accordance with
approved configuration management internal work requirements and processes. The responsible design
agency within the Remediation Contractor’s organization (Section 3.1) will maintain control of the design
documents through acceptance of the documents.

6.7.4 Quality Assurance Records

Each organization that maintains QA records will be required to control the records in accordance with
applicable contractor QA requirements.

6.7.5 Audits/Assessments

Internal and external audits may be performed by contractor assessments, regulatory, and quality program
organizations to ensure project compliance with the QA program requirements.
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1 6.7.6 Self-Assessments

2  Self-assessments may be conducted by project personnel to determine compliance in accordance with the
3 contractor internal work requirements and processes.
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7 Remedial Action Progress and Completion, Data Evaluation, and Reporting

This chapter describes the approach for completing and documenting waste site and groundwater RA
closeout and includes information on waste site cleanup verification and closeout, and completing
groundwater remediation and demonstrating attainment of cleanup levels in groundwater.

Waste site and groundwater RAQOSs are presented in Chapter 2. Waste site RAOs are achieved through
RTD and ICs. Groundwater RAOs are achieved through MNA and ICs. The RAs will reduce contaminant
concentrations in waste site soil and groundwater while maintaining ICs to control access to soil and
groundwater until cleanup levels are achieved.

7.1 Verification of Waste Site Cleanup

The waste site cleanup verification approach is consistent with the approach used under final action
decisions for waste sites elsewhere in the 100 Area. Appendix B provides guidance for preparing and
reviewing the cleanup verification package (CVP) for the 100-B-34 (western segment) waste site.

The purpose of the CVP is to document that the relevant waste site has been remediated in accordance
with the applicable ROD and that the RAOs under the applicable land-use scenario have been achieved.
Site-specific data evaluations are presented in the CVP to demonstrate that the waste site, following
remediation, does not pose unacceptable risk to human health and the environment under UU/UE
conditions.

Verification activities apply only to remediation of the 100-B-34 (western segment) waste site. No further
data collection or evaluation is required for other 100-BC waste sites, including sites where ICs are used
until radioactive decay reaches levels protective of UU/UE. For those sites, site reclassification will be
based on reaching the year listed in the 100-BC ROD (EPA et al., 2021) (summarized in Table 4-1 of this
RD/RA work plan).

The primary determination of the successful completion of remediation is comparison of residual COC
concentrations in soil against cleanup levels. Site-specific factors such as COC concentrations, the type of
waste site (solid or liquid), and residual site risk calculations are used to verify that remaining
contaminant concentrations are protective of direct exposure, groundwater, and the Columbia River
(Appendix B). A site-specific contaminant distribution model may be necessary to describe site
conditions more accurately and show that contaminant concentrations decrease with soil depth.

The model information may be used to determine if residual COCs in vadose zone soil are protective of
groundwater and the river, or if further vadose zone excavation is required. Results are documented in the
CVP.

Waste site closeout includes verification sample collection, demonstrating RAO attainment, cleanup and
waste site closure documentation, and site release. These methods are summarized in the following
sections.

7.1.1  Verification Sample Collection

Verification samples of the residual soil collected from the waste site excavation floor and sidewalls, any
clean soil stockpiles intended for use as backfill material, and residual soil from associated SPAs will be
collected in accordance with the work instruction sampling and analysis requirements provided in the RD
bid package, where initial excavation limits and guidance for step-out excavation is defined, or other
documented agreements for verification sample collection. The work instruction will also provide
sufficient detail on the sampling and analysis procedures to ensure the verification data meet QA/QC
requirements for project objectives. Results from laboratory analysis of the verification samples will be

7-1



= O © 00 N o O ~ W N -

[
N

PR R R e
©Coo~NOOU AW

N
o

NN NN
AW

WWWWWWNDNDNDNDDN
OB~ WNPEFP OWOWOoNO U

36

37
38
39

40
41

DOE/RL-2021-44, DRAFT A
MARCH 2022

used to demonstrate RAO and cleanup level attainment. Verification samples will only be collected from
the RTD waste site (100-B-34 [western segment]).

7.1.2  Attainment of Remedial Action Objectives
The general approach for verifying RAO attainment involves the following steps:

e Perform data verification and validation

e Calculate summary statistics appropriate to the verification dataset

e Evaluate summary statistics against the appropriate cleanup levels

e If needed, model exposure and risk

o If needed, model future effects to groundwater and the Columbia River

A detailed description of the process for verifying attainment of waste site soil cleanup levels and RAOs
is provided in Appendix B.

7.1.3 CERCLA Cleanup Documentation

After determining RAO attainment, waste site reclassification documentation will be prepared, typically
including a CVP or other closeout documentation. The waste site reclassification documentation
summarizes the RA process, verification sampling results (if applicable), and RAO attainment under the
appropriate land use at a site, and eventual removal of the site from the NPL. Waste site reclassification
documentation will be prepared for the 100-B-34 (western segment) waste site per guidance in
Appendix B. Closeout documentation may be used to support other CERCLA closeout documentation
(e.g., RA reports, construction completion reports, and NPL deletion packages).

7.1.4 Site Release

DOE will continue to manage the 100 Area of the Hanford Site for as long as necessary to support RAs
and other missions. The release of land areas will depend on release of the individual waste sites and
completion of other work in the OU, such as decontamination and decommissioning of facilities and final
cleanup verification under CERCLA.

Where deed notices or other ICs are used in accordance with the 100-BC ROD (EPA et al., 2021), DOE will
not allow activities that would interfere with the RA prior to EPA approval. In addition, DOE will take
necessary measures, such as filing deed notices in appropriate county offices and enforcing such land-use
limitations through contractual mechanisms, to ensure the continuation of these restrictions prior to any
transfer or lease of the property to any private party in accordance with the statutory requirements of
Section 120(h) of CERCLA and the regulatory requirements of 40 CFR 373, “Reporting Hazardous
Substance Activity When Selling or Transferring Federal Real Property.” A copy of any restriction
notification will be given to any prospective purchaser or transferee before any transfer or lease by DOE.

DOE shall provide a copy of the executed deed or transfer assembly to Ecology and EPA. In addition, unless

and until cleanup levels are attained (as defined in the 100-BC ROD [EPA et al., 2021]), evaluation of the
RAs will occur as part of the CERCLA 5-year reviews.

7.2 Groundwater Cleanup

This section describes the strategy that will be used to assess progress toward the attainment of
groundwater RAOs. This discussion includes the methods that will be used to determine when
remediation can end and to demonstrate attainment of cleanup levels in groundwater.

Obijectives for groundwater cleanup are summarized in the RAOs discussed in Chapter 2. Table 2-6
presents cleanup levels for the 100-BC-5 OU COCs. Table 4-1 presents the estimated time for COC
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concentrations to achieve cleanup levels. RAOs will be achieved through MNA for Cr (VI), TCE,
strontium-90, and tritium.

The RA completion approach for MNA is based on general guidance and recommendations within the
general framework for implementation of MNA, as discussed in EPA 600/R-11/204, An Approach for
Evaluating the Progress of Natural Attenuation in Groundwater.

7.21 Strategy for Monitored Natural Attenuation Remedial Action Completion

The strategy for completing site closure is implemented in two phases: remediation monitoring phase and
attainment monitoring phase. The remediation phase of performance monitoring will continue as the COC
concentrations attenuate. New monitoring locations are planned and will be identified in the groundwater
monitoring SAP addendum to this RD/RA work plan. New monitoring wells will undergo performance
and attainment monitoring and associated evaluations as prescribed for the initial network.

General guidance and recommendations, as part of a general framework for the implementation of MNA,
are discussed in EPA 600/R-11/204 and summarized in the following eight steps:

1. Demonstrate that natural attenuation is occurring according to expectations.

2. Detect changes in environmental conditions (e.g., hydrogeologic, geochemical, microbiological, or
other changes) that may reduce the efficacy of any of the natural attenuation processes.

Identify any potentially toxic and/or mobile transformation products.
Verify that the plume(s) is not expanding downgradient, laterally, or vertically.

Verify that no unacceptable impact exists to downgradient receptors.

© o >~ w

Detect new releases of contaminants to the environment that could impact the effectiveness of the
natural attenuation remedy.

7. Demonstrate the efficacy of ICs that were put in place to protect potential receptors.
8. Verify attainment of RAOs.

Steps 1 through 7 of the RA completion for MNA will be performed during the performance monitoring
period. Progress toward achieving RAOs in the 100-BC-5 OU may be evaluated based on multiple lines
of evidence to address each of the MNA framework steps as described in EPA 600/R-11/204. The
principal lines of evidence may include the following:

e Monitoring and characterization to evaluate groundwater quality conditions, and to identify changes
in conditions that may affect natural attenuation rates and COC plume migration

e Groundwater modeling to make projections of future COC plume behavior

o Statistical analysis of the monitoring data and groundwater model projections to assess conformance
with expectations for ultimate attainment of and compliance with RAQOs

Table 7-1 relates the eight steps in EPA 600/R-11/204 to evaluation methods discussed in this chapter.
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Table 7-1. Evaluation of Performance Monitoring Crosswalk to Applicable EPA Guidance

Evaluation Method

EPA 600/R-11/204 Guidance (Section 6.1)

Document presence of MNA indicator
parameters

Plume mapping
Groundwater modeling
Statistical analysis

Step 1: Demonstrate that natural attenuation (e.g., rates) is
occurring according to expectations.

Step 3: Identify any potentially toxic and/or mobile
transformation products (applicable for TCE only).

Step 4: Verify the plume is not expanding (e.g., in size)
downgradient, laterally, or vertically.

Identify geochemical indicators of MNA
efficacy

Water-level mapping and refining CSM

Step 2: Detect changes in environmental conditions that may
reduce the efficacy of any of the natural attenuation processes.

Plume mapping
Monitoring aquifer tubes
Biological studies
Groundwater modeling
Statistical analysis

Step 5: Verify no unacceptable impact to downgradient
receptors.

Plume mapping
Monitoring wells

Step 6: Detect new releases of contaminants to the environment
that could impact effectiveness.

Statistical analysis

Step 8: Verify attainment of the remediation objectives.

Institutional controls

Step 7: Demonstrate the efficacy of institutional controls that
were put in place to protect potential receptors.

Reference: EPA 600/R-11/204, An Approach for Evaluating the Progress of Natural Attenuation in Groundwater.

CSM = conceptual site model
MNA = monitored natural attenuation

When the remediation phase of performance monitoring for a specific COC and its associated well

network indicates that the cleanup level has been met, then the attainment monitoring phase will begin for
that specific COC and well network. Attainment monitoring will occur on a well-by-well basis throughout

the monitoring period.

If the attainment monitoring evaluation shows that the COC has met the cleanup level and will continue
to meet the cleanup level, then that COC and well network may be removed from the overall performance
monitoring program. When all monitoring wells associated with a specific COC have completed the
attainment monitoring phase and successfully demonstrated cleanup level attainment, then the RA for that

COC will be complete.

7.2.2 Monitored Natural Attenuation Performance Monitoring and Evaluation

Evaluating MNA progress toward achieving RAOs is based on a strategy employing multiple lines of
evidence. The principal lines of evidence may include the following:

e Monitoring and characterization to support CSM refinement and to confirm that natural attenuation is
occurring in accordance with expectations

e Monitoring of tritium concentrations to evaluate the need for continued IC to prevent irrigation
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o Groundwater modeling (if necessary) to project future COC plume migration and attenuation

e Statistical analysis of groundwater quality data to assess attenuation rates and cleanup level
attainment

Additional information on these activities is provided in the following sections.

7.2.2.1 Monitoring and Characterization

Monitoring data from existing and new wells will be collected, compiled, reviewed, and evaluated to
provide the basis for the following activities that will be performed as part of the performance monitoring
phase to refine the CSM and evaluate progress toward attainment of cleanup goals:

1. Measure and document presence of MNA indicator parameters (based on general water quality
parameters)3.

2. Prepare concentration versus time charts to assess attenuation rates.

3. Prepare COC plume maps to delineate extent, assess changes in plume size and migration over time,
and identify potential unacceptable impacts to the Columbia River.

4. Plan and implement biological studies to collect data to assess remedy performance and identify
unforeseen effects in benthic receptors in the Columbia River.

5. Measure water levels manually and through automated water level network continuous data, in
existing and newly installed wells to evaluate seasonal river stage variations, to refine the CSM, and
identify changes in horizontal hydraulic gradient magnitude and direction in the aquifer to identify
conditions that may affect plume migration directions and rates.

6. Monitoring aquifer tubes and HSPs to assess COC concentrations at the groundwater — surface water
interface.

7. Evaluate IC efficacy
Details on implementation of these activities are provided in the following sections.

7.2.21.1  Document Presence and Associated Indicators of MNA

The type(s) of natural attenuation processes that are active at the site and the rate at which such processes
reduce COC concentrations to required levelO, will be evaluated during the performance monitoring
phase.

Monitoring of COC concentrations and identified degradation products, per the identified sampling
frequency, will provide necessary information to document these processes and evaluate MNA progress
based on those processes by assessing the COC concentration reduction trends.

Implementation of this activity addresses step 1 of the EPA framework for MNA implementation, as part
of demonstrating that natural attenuation is occurring according to expectations. It also addresses step 3
by identifying potential toxic and mobile transformation products.

3 Natural attenuation processes and transformation products for the 100-BC-5 Groundwater OU COCs were
identified and described in Appendix N of the 100-BC RI/FS Report (DOE/RL-2010-96). Sampling and analysis to
confirm the presence of these processes and/or transformation products will not be performed unless there is a
change in the aquifer's geochemical character as evidenced by significant changes in three or more general water
quality parameters (pH, temperature, specific conductance, and/or dissolved oxygen).
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7.2.21.2  Identify Geochemical Indicators of MNA Efficacy

It is not expected that geochemical conditions will change in the future in the 100-BC-5 Groundwater

OU aquifer, and it is unlikely that changes would alter the geochemical environment toward one that is
less favorable to attenuation. This is because the environment is already fairly oxidizing, and any shift to
more reducing conditions would only favor abiotic/biotic transformation of Cr (V1) to Cr (I11) and TCE to
cis 1,2-dichloroethene. Radioactive decay of strontium-90 and tritium occurs irrespective the aquifer’s
geochemical condition. During the performance monitoring phase, monitoring of the geochemical
environment will include sampling for and evaluating changes in specific conductance, pH, dissolved
oxygen, turbidity, and temperature.

Implementation of this activity addresses step 2 of the EPA framework for MNA implementation.

7.2.21.3  Plume Mapping

COC plume mapping will be performed annually and included in the annual monitoring reports
(Section 7.3). Plume mapping will follow the integrated numerical interpolation procedure implemented
as part of the annual Hanford Site groundwater monitoring report (e.g., DOE/RL-2020-60). For each
COC, the systematic plume mapping approach is based on implementing an integrated procedure of
compiling and aggregating datasets in a comprehensive database, developing input files, and executing
batch processes using the open-source statistical computing/programming language R

(The R Development Core Team, 2018, The R Project for Statistical Computing) to develop piece-wise
continuous contaminant distributions.

The numerically interpolated piece-wise continuous COC distributions allow for estimating contaminant
mass, plume center of mass, and spread of the contaminant across the plume area for each COC plume.
As a result, the area and spread of contamination, as well as the migration of contamination, will be
evaluated over time to monitor potential expansion of the contaminant. Plume mass may be determined,
based on estimates of plume thickness and aquifer porosity. Estimates of area and mass address step 4 of
the EPA framework for MNA implementation.

Evaluation of numerically interpolated COC distributions will assist in assessing uncertainties in plume
spread and attenuation, where applicable. Plume maps will also enhance understanding of potential COC
migration toward the Columbia River and, when considered together with the distinct concentration
measurements at each monitoring location along the shoreline, will assist in determining any unacceptable
affects to the Columbia River, thereby addressing step 5 of the EPA framework for MNA implementation.

Evaluation of monitoring data trends and plume maps would also reveal unexpected increases in COC
contamination, which might indicate new or continuing releases of contaminants, addressing step 6 of the
EPA framework for MNA implementation.

The updated COC plumes may also be used as initial conditions for the 100 Area groundwater model to
validate previous predictions and update projections, if deemed necessary.

7.2.21.4  Refinement of Conceptual Site Model

Data obtained during the installation of new monitoring wells will be evaluated to refine the CSM. The
new well installation data will include vertical contaminant distribution, the elevation of geologic
contacts, aquifer hydraulic conductivity/transmissivity, and water table elevation or hydraulic head.
Vertical distribution of Cr (V1) was investigated during earlier characterization efforts, but there are
regions of uncertainty that will be investigated during installation and monitoring of new wells

The refined CSM will also improve the evaluation of the magnitude and direction of hydraulic gradients
across the 100-BC-5 OU and the resulting flow patterns to determine the potential for changes in
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plume migration. The refined CSM will also be used to update the parameterization of the 100 Area
groundwater model if deemed necessary.

Implementation of this activity also addresses step 2 of the EPA framework for MNA implementation and
detection of any changes in hydrologic conditions that may reduce the efficacy of the natural attenuation
processes.

7.2.21.5 Monitoring Aquifer Tubes and HSPs

A network of aquifer tubes and HSPs will be monitored as described in the 100-BC-5 groundwater
monitoring SAP (DOE/RL-2021-44-ADD1). Concentration data for these monitoring locations will be
used to support plume mapping and to assess Cr (V1) concentrations at the groundwater-surface water
interface, also addressing Step 5 of the EPA framework for MNA implementation. Data from aquifer
tubes and HSPs will not be used to determine attainment of groundwater cleanup levels. However, if
COC concentrations increase in aquifer tubes or HSPs, the monitoring well network will be included in
the annual reevaluation to determine if sufficient coverage exists.

7.2.2.1.6 Institutional Controls

ICs required for contaminated 100-BC-5 groundwater are implemented on a sitewide basis by DOE
through the Sitewide IC Plan (DOE/RL-2001-41). DOE prepares an annual report on the effectiveness of
ICs for the Hanford Site. Information from the annual IC reports will be used to evaluate the I1C efficacy
for the 100-BC-5 OU. Implementation of this activity also addresses step 7 of the EPA framework for
MNA implementation.

7.2.2.2 Groundwater Modeling

Groundwater flow and contaminant transport simulations may be performed for each COC using the

100 Area groundwater model, which is documented in SGW-46279, Conceptual Framework and
Numerical Implementation of 100 Areas Groundwater Flow and Transport Model. The model integrates
site-specific features, events, and processes, including site geology, aquifer heterogeneity, natural
recharge, anthropogenic water discharges, and RAs (such as the pump and treat systems in other 100 Area
groundwater OUs), together with the interaction between the aquifer and the Columbia River, while
considering river bathymetry and time-varying river stage conditions. As data from existing and new
monitoring locations become available, the model will be updated and refined and the updated model
used to simulate future COC plume migration and attenuation.

The 100 Area groundwater model may be used to project the time required to attain RAOs at individual
monitoring locations (consistent with EPA guidance) and throughout the entire 100-BC-5 groundwater
OU. Remediation timeframe projections may also be performed using statistical evaluation methods.
Projections will be systematically updated as new data and information become available to refine the
numerical representation of the CSM. Future projections made using the model will provide one basis for
expectation of the rate of change in contaminant concentrations at individual monitoring locations and
throughout the entire groundwater OU to supplement projections that are based on direct analysis of the
monitoring data. Projections made with 100 Area groundwater model will be reported in terms of a best
estimate, together with one or more measures of uncertainty that accompany the best estimate projection.
Methods that may be used to describe and depict uncertainty in projected cleanup times are described in
the following sections.

Implementation of this activity also addresses steps 1, 4, 5, and 8 of the EPA framework for MNA
implementation.
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7.2.2.2.1 Expectations and Rates of Change

As described in the 100-BC RI/FS Report (DOE/RL-2010-96), the attenuation rates required to achieve
RAOs within the timeframes identified in Table 4-1 are relatively low, which means that the rates of
change in contaminant concentrations due to natural attenuation processes will be small.

7.2.2.2.2 Uncertainty of Projected Cleanup Times

As data become available, the uncertainty in the projected time to achieve RAOs will be depicted using
confidence (prediction) intervals constructed about a best estimate; this will be done for both projections
made using the 100 Area groundwater model and for projections based on direct statistical analysis of the
monitoring data. When making projections based on the monitoring data directly, these intervals will be
computed from the results of regression analysis performed on the monitoring data. When making
projections based on modeling, intervals can be computed using one of the following methods:

o First order/second moment methods that are conceptually similar to the methods used to compute
confidence intervals from sample data (Tonkin et al., 2007, OPR-PPR, a Computer Program for
Assessing Data Importance to Model Predictions Using Linear Statistics; Maskey and Guinot, 2003,
“Improved first-order second moment method for uncertainty estimation in flood forecasting”)

o Monte-Carlo techniques that create multiple realizations each constrained by historical data and
process knowledge (Doherty and Hunt, 2010, Approaches to Highly Parameterized Inversion:
A Guide to Using PEST for Model-Parameter and Predictive-Uncertainty Analysis)

In either case, the best estimate and confidence (prediction) intervals calculated using 100 Area
groundwater model can be compared with those calculated from the sample data obtained from individual
wells.

7.2.2.3 Statistical Analysis

OSWER Directive 9355.0-129 recommends evaluating COC concentration levels on a well-by-well basis
separately for each COC to assess aquifer restoration. As discussed in OSWER Directive 9283.1-44,
Recommended Approach for Evaluating Completion of Groundwater Restoration Remedial Actions at a
Groundwater Monitoring Well, it may be appropriate to conclude that the remediation phase is complete
at a monitoring well based on a nonstatistical or visual analysis of the data. Nonstatistical methods are
appropriate if all results are less than the cleanup level and the quantitation limit is less than the cleanup
level. If these conditions do not apply, COC concentrations will be evaluated on a well-by-well (i.e.,
intrawell) basis using statistical analyses of monitoring data and supporting modeling projections, if
necessary.

The strategy for completing aquifer cleanup is implemented in two phases: performance monitoring while
remediation is under way, and attainment monitoring, once remediation is complete, to demonstrate that
cleanup levels have been achieved. Certain key statistical tests, referred to as fundamental tests, will be
applied during both the performance and attainment monitoring phases to evaluate performance and
determine whether additional actions are required.

Attainment monitoring for each COC at each well will begin once performance monitoring data indicate
that COC concentrations have met the cleanup level. Data obtained during the performance monitoring
phase may also be employed for attainment monitoring statistical tests to assess achievement of cleanup
levels, which is consistent with the recommendations of OSWER Directive 9283.1-44.

Achievement of cleanup levels is a quantitative procedure, which is assessed through the application of
appropriate statistical tests as detailed below. However, assessment of remedy performance and progress
toward attainment of cleanup levels during the performance monitoring phase also requires qualitative
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interpretation of data, such as groundwater flow and contaminant migration rates and directions, and other
factors, in addition to the application of statistical tests detailed in the following sections.

7.2.2.3.1  Performance Monitoring Phase: Fundamental Tests

As recommended in OSWER Directive 9283.1-44, for each combination of COC and monitoring well,

a statistical analysis of the groundwater sample dataset will be performed to evaluate if remediation
progress is consistent with expectations and to initial cleanup level attainment. During the performance
monitoring phase, the fundament test is the trend test. The trend test evaluates the time-dependent sample
concentrations for each COC at each well using parametric or nonparametric methods: if a trend is
identified, then the slope of the trend can be calculated, together with confidence limits around this slope.

During the performance monitoring phase, the mean test will also be used in addition to the trend test.
The mean test is based on calculating the mean concentration for a COC at an individual monitoring well,
as well as calculating the UCL and lower confidence limit (LCL) around the mean to account for
variability around the true mean. Cleanup level attainment during the performance monitoring phase is
determined by calculating the 95% UCL on the mean and comparing the 95% UCL to the cleanup level.

These statistical analyses will be used during the performance monitoring phase to evaluate progress
toward, and attainment of, cleanup levels. The outcomes of the application of these tests provide the basis
for MNA progress evaluations by considering the following:

e If the 95% UCL for a COC at an individual monitoring well is at or below the cleanup level, then the
COC has attained the cleanup level at that well, and the performance monitoring phase is complete
for this COC and well combination. Attainment monitoring can commence.

o If the slope of the trend indicates that the mean and the LCL will fall below the cleanup level sooner
than the estimated timeframe presented in Table 4-1, MNA progress is on target to meet the cleanup
level.

o If the slope of the trend indicates that the mean and the UCL will fall below the cleanup level later
than the estimated timeframe presented in Table 4-1, but the LCL indicates cleanup levels will be met
sooner than the estimated timeframe, then the confidence interval must be narrowed.

o If the slope of the trend indicates that the mean and the LCL will fall below the cleanup level later
than the estimated timeframe presented in Table 4-1, then:

— If the confidence interval is unacceptably large, the confidence interval must be further narrowed.
— If the confidence interval is acceptable, further investigation is required to identify the cause.

Application of these tests during the performance monitoring phase also addresses step 1 of the EPA
framework for MNA implementation, assisting in demonstrating that natural attenuation is occurring
according to expectations. As applied to near-river wells, it also addresses step 5 of the EPA framework
for MNA implementation regarding unacceptable impacts to the Columbia River. Evaluation of
monitoring data for trends may reveal unexpected increases in COC concentrations that may indicate new
or continuing contaminant(s) release that will require further investigation, also addressing step 6 of the
EPA framework for MNA implementation.

7.2.2.3.2  Attainment Monitoring Phase: Fundamental Tests

Similar to the performance monitoring phase, a statistical analysis of the groundwater sample data for
each combination of COC and monitoring well will be performed during the attainment monitoring phase
to evaluate whether the cleanup level has been attained for the particular COC and well combination.

A minimum of eight samples is needed to calculate a UCL; therefore, attainment monitoring will be
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performed until a minimum of eight samples have been collected, which is anticipated to be up to 5 years
for each COC and well combination. The attainment monitoring evaluation may include data used to
evaluate performance monitoring completion, and thus the compliance duration may be less than 5 years.

The 95% UCL on the mean will be determined and used for comparison to the cleanup level.
The fundamental test during the attainment monitoring phase comprises the following:

o If the 95% UCL is at or below the cleanup level,
and

o The time-dependent slope of the trend is zero or statistically significantly negative,
then

e Itis appropriate to conclude that the attainment monitoring phase is complete and the cleanup level is
attained for that COC and well combination.

Evaluation of cleanup level attainment will be performed on a well-by-well basis following the approach
described above. Monitoring wells where it is determined that cleanup levels are attained will be removed
from the monitoring network, unless monitoring is required for some other purpose.

Because the timeframes for each of the COCs to meet the cleanup levels vary from 24 years (TCE) to
114 years (Cr (V1)), the RA for each COC will be completed at different times.

Application of these fundamental tests is the basis for verifying attainment of the remediation objectives,
addressing step 8 of the EPA framework for MNA implementation.

7.2.2.3.3 Methods for Calculating Means and Confidence Levels

Upper and lower confidence limits (i.e., UCLs and LCLs, collectively confidence limits [CLs]) for a
parameter can be calculated from a dataset using a variety of methods, each of which rests upon a set of
assumptions. For example, some methods for calculating CLs are strictly applicable only for certain data
distributions, such as Gaussian (normal) or log-normal, and some methods are not suitable when there are
many nondetect (i.e., censored) values. Critically, methods for calculating CLs of a mean fall into two
broad categories regarding their assumption of data stationarity: the first group assumes that the
underlying process (population) exhibits longitudinal stationarity (i.e., the mean does not vary over time),
whereas the second group enables any trend identified in the data to be accommodated in the CL
calculations.

The assumption of stationarity lies in contradiction to the CSM for most contaminated sites since the
contamination is anthropogenic—resulting from a finite source that on many occasions has been
removed—and, as a result, does not exhibit a background (i.e., stationary) mean but rather does exhibit a
longitudinal trend that is the subject of trend detection and analysis. For these reasons, prior to calculating
CLs, sample data that will be subject to means testing should first be tested for the presence of a trend: if
no trend can be determined, the data can be assessed to determine the statistical distribution to which the
data most closely adhere so that the most suitable method for computing the CLs can be identified. If a
trend is identified, estimates of means and their corresponding CLs should incorporate any (statistically
significant) trend slope as determined using a trend test and slope estimation method.

SGW-58883, Methodology for the Calculation of Concentration Trends, Means, and Confidence Limits
for Performance and Attainment Monitoring, provides a detailed discussion of the methodology to
compute means and confidence levels. The mean statistic and confidence limits should be calculated
based on the regression fit described in that document, since this will incorporate any underlying trend
and the influence of any covariates in the calculations. The period over which the mean and confidence
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limits are calculated will generally depend upon the frequency of data collection, any periodicity and
variations in the sample data and any covariates, and any intended uses of the data.

The 95% UCL can also be calculated with ProUCL, Version 5.1.00 (EPA/600/R-07/041, ProUCL
Version 5.0.00 Technical Guide: Statistical Software for Environmental Applications for Data Sets with
and without Nondetect Observations),# to be used for comparison to cleanup levels. Updated versions of
ProUCL will be used as they become available. ProUCL calculates an accurate 95% UCL considering
data distribution, dataset size, skewness of the data, and percentage of nondetects.

In some cases, ProUCL will suggest more than one UCL. Confidence levels on the mean value for a
sample dataset can be calculated using a wide variety of statistical methods, each of which relies on a set
of assumptions. For example, some methods for calculating confidence levels are strictly applicable only
for certain sample data distributions, such as Gaussian (normal), or lognormal. Some confidence levels
estimate methods are not suitable when there are many nondetects (i.e., “censored”) data. If multiple
UCLs are suggested by ProUCL, the sample data distribution may be tested and the most suitable of the
suggested UCLs will be used in accordance with a sample data distribution.

The UCL suggested by ProUCL may correspond to a higher percentile UCL (e.g., 97.5% or 99% UCL),
depending on the method selected for calculating the UCL and considering the sample size and its
standard deviation. In these cases, the higher percentile UCL suggested by ProUCL will be used for
comparison with the cleanup level.

7.2.2.3.4  Methods for Trend Testing and Slope Estimation

Nonparametric methods are often used to detect the presence of a trend and to quantify the slope of the
trend when deviations between data and the trend do not permit a succinct characterization, such as when
measurements are reported as nondetects. These methods include the Mann-Kendall (standard or
seasonal) trend test, which identifies the presence of a trend but does not quantify the slope, and the
Theil-Sen trend estimator (standard or seasonal), which estimates the slope value. These tests are typically
conducted on the (natural) logarithm of the concentration value, rather than the native concentration
value, consistent with EPA guidance recommendations. These nonparametric trend test and slope
estimation methods are strictly applicable in the case of a consistent monotonic trend in either the entire
dataset or within seasonal subsets that can be separated and analyzed.

In some instances, trends may not be monotonic in either the entire dataset or within seasonal subsets.
This occurs when changes in concentration are related to other factors, such as the impact of active
remediation or changes in groundwater levels. In such cases, the influence of these other factors may be
incorporated in the trend analysis procedure by presenting them as an independent variable (or
‘covariate’) and using multiple linear regression. Doing so enables influencing factors to be used as
covariates both in the detection of a trend and estimation of the slope, and additionally in the calculation
of a sample statistic representing the mean concentration over a defined period. The most straightforward
and commonly applied of these procedures is ordinary least squares (OLS).

However, some of the assumptions that underlie OLS are stringent and can limit the application of the
method. Multiple regression methods based upon OLS cannot be directly applied to censored data (such
as nondetects) in a manner that achieves consistent results. However, there are parametric regression
techniques related to linear least-squares regression that can accommodate a high proportion of censored
data (nondetects). As discussed in detail in SGW-58883, a particular example is the Tobit family of
regression models, which is a special case of a censored regression model that assumes a normally

4 The most recent version (5.1.00) of ProUCL may be downloaded at: https://www.epa.gov/land-research/proucl-
software.
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distributed error (residual) but can accommodate low-end or high-end tailing (censoring). Because of its
similarity to the OLS regression method, ability to incorporate covariates in the estimation process, and
desirable properties in the presence of censored (i.e., nondetect) sample values—each of which are
important qualities for the determination of trends and CLs at the Hanford Site—the Tobit family of
censored (parametric) regression models is suitable for application at the Hanford Site.

Historical sample data indicate that several COCs exhibit variability that results from changes in
groundwater levels in response to Columbia River stage changes. This can be incorporated explicitly
using the Tobit model, so that estimates of the trend slope and its associated confidence limits can
explicitly incorporate the effect of the river stage. Similarly, river stage effects can be incorporated when
it is desired to calculate the likely time to cleanup with associated CLs, or to estimate the likely
concentration at key future times with associated prediction limits.

The interpretation of a Tobit model is similar to the interpretation of an OLS fit. Indeed, its fitted
coefficients are the maximum likelihood estimates of the parameters . The Tobit model assumes that the
observed dependent variable is produced via a linear model of the form Y = XJ + €; however, the
measured values Y may be censored at levels that are independent of their actual values. Like OLS, the
Tobit model performs well in the case of homoskedastic normal errors, but its performance can diminish
in the presence of heteroskedasticity or non-normality of errors. Also, much like OLS, the robustness of
the Tobit model fit can be further improved in the presence of extreme outlying or even erroneous data by
using outlier-resistant techniques, such as iteratively reweighted schemes.

Under any circumstance, arbitrary application of a single trend detection and slope estimation technique
or regression equation for every COC/well combination may result in the calculation of misleading trends
and slopes. Data that are significantly influenced by fluctuations in other factors such as river stage may
appear to be highly uncertain when those fluctuations are not accounted for, because the variability due to
those fluctuations is by default treated as random. Further, when data are collected systematically over
time such as during low river stage, they can exhibit systematic bias that may or may not be intentional.
Therefore, the dependency of COC concentrations on other factors such as river-stage variation or other
hydrological factors should be evaluated to determine the most suitable method for trend and slope
estimation for each COC and well combination. Furthermore, there are cases when a statistically
significant rate of attenuation can be calculated based on short-term data, but rates calculated based on
longer term datasets may not be statistically significant. The converse can also occur, where long-term
data exhibit a trend, but more recent data do not. This phenomenon can be indicative of tailing, as
described earlier. It is therefore important to determine the appropriate dataset to perform any statistical
analysis to calculate meaningful attenuation rates and evaluate the efficacy of the natural attenuation
processes. For that reason, pre-/post-source-removal trends should be analyzed to discern the right period
of the historical record to conduct both trend tests and means tests.

Regarding the selection of the number of samples required to estimate the slope as presented in

OSWER Directive 9200.4-17P, Use of Monitored Natural Attenuation at Superfund, RCRA Corrective
Action, and Underground Storage Tank Sites, the first line of evidence regarding the use of MNA
requires that regression analysis provides rate constants for attenuation that provide a precise definition of
a “clear and meaningful trend of decreasing contaminant concentration over time.” Specifically, a “clear
and meaningful trend” is defined as the first order rate constant for attenuation over time that is greater
than zero at some predetermined level of confidence (Wilson, 2008, “Extracting rate constants for MNA
from long-term monitoring data”). Although 8 samples is an efficient criterion for a minimal dataset to
evaluate natural attenuation, Wilson concluded that in examples that he presented, 8 sample dates would
have failed to detect successful attenuation at 6 of 14 sites. Therefore, it may be necessary to gather more
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data to be able to identify statistically significant attenuation clearly, as short datasets can potentially lead
to inaccurate projections of the true trend.

Finally, there are cases when a statistically significant rate of attenuation can be calculated based on
short-term data, but rates calculated based on longer term datasets may not be statistically significant. It is
therefore important to determine the appropriate dataset to perform any statistical analysis to calculate
meaningful attenuation rates and evaluate the efficacy of the natural attenuation processes. For that
reason, pre-/post-source-removal trends will be analyzed to discern the right starting point in time to
conduct the statistical analysis for the fundamental tests.

7.2.2.4 Indicators of Unacceptable Performance

Evaluation of the performance monitoring results will consider criteria that will indicate unacceptable
performance of the remedy and that may trigger response actions. General conditions to be considered
during data reviews and performance evaluations are discussed in OSWER Directive 9200.4-17P:

o Contaminant concentrations in groundwater at specified locations exhibit an increasing trend not
originally predicted during remedy selection.

e Wells exhibit large concentration increases indicative of a new or renewed release.

e Contaminants are identified in monitoring wells located outside of the original plume boundary.

o Contaminant concentrations are not decreasing at a sufficiently rapid rate to meet the cleanup level.

e Changes in land and/or groundwater use will adversely affect the protectiveness of the MNA remedy.

As detailed in Section 7.3, it is expected that some performance evaluations, particularly in the early years
of monitoring that will include data from new monitoring wells, may indicate variable attenuation rates
and plume extents. Some of this variation may be attributable to sampling variability and seasonal
fluctuation. However, this will be expected to diminish as the number of measurements increases. If
evaluation of the sampling results indicates that any of the conditions persist over multiple review cycles,
and are not attributable to other factors, then DOE and EPA will evaluate the protectiveness of the remedy
and, if the remedy is deemed not protective, determine a path forward.

7.2.2.5 Monitoring Optimization

The monitoring well network and sampling frequency will be optimized over time, as more data become
available and conclusions from data evaluations are drawn. Analyses during the early stages of the
remediation monitoring phase will focus on obtaining sufficient data to estimate trends within acceptable
confidence intervals. Once sufficient data are available, attainment of the cleanup goals will be assessed
over time.

The number of monitoring wells in the performance or attainment monitoring network will decrease over
time as the plumes attenuate and individual wells attain the cleanup level for each COC. However,
additional monitoring wells may be added to the monitoring network to track plumes that migrate off the
initial network as they attenuate. Even after cleanup level attainment, monitoring well sampling may
continue at reduced frequency for other purposes, such as preparing plume maps and supporting
performance monitoring reports.

7.2.2.6 Remedial Action Completion

Completion of the 100-BC-5 OU remedy will be demonstrated by attainment of the groundwater cleanup
levels for each COC. During the performance monitoring phase, plume migration and concentration
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changes over time for each COC and well combination are evaluated. The time-dependent slope for the
COC concentration at each well is determined to assess progress towards cleanup level attainment relative
to expectations. Cleanup level attainment is determined by calculating the 95% UCL on the mean and
comparing the value to the cleanup level. Upon completion of the performance monitoring phase,
attainment monitoring for that COC and well will commence.

Attainment monitoring results are evaluated on a well-by-well basis to verify cleanup level attainment.
Evaluation consists of calculating the 95% UCL on the mean and determining the COC concentration
trend slope. If the 95% UCL is at or below the cleanup level and the COC trend slope is zero or negative,
then the specific COC and well combination is considered to have met the cleanup level. No further
monitoring is required for the COC and well combination, although additional sampling may be
performed to support other purposes such as plume mapping. When attainment monitoring and
subsequent data evaluation are successfully completed at all wells monitored for a given COC, then the
RA for that COC plume will be complete and no further monitoring for that COC is required.

Additional wells may be added to the monitoring network as COC plumes migrate. Over time, as
groundwater COCs attenuate and evaluation of well data demonstrates attainment, the number of wells
within the monitoring network will decrease until all wells have attained cleanup levels and RA is
complete. The evaluation of cleanup level attainment on a well-by-well basis and eventual RA completion
for each COC will be documented in the CERCLA 5-year review, and in the final RA report. Any wells
where COC attainment is achieved will be listed in a table in the applicable 5-year review or monitoring
report with EPA concurrence on the report serving to document agreement that attainment was reached.
EPA approval of termination of monitoring or other changes in monitoring will be documented by change
notices or revisions to the 100-BC-5 SAP (DOE/RL-2021-44-ADD1), with EPA approval.

Depending on timing, a progress evaluation may be performed separately from the CERCLA 5-year
review, or final RA report if a given COC and well has met the cleanup level and is ready to enter the
attainment monitoring phase. In this case, the evaluation will be included in the subsequent report.

If attainment monitoring results for a given COC do not demonstrate that the cleanup level has been
attained, then DOE and EPA will evaluate the results and determine the path forward.

The 100-BC-5 RA will be complete when all COC and well combinations have successfully completed
the attainment monitoring phase and demonstrated cleanup level attainment as described. The
groundwater plumes are projected to attain the cleanup levels at timeframes varying from 24 to 114 years,
with Cr (V1) requiring the longest timeframe. Therefore, performance monitoring for strontium-90,
tritium, and TCE will be completed with cleanup level attainment documented in the CERCLA 5-year
review, and monitoring reports prior to the Cr (V1) attainment. When the well-by-well evaluation for the
Cr (VI) plume demonstrates attainment of the cleanup level, a final RA report for the 100-BC-5 OU wiill
be prepared, as described in Section 7.4.

7.3 Remedy Progress Reporting

The annual groundwater monitoring report will be the primary vehicle for reporting the performance
monitoring results and evaluating overall MNA effectiveness in the 100-BC-5 Groundwater OU. Annual
reporting of MNA performance is anticipated to continue through completion of the attainment
monitoring program. A description of the data use and reporting is provided in Section 4.2. The annual
groundwater monitoring report compiles and evaluates data based on the calendar year with a final report
target submittal date to EPA of September in the following year.
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Abbreviated general information summaries are communicated to project management staff and
regulatory agency personnel through the Unit Manager’s Meetings. Relative to the 100-BC-5 OU,

these summaries include descriptions of sampling planned and completed, changes in sampling locations
or schedule due to access considerations or other, and document review and comment adjudication status.

7.4 Final 100-BC Closeout Report

Once DOE, in consultation with EPA, has determined that RAOs and final cleanup levels have been met, a
final closeout report will be prepared. Table 7-2 provides the recommended outline and contents for a final
closeout report (OSWER Directive 9320.2-22, Close Out Procedures for National Priorities List Sites),
which identifies site completion as the end of all response actions. The site completion designation generally
means that the response actions at the site were completed and it is anticipated that no further response is
necessary to protect human health and the environment.

Table 7-2. Recommended Outline for Final Closeout Report

Section

Contents

Introduction

General statement indicating all response actions have been successfully completed.

Summary of Site
Conditions

Background summary of site location, site description, and National Priorities List
listing information.

Summary of any removal action activities at the site.
Summary of remedies selected and RAOs from decision documents.

Dates of remedial action implementation and completion, methods used to
implement, report summaries.

Details of institutional controls.
Final inspection activities.

Monitoring Results

Attainment monitoring groundwater sampling results demonstrating attainment of
cleanup levels.

IV. Attainment of Summary of monitoring data and an analysis to indicate cleanup levels specified in
Groundwater Restoration | the ROD have been achieved.
Cleanup Levels Actual monitoring data and analysis reports.
V. Summary of Operation Description of ongoing monitoring activities for all media and engineering controls
and Maintenance Required | if waste is left onsite.
Description of all enforcement and maintenance activities for institutional controls.
VI. Demonstration of Cleanup | Document construction QA/QC plan that was implemented.
Activity QA/QC Document that the operations and maintenance QA/QC plan was implemented.
Document that the sampling and analysis protocol was followed.
VII. Five-Year Review Statement explaining whether a 5-year review is appropriate, and if so, the type of

review (statutory or policy) and the schedule for the review.

Summary of the last 5-year review completed (protectiveness determination, any
identified issues, and recommendations).

Description of any issues raised in the last 5-year review and activities taken to
address issues and implement recommendations.
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Table 7-2. Recommended Outline for Final Closeout Report

Section Contents

VIII. Site Completion Criteria Statement that the implemented remedy achieves the degree of cleanup or protection
specified in the ROD for all pathways and exposure.

Statement that all selected remedial and removal actions RAOs are consistent with
agency policy and guidance.

Statement that no further response is needed to protect human health and the
environment.

IX. Bibliography Complete citation of relevant reports.
QA = quality assurance RAO = remedial action objective
QC = quality control ROD = record of decision

7.5 Decommissioning of Monitoring Wells, Aquifer Tubes, and Hyporheic
Sampling Points

Following completion of the attainment monitoring program, an evaluation will be conducted to
determine if a monitoring well or group of monitoring wells should remain active or be shifted to an
inactive status. Monitoring wells no longer needed for performance or attainment monitoring may still be
useful for water level measurements or to serve as sentry wells for other COC plumes where performance
monitoring or attainment monitoring is ongoing. Monitoring wells, aquifer tubes, and HSPs placed in an
inactive mode will be evaluated for plugging and abandonment eligibility in accordance with
DOE/RL-2005-70, Rev. 4, and will be plugged and abandoned in accordance with WAC 173-160-381,
“What Are the Standards for Decommissioning a Well?”. All plugging and abandonment will be
performed by a Washington licensed drilling contractor.

Following completion of plugging and abandonment activities at a monitoring well location, the area will
be graded and revegetated, as necessary, to return it to its pre-operational condition. Waste materials
generated as part of decontamination and decommissioning activities will be managed and disposed as
addressed in Section 6.3.
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8 Cost and Schedule

This chapter presents general RA cost and schedule information associated with implementation of the
100-BC soil, groundwater, and biological studies remedy components.

8.1

A cost estimate for the selected remedy described in the 100-BC ROD (EPA et al., 2021) was

prepared and presented in the 100-BC RI/FS report (DOE/RL-2010-96) and documented in
ECE-100BC111-00007, Environmental Cost Estimate for 100-BC-1, 100-BC-2, and 100-BC-5 RI/FS,
included as Appendix K to the 100-BC RI/FS Report. The base year for the cost estimate was 2016 and
the 2016 costs are cited in the 100-BC ROD. Per CERCLA RI/FS guidance (EPA 540-R-00-002, A Guide
to Developing and Documenting Cost Estimates During the Feasibility Study), the FS cost estimate has an
accuracy of -30% to +50%. For this RD/RA work plan, the FS cost estimate for the selected remedy was
updated to a base year of 2021 as shown in Table 8-1. A cost estimate for the biological studies
component was not included in the 100-BC RI/FS Report or 100-BC ROD.

Cost Summary

Based on the previous 100-BC RI/FS cost estimate and preparation of a rough-order-of magnitude cost
for the biological studies component the updated year 2021 cost estimate for the 100-BC remedy
components is as follows:

e Soil (RTD and ICs): $10 million
e Groundwater (MNA and ICs): $16 million
e Biological studies: $1.8 million

Resulting in a total estimated cost of $27.8 million with a -30/+50% range of $19.5 to $41.7 million.

As more detailed design information is developed in the 100-BC RD/RA work plan groundwater and
biological studies SAP addenda, the FS cost estimates will be tracked. In accordance with CERCLA
requirements, an ESD will be pursued by the Tri-Parties if remediation costs change significantly from
those identified in the 100-BC ROD (EPA et al., 2021).

Table 8-1. 100-BC Selected Remedy Component Cost Estimate

Year 2016 Cost Estimate Year 2021 Cost Estimate*
Annual Periodic Annual Periodic
Remedy Component Capital 0&M 0&M Capital 0o&M 0&M
Soil/Waste Sites
RTD - 100-B-34 $2,200,000 $0 $0 $2,600,000 $0 $0
(western segment)
Shallow Excavation $0 $78,000 $0 $0 $89,000 $0
Restriction IC
(116-B-5)
Deep Excavation $0 $11,000,000 $0 $0 $13,000,000 $0
Restriction IC
(23 waste sites)
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Year 2016 Cost Estimate

Year 2021 Cost Estimate*

Annual Periodic Annual Periodic
Remedy Component Capital 0o&M 0o&M Capital 0&M O&M
Shallow/Deep $0 $880,000 $0 $0 $1,000,000 $0
Excavation Restriction
IC (100-B-34 (eastern
segment), 116-B-6A/
116-B-16, 118-B-8:4
Shallow/Deep $0 $270,000 $0 $0 $311,000 $0
Excavation Restriction/
Irrigation Prohibition 1C
(118-B-1)
Deep Excavation $0 $370,000 $0 $0 $425,000 $0
Restriction/Irrigation
Prohibition IC
(116-C-1)
Subtotal Soil $9,000,000 $10,000,000
Groundwater
MNA and ICs $1,500,000 | $3,100,000 | $19,000,000 | $1,600,000 | $3,600,000 | $22,000,000
Subtotal Groundwater $14,000,000 $16,000,000
Biological Studies
Biological Studies Not estimated $1,800,000
Total $23,000,000 $27,800,000

*Remedy component estimates are presented as nondiscounted costs, and subtotal and total costs are presented as present
value for the listed year. The 2016 cost estimates were updated by applying cost escalation factors of 3% for 2017, 3.2% for
2018, 3% for 2019, 1% for 2020 and 4% for 2021 per Engineering News Record annual average construction cost index.

IC =
MNA =
o&M =
RTD =

institutional control
monitored natural attenuation
operations and maintenance

removal, treatment (as required), and disposal

8.2 Schedule

A schedule for implementation of 100-BC remedies is provided in this section. Table 8-2 presents key
target dates for completion of RA scope. This schedule will be periodically updated as additional
information is developed and schedule milestones are identified.
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Table 8-2. 100-BC RA Summary Schedule

Lt Completg):lt;li":::'feeltlto; ;A;;ticipated
Sitewide Institutional Control Plan Revision Second quarter fiscal year 2022
Biological Studies Sampling and Analysis Plan, Draft A Fiscal year 2023
Waste Site Remove, Treat, and Dispose Fiscal year 2026
Cr (VI) — Monitored Natural Attenuation Completion 2130
TCE — Monitored Natural Attenuation Completion 2040
Strontium-90— Monitored Natural Attenuation Completion 2090

The 100-B-34 (western segment) waste site RTD component must be completed by fiscal year 2026 and
is contingent on the fire-suppression water line replacement schedule, which has not been identified. The
RD package can be prepared, but RA implementation is not expected to occur until fire-suppression water
line construction activities are complete or are under way.

Implementation of the 100-BC-5 OU MNA performance monitoring program will begin following EPA
approval of this RD/RA work plan. Installation of the new monitoring wells is anticipated to begin within
3 years of EPA approval of this RD/RA work plan.

The duration of the MNA performance monitoring period is based on the model estimated timeframe for
each COC to achieve its cleanup level as summarized in Table 4-1. The estimated attenuation timeframes
were initially determined in 2016, and Cr (V1) duration updated in 2021. The following timeframes are
estimated for each groundwater COC:

e Cr(Vl
e TCE
e Strontium-90

114 years (year 2130)
24 years (year 2040)
74 years (year 2090)

A timeframe for tritium was not estimated because tritium concentrations in the 100-BC-5 Groundwater
OU currently do not exceed the cleanup level. However, groundwater monitoring will be performed at
selected wells through year 2050 to confirm the absence/presence of tritium leaching from deep vadose
zone soil at the 118-B-1 waste site.

Following achievement of a COC groundwater cleanup level(s) at each monitoring well, attainment
monitoring will be performed to confirm that the cleanup level is maintained. The attainment monitoring
period is not included in the groundwater RA timeframe estimates.
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Table A-1. Federal and Washington State ARARs for the Selected Remedies

Regulatory Citation

Description of Regulatory Requirement

Rationale for Including

Application

Groundwater

Safe Drinking Water Act of 1974 (Public Law 93-523, as amended; 42 USC 300f, et seq.);
40 CFR 141, “National Primary Drinking Water Regulations”

40 CFR 141.66, “Maximum
Contaminant Levels for
Radionuclides”

Establishes MCLs for drinking water. The
standards are designed to protect human
health from the adverse effects of
radionuclides in the drinking water.

These levels regulate the concentrations of
contaminants in public drinking water supplies
and are considered relevant and appropriate for
groundwater and for surface water used
potentially for drinking water. Although
100-BC-5 groundwater is not currently used for
drinking water, it is a potential drinking water
source and discharges into the Columbia River,
which is used for drinking water.

100-BC-5 for tritium and Sr-90. To be met
through remediation by MNA.

RCW 70.105D, “Hazardous Waste Cleanup—Model Toxics Control Act,” as amend

WAC 173-340, “Model Toxics Control Act—Cleanup”

ed;

WAC 173-340-720(2),
“Groundwater Cleanup
Standards,” “Potable

Groundwater Defined”

WAC 173-340-
720(4)(b)(i-iii)(A)&(B),
“Method B Cleanup Levels
for Potable Ground Water”

WAC 173-340-720(7),
“Adjustments to Cleanup
Levels”

WAC 173-340-720(8)(b),
“Points of Compliance”

WAC 173-340-720(9)(b-f)
“Compliance Monitoring”

Groundwater shall be classified as potable.
These groundwater cleanup requirements
are ARARs where they are more stringent
than federal MCL ARARSs. The standard
points of compliance are established
throughout 100-BC-5. Sampling of the
groundwater shall be conducted to
determine if compliance with the
groundwater cleanup levels has been
achieved.

These levels regulate the concentrations of
contaminants in groundwater. Although 100-BC-5
groundwater is not currently used for drinking
water, it is a potential drinking water source and
discharges into the Columbia River.

100-BC-5 for Cr(VI) and TCE. The
groundwater cleanup levels for chemicals
are calculated using WAC 173-340-
720(4)(b) and WAC 173-340-720(7). |

The remedy will comply with the standards
using MNA with the 100-BC-5 standard
points of compliance being throughout the
100-BC-5 aquifer.
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Table A-1. Federal and Washington State ARARs for the Selected Remedies

Regulatory Citation

Description of Regulatory Requirement

Rationale for Including

Application

RCW 18.104, “Water Well Construction,” as amended;

WAC 173-160, “Minimum Standards for Construction and Maintenance of Wells”

WAC 173-160-161, “How
Shall Each Water Well Be
Planned and Constructed?”

Identifies well planning and construction
requirements. Water wells must not be a
conduit for contamination and must be
constructed to yield the necessary quantity
of water.

Wells are used for groundwater monitoring.

100-BC-5. The selected remedy will
comply by constructing water wells that
meet these standards.

WAC 173-160-181, “What
Avre the Requirements for
Preserving the Natural
Barriers to Ground Water
Movement Between
Aquifers?”

Identifies the requirements for preserving
natural barriers to groundwater movement
between aquifers.

Wells are used for groundwater monitoring.

100-BC-5. The selected remedy will
comply by constructing water wells that
meet these standards.

WAC 173-160-400, “What
Are the Minimum Standards
for Resource Protection Wells
and Geotechnical Soil
Borings?”

Identifies the minimum standards for
resource protection wells and geotechnical
soil borings.

Wells are used for groundwater monitoring.

100-BC-5. The selected remedy will
comply by constructing water wells that
meet these standards.

WAC 173-160-420, “What
Are the General Construction
Requirements for Resource
Protection Wells?”

Identifies the general construction
requirements for resource protection wells.

Wells are used for groundwater monitoring.

100-BC-5. The selected remedy will
comply by constructing water wells that
meet these standards.

WAC 173-160-430, “What
Are the Minimum Casing
Standards?”

Identifies the minimum casing standards.

Wells are used for groundwater monitoring.

100-BC-5. The selected remedy will
comply by constructing water wells that
meet these standards.

WAC 173-160-440, “What
Avre the Equipment Cleaning
Standards?”

Identifies the equipment cleaning
standards for construction and
maintenance of wells.

Wells are used for groundwater monitoring.

100-BC-5. The selected remedy will
comply by constructing wells that meet
these standards.

WAC 173-160-450, “What
Are the Well Sealing
Requirements?”

Identifies the well sealing requirements for
resource protection wells.

Wells are used for groundwater monitoring.

100-BC-5. The selected remedy will
comply by constructing wells that meet
these standards.

WAC 173-160-460, “What Is
the Decommissioning Process
for Resource Protection
Wells?”

Identifies the decommissioning process for
resource protection wells.

Wells are used for groundwater monitoring.

100-BC-5. The selected remedy will
comply by decommissioning wells and
borings to meet these standards.
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Table A-1. Federal and Washington State ARARs for the Selected Remedies

Regulatory Citation

Description of Regulatory Requirement

Rationale for Including

Application

Surface Water

RCW 90.48, “Water Pollution Control,” as amended;
WAC 173-201A, “Water Quality Standards for Surface Waters of the State of Washington”

WAC 173-201A-240(5),
“Toxic Substances”

Establishes chemical water quality
standards for surface waters of the State of
Washington for protection of aquatic life.

Groundwater in 100-BC-5 contains contaminants
that require remediation and discharges into the
Columbia River.

100-BC-5 for Cr (V1). The selected remedy
will comply through MNA.

Soil and Vadose Zone

RCW 70.105D, “Hazardous Waste Cleanup—Model Toxics Control Act,” as amended;
WAC 173-340, “Model Toxics Control Act—Cleanup”

WAC 173-340-740(3),

“Unrestricted Land Use Soil
Cleanup Standards”

WAC 173-340-740(5),
“Unrestricted Land Use Soil
Cleanup Standards,
Adjustments to Cleanup
Levels”

WAC 173-340-740(6),
“Unrestricted Land Use Soil
Cleanup Standards, Point of
Compliance”

WAC 173-340-740(7)(a)-(b),
“Unrestricted Land Use Soil
Cleanup Standards,
Compliance Monitoring”

Requires that soil cleanup levels result in
no significant adverse effects on terrestrial
ecological receptors.

Requires human health protection from
both groundwater contaminated due to
leaching and direct soil contact.

Total excess cancer risk may not exceed
1x10% or a noncancer hazard index of 1
for chemical contaminants.

Soil points of compliance for groundwater
protection are throughout the site and for
human health via direct contact from the
ground surface to 4.6 m (15 ft) below
ground surface.

Soil cleanup levels apply to the less than
2 mm size fraction of dry samples, and
also larger size fractions if it is reasonable
to expect that larger soil particles could be
reduced to 2 mm or less during current or
future site use and the reduction could
cause an increase in the concentrations of
hazardous substances in the soil.

Soil in 100-BC-1 contains contaminants that
require remediation to meet Method B soil
cleanup levels calculated based on an unrestricted
land use.

100-BC-1 for Cr (VI). The selected remedy
will comply through RTD of contaminants
that exceed the standards. Table 5 includes
soil cleanup levels to protect direct
exposure that meet the risk and hazard
requirements. Table 6 includes soil cleanup
levels for the protection of groundwater and
surface water due to leaching from soil
contamination.
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Table A-1. Federal and Washington State ARARs for the Selected Remedies

Regulatory Citation

Description of Regulatory Requirement

Rationale for Including

Application

WAC 173-340-747(3)
through (8), “Deriving Soil
Concentrations for
Groundwater Protection”

Establishes soil concentrations that will
not cause contamination of groundwater at
levels that exceed the groundwater
cleanup levels established under

WAC 173-340-720.

Soil in 100-BC-1 contains contaminants that
require remediation to ensure protection of
groundwater. Although 100-BC-5 groundwater is
not currently used for drinking water, it is a
potential drinking water source. Groundwater
discharges into the Columbia River, which is used
for drinking water.

100-BC-1 OU for Cr (VI). The selected
remedy will comply through RTD of
contaminants that exceed the standards.
Table 6 includes soil cleanup levels to
protect groundwater and surface water due
to leaching from soil contamination.

Air

RCW?70.94, “Washington Clean Air Act,” as amended;
WAC 173-400, “General Regulations for Air Pollution Sources”

WAC 173-400-040, “General
Standards for Maximum
Emissions”

All sources and emission units are
required to meet the general emission
standards unless a specific source standard
is available. General standards apply to
visible emissions, fallout, fugitive
emissions, odors, emissions detrimental to
persons and property, sulfur dioxide,
concealment and masking, and fugitive
dust.

Soil remedial action at 100-BC-1 and 100-BC-2
OUs provides the potential for emissions subject
to these standards because selected remedial
action could result in emissions of regulated air
pollutants.

100-BC-1 and 100-BC-2 OUs. Remedial
actions that have the potential to release air
emissions will meet standards.

WAC 173-400-075,
“Emission Standards for
Sources Emitting Hazardous
Air Pollutants”

Establishes emission standards for
hazardous air pollutants. Adopts, by
reference, “National Emission Standards
for Hazardous Air Pollutants” (NESHAP
[40 CFR 61]) and appendices.

100-BC-1 and 100-BC-2 OUs contain hazardous
pollutants that could become airborne.

100-BC-1 and 100-BC-2. Remedial actions
will be designed and performed in
compliance with the standards.

70.94 RCW, “Washington Clean Air Act,” as amended;
WAC 173-460, “Controls for New Sources of Toxic Air Pollutants”

WAC 173-460-060, “Control
Technology Requirements”

WAC 173-460-150, “Table of
ASIL, SQER and de Minimis
Emission Values

Shall not establish, operate, or cause to be
established or operated any new or
modified toxic air pollutant source which
is likely to increase TAP emissions
without installing and operating BACT.
Non-process fugitive emissions activities
are exempt for the requirement to apply
BACT. Requires compliance with the
limits for air pollutants including
carcinogens and noncarcinogens listed in
WAC 173-460-150.

Hazardous contaminants detected in soil and/or
groundwater include constituents that would
constitute toxic air pollutants if released to the air.

100-BC-1, 100-BC-2, and 100-BC-5.
Remediation activities with the potential to
emit toxic air emissions identified in this
standard will comply.
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Regulatory Citation

Description of Regulatory Requirement

Rationale for Including

Application

70.94 RCW, “Washington Clean Air Act,” as amended;
WAC 173-480, “Ambient Air Quality Standards and Emission Limits for Radionuclides”

WAC 173-480-040, “Ambient
Standard”

Requires that emissions of radionuclides
in the air shall not cause a maximum
effective dose equivalent of more than
10 mrem/yr to the whole body to any
member of the public.

Per “Applicability” (WAC 173-480-020),
the ambient standard applies to the entire
state.

Measurements may be made at all points
up to property lines of point, area, and
fugitive emission sources.

Hazardous contaminants detected in soil and
groundwater at 100-BC OUs include
radionuclides that could be emitted to ambient air
during remedial actions.

100-BC-1, 100-BC-2, and 100-BC-5 for
radionuclides. Remediation activities (e.g.,
well drilling) that have the potential to emit
radionuclides above maximum acceptable
levels will be controlled to meet standards.

WAC 173-480-050, “General
Standards for Maximum
Permissible Emissions”

At a minimum, all emission units shall
make every reasonable effort to maintain
radioactive materials in effluents to
unrestricted areas ALARA; control
equipment at sites operating under
ALARA shall be defined as reasonably
available control technology and as low as
reasonably achievable control technology.

The potential for fugitive and diffuse emissions
because of excavation and related activities will
require efforts to minimize those emissions.

100-BC-1, 100-BC-2, and 100-BC-5 for
radionuclides. Remediation activities (e.g.,
well drilling) that have the potential to emit
radionuclides above maximum acceptable
levels will be controlled to meet standards.

WAC 173-480-070(2),
“Emission Monitoring and
Compliance Procedures”

Compliance is determined by calculating
the dose to members of the public at the
point of maximum annual air
concentration in an unrestricted area
where any member of the public may be
located.

Hazardous contaminants detected in 100-BC-5
include radionuclides that could be emitted to
unrestricted areas during remedial actions.

100-BC-1, 100-BC-2, and 100-BC-5 for
radionuclides. Remediation activities (e.g.,
well drilling) that have the potential to emit
radionuclides to unrestricted areas will meet
standards.
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Description of Regulatory Requirement

Rationale for Including

Application

RCW 70.98, “Nuclear Energy and Radiation,” as amended; WAC 246-247, “Radiation Protection—Air Emissions”

WAC 246-247-035
(D(@)(and (ii),

“National Standards Adopted
by Reference for Sources of
Radionuclide Emissions”

9-v

Adopts by reference provisions of
“General Provisions” 40 CFR 61 Subpart
A and “National Emission Standards for
Emissions of Radionuclides Other Than
Radon from Department of Energy
Facilities” 40 CFR 61 Subpart H. Requires
the owner or operator of each stationary
source of hazardous air pollutants subject
to a national emission standard for a
hazardous air pollutant to determine
compliance with numerical emission limits
in accordance with emission tests
established in NESHAP “Emission Tests
and Waiver of Emission Tests”

(40 CFR 61.13) or as otherwise specified
in an individual subpart. Compliance with
design, equipment, work practice, or
operational standards shall be determined
as specified in the individual subpart.
Also, maintain and operate the source,
including associated equipment for air
pollution control, in a manner consistent
with good air pollution control practice for
minimizing emissions.

Remedial actions in 100-BC OUs have the
potential to emit hazardous radionuclide air
pollutants.

100-BC-1, 100-BC-2, and 100-BC-5.
Remedial actions involve stationary sources
that provide a potential to emit regulated
hazardous radioactive air pollutants.
Associated design, equipment, work
practice, and/or air emissions controls will
be maintained and operated to meet these
standards.

WAC 246-247-040(2) (3) (4),
“General Standards”

Requires that emissions be controlled to
ensure substantive portions of ALARA
based and best available controls standards
are not exceeded.

Hazardous contaminants that would be subject to
radionuclide air emission standards and resultant
requirements have the potential to be detected in,
and emitted from soil or groundwater involved in

the remedial actions.

100-BC-1, 100-BC-2, and 100-BC-5.
Remedial actions will use BARCT or
ALARACT as required to meet this
standard.

WAC 246-247-075(2), (4);
(8)-(14), “Monitoring,
Testing, and Quality
Assurance”

Establishes the monitoring, testing, and
quality assurance substantive requirements
for radioactive air emissions.

Emissions from nonpoint and fugitive
sources of airborne radioactive material
will be measured.

Hazardous radionuclide contaminants in 100-BC
OUs that would be subject to radionuclide air
emission standards and resultant requirements
have the potential to be detected in, and emitted
from soil or groundwater involved in the remedial

actions.

100-BC-1, 100-BC-2, and 100-BC-5 OUs.
Monitoring, testing and quality assurance
requirements will be defined and followed
to meet this standard.
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Table A-1. Federal and Washington State ARARs for the Selected Remedies

Regulatory Citation Description of Regulatory Requirement Rationale for Including Application
Clean Air Act of 1990 and amendments; 40 CFR 60, “Standards of Performance for New Stationary Sources,”
and40 CFR 63, “National Emission Standards for Hazardous Air Pollutants for Source Categories”
40 CFR 60 Subpart 1111, The requirements for stationary engines This applies to all stationary engines except motor | 100-BC-1, 100-BC-2, and 100-BC-5 OUs

“Standards of Performance
for Stationary Compression
Ignition Internal Combustion
Engines”

40 CFR 60 Subpart JJJJ,
“Standards of Performance
for Stationary Spark Ignition

Internal Combustion Engines’

40 CFR 63 Subpart ZZZZ,

“National Emission Standard
for Hazardous Air Pollutants
for Stationary Reciprocating

Internal Combustion Engines’

changed May 3, 2013, to include timers,
maintenance plans, and meeting
monitoring requirements.

Includes requirements for operating
stationary engines. Emission standards are
met by operating/maintaining the engine
per manufacturer’s instructions, recording
the hours of operation, and maintaining
records of maintenance.

vehicle or nonroad engines and existing
emergency engines.

may use a covered stationary engine to
support remedial activities, in which case
the substantive requirements will be met.

Solid Wastes

40 CFR 264, “Standards for Owners and Operat

ors of Hazardous Waste Treatment, Storage, and Disposal Facilities”

WAC 173-303-64690,
“Staging Piles”

Establishes the substantive requirements
for staging and accumulation of
remediation waste during remedial
operations.

Remediation wastes may be generated and
accumulated during remedial actions at 100-BC-1.

100-BC-1.
Standards will be met for remediation
waste.

RCW 70.105, “Hazardous Waste Management,” as amended; WAC 173-303, “Dangerous Wast

e Regulations”

WAC 173-303-016,
“Identifying Solid Waste”

WAC 173-303-017,
“Recycling Processes
Involving Solid Waste”

Identifies those materials that are and are
not solid wastes and identifies those
materials that are and are not solid wastes
when recycled.

Solid wastes will be generated during 100-BC-1,
100-BC-2, and 100-BC-5 remedial actions which
will be subject to solid waste and dangerous waste
designation requirements.

100-BC-1, 100-BC-2, and 100-BC-5.
Standards will be met for remediation
activities

WAC 173-303-070,
“Designation of Dangerous
Waste”

Establishes the substantive method for
determining if a solid waste is a dangerous
waste (or an extremely hazardous waste).

Dangerous/hazardous waste will be generated
during 100-BC-1, 100-BC-2, and 100-BC-5
remedial actions.

100-BC-1, 100-BC-2, and 100-BC-5.
Standards will be met for remediation
(including waste treatment) activities that
generate wastes.
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Regulatory Citation

Description of Regulatory Requirement

Rationale for Including

Application

WAC 173-303-077,
“Requirements for Universal
Waste”

Identifies certain batteries, mercury-
containing equipment and lamps as
exempt from regulation under

WAC 173-303-140 and WAC 173-303-
170 through 173-303-9907 (excluding
WAC 173-303-960). These wastes are
subject to regulation under

“Standards for Universal Waste
Management” (WAC 173-303-573).

Remedial activities in 100-BC-1, 100-BC-2, and
100-BC-5 may contain universal wastes.

100-BC-1, 100-BC-2, and 100-BC-5.
Remediation activities will meet standards
for universal wastes.

WAC 173-303-120)(3) and
(5), “Recycled, Reclaimed,
and Recovered Wastes”

Defines the requirements for the recycling
of materials that are solid and dangerous
waste. Specifically, “Recycled,
Reclaimed, and Recovered Wastes”
(WAC 173-303-120(3)) provides for the
management of certain recyclable
materials, including spent refrigerants,
antifreeze, and lead acid batteries.
“Recycled, Reclaimed, and Recovered
Wastes” (WAC 173-303-120(5)) provides
for the recycling of used oil.

Wastes that can be recycled, reclaimed, or
recovered have the potential to be generated
during 100-BC remedial actions.

100-BC-1, 100-BC-2, and 100-BC-5.
Recycling of wastes subject to these
requirements will be done in a manner that
satisfies standards.

WAC 173-303-140, “Land
Disposal Restrictions”

Establishes treatment requirements and
disposal prohibitions for land disposal of
dangerous waste and incorporates the
federal land disposal restrictions (40 CFR
268, “Land Disposal Restrictions).

Remediation may generate waste subject to land
disposal restrictions.

100-BC-1, 100-BC-2, and 100-BC-5.
Wastes subject to these requirements will
be treated as required and disposed in a
manner that satisfies standards.

WAC 173-303-170,
“Requirements for Generators
of Dangerous Waste”

Establishes the requirements for dangerous
waste generators.

100-BC remedial actions may generate dangerous
wastes.

100-BC-1, 100-BC-2, and 100-BC-5.
Remediation wastes (e.g., contaminated
soil, personnel protective gear, treatment
chemicals) may be dangerous waste, and
will be managed in accordance with these
requirements.
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Regulatory Citation

Description of Regulatory Requirement
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WAC 173-303-630, “Use and
Management of Containers”

WAC 173-303-280(6),
“General Requirements for
Dangerous Waste
Management Facilities"

WAC 173-303-610(2), (4)
and (5), “Closure”

Establishes requirements for dangerous
waste facilities that store containers of
dangerous waste.

Remedial actions may involve management of

dangerous waste in containers that are subject to

this standard.

100-BC-1, 100-BC-2, and 100-BC-5.
Investigation and remedial actions that
produce or manage containers of dangerous
waste will be managed to meet standards.

WAC 173-303-64620(4),
“Corrective Action
Dangerous Waste Regulation
Requirements”

Requires corrective action to be
“consistent with” specified sections of
Model Toxics Control Act.

The substantive portions of this regulation
establish minimum requirements for HWMA
corrective action.

100-BC-1, 100-BC-2, and 100-BC-5.

RCW 70.95, “Solid Waste Management—Reduction and Recycling,” as amended;
“Solid Waste Handling Standards”

WAC 173-350,

“Owner Responsibilities for
Solid Waste”
WAC 173-350-025,

“Performance Standards”
WAC 173-350-040,

“On-Site Storage, Collection,
and Transportation
Standards”

WAC 173-350-300,

“Remedial Action”
WAC 173-350-900,

Establishes minimum functional
performance standards for the proper
handling and disposal of solid waste, not
otherwise excluded. Provides requirements
for the proper handling of solid waste
materials originating from residences,
commercial, agricultural, and industrial
operations, and other sources, and
identifies those functions necessary to
ensure effective solid waste handling
programs at both the state and local level.

Solid waste will be generated during
implementation of remedial actions.

100-BC-1, 100-BC-2, and 100-BC-5.
Remedial actions that generate solid waste
will meet standards.
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Regulatory Citation

Description of Regulatory Requirement

Rationale for Including
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Historic

al and Archeological Resources

National Historic Preservation Act of 1966 (Public Law 89-665, as amended, 16 USC 470, et seq.)

36 CFR 800, “Protection of
Historic Properties”

Requires federal agencies to consider the
impacts of their undertaking on cultural
properties through identification and
evaluation. Potential project adverse
effects are to be avoided or resolved
through consultation. Need to take actions
as necessary to minimize harm to any
National Historic Landmarks and historic
properties.

Historic properties have been identified within the
100-BC Area.

100-BC-1, 100-BC-2, and 100-BC-5.
Historical and cultural reviews have
identified cultural and historic sites.
Additional reviews will locate remedial
action areas where existing reviews are
insufficient. Measures will be taken to
prevent or minimize effects. If effects are
determined to be adverse, resolution of
adverse effects will be achieved through
consultation. For any discoveries,
appropriate actions will be taken to meet
standards.

Executive Order 11593, Protection and Enhancement of the Cultural Environment

36 CFR 65, “National
Historic Landmarks Program”

These regulations set forth the criteria for
establishing national significance.
Requires that federal agencies shall, to the
maximum extent possible, undertake
planning and actions as may be necessary
to minimize harm to landmarks.

The B Reactor is a National Historic Landmark.
Other cultural and historic sites have been
identified within the 100-BC Area.

100-BC-1, 100-BC-2, and 100-BC-5.
Remedial actions shall comply with this
standard. Remedial actions will not impact
the B Reactor.

Native American Graves Protection and Repatriation Act of 1990 (Public Law 101-601, as amended; 25 USC 3001,
et seq.); 43 CFR 10, “Native American Graves Protection and Repatriation Regulations”

43 CFR 10, “Native American
Graves Protection and
Repatriation Regulations”

Establishes federal agency responsibility
for discovery, protection, and appropriate
disposition of human remains, associated
and unassociated funerary objects, sacred
objects, and items of cultural patrimony.

No Native American human remains, associated
and unassociated funerary objects, sacred objects,
or items of cultural patrimony have been
identified within the 100-BC Area. However,
Native American remains and associated objects
have the potential to be present.

100-BC-1,100-BC-2, and 100-BC-5.
Remedial activities will be conducted to
identify, protect, and provide for
appropriate disposition of covered human
remains, objects, and items. Native
American Tribal consultation will be
conducted in the event of discovery.

National Park Service and Related Programs (Public Law 113-287, as amended;

54 USC 100101, et seq.)

54 USC 312502(a)(2),

54 USC 312503(a)(b),
”Preservation of Historical
and Archaeological Data”

Requires that federal projects do not cause
the loss of archaeological or historic data.
This act mandates preservation of the data;
it does not require protection of the actual
site or facility.

Archaeological and historic sites have been
identified within the 100-BC Area.

100-BC-1, 100-BC-2, and 100-BC-5.
Remediation activities will prevent
irreparable loss of significant scientific,
prehistoric, or archeological data; the data
will be preserved.
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Rationale for Including

Application

Natural and Ecological Resources

FEndangered Species Act of 1973 (Public Law 93-205, as amended; 7 USC Section 136; 16 USC Ch. 1531, et seq.)

“Endangered Species Act of
19737, as Amended 16 U.S.C.
88 1531-1544, specifically
Sections 7 and 9(a).

50 CFR 17, “Wildlife and
Fisheries,” “Endangered and
Threatened Wildlife and
Plants” (listings, prohibitions)

50 CFR 402, “Interagency
Cooperation—Endangered
Species Act of 1973, as
Amended”

50 CFR 222-224, “General
Endangered and Threatened
Marine Species,” “Threatened
Marine and Anadromous
Species,” “Endangered
Marine and Anadromous
Species”

50 CFR 226.212, “Critical
habitat for 15 Distinct
Population Segments (DPSs)
of Salmon and Steelhead
(Oncorhynchus spp.) in
Washington, Oregon and
Idaho”

Prohibits actions by federal agencies that
are likely to jeopardize the continued
existence of listed species or result in the
destruction or adverse modification of
habitat critical to them. Also prohibits the
taking of any endangered species.

100-BC-5 groundwater discharges into the
Hanford Reach of the Columbia River which
contains the Upper Columbia River spring-run
Chinook salmon and the steelhead which are
endangered. The spring-run Chinook salmon do
not spawn in the Hanford Reach but use it as a
migration corridor. Steelhead spawning has been
observed in the Hanford Reach. The bull trout is
listed as a threatened species but is not considered
a resident species and is rarely observed in the
Hanford Reach.

100-BC-5. Remediation actions will be
managed to avoid jeopardy and/or adverse
effect to a listed species or critical habitat.

Migratory Bird Treaty Act of
1918 (16 USC 703-712)
50 CFR 10 and 21

Protects all migratory bird species and
prevents “take” of protected migratory
birds, their young, or their eggs.

Federal agencies are required to avoid or
minimize impacts to migratory bird
resources, restore or enhance their habitat,
and prevent or abate its detrimental
alteration.

Migratory birds utilize the 100-BC Area.

100-BC-1, 100-BC-2, and 100-BC-5.
Remedial actions will require mitigation
measures to deter nesting by migratory
birds on, around, or within remedial action
sites and methods to identify and protect
occupied bird nests in a manner that
complies with requirements.
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Table A-1. Federal and Washington State ARARs for the Selected Remedies

Regulatory Citation

Description of Regulatory Requirement

Rationale for Including

Application

RCW 77.12.655, “Powers and Duties,” “Habitat Buffer Zone for Bald Eagles—Rules”;

WAC 232-12-292, “Permanent Regulations,” “Bald Eagle Protection Rules”

Bald and Golden Eagle
Protection Act (16 USC §
668, 50 CFR 22)

Protects eagle habitat to maintain eagle
populations so the species is not classified
as threatened, endangered, or sensitive in
Washington State.

Bald eagles nest, feed, and overwinter along the
shores of the Columbia River.

100-BC-1, 100-BC-2, and 100-BC-5.
Remedial actions will be performed in a
way to protect bald eagle habitat.

Note: Complete reference citations are provided in the Reference section of this appendix.

ARAR = applicable or relevant and appropriate requirement
ALARA = as low as reasonably achievable

ALARACT = as low as reasonably achievable control technology
BACT (BARCT) =  best available (radionuclide) control technology
HWMA =  Hazardous Waste Management Act

MCL = maximum contaminant level

MNA = monitored natural attenuation

NESHAP =  “National Emission Standards for Hazardous Air Pollutants” (40 CFR 61)
ou =  operable unit

RTD = removal, treatment, and disposal

TAP = toxic air pollutant
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cleanup verification package

U.S. Department of Energy

excess lifetime cancer risk

U.S. Environmental Protection Agency
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B1 Introduction

The purpose of this appendix is to provide guidance for development of final closeout documentation for
the 100-B-34 (western segment) waste site in accordance with EPA et al., 2021, Record of Decision
Hanford 100 Area Superfund Site 100-BC-1, 100-BC-2, and 100-BC-5 Operable Units (hereinafter called
the 100-BC Record of Decision [ROD]), and TPA-MP-14 procedure in RL-TPA-90-0001, Tri-Party
Agreement Handbook Management Procedures. The waste site reclassification form (WSRF) is the lead
agency and lead regulatory agency’s approval for individual waste site reclassification and is prepared in
accordance with TPA-MP-14 (RL-TPA-90-0001). The WSRF may be incorporated within a larger
document for format and presentation purposes, but the document is considered to be a supporting
attachment. For previous interim and final waste site reclassifications in the 100 Areas, cleanup
verification packages (CVPs) were written to reclassify radioactive liquid effluent sites and burial
grounds, while remaining sites verification packages were written to reclassify sites termed “candidate
sites” or “remaining sites.” Under the 100-BC ROD, a CVP will be used as the primary supporting
document for waste site reclassification. A CVP is not required if appropriate reclassification bases can be
provided in a standalone WSRF or via supporting attachments other than a CVP. This appendix will be
used as guidance for preparing final reclassification documentation.

B2 Objective

The overall objective of the CVP under the 100-BC ROD (EPA et al., 2021) is to demonstrate that the
100-B-34 (western segment) waste site has been remediated and may be reclassified to a final status.
The 100-BC ROD provides the U.S. Department of Energy (DOE), Richland Operations Office
(DOE-RL) with the authority and guidelines to conduct remedial actions at waste sites in the

100-BC Area and to propose waste sites for final reclassification. The 100-BC ROD specifies the
remedial action objectives (RAOs) and associated cleanup levels that define the extent to which the
100-B-34 (western segment) waste site requires cleanup to protect human health and the environment.

B3 Scope

The 100-B-34 waste site administratively includes three pipeline segments. The westernmost of these,
associated with a former sodium dichromate transfer line, requires removal, treatment, and disposal in
accordance with this remedial design/remedial action (RD/RA) work plan. The two eastern segments,
associated with parallel former process sewers, require institutional controls (ICs) until the year 2055. To
support differentiation of these remedy elements in reclassification documentation, the 100-B-34 waste
site will be administratively divided into two subsites. The scope of the guidance in this appendix is
focused on the subsite associated with the western segment.

The scope of this guidance is intended for preparing a CVP for the 100-B-34 (western segment) waste site
addressed by this RD/RA work plan, but equivalent processes are used or expected to be used for waste
sites throughout the 100 and 300 Areas. This is a guidance document; the following are potential
examples where it may be appropriate to deviate from this guidance.

e For sites that are identified for “no action” under the 100-BC ROD (EPA et al., 2021), final WSRFs
will be prepared with no further explanation or supporting documentation.

o For sites where ICs are used until radioactive decay reaches levels protective of unlimited
use/unrestricted exposure, site reclassification will be based on reaching the year listed in the
100-BC ROD.
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o Site-specific guidance from the lead agencies may explicitly provide an alternate method for a portion
of the CVP or for an entire CVP. This site-specific guidance should be documented and explicitly
noted in the CVP as approved by the lead agencies.

The remainder of this guidance describes the typical steps involved in the preparation of the CVP closeout

documents.

B4 Cleanup Verification Packages

This chapter presents the contents of the CVP.

B4.1 Executive Summary

The executive summary provides a CVP overview. This includes a table documenting the achievement of
cleanup levels and RAOs for the given waste site. Table B-1 is provided as an example. Please note that
this example is used throughout the 100 Area and that not all elements may be applicable to the

100-B-34 (western segment) waste site.

Table B-1. Summary of Attainment of Remedial Action Objectives

carcinogens.

Total excess cancer risk (enter value) is
<1x10%.

Remedial
Action
Regulatory Objectives
Requirement Remedial Action Goals Results Attained?
Direct Exposure — | Attain radionuclide total excess Example Language:
Radionuclides cancer risk of <1x10* over . . .
RadionucOlides were not COCs for this
1,000 years. . N/A
waste site. Or:
Maximum radionuclide excess cancer risk
estimated using a sum of fractions evaluation Yes
is 1.22x105. Or:
Site-specific radionuclide excess cancer risk Yes
calculated by RESRAD is 1.1x10°.
Direct Exposure — | Attain individual COC cleanup Example Language:
Nonradionuclides | levels. All individual COC concentrations are below Yes
the cleanup levels.
Meet Attain a hazard quotient of <1 for | Example Language:
Nonradionuclide all individual noncarcinogens. The hazard quotients for individual Yes
Risk Requirements nonradionuclide COCs in the shallow zone
and overburden are <1.
Attain a cumulative hazard index | Example Language:
of <1 for noncarcinogens. The cumulative hazard index (enter value) is Yes
<1 for the shallow zone and overburden.
Attain an excess cancer risk of Example Language:
<1x10° for individual Excess cancer risk values for individual Yes
carcinogens. nonradionuclide COCs are <1x10°.
Attain a total excess cancer risk Example Language:
of <1x10% for multiple Yes
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Table B-1. Summary of Attainment of Remedial Action Objectives
Remedial
Action
Regulatory Objectives
Requirement Remedial Action Goals Results Attained?
Groundwater/ Attain single radionuclide COC Example Language:
Surface Water roundwater and surface water . . .
Protection — gleanup levels. Radionuclides were not COCs for this waste N/A
Radionuclides site. Or:
Residual concentrations of radionuclide
COCs meet soil cleanup levels for the Yes
protection of groundwater and the
Columbia River.”
Attain National Primary Drinking | Example Language:
Water Standards: 4 mrem/yr . . .
(beta/gamma) dose rate to >t/arget Radionuclides were not COCs for this waste N/A
receptor/organs (40 CFR 141.66). | Site- O
Compliance is demonstrated by individual Yes
components meeting cleanup levels.
Meet drinking water MCL for Example Language:
alpha emitters. ) . .
P Radionuclides were not COCs for this waste N/A
site. Or:
There are no alpha-emitting COCs for this
; . N/A
site. Or:
No alpha-emitting COCs are predicted to Yes
migrate to groundwater within 1,000 years.
Groundwater/ Attain individual nonradionuclide | Example Language:
River Protection — | groundwater and river cleanup Residual concentrations of COCs meet soil Yes
Nonradionuclides | levels. cleanup levels for the protection of
groundwater and the Columbia River.*

References: EPA et al., 2021, Record of Decision Hanford 100 Area Superfund Site 100 BC 1, 100 BC 2, and 100 BC-5

Operable Units.

40 CFR 141.66, “National Primary Drinking Water Regulations,” “Maximum Contaminant Levels for Radionuclides.”
*Under the 100-BC Record of Decision (EPA et al., 2021), exceedance of cleanup levels for direct exposure or groundwater
and surface water are expected to seldom occur but would trigger evaluation based on the likelihood of a threat to human
health that could include additional cleanup, a site-specific risk analysis, or other actions.

coc =
MCL =
N/A =
RESRAD =

contaminant of concern

maximum contaminant level

not applicable

RESidual RADioactivity dose model

The WSRF may be incorporated within the CVVP document, or the CVP may be presented as an
attachment to the WSRF, but the WSRF serves as the documentation of approval of the lead agencies for
waste site reclassification. There is no further, separate approval of the CVP. Figure B-1 provides

a sample WSRF.
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WASTE SITE RECLASSIFICATION FORM

Operable 100-BC-2 Control No.:  [Obtained from WIDS]
Unit:

Waste Site Code(s)/Subsite Code(s): [100-B-34:1 B/C-Area Pipelines under Active Utilities/Structures

Reclassification Interim [] Final [X
Category:
Reclassification Closed Out [X No Action [] Rejected []
Status:

RCRA Postclosure [ ] Consolidated [] None [
Approvals DOE X Ecology [] EPA [X
Needed:

Description of current waste site condition:

The [WIDS Number and Site Name] waste site is located within the 100-BC-1 Operable Unit and is
identified as a waste site requiring remediation in the Record of Decision for the Hanford 100 Area
Superfund Site, 100-BC-1, 100-BC-2, and 100-BC-5 Operable Units (100-BC ROD). The 100-B-34:1]
waste site consisted of contaminated soil and piping associated with [XXX].

Remediation of the [WIDS Number] waste site was conducted between [Dates]. Approximately [XXX]
bank cubic meters (BCM) ([XXX] bank cubic yards [BCY]) of sail, rock, building debris, and piping
were removed from the excavation and disposed to the Environmental Restoration Disposal Facility
(ERDF).

The selected remedy involved (1) excavating the site to the extent required to meet specified soil
cleanup levels, (2) disposing of contaminated excavation materials at ERDF, (3) demonstrating through
verification sampling that cleanup goals have been achieved, and (4) proposing the site for
reclassification as Final Closed Out.

Basis for reclassification:

Following remediation, verification sampling for the 100-B-34:1 waste site was conducted on [Dates].
The sample results were evaluated in comparison to the cleanup levels and remedial action objectives
(RAOs) from the 100-BC ROD and DOE/RL-2021-44, Remedial Design/Remedial Action Work Plan
for the 100-BC-1, 100-BC-2, and 100-BC-5 Operable Units. In accordance with this evaluation, the
verification sampling results support a reclassification of the [WIDS Number] waste site to Final Closed
Out. The current site conditions achieve the cleanup levels and RAOs established by the 100-BC ROD
and the 100-BC RD/RA work plan. Contamination did not extend into the deep zone; therefore,
institutional controls to restrict uncontrolled drilling or excavation into the deep zone are not required.
The basis for reclassification is described in detail in the Cleanup Verification Package for the
100-B-34:1 B/C-Area Pipelines under Active Utilities/Structures (attached).

Figure B-1. Example Waste Site Reclassification Form (page 1 of 2)
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WASTE SITE RECLASSIFICATION FORM
Operable 100-BC-1 Control No.:  [Obtained from WIDS]
Unit:
Waste Site Code(s)/Subsite Code(s): [WIDS Number and Site Name]
Regulator comments:
Waste Site Controls:
Engineered [1Yes[XINo Institutional []Yes [X] No O&M []Yes X No

Controls: Controls: Requirements:

If any of the Waste Site Controls are checked Yes, specify control requirements including reference to
the Record of Decision, TSD Closure Letter, or other relevant documents:

No additional controls are required.

DOE Project Director (printed) Signature Date

Ecology Project Manager (printed) Signature Date
N/A

EPA Project Manager (printed) Signature Date

Figure B-1. Example Waste Site Reclassification Form (page 2 of 2)
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B4.2 Statement of Protectiveness

This section includes information stating that the waste site attains 100-BC ROD (EPA et al., 2021)
RAOQOs and discusses the pertinent future land use for the area. Additionally, guidance is provided on
whether institutional controls are necessary. The discussions in both this paragraph and the CVP
Executive Summary should be essentially the same.

B4.3 Site Description and Background

The site history, waste disposal history, site physical dimensions, and location are summarized in this
section of the CVP, and a figure(s) showing the vicinity map and/or site plan are provided.

B4.4 Remedial Action Summary

A description of the excavation and disposal activities for remedial action is given in this section, which
may include figures of pre- and post-remediation topographic contours. Information includes the dates of
waste site excavation, description and any photographs of excavated material, waste disposal location,
general excavation dimensions and elevations, locations of any overburden and staging piles, and amount
of material disposed from the site. Pre- and post-remediation photographs and site maps showing
pre-remediation Waste Information Data System boundaries compared to post-remediation site
boundaries may be provided. Maps showing post-remediation site contours should be provided if
available. Waste volumes provided are for a general sense of scale only.

Additionally, the CVP will discuss significant materials that may have been left at the site (if any) and
what significant materials were removed. A summary of field screening or in-process sampling activities
(if applicable) that guided remedial actions is also included.

B4.5 Verification Sampling Activities

This section describes the information used to develop the sampling designs for cleanup verification
sampling, including reference to appropriate documents and dates of sampling.

B4.5.1 Contaminants of Concern for Verification Sampling

The contaminant of concern (COC) identified for cleanup verification for the 100-B-34 (western segment)
waste site is hexavalent chromium (Cr (V1)), but guidance for addressing other contaminants as used
throughout the River Corridor has been retained in this appendix. The rationale or basis for the final site
COC list is discussed in this section.

B4.5.2 Verification Sample Design

This section provides a brief explanation of the remedial excavation decision units and cleanup
verification sampling. Statistical sample designs for cleanup verification sampling of waste sites are
typically developed in a site-specific work instruction using Visual Sample Plan! software. However, a
statistical sample design may not be appropriate for all waste sites, and an exclusively focused sampling
approach may be used with agreement from the lead agency and lead regulatory agency. Focused
sampling may also be used in combination with statistical sampling approaches.

The verification sample design description typically includes location information, individual Hanford
Environmental Information System (HEIS) sample numbers, Washington State Plane coordinates, and

1 visual Sample Plan is a site map-based user-interface statistical sample design program (PNNL-19915, Visual
Sample Plan 6.0 User’s Guide).

B-6



oo ~NO O~ WN -

PR R RR R R
~NoO U WNRE O ©

el
© o

20

21
22
23
24

25
26
27
28
29
30
31
32
33

34
35

36
37

38

39
40
41

DOE/RL-2021-44, DRAFT A
MARCH 2022

analytical methods requested for the samples collected. This information is typically presented in a table
with an accompanying figure showing the sample locations overlain on a map of the area, including the
waste site remediation footprint.

For soil cleanup levels based on human exposure via direct contact or other exposure pathways where
contact with the soil is required to complete the pathway, the point of compliance is established in the

soil throughout the site from the ground surface to 4.6 m (15 ft) below ground surface per

WAC 173-340-740(6)(d), “Model Toxics Control Act—Cleanup,” “Unrestricted Land Use Soil Cleanup
Standards.” This represents a reasonable estimate of the depth of soil that could be excavated and
distributed at the soil surface from site development activities and is referred to as the shallow zone. The
direct exposure cleanup levels are applicable at the ground surface and for soil and material in the shallow
zone. Vadose zone soil and material >4.6 m (>15 ft) below ground surface is referred to as the deep zone.
Groundwater and surface water protection cleanup levels are applicable to both the shallow and the deep
zones. If a site meets the direct exposure cleanup criteria throughout the site excavation, it is acceptable to
evaluate the entire site as a shallow zone decision unit regardless of the depth of the excavation.

A discussion regarding the rationale for decision unit selection is given as part of development of a site-
specific sampling approach in accordance with the applicable sampling and analysis plan. Decision units
may be identified based on depth, spatial, and process history considerations.

Sampling dates and the number of samples collected per decision unit are also discussed in this section.
If any focused sampling was conducted, a summary of this activity and its rationale is also included.

B4.6 Verification Sampling Results

The verification samples collected are submitted to offsite laboratories certified and accredited to perform
the requisite analyses using U.S. Environmental Protection Agency (EPA)-approved analytical methods.
The laboratory-reported analysis data from the sampling are verified and validated for use in the statistical
calculations (as appropriate) and are included in appendices to the CVP.

The primary statistical calculation to support cleanup verification is the 95% upper confidence limit
(UCL) on the arithmetic mean of the data. All UCL calculations are performed with EPA’s ProUCL
software, Version 5.1 or later2, When ProUCL cannot calculate a UCL value or does not provide a
“suggested UCL to use,” the maximum observed concentration will be used as the statistical value for a
dataset. The highest “suggested upper confidence limit to use” provided in the ProUCL output file shall
be used as the statistical value for a dataset, unless the recommended UCL value exceeds the maximum
concentration for the dataset. When the recommended UCL exceeds the maximum concentration, the
maximum concentration will be used as the statistical value. Such instances will be identified and causes
of the occurrence will be documented in the CVP, including (but not limited to) the following:

o Review of the individual analytical results (e.g., number of detects versus nondetects, range of
concentrations, observed trends)

o Identification of possible data quality issues such as dilution, matrix interference, laboratory
contamination, sample misidentification, use of estimate concentrations with “B” or “J” flags, etc.

e Provision of a determination of the impact on compliance evaluation

The statistical values represent COC concentrations for each decision unit (e.g., overburden, shallow
zone, or deep zone soil). For sample results that are nondetects (i.e., a “U” is a data flag), the reported
minimum detectable activity (for radionuclides) or practical quantitation limit (for nonradionuclides)

2 ProUCL may be downloaded at https://www.epa.gov/land-research/proucl-software.
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value is used as the concentration. Data are then identified as detected or nondetected in the ProUCL data
input.

For the statistical evaluation of primary/duplicate sample pairs, the following is applied to determine the
value to be used in the UCL calculation:

e If detections are reported for both the primary and duplicate, the maximum concentration is used.
o If one detection and one nondetect are reported, the detected concentration is used.

e If both the primary and duplicate are reported as nondetects, the higher detection limit is used (as a
nondetect within ProUCL).

For focused/judgmental sampling, no statistical evaluation is performed and the maximum detected value
is used for comparison with the cleanup levels.

Comparisons of quantified COC results against the cleanup levels for the waste site are summarized in
tables. Cleanup level comparisons to statistical contaminant concentrations and comparisons to focused
sampling results are presented in separate tables. Contaminants that were not detected by laboratory
analysis are excluded from these tables. Calculated cleanup levels are not presented in the Washington
State Department of Ecology (Ecology) Cleanup Levels and Risk Calculations database or other reference
databases for calcium, magnesium, potassium, silicon, and sodium. EPA/540/1-89/002, Risk Assessment
Guidance for Superfund Volume | Human Health Evaluation Manual (Part A) Interim Final, recommends
that aluminum and iron not be considered in site risk evaluations. Therefore, aluminum, calcium, iron,
magnesium, potassium, silicon, and sodium are not considered COCs and are not included in tables for
comparison to cleanup levels even though results for these constituents are routinely provided by the
laboratories.

COCs were selected in the 100-BC ROD (EPA et al., 2021). If contaminants are discovered during
remediation for which cleanup levels were not established in the ROD, the information will be presented
to the DOE and EPA project managers to determine a path forward.

Potassium-40, radium-226, radium-228, thorium-228, and thorium-232 may be detected in waste site
samples, but are excluded from evaluation because these isotopes are not related to the operational history
of the Hanford Site. Potassium-40 is naturally present in soil and the thorium and radium detected in
environmental samples are associated with background quantities of uranium naturally present in soil.

The laboratory-reported data results for all constituents are stored in a project-specific database prior to
archival in HEIS and are included as an attachment to the 95% UCL calculation.

B4.7 Verification Sample Data Evaluation

This section describes evaluating sampling data for comparison to cleanup levels, radionuclide risk
requirements, and nonradionuclide risk requirements. Ideally, evaluation of the results indicates that all
COCs were quantified below cleanup levels. In this case, residual concentrations of site COCs are
protective for direct exposure and groundwater and surface water protection.

B4.7.1 Comparison of Verification Sample Data to Cleanup Levels

Typically, evaluation of the results from verification sampling at a waste site against the cleanup levels in
a CVP will indicate that all COCs are quantified below the cleanup levels. Exceedance of cleanup levels
for direct exposure or groundwater and surface water protection would trigger additional cleanup, a
site-specific risk analysis, or other evaluation based on the likelihood of a threat to human health or
aquatic receptors.
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The soil cleanup levels apply to soil and structures (including pipelines and debris). Cleanup levels do not
apply to constituents that are an integral part of manufactured structures. Application of soil cleanup
levels to sediment and scale in pipelines and similar structures may be over-conservative, depending on
site-specific conditions. Where there are exceedances of cleanup levels in sediment/scale data, but not in
corresponding underlying soil, alternative demonstrations of RAO attainment may be used with EPA
approval. For example, EPA may approve use of a matrix-correction approach to adjust contaminant
concentrations to consider a combined scale and pipeline wall matrix. EPA may also approve qualitative
demonstrations of protectiveness based on site-specific considerations.

An example table showing the comparison of the verification sampling results against cleanup levels is
shown in Table B-2. Per the 100-BC ROD (EPA et al., 2021), ecological risk evaluations performed for
the 100-BC remedial investigation/feasibility study concluded that remedial actions that achieve cleanup
levels to protect human health are also protective of ecological receptors. No further evaluation or
screening of potential ecological risk is performed in CVPs.

Table B-2. Example Comparison of Residual Contaminant of Concern
Concentrations to Cleanup Levels

Scaled Radionuclide
Groundwater and
Maximum or | Radionuclide Direct River Protection Does the Result
Statistical Contact Cleanup Cleanup Levels Exceed Cleanup
COoC Result? (pCi/g) Levels (pCi/g) (pCi/g) Levels??
Cesium-137 0.036 4.4 N/A No
Scaled
Nonradionuclide
Maximum or Nonradionuclide Groundwater and
Statistical Direct Contact River Protection Does the Result
Result? Cleanup Levels Cleanup Levels Exceed Cleanup
COC (mg/kg) (mg/kg) (mg/kg) Levels?®
Chromium (hexavalent) 0.6 240 2.0¢ No

References: ECF-HANFORD-11-0038, Soil Background for Interim Use at the Hanford Site.
EPA et al., 2021, Record of Decision Hanford 100 Area Superfund Site 100-BC-1, 100-BC-2, and 100-BC-5 Operable Units.
a. Background values are available from ECF-HANFORD-11-0038.

b. Under the 100-BC record of decision (EPA et at., 2021), exceedance of cleanup levels for direct exposure or groundwater
and surface water protection are expected to seldom occur but would trigger evaluation based on the likelihood of a threat to
human health that could include additional cleanup, a site-specific risk analysis, or other actions.

c. Dimensional scaling is not applicable to groundwater/surface water protection cleanup levels for arsenic at 100-H or
hexavalent chromium at 100-D and 100-H; no scaling has been applied to the listed values.

COC = contaminant of concern
N/A = notapplicable

B4.7.2 Attainment of Direct Contact Cleanup Levels for Radionuclides and Nonradionuclides

Soil cleanup levels for direct contact were developed using standard approaches, consistent with state and
federal guidance. Direct contact cleanup levels for nonradionuclides are based on risk calculations
provided in Model Toxics Control Act (WAC 173-340) procedures. Direct contact cleanup levels for
radionuclides are calculated based on an excess lifetime cancer risk (ELCR) of 1x10*.
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This section discusses how the verification sampling data are used to demonstrate attainment of
radionuclide and nonradionuclide cleanup levels and cumulative cancer risk and noncancer hazard
requirements.

B4.7.2.1 Evaluation of Radionuclide Cancer Risk

In addition to meeting the single radionuclide cleanup levels, the residual soil radionuclide activities must
also meet the cumulative risk requirements of 40 CFR 300, “National Oil and Hazardous Substances
Pollution Contingency Plan” (hereinafter called the National Contingency Plan [NCP]) for direct
exposure. The individual radionuclide cleanup verification statistical or focused data values are compared
to the individual soil cleanup levels. Per the 100-BC ROD (EPA et al., 2021), the direct contact cleanup
levels for radionuclides are the lower of the risk-based level of 1x10* ELCR or 15 mrem/yr radiation
dose, whichever is more conservative. Soil radionuclide cleanup levels must also meet the cumulative
total cancer risk limit of 1x10*ELCR. The cancer risks for individual COCs and cumulative cancer risks
for the residential scenario are calculated using the equations shown in Section B4.7.2.2.

The NCP establishes that Comprehensive Environmental Response, Compensation, and Liability Act of
1980 cleanups should generally achieve a level of residual risk of 10 to 10. However, EPA guidance
states that the upper boundary of the risk range is not a discrete line at 10 and a specific risk estimate
around 10 may be considered acceptable, if justified based on site-specific conditions. If this
circumstance occurs, appropriate discussion shall be presented in the CVP. These ELCR determinations
represent the cancer risk contributions from soil at relevant time periods. Because of radioactive decay,
the risk usually decreases over time and the maximum predicted ELCR occurs at the present time.
However, there may be instances where radionuclides decay to more radioactive daughter products,
causing risk to increase over time. All ELCR predictions must be less than the individual and total cancer
risk limit of 1x10* to meet the cumulative cancer risk threshold. Supporting RESidual RADioactivity
(RESRAD) dose model computations are shown in calculation briefs presented in an appendix to the
CVP. A figure may be provided to illustrate ELCR as predicted using the RESRAD model. The RESRAD
model was selected by EPA, DOE, and Ecology as the radionuclide risk and dose assessment model for
generating cleanup levels for radionuclide contaminants in soil.

Instead of a site-specific RESRAD evaluation, for waste sites with few radionuclide COCs at
concentrations well below the individual radionuclide cleanup levels, a sum-of-fractions approach may be
used. Table B-3 provides an example sum-of-fractions evaluation for the shallow zone (including
overburden). The columns on the left side of Table B-3 present the COCs and the statistical values.

The fourth column presents the single radionuclide cleanup levels, and the last two columns present the
statistical values divided by the single radionuclide cleanup level. In the Table B-3 example, the total
predicted radionuclide cancer risk based on sum-of-fractions determination is less than 1x10*. However,
when the sum-of-fractions determination is >1x10*, additional site-specific evaluation or cleanup will be
necessary. Note that, because individual radionuclide cleanup levels have been selected as the lower
threshold of a 1x10 risk limit or 15 mrem/yr annual dose limit, the sum-of-fractions value should be
considered as an upper boundary estimate of cumulative radionuclide risk rather than a discrete risk
estimate.

B-10



oo ~No ok~ w N -

[EY
o

(BN
(SN

12
13
14
15

16
17

18

19

20
21

DOE/RL-2021-44, DRAFT A
MARCH 2022

Table B-3. Example Sum-of-Fractions Evaluation of Radionuclide Direct Exposure Risk
Statistical Values (pCi/g) Single Fraction
Radionuclide
Cleanup Level
COCs Shallow Zone Overburden (pCi/g) Shallow Zone Overburden
Example Results
Cesium-137 0.044 (ND) 0.044 (ND) 4.4 0.010 0.010
Cobalt-60 0.047 (ND) 0.049 (ND) 1.4 0.034 0.035
Europium-152 0.100 (ND) 0.15 (ND) 3.3 0.030 0.045
Europium-154 0.14 (ND) 0.14 (ND) 3 0.047 0.047
Sum of Fractions 0.121 0.137
Cancer Risk <1.21x10° <1.37x10%

CocC
ND

not detected

contaminant of concern

(in all samples in the dataset)

B4.7.2.2 Evaluation of Nonradionuclide Cancer Risk and Noncancer Hazards

Table B-3 provides an example comparison of the individual nonradionuclide cleanup verification
maximum or statistical values to the direct exposure, groundwater protection, and surface water
protection cleanup levels. Individual hazard quotients and the hazard index for a remediated waste site
must be <1.0 to meet cleanup levels. The cumulative cancer risk for multiple carcinogens must be
<1x107°. There are no nonradionuclide COCs with carcinogenic-based cleanup levels for the

100-B-34 waste site,

so no evaluation of cumulative cancer risk is required. Because the

100-B-34 (western segment) waste site has only one nonradionuclide COC, the hazard index is
equivalent to the hazard quotient, calculated using the following equation:

where:
Hi
HQ
Concentrationsgi

Cu Lnoncarcinogen

and

where:

Concentrationsoi

Hir= HQ = Concentration,

CU Lnoncarcinogen

= total hazard index for all noncarcinogens
= hazard quotient for individual noncarcinogen
= soil concentration (mg/kg)

= direct exposure cleanup level based on a hazard quotient of 1 for
noncarcinogenic effects (mg/kg).

HI — Concentration,,
T = E
CU Lnoncarcinogen

= soil concentration (mg/kg)
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CULnoncarcinogen = direct exposure cleanup level based on a hazard quotient of 1 for
noncarcinogenic effects (mg/kg).

B4.7.3 Attainment of Soil Cleanup Levels for Protection of Groundwater and Surface Water

The soil cleanup levels for groundwater and surface water protection are applicable to shallow zone and
deep zone decision units. Unit-length soil cleanup levels for radionuclides for the protection of
groundwater and surface water protection were calculated during development of the 100-BC ROD
(EPA et al., 2021) based on site-specific data and parameters using the STOMP (Subsurface Transport
Over Multiple Phases3) code. The soil cleanup level for Cr (V1) was not calculated on a unit-length basis.
For highly mobile contaminants (soil distribution coefficient <2 mL/g), the model assumes the entire
vadose zone from ground surface to groundwater is contaminated. For less mobile contaminants
(distribution coefficient >2 mL/g), the model assumes the top 70% of the vadose zone is contaminated
and the bottom 30% is not contaminated. A groundwater recharge rate of approximately 72 mm/yr was
used to represent irrigated conditions. Based on this model, no soil cleanup level for groundwater or
surface water protection is calculated for some contaminants because the contaminant is calculated to not
reach the groundwater within 1,000 years.

Attainment of soil cleanup levels for protection of groundwater and surface water is determined by
comparison to cleanup levels. The radionuclide soil cleanup levels for groundwater protection and surface
water protection are expressed as contaminant activity per unit mass of soil times unit distance of the
waste site decision unit in the direction of groundwater flow. The unit-length cleanup level is divided by
the representative lineal-dimension in the general direction of groundwater flow (meters) for each waste
site decision unit to obtain the cleanup level, expressed as mg/kg for chemicals or as pCi/g for
radionuclides as shown:

pCi CULyL—ewp/swp (}C)Cl%)
CULgwe/swp (7) - representative lineal dimension (m)
where:
CULowriswe = soil cleanup level for protection of groundwater and surface water

unit length soil cleanup level for protection of groundwater and surface water.

CULuL-cweiswe

Waste site dimensions parallel to general groundwater flow are determined by review of surveys or other
measures of site dimensions. The “representative” qualifier is applied to denote that only rarely is a waste
site a perfect rectangle oriented to the direction of groundwater flow, which itself is not constant.

The objective is to select a distance that represents an approximate central tendency for the waste site for
scaling. Pipelines and similar features are considered to have a representative line dimension of 1 m

(3.3 ft) because these lineal features would not be expected to remain aligned to the groundwater flow
direction consistently. Dimensionality for overburden decision units should be considered based on the
intended placement of the material (typically the excavation footprint).

3 Subsurface Transport Over Multiple Phases (STOMP) was developed by Pacific Northwest National Laboratory for
the U.S. Department of Energy.
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B4.8 Data Usability Assessment Process

An assessment of data usability will be performed for verification sample data as described in the
applicable sampling and analysis plan. The detailed data usability assessment may be provided as an
appendix to the CVP or a separate document, and is briefly summarized in the body of the CVP.

B4.9 Summary for Waste Site Reclassification

The purpose of this section is to provide a summary statement that the given waste site has been evaluated
in accordance with the 100-BC ROD (EPA et al., 2021) and that the results of the verification sampling
support a reclassification (in accordance with the TPA-MP-14 process [RL-TPA-90-0001]) of the given
waste site to “final closed out” or “final no action.”
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