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Executive Summary

Introduction

This remedial investigation/feasibility study (RI/FS) document supports the remedy
selection for the 100-KR-1 and 100-KR-2 Source Operable Units (OUs) and the
100-KR-4 Groundwater OU under the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA).! These operable units are part of
the six geographic areas (Figure ES-1) of the Hanford Site that border the Columbia
River (the River Corridor): 100-BC, 100-K, 100-D/H, 100-N, and 100-F combined with
100-IU-2/6 (100-F/IU), with an additional area defined as the 300 Area. The geographic
areas include groundwater OUs, source OUs, and facilities that encompass the 100 Area

National Priority List (NPL) sites.

This RI/FS will support the CERCLA Proposed Plans and, ultimately, the Records of
Decisions (RODs) that address the cleanup of contaminated soil, solid waste burial grounds,
groundwater, and releases from and/or due to reactor buildings associated with these OUs.
The objective of these impending decisions (as well as that of past decisions) is to protect

human health and the environment, based on reasonably anticipated future land use.

Hanford Site Background

The Hanford Site, managed by U.S. Department of Energy (DOE), encompasses
approximately 1,517 km” (586 mi®) in the Columbia Basin of south-central Washington State.
In 1942, during World War II, Hanford was selected by the leaders of the Manhattan Project
as the site for building the first production-scale nuclear reactors to produce plutonium for
nuclear weapons. The Site was chosen because of its remoteness at the time, the availability
of water from the Columbia River, and access to electricity from hydropower plants at the
Bonneville and Grand Coulee Dams. The Hanford Site’s plutonium production mission

continued throughout the Cold War period until the early 1990s.

In July 1989, U.S. Environmental Protection Agency (EPA) placed the 100, 200, 300,
and 1100 Areas of the Hanford Site on its NPL (40 CFR 300, Appendix B). Since that

time, the Hanford Site’s mission has focused on environmental cleanup.

1 Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 USC 9601, et.seq., Pub. L.
107-377, December 31, 2002. Available at: http://epw.senate.gov/cercla.pdf.
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Figure ES-1. River Corridor Areas

The NPL is the list of national priorities among the known releases or threatened releases
of hazardous substances, pollutants, or contaminants throughout the United States. The
list is intended to guide the EPA in determining waste sites that warrant further

investigation. For the Hanford Site, source waste sites and groundwater contamination
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areas have been grouped into operable units to identify a portion of the site with

associated actions.

Also in 1989, the EPA, DOE, and Washington State Department of Ecology (Ecology)
(known as the Tri-Parties) developed a strategy to document the decisions needed to
complete cleanup in the River Corridor into the Hanford Federal Facility Agreement and

Consent Order,? known as the Tri-Party Agreement.

Early Cleanup Decisions

In the early 1990s, the Tri-Parties decided that sufficient information was known about
contaminated soil and groundwater at the Hanford Site to begin cleanup with a focus on
protecting the Columbia River. This decision led to an early start for cleanup of
contaminated soil and groundwater in the River Corridor and development of

The Hanford Past-Practice Strategy. This strategy provided the basis for prioritizing
investigations and cleanup actions across the Hanford Site. This strategy emphasized the
need to address waste sites and groundwater contamination that may pose a near term
impact to public health and the environment. In addition, the strategy proposed a
bias-for-action to cleanup waste sites and existing contamination where the need for a

remedy was evident.

Limited Field Investigations were conducted to identify the nature and extent of contamination
in waste sites and groundwater to provide a focus for the cleanup actions. The early cleanup
decisions were documented in CERCLA interim action RODs. These early actions helped
to clean up the site and provided information about where contamination exists and how it

moves through soil and groundwater.

At this time, about 8 million tons of contaminated soil and debris have been removed
from nearly 300 waste sites in the River Corridor and disposed at authorized facilities.
Pump-and-treat systems have processed more than 12.8 billion L (3.4 billion gal) of
contaminated groundwater. Observations made during these early actions helped to
evaluate ongoing cleanup activities and develop future cleanup activities. Evaluation of
residual soil concentrations has demonstrated that the ongoing interim action cleanups

meet the goals and objectives of the interim action RODs.

2 Ecology, EPA, and DOE, 1989a, Hanford Federal Facility Agreement and Consent Order, 2 vols., as amended,
Washington State Department of Ecology, U.S. Environmental Protection Agency, and U.S. Department of Energy,
Olympia, Washington. Available at: http://www.hanford.gov/?page=81.
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In parallel with continuing the interim actions, the Tri-Parties developed the strategy for
pursuing the final cleanup decisions in 2006. This strategy involved organizing the decisions
for the River Corridor operable units into six geographic areas and integrating decisions for

both soil and groundwater.

100-K Site Description

The 105-KE and 105-KW Reactors were the largest production reactors at Hanford. Their
size and operations produced unique features at 100-K. Figure ES-2 shows an overview
of 100-K facilities. Operation of the reactors at 100-K between 1955 and 1971 used an
estimated 12 trillion L of cooling water. The cooling water was piped to retention basins
for thermal cooling and decay of short-lived radionuclides prior to discharge to the
Columbia River. Leaks developed in the retention basins from thermal stress, which led
to a saturated area between the basins and the Columbia River. Fuel cladding failures in
the reactors led to radioactive contamination of the cooling water, which was diverted
from the retention basins to the 116-K-2 Trench. Discharges to 116-K-2 were initially
limited volumes of radioactively contaminated fluids. Infrastructure degradation,
including leaks in isolation valves, resulted in additional discharges to the

116-K-2 Trench. The 116-K-2 Trench was also known as the Mile-Long Trench because
of its size. The disposal volumes eventually overwhelmed the infiltration capacity of the

soil beneath the trench, which resulted in overland flows from the trench toward the river.

The cooling water was treated prior to its use with sodium dichromate to introduce
hexavalent chromium (Cr(VI1)) as a corrosion inhibitor. This treatment used an estimated
6.3 million kg of Cr(VI) during the operating period. These reactors operated with
approximately 60 percent more process tubes than the other single pass reactors at
Hanford, and the amount of Cr(VI) that was discharged at 100-K was proportionally
larger. Use of high volumes of dilute concentrations of Cr(VI) as cooling water and low
volumes of concentrated solutions of Cr(VI) at transfer and mixing facilities resulted in
releases and spills to the environment. Figure ES-3 presents a diagram of facilities where
transfer, storage, and mixing of concentrated Cr(VI) solution occurred, and dilute
solutions were used. Yellow stained soil observed during remedial actions at facilities
south of the reactors, combined with Cr(VI) groundwater plumes, have provided

evidence of both dilute and concentrated Cr(VI) releases.

vi
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Radionuclides, including carbon-14, tritium, and strontium-90 (Sr-90), solvents,
including trichloroethene and chloroform, and other chemicals such as nitric and sulfuric
acid, were also released with solid and liquid wastes at disposal facilities and through
system leaks. Releases and potential releases of contaminants at 100-K have been
identified at more than 165 waste sites and resulted in multiple groundwater contaminant
plumes in the unconfined aquifer beneath the area. The largest high volume liquid waste

disposal facility was the 116-K-2 Trench.

After shutdown of the reactors was completed in 1971, some of the support facilities
remained in use to support other Hanford operations. Dispositioning and removal of
support facilities began in the mid-1970s. Facilities at 100-K are being removed through
the approach agreed upon by DOE and EPA for the conduct of decommissioning projects
consistent with CERCLA requirements. The strategy for facility removal at 100-K has
focused on shrinking the footprint of the site to within the fenced operational area, and
then completing work within the operational area. Deactivation, decontamination,
decommissioning, and demolition have been completed at 39 of 111 facilities through

May 2011.

Disposition of the 105-KE and 105-KW Reactors will be conducted following procedures
in the 1993 NEPA ROD (58 FR 48509).3 This identifies DOE’s decision of Interim Safe
Storage (ISS) followed by one-piece removal to a Central Plateau disposal facility. The
ISS period of 75 years prior to removal provides time for radioactivity in the reactor
cores to decay to levels safe for handling. DOE evaluated the coordination of the final
decommissioning actions with the completion of remaining actions in 100-K, including

remedial alternatives for waste sites in proximity to the reactors.

358 FR 48509, “Record of Decision: Decommissioning of Eight Surplus Production Reactors at the Hanford Site,
Richland, Washington,” Federal Register, Vol. 58, p. 48509, September 16, 1993.

Vii
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Figure ES-2. Overview of 100-K

Recently completed and ongoing interim remedial actions at 100-K include removal,
treatment, and disposal (RTD) at waste sites and treatment of groundwater contaminated
with Cr(VI) using three pump-and-treat systems. All the interim actions consider potential
impacts to cultural resources through reviews coordinated with the tribal nations performed

before the actions are initiated.

Interim action waste site remediation has been completed at 16 of the 165 total waste
sites and subsites. Over a million tons of waste have been excavated and removed from
the 100-K river area to authorized disposal areas. The waste site interim actions have
focused on high priority sites that exhibited the greatest risks. As the interim actions
progress, mobile contaminants present in deeper soil are being addressed by continuing

excavation where necessary to achieve interim action cleanup objectives

All waste sites (165 total) are evaluated at various points in this report. Table ES-1 presents

an overview of the process and references the chapter where the waste site evaluations occur.

viii
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100-K Waste Sties — 165 Total

NUMBER OF WASTE SITES
FOR FURTHER EVALUATION

Sites Closed, Not Accepted, or Rejected (37)

100-K-2, 100-K-7, 100-K-8, 100-K-9, 100-K-10, 100-K-11, 100-K-12, 100-K-15, 100-K-16,
100-K-20, 100-K-21, 100-K-22, 100-K-23, 100-K-24, 100-K-28, 100-K-37, 100-K-28, 100-K-38,
100-K-44, 100-K-51, 100-K-52, 100-K-58, 100-K-76, 116-KE-BA, 116-KE-6C, 116-KE-6D,
118-KE-1, 118-KW-1, 126-K-1, 126-KE-3, 130-K-1, 130-K-3, 600-4, 600-35, 1607-K-4

Evaluate Based on
Waste Site Status / Tank
Removal / Reactor Site

Chapter 1

Sites Pass Screening Levels for Human Health Risk Assessment,
Groundwater/Surface Water Protection, Ecological Risk Assessment,
and Modeling Predictions (12)

100-K-29, 100-K-55:1, 100-K-56:1, 100-K-T&, 100-K-85, 116-K-1, 116-K-2, 116-KE-4, 116-KE-5,
116-KW-3, 116-KW-4, 128-K-1

Ewvaluate in
Chapters 5, 6,
and 7

REMEDIAL INVESTIGATION

Pre ROD To-Go. Waste Sites that will be remediated
under the interim actions RODs (50)

100-K-3, 100-K-4, 100-K-6, 100-K-18, 100-K-19, 100-K-32, 100-K-34, 100-K-36, 100-K-42,
100-K-48, 100-K-53, 100-K-62, 100-K-63, 100-K-68, 100-K-69. 100-K-70, 100-K-71, 100-K-77,
100-K-84, 100-K-86, 100-K-87, 100-K-88, 100-K-89, 100-K-90, 100-K-81, 100-K-92, 100-K-83,
100-K-85, 100-K-87, 100-K-102, 100-K-108, 100-K-110, 116-KE-3, 118-K-1, 118-KE-2,
118-KW-2, 120-KW-1, 120-KW-2, 120-KW-3, 120-KW-4, 120-KW-5, 120-KW-T, 128-K-2,
120-KE-1, 132-KE-1, 600-28, 1607-K3, 100-K-30, 100-K-31, 100-K-33

Assume Interim Actions
Achieve Required
Standards

66

Post ROD To-Go Site, Waste Sites that will be remediated
under the final ROD (66)

100-K-1, 100-K-5, 100-K-13, 100-K-14, 100-K-25, 100-K-27, 100-K-35, 100-K-43, 100-K-47,
100-K-48, 100-K-48, 100-K-50, 100-K-54, 100-K-55, 100-K-56, 100-K-57, 100-K-60, 100-K-61,
100-K-64, 100-K-66, 100-K-67, 100-K-72, 100-K-73, 100-K-74, 100-K-75, 100-K-78, 100-K-80,
100-K-81, 100-K-82, 100-K-83, 100-K-94, 100-K-98, 100-K-99, 100-K-100, 100-K-101,
100-K-103, 100-K-104, 100-K-105, 100-K-108, 100-K-107, 100-K-108, 116-KE-1, 116-KE-2.
116-KE-3, 116-KW-1, 116-KW-2, 120-KE-1, 120-KE-2 120-KE-3, 120-KE-4, 120-KE-5,
120-KE-6, 120-KE-8, 120-KE-8, 120-KW-6, 126-KE-2, 130-K-2, 130-KE-2, 130-KW-1,
130-KW-2, 132-KW-1, 1607-K1, 1607-K2, 1607-K5, 1607-K5, UPR-100-K-1

Develop Remedial Action
Alternatives and Cost Estimates
to Achieve Final Cleanup

FEASIBILITY STUDY

CHPUBS1105_2010-37_DA,

Table ES-1. Waste Site Evaluation for 100-K RI/FS

Three groundwater treatment systems have been installed and operational since 1997.

The original KR system was designed to capture the Cr(VI) plume and prevent discharge
to the Columbia River. The KW and KX systems became operational in 2007 and 2009,

respectively, to provide additional containment and to remediate the Cr(VI) plume. These

three systems have treated over 8.3 billion L (2.2 billion gal) of groundwater by removing

576 kg (1,269 lbs) of Cr(VI) through the end of 2010. These interim remedial actions

provide protection to the Columbia River and mitigate threats to human health,

groundwater, and ecological receptors. These systems are evaluated (including additional

treatment capacity) as part of this RI/FS to achieve protectiveness under the ROD.
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100-K Remedial Decision

An integrated RI/FS work plan* was developed for the entire 100 Area, and a 100-K
specific work plan addendum,® to identify additional data needed to make an integrated
final action decision for all contaminated soil and groundwater in the River Corridor. The
100-K work plan uses information collected over the past 20 years, including operational
history, process knowledge, waste generation, waste handling, waste disposal, remedial
investigations, and knowledge gained through ongoing implementation of interim actions.
The 100-K work plan identified data gaps, data needs, and uncertainties, and designed a
field program to address these data needs and uncertainties by collecting information to
support remediation decisions. After the data are gathered (Chapter 2) and analyzed, the
RI/FS report identifies contaminants and their interaction with the environment (Chapters
3 through 5), summarizes pertinent information related to human health and environmental
risk (Chapters 6 and 7), and identifies and evaluates remedial alternatives to provide
protection (Chapters 8 through 10). The conceptual site model (CSM) is an ongoing, refined
collection and interpretation of data that supports the entire RI/FS investigative and decision

process.

Conceptual Site Model

The 100-K CSM describes the features, events, and processes that resulted in
environmental contamination, the fate and transport of contaminants in soil and
groundwater, and the risks posed by the contaminants via exposure pathways at the site.

Figure ES-4 presents a simplified depiction of CSM components.

Release
Mechanisms

\

Sources -

Transport > Exposure P Receptors

CHRUBSHI 08 MG-47 DT BS54

Figure ES-4. Conceptual Site Model Components

The water-cooled nuclear reactors and associated processes, structures, and effluent
during production operations and Hanford site support activities led to releases to the
environment. Contaminant processes at 100-K are discussed in the context of the front
side of the reactors and the back side of the reactors. Front side processes occurred prior

to irradiation of fuel slugs, and included mixing of chemicals in the water treatment

4 Integrated 100 Area Remedial Investigation/ Feasibility Study Work Plan (DOE/RL-2008-46).

5 Integrated 100 Area Remedial Investigation/Feasibility Study Work Plan Addendum 2: 100-KR-1, 100-KR-2, and
100-KR-4 Operable Unit (DOE/RL-2010-28-ADD2).

xi
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plants headhouses to provide cooling water, and facility and reactor maintenance. Back
side processes discharged variable volumes of contaminated effluent, including cooling
water and airborne radionuclides. The largest discharges were cooling water with low
concentrations of Cr(VI) to retention basins and the 116-K-2 Trench for thermal cooling
and decay of short-lived radionuclides prior to discharge to the Columbia River,
Additional back side discharges included irradiated cooling water following fuel cladding
failures, irradiated fuel storage basin water discharge and leaks, and other liquid
discharges to the vadose zone. Stacks at the reactors dispersed airborne radionuclides away
from the operating area, and additional contaminants were transported as ambient

windborne particulates or vapors.

The contamination at 100-K results from both primary and secondary sources. The
primary sources of contamination included process chemicals, working solutions, and
radioactive and non-radioactive wastes that were released into the environment during
operations at 100-K. These sources consisted of low volume high concentration Cr(V1),
widely variable volumes of liquid effluent, and solid waste. Solid wastes were
intentionally disposed in burial grounds, while liquid wastes were discharged through
planned releases to engineered structures or through unplanned releases to the ground

surface.

Discharge of liquid effluent during operations formed groundwater mounds beneath
waste sites at the back side of the reactors and directed flow radially. Mobile
contaminants such as Cr(V1), trichloroethene (TCE), and tritium migrated with the flow
of liquid, while less mobile contaminants such as Sr-90 migrated at slower rates. The
mounds dissipated after the discharge ceased, with a portion of the contaminants
dispersed inland. The primary high concentration contaminant was a solution containing
70 percent Cr(VI) that was mixed with water from the Columbia River to provide reactor
cooling water. High concentration/low volume waste sites include liquid and solid waste
sites and surface spills. Concentrated Cr(VI) was released and spilled at the front side of
the reactors near the water treatment facilities and discharged from cleaning operations.
Reactor condensate discharges resulted in the carbon-14 contaminant plume observed in
groundwater. Irradiated fuel storage basin water contributed to the Sr-90 contamination,
while the tritium, nitrate, and sulfate contamination observed at 100-K also appear to

have originated from high concentration/low volume waste sites.

Xii
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The features of the natural physical environment at 100-K influencing contaminant
distribution include ground cover, net infiltration, and hydrogeology. These features
dominate the infiltration, percolation, leaching, volatilization, and particulate
resuspension contaminant release mechanisms. Contaminants in the vadose zone remain
dissolved within pore water or sorbed to soil unless sufficient moisture is available for
transport. The driving force for transport of contaminants in the vadose zone is net

infiltration or anthropogenic contributions of water.

Secondary sources include environmental media, such as soil or groundwater that have
been impacted by the releases from primary sources. The secondary sources retain sufficient
levels of contaminants to provide continuing sources of contamination entering soil, surface

water, groundwater, or air. Only secondary sources are currently found in 100-K.

The main secondary source of concern for Cr(VI) in 100-K is vadose zone soil present in
unremediated waste sites and as residues in the vadose zone soil, in the periodically
rewetted zone, within fine grained sediment in the unconfined aquifer, and possibly in the

Ringold Upper Mud at the base of the aquifer.

The historical release of concentrated sodium dichromate solution appears to account for
persistent Cr(VI) groundwater plumes near water treatment facilities. Reactor cooling gas
condensate releases at cribs adjacent to the reactors appear to account for persistent
plumes of carbon-14 in groundwater immediately downgradient of the reactors. The
localized TCE plume is associated with the 105-KW Reactor. Unplanned releases of fuel
oil and other petroleum products near the fuel oil storage tanks and boiler/generator
facility likely account for the petroleum hydrocarbons found in soil near those facilities.
Releases of cooling water are responsible for most of the soil and groundwater
contamination observed near the cooling water retention basins, the 116-K-1 Crib, and
116-K-2 Trench. The use of 100-K fuel storage basins until 2007 resulted in additional
long-lived fission product contamination of the soil and groundwater beneath the fuel

storage basins from water leaks to the soil.

Contaminant characteristics and driving forces influence leaching of contaminants from
secondary sources and transport through environmental media. The relative mobility of
contaminants in the vadose zone is primarily determined by the ability to adsorb to soil
and the amount of infiltration from natural and artificial sources. Mobile constituents

have experienced sufficient downward water flux to pass through the vadose zone into

xiii
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groundwater, while less mobile constituents tend to adsorb to the soil in the vadose zone.
Groundwater flow and contaminant transport in the unconfined aquifer is dependent on
groundwater flow velocity and contaminant retardation factors. Cr(VI), tritium,
carbon- 14, and nitrate are highly mobile and migrate at the same velocity as groundwater.
Sr-90 is only slightly mobile, and migrates slowly in the saturated zone. Groundwater
flow and contaminant transport in the unconfined aquifer is also affected by Columbia
River stage fluctuations. Increases in the river stage push water inland and cause water
table elevation increases throughout 100-K, altering the hydraulic gradient so less water
flows into the river from the aquifer. During low river stage, groundwater flow toward
the river dominates. Depending on the location within 100-K, direction variability in flow
occurs because of these competing influences. Plants may absorb contaminants through
their roots, and contaminants from surface deposits may accumulate in animal tissue.

The risk assessment evaluated potential exposures and receptors.

Risk Assessment

The RI/FS integrates past and ongoing human health and ecological risk assessment
(ERA) evaluations to support development of remedial alternatives for waste sites and
contaminated groundwater in 100-K. The River Corridor Baseline Risk Assessment
(RCBRA)® addresses the CERCLA regulatory requirement that a baseline risk
assessment be performed to evaluate current and potential future risks posed by
hazardous substance releases. The RCBRA human health risk assessment and the
companion ecological risk assessment evaluated ecological and human health risk from
residual contamination at waste sites remediated under the interim action RODs.

The supplemental risk evaluations used for the RI/FS include exposure scenarios for a
resident, resident-monument worker, and casual-recreational user. Assumptions for the
residential scenario are the basis for narrative remedial action objective (RAO)
statements that define the extent to which waste sites require cleanup to protect human
health and the environment. Preliminary remediation goals (PRGs) are the numeric
values that represent the RAOs. In addition to the residential scenario, PRG values were
developed for the resident-monument worker and the casual user exposure scenarios.
The resident-monument worker and casual recreational user scenarios incorporate

assumptions that reflect reasonably anticipated future land use. Additionally, these

6 Risk Assessment Report for the 100 Area and 300 Area Component of the River Corridor Baseline Risk
Assessment (DOE/RL-2007-21).

Xiv
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numeric values were used as risk-based screening levels (RBSLs) in the supplemental

soil risk evaluation.

When remedial action goals were initially established for the River Corridor, the
Tri-Party Agreement signatories agreed that it was appropriate to protect for a range of
potential exposures in the future so cleanup actions did not limit future use of the site.
DOE has determined that cleanup actions will support reasonably anticipated future land
uses consistent with the Hanford Reach National Monument, where applicable, and the
Land-Use ROD (64 FR 61615).7 The land use at 100-K is identified as
conservation/preservation. The resident-monument worker and casual-recreational user
exposure scenarios reflect exposure assumptions and exposure pathways that are

consistent with reasonably anticipated future land use.

The soil and groundwater risk evaluations provided in Chapter 6 and the ecological risk
assessment provided in Chapter 7 are intended to supplement the RCBRA and were
prepared to address differences in scope and purpose. Integration of the RCBRA, the
supplemental soil and groundwater risk evaluations, and the ecological risk assessment

will support the development of RODs for the River Corridor.

The results of the supplemental soil risk evaluation are used to determine whether
additional response action is necessary at the site, modify preliminary remediation goals,
support selection of the “no action” remedial alternative where it is appropriate, and
document the magnitude of risk and primary contributors (e.g., chemicals and exposure
pathways) to risk at a site. The results of the supplemental soil risk evaluation did not
modify PRGs for human health. Ecological PRGs were further refined in the RI/FS
(based on bioassay results). The exposure scenarios use different assumptions based on

the elements of a complete exposure pathway.

The supplemental soil risk evaluation used data from previously remediated waste sites.
The principal contaminants identified as contaminants of potential concern (COPCs) in
vadose zone soil are waste disposal radionuclides and metals. Waste disposal
radionuclides included cesium-137, cobalt-60, europium-152, europium-154, and Sr-90.
The cumulative risk from waste disposal radionuclides within the shallow zone soil (top

4.6 m [15 ft]) is slightly greater than the upper EPA target risk threshold at one waste

7 64 FR 61615, “Record of Decision: Hanford Comprehensive Land-Use Plan Environmental Impact Statement (HCP
EIS),” Federal Register, Vol. 64, No. 218, pp. 61615-61625, November 12, 1999. Available at:
http://gc.energy.gov/INEPA/nepa documents/rods/1999/61615.pdf.
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site, based on the residential scenario, but no individual radiological COPCs were
reported with a risk greater than 1 x 10™, Under reasonably anticipated future land use,
the risk to the resident monument worker and resident are similar, while the risk to the

casual user is two orders of magnitude lower.

For the residential scenario, the noncancer hazard indices for noncarcinogens fell within
EPA’s and WAC 173-340-708)8 target risk ranges. The noncancer hazard indices for
noncarcinogens fell within EPA’s target risk range for the resident-monument worker and

casual user scenarios.

Residents are unlikely to be exposed to contaminants in soil located at depths greater than
4.6 m (15 ft) below ground surface through the direct contact exposure pathway.
However, soil concentrations from deep zone soils were compared to residential RBSLs
in order to account for residual concentrations in the environment from waste disposal
practices. This evaluation provides information to risk-managers to assess the need for
enhanced controls to prevent contact with this media. The FS evaluated three waste sites
because concentrations of one or more radioisotopes in the deep zone are greater than the
residential RBSL. The FS concluded institutional controls are needed to prevent
uncontrolled drilling or excavation into the deep zone until concentrations of these

isotopes have decayed to levels at or below RBSLs.

The RCBRA assessed human health risks for the Avid Angler, Casual User, and Tribal
use scenarios from exposure to COPCs in upland and riparian surface soils, river water

and sediment, and fish tissue.

The results from the 100-K OU for the Casual User and Avid Angler scenarios showed
that lifetime cancer risks generally were near or below target thresholds and were below

the noncancer hazard index for direct exposures to soil, sediment, and surface water.

The analysis from the Casual User and Avid Angler scenarios concluded there are no
COPCs in riparian soils, nearshore sediments, and surface water that warrant further
evaluation in the FS. However, carbon-14 was detected in one riparian soil sample at a
concentration greater than the residential RBSL of 81 pCi/g. The carbon-14
concentration, analyzed using MULTI INCREMENT® sampling, reflects an average
concentration of 112 pCi/g collected throughout a one hectare plot near the 116-K-2

8 Washington Administrative Code, “Model Toxics Control Act—Cleanup” (WAC 173-340-708).
® MULTI-INCREMENT is a registered trademark of EnviroStat, Inc., Fort Collins, Colorado.
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Trench. The results of this evaluation indicate that carbon-14 is a COPC in riparian soil

that warrants further evaluation in the FS.

The Nonresident Tribal scenario risks from riparian soils were above the target cancer
threshold and noncancer hazard index. Fish ingestion cancer risks exceeded thresholds
for the Tribal scenarios. The Tribal scenarios assist interested parties in providing input
on remedial alternatives, and are not used for development of PRGs as part of alternatives

analyses in FS.

The groundwater contaminants of concern are chromium and Cr(V1), carbon-14, Sr-90,
tritium, nitrate, and TCE. Concentrations in groundwater were compared with federal and
state drinking water standards (DWS), federal and state surface water standards for

protection of human health and aquatic organisms, and state groundwater cleanup levels.

Concentrations of nitrate and tritium in groundwater are greater than the DWS. Localized
concentrations of carbon-14, Sr-90, and TCE are greater than their respective DWS.
Potential remedial technologies for nitrate and tritium are evaluated in the FS, while design

considerations and engineered controls are evaluated for carbon-14, Sr-90, and TCE.

Concentrations of chromium and Cr(VI) in groundwater both exceed the ambient water
quality criteria for protection of aquatic receptors. In addition, concentrations of

chromium are greater than the DWS. Potential remedial technologies for chromium and
Cr(V1) are evaluated in the FS because their concentrations are greater than the DWS or

the AWQS.

The Ecological Risk Assessment (ERA) used data from 16 previously remediated waste
sites in the 100-K Source OU. Soil concentrations were compared to background and to
PRGs protective of plants, invertebrates, and wildlife. Analytes with concentrations
greater than background and PRGs were retained as contaminants of ecological concern
(COECs). Mercury was identified as a COEC at four waste sites and warrant further

evaluation in the FS.

At the scientific management decision point (SMDP), the results of the ERA were
considered in the context of other factors (spatial coverage, data, chemical specifics,
receptors at risk, confidence in PRGs) to reach a final decision on the COECs to be
brought forward to the FS and agreement on the assessment endpoints, representative

receptors, and complete exposure pathways that correspond to those COECs. The SMDP
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concluded there are unacceptable risks to ecological receptors within four waste sites of
the100-K Source OU. Risks at these waste sites are considered unacceptable because
detected concentrations of mercury at all four waste sites are greater than PRGs for

wildlife.

Feasibility Study

The RAOs present statements of protectiveness for human health and the environment
from risks identified at 100-K in the baseline risk assessment. RAOs are developed to
describe what the remedial actions are expected to accomplish for protecting human
health and the environment. Contaminants that exceed target risk thresholds at the end of
the risk assessment are identified as contaminants of concern (COCs). Waste site COCs
includes radiological and nonradiological contaminants. For groundwater, contaminant
concentrations were compared to EPA standards for drinking water quality, state
groundwater cleanup levels, and action level criteria for water quality. This comparison
identified Cr(VI), tritium, carbon-14, Sr-90, chromium, TCE, and nitrate as COCs. An
evaluation of federal and state regulations was conducted in accordance with the National
Contingency Plan (NCP) (40 CFR 300)? to define compliance requirements. Preliminary
remediation goals were then established as numeric representations of RAOs to define the
allowable concentrations of COCs in environmental media under specified exposure
conditions, and provide area and volume estimates for remedial actions. Final RAOs will

be established upon approval of the ROD.

Methods and technologies that could remove contaminants from the source or
environmental transport media, and/or interrupt the exposure pathways were identified
for further evaluation. A range of general response actions to meet RAOs was identified
for waste sites and contaminated groundwater at 100-K. The general response actions
identified for waste sites and groundwater included in situ treatment, containment, and
institutional controls. RTD was also identified as a waste site-specific general response
action. Pump-and-treat with collection, ex situ treatment, and discharge were
groundwater-specific general response actions. Treatment technologies were identified
and screened for the waste sites and groundwater contaminant plumes to select
representative technologies for development of alternatives. Factors considered in the

evaluation included the state of technology development, site conditions, waste

9 40 CFR 300, “National Oil and Hazardous Substances Pollution Contingency Plan,” Code of Federal Regulations.
Available at: http://www.gpo.gov/fdsys/pkg/CFR-2010-title40-vol27/xml/CFR-2010-title40-vol27-part300.xml.
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characteristics, nature and extent of contamination, and presence of constituents that
could limit the effectiveness of the technology. A qualitative comparison of

implementability, effectiveness, and cost provided additional evaluation of technologies.

The FS identified and screened technologies to determine suitability in remediating the
identified sources and contaminant plumes. Three alternatives emerged from the

technology evaluation.

Alternative 1—No Action. The NCP requires consideration of a No Action Alternative,
which serves as a baseline for evaluating other remediation action alternatives and is
retained throughout the FS process. The No Action alternative would end all site
operations, including shut down of the existing groundwater pump-and-treat systems and

an end to waste site remediation.

Alternative 2—RTD and Groundwater Pump-and-Treat, Optimized with Other
Technologies. This alternative optimizes risk reduction and cost by combining RTD and
groundwater treatment with other technologies. The actions at individual waste sites will
vary, depending on the nature and extent of contamination and the results of a
cost/benefit analysis. The options are to continue RTD, and employ soil flushing and
bioinfiltration. Options for total petroleum hydrocarbon contaminated sites include
continue RTD, bioventing, and land farming. Groundwater remediation optimizes
operation of the interim action pump-and-treat systems by including biological injection
and biological infiltration, with air stripping for locations where carbon-14 exceeds

standards.

Alternative 3—RTD and Expanded Groundwater Treatment. RTD is used for waste
site remediation. The existing pump-and-treat system for groundwater is expanded with
additional extraction and injection wells and new treatment plants built to handle the

additional flow. This alternative also treats carbon-14 with air stripping.

Alternatives 2 and 3 include a surface barrier around the reactor until final
decommissioning. Both the alternatives allow that waste sites that cannot be remediated
because of their location near reactors will be capped and/or safely contained until they

can be accessed after the reactors have been dispositioned.

The alternatives are evaluated using criteria in threshold, balancing, and modifying

categories based on the purpose of each category in the remedy selection process.
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Protection of human health and the environment, and compliance with applicable or
relevant and appropriate requirements (ARARs) are threshold criteria that must be met by
the selected remedial action. The balancing criteria represent specific categories for
detailed analysis and include long-term effectiveness and permanence; reduction of
toxicity, mobility, and volume through treatment; short-term effectiveness;
implementability; and cost. The preferred alternative will be the alternative that is
protective of human health and the environment, is ARAR-compliant, and provides the

best combination of primary balancing attributes.

State and community acceptance are modifying criteria that are formally assessed during
preparation of the Proposed Plan and following review of public and stakeholder
comments (state and community acceptance) on the Proposed Plan. Community and state

acceptance are not addressed in the FS,

Individual evaluations rated the performance of each alternative relative to threshold and
balancing criteria. A comparative analysis provided an indicator of performance relative
to the other alternatives. Alternative 1, which did not meet threshold criteria, was not
evaluated further against balancing and modifying criteria. Table ES-2 provides a summary
of the comparative analysis. Alternatives 2 and 3 meet the threshold and balancing criteria
with different tradeoffs. These alternatives provide a robust approach through eliminating
sources and treating existing groundwater contamination to prevent exposure. The selected
alternative will be implemented in the 100-KR-1 and 100-KR-2 source OUs, and the
100-KR-4 groundwater OU. The available information is sufficient to implement a remedy

that will protect human health and the environment and achieve ARARs.

Waste site remediation that is ongoing under interim action RODs will continue until the
final ROD is issued, at which time the actions will be evaluated against RAOs established
under the final ROD. The information used to verify interim waste site closure for
previously remediated waste sites was evaluated further in this RI/FS. The human health
and ecological risk evaluations showed RTD has proven effective in meeting interim
action RAOs and is sufficient to meet RAOs developed for the RI/FS. Existing interim
action groundwater pump-and-treat systems have proven effective in remediating
groundwater contamination. Sites that do not meet the PRGs will be evaluated depending
on the risk drivers that remain and a remedy will be selected from the final ROD. The
selected remedial actions will be considered minor modifications to the ROD. These minor

modifications to the ROD will be made through an administrative process, such as an NPL
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fact sheet, with public notification. These waste sites will be added to the appropriate

Remedial Design/Remedial Action Work Plan for implementation of the remedial action.

Table ES-2. Comparative Analysis of Alternatives

(1) Detailed cost estimates are presented in Appendix]

Expected to perform very well against the criterion with no apparent disadvantages or uncertainty

Expected to perform moderately well against the criterion but with some disadvantages or uncertainty

Expected to perform poorly against the criterion and may have disadvantages or uncertainty CHPUS. 1108 2000:97_DA_ES12%

@00
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1 Introduction

In 1989, the U.S. Department of Energy (DOE), the U.S. Environmental Protection Agency (EPA), and the
Washington State Department of Ecology (Ecology) (known as the Tri-Parties) signed the Hanford Federal
Facility Agreement and Consent Order (hereinafter called Tri-Party Agreement [TPA] [Ecology et al.,
1989a]) to provide a framework for the cleanup of the Hanford Site (Figure 1-1). The scope of the
agreement addressed the Comprehensive Environmental Response, Compensation, and Liability Act of 1980
(CERCLA) remediation of inactive hazardous waste sites, active waste management operations, Resource
Conservation and Recovery Act of 1976 (RCRA) corrective action for solid waste management units, and
closure of RCRA treatment, storage, and/or disposal units across the Hanford Site.

For the purpose of CERCLA cleanup, four sections of the Hanford Site were placed on the National
Priorities List (NPL) as separate areas: 100 Area (Reactor Operations), 200 Area (Irradiated Fuel
Reprocessing and Waste Management), 300 Area (Nuclear Fuel Production and Research and
Development), and 1100 Area (Equipment and Maintenance). Due to the large number of waste sites,
unplanned releases, and extensive groundwater contamination, the 100 Area was further divided into
source and groundwater operable units (OUs) for management of the investigation and remediation.

This document presents the results of a CERCLA Remedial Investigation (R1)/Feasibility Study (FS)
undertaken for 100-K (Figure 1-1). The information contained in this RI/FS supports a Proposed Plan,
which will go through a public review and provide the final basis for a Record of Decision (ROD).
The ROD for 100-K will apply to the source OUs 100-KR-1 and 100-KR-2, and to the 100-KR-4
Groundwater OU (Figure 1-2).

In 1991, the Tri-Parties determined there was a need to prioritize the CERCLA investigations and identify
early actions to address waste sites and groundwater contamination. The Hanford Past-Practice Strategy
(hereinafter called Past-Practice Strategy [DOE/RL-91-40]) provided the basis for prioritizing
investigations and cleanup actions across the Hanford Site. This strategy emphasized the need to address
waste sites and groundwater contamination that may pose a near term impact to public health and the
environment. In addition, the strategy proposed a bias-for-action to cleanup waste sites and existing
contamination where the need for a remedy was evident.

Initial waste site identification for the Hanford Site, including 100-K, began when liquid and solid wastes
were first disposed into the soil column. As more disposal locations were constructed and operated,
documents that tracked location and content were developed. Eventually, these waste sites were assigned
a standardized identification number and included for tracking purposes in a database, the Waste
Information Data System (WIDS). As a result of the potential listing on the NPL, a preliminary
assessment/site investigation (PA/SI) was conducted. This PA/SI identified the potential waste site by
geographic area across the Hanford Site and assigned each waste site a hazard ranking. This combined
hazard ranking score resulted in the four areas to be added to the NPL (100, 200, 300, and 1100). Waste
sites identified within the geographic areas included 100-KE and 100-KW and the nearby environs. These
waste sites were included in WIDS and formed the basis for the preliminary list of waste sites in the
100-K geographic area. Since the PA/SI, additional efforts have been conducted to ensure that all waste
sites posing a threat to human health and the environment are addressed through the Nonoperational Area
Evaluation process, including the Orphan Site Evaluation and Discovery Site processes. These processes
help ensure that no waste sites will be missed.
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For 100-K, the Past-Practice Strategy (DOE/RL-91-40) translated into priority investigations. Limited
Field Investigations (LFIs) (Limited Field Investigation Report for the 100-KR-1 Operable Unit
[DOE/RL-93-78]; Limited Field Investigation Report for the 100-KR-4 Operable Unit, hereinafter called
100-KR-4 LFI [DOE/RL-93-79]) were initiated for the 100-KR-1 and 100-KR-2 OUs. These LFIs
characterized the nature and extent of contamination in the vadose zone, structures, and debris that
received radioactive liquid effluent discharges.

The LFIs indicated that sites in 100-KR-1 and 100-KR-2 were primarily responsible for the continuing release
of hexavalent chromium (Cr(VI)) above established limits to the groundwater. For the 100-KR-4 OU, it
was established that Cr(VI) in groundwater was entering the Columbia River at concentrations considered
toxic to aquatic organisms. This led to the selection of interim actions to remediate source and groundwater
contamination within the 100-KR-1, 100-KR-2, and 100-KR-4 OUs under the following interim RODs:

e EPA/ROD/R10-99/039, July 1999, 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) (hereinafter called 100 Area Remaining Sites ROD)

e EPA/ROD/R10-99/059, September 1999, Interim Remedial Action Record of Decision for the
100-KR-2 Operable Unit K Basins, Hanford Site, Benton County, Washington (hereinafter called
100-KR-2 OU ROD)

e EPA/ROD/R10-96/134, March 1996, Record of Decision for the 100-HR-3 and 100-KR-4 Operable
Units Interim Remedial Actions, Hanford Site, Benton County, Washington (hereinafter called
100-HR-3 and 100-KR-4 OU ROD)

Interim Remedial Action Objectives (RAOs) for the cleanup of waste sites within the 100-KR-1 and
100-KR-2 OUs focused on protecting human health from contaminants in the soil, controlling the sources
of groundwater contamination to minimize the impacts to groundwater resources, and protecting the
Columbia River from further adverse impacts. For the 100-KR-4 Groundwater OU, RAOs focused on
Cr(VI) as the primary impact posed by the site to groundwater and surface water. Reducing the
concentrations of Cr(VI) entering the Columbia River and restoring the groundwater to beneficial use
remain the primary objectives of groundwater remediation within 100-K.

DOE is the lead federal agency at Hanford, per CERCLA, Superfund Implementation (Executive

Order 12580), and the TPA. DOE develops implementation strategies and conducts response actions in this
lead federal agency role. With implementation of the Past-Practice Strategy (DOE/RL-91-40) and progress
with the interim remedial actions, DOE prepared the Hanford Site Cleanup Completion Framework
(hereinafter called Cleanup Completion Framework [DOE/RL-2009-10]) to describe the cleanup strategy
(Table 1-1). One of the principal components of the framework is the River Corridor, which consists of
approximately 570 km” (220 mi®) of the Hanford Site along the Columbia River. It includes a contiguous
area that extends from the 100 and the 300 Areas to the Central Plateau boundaries (Figure 1-1).

Table 1-1. Overarching Goals for Hanford Site Cleanup

Goal Description
1 Protect the Columbia River.
2 Restore groundwater to its beneficial use to protect human health, the environment, and the

Columbia River.
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Table 1-1. Overarching Goals for Hanford Site Cleanup
Goal Description
3 Clean up River Corridor waste sites and facilities to protect groundwater and the Columbia River,

shrink the active cleanup footprint to the Central Plateau, and support anticipated future land uses.

4 Clean up Central Plateau waste sites, tank farms, and facilities to protect groundwater and the
Columbia River, minimize the footprint of areas requiring long-term waste management activities,
and support anticipated future land uses.

5 Safely manage and transfer legacy materials scheduled for offsite disposition, including special nuclear
material (including plutonium), spent nuclear fuel, transuranic waste, and immobilized high-level waste.

6 Consolidate waste treatment, storage, and disposal operations on the Central Plateau.

) Develop and implement institutional controls and long-term stewardship activities that ensure
protection of human health and the environment after cleanup activities are completed.

Source: Cleanup Completion Framework (DOE/RL-2009-10)
Note: Status as of May 2011.

For sites in the River Corridor, final remedial actions are expected to restore groundwater to drinking
water standards and protect aquatic life in the Columbia River by achieving ambient water quality
standards at groundwater discharge points to the river. Unless technically impracticable, these objectives
will be achieved within a reasonable period. If remedial action objectives are not achievable in a
reasonable period or are determined to be technically impracticable, programs will be implemented to
prevent further migration of the plume, prevent exposure to contaminated groundwater, and evaluate
further risk reduction opportunities as new technologies become available.

Current River Corridor cleanup work is progressing based on interim action RODs. A primary objective
of this work has been to move potential sources of contamination that are close to the Columbia River to
the Central Plateau for final disposal. In addition, interim actions have been taking place to address
groundwater contamination. Cleanup actions will support reasonably anticipated future land uses
consistent with the Hanford Reach National Monument, where applicable, and the “Record of Decision:
Hanford Comprehensive Land-Use Plan Environmental Impact Statement (HCP EIS)” (64 FR 61615).

To complete final cleanup, the River Corridor has been divided into six geographic decision areas,
including 100-K, to achieve final source and groundwater remedy decisions (Figure 1-1). These decisions
will provide comprehensive coverage for all areas within the River Corridor and will incorporate interim
action cleanup activities. Cleanup levels will be established that will protect human health and the
environment under both current and reasonably anticipated future land use conditions. These levels will
also comply with ARARs and consider the cleanup levels previously used in implementation of Interim
Action Records of Decision for River Corridor operable units.

Much of Chapter 1 is devoted to summarizing the assessment and remediation work that was completed
before preparation of this RI/FS Report. In addition to 100-K specific work, other relevant work that
supports remedy selection for 100-K (such as treatability tests) and 100 Area studies that describe the nature
and extent of contamination across all six River Corridor areas are described. This RI/FS Report builds on
this body of previous work, including the River Corridor Baseline Risk Assessment (RCBRA) (Risk
Assessment Report for the 100 Area and 300 Area Component of the River Corridor Baseline Risk

1-6



EES w N =

~ O\ W

10
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

DOE/RL-2010-97, DRAFT A
SEPTEMBER 2011

Assessment [DOE/RL-2007-21, Draft B]) (discussed in Chapters 6 and 7), to provide a comprehensive
picture of the current and much improved site conditions and to present a range of options for addressing
the remaining contamination at 100-K.

For the purpose of this RI/FS, the following definitions are used:

e Shallow vadose zone—from ground surface to a depth of 4.6 m (15 ft). This depth interval must
meet soil standards for direct contact exposure by humans and terrestrial ecology, and be protective of
groundwater and surface water.

e Deep vadose zone—from a depth of 4.6 m (15 ft) to the water table. This depth interval must meet
soil standards for protection of groundwater and surface water.

The RI/FS for 100-K was undertaken in accordance with Integrated 100 Area Remedial
Investigation/Feasibility Study Work Plan (hereinafter called the Integrated Work Plan
[DOE/RL-2008-46]), which contains the planning elements that are common to all the Hanford Site

100 Area source and groundwater OUs, and /ntegrated 100 Area Remedial Investigation/Feasibility Study
Work Plan Addendum 2: 100-KR-1, 100-KR-2, and 100-KR-4 Operable Units (hereinafter called the
100-K Work Plan [DOE/RL-2008-46-ADD?2]), which is specific to 100-K. These work plans were
developed to assist in reaching final decisions for the OUs within the 100 Area NPL Site.

This introductory chapter is followed by the RI portion of the report (Chapters 2 through 7), the FS portion
of the report (Chapters 8 through 10), and a list of the works used in preparing this report (Chapter 11).

e Chapter 2 Study Area Investigation
e Chapter 3 Physical Characteristics of 100-K

e Chapter4 Nature and Extent of Contamination in 100-K, including Individual Evaluations of All
Waste Sites

e Chapter 5 Contaminant Fate and Transport
e Chapter 6 Human Health Risk Assessment
e Chapter 7 Ecological Risk Assessment

e Chapter 8 Identification and Screening of Remediation Technologies, including Preliminary
Remediation Goals (PRGs), Applicable or Relevant and Appropriate Requirements
(ARARsS), and RAOs

e Chapter 9 Development and Screening of Remedial Action Alternatives (RAAs)
e Chapter 10 Detailed Analysis of Remedial Action Alternatives
e Chapter 11 References

This RI/FS Report includes extensive data used to perform calculations and assessments. Due to the
volume of this information (such as laboratory analytical data and risk calculations), summaries of data
are provided in this document and appendices, and electronic links are provided to direct the reader to
more detailed information contained in particular studies, databases, or reports found in the
Administrative Record. Appendices are as follows:

e Appendix A Site Maps
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e Appendix B Annotated Bibliography and Previous Investigations Summary
e Appendix C Field Reports

e Appendix D Analytical Data

e Appendix E Waste Site Table

e Appendix F Fate and Transport Modeling Documentation

e Appendix G Human Health Risk Assessment Calculation Brief

e Appendix H Ecological Risk Assessment Calculation Brief

e Appendix I Technology Screening—Not Retained Technologies
e Appendix J Alternative Development Supporting Documentation
e Appendix K Nonoperational Area

e Appendix L Riparian/Nearshore Evaluation

1.1 Purpose and Scope of Report

The RI/FS process is outlined in EPA and DOE RI/FS guidance (Guidance for Conducting Remedial
Investigations and Feasibility Studies under CERCLA [EPA/540/G-89/004]; Remedial
Investigation/Feasibility Study [RI/FS] Process, Elements, and Techniques [DOE/EH-94007658]).

The RI/FS process represents the methodology established by the Superfund Amendments and
Reauthorization Act of 1986 (SARA) program for characterizing the nature and extent of risks posed by
uncontrolled hazardous waste sites and for evaluating potential remedial options. This approach should be
viewed as a dynamic, flexible process that can be tailored to specific circumstances of individual sites; it
is not a rigid, step-by-step approach that must be conducted identically at every site.

This RI/FS Report was prepared in accordance with the previously referenced guidance as well as
CERCLA Compliance with Other Laws Manual: Interim Final (EPA/540/G-89/006) and CERCLA
Compliance with Other Laws Manual: Part I (EPA/540/G-89/009). Figure 1-3 summarizes the CERCLA
process. The guidance documents provide information on the regulations and standards that govern the
RI/FS process, as well as an overview of requirements for each section of the RI/FS Report.

This RI/FS Report has the following objectives:
e Provide information concerning the physical environmental setting and site characterization.

e Draw conclusions concerning nature and extent of contamination present at the site, the potential for
migration of contamination from the site, and the potential for adverse human health and environmental
effects if no action is taken at the site and exposure occurs. This goal is achieved by evaluating
historical and operational information about the site, contaminants of potential concern (COPCs),
potential migration pathways, potential receptors, exposure (dose), and contaminant toxicity.

e Develop and evaluate an appropriate range of remedial action alternatives for the site based on
unacceptable risk to human health and the environment.

EPA is the lead regulatory agency for 100-K and, as such, has the primary responsibility for overseeing
all remedial action activities to ensure they meet applicable requirements. DOE, as the lead agency, is
responsible for performing all 100-K remedial actions. DOE has completed its RI/FS Report for 100-K
and is issuing it as a component of CERCLA and the ‘“National Oil and Hazardous Substances Pollution
Contingency Plan” (hereinafter called the National Contingency Plan or NCP [40 CFR 300]). This report
also fulfills DOE’s responsibility under the National Environmental Policy Act of 1969 (NEPA) to assess
NEPA values when evaluating CERCLA remedial actions. The U.S. Department of Energy, Richland
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Operations Office (DOE-RL) will issue a Proposed Plan detailing the proposed final remedies for
comment by the public and the Tribal Nations. EPA and DOE-RL will issue a ROD for the 100-K OUs,
which will include responses to the comments received and the 100-K final remedies. After the ROD is
issued, a remedial design/remedial action (RD/RA) will be developed, approved, and implemented.

CERCLA Decision Process
Step €),

step @)

Proposed Plan

+ Present site information
« |dentify preferred alternative
*Solicit Comments

Site Inspection

+ Personnel interviews
+ Records review
+ Data evaluation

- =
i_ _Interim Remedial Action* !

Step @),

Record of Decision

* Document the selected alternative
« Explain why alternative selected
+ Address corments

Remedial Investigation

+ Data collection

+ Define nature and extent of
contamination

+ Conduct baseline risk assessment

Feasibility Study

* Evaluate nsks . Remedial Action
* Screen potential technologies

* Develop altematives, including costs
« Evaluate alternatives against NCP criteria

+ Design
+ Construction/implementation/O&M
+ Closure report

*Interim Remedial Actions have been conducted at 100-K since 1994.

Step 1. Site Inspection—Includes interviewing site personnel regarding the history of the site, reviewing waste disposal records,
and evaluating existing data.

Step 2. Remedial Investigation/Feasibility Study—Topics of the combined segments are:

+ Remedial Investigation—Consists of an environmental study to identify the nature and extent of contamination and a
preliminary evaluation of the risk posed to human health and the environment.

o Feasibility Study—Includes the details of a remedial altemative evaluation and identifies PRGs.

Step 3. Proposed Plan—Based on previous field investigations and reports that are completed in the first three steps of the
CERCLA process described above. The Proposed Plan summarizes the remedial alternative evaluations and presents the
preferred alternative recommended in the FS for comments.

Step 4. Record of Decision—Formally documents the cleanup alternative that was selected after the DOE & EPA have reviewed
and responded to comments on the Proposed Plan.

Step 5. Remedial Action—Consists of the actual cleanup activities being performed. When cleanup is completed, a final report
is written that describes the remedial actions implemented, the result of the actions, and the conclusion of the CERCLA process.

CHPUBS1106_2011-82_DD_PP.1-2

Source: Modified from EPA/540/G-89/004, Guidance for Conducting Remedial Investigations and Feasibility Studies
Under CERCLA.

Figure 1-3. The CERCLA Decision Process

The conceptual site model (CSM) will be used in this RI/FS Report to present what is known about
100-K. The American Society for Testing and Materials Standard Guide for Developing Conceptual Site
Models for Contaminated Sites (ASTM E1689-95) defines the CSM as ““a written or pictorial of an
environmental system and the biological, physical, and chemical processes that determine the transport of
contaminants from sources through environmental media to environmental receptors within the system.”

1-8



[o RN N D BN

—
N = O O

— = —
AN L AW

N = = =
S O 0

NN NN NN
AN AW

SR}
0 =

29
30

31
32
33
34
35

36
37
38

DOE/RL-2010-97, DRAFT A
SEPTEMBER 2011

For the 100-K RI/FS Work Plan, the CSM was used as a base to integrate relevant site information,
determine whether information including data were missing (data gaps), and identify additional
information to be collected. In Chapters 2 through 7 of this report, the model is refined by the additional
information and then used to identify and evaluate potential risk to human health and the environment.

Figure 1-4 presents the basic activities associated with a CSM. For an exposure pathway to be complete,
all the components must be present:

e “Source” is the location from which a contaminant enters the physical setting. The primary sources of
contaminants were releases and effluents related to reactor operations. Primary sources are described
in Chapter 1. A secondary source is created when the contaminants are mixed in the vadose zone and
then the groundwater. Reactor operations at 100-K have ceased; therefore, this document focuses on
secondary sources of contaminants in the vadose zone and groundwater and further potential risk to
human health and the environment. These secondary sources are described in Chapter 4.

e “Release Mechanisms” are the potential to release to the environment through resuspension of
contaminated particulate matter, surface runoff, leaching to the vadose zone, plant intrusion, animal
burrowing, erosion, or groundwater migration. Release mechanisms and relevant 100-K physical
features are introduced in Chapter 3 and discussed in Chapter 5.

e “Transport” is movement of a chemical or physical agent in the environment from a secondary source
to an environmental medium, or via a food chain. Contaminants introduced into the environment can
flow between different environmental media such as air, vadose zone, groundwater, and surface water
due to interconnecting release mechanisms. Transport is discussed in Chapter 5.

e “Exposure” is the process by which a contaminant or physical agent in the environment comes into
direct contact with the body, tissues, or exchange boundaries of an environmental receptor organism
(for example, ingestion, inhalation, dermal absorption, or root uptake). The courses through which
contaminants in the environment may move away from the secondary source to potential environmental
receptors are called pathways. An exposure point is where a receptor could encounter a contaminant
in an environmental medium. Potential exposure scenarios are discussed in Chapters 6 and 7.

e “Receptors” include humans and other organisms (e.g., plants, animals, and other species) that may
come into direct contact with the contaminants. Chapters 6 and 7 evaluate exposure to receptors.

Release
Sources . Transport Exposure
o port | =) | Exposure E={Receptors

Figure 1-4. Conceptual Site Model

In Chapters 8 through 10, the refined model is used to facilitate the selection of remedial alternatives and
to evaluate the effectiveness of remedial actions in interrupting the exposure pathways of contaminants to
human and environmental receptors. The CSM, as presented in this RI/FS Report, provides a basis for a
follow-on proposed remedy decision, together with public participation, for DOE and EPA to make a
decision to begin design and implementation of selected long-term remedial actions.

The identification of data needs in 100-K Work Plan (DOE/RL-2008-46-ADD2) led to development of a
sampling and analysis plan (SAP) that established characterization activities specific to 100-K (Sampling and
Analysis Plan for the 100-K Decision Unit Remedial Investigation/Feasibility Study, hereinafter called 100-K
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SAP [DOE/RL-2009-41]). The 100-K SAP includes a Field Sampling Plan that provides the sampling strategy
and techniques used to obtain the supplemental data required for the RI/FS. The 100-K SAP also provides a
Quality Assurance Project Plan (QAP;jP) to ensure that data collected meet the appropriate quality assurance
(QA) and quality control (QC) requirements. Once the Rl activities have filled the CSM data needs, the FS
process is used to assemble various combinations of technologies into RA As that address the contamination in
the various media at 100-K (Guidance for Conducting Remedial Investigations and Feasibility Studies
under CERCLA [EPA 540/G-89/004]).

1.2 Site Background

The Hanford Site encompasses approximately 1,517 km? (586 mi?) in Benton, Franklin, and Grant counties in
south-central Washington State within the semiarid Pasco Basin of the Columbia Plateau. The site stretches
approximately 50 km (30 mi) north to south and about 40 km (24 mi) east to west, immediately
north-northwest of the confluence of the Yakima and Columbia Rivers; the cities of Kennewick, Pasco, and
Richland (the Tri-Cities); and the City of West Richland. The Columbia River flows 80 km (50 mi) through
the northern part of the Hanford Site and, turning south, forms part of the site’s eastern boundary, while the
Yakima River runs near the southern boundary of the Hanford Site, joining the Columbia River at the City of
Richland. The central portion of the Hanford Site is punctuated by two small east-west trending ridges,

Gable Butte and Gable Mountain. Lands adjoining the site to the west, north, and east are principally range and
agricultural. State Routes 240 and 24 skirt the southwestern and northern portions of the site, respectively.

The Hanford Site area is culturally rich, experiencing a history of multiple occupations by both Native and
non-Native Americans. For thousands of years, Native American peoples have inhabited the lands both within
and around the Hanford Site (Tribal Distribution in Washington [Spier, 1936]; and Handbook of North
American Indians: Volume 12, Plateau [Walker and Sturtevant, 1998]). Non-Native American presence in the
mid-Columbia began in 1805 with the arrival of the Lewis and Clark Expedition along the Columbia and
Snake Rivers. In the late 19" and early 20" centuries, non-Native people began intensive settlement on the
Hanford Site, establishing an early settler and farming landscape. Farmstead communities existed from 1880 to
1943, located primarily in the upland environment adjacent to the Columbia River. The area became one of the
premier orchard regions in the state following formation of the Hanford Irrigation and Development Company
in1905. The farming life came to an abrupt halt in 1943 when the U.S. government took possession of the land
to produce weapons-grade plutonium as a part of the Manhattan Project (Figure 1-5).
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Figure 1-5. Historical Farm in 100-K (1943)

1.2.1  Site Description

The Hanford Site is divided into numerically designated areas. These areas served as the location for
reactor, chemical separation, and related activities for the production and purification of special nuclear
materials and other nuclear activities. The reactors and their ancillary/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) from the
Columbia River, contained all the facilities used to separate, isolate, store, and ship the plutonium from
reactor operations. The 300 Area, located adjacent to and north of the City of Richland, contained the
reactor fuel manufacturing plants and the research and development laboratories, while 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.

100-K is adjacent to the Columbia River in the northern portion of the Hanford Site between 100-BC and
100-N, as shown in Figure 1-1. The section of the Columbia River along 100-K (Figure 1-6) defines a
portion of the Hanford Reach, an important ecological, cultural, historical, and recreational feature that
extends from the base of Priest Rapids Dam to the slack water of Lake Wallula near the southern boundary
of the 300 Area.
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CHPUBS1105_2010-97_DD_01.1-4

Figure 1-6. The Columbia River along 100-K

Active facilities in 100-K include office buildings, storage buildings, a substation switch house, and
pump-and-treat facilities. Inactive facilities remaining within 100-K include the 105-KE and

105-KW Reactor buildings, a water treatment plant, outfall structures, mobile office, and numerous storage
buildings. Figure 1-7 shows 100-K under construction in 1954. Figure 1-2 presents the location of 100-K
OUs and Appendix E includes information about active and former 100-K facilities.
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Figure 1-7. 100-K Construction (1954)

1.2.2 Hanford Site and Operational History

This section provides an overview of the history of the Hanford Site as well as the operational and process
histories of 100-K. It describes the 100-K Reactors and support facilities, cooling water systems, and
radioactive and nonradioactive waste streams, as well as the types of waste disposal facilities that were
used during site operations. It also describes the types of locations where contaminants were released, and
indicates the types of contaminants that are likely to be found in various locations at 100-K.

1.2.2.1  Hanford Site History Overview

The Hanford Site was selected for plutonium production for military nuclear weapons in 1942 as part of
the Manhattan Project because of the availability of water from the Columbia River, access to power from
the Bonneville and Grand Coulee Dams, its remote location, and its relatively small population. Land
acquisition for the Hanford Site took place in February 1943 and represented one of the largest land
procurements (approximately 160,000 ha [400,000 ac]) carried out during World War II.

Site construction, which began the following month, was largely completed with the first three reactors
(B, D, and F) coming online by April 1945.
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Between 1947 and 1955, the Atomic Energy Commission (AEC) added five new reactors (C, H, DR, KE,
and KW) at the Hanford Site while at the same time boosting the output of the three Manhattan Project
reactors (B, D, and F). Incremental improvements in the basic components of the World War Il reactors
and a construction program to build reactors that incorporated these changes accounted for doubling the
plutonium output at Hanford in 1952 and 1953.

The period from 1956 through 1964 saw the most intense defense production at Hanford, including the
construction of a new dual-purpose reactor for the Hanford Site capable of both generating electricity and
producing plutonium. Construction of N Reactor, which featured a new closed loop, primary cooling
system, was completed in 1963 with plutonium production beginning in 1964. The 800 MW steam plant
began producing electricity in 1966 and was the world’s largest nuclear power plant for many years.

By the 1960s, however, the nation’s plutonium stockpile was much larger than deemed necessary, and
plutonium production at Hanford gradually decreased. In 1964, the AEC shut down the H, DR, and

F Reactors, followed by D Reactor in 1967 and B Reactor in 1968. All the remaining reactors (C, KE,
and KW) at Hanford were shut down in 1969—1971 (with the exception of N Reactor), along with the fuel
manufacturing and separation plants. N Reactor was shut down in 1986 following the Chernobyl explosion
in the former Soviet Union, and was transitioned to cold standby in 1989 with the end of the Cold War,
signaling the close of Hanford’s production mission and the start of its cleanup mission. During the
Manbhattan Project and Cold War, more than 67,000 kg (147,000 1b) of plutonium were produced at the
Hanford Site, 13,000 kg (29,000 1b) of which were fuel grade plutonium. The Hanford Site produced the
entire nation’s nuclear arsenal plutonium between 1945 and 1963, and accounted for more than 65 percent
of all plutonium in the history of U.S. plutonium production.

Construction of the two 100-K Reactors (105-KE and 105-KW) began in tandem in September 1952 in an
effort to hasten development of the nation’s nuclear deterrent arsenal. Operation of the twin reactors
began in early 1955 at an initial output of 1,850 MW each. However, output was gradually increased until
the reactors each reached their maximum authorized power of 4,400 MW in 1961.

The 105-KW and 105-KE Reactors were shut down in 1970 and 1971, respectively. Housekeeping and
decommissioning activities began at 100-K as part of a sitewide initiative in 1973. This effort progressed as
resources allowed from 1974 through 1990, with buildings being demolished, surplus equipment salvaged or
redeployed, and active operations maintained at a minimal level (Summary of the Hanford Site
Decontamination, Decommissioning, and Cleanup FY 1974 Through FY 1990 [WHC-EP-0478]). However,
because of their proximity to the 105-N Reactor, many of the facilities at 100-K remained in service to
support the 105-N Reactor’s continued operation. Therefore, relatively little demolition or salvage work had
been done at 100-K until 2008, when active demolition of the KE and KW Reactor support facilities began
again.

The environmental impacts associated with the ultimate disposition of the reactors were evaluated in
Addendum (Final Environmental Impact Statement): Decommissioning of Eight Surplus Production
Reactors at the Hanford Site, Richland, Washington (DOE/EIS-0119F). The Environmental Impact
Statement (EIS) ROD (“Record of Decision: Decommissioning of Eight Surplus Production Reactors at
the Hanford Site, Richland, Washington,” hereinafter called the NEPA ROD [58 FR 48509]) documented
the selection of interim safe storage (ISS) for the reactors. (ISS is the provision of an upgraded, weather
resistant shell to isolate the reactor core until remedial activities are conducted.)

1.2.2.2 100-K Operational History

The primary operational period for 100-K relates to plutonium production from the 105-KW and
105-KE Reactors starting in 1955 until 1971. During this period, all reactor systems for influent cooling
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water, reactor pile, effluent waste disposal, and ancillary support services were operated. In addition to its
primary operational history, 100-K had a second operational period from 1975 until 2007 when the
reactor fuel storage basins were repurposed to store spent fuel from the 105-N Reactor. A discussion of
these two operating periods follows.

1.2.2.3  Plutonium Production Operations (1955-1971)

In 1955, the 105-KW and 105-KE Reactors were started up (January 4 and April 17, respectively) as the
seventh and eighth plutonium production reactors at the Hanford Site. Each reactor was about 60 percent
larger than the older single pass reactors (B, C, D, DR, F, and H) and each had a graphite block with
3,220 process tubes compared to the 2,004 process tubes for the older production reactors (Hazards
Summary Report: Process Control and Technical Data Hanford K Production Reactors, hereinafter
called Hazards Summary Report [HW-74095]). The increased number of process tubes accounted for
most of the operating history differences between the 105-KE and 105-KW Reactors and the older
reactors. Each reactor operated with greater volumes of cooling water to and from the reactor pile, an
increased volume of inert cover gas recirculated through the graphite moderator block within the pile, and
an increased number of fuel elements in the reactor pile than the older single-pass reactors.

Production Related Materials. Materials that passed through the reactors were contaminated with generally
short-lived radioisotopes and represented the majority of the wastes produced. Active physical barriers
and strong administrative measures were in place to minimize radiological hazards throughout the
Hanford Site production areas. These measures affected the disposal locations and waste management
procedures for the various production operation waste streams.

Waste streams from the reactor production process include the following:
e Process inputs:
— Raw materials processed through the reactor, such as uranium fuel and cooling water

— Process chemicals for water conditioning and inhibiting corrosion (for example, sodium
dichromate and sulfuric acid)

— Materials used for reactor maintenance, such as acids and solvents
e Process outputs:

— Isotopes and byproducts, including a host of long-lived radionuclides such as plutonium-239,
strontium-90, cesium-137, tritium, and carbon-14, and numerous short-lived radionuclides

— Radioactively and chemically contaminated materials (solid and liquid wastes)
— Radioactively and chemically contaminated cooling water
— Uncontaminated waste materials

Reactors generated a variety of radionuclides (Radiological Characterization of the Retired 100 Areas
[UNI-946]; 100-K Area Technical Baseline Report [WHC-SD-EN-TI-239]). Principal radionuclides were
as follows:

e Thermal shields—cobalt-60 and nickel-63

e Reactor graphite cores—tritium and carbon-14

1-15
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e Process tubes (and the film inside the process tubes)—manganese-54, cobalt-60, zinc-65,
europium-154, cesium-137, and strontium-90

More detailed discussions on the nature and extent of the contaminants associated with these processes is
provided in Chapter 4. Liquid wastes from reactor operations and associated facilities were released to the
vadose zone and the Columbia River. Solid wastes were disposed in burial grounds associated with the
facilities. Sites for wastes intentionally or unintentionally released to or buried within 100-K included
trenches, cribs, French drains, retention basins, pipelines, burial grounds, and unplanned spills and
releases, each of which is described in the following text.

Trenches. Shallow, narrow, unlined surface liquid waste sites of variable length that received limited
quantities of sludge and/or liquid wastes (cooling water, contaminated water and sludge, sodium
dichromate, fuel rupture effluent, and decontamination solutions [that is, citric acid, nitric acid, and
solvents]). Trenches typically were 15 to 40 m (50 to 130 ft) long, 3 to 5 m (10 to 17 ft) wide, and

2 to 6 m (6 to 20 ft) deep. However, at 100-K, a 1,219 m (4,000 ft) trench (116-K-2) was constructed to
dispose of large volumes of reactor effluent waste, as shown in Figure 1-8.

CHPUBS1105 2010-97 DD _01.1-6

Figure 1-8. Mile Long Trench (116-K-2) Excavation in 1955

Cribs. Subsurface liquid waste disposal sites for percolating wastewater into the ground without exposure
to the atmosphere. The cribs typically were 3 x 3 x 3 m (10 x 10 x 10 ft) boxes, shored with wooden
railroad ties, and filled with gravel (e.g., 116-KE-1 and 116-KW-1). Early waste management practices
used cribs to receive low-level radioactive waste for disposal and to provide a physical barrier against
surface exposure. Cribs received contaminated water and sludge, contaminated process tube effluent, fuel
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storage effluent, spent laboratory solutions, and potassium borate solutions. The 116-K-1 Crib shown in
Figure 1-9 was a unique combination crib/trench design.

French Drains. Subsurface liquid waste disposal sites designed to percolate wastewater into the ground
without exposure to the atmosphere (e.g., 100-K-36). These sites were usually constructed with a 1 m
(3 ft) diameter, open or gravel-filled pipe placed vertically to less than 5 m (16 ft) below ground surface
(bgs). French drains typically received low volumes of low-level radioactive waste for disposal.

Solid Waste Burial Grounds. Areas used for near surface disposal of solid waste containing radioactive and
nonradioactive hazardous substances, construction debris (such as steel, concrete, and wood) from reactor
modifications, contaminated construction equipment, contaminated vadose zone material, irradiated
reactor parts, and low-level radioactive combustible material (Estimates of Solid Waste Buried in

100 Area Burial Grounds [WHC-EP-0087]; Historical Events—Reactors and Fuels Fabrication
[RL-REA-2247]) (e.g., 118-K-1).

CHPUBS1105_2010-97_DD_01.1-7

Figure 1-9. 116-K-1 Crib during Construction (1954)

Unplanned Release Sites. Sites where wastes unintentionally released to the environment created sources
of contamination. Waste sites in this group typically related to liquid waste spills (e.g., UPR-100-K-1
and 100-K-48).

Retention Basins. Large, open, compartmentalized, reinforced concrete structures designed to hold
temporarily cooling water from reactor operations then discharged to the Columbia River after cooling
and decay of short-lived radioactive contaminants. Although retention basins are sometimes considered
liquid waste sites because they leaked substantially to the surrounding vadose zone, they were not
designed to percolate liquids into the vadose zone.
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Pipelines. Closed transfer lines between facilities or structures that were used to transfer chemicals or
waste effluents and included lines that may have leaked.

1.2.24 Spent Fuel Storage Operations (19756-2007)

The 105-KW Reactor was shut down on February 1, 1970 and the 105-KE Reactor was shut down on
January 29, 1971. Work then followed to remove their fuel and stabilize their subsystems, including the
effluent waste disposal sites (/00 K Facility Deactivation Documentation [SNF-11168]). Beginning in
1973, the 105-KE and 105-KW Reactors fuel storage basins (FSBs) were re-purposed to temporarily store
spent fuel from the 105-N Reactor. The temporary storage of spent 105-N fuel in the 105-KE and
105-KW FSBs included plans for its removal and reprocessing in the 200 Area.

The Plutonium Uranium Extraction (PUREX) reprocessing plant in the 200 East Area was restarted in
1983 and began reprocessing the spent 105-N fuel. The last shipment of 105-N spent fuel was received
and stored in the FSB in 1989. However, when the decision was made in 1992 to stop spent fuel
reprocessing at the Hanford Site, the PUREX plant was shut down, leaving some spent fuel,
approximately 2,100 metric tons (2,300 tons), stored in the 105-KE and 105-KW FSB. The remaining
spent fuel was later consolidated in the 105-KW FSB, where it remained until 2007 when it was
transferred for storage in the 200 Area.

The operation of the 105-KE and 105-KW FSBs from 1975 until 2007 resulted in additional long-lived
fission product contamination of the vadose zone and groundwater beneath the FSBs due to spent fuel

contamination of the FSB water and leaks to the vadose zone (Groundwater Monitoring and Assessment
Plan for the 100-K Fuel Storage Basins [PNL-14033)).

1.2.2.5 Reactor Mechanics and Layout

The 105-KW and 105-KE Reactors were installed in parallel, about 610 m (2,000 ft) apart, roughly 750 m
(2,500 ft) from the Columbia River (Figure 1-7). At grade, each reactor building was 65 m (213 ft)

long x 84 m (275 ft) wide x 32.6 m (107 ft) high. The lowest floor in each building was 6.3 m (20.8 ft)
below grade. Each reactor building had an associated 91 m (300 ft) tall ventilation stack.

The 105-KW and 105-KE Reactors were graphite moderated, “single pass,” water cooled reactors used to
produce weapons grade plutonium. The reactors produced plutonium with the same operating materials
and processes used at the other single pass production reactors in the 100 Area, but were larger.

The 105-KW and 105-KE Reactors construction and layout were identical except for the 1706-KER Test
Loop installed at the 105-KE Reactor.

Reactor Pile. A steel box with a graphite moderator block in the center surrounded by the thermal shield,
which, in turn, was surrounded by the biological shields. The 105-KE and 105-KW Reactor piles had
3,220 process tubes penetrating them from front to back. Each process tube was 13 m (44 ft) long and had
a 4.3 cm (1.7 in.) outer diameter (Hazards Summary Report [HW-74095]). The process tubes contained
aluminum clad, uranium metal fuel elements containing uranium-235 that fissioned, releasing neutrons
slowed by the graphite and absorbed by the uranium-238 to transmute to plutonium-239 (the product).

During the production of plutonium, fission neutrons captured by the reactor operating equipment and
materials produced radioactive activation products. The fission products and activation products included
radionuclides with very short to long half-lives. The very short half-life radionuclides were a concern
during operations because they were discharged to the river. The long half-life radionuclides became
COPC:s for Hanford restoration activities. During 105-KE and 105-KW Reactor operations (1955 to
1971), the short-lived radioisotopes (e.g., manganese-54, iodine-131, and zinc-65) represented more than
98 percent of the radioactivity in the reactor effluents (The Hanford Site Historic District Manhattan
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Project 1943 Thru 1946 Cold War Era 1947 Thru 1990, Table 1 [DOE/RL-97-104]). These very short
half-life radionuclides have decayed since the operations period to concentrations below cleanup
standards. Long-lived radioisotopes (e.g., cobalt-60, Sr-90, cesium-137, europium-152, carbon-14,

and tritium) were those with a decay half-life greater than three years (The Hanford Site Historic District
Manhattan Project 1943 Thru 1946 Cold War Era 1947 Thru 1990, Table 2 [DOE/RL-97-104]), and are
historically the primary radioactive contaminants for 100-K.

Graphite Moderator. As the 105-KE and 105-KW Reactors production rates were increased after startup in
1955, the operating temperatures increased within the reactor piles. The graphite cover gas was changed
from carbon dioxide-helium to nitrogen-helium for improved protection of the graphite at the higher
temperatures. The use of nitrogen instead of carbon dioxide in the 105-KE Reactor began in

December 1960 (Historical Events — Reactors and Fuels Fabrication [DUN-3232]), and the reactor was
fully switched over to nitrogen by 1962, after completing an extended production test from early 1960
through early 1962. The replacement of carbon dioxide with nitrogen is cited in Hazards Summary Report
(HW-74095 v3, page 70, “Description of the 100-KE and 100-KW Production Reactor Plants™).

The inert cover gases were continuously recirculated over the graphite block and through a drying and
filtration system (115-KE and 115-KW Buildings) that removed and disposed cooling water in-leakage to
the deep below-grade 115-KE and 115-KW Condensate Cribs (116-KE-1 and 116-KW-1, respectively).
Although the nitrogen-helium cover gas provided greater protection of the graphite, it also resulted in an
increased release of carbon-14 and tritium, which were discharged into the below-grade cribs.

The 115-KE Crib received approximately 800,000 L (211,338 gal) of condensate and other waste from
the reactor gas purification systems. At the 105-KW Reactor area, the 115-KW Condensate Crib also
received approximately 800,000 L (211,338 gal) of condensate and wastewater from the reactor gas
purification systems. Both waste sites operated from 1955 to 1971. The radionuclide inventory for both
cribs is documented and presented in 100-K Area Technical Baseline Report (WHC-SD-EN-TI-239).

1706-KER Test Loop. The 1706-KER Building was a process improvement laboratory. The 1706-KER test
loop supported cooling water process improvements and involved 12 of the 3,220 105-KE Reactor
process tubes. Of these 12 tubes, 8 processed cooling water as “once through” process tubes, while the
other 4 operated in a “closed loop” configuration where the “feed-and-bleed” effluent wastes were
disposed to the 1706-KER waste disposal system (116-KE-2 process trench).

Pressure drops on any process tube (including the 1706-KER Test Loop tubes) prompted defilming
purges using diatomaceous earth/water slurries that discharged with the reactor effluent pipelines to the
retention basins and were then diverted to the 116-K-2 process trench. Sharp increases in tube effluent
radioactivity signaled a fuel failure event, which prompted collection and diversion of the reactor cooling
water to a retention basin and then diversion to the 116-K-2 process trench. Reactor pile instruments were
used to monitor the pile reactivity. The pile reactivity was maintained within acceptable ranges using the
Horizontal Control Rods (HCR) and Shims. In the event of an emergency shutdown condition, the reactor
was “scrammed” by releasing the Vertical Control Rods (VCR). The cooling water from the HCRs and
the VCRs drained to the radioactive process sewer.

Fuel Storage Basin (1955 to 2007). The FSB at each reactor was a series of belowground, reinforced concrete,
rectangular pools with dimensions of approximately 38.1 x 20.4 m (125 x 67 ft). The walls of the basin
were 6.3 m (20.75 ft) high and up to 0.7 m (2.3 ft) thick. The basin floors were 0.6 m (2 ft) thick (nominal)
reinforced concrete. Reinforcing steel connected the basin floor to the walls.

The FSB pool water retained radioactive particulate and soluble radionuclide materials that were released
from damaged spent nuclear fuel (SNF). The FSBs contained water about 5 m (17 ft) deep to shield
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workers from stored spent fuel radiation. The water clarity in the FSB was maintained by removing
settled solids with a centrifugal pump and discharging the waste to the radioactive process sewers
(100-K-55 and 100-K-56). The water was also maintained by a feed-and-bleed water supply that
continuously overflowed at the surface of the basin to the contaminated process sewer (Hazards Summary
Report [HW-74095]).

When plutonium concentrations in the fuel reached the desired product levels, the reactor was shut down and
fresh fuel was used to push the spent fuel out of the reactor pile into the FSBs. The spent fuel was typically
stored in the FSBs for 90 days to allow short-lived fission products to decay. The decayed spent fuel was then
loaded into casks, transferred to water-filled railroad cars, and transported to the 200 Area for reprocessing,

The reactor process tubes also contained “spacers” and “dummy fuel elements” (dummies). These were
used to ensure the fuel was within the moderated region of the reactor pile and to ensure uniform cooling
water flow during operations. Used spacers and dummies were also stored in the FSBs to allow for
activation product decay and transferred to casks for decontamination (so they could be reused) or for
disposal as solid waste.

The 105-KE and 105-KW FSBs had a unique leak collection system installed beneath their concrete
floors during construction. An asphaltic membrane with perforated collection pipes drained water leaks
from the FSBs to cribs (116-KW-2 or 116-KE-3) with reverse/injection wells that discharged the leaks
below the unconfined aquifer (in the water table) (/00-K Areas Outside Lines Details and Sections
[H-1-23207]). For these cribs, the reverse/injection well was the primary means for disposing the
sub-basin leaks, while the crib structure provided surge capacity. Based on reactor operating experience,
most FSB leaks occurred at the concrete joint between the FSB and the reactor wall (an area not covered
by the asphaltic membrane).

There have been two periods of leakage from 105-KE FSB. The first occurred during the early phase of
converting the basin from its original purpose during reactor operations to that of storage of fuel from the
105-N Reactor. The second period occurred approximately 13 years later. There are no documented
occurrences of leakage from the 105-KW FSB.

105-KE FSB (1976 to 1979). Approximately 56.8 million L (15 million gal) of shielding water are estimated
to have been lost to the underlying soil column during the period 1976 to 1979.

e  Water loss during this period had been monitored using drawdown tests in the basin, and the leakage rate
was determined to be dependent on water temperature (i.e., higher leak rates were associated with cooler
temperatures). Peak water loss rate was 1,819 L (480 gal) per hour, which occurred during 1977 to 1978.

e The refurbishing of 105-KE FSB identified the construction joint between the storage basin and
reactor building as the potential leakage site.

e Sealing the construction joint was competed in May 1980.

Radionuclide concentrations in the 105-KE FSB were relatively low during leakage in the late 1970s.
However, approximately 2,500 Ci of radionuclides, exclusive of tritium, were estimated to have been
released, with peak water loss rates occurring during 1977. This inventory, except for tritium (and
possibly minor amounts of antimony-125 and technetium-99), was largely retained within the vadose
zone because of adsorption onto soil particles.

105-KE FSB (1993). Leakage was first noticed in February 1993 when water balance calculations showed
an increased loss rate that could not be explained by evaporation alone. Leakage was suspected to have
occurred during the period January through August 1993, with an average water loss rate estimated at
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95 L (25 gal) per hour. The construction joint in the pickup chute structure was the suspected leakage
location and additional measures to seal it were undertaken. The moisture collection system beneath each
basin does not extend to the area beneath the pickup chute, so shielding water was discharged into the
vadose zone and underlying groundwater. By March 1995, the loading chute structure was physically
isolated from the main storage basin and contamination removed.

A tritium plume was created by this period of leakage and was recorded as it passed by downgradient
monitoring wells. Vadose zone contamination was apparently remobilized in the late 1990s by
above-normal infiltration of water from the surface, which was caused by fire hydrant utility line breaks.

Beginning in 1973, the 105-KE and 105-KW FSBs were used to store spent fuel from the 105-N Reactor
(K Basins Safety Analysis Report [WHC-SD-WM-SAR-062]). The FSBs were modified to operate in an
isolated, closed loop configuration. This system recirculated the FSB water from Sump C through filters
and ion exchangers, and allowed water additions to replace water lost due to leaks and evaporation to the
building ventilation system. The replacement water was provided from a few of the water treatment lines
at the 183-KE water treatment plant, which also provided facility services operating water (e.g., sanitary
and ventilation). An important aspect of the FSB modification involved isolating the FSB process sewers
from the reactor process sewers and effluent systems. The contaminated process sewer collection box was
modified to drain to a new underground waste storage tank and the cribs with reverse/injection well
systems were modified to be collected in a Lift Station (Sump D) and pumped to the contaminated
process sewer. The Sump D design included an overflow to the abandoned 116-KW-2 and 116-KE-3
Cribs (Structural Pump Gallery & Catch Tank Plan & Details [H-1-34654]). Instrumentation was also
installed to monitor FSB water levels, temperatures, and gamma radioactivity.

The spent fuel from 105-N was initially received and stored at the 105-KE FSB in mid-1975, and then at
105-KW FSB starting in 1981. From 1983 to 1989, 105-N spent fuel was shipped to the PUREX plant in
the 200 East for reprocessing. The last shipment of spent fuel was received at 100-K in 1989, but the
PUREX plant was shut down before all the spent fuel stored at 100-K was reprocessed.

After termination of reactor operations in 100-K, a number of irradiated uranium fuel elements was found
in the basins during removal of FSB sludge in 1975. These fuel elements were not processed through the
PUREX Plant during the final separation runs that occurred from 1983 to 1988 and in 1992. All spent fuel
was removed from the basins in 2004. Contaminated sludge removal has been completed in the 105-KE
FSB, basin demolition is complete, and underlying vadose zone is being remediated. Consolidation of the
KE and KW Basins sludge into the KW Basin has been accomplished. The result is about 23 m® (30 yd®)
of sludge temporarily stored in five engineered containers in the KW Basin. About 5 m’ (6.5 yd®) of sludge
in the settler tubes was removed in April 2010. The sludge generated from fuel packaging operations in the
KW Basin resides in particulate capturing equipment, including strainers, knockout pots (KOPs), and settler
tubes that are part of the KW Integrated Water Treatment System (IWTS).

Several thousand metric tons (millions of pounds) of both radioactive and nonradioactive sludge
accumulated at 100-K. The radioactive sludge was generated during reactor operations in the pipes and
the cooling water effluent system, in the 116-KE-4 and 116-KW-3 Retention Basins, and in the reactor
FSBs. Smaller volumes of sludge also collected in water traps located in the 115-KE and 115-KW Gas
Recirculation Facility and in the 117-KE and 117-KW Exhaust Air Filter Buildings. The sludge included
diatomaceous earth, which was used periodically to scour internal surfaces of the reactor process tubes,
and fine particulate matter, which originated from pipe slag, rust, failed fuel elements, graphite powder,
dissolved and suspended solids in river water, and other undefined solids. The sludge was contaminated
with radionuclides and various chemical contaminants (/00-K Area Technical Baseline Report
[WHC-SD-EN-TI-239])).
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Process Sewers. Each reactor had two sewers—a “chemical sewer” that collected liquid wastes from
nonradioactive facilities and a “contaminated sewer” that collected potentially radioactive liquid wastes.

Chemical Sewers. Sewer lines that drained to a sump, discharged to the 1908-K Outfall, and finally went to
the Columbia River pipelines. These sewers received the process equipment drains from the water treatment
plant, including sedimentation basin sludge and filter backwashes (Liquid Waste Disposal Review 100-K
Plant [DUN-7238]). These sewers also received wastes from ancillary facility floor drains (e.g., 183-KE and
183-KW operating galleries, 100-K-79 pipe tunnel, and 190-KE and 190-KW Pump Houses).

The volume and disposition of chemical wastes generated after 1975 is unknown. The 183-KE water
treatment plant has continued to operate and discharge to the river until the present, maintaining water
levels in the FSBs and providing project water needs during waste site remediation and facility
deactivation, decontamination, decommissioning, and demolition (D4) activities.

Additional discharge sources to the chemical sewer included the 150-K Heat Recovery System heat
exchangers (operated with ethylene glycol), the 166-K Control Buildings (diesel fuel oil tanks for
generators and steam boilers), the 1607-K Septic Systems, the 1706-KEL laboratory drains, and the
100-K support buildings (e.g., administrative offices and maintenance garage).

Contaminated Sewer. Sewer lines that drained to a collection sump (100-K-71 or 100-K-75), normally
discharged to the 1908-KE radiation monitoring station, then discharged to the 1908-K Outfall, and
finally to the Columbia River pipelines. The radiation monitoring station-detected radioactivity levels that
required diversion of sewer flow to the 116-K-2 process trench. Decontamination solutions, which
generally contained both radionuclide and chemical contaminants, were occasionally combined with
reactor cooling water and discharged to the contaminated sewer. The contaminated sewer sump received
liquid wastes from the FSBs overflow, the FSBs floor cleaning pump discharge, the Railroad Cask
loading area floor drain, the 116-K Stack floor drain, the 117-KE and 117-KW Exhaust Air Filtration
Buildings water seal overflow, and the reactor building floor drains.

From 1973 to 1975, the contaminated sewer was isolated from the reactor effluent disposal systems and
76,000 L (20,000 gal) underground waste storage tanks (100-K-70 and 100-K-74) were installed to
receive and store any remaining radioactive process sewer wastes. The contaminated sewer collection
Sump C piping at each reactor was modified to discharge to the waste storage tank or recycled back into
the FSBs as described previously.

105-KE and 105-KW Buildings Ventilation. Prior to 1960, reactor ventilation air was released directly to the
atmosphere through the 116-KE Stack. In 1960, air filtering systems were added to minimize the release
of radionuclides and all building exhaust passed through particulate and activated charcoal filters before
discharge to the atmosphere via a 91 m (300 ft) tall concrete stack. The 117-KE Building housed the
105-KE Building exhaust air filters and airflow control system. The 105-KE Reactor was connected to the
115-KE Building via a gas-piping tunnel and to the 117-KE Building by way of a ventilation duct.

The tunnel and ducts are each about 60 m (200 ft) long. A similar system was used for the

105-KW Reactor ventilation system.

There were also ventilation systems associated with each of the reactors that circulated fresh air from the
staffed areas into zones of increasing contamination levels, and upward past the reactors to overhead ducts,
and exhaust stacks. Ventilation air became contaminated with radionuclides that were present as radioactive
gases, entrained vapors, and particulates generated by the cascade of cooling water in the reactors.

These emissions may have resulted in surface contamination, as indicated in part by the presence of carbon-14
in vegetation. Other radionuclides included tritium and iodine-129. Two types of filter banks were used: a high
efficiency particulate bank and a halogen (activated charcoal) bank. These filtering systems were placed
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underground in the 117-KE and 117-KW Buildings just east of the reactor buildings (/00-K Area Technical
Baseline Report [WHC-SD-EN-TI-239])).

Sections of the 115-KE/KW and 117-KE/KW Buildings and associated tunnels were contaminated
primarily with cobalt-60, cesium-137, carbon-14, and tritium, as well as Sr-90, cesium-134,
europium-152, europium-154, and europium-155.

The seal water for the 117-KE and 117-KW Buildings drained to the contaminated sewer. Figure 1-10
provides a pictorial representation of the airflow through the structures and systems.

STACK 116-KE
I~
105-KE
S 117-KE
G 119-KE
i SAMECE BUILDING AIR DUCTS FROM PLENUM
AIRTO STACK ..
FAN PIT § EXHAUST FANS
| SN ‘
k = = N AIRFLOW
AIRTO FILTERS - FOG SPRAY MANIFOLD

EXHAUST FAN ROOM
EXHAUST PLENUM \

CUT AWAY OF INTERIOR OF BUILDING 105-KE

CHPUBS1106_2010-97_DD01.1-8a

Figure 1-10. Diagram of the 105-KE Reactor Exhaust System

1.2.2.6 Cooling Water

The 105-KE and 105-KW Reactors were cooled using water from the Columbia River. Reactor operations
required a continuous supply of high quality cooling water to prevent reactor core damage from heat generated
by fission reactions. The 100-KE and 100-KW Reactors initially required about 570,000 L/min (150,000 gpm)
of cooling water each (1955-1956). As the plutonium production requirements increased with corresponding
increases in the power levels, the reactor cooling water requirements increased. Facility and pump
upgrades increased cooling water flow to about 760,000 L/min (200,000 gpm) at each reactor by 1971.

Water Treatment. Figure 1-11 illustrates the cooling water treatment process for 100-K. The cooling water
supply was provided from the Columbia River via river pump houses (181-KW and 181-KE), a water
treatment plant (flocculation, sedimentation, and filtration) (183-KW and 183-KE) with sodium
dichromate injection pumps (aluminum corrosion inhibitor), and a main pump house (190-KW and
190-KE). Figure 1-12 is a schematic depiction of facilities that stored and transferred liquid dichromate
solution. Except for sodium dichromate, the water treatment chemical additives and wastes were
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primarily flocculating agents to improve the sedimentation of suspended river water solids and surfactants
to improve filtration. Alum, an aluminum sulfate solution, was added to the river water to enhance the
settling of suspended solids and the performance of the filtration system in removing the remaining
solids. These additives and the filter backwash materials were periodically flushed with the sedimentation
solids to the chemical sewer that discharged to the river (Liquid Waste Disposal Review 100-K Plant
[DUN-7238]).

Sodium dichromate, a source of Cr(VI), was added to the reactor coolant water to inhibit aluminum
corrosion. More than 6 million kg (14 million Ib) of sodium dichromate were used in the cooling water
between 1955 and 1971 for the 105-KE and 105-KW Reactors. The increased cooling water volumes at
100-K (compared to the other 100 Area reactors) required an increase in the sodium dichromate used during
operations. A concentrated sodium dichromate solution (about 70 percent by weight) was brought to the site
by railcar. The solution was then transferred to two 158,987 L (42,000 gal) tanks (120-KW-5 and
120-KE-6) located adjacent to the 183.2 KW and 183.2 KE Flocculation and Sedimentation Basins and
183.3-KW and 183.3-KE Sand Filter Basins that treated and stored Columbia River water. The concentrated
sodium dichromate solution had a pH of 1.5 to 2, a specific gravity of about 1.7 g/cm® and Cr(VI)
concentrations of about 466 g/L (Geochemical Characterization of Chromate Contamination in the 100
Area Vadose Zone at the Hanford Site [PNNL-17674]). Figure 1-13 presents the facilities and waste sites
where Cr(VI) was known to be present in high (70 percent solution) and low (less than 2 ppm)
concentrations.

The concentrated sodium dichromate solution was transferred from the storage tanks to metering pumps in
the basement of the 183.1-KW and 183.1-KE Head Houses. The solution was then transferred via feed lines
in the 183.7-KW and 183.7-KE Pipe Tunnels to the 190-KW and 190-KE Process Water Pump Houses. It
was then mixed in the appropriate proportions to generate a sodium dichromate concentration of 2 mg/L
(700 ug/L of Cr(VI1)) in the reactor cooling water (Figure 1-12). By 1964, sodium dichromate
concentrations had decreased to about 1 mg/L (350 ug/L of Cr(VI)), and then decreased further in 1968 to
0.5 mg/L (175 ng/L of Cr(VI)) (Chemicals Discharged to the Columbia River from DUN Facilities Fiscal
Year 1969 [DUN-6205]). During sodium dichromate solution transfer from the railcars to the storage
tanks, some sluicing of fluids into a nearby French drain occurred, as did unintentional spills.
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Figure 1-13. Facilities and Waste Sites Known to Have Cr(VI)

Reactor Cooling Water Effluent Disposal. After passing through the reactors, the cooling water was
discharged via underground pipelines to open-topped steel retention basins (107-KW and 107-KE).

The storage in the retention basins allowed for decay of short-lived radionuclides prior to discharge to the
river. From the retention basins, the water was transferred through large pipes to the 116-K-3 (1904-K)
Outfall and then into 84 in. pipes that discharged at the bottom center of the Columbia River. Overflow
from the outfall structures could also discharge directly to the river shore through a concrete lined
spillway and earthen ditch.

Of the three retention basins for each reactor, one was empty for use during fuel failure events. Fuel
cladding failures occurred when corrosion or swelling of the aluminum cladding covering a uranium fuel
slug caused it to break open, releasing uranium and an array of fission products into the reactor core
cooling water. During a fuel failure event, the cooling water was diverted through the empty basin and
then to the 116-K-2 Process Trench, rather than being discharged to the Columbia River.

The 116-K-1 Emergency Crib was originally designed to receive the diverted cooling water or chemical
sewer effluent. The 116-K-1 Crib consisted of a crib with a horizontal inlet distributor pipe about 6 m

(20 ft) below grade that was installed over rock/gravel fill to enhance the percolation of liquid wastes into
the vadose zone (Figure 1-8). The 116-K-1 Emergency Crib had a unique large, open, above grade
impoundment with soil banks to operate as a process trench during high volume waste disposals in the
event of fuel failures. It flooded and overflowed in 1955, likely during initial tests with diversion flows.
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The 116-K-2 Process Trench replaced the 116-K-1 Emergency Crib in 1955, before the first 100-K fuel
failure (Fuel-Element Failures in Hanford Single-Pass Reactors, 1944-1971 [PNWD-2161 HEDR]).

The 116-K-2 Process Trench (also known as the “Mile Long Trench) was 5.3 m (17.5 ft) deep, 1,250 m
(4,100 ft) long, 17.2 m (56.5 ft) wide at the top, and 1.2 m (4 ft) wide at the bottom. The trench was used
through the reactor operations period from 1955 until 1971. It consisted of an open surface, long ditch
used to percolate liquid wastes into the vadose zone from the reactor subsystems. The 116-K-2 Process
Trench received reactor cooling water diverted during fuel failure events at 100-K. The 107-KW and
107-KE Retention Basins provided the largest volumes of effluent to the 116-K-2 Process Trench.

At times, the 116-K-2 Process Trench overflowed or lost water to the surface through its sides, and
occasionally into the 116-K-1 Emergency Crib area. Aerial photos after 1965 show the 116-K-1
Emergency Crib and the 116-K-2 Process Trench containing water. By 1967, leaks were also seen in the
open area between the diversion valves near the 107-KW and 107-KE Retention Basins and the river
shore. Losses also occurred as the retention basins piping systems degraded, causing effluent releases to
the floodplain directly north of the retention basins and contaminating the surface at the 100-K-63 and
100-K-64 waste sites.

1.2.2.7 Other Waste Streams

Although cooling water may have been the primary waste stream at 100-K due to the quantities used,
other radioactive waste streams (solid radioactive and nonradioactive wastes) also contributed to the
contamination observed in 100-K vadose zone and groundwater. Figures 1-14 through 1-16 present the
facilities and waste sites where carbon-14, strontium-90, and tritium have been known to be present.

Solid Waste Burial Grounds. Most of the radioactive solid wastes generated in 100-K were buried in the
118-K-1 Burial Grounds. Radioactive solid wastes generally consisted of reactor components,
contaminated equipment, tools, and miscellaneous contaminated items (paper, rags, and structural
concrete). The primary source of these wastes was reactor operations, and the most highly contaminated
solid wastes were the reactor components. These included aluminum spacers, lead cadmium reactor
neutron-poison pieces, boron splines, graphite, control rods, nozzles, Zircaloy 2 tubing, and cadmium
sheets (100-K Area Technical Baseline Report [WHC-SD-EN-TI-239]). Other radioactive solid waste
included air filters used in the 115-K Gas Recirculation Buildings and the 117-K Exhaust Air Filter
Buildings, equipment used in connection with the cooling water effluent system, sludge from the
retention basins, and contaminated dirt removed from near the effluent lines. Figure 1-17 shows a
track-mounted probe surveying radioactive materials.
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CHPUBS1105_2010-67_DD_01.1-11

Figure 1-17. Track-Mounted Probe Surveying Radioactive Materials at the 118-K-1 Burial Ground

1.2.2.8 Nonradioactive Wastes

Nonradioactive wastes generated at 100-K had the potential to contribute to vadose zone and groundwater
contamination, and included septic system wastes, a variety of other liquid wastes, and solid wastes.

Sanitary liquid wastes (primarily detergents, cleaning compounds, and solvents) were routed by sewer
lines to at least six known septic systems in 100-K. There are no records of radiological wastes being
disposed to these systems, but leaks in the sewer lines transferring these materials may have occurred and
may have contributed to discharges of contaminants to the vadose zone, particularly petroleum
hydrocarbons and trichloroethylene. All six sanitary systems (1607-K1, 1607-K2, 1607-K3, 1607-K4,
1607-K5, and 1607-K6) were located in the 100-KR-2 OU and consisted of reinforced concrete septic tanks
with associated drain fields.

Discharges of nonradioactive liquid wastes occurred at various buildings, and included the following
hazardous substances:

e  Water treatment chemicals (such as alum, sulfuric acid, chlorine, and sodium dichromate) used and
stored near the 183-KE and 183-KW Buildings.

e  Wet-type electrical transformers and hydraulic machinery containing oil contaminated with
polychlorinated biphenyls (PCBs).

e Boiler water treatment chemicals for the 165-KE and 165-KW Power Houses (for example, sodium
sulfate, tri-sodium phosphate, and dichromates) that ended up in boiler sludge. The volume of boiler
sludge generated and the disposal methods are not known.
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e Zeolite water softener regeneration solutions containing salt from the 165 and 183-H Power Houses.
Sodium chloride solutions were used to regenerate the zeolite ion exchange (IX) beds in the water
softener tanks. Disposal methods are unknown, but process knowledge suggests that these wastes
(zeolite water and sodium chloride) most likely were discharged to the area process sewer.

e Diesel fuel stored in underground tanks at the 166-KE/KW Fuel Bunkers adjacent to the 165-KE/KW
Power Stations, north of the 182-KE/KW Building (130 K-3A and 130-K-3B), east of the 105-KE Reactor
(130-KE-1A and 130-KE-1B), and east of the 105-KW Building (130-KW-1A and 130-KW-1B).

e Gasoline fuel stored in an underground tank northwest of the 1717-K Building (130-K-1).
e  Waste oil stored in an underground tank northwest of the 1717-K Building (130-K-2).

e QOil stored in underground tanks south of the 166-KE Building (130-KE-2) and 166-KW Building
(130-KW-2).

e Demineralizer regeneration, research, and development wastes from the 1706-KER Building were
routinely disposed in the 116-KE-2 Crib.

e Diesel and batteries for the Ball 3X systems. The diesel storage tank was located on the east side of
the reactor buildings.

e Qils, paints, and solvents used and stored in the 1706-KE, 1717-K, 190-KE, 190-KW, 1713-KE, and
1713-KW Buildings.

e Herbicides were used throughout 100-K and, in the 1970s, ground and aerial applications of
herbicides and ground sterilants were employed.

Nonradioactive solid waste also included miscellaneous materials such as paper, trash, pieces of metal, and
plastic parts. The 128-K-1 Burn Pit is a site where combustible wastes were burned and their residue

(e.g., ash and incompletely combusted materials) disposed. Other solid wastes consisted of uncontaminated
concrete, metal parts, and other materials generated during decommissioning and demolition activities.

Sludge disposal from water treatment facilities, in particular, sulfuric acid sludge from the bottom of the
concentrated sulfuric acid storage tanks that was periodically drained to the nearby neutralization pit
(100-K-34), is of notable concern. This type of sludge was also drained to French drains and percolation
trenches adjacent to the 183-KE and 183-KW Buildings. In 1971, about 5,443 kg (12,000 Ib) of sulfuric acid
sludge was removed from percolation trenches. Analysis indicated that approximately 14 percent of the sludge
weight consisted of mercury, an impurity in the sulfuric acid purchased at the time (/00-K Area Technical
Baseline Report [WHC-SD-EN-TI-239])).

1.2.3 Previous and Ongoing Investigations and Remediation

Considerable environmental investigation and remediation activities have been completed at 100-K. Since
the beginning of reactor operations, investigations were conducted to determine impacts to the
environment, including the Columbia River. With the issuance of the Tri-Party Agreement in 1989
(Ecology, et al., 1989a), activities transitioned to cleanup activities, which have been ongoing
continuously under CERCLA to determine how best to protect human health and the environment within
the River Corridor. These overall River Corridor activities supplement specific activities that continued to
be conducted at 100-K.

These interim investigation and remediation activities have occurred and are ongoing for facilities, vadose
and waste sites, and groundwater. This subsection summarizes the most relevant investigation and
remediation activities that have been performed and are occurring at 100-K. Investigations and remediation
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activities were carried out pursuant to various remedial and removal action decision documents for facilities,
vadose and waste sites, and groundwater, shown in Figures 1-18, 1-19, and 1-20, respectively.

FACILITIES

. .

Enginearing/Cast Analysis for the

105-KE, 100-KW Reaclor Fagililes, SRR S T A A
and Ancillary Facllities Ll
DOE/RL-2005-86, Rev.0 DOERL-2004-42, Rev.0

h 4

Action Memorandum for the Mon-Time-Critical Acticn Memorandum fior
Removal Action of for the 105-KE, 100-KW Reactor the Mon-Time-Critical Removal Action
Feoilities, and Ancillary Facilities of the 100-K Ancillary Facilitias

h 4

EFA, 2005 EPA

Remaining SoilBelow-grade Structure
Evaluation against Remedial Action
Objectives and Goals in Record of Decision

Interdm Action Record of Decislon 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, 10-KR-2, 100-ILI-2, 100-11-5,

and 200-C\W-3 Operable Linits,

Hanford Site, Banton County, Washington
EFA'RODIR10-099039
[Remaining Sites RODY)

CHPUBS1108_2010-87_DFTA_1-18a

Figure 1-18. CERCLA Decision Document Flow for Facilities
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Figure 1-19. CERCLA Decision Document Flow for Vadose/Waste Site
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Figure 1-20. CERCLA Decision Document Flow for Groundwater
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The various 100-K decision documents are summarized in Table 1-2. Appendix B presents an annotated
bibliography of CERCLA documentation for the River Corridor.

Table 1-2. Summary of Decision Documents for 100-K

Decision Document

Summary

Reactors a

nd Facilities

EPA, 2007a, Action Memorandum for the
Non-Time-Critical Removal Action for the 105-KE
and 105-KW Reactor Facilities and Ancillary
Facilities

Calls for decontamination and demolition of the
contaminated reactor buildings (except for the reactor
blocks) and ancillary facilities, and disposal of the
waste. Calls for interim safe storage enclosure over
reactor blocks.

EPA, 2005, Action Memorandum for the
Non-Time-Critical Removal Action for the 100-K Area
Ancillary Facilities

Calls for the demolition and disposal of 27 100-K
facilities.

Source Op

erable Units

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)

Removal, treatment, and disposal of contaminated soil,
structures, and debris for sites where sufficient
information exists; plug-in approach for sites with
limited information that meet the waste site profile;
disposal of equipment and debris from B, D, H, KE, and
KW Reactor buildings consistent with previous
CERCLA disposal for areas associated with the C, F,
and DR Reactor buildings.

EPA/ROD/R10-99/059, Interim Remedial Action
Record of Decision for the 100-KR-2 Operable Unit
K Basins, Hanford Site, Benton County, Washington

Selected the interim remedial action to mitigate the
potential to release hazardous substances from the two
100-K FSB.

EPA et al., 2005, Amendment to the Record of
Decision for the U.S. Department of Energy Hanford
Site 100 K Area K Basins Interim Remedial Action -
Sludge and portion of the debris in the bottom of the K
Basins

The 2005 ROD Amendment for the K Basins changes
the sludge disposition and how underwater debris is
retrieved, treated, and disposed from both the 105-K
East and West Spent Nuclear Fuel Basins. The ROD
amendment requires the sludge be treated and packaged
for disposal, and shipped off Hanford to a national
repository.

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 (100 Area Burial Grounds),
Benton County, Washington

Selected remedies include remove contaminated soil,
structures, and associated debris; treat these wastes as
required to meet disposal facility requirements; dispose
of contaminated materials at the ERDF; and backfill
excavated areas with clean material, followed by
revegetation.
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Table 1-2. Summary of Decision Documents for 100-K
Decision Document Summary
EPA et al., 2004, Explanation of Significant This ESD added 28 waste sites. It also added
Differences for the 100 Area Remaining Sites Interim “Compliance with Floodplain and Wetland
Remedial Action Record of Decision (100-BC-1, Environmental Review Requirements” (10 CFR 1022)
100-BC-2, 100-DR-1, 100-DR-2, 100-FR-1, and “Procedures for Implementing the National
100-FR-2, 100-HR-1, 100-HR-2, 100-KR-1, Environmental Policy Act and Assessing the
100-KR-2, 100-IU-2, 100-I1U-6 and 200-CW-3 Environmental Effects Abroad of EPA Actions” (40
Operable Units) CFR 6, Subpart A—General Provisions for EPA Actions

Subject to NEPA), as ARARs. Revised the annual
institutional controls report submittal date to be consistent
with the requirements contained in the Hanford sitewide
institutional controls report, titled Sitewide Institutional
Controls Plan for Hanford CERCLA Response Actions
(DOE/RL-2001-41).

EPA et al., 2009, Explanation of Significant This ESD added additional waste sites that will be
Differences for the 100 Area Remaining Sites Interim | remediated under the interim ROD.

Record of Decision: Hanford Site Benton County,
Washington (100 Areas and 200-CW-3 Operable Units
[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-IU-2, 100-IU-6, and
200-CW-3 Operable Units])

DOE et al., 2011, 100 Area “Plug-In" and Candidate | Annual listing of waste sites plugged into the remove,
Waste Sites for Fiscal Year 2010 treat, and dispose remedy in the 1999 100 Area
Remaining Sites ROD (EPA/ROD/R10-99/039).

Groundwater Operable Units

EPA/ROD/R10-96/134, Record of Decision for the Initiates the use of IX technology to remove Cr(VI)
100-HR-3 and 100-KR-4 Operable Units Interim from groundwater using a system of extraction and
Remedial Actions, Hanford Site, Benton County, injection wells.

Washington

EPA et al., 2009, Explanation of Significant The ESD was issued to update costs for the

Differences for the 100-HR-3 and 100-KR-4 Operable | pump-and-treat remedial actions at 100-HR-3 and
Units Interim Action Record of Decision: Hanford Site | 100-KR-4 and the need to alter re-injection locations.
Benton County, Washington

Note: Status as of May 2011.

Effectiveness of the above interim actions is evaluated through the CERCLA five-year review process.
This review determines whether the selected remedy(ies) remain protective of human health and the
environment. Since the issuance of the first interim ROD, there have been two five-year reviews for the
100 Area NPL Site. The Second CERCLA Five-Year Review Report for the Hanford Site
(DOE/RL-2006-20) listed three issues and recommended four actions:

e Issue 3. The southeastern (inland) extent of the chromium groundwater plume from the 116-K-2
Trench, northeast of the current injection wells, has not been delineated.
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— Action 3-1. Install three additional wells to further delineate the southeastern (inland) extent of
the chromium groundwater plume from the 116-K-2 Trench, northeast of the current injection
wells. Wells installed as part of the pump-and-treat system expansion or injection well relocation
may count toward this effort if appropriately located. Wells 199-K-153, 199-K-154, and
199-K-163 were drilled in November 2008. This completed the required action.

Issue 4. The small chromium plume at KW Reactor site has reached the Columbia River, as
evidenced by nearshore aquifer tubes. There is currently no active remediation system in place for the
small chromium plume at the KE/KW Reactor site.

— Action 4-1. Implement the existing remedial action decision (pump-and-treat) at this location. An
ion exchange (IX) pump-and-treat system (capacity of 379 L/min) constructed at the KW Reactor
began operations in January 2007. This completed the required action. (Note that the KW system
was expanded to a treatment capacity of 757 L/min in 2008 and 2009, and the expanded system
became operational in April 2009.)

Issue 5. Groundwater monitoring indicates that the expansion of 100-K pump-and-treat extraction
system has not yet achieved the remedial action objective.

— Action 5-1. Expand the 100-K pump-and-treat system by 378.5 L/min to enhance remediation of
the chromium plume between the 116-K-2 Trench and the N Reactor perimeter fence. The KX IX
pump-and-treat system (capacity of 2,271 L/min) began operation in February 2009 and reached
full operating capacity by May 2009. This completed the required action.

— Action 5-2. Add wells between the 116-K-2 Trench and the N Reactor perimeter fence for
groundwater extraction and connect the additional wells to the pump-and-treat system.
Wells 199-K-148, 199-K-149, and 199-K-150 were drilled in late 2007 and early 2008 and, along
with existing Wells 199-K-130 and 199-K-131, were converted to extraction wells, and connected
to the KX treatment system. This completed the required action.

Historical investigations and remediation activities carried out pursuant to these interim decision documents
have been summarized in numerous documents. The relevant data and conclusions from these investigations
and remediation activities form the basis for information analyzed and evaluated in this final RI/FS.
Following are the various data sets used for evaluations in the remaining chapters of the RI/FS:

Vadose zone contaminants
Groundwater contaminants

Geologic contact information, fate and transport parameters (for example, distribution coefficient [Ky]
dispersivity, hydraulic conductivity, and soil bulk density)

Well and borehole information (e.g., drill depth, screen length, and screen depth)
Groundwater elevations and river stage

Geographic information system shape files (e.g., aerial photography, Columbia River, and locations
of wells and boreholes, salmon redds, facilities, roads, and waste sites)

Analytical data used in this RI/FS Report (provided in Appendix D) include the data reduction protocols
and quality assurance reports.
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Summaries of facility demolition activities, vadose zone investigation and remedial activities, and
groundwater investigation and remedial activities are provided below. Information on previous risk
assessments that influence 100-K activities are described as well.

1.2.3.1  Previous Facility Demolition Activities

Since its original construction, 100-K has included 111 facilities, including two reactors, storage buildings,
offices, retention basins, maintenance shops, process plants, an electric substation, storage tanks, pump
stations, and outfall structures. Many of these structures cover source waste sites. Until the structures over
a source site have been removed, no vadose zone remediation can be completed. Therefore, the facilities!
(including contaminated pipelines associated with them) are and have been undergoing removal to clear
the way for the remedial work that focuses on contamination in the vadose zone.

105-KE and 105-KW Reactors. As stated in the 1993 NEPA ROD (58 FR 48509), DOE regards the safe
storage of the reactors followed by deferred dismantlement, safe storage followed by one-piece removal,
and immediate one-piece removal alternatives as equally favorable based solely on the evaluation of
environmental impacts. DOE uses the CERCLA process to decommission and dismantle reactors based
on the joint EPA/DOE policy on decommissioning signed in 1995 and incorporated into the TPA. Since
the NEPA ROD (58 FR 48509) in 1993, documentation has been prepared and implemented under
CERCLA, resulting in placement of five of the eight surplus reactors (C, D, DR, F, and H) into interim
safe storage (ISS) designed to prevent deterioration and release of contamination from the reactors for up
to 75 years.

DOE has decided to broaden the decommissioning approach for these eight surplus reactors including 105-KE
and 105-KW Reactors. DOE is retaining the deferred one-piece removal option, as selected in the 1993 ROD
and, based on a recently prepared Supplement Analysis, is modifying the deferred dismantlement option,
as expressed in the Final EIS, by selecting an option for immediate dismantlement. The “Amended
Record of Decision for the Decommissioning of Eight Surplus Production Reactors at the Hanford Site,
Richland, WA” (75 FR 43158), issued on July 23, 2010, documents this decision on broadening the
decommissioning approach. Activities to implement this decision will be conducted as CERCLA
non-time critical removal actions. Specific details on unit operations of dismantlement will be addressed
in the CERCLA documentation. All practicable means to avoid or minimize environmental harm have
been incorporated in this decision.

DOE evaluated the coordination of the final decommissioning actions with the completion of remaining
actions in 100-K, including remedial alternatives for waste sites in proximity to the reactors (i.e., waste
sites that underlie or are so close to the reactors that they cannot be remediated by removal, treatment, and
disposal [RTD] prior to final reactor decommissioning). Waste sites that cannot be remediated because of
their location near reactors will be capped and/or safely contained until they can be accessed after the
reactors have been dispositioned. Until reactor removal is complete, DOE will continue to conduct routine
maintenance, surveillance, and radiological monitoring activities to ensure continued protection of human
health and the environment during the interim storage period. Actions needed to address potential
environmental releases associated with reactor footprints before the reactors are removed will be specified
in the proposed plan and subsequent ROD based on this feasibility study analysis and public input.

1 “Facility” is defined here as a freestanding building, plant, laboratory, or other enclosure or associated building that
fulfills, or fulfilled a specific purpose and is owned by or otherwise under the responsibility of DOE. This usage differs
substantially from that contained in CERCLA or RCRA.
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100-K Fuels Storage Basins—Spent Fuel Removal and Cleanup. Spent nuclear fuel that had been stored in
the 100-K Fuel Storage Basins for over 20 years has been removed. Currently, an inspection of the basin
floor and pits is being conducted to identify any fuel fragments mixed in with the sludge and debris.

The K Basins Interim Remedial Action includes removal of all spent nuclear fuel, sludge, debris, water,
and deactivation of the basin to achieve established end point criteria (End Point Criteria for the K Basins
Interim Remedial Action [HNF-20632]).

The 100-KR-2 OU ROD (EPA/ROD/R10-99/059) directed that sludge be removed from the basins and
placed in storage pending future treatment where the storage and treatment of the sludge were outside the
scope of this interim remedial action. The 100-KR-2 OU ROD Amendment expanded the scope of the
ROD by eliminating the need for extended storage of the untreated sludge and requiring that the sludge be
treated and packaged for disposal; interim stored pending shipment, and shipped to a national repository
for disposal. The 100-KR-2 OU ROD (EPA/ROD/R10-99/059) directed that debris be removed, treated as
required, and disposed onsite to ERDF, as appropriate. The 100-KR-2 OU ROD (EPA/ROD/R10-99/059)
did not specify the details of debris retrieval; however, the anticipated process was to be an item-by-item
removal with any treatment to be completed outside the basin. The 100-KR-2 OU ROD Amendment
expanded the scope of the ROD by allowing some of the debris to remain in the basins and be encased in
grout, and removed as part of the demolition and removal of the basin structure. Deactivation of the basin
has not yet been initiated. Institutional controls are in place to restrict access and prevent public access
until the final remedial action is completed.

Implementation of these provisions in the 100-K ROD Amendment is currently in progress. Treatment
and removal of water from the 105-KE Basin was initiated in 2004 and has been completed.

The remaining sludge in 105-KE Basin was transferred to 105-KW Basin. The 105-KE Basin was
demolished and disposed in ERDF and soil remediation at the basin location is underway. Remedial
activities have begun to support sludge removal and the eventual decontamination and demolition of the
105-KW Basins. Sludge removal from 105-KW Basin is expected to be completed by the end of 2015.

The emptied and deactivated basins resulting from this remedial action have and will be remediated under
the 1999 ROD (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) for remaining sites. Deactivation, demolition,
and removal of the 105-KW FSB is expected to be completed in September 2019,

100-K Facilities—Deactivation, Decontamination, Decommissioning, and Demolition. Following the
deactivation of the 105-KE and 105-KW Reactors in 1970 and 1971, respectively, many 100-K facilities
have remained active due to the long-term storage of spent nuclear fuel in the 105-K Basins. Numerous
100-K facilities also provide ancillary support to 100-N operations, and the 100-KR-4 groundwater
pump-and-treat system requires the use of several 100-K buildings to support the treatment centers
associated with the system. Because of these ongoing activities, only 39 of 111 total facilities have been
demolished or removed.

Of the remaining structures, the principal structures include the two 100-K Reactors, parts of the water
treatment infrastructure, and multiple support buildings such as the 183-1-KE Head House, 165-KE
Control and Power Backup, 190 Cooling Water Building, sedimentation basins, and ancillary buildings
located adjacent to the reactors. Figures 1-21 and 1-22 show the 105-K East Fuel Storage Basin
demolition progress. While most of these structure are planned to be removed, the two reactor buildings,
105-KE and 105-KW, will be place in safe storage up to 75 years before a remediation decision is
implemented (Section 1.2.4 provides further information). Table 1-3 identifies 100-K facilities that have
been removed and are pending demolition.
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Table 1-3. Status of 100-K Facilities

Removed 107-KE, 107-KW, 150-KE, 150-KW, 1702-KE, 1702-KW, 118-KW-2, 183-KW,
183.1-KW, 183.2-KW, 183.3-KW, 183.5-KW, 183.6-KW, 183.7-KW, 110-KE,
115-KE, 117-KE, 118-KE-2, 119-KE, 1713-KE, 1714-KE, 1724-KB, 183-KE, 185-K,
MO-048, MO-054, MO-101, MO-102, MO-236, MO-237, MO-323, MO-392,
MO-401, MO-402, MO-907, MO-928, MO-969, MO-286, MO-214

Pending demolition 1701-KA, 1704-K, 1733-K, MO-205-K, MO-420, MO-474-K, MO-495, MO-767-K,
MO-827-K, MO-854, 110-KW, 115-KW, 116-KW, 117-KW, 119-KW, 166-KW,
183.4-KW, 190-KW, 116-KE, 166-KE, 182-K, 1614-KE, 1701-K, 1720-K, 1909-K,
105-KE, 105-KW, 142-K, 142-KA, 1506-K1, 151-K, 151-KE, 151-KW, 1605-K,
165-KE, 165-KW, 166A-KE, 166A-KW, 167-K/167-KE, 1705-KE, 1706-KE,
1706-KEL, 1706-KER, 1713-KER, 1713-KW, 1714-KW, 1717-AKE, 1717-K,
1724-K, 1724-KA, 181-KE, 181-KW, 183.1-KE, 183.2-KE, 183.3-KE, 183.4-KE,
183.5-KE, 183.6-KE, 183.7-KE, 1908-KE, 190-KE, 296-K-105, 296-K-142, MO-060,
MO-293, MO-442, MO-495, MO-500, MO-506, MO-507, MO-917, MO-955

Note: Status as of May 2011.

Future 100-K D4 activities will focus on the remaining structures and ISS actions for the 105-KE and
105-K'W Reactors.

— CHPUBS1105_2010-97_DD_01.1-15
Figure 1-21. 100-KE Reactor before 105-K East Fuel Storage Basin Demolition
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CHPUBS511 05_21 0-97_DD_01.1-16

Figure 1-22. Workers Demolishing the 105-KE Fuel Storage Basin (March 2011)

100-K River Effluent Pipeline Investigations. During operations, water used in fuel production to cool the
reactors was discharged to the Columbia River via effluent pipelines. The release of this cooling water
ended when the associated reactors and facilities were shut down. Today, the two inactive 100-K effluent
pipelines remain in their original locations in the Columbia River channel. Past characterization efforts
obtained samples of the river effluent pipelines from the 105-B, 105-C, 105-D, 105-DR, and

105-F Reactors. Characterization data collected during the river pipeline evaluations were used to
evaluate risks from contaminants within the pipelines and to propose remedial action alternatives.

In 1984, the River Discharge Lines Characterization Report (UNI-3262) discussed samples of scale
(flakes of mostly rust) from the interior surfaces and enclosed sediment of the effluent pipelines from the
105-C, 105-DR, and 105-F Reactors. The pipelines were also visually inspected underwater by a diver,
and their positions and physical conditions were assessed. Samples of scale and sediment were analyzed
for radionuclides. The major radionuclides detected included cobalt-60, cesium-137, europium-152,
europium-154, and europium-155. Radionuclide concentrations were greater in the scale than in the
sediment. Direct beta-gamma radiation measurements were also obtained for interior and exterior

pipe surfaces. The dose rates measured for direct contact with the interior of the pipe surfaces were less
than 1 mrem/hr, and readings on the exterior were below the instrument’s detection capability.

In 1994, a comprehensive geophysical survey (Columbia River Effluent Pipeline Survey
[WHC-SD-EN-TI-278]) located and mapped the reactor effluent pipelines. The study relied mainly on
remote sensing geophysical techniques, including navigation and echo sounding, side scanning radar,
sub-bottom profiling, seismic reflection profiling, and ground penetrating radar. The results indicated that
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the pipelines have neither broken loose nor moved from their original locations. However, portions of
some pipelines are no longer buried.

In 1995, pipe scale and sediment from the interior of the effluent pipelines from 100-B and 100-D were
sampled and physically characterized using a robotic transporter (100 Area River Effluent Pipelines
Characterization Report [BHI-00538]). Analytical data from these two pipelines were intended to
complement the 1984 radionuclide data (River Discharge Lines Characterization Report [UNI-3262]) and
were expected to represent “worst case” conditions with respect to radiological contamination. This
assumption was based on the long years of pipeline service and the volume of effluent known to have
been discharged from the 105-B and 105-D/DR Reactors. The samples taken in 1995 were analyzed for a
larger number of radionuclides than in the 1984 study and were analyzed for metals and total organic
carbon. In most cases, when the results of all radionuclide analyses are decayed to 2005, the
concentrations of the samples taken in 1995 are lower than 1984 concentrations. Most metals were at
concentrations below the analytical detection limits. However, the concentrations of total chromium and
mercury were above detection limits,

The analytical results from the 1984 and 1995 effluent pipeline characterization studies at the 105-B,
105-C, 105-D/DR, and 105-F Reactors may reasonably be extrapolated to effluent pipelines in 100-K
because operations among these reactors were similar. Evaluations of human health and ecological risk
have been performed for the river effluent pipelines, as they are today, located on or beneath the river
channel bottom, and for a scenario in which a pipeline section breaks away from the main pipeline and is
washed onto the shore of the river. Both the 1996 risk assessment effort (BHI-00538) and the 1998 risk
assessment effort (100 Area River Effluent Pipelines Risk Assessment [BHI-01141]) relied on data
collected from the 1984 and 1995 characterization work. The evaluation of human health and ecological
risk performed in 1998 (100 Area River Effluent Pipelines Risk Assessment [BHI-01141]), concluded that
the concentrations of chromium and mercury in the scale and sediment within the pipelines pose minimal
ecological risk because they have been in contact with river water without dissolving since the reactors
were shut down in 1971. The 1998 risk evaluation results indicated pipelines present no unacceptable
risks and, therefore, no remediation requirements under CERCLA. This is supported by the following:

e Minimal deteriorated condition of the pipelines
e Continued decrease of radionuclide concentrations due to decay
e Inaccessible location

e Unavailability of significant contaminants to affect human health or the environment

1.2.3.2 Previous Vadose and Waste Site Investigations and Remediation

The behavior of contaminants in the vadose zone has been an important consideration in Hanford plant
operations since the 1940s. Some reports (e.g., Underground Waste Disposal at Hanford Works: An
Interim Report Covering the 200 West Area [HW-9671]; The Underground Disposal of Liquid Wastes at
the Hanford Works, Washington [HW-17088]) examined the issues related to waste disposal at injection
wells, shallow burial cribs, and surface ponds. Groundwater monitoring via wells was undertaken in the
late 1940s to evaluate the rate of migration through the vadose zone and in the aquifer. Although most
attention was focused on radionuclides, primarily within the 200 Area, groundwater monitoring around
the 107-F Waste Disposal Trench and the 108-B Crib was reported for some chemicals. Waste sites
(116-KE-2 and possibly 116-KE-3 and 116-KW-2) were sometimes designed with wells that would
permit geophysical logging to assess radionuclide movement through the aquifer. Continued waste site
use was gauged against the vertical migration of contaminants, and was shut down when contamination
reached certain concentrations in groundwater at these wells. As such, hydrologic and geochemical
processes in the vadose zone were of interest, but were not well understood.
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Vadose Zone Investigations. The vadose zone at the Hanford Site has been extensively studied since

the 1980s. Unsaturated Water Flow at the Hanford Site: A Review of Literature and Annotated
Bibliography (PNNL-5428) provided an overview of the status of vadose zone studies in 1985. By 1992,
a significant amount of data had been collected from lysimeters at a wide range of sites at Hanford (
“Variations in Recharge at the Hanford Site” [Gee et al., 1992]). This study categorized the recharge
response for a variety of surface covers at Hanford for both soil type and vegetation cover. The most
striking finding in this study was that recharge of 8.9 of the 16 cm (3.5 of the 6.3 in.) total annual
precipitation was measured in vadose zone lysimeters with a clean gravel cover at the surface. In contrast,
lysimeters under native vegetation showed no measurable recharge.

The post-remediation landscape at Hanford will largely be returned to a native vegetation cover, much as
was present at the inception of the Manhattan Project. In the intervening years, a large acreage of
devegetated surface at 100-K had much of the top soil scraped off (Figure 1-23). This implies a
significant change in vadose zone dynamics with significant increase in vadose zone water flux since
construction. Under native vegetation, the recharge flux would be expected to be zero or near zero. For a
typical acre of disturbed ground experiencing 3 in. of recharge per year, an acre-foot would occur in four
years, 10 ac ft in 40 years, such that since construction at 100-K approximately 60 years ago, many acres
of this ground may have experienced on the order of 15 ac ft of drainage through the vadose zone to the
water table solely as a result of the land use change. Locally, this value could be higher where buildings,
tanks, and other structures divert precipitation to specified locations. In addition, significant volumes of
water have been added to remediated acreage as part of the dust control program (a typical truck holds
approximately 19,000 L [5,000 gal]), with 65 truckloads equaling an acre-foot). Once remediation is
complete and native vegetation cover is reestablished, recharge flux will return to the near zero conditions
prior to the Manhattan Project activities at Hanford.

Vadose zone radiological characterization started at 100-K in 1975 to evaluate radionuclide inventories,
distribution, and concentrations at inactive solid and liquid waste sites, reactors, and associated facilities.
In the early 1990s, LFIs were performed at 100-K to assess potential impacts associated with discharging
effluent to the vadose zone at high priority waste sites. Several column leaching studies have also been
performed to assess leaching of Cr(VI) from contaminated vadose zone material to groundwater. Several
moisture characteristic curves have been calculated for 100-K, which are summarized in the 100-KR-4
Model Technical Memorandum (100-KR-4 Remedial Process Optimization Modeling Data Package
[SGW-41213]). Due to the presence of Cr(VI) in the groundwater, Cr(VI) source identification
investigations were performed at 100-K.

The majority of waste sites are geographically located proximate to decommissioned reactors along the
Columbia River. The majority of the River Corridor area consists of land with little or no subsurface
infrastructure or indication of past or present releases of hazardous constituent(s) between reactors and
reaches toward the Hanford Site Central Plateau. This land is otherwise known as nonoperational areas.
There is the potential for contaminant transport into the nonoperational areas through five credible
mechanisms that were identified, including human disposal of materials, biological vectors (spread by
animals), point source dispersal (blowing dust or vegetation from known waste sites [e.g., stack
emissions]), wind dispersal, and overland flows.

Waste Site Remediation. Remediation and characterization of 100-K waste sites began in 2002 under the
interim action ROD for the remaining 100 Area waste sites (100 Area Remaining Sites ROD
[EPA/ROD/R10-99/039]), and will continue into the future until final remedies are selected and
implemented. These interim remediation activities consist chiefly of RTD of vadose zone material, debris,
and waste material, plus backfilling and revegetating the excavated area. Characterization of waste sites
consists primarily of sample collection and analysis to assess the nature and extent of contamination and
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verify achievement of interim remedial action objectives and remedial action goals for direct exposure,
protection of groundwater, and protection of surface water.

Table 1-4 summarizes the remediation status of waste sites included in 100-K. A total of 163 sites have
been identified within 100-K. These consist primarily of inactive waste sites described as trenches,
ditches, cribs, ponds, French drains, burial grounds, and unplanned releases. Fifteen waste sites are within
the 100-KR-1 OU (Table 1-5) and 148 waste sites are in the 100-KR-2 OU (Table 1-6).

Of the 163 waste sites, 50 have been reclassified as closed out, interim closed out, rejected, or not accepted
(Table 1-4 footnotes define these terms). Only one waste site, the 1607-K4 Septic Tank, has been closed,
and 21 waste sites have been remediated according to interim RODs. Tables 1-5 and 1-6 provide summary
classification on waste sites in the 100-KR-1 and 100-KR-2 OUs, respectively, including the identification
of Cr(VI) waste sites and orphan sites. Status descriptions are from WIDS.

Table 1-4. Summary Information on 100-K Waste Sites

Total Interim Not
Number of Closed Closed No Accepted®/
Operable Unit  Waste Sites” Out” Out’ Action®  Rejected”  Accepted®  Discovery"
100-KR-1 15 0 4 0 0 11 0
100-KR-2 150 1 17 0 28 104 0
Total 100-K 165 1 21 0 28 115 0

Note: Status as of May 2011.
a. Total number of sites includes discovery and not accepted sites. Additional information provided in Appendix J.

b. Closed Out—A reclassification status indicating, due to actions taken, a waste management unit meets applicable cleanup
standards or closure requirements State of Washington Septic Tank Regulations (1607-K4).

c. Interim Closed Out—A reclassification status indicating, due to actions taken, a waste management unit meets cleanup
standards specified in an Interim Action ROD or Action Memorandum, but for which a Final ROD has not been issued. Further
final actions may be necessary.

d. No Action—A reclassification status indicating a waste site does not require any further remedial action under RCRA
Corrective Action, CERCLA, or other cleanup standards, based on an assessment of quantitative data collected for the waste site.

e. Not Accepted—A classification status indicating an assessment has been made that a WIDS site is not a waste management
unit and is not within the scope of Tri-Party Agreement Action Plan (Ecology et al., 1989b).

f. Rejected—A reclassification status indicating a waste site does not require remediation under CERCLA, or other cleanup
standards, based on qualitative information such as a review of historical records, photographs, drawings, walk downs, ground
penetrating radar scans, and shallow test pits. Such investigations do not include quantitative measurements.

g. Accepted—A classification status indicating an assessment has been made that a WIDS site is a waste management unit as
defined in the Tri-Party Agreement Action Plan (Ecology et al., 1989b).

h. Discovery—An initial classification status indicating evidence of a potential waste site; assessments not yet complete. This is
the classification of a newly discovered WIDS site.
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Table 1-5. Status of 100-KR-1 OU Waste Sites
Status Waste Sites Total
Closed Out None 0
Interim Closed Out 116-K-1,* 116-K-2,* 166-KE-4,* 116-KW-3* 4
No Action None 0
Not Accepted None 0
Rejected None 0
Accepted 100-K-100, 100-K-57, 100-K-63,* 100-K-64, 100-K-78, 100-K-80, 11
100-K-81, 100-K-83, 100-K-93, 100-K-99, 116-K-3*
Discovery None 0
Note: Status as of May 2011.
* Sites may have received Cr(VI) waste stream.
Table 1-6. Status of 100-KR-2 OU Waste Sites
Status Waste Sites Total

Closed Out 1607-K4 1
Interim Closed Out  100-K-29, 100-K-30, 100-K-31, 100-K-32, 100-K-33, 17

100-K-37, 100-K-38, 100-K-4, 100-K-55:1, 100-K-56:1,

116-KE-5, 116-KE-6A, 116-KE-6B, 116-KE-6C, 116-KE-6D,

116-KW-4, 128-K-1
No Action None 0
Not Accepted 100-K-10, 100-K-11, 100-K-12, 100-K-15, 100-K-16, 23

100-K-20, 100-K-21, 100-K-22, 100-K-23, 100-K-24,

100-K-28, 100-K-39, 100-K-44, 100-K-52, 100-K-58,

100-K-59, 100-K-7, 100-K-76, 100-K-8, 100-K-9, 126-KE-3,

130-K-1, 130-K-3
Rejected 100-K-2, 100-K-51, 126-K-1, 600-4, 600-55 5
Accepted 100-K-1, 100-K-101, 100-K-102, 100-K-103, 100-K-104, 102

100-K-105, 100-K-106, 100-K-107, 100-K-108, 100-K-109,
100-K-13, 100-K-14, 100-K-18, 100-K-19, 100-K-25,
100-K-27, 100-K-3, 100-K-34, 100-K-35, 100-K-36,
100-K-42, 100-K-43, 100-K-46, 100-K-47, 100-K-48,
100-K-49, 100-K-5, 100-K-50, 100-K-53, 100-K-54,
100-K-55:2 (sub site), 100-K-56:2 (sub site), 100-K-6,
100-K-60, 100-K-61, 100-K-62, 100-K-66, 100-K-67,
100-K-68, 100-K-69, 100-K-70, 100-K-71, 100-K-72,
100-K-73, 100-K-74, 100-K-75, 100-K-77, 100-K-79,*

(104 including sub-sites)
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Table 1-6. Status of 100-KR-2 OU Waste Sites

Status Waste Sites Total

100-K-82,* 100-K-84, 100-K-85, 100-K-86, 100-K-87,
100-K-88, 100-K-89, 100-K-90, 100-K-91, 100-K-92,
100-K-94, 100-K-95, 100-K-97, 100-K-98, 100-K-110,
116-KE-1, 116-KE-2, 116-KE-3, 116-KW-1, 116-KW-2,
118-K-1, 118-KE-1, 118-KE-2, 118-KW-1, 118-KW-2,
120-KE-1, 120-KE-2, 120-KE-3, 120-KE-4,* 120-KE-5,*
120-KE-6,* 120-KE-8, 120-KE-9,* 120-KW-1,* 120-KW-2,
120-KW-3, 120-KW-4, 120-KW-5,* 120-KW-6, 120-KW-7,*
126-KE-2, 128-K-2, 130-K-2, 130-KE-1, 130-KE-2,
130-KW-1, 130-KW-2, 132-KE-1, 132-KW-1, 1607-K1,
1607-K2,* 1607-K3,* 1607-K5, 1607-K6, 600-29,
UPR-100-K-1*

Discovery 0

Note: Status as of May 2011.

* Sites may have received Cr(VI) waste.

The focus of waste site remediation was initially on former liquid effluent sites. Following the remedial
action, the vadose zone material from each excavation was sampled, analyzed, and modeled (if needed) to
assess the risks associated with residual contamination. Waste site sample result evaluations verified that
the remediation objectives and goals were met, ensuring the protection of human health and the
environment. A waste site is considered interim closed if the interim remedial action objective and goals
are achieved. Subsequent interim remedial actions included solid waste burial grounds and miscellaneous
waste sites. Figure 1-23 is a photograph showing excavation at 100-K.

One of the most significant interim waste site remediation achievements was the completion of the
remediation of the 116-K-2 Process Trench in 2006, shown in Figure 1-24. This waste site was regarded as
the most highly contaminated liquid waste disposal site in the 100 Area. It was the main liquid waste
disposal site for 100-K and received a range of reactor effluents while operating from 1955 to 1971. It is
estimated that about 2,100 Ci (nearly one-half of the radionuclide inventory of the 100 Area) and
approximately 300,000 kg (about 661,000 Ib) of sodium dichromate were discharged to this trench. In
remediating the trench, an area roughly 7,845 m* (70,610 ft*) was excavated, backfilled, and revegetated.
The revegetation of backfilled, remediated waste sites is a very important factor in minimizing the potential
for residual contamination migration from the vadose zone to the unconfined aquifer below the site.
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CHPUBS1105_2010-97_DD_01.1-18 |
Figure 1-24. 116-K-2 (Mile Long Trench)—Backfilled and Ready for Revegetation
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Waste Site Cleanup Documentation. Following completion of the interim remedial actions at a waste site
in accordance with the applicable interim action ROD, a cleanup document is prepared. This document
contains verification information that the attainment of interim remedial action goals (RAGs) and interim
RAOs have been achieved. These RAOs are contained in interim RODs that have been previously listed
in Table 1-2. This documentation usually includes a description of the interim remedial action conducted,
sampling results, disposal information, and a chronology of events.

The exposure factors and assumptions used in the rural residential scenario are defined in Remedial
Design Report/Remedial Action Work Plan for the 100 Area, hereinafter called 100 Area RDR/RAWP
(DOE/RL-96-17). Soil interim RAGs for protection of groundwater also reflected unrestricted use and
were intended to achieve state or federal drinking water standards. In addition, RAGs were developed to
protect aquatic organisms in the Columbia River. However, RAGs were not developed for the protection
of terrestrial ecological receptors due to the absence of regulatory guidance at that time. Cleanup
verification packages currently consider “Model Toxics Control Act—Cleanup,” (WAC 173-340)
standards for terrestrial receptors.

Waste Site Consideration in the RI/FS. All 100-K waste sites were considered in this final RI/FS process to
determine if the sites are protective of human health and the environment. While the unique factors of
each site were considered individually, the consideration of waste sites can be described generally based
on classification/reclassification status:

e Sites with a “closed out” status were reviewed to confirm that this determination has been made under
appropriate regulatory authority. Where a closed out status was appropriate, no further review of site
information was performed, and the site was not considered further within the RI/FS.

e Sites with a “rejected” or “not accepted” status were reviewed to determine whether new information was
available that contradicts the existing documented basis for rejection or nonacceptance. Where the existing
classification/reclassification was not found to be inappropriate, the site was not considered further within
the RI/FS process. No rejected or not accepted sites at 100-K were found to have information that
contradicted the existing determinations. The existing determinations are documented for each site in
accordance with Tri-Party Agreement Handbook Management Procedures, Guideline Number
TPA-MP-14, “Maintenance of the Waste Information Data System (WIDS)” (RL-TPA-90-0001).

e Sites with a “no action” or “interim closed out” reclassification status based on confirmatory and/or
verification data are all considered within the overall RI and have been quantitatively evaluated
against PRGs as described in Chapters 5 through 7. Sites with a no action or interim closed out
reclassification with a basis other than direct data (for example, historical decommissioning data)
were considered on a site-by-site basis.

e Sites with an “accepted” classification status fit within two broad general subcategories:

— Sites where an interim remedial action requirement has been identified in interim decision
documents, but for which interim remedial action had not been completed (via an approved waste
site reclassification). These sites were considered within the RI from the standpoint that a
remedial action determination has already been made. Because site-specific data were not yet
available, these sites were carried into the FS.

— Candidate sites under the 100 Area Remaining Sites ROD (EPA/ROD/R10-99/039) for which an
interim remedial action determination has not yet been made. The 100 Area Remaining Sites ROD
(EPA/ROD/R10-99/039) established a process whereby new and existing sites that did not have
sufficient information to warrant either a remedial action determination or exclusion from
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consideration as a waste site could be evaluated to make this determination. These sites are referred
to as “candidate sites” or “confirmatory sites” under the interim action framework. The candidate
process to add these waste sites will be retained under the final action ROD and these sites will
continue to be dispositioned according to that process, including site-specific evaluation for
protection of human health and the environment.

e Any new discovery sites that are identified as interim actions continue or under future final actions
will also be addressed by an addition process established through the final action ROD, but
functionally identical to that used under the 100 Area Remaining Sites ROD
(EPA/ROD/R10-99/039).

Waste Sites Requiring No Further Consideration at 100-K. Waste sites with a closed out, rejected, or not
accepted classification/reclassification status were reconsidered to ensure there was sufficient existing
basis for this determination. Those sites for which the existing basis was sufficient will not be addressed
further in this RI/FS, and are identified in Table 1-7. In addition to these sites, some sites with other
classification/reclassification statuses and site-specific factors will not be addressed further in this RI/FS
process. These sites are also listed in Table 1-7, with additional explanation provided below. However, all
waste sites identified in Appendix C of the Hanford Federal Facility Agreement and Consent Order
Action Plan, hereinafter called the Tri-Party Agreement Action Plan or TPA Action Plan [Ecology et al.,
1989b]) will be included in the ROD in order for final remedy decision to be documented, even if no
further remedial activities are needed.

Table 1-7. Sites that Are Not Addressed Further in the RI/FS

Classification/
Reclassification
Status Waste Sites
Closed Out 1607-K4
Rejected 100-K-2, 100-K-51, 126-K-1, 600-4, 600-55
Not Accepted 100-K-10, 100-K-11, 100-K-12, 100-K-15, 100-K-16, 100-K-20, 100-K-21, 100-K-22,
100-K-23, 100-K-24, 100-K-28, 100-K-39, 100-K-44, 100-K-52, 100-K-58, 100-K-59,
100-K-7, 100-K-76, 100-K-8, 100-K-9, 126-KE-3, 130-K-1, 130-K-3
Interim Closed Out 100-K-37, 100-K-38, 116-KE-6A, 116-KE-6B, 116-KE-6C, 116-KE-6D

100-K-37 and 100-K-38. 100-K-37, the 1706-KE Sulfuric Acid Tank, and 100-K-38, the 1706-KE Caustic
Soda Tank waste sites, were used from 1963 to 1971 to store chemicals needed to regenerate the IX
columns in the 1706-KE water demineralization plant, which supplied demineralized water to the 105-KE
Reactor. They were emptied of their remaining contents in the early 1990s. The tanks were designated as
waste sites in the late 1990s.

Verification sampling was not required to demonstrate protectiveness for waste sites 100-K-37 and
100-K-38 since both tanks were located on the 1706-KE Building concrete slab and both tanks were tied
to the 100-K-36 Waste Site dry well for discharge. The CERCLA removal action for the 1706-KE
Building will address the underlying foundation authorized by the Action Memorandum for the
Non-Time-Critical Removal Action for the 105-KE and 105-KW Reactor Facilities and Ancillary
Facilities (EPA, 2007a), Removal Action Work Plan for the 100-K Area Ancillary Facilities
(DOE/RL-2005-26), and 100-K Area Interim Safe Storage and D4 Project Waste Sampling and Analysis
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Plan (DOE/RL-2005-33), and the remediation of 100-K-36 will address any vadose zone contamination.
By removing the entire source of the hazardous substances (i.e., 100-K-37 and 100-K-38), protection of

human health, and the environment have been achieved and these two waste sites will not be addressed
further in the FS.

116-KE-6A, 116-KE-6B, 116-KE-6C, and 116-KE-6D. The 116-KE-6A, 116-KE-6B, 116-KE-6C, and
116-KE-6D Waste Sites were components that collectively comprised the 1706-KE IWTS RCRA
temporary storage and disposal (TSD) unit, which was located in the basement of the 1706-KER Building.
The individual components names and waste site identification numbers were 1706-KE Condensate
Collection Tank (116-KE-6A), 1706-KE Evaporation Tank (116-KE-6B), 1706-KE Waste Accumulation
Tank (116-KE-6C), and 1706-KE IX Column (116-KE-6D).

As documented in the 100 Area Remaining Sites ROD (EPA/ROD/R10-99/039), DOE-RL, EPA, and
Ecology agreed to combine RCRA corrective actions and CERCLA remedial actions. The CERCLA
process addresses hazardous substances, including radiological contaminants. RCRA closure of the WTS
was completed in accordance with the approved closure plan (Hanford Facility Dangerous Waste
Closure/Postclosure Plan for the 1706-KE Waste Treatment System [DOE/RL-2009-29]).

The action associated with the removal of these waste sites is focused on the equipment and associated
debris. The remainder of the 1706-KER Building is being addressed under a CERCLA removal action
authorized by EPA (Action Memorandum for the Non-Time-Critical Removal Action for the 105-KE and
105-KW Reactor Facilities and Ancillary Facilities [EPA, 2007a)), Removal Action Work Plan for the
100-K Area Ancillary Facilities (DOE/RL-2005-26), and 100-K Area Interim Safe Storage and D4 Project
Waste Sampling and Analysis Plan (DOE/RL-2005-33). By removing the entire source of the hazardous
substances (i.e., 116-KE-6A, 116-KE-6B, 116-KE-6C, and 116-KE-6D), protection of human health and
the environment have been achieved and these four waste sites will not be addressed further in the
feasibility study.

Waste Sites that Need Further Consideration in RI/FS. Sites with an “accepted” classification status fit
within two broad general subcategories:

e Sites where an interim remedial action requirement has been identified in interim decision documents,
but for which interim remedial action had not been completed (via an approved waste site
reclassification). These sites were considered within the RI from the standpoint that a remedial action
determination has already been made. Because site-specific data were not yet available, these sites
were carried into the FS.

e Candidate sites under the 100 Area Remaining Sites ROD (EPA/ROD/R10-99/039) are sites for which
an interim remedial action determination has not yet been made. The Remaining Sites Interim Action
ROD established a process whereby new and existing sites that did not have sufficient information to
warrant either a remedial action determination or exclusion from consideration would be evaluated.
These sites are referred to as “candidate sites” or “confirmatory sites” under the interim action
framework. The candidate process to add these waste sites to the interim action ROD will be retained
under the final action ROD. There sites will continue to be dispositioned according to that process,
including site-specific evaluation for protection of human health and the environment.

e Existing sites with a “discovery” classification status have been addressed as candidate sites for
which a determination has not yet been made, as described previously. Any new discovery sites that
are identified as interim actions continue or under future final actions will also be addressed by an
addition process established through the final action ROD, but functionally identical to that used
under the 100 Area Remaining Sites ROD (EPA/ROD/R10-99/039).
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Nonoperational Area Evaluation. In 2011, an evaluation of the River Corridor nonoperational areas was
completed. The nonoperational evaluation considered the five transport mechanisms, physical features,
and climate conditions that could influence transport, and used surface and near surface information from
a number of available sources:

e Orphan sites evaluations
e Air emissions reports
e Environmental monitoring programs

e Statistical modeling

Appendix K describes the nonoperational evaluation process for the River Corridor, data and information used,
and conclusions and recommendations. It includes specific results and conclusions for the 100-K decision area.

Orphan Sites Evaluations. The orphan sites evaluations (OSEs) are an important component the
nonoperational evaluation. The purpose of the nonoperational evaluation and the OSEs is to increase
confidence that waste disposal or releases requiring characterization and cleanup within a given land
parcel of the Hanford Site River Corridor have been identified. Key elements of the OSE include a
comprehensive review of historical information and a field investigation. Results from these activities are
reviewed with DOE-RL and the lead regulatory agency. Potential “orphan” sites are evaluated under the
TPA-MP-14 discovery site process. The 100-K decision area was addressed by a combination of three
separate OSE reports including all of the 100-K OSE, 100-K Area Orphan Sites Evaluation Report
(OSR-2008-0003), parts of Segment 1 OSE, 100-F/IU-2/IU-6 Area — Segment 1 Orphan Sites Evaluation
Report (OSR-2009-0002), and Segment 4 OSE, 100-F/IU-2/IU-6 Area — Segment 4 Orphan Sites
Evaluation Report (OSR-2011-0001). Within the 100-K decision area, 22 orphan sites (new discovery
sites) were identified through the OSEs and are addressed/evaluated in this report.

Air Emissions Reports. Two groups of sources of Hanford Site stack air emissions had the potential to
impact the River Corridor by air deposition. The first source group, where most of the Hanford Site stack
air emissions occurred between 1944 and 1972, were the facilities in the 200 Area that separated
plutonium and uranium from irradiated reactor fuel. The second source group, the nine production nuclear
reactors in the 100 Area, had stacks to exhaust ventilation air from the working areas of the reactor
facilities. These were minor sources of emissions compared to the 200 Area facilities that separated
plutonium and uranium from irradiated reactor fuel. There is no evidence that waste sites should exist in
the River Corridor area, including 100-K, as a result of historical air emission deposition. Any hot spots
existing in the River Corridor area as a result of historic stack emission deposition would have decayed or
attenuated to negligible levels over the past 40 plus years since the majority of the air emissions occurred.
Acrial radiation surveys of the Hanford Site and widespread sampling over many years support this
conclusion (An Aerial Radiological Survey of the Hanford Site and Surrounding Area, Richland,
Washington [EGG-10617-1062]).

Environmental Monitoring Programs. Data from ongoing monitoring programs were also used as described
in Appendix K. A number of these programs are described in Chapter 2, starting in Sections 2.1.3
(Contaminate Source Investigations) and 2.1.10 (Ecological Investigations).
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Statistical Modeling. Statistical modeling was used to support the data analyses and development of
technical recommendations such as additional sampling for the nonoperational areas in the River
Corridor. The process leveraged established approaches and data sets used in the Hanford Site Central
Plateau and adapted to the River Corridor. In addition to the conceptual site models developed for the
Central Plateau, the CSM for the River Corridor addressed potential for overland flow, impacts on
riparian, and nearshore areas. Statistical analysis was used to represent the conceptual models and
incorporate the available data to support a quantitative basis for the probability that a (undiscovered)
waste site might exist in the nonoperational areas. As a result of these efforts, no additional waste sites
were found in the nonoperational areas of 100-K that pose a threat to human health or the environment.

1.2.3.3 Previous Groundwater Investigations and Remediation

The behavior of waste liquids discharged to the vadose zone and contaminant migration in groundwater
was important to operations and the environment. A number of wells were drilled around the 100-K
Reactor area prior to or early in the operations of the two reactors (199-K-1 to 199-K-14 [UNI-946]).
Many of these wells penetrated only into the vadose zone, and few of the original aquifer wells survive to
the present. Other wells were added during operations downgradient of the 116-K-2 Trench.

The emphasis was on detection of radionuclides (tritium), but by 1962, at least a few of the wells (e.g.,
199-K-10, 199-K-11, 199-K-19, 199-K-20, and 199-K-21) were sampled for nitrate. During the 1970s,
more than 50 borings were drilled around the 100-K Reactors and 100-K waste sites to support
remediation planning (Radiological Characterization of the Retired 100 [UNI-946]). Wells 199-K-32A
through 199-K-37 were installed and sampled for radionuclides, anions, and cations, but Cr(VI) was not
included in the sampling until 1996. A few wells were also drilled to support contamination monitoring at
the KE and later the KW FSB when converted to storage of 100-N Reactor fuel rods. Two sets of four
wells were drilled: Wells 199-K-27 to 199-K-30 in the late 1970s and Wells 19-K-106A to 199-K-111A
in 1994.

Groundwater Investigations. Little additional drilling occurred in 100-K until the start of environmental
characterization activities, when a series of wells was drilled around the 100-K Reactor areas. Broad lists
of analytes were sampled for in both the new and existing wells. The results of this sampling led to a
determination of Cr(VI) as a primary contaminant of concern. Only with the start of the KR-4
pump-and-treat system has additional drilling and sampling found greater extents of Cr(VI) in the aquifer.

Historical groundwater monitoring results for 100-K are presented in Chapter 4, and the locations of all
100-K groundwater monitoring wells are illustrated in Appendix A. Currently, groundwater monitoring
wells in 100-K are routinely sampled for COPCs. Groundwater monitoring of specific wells is conducted
every one to two years, depending on location. Groundwater data for 100-K are used to create maps and
plots that illustrate groundwater flow, water table elevations, hydrogeochemistry, and contaminant
concentration trends and distribution. The results have been published annually in Hanford Site
Groundwater Monitoring Reports since 1980 (for example, Hanford Site Groundwater Monitoring and
Performance Report for 2009: Volumes I & 2 [DOE/RL-2010-11]) and are discussed in Chapter 4.

In 1959, W H. Bierschenk (4quifer Characteristics and Ground-Water Movement at Hanford [HW-60601])
described the general aquifer characteristics of the Hanford Site, including one of the first sitewide
groundwater flow maps showing general directions and average rates of groundwater flow. Aquifer testing
and aquifer properties were evaluated and summarized in this report. Hanford operations actively discharged
a variety of water and liquid wastes to the surface at locations such as B Pond and Gable Mountain Pond in
the 200 Area, as well as the 100 Area retention ponds and trenches. Groundwater mounds developed at
these locations and impacted groundwater flow across much of the site, including at 100-K. Changes in
the Hanford Site water table over the period from 1950 to 1980 were documented by Pacific Northwest
Laboratory (now Pacific Northwest National Laboratory [PNNL]) in a 1986 report (Hanford Site Water
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Table Changes 1950 Through 1980: Data Observations and Evaluation [PNL-5506]). This report
described detailed water level changes at five-year intervals at a network of wells across the site.

In 1967, a test disposal of reactor coolant effluent to trenches was conducted for 100-F and 100-D, as well
as proposed (but not performed) tests at 100-BC and 100-K (Program Review—Ground Disposal of Reactor
Effluent [DUN-3259]). During the testing, discharges were conducted to the 116-F-14 and 116-DR-1&2
Trenches. Discharge rates to the respective waste sites were 30,280 to 60,560 L/min (8,000 to 16,000 gpm)
at 100-F and 17,000 to 104,000 L/min (4,500 to 27,500 gpm) at the 100-D site. In the 1970s, concerns
increased about radiological contamination of groundwater at Hanford and researchers began to investigate
various groundwater issues, from the vertical distribution of radioactive contamination Vertical
Contamination in the Unconfined Groundwater at the Hanford Site, Washington [(PNL-2724]) to general
radiological groundwater contamination (Radiological Status of the Ground Water Beneath the Hanford
Site January—December 1980 [PNL-3768]). A very few wells at 100-K (Wells 199-K-11, 199-K-20, and
199-K-25) were sampled as far back as 1969 for Cr(VI), but most wells from that era have been
abandoned with no record of contaminant concentrations. Above-nondetect concentrations of Cr(VI) from
5.3 to 17.5 png/L were reported at Well 199-K-11, along with chromium concentrations ranging from
nondetect to 34.3 pug/L. Well 199-K-20, which lies between the 116-K-2 Trench and the Columbia River,
detected Cr(VI) at concentrations around 1 to 4 pg/L (11 sample events) to 64 ng/L (one sampling event)
between 1969 and 1973. Data show that a few wells downgradient of the 116-K-2 Trench were being
sampled as far back as 1962 for nitrate and tritium.

By the mid-1980s, routine sampling constituents began to include nonradiological constituents such as
nitrate and chromium, but Cr(VI) was not regularly included until the early 1990s. Routine sampling for
Cr(VI) began in the 1992 to 1996 time frame as part of the interim action ROD characterization. By 1988,
it had become clear that action would be needed under either CERCLA or RCRA in the 100 Area.

The initial study work plan was developed under the RCRA umbrella that was compatible with CERCLA
(Remedial Investigation/Feasibility Study Work Plan for the 100-KR-4 Operable Unit, Hanford Site,
Richland, Washington [DOE/RL-90-21]). In 1993 to 1994, an LFI report (100-KR-4 LFI
[DOE/RL-93-79]) was completed along with the qualitative risk assessment (Qualitative Risk Assessment
for the 100-KR-4 Groundwater Operable Unit [WHC-SD-EN-RA-010]).

With the approval of the interim ROD, construction of the 100-KR-4 OU interim remedy was started.
Concurrently with the startup of the KR-4 pump-and-treat system, the Interim Action Monitoring Plan (IAMP)
(Interim Action Monitoring Plan for the 100-HR-3 and 100-KR-4 Operable Units [DOE/RL-96-90]) was
completed. This IAMP set the general monitoring plan for the pump-and-treat systems in the 100-HR-3 and
the 100-KR-4 OUs. The IAMP was modified by a letter from Ecology to DOE (“Sampling Changes to the
100-HR-3 and 100-KR-4 Operable Units (OU)” [Wanek, 1998]) and was modified through the TPA Change
Notice process to add wells. With these modifications, the general sampling program was developed and
carried forward in the Interim ROD.

Table 1-8 summarizes the chronology of reports describing groundwater monitoring at the 100-KR-4 OU,
including many documents that are valid across the Hanford Site.
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Table 1-8. Chronology of Reports for Groundwater Monitoring at 100-KR-4 OU

Pump-and-Treat Annual Groundwater Aquifer Sampling Annual Environmental

Year System Monitoring Reports Tube Data Reports Monitoring
1980 — PNL-3768 — —
1981 — PNL-4237 — —
1982 — PNL-4659 — —
1983 — PNL-5041 o PNL-5038, PNL-5039
1984 — PNL-5408 - PNL-5407
1985 — — — PNL-5817
1986 — — o PNL-6120
1987 — PNL-6315-1, -2 — PNL-6464
1988 _ PNL-6315-3, -4 — PNL-6825
1989 — PNL-7120 o PNL-7346
1990 — PNL-8073 — PNL-7930
1991 — PNL-8284 - PNL-8148
1992 — — — PNL-8682
1993 — PNL-10082 o PNL-9823
1994 — PNL-10698 — PNL-10574
1995 — PNL-11141 — PNNL-11139
1996 o PNNL-11470 BHI-00778 PNNL-11472
1997 DOE/RL-97-96 PNNL-11793 o PNNL-11795
1998 DOE/RL-99-13 PNNL-12086 BHI-01153 PNNL-12088
1999 DOE/RL-2000-01 PNNL-13116 - PNNL-13230
2000 DOE/RL-2001-04 PNNL-13404 PNNL-13487
2001 DOE/RL-2002-05 PNNL-13788 BHI-01494 PNNL-13910
2002 DOE/RL-2003-09 PNNL-14187 BHI-01624 PNNL-14295
2003 DOE/RL-2004-21 PNNL-14548 PNNL-14444 PNNL-14687
2004 DOE/RL-2005-18 PNNL-15070 o PNNL-15222
2005 DOE/RL-2006-08 PNNL-15670 - PNNL-15892
2006 DOE/RL-2006-76 PNNL-16346 — PNNL-16623
2007 DOE/RL-2008-05 DOE/RL-2008-01 SGW-35028 PNNL-17603
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Table 1-8. Chronology of Reports for Groundwater Monitoring at 100-KR-4 OU

Pump-and-Treat Annual Groundwater Aquifer Sampling Annual Environmental
Year System Monitoring Reports Tube Data Reports Monitoring
2008 DOE/RL-2009-15 DOE/RL-2008-66 — PNNL-18427
2009 DOE/RL-2010-11 DOE/RL-2010-11 — PNNL-19445
2010 DOE/RL-2011-25 DOE/RL-2011-001 o —
2011 — — — —

Note: Complete reference citations are provided in Chapter 11.

In addition to the groundwater investigations, several pore water, aquifer tube, and Columbia River
studies have been performed that are relevant to 100-K (summarized below and in Table B-1). These tests
were conducted for the entire River Corridor and have direct application to activities at 100-K.

Pore Water. The first pore water (groundwater upwelling beneath the river bottom into the space

between rocks and sediment of the riverbed) study in the Hanford Reach of the Columbia River was
conducted in 1994. It was designed to collect substrate water quality/contaminant data for determining the
potential exposure and risk to ecological receptors from groundwater discharge to the river, particularly
from Cr(VI) (Preliminary Determination of Chromium Concentration Within Pore Water and Embryonic
Chinook Salmon at Hanford Reach Spawning Area in Proximity to 100-HR-3 Operable Unit
[BHI-00156]). Cr(VI) concentrations below the former 11 pg/L. Ambient Water Quality Standard
(AWQS) (since lowered to 10 pg/L), as measured in the river substrate, was the proposed remediation
goal. Embryonic Chinook salmon were selected as the target receptor for the study because during their
early life stages (egg and sac-fry), they have limited mobility, spend most of their time within or near the
river substrate, and thus could be chronically exposed to Cr(VI) from subsurface groundwater discharge.
The appropriate season for pore water sampling was determined to be fall (during low river stage and
relatively high groundwater discharge to the river). Salmon redds were identified by aerial surveys to
establish when salmon were spawning in the Hanford Reach and to determine locations where pore water
samples should be collected for Cr(VI) analysis.

More recent pore water studies were conducted by Washington Closure Hanford (WCH) in the River
Corridor (Field Summary Report for Remedial Investigation of Hanford Site Releases to the Columbia
River, Hanford Site, Washington: Collection of Surface Water, Pore Water, and Sediment Samples for
Characterization of Groundwater Upwelling [WCH-380]). These studies showed Cr(VI) values above the
AWQS at several river sites opposite the reactor areas during very low river stage. However, the majority
of the sites did not show Cr(VI) above detection limits. The sample locations and detailed results for the
pore water study are provided in Chapters 2 and 4 of this RI/FS report.

Aquifer Tube. Suites of aquifer tubes were installed along the Columbia River throughout the River
Corridor in 1997, 2004, and 2008. Aquifer tubes consist of small, stainless steel screens that are placed in
the aquifer along the riverbank in borings advanced by a percussion method. The tubes monitor shallow
groundwater of the uppermost, unconfined aquifer and typically terminate one to two meters below the
water table in the unconsolidated, permeable sediments. Ringold Formation upper mud (RUM) sediments
typically cannot be penetrated using the percussion method for tube installation. Sampling of these tubes
is governed by a SAP (Sampling and Analysis Plan for Aquifer Sampling Tubes, hereinafter called the
SAP for Aquifer Sampling Tubes [DOE/RL-2000-59]), revised in 2009. A polyethylene tube is attached
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to the aquifer tube and a peristaltic pump is used to collect a water sample from the screened interval.
Specific conductivity of the sample water varies with river stage, reflecting a mixture with either more
groundwater (higher specific conductivity) or more surface water (lower specific conductivity) in the
aquifer tube sample. Typically, aquifer tube samples collected during low river stage are more
representative of groundwater conditions. Aquifer sampling tube data reports are summarized in the SAP.

Columbia River Studies. Studies that are pertinent to the Columbia River include the following:
e DOE/RL-92-12, Sampling and Analysis of 100 Area Springs

o  BHI-00778, Chromium in River Substrate Pore Water and Adjacent Groundwater: 100-D/DR Area,
Hanford Site

e  WCH-380, Field Summary Report for Remedial Investigation of Hanford Site Releases to the
Columbia River, Hanford Site, Washington: Collection of Surface Water, Pore Water, and Sediment
Samples for Characterization of Groundwater Upwelling

Additional studies relevant to 100-K are currently being performed along the Columbia River as part of the
river RL. These include studies regarding groundwater upwelling and pore water evaluations. The nature and
extent of contaminants in groundwater discharging to the Columbia River (in particular, within the hyporheic
zone) is identified as a data gap in Chapter 2 of this RI. Another data gap addressed by this Rl is the rate of
chemical and hydraulic exchange between the aquifer and the river in the nearshore area. In the interim, an
attenuation factor of 1:1 has been assumed for groundwater entering the river (100-HR-3 and 100-KR-4
OU ROD [EPA/ROD/R10-96/134]). These ongoing investigations are discussed further in Chapter 2.
Relevant data collected from these efforts are incorporated into the evaluations presented in subsequent
chapters of this RI/FS.

Aquifer Testing in 100-K. Aquifer testing has been conducted at a number of older wells in 100-K.
Pumping tests were conducted in the early 1990s at wells downgradient of the 116-K-2 Trench, notably
Wells 199-K-18 to 199-K-22. In addition, slug tests were performed at existing wells during the Interim
ROD drilling campaign in 1992 to 1994. The results are summarized in SGW-41213 from earlier
documents. Hydraulic conductivities of 0.88 to 44 m/day (3 to 145 ft/day) were measured at 17 wells
spread across the 100-K Reactor and the 116-K-2 Trench.

Other Groundwater Studies. A chromium reduction test using calcium polysulfide was performed at a well
cluster northeast of the 116-K-2 Trench. The test plan (Treatability Test Plan for Fixation of Chromium in
the Groundwater at 100-K [DOE/RL-2005-05]) describes the reduction of Cr(VI) to trivalent chromium
as an immobile, nonhazardous hydroxide through interaction with the polysulfide. The additional reaction
of sulfate reducing bacteria with precipitated sulfate further reduces the Cr(VI), but for best effect, requires
the addition of an organic food source as part of the treatment. A five well “spot test” array was used with
the central well as the extraction point and the surrounding diamond pattern of injection wells used to
feed the calcium polysulfide and a vegetable oil carbon food source into the aquifer. Results are presented
in Treatability Test Report for Calcium Polysulfide in the 100-K Area (DOE/RL-2006-17). The test was
successful in eliminating Cr(VI) from groundwater, as observed when sampling groundwater at the
extraction well and at the injection wells. Dissolved oxygen and oxidation/reduction potential were also
reduced, leading to the local formation of a persistent, permeable reactive barrier that continues to reduce
Cr(V]) in the aquifer. The primary issue with the treatment method was the precipitation of chemicals in
pumps, piping, and flow meters, which lowered flow rates in the system.
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Based on the results of previous tests performed at the 100-D/H treatment system, a new resin has been
tested at the KX and KW pump-and-treat systems. The original resin, DOWEX-21K™, has been used
since the start of operations at all 100-K and 100-D/H IX systems. It is shipped offsite for regeneration or
disposed onsite. New resins were tested (Resin Evaluation and Test Report to Support DX Treatment
System [SGW-41642]) in preparation for the 100-DX system design and ResinTech® SIR-700 was found
superior to others. The resin was tested again at the KX pump-and-treat system (K Area Chromium Resin
Test Report [SGW-46070]) using a bench scale system connected to the KX water influent. Two
regenerable and two single-use resins were used and follow-on testing evaluated pH adjustments to
chromium uptake on the SIR-700 resin. A test plan (Test Plan to Implement ResinTech™ SIR-700 in the
100-KW Pump and Treat [SGW-48676]) has been developed to test the resin’s performance in one of the
KW vessels prior to using it in all vessels. Preliminary resin performance tests suggest significant
improvement over resins currently used.

Groundwater Remediation. In 1995, the Focused Feasibility Study (/00-KR-4 Operable Unit Focused
Feasibility Study [DOE/RL-94-48]) and the Proposed Plan Proposed Plan for Interim Remedial Measure
at the 100-KR-4 Operable Unit [(DOE/RL-94-113]) were finalized. At the end of 1995, a pilot scale
treatability test summary report (The Pilot-Scale Treatability Test Summary for the 100-HR-3 Operable
Unit [DOE/RL-95-83]) was issued and the Interim ROD followed in April 1996. The remedial design and
remedial action work plan (RD/RAWP) (Remedial Design and Remedial Action Work Plan for the
100-HR-3 and 100-KR-4 Groundwater Operable Units’ Interim Action [DOE/RL-96-84]) was issued in
September 1996, Construction was completed by June 30, 1997, and full-time operation of the KR-4
pump-and-treat system began September 1, 1997. The purpose of the interim remedy was to reduce the
concentration of the chromium plume into the Columbia River and to provide information that will lead
to a final remedy.

Since the initial pump-and-treat system was operational, two additional IX systems were brought online.
The KW pump-and treat system addresses Cr(VI) around the KW reactor as described in The KW Pump
and Treat System Remedial Design and Remedial Action Work Plan, Supplement to the 100-KR-4
Groundwater Operable Unit Interim Action (DOE/RL-2006-52). The KW Reactor area pump-and-treat
system uses a series of extraction wells equipped with submersible pumps to draw groundwater from the
unconfined aquifer. Extracted groundwater is conveyed through aboveground piping to a collection
tank(s), where it is combined with water from the other extraction wells. From the collection tank(s), the
water is pumped to an enclosed treatment system where chromium is removed by IX. Treated
groundwater is transferred through an aboveground pipe to the injection well network. The KX system
began operations in February 2009, as described in Supplement to the 100-HR-3 and 100-KR-4 Remedial
Design Report and Remedial Action Workplan for the Expansion of the 100-KR-4 Pump-and-Treat System,
hereinafter called Supplement to the 100-HR-3 and 100-KR-4 RDR/RAWP (DOE/RL-2006-75). Similar to
the expansion for KW, the KX system increases amount of groundwater extracted, treated, and injected to
reduce the expansion of the chromium plume. Each document describes the facility operations and analytical
requirements needed to demonstrate proper operation of the system and remediation of the aquifer.

The Cr(VI) plume in the 100-KR-4 OU has been divided into four separate plume areas based on likely
contaminant sources. The two larger plumes are associated with the former 116-K-2 Trench, which is being
remediated by the KX and KR-4 systems. The original plume has been divided by remediation

™ Dowex 21K is a registered trademark of The Dow Chemical Company (“Dow”), Midland, Michigan, or an affiliated
company of Dow.

® ResinTech is a registered trademark of ResinTech, Inc., West Berlin, New Jersey.
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activities. The third plume is located around the 105-KW Reactor, which is being remediated by the

KW system, and the fourth plume is located downgradient of the 105-KE Reactor, which is being
remediated by the KX system. Figures 1-25 and 1-26 illustrate the plume remediation progress through
calendar year (CY) 2009.

The KR-4 pump-and-treat system treated 317.5 million L (83.9 million gal) of groundwater in CY 2009,
bringing the total extracted since 1997 to 5.31 billion L (1.4 billion gal). The system removed approximately
7.8 kg (17.2 Ib) of Cr(VI) during CY 2009, increasing the total Cr(VI) removal to 347.5 kg (766 1b). The KR-4
pump-and-treat system began operating in 1997 with seven extraction wells, four injection wells, and an [X
resin treatment train to remediate the Cr(VI) plume between the former 116-K-2 Trench and the Columbia
River. As additional monitoring wells and aquifer tubes were added since 1997, the interpretations of the
plume boundaries also changed and the pump-and-treat network was modified. A series of modifications
was made to the KR-4 network between 1997 and 2008, as described in Supplement to the 100-HR-3 and
100-KR-4 RDR/RAWP (DOE/RL-2006-75). In addition, realignment of certain wells occurred in 2009 to
control a tritium plume in 100-K. The new alignment creates a partial recirculation system that contains
and localizes the tritium within a smaller area.

The KX pump-and-treat system treated 718.9 million L (190 million gal) of groundwater in CY 2009,
bringing the total extracted since November 2008 to 765 million L (202 million gal). The system removed
approximately 39.7 kg (87.5 1b) of Cr(VI) during CY 2009, increasing the total Cr(VI) removal to 43.6 kg
(96 1b). In November 2008, the KX pump-and-treat system began treating groundwater, expanding the
area of influence around the 116-K-2 Trench. This system uses the same [X process as KR-4, and with

15 extraction wells and 8 injection wells, is designed to treat groundwater at a rate of up to 2,271 L/min
(600 gpm). The injection wells on the northeastern plume border were located to minimize Cr(VI) plume
migration further into 100-N.

During KX well development, higher than expected levels of Cr(VI) and tritium were detected in some
groundwater samples. This information required realigning the wells within the KR-4 and KX systems to
maximize plume capture, minimize tritium spread, and increase the groundwater treatment volume.
Figure 1-27 shows the current location of the KR-4 and KX well network.

The KW pump-and-treat system treated 269.9 million L (71.3 million gal) of groundwater in CY 2009,
bringing the total extracted since January 2007 to 667 million L (176.2 million gal). The system removed
approximately 49.3 kg (109 1b) of Cr(VI) during CY 2009, increasing the total Cr(VI) removal to 83.3 kg
(184 1b). In January 2007, the 379 L/min (100 gpm) capacity KW pump-and-treat system began treating
Cr(VI) in groundwater near and downgradient of the KW Reactor, using the same IX process employed in
the KR-4 and KX systems. The original system extracted groundwater from four wells, and returned the
treated groundwater to the subsurface via two wells, as shown in Figure 1-28. During the first year, the
KW pump-and-treat system removed 21 kg (46 Ib) of Cr(VI) and treated 170 million L (45 million gal)

of groundwater.

The KW pump-and-treat system was expanded in April 2009 to double the design treatment capacity up
to 757 L/min (200 gpm). As part of this expansion, the well network was modified to connect a total of eight
extraction wells and four injection wells. Figure 1-29 shows the location of the KW expanded well network.

Table 1-9 summarizes the current pump-and-treat system capacities. The removal efficiency and
treatment performance of the KR-4, KW, and KX systems are presented in the 2009 annual groundwater
monitoring report (Hanford Site Groundwater Monitoring and Performance Report for 2009: Volumes 1
& 2 [DOE/RL-2010-11]).
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Table 1-9. Pump-and-Treat Systems Summary for the 100-KR-4 OU

Design Number of Number of
Capacity Extraction Injection
System Actual Start (gpm) Wells Wells
100-KR-4 October 1997 300 10 5
100-KX February 2009 600 14 9
100-KW January 2007 and expanded in 200 7 3
May 2009
Totals (February 2010) 1,100 31 17

Notes: These values are based on information as of May 31, 2010, and may change with future system improvements.

Groundwater lon Exchange Resin Evaluations. Several resin evaluations and process alternatives analyses
have been performed to develop 100 Area Groundwater Chromium Resin Management Strategy for lon
Exchange Systems (SGW-46621). Development of the strategy included a decision analysis workshop in
May 2010 to select the optimal IX resin management process for 100-K with extension to the entire

100 Area. The following regeneration options were considered in the decision analysis process:

e Offsite—remote regeneration (current practice)
e Offsite—near-site regeneration

e Onsite—at a central regeneration facility

e Single use at pH 5.0

e Single use at pH 6.5

e In-vessel regeneration

A resin skid was located at the KX Plant to test four candidate resins (Dowex 21K, which is used
currently; Purolite A500®, ResinTech SIR-700, and WBG30-B, which is a spherical form of SIR-700).
The resin testing and subsequent alternatives analysis identified ResinTech SIR-700 provided significant
savings in terms of life-cycle costs over the resin currently being used at 100-K pump-and-treat facilities.
Implementation of SIR-700 use will be phased, beginning with the KW Pump-and-Treat Facility.

The initial operation will be limited to validating predicted Cr(VI) removal, selecting the operating pH
range, and confirming compatibility of the vessel lining with the reduced pH.

® Purolite A500 is a registered trademark of the Purolite Company, Bala Cynwyd, Pennsylvania.
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1-25. 100-K Cr(VI) Plume Remediation Progress in Spring 2009
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Remedial Process Optimization. Prompted by the persistence of hexavalent chromium in 100-KR-4
Groundwater OU and discovery of high concentration areas (“hot spots”™) in both the vadose zone and
groundwater, a remedial process optimization (RPO) effort was undertaken to improve remedial
performance (Conceptual Design of Process Enhancements 100-KR-4 Groundwater Operable Unit
Remedial Process Optimization [SGW-46532]). Remedial process optimization is a continuing process to
review and evaluate operating remediation systems and provide recommended alternatives to optimize
system operations and potentially reduce costs. To address these issues, the following four objectives
were established as part of the RPO activities for 100-KR-4:

e Develop alternatives for optimizing the existing 100-KR-4 treatment systems in both the short and the
longer terms

e Present conceptual designs and cost information for enhancements to the 100-KR-4 OU systems by
developing a range of alternatives that would allow the selection of the most cost-effective approach
to achieve the Tri-Party Agreement goals

e Provide a basis for future analysis of the recommended 100-KR-4 OU alternative in the FS for 100-K

e Recommend additional extraction and injection well locations to be installed in fiscal year (FY) 2010
and 2011

The RPO approach involves modeling groundwater flow, determining where the hexavalent chromium
plume will reach the Columbia River without any intervention, and then revising the current pump-and-treat
system to determine where longer-term threats exist so more complex system changes away from the river
(including alternative treatment technologies) can be applied. The work is proceeding in five phases:

e Phase | addressed well realignments to the KR-4/KX treatment systems to focus on tritium issues
(completed in 2009).

e Phase 2 addressed the drilling of five additional wells for use at the KR-4/KX treatment systems
(completed in 2010).

e Phase 3 addressed drilling four new wells for plume control, consisting of three wells at the KR-4
treatment system and one well at the KW treatment system (in progress to complete in 2012).

e Phases 4 and 5 propose drilling multiple new wells with the objective of improving hydraulic
containment along the river and cleaning up the plume more effectively.

100-K RPO Modeling. Groundwater flow and contaminant transport modeling was performed to support
the calculation of appropriate pumping rates for 100-KR-4 OU injection and extraction wells to achieve
the RPO objectives. The objectives are to prevent the discharge of Cr(VI) to the Columbia River substrate
at concentrations exceeding those considered protective of aquatic life in the river and riverbed sediments
by 2012 and to restore the aquifer by attaining target cleanup levels in the 100-KR-4 OU by 2020. These
objectives will be met by pumping groundwater from existing and proposed extraction wells located
within and around the contaminated areas by removing Cr(VI) from the groundwater for ex situ treatment,
bioinjection, and bioinfiltration at the KE and KW Head House areas (Conceptual Design of Process
Enhancements 100-KR-4 Groundwater Operable Unit Remedial Process Optimization [SGW-46532]).

The groundwater flow model was constructed using MODFLOW, along with MODPATH, MT3DMS,
and PEST add-ons. The model simulated two-dimensional groundwater flow; used spatially varying
hydraulic conductivity for the Hanford formation, Ringold Formation unit E, and RUM unit; and did not
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include any continuing sources of hexavalent chromium in the vadose zone or in the RUM unit (/00-KR-4
Remedial Process Optimization Modeling Data Package [SGW-41213)).

The Base Case well field design consists of 31 existing wells, 3 new extraction wells, and 17 existing
injection wells. The proposed well field design for the Recommended Alternative 1 (RPO Phase 4)
consists of existing monitoring wells (Base Case) and the installation of seven new wells. Two wells are
proposed for extraction purposes only, and the remaining five new wells will serve dual purposes as both
extraction and injection wells. RPO Phase 4 and Phase 5 will be evaluated in conjunction with the
remedial alternatives developed in this RI/FS.

1.2.3.4 Risk Assessments

Various risk assessments have been and are currently being conducted at the 100 Area, including risk
assessments described in the Integrated Work Plan (DOE/RL-2008-46). The focus of initial risk
assessments for human health and ecological impacts was on the near-term risks, in support of remediation
of waste sites and impacts to groundwater using interim actions under the authority of interim action
RODs (Past-Practice Strategy [DOE/RL-91-40]). Risk assessments types include Qualitative Risk
Assessments (QRAs) and RCBRA (DOE/RL-2007-21), described in the following text:

Qualitative Risk Assessments. Qualitative risk assessments have been used to define the basis for remedial
actions under interim action RODs. Assessment of human health risks in the QRAs was based on
frequent-use and occasional-use scenarios, which reflected current guidance for that time. The COPCs
were identified from the historical site data and data collected during the LFlIs, taking into consideration
Hanford Site background activity of radionuclides and inorganic concentrations in vadose zone, and
risk-based screening using residential exposure parameters (Hanford Site Risk Assessment Methodology
[DOE/RL-91-45]). Human health risks presented in the QRAs were based on the maximum
concentrations detected in waste site vadose zone material and in groundwater. Human health risks were
quantified for a limited set of exposure pathways (soil ingestion, fugitive dust or volatile inhalation, and
external exposure). Ecological risks were estimated using a streamlined approach, focusing on a single
organism, the Great Basin pocket mouse, using the assumption that the waste site was the home range.

The results of the QRAs are included in interim RODs, as detailed in Table 1-2, and will be presented in
the final RCBRA. Data collection in support of the QRA process is ongoing within 100-K.

River Corridor Baseline Risk Assessment. Note: DOE has issued the Draft C version of the River Corridor
Baseline Risk Assessment (RCBRA), Volume 11: Human Health Risk Assessment for review by Ecology,
EPA, and stakeholder groups. It is anticipated that Rev. 0 of this document will be available for
incorporation into all the RI/FS Reports in 2011. The ecological visk assessment portion of the RCBRA
(Volume 1) is still under development.

The Human Health Risk Assessment (HHRA) estimates the potential risk to people who may work, live,
or recreate in the River Corridor of the Hanford Site. Waste site and groundwater cleanup actions in the
River Corridor have been implemented since 1995 through interim action RODs. During this time, about
7.2 x 10° kg (8 million tons) of contaminated vadose zone material and debris have been removed from
nearly 300 waste sites and disposed at authorized facilities. In addition, more than 7.6 x 10° L

(2 billion gal) of contaminated groundwater have been processed through pump-and-treat systems.

The HHRA looks at how people might be exposed to residual levels of radioactive and chemical contaminants
in cleaned up waste sites and potentially affected areas near the waste sites in the River Corridor and what
health risks they might face. A screening-level groundwater risk assessment was also completed to
evaluate potential risks associated with groundwater exposures for impacted River Corridor areas.
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The Tri-Parties looked at several ways people might be exposed to residual contamination in the River
Corridor and focused on the following groups and modes of exposure to residual contaminants:

e Recreational users that engage in day-use activities: This included one “Casual User” group that
picnics or walks in the riparian habitat along the river, one “Avid Angler” group that fishes along the
river shoreline, and one “Avid Hunter” group that hunts in the upland region. Adults and children in
these groups are assumed to be exposed for up to 30 years as they participate in these activities
throughout the River Corridor.

e Tribal members: This group would use the River Corridor for traditional activities including fishing,
hunting, and gathering plants but live offsite. Adults and children in this group are assumed to be exposed
over their lifetime (up to 75 years) as they participate in these activities throughout the River Corridor.

e Adults working on the site: This group includes an “Industrial Worker” group that works at a
location in the River Corridor and lives offsite, and a “Resident Monument Worker” group that both
works and lives in the River Corridor. This latter group is intended to represent employees of the
Hanford Reach National Monument, who may also use groundwater at onsite housing. Adults in these
groups are assumed to be exposed for up to 30 years. The location of an industrial building or
employee residence was assumed to be upon a remediated waste site.

e Adults and children who live in the River Corridor: This group would consume food grown or
raised on the site and use groundwater from the site. This group includes a ”Subsistence Farmer”
group, and two resident Native American groups based on exposure scenarios provided by the
Confederated Tribes of the Umatilla Indian Reservation and the Yakama Nation. The locations of a
residence and associated garden and livestock areas are assumed to be upon a remediated waste site.

The methods used to calculate risk are designed to produce a conservative estimate. This way, cleanup
and other actions to reduce risk will protect “sensitive” groups of people, like children, pregnant women,
and the elderly. The results of the human health and ecological risk assessment are presented in Chapters 6
and 7 of the RI/FS Report.

1.2.3.5 Riparian and Nearshore Areas

The River Corridor has been divided in three environmental zones for purposes of investigation (RCBRA
[DOE/RL-2007-21]; Integrated Work Plan [DOE/RL-2008-46]). The three zones—upland, riparian, and
nearshore aquatic—are described in Section 3.9.

Riparian and nearshore environments are of specific interest in the 100 and 300 Areas. The riparian zone
contains plant communities requiring more water than the shrub-steppe vegetation of the upland zone, and
because of the shallow water table, is generally green throughout the year (Literature Review of
Environmental Documents in Support of the 100 and 300 Area River Corridor Baseline Risk Assessment
[PNNL-SA-41467]). While the wildlife and food webs of the upland and riparian zones overlap, some
wildlife species occur specifically within the riparian zone (DQO Summary Report for the 100 Area and
300 Area Component of the RCBRA [BHI-01757]). The nearshore zone is more frequently under water, and is
capable of sustaining aquatic biota.

There are few waste sites located within the riparian zone. However, releases and contaminant transport
from waste sites could have resulted in hazardous or radioactive constituents being released to riparian
and nearshore media. Groundwater from the Hanford Site discharges into the Columbia River through
seeps, springs, and other upwelling locations. Discharge of groundwater could also have resulted in
hazardous or radioactive constituents being released to riparian or nearshore zones.
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Investigations that were historically conducted in the riparian and nearshore areas of 100-K are summarized
in Literature Review of Environmental Documents in Support of the 100 and 300 Area River Corridor
Baseline Risk Assessment (PNNL-SA-41467). In addition to these historical investigations, other sampling
and analytical data have been collected from riparian and nearshore areas as part of the Surface
Environmental Surveillance Program (SESP). The data from the SESP are summarized in the Annual
Environmental Reports for the Hanford Site. Finally, investigations of riparian and nearshore areas were
conducted as part of the RCBRA (DOE/RL-2007-21; 100 Area and 300 Area Component of the RCBRA
Sampling and Analysis Plan, hereinafter called RCBRA SAP [DOE/RL-2005-42]).

Investigation of Ground-Water Seepage from the Hanford Shoreline of the Columbia River (PNL-5289),
identified riverbank springs and groundwater seeps along the length of the Hanford Site shoreline and
presented for 100-K analytical results for tritium detected in groundwater, riverbank springs, and adjacent
surface water. The highest concentrations of tritium were 49,000 pCi/L in groundwater, 5,500 pCi/L in
springs, and 300 pCi/L in surface water.

Sampling of riverbank springs and adjacent surface water performed in 1991 detected chromium (14 to
64 pg/L in the springs; 2 to 6 pg/L in surface water), tritium (400 to 8,900 pCi/L in the springs, below
detection limit in surface water), Sr-90 (one detected concentration of 8.8 pCi/L in the springs; <0.4 to
0.7 pCi/L in the surface water), technetium-99 (2 to 5.2 pCi/L in the springs; 2 to <3 pCi/L in

surface water), and total uranium (0.24 to 1.1 pCi/L in the springs; 0.2 to 0.5 pCV/L in surface water).
Samples of riverbank spring sediment from the 100-K had low concentrations of Sr-90, cesium-137,
radium-226, thorium-228, and thorium-232 (Riverbank Seepage of Groundwater Along the 100 Areas
Shoreline, Hanford Site [WHC-EP-0609]).

Also in 1991, five sediment samples were collected from four locations near 100-K (100 Area Columbia
River Sediment Sampling [WHC-SN-EN-TI-198]). Maximum concentrations of inorganic constituents
detected in these samples included arsenic (10.7 pg/g), chromium (64.1 pg/g), lead (59.3 ug/g), and zinc
(454 ng/g). Cesium-137 (0.45 pCi/g) and europium-152 (0.32 pCi/g) were detected in a single sample.

The SESP does not routinely monitor surface water near 100-K. The nearest routinely monitored
locations are transects located at the Vernita Bridge and 100-N. Riverbank spring locations near 100-K
have been monitored by the SESP. The trends in metals concentrations in spring samples are reported to
have been consistent over the past several years. With the exception of chromium, concentrations of
metals in spring samples in 100-K were below Washington State chronic ambient surface water quality
criteria in “Water Quality Standards for Surface Waters of the State of Washington” (WAC 173-201A).
Concentrations of radionuclides detected in springs in 2009 were reported to be similar to those in
previous years. Potassium-40, cesium-137, and uranium isotopes were the only radionuclides reported
above minimum detectable concentrations. Concentrations of radionuclides and metals in 100-K
sediments were similar to levels detected in previous years (Hanford Site Environmental Report for
Calendar Year 2009, hereinafter called 2009 Sitewide Environmental Report [PNNL-19455]).

Investigations of riparian and nearshore areas were conducted in support of the RCBRA. Riparian and
nearshore areas were selected where affected media (seeps, springs, or runoff) may have created exposure
pathways to biota (RCBRA SAP [DOE/RL-2005-42]). Riparian sampling locations also were identified
based on radiation field survey results (RCBRA SAP [DOE/RL-2005-42], Appendix C; DQO Summary
Report for the 100 Area and 300 Area Component of the RCBRA |[BHI-01757], Appendix H). Radiation
survey results and detection of chromium in groundwater, aquifer tube, and biota (bivalve) samples
provided the primary basis for selection of riparian and nearshore study sites in the 100-K decision area
(RCBRA SAP [DOE/RL-2005-42], Table C-1). Four nearshore (aquatic) study sites were located near
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100-K. These were located downstream of the 100-K operational area, within the discharge zone of a
Cr(V1) groundwater plume. One riparian study site was also located downstream of 100-K.

Sample collection rationale and techniques varied by area and medium. Investigation areas characterized
by data collected under the RCBRA SAP (DOE/RL-2005-42) included the upland, riparian, and nearshore
river zones. Sites selected for sampling were identified based on existing data demonstrating a range of
contaminant concentrations. Reference sites were identified using evidence/knowledge of areas not
affected by contaminant release and selected based on physical/ecological similarity to onsite
investigation areas.

Media collected in the upland and riparian zones included soil, vegetation, invertebrates, small mammals,
and kingbirds (kingbirds in riparian zone only). Nearshore media included sediment, interstitial pore
water, surface water, benthic macroinvertebrates, clams, and sculpin. Toxicity testing was performed on
soil, sediment, and water to provide Hanford Site-specific information on the ecological effects of
contaminant mixtures and contaminant bioavailability. The results of these tests are used to make
informed inferences on the toxicity of contaminants to Hanford Site biota. A more detailed discussion of
the results from the RCBRA (DOE/RL-2007-21) in riparian and nearshore areas is presented in Chapter 4
of this RI/FS Report.
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2 Study Area Investigation

Document review and evaluation of existing data that
occurred during development of the 100-K Work Plan
(DOE/RL-2008-46-ADD2) identified data gaps. This chapter
describes the data gaps, the data collected to fill them, and the
corresponding scope of work (including field activities, tests,
analyses, and data sources) that were designed and carried out
in the RI/FS. Chapters 3, 4, and 5 present results of the RI/FS
activities. The 100-K Work Plan and the 100-K SAP
(DOE/RL-2009-41) detail the RI/FS scope of work. The SAP
presents the sampling program, including the number of
samples and analytical methods.

The following sections of this chapter describe the RI/FS
field activities, as well as other investigations and ongoing
activities that contributed to this RI/FS. These paragraphs
summarize the scope of work, document any deviations from
the work plans, and explain the rationale for the deviations.
They also present details of investigation activities
conducted under other scopes of work that may affect the
development of RAAs, including the RCBRA Report
(DOE/RL-2007-21); Remedial Investigation Work Plan for
Hanford Site Releases to the Columbia River, hereinafter
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Highlights

Nine groundwater monitoring wells were installed
in the unconfined aquifer. Four soil borings were
drilled into the RUM; however, a water bearing
unit was identified in only one of these four.

The completion of soil borings drilled in the
116-K-2 Trench as temporary monitoring wells
represents an approved deviation from the
work plan.

Monitoring Well 199-K-186 was relocated
approximately 80 m (262 ft) southeast of the
105-KE Reactor building to provide additional
characterization for the KE Reactor area.
Monitoring Well 199-K-189 was relocated
approximately 75 m (250 ft) to the north due to
ongoing remediation activities.

A subset of existing wells was sampled three
times to determine spatial and temporal
variations in groundwater contamination.

Data gaps identified in the 100-K Work Plan
were adequately addressed.

called Columbia River RI Work Plan (DOE/RL-2008-11); and ongoing groundwater well and aquifer

tube monitoring.

This chapter summarizes the field activity and subsequent chapters describe the results of this work and
integrate it with the existing information (summarized in Chapter 1) to update the CSM and to identify

and evaluate options for achieving RAOs.

2.1 Rl Activities

The RI field effort included boreholes, test pits, groundwater monitoring well installation, spatial and
temporal groundwater monitoring, and the associated sampling and analysis for each activity. Table 2-1
presents the relationship of the field efforts and the data gaps that were identified in the 100-K Work Plan
(DOE/RL-2008-46-ADD2). Table 2-1 provides the scope of work that was outlined, a summary of the work
conducted, and the section of this report where the information/data are evaluated. Table 2-2 includes the
supplemental investigations identified in the Integrated Work Plan (DOE/RL-2008-46) and other
investigations that may potentially affect feasibility decisions regarding 100-K waste site and groundwater
contamination. Tables 2-3 and 2-4 summarize the field program and Figure 2-1 shows the field sampling
locations. The 100-K SAP (DOE/RL-2009-41) provides additional details, such as specific sample intervals
and sampling and analytical methodology, and technical memorandums that summarize each field activity.

The following sections describe the RI scope of work in detail, including deviations from the 100-K

Work Plan (DOE/RL-2008-46-ADD2). Tables 2-5 and 2-6 present the details of the field effort for the soil and
groundwater sampling, respectively. Soil and groundwater sample depths have some minor variability from
the 100-K SAP (DOE/RL-2009-41) below the water table due to the depth where the water table was
encountered and the formation conditions encountered. Some variability in sample location is expected and

allowed under the 100-K SAP (DOE/RL-2009-41).
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Table 2-1. Data Gaps and Work Conducted per the RI/FS Work Plan for 100-K

Data Gap Data Need Scope of Work Work Conducted/Section with Discussion Data Gap Filled?
1. Vadose zone Characterize below Continue contaminated soil removal | CVP and/or RSVP data were available for Yes
contaminant nature and unremediated waste sites | and sampling at waste sites in 14 completed waste sites and evaluated through the
extent needed to assess to assess the nature and 100-K. risk assessment activities.
E rotecttlllon of gr(zil'lntd\()ivater 'extt;nt ofdcontammatlon Special Case: Petroleum Chapter 5, Fate and Transport
eneath unremediate in the vadose zone. :
waste sifes. Hydrocarbons in the 100-KW area. Chapter 6, Human Health Risk Assessment
There:igno work soope:for the Chapter 7, Ecological Risk Assessment
unplanned release related to the
166-KW Oil Storage and Oil Pump
Equipment facility. The associated
waste site, 100-K'W-2, is currently an
accepted site and will be remediated.
The plume will be chased laterally
until sufficient contamination is
removed.
2. Vadose zone Characterize beneath Drill two boreholes within the trench | Two borings (C7831 and C7832) were drilled Yes

contaminant nature and
extent needed to assess
protection of groundwater
beneath remediated

waste sites.

remediated waste sites
to assess the nature and
extent of contamination
in the vadose zone.

and sample according to the target
analyte list provided in Table 2-11.

Collect soil samples continuously
from the bottom of the waste site
(or the maximum depth of remedial
action) to the water table. Collect
groundwater samples and aquifer
sediment samples for analysis.

adjacent to the K-116 Trench.

Soil and groundwater samples were collected as
shown on Tables 2-5 and 2-6.

CVP and/or RSVP data were available for
14 completed waste sites and evaluated through the
risk assessment activities.

Section 3.4.3, Hydrogeologic Cross Sections
Section 4.2.2, Vadose Zone
Chapter 5, Fate and Transport
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Table 2-1. Data Gaps and Work Conducted per the RI/FS Work Plan for 100-K

Data Gap

Data Need

Scope of Work

Work Conducted/Section with Discussion

Data Gap Filled?

3. Vadose zone
contaminant nature and
extent needed to assess
protection of human health,
ecological resources, and
groundwater around reactor
structures.

Characterize around the
reactor structures to
assess the nature and
extent of contamination
in the vadose zone.

Continue contaminated soil removal
and sampling at waste sites
associated with the 105-KE and
105-KW Reactor sites. Appendix A
shows the locations of these waste
sites.

Remediation will continue at these sites following
the observational approach. Future soil verification
data will be evaluated against final remedial action
goals.

Access to the areas around the reactors is limited due
to the on-going remediation. RI characterization
wells were drilled both on the front side and on
backside of both the 105-KE and 105-K'W Reactors.
The locations were adjusted to accommodate on-
going remediation activities. This adds some
uncertainty to our evaluation of the data gap.
However, samples collected during remediation are
being evaluated for understanding the nature and
extent of contamination. This reduces the
uncertainty in the data gap to a level that can be
addressed through the robustness of the remedies
selected.

Chapter 9, Development and Screening of Remedial
Action Alternatives

Yes.

4. Unidentified waste sites
(orphan/discovery sites)
exist in 100-K.

Identify new waste sites
and additional sources
of contamination.

Complete OSE process inside the
fence line.

The discovery site process will
continue until waste site and facility
removal are complete.

Completed OSEs within the 100-K decision area.
The results of the OSE are documented in
OSR-2008-0003. As a result of the OSE, 22 new
waste sites were identified and are addressed in the
RI/FS.

Yes

5. The nature and extent of
contamination in the
unconfined aquifer above
cleanup standards has not
been defined in select
areas.

Define the extent of
groundwater
contamination above
cleanup standards in
select areas of the
unconfined aquifer.

Drill nine new monitoring wells
(Figure 2-1) and three aquifer tubes
(Figure 2-1).

Install five wells to better define the

extent of Cr(VI) in groundwater.

Install one well to better define a
Cr(VI) hot spot.

Install two wells and the aquifer
tubes to better define the extent of
Cr(VI), Sr-90, carbon-14, TCE, and

Nine new monitoring wells were drilled and
sampled to define the extent of contamination:

e 199-K-183 (C7683, R1)—Define extent of Cr
(VI) in groundwater

e 199-K-185 (C7685, R2)—Define extent of Cr
(VID), Sr-90, carbon-14, TCE, and tritium
downgradient of KE Reactor

e 199-K-186 (7686. R9)—Define extent of
Cr(VI) in groundwater

Yes
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Table 2-1. Data Gaps and Work Conducted per the RI/FS Work Plan for 100-K

Data Gap Data Need Scope of Work Work Conducted/Section with Discussion Data Gap Filled?
tritium downgradient of the 105-KE |e  199-K-187 (C7687, R3)—Define extent of
Reactor area. Cr(VI) in groundwater
Replace Well 199-K-109A to e 199-K-189 (C7689, R5)—Replacement Well
further monitor and define the for 199-K-109A to further define extent of
extent of the Sr-90 hot spot. Sr-90 hot-spot.

Install one well to better define the | o 199-K-190 (C7690, R4)—Define Cr(VI)
extent of Cr(VI) and tritium near the hot-spot
116-K-2 Trench.
e 199-K-191 (C7691, R6)—Define extent of
Collect groundwater samples and Cr(VI) and tritium near 116-K-2 Trench.
analyze for constituents on
Table 2-12. e 199-K-193 (C7693, R7)—Define extent of
Cr(VI) in groundwater
e 199-K-194 (C7694, R8)—Define extent of
Cr(VI) in groundwater
Three aquifer tubes were installed and sampled:
e (7641
e (7642
e (7643
Section 4.2.3, Evaluation of Water Addition to
Boreholes during Sampling
Soil and groundwater samples were collected as
shown on Tables 2-5 and 2-6.
6. The level of Collect groundwater Collect groundwater upwelling Pore water samples collected for six stations to Yes

groundwater
contamination entering the
Columbia River has not
been defined and
characterized.

upwelling data and
information during the
RI for Hanford Site
releases to the Columbia

River.

(pore water) samples in the
Columbia River. Focus on sites
where contamination was detected
in previous pore water sampling and
where specific conductance
indicates groundwater upwelling.

Continue routine sampling of
existing aquifer tubes.

Install and sample three new aquifer
tubes to provide better coverage.

define the extent of contamination entering the
Columbia River.

Installed and sampled three new aquifer tubes
(C7641, C7642, and C7643).

Section 2.1.6, Surface Water and Sediments

Section 2.1.6.1, Groundwater Upwelling and
Discharge into the Columbia River

Section 4.2.3, Groundwater Nature and Extent

Section 4.2.4 Surface Water and Sediments
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Table 2-1. Data Gaps and Work Conducted per the RI/FS Work Plan for 100-K

G-¢

exchange between the
groundwater and the river
is unknown.

hydrogeologic data to
evaluate nearshore area
groundwater
contaminant fate and

affected by river stage. Limited data
are available to adequately
understand groundwater flow paths,
contaminant migration, and mixing

provided additional information on the hydrologic
rate of exchange between the river and groundwater.
It was concluded that no additional data were needed
under the RI/FS.

Data Gap Data Need Scope of Work Work Conducted/Section with Discussion Data Gap Filled?
7. The fate and transport of | Collect physical and Drill and sample soil and Installed and sampled four new monitoring wells Yes
contaminants beneath the hydrogeologic groundwater from four groundwater | into the RUM:
unconfined aquifer has not | parameters from soil monitoring Well's drilled through the | 199-K-184 (C7684, R1)—completed and
been evaluated. samples to further unconfined aquifer to ML ;
-, . T screened in Ringold unit E
support determination of | approximately 15 m (50 ft) within
contaminant fate and the RUM unit. e 199-K-188 (C7688, R2)—completed and
transport beneath the screened in Ringold unit E
unconfined aquifer. o 199-K-192 (C7692, R3)—completed and
screened in the RUM
e 199-K-195 (C7695, R4)—completed and
screened in Ringold unit E
Locations are shown in Figure 2-1.
Sampled soil and groundwater from four new wells
and borehole (Tables 2-5 and 2-6).
Section 2.1.8, Geological Investigation
2.1.9.2, Boreholes and Test Pits
2.1.10, Groundwater Investigation
Section 3.4, Geology
Section 3.6, Hydrogeology
Chapter 5, Fate and Transport
8. It is unknown if Update bathymetric data | Aquatic ecological receptors have Evaluation of the top of the RUM unit surface using Yes
contamination within the for the river within been identified in the river. Updated | nearshore river wells indicated the top of the RUM
RUM unit will adversely 100-K to support and accurate bathymetric data for Unit does not intersect the Columbia River.
affect aquati'c re'ceptors in calculat'ions of the river have been obtained tg Section 2.1.7.1, Bathymetric Data
the Columbia River. contaminant transport to | evaluate flow paths of contaminants
the river and ecological to receptors from the RUM unit.
receptors.
9. The hydraulic rate of Collect geochemical and | The nearshore area is directly Re-evaluation of groundwater remedial activities Yes
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Table 2-1. Data Gaps and Work Conducted per the RI/FS Work Plan for 100-K

Data Gap

Data Need

Scope of Work

Work Conducted/Section with Discussion

Data Gap Filled?

transport.

in the nearshore area.

Section 2.1.6.1, Groundwater Upwelling and
Discharge into the Columbia River

Section 3.6.5, Groundwater-Surface Water
Interaction

Section 4, Nature and Extent

Chapter 5, Fate and Transport

10. The mechanism to

explain the persistence of

the Cr(VI) plume is
unknown.

Collect soil and water
samples from the
following units: vadose
zone, deep vadose zone,
rewetted zone,
unconfined aquifer,
above the RUM unit,
and within the RUM
unit.

Collect groundwater and soil
samples from RI borings and wells.
Soil and water analyses needed to
determine the potential for each unit
to contain sufficient Cr(VI)
contamination to be a continuing
source of groundwater
contamination.

Drilled and sampled soil and groundwater to
evaluate Cr(VI) from each of the following:

e Four groundwater wells completed within the
RUM unit.

e Nine groundwater wells completed within the
unconfined aquifer.

e Two boreholes drilled through the
116-K-2 Trench, which were subsequently
converted to groundwater monitoring wells
completed within the unconfined aquifer.

Locations are shown in Figure 2-1.

Soil and groundwater samples were collected as
shown on Tables 2-5 and 2-6.

Section 4.2.3, Groundwater Nature and Extent
Chapter 5, Fate and Transport

Yes
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Table 2-1. Data Gaps and Work Conducted per the RI/FS Work Plan for 100-K

Data Gap Data Need Scope of Work Work Conducted/Section with Discussion Data Gap Filled?
11. Potential alternative Evaluate alternative Groundwater contamination above Information was collected on the potential use of Yes
remedial technologies potential remedial aquatic standards and drinking additional groundwater treatments at 100-K. This
have not been sufficiently technologies. water MCLs has been detected in information was gathered through the groundwater
investigated. 100-K. Interim remedial actions are | remedial process optimization (RPO) activity, and
currently in operation. Additional through further evaluation of existing technologies
data and information are needed to as part of this feasibility study.
evaluate potential ﬁn'al remedies as Section 1.2.4.5, Previous Groundwater
part of the future project FS. Investigations and Remediation
Chapter 8, Technology Screening
Chapter 9, Development and Screening of Remedial
Action Alternatives
Appendix I, Technologies not Retained
12. Insufficient data are Collect additional data Estimate soil and hydraulic Collected physical soil properties (Table 2-5) from Yes
available to support fate to support future fate properties, determine level of RI borings including batch leach, soil analytical, and
and transport modeling. and transport modeling. | contamination, confirm contaminant | physical property data.
Assess t'he physic'al and | Ks, and perform batch leach Performed batch leach testing on six RI borings
hydraulic properties of | contacting test on selected soil (C7684, C7686, C7688, C7695, C7831, and C7832)
soil and estimate samples. (locations are shown in Figure 2-1).
tami tKyt
i s o L Section 3.5.1, Vadose Zone Below the Soil Horizon
support modeling.
Section 5.7.1, Factors Affecting Contaminant
Migration in the Vadose Zone
13. Data are needed to Collect and analyze Collect and analyze groundwater Sampled 18 wells three times in 2010, to be Yes

define the spatial and
temporal distribution of
groundwater
contamination.

groundwater samples
from select groundwater
monitoring wells.

samples from 18 groundwater
monitoring wells at three river
stages (high, low, and transitional)
to characterize the spatial, temporal,
and chemical extent of groundwater
contamination. Wells are shown in
Figure 2-1.

representative of high, low, and transitional river
periods. These additional data were evaluated in
conjunction with the historical data.

Section 2.1.9.4, Spatial and Temporal Groundwater
Sampling

Section 4.2.3, Groundwater Nature and Extent
Chapter 6, Human Health Risk Assessment

Source: OSR-2008-0003, 100-K Area Orphan Sites Evaluation Report.
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Table 2-2. Supplemental Investigations and Other Primary Investigations

Scope of Work Identified

Section with Discussion

Evaluating and developing approaches to obtain data that will demonstrate compliance with AWQSs in the
river for final ROD decisions. In April 2008, a technical review panel was convened to evaluate groundwater
interactions with the Columbia River (SGW-39305). The panel suggested that the current mixing/dilution
conceptual model should be re-evaluated. In addition, data may be needed to show representativeness of
contaminant concentrations for compliance. Therefore, evaluation will include determination of whether 1:1
dilution assumption for groundwater entering the river is valid, and may include evaluation of whether data
from aquifer tube samples are representative. Data collected as part of the RI for site releases to the Columbia
River may be useful in this evaluation.

Section 2.1.11, Supplemental Investigations

Collecting data and developing River Corridor background values in soil for antimony, boron, molybdenum,
and selenium. Site-specific background values for these constituents may be needed to determine final soil
RAG values where calculated risk-based concentrations and/or ecological protection concentrations are less
than background. Interim remedial actions have used Washington State background values for antimony and
selenium; interim soil RAGs for boron and molybdenum are above expected site-specific background values.

Section 2.1.11, Supplemental Investigations

Re-evaluate soil cleanup level for Cr(VI) to support the final ROD. The lowest soil RAG for Cr(VI) under the
interim RODs is 2.0 mg/kg. However, the calculated WAC-173-340-747(3)(a) (2007) soil RAG value may be
below the current limits of analytical quantitation in environmental samples, depending on the soil-partitioning
value and groundwater-to-river dilution attenuation factor used, and final soil cleanup values may default to the
limits of quantitation. Because there is uncertainty in analytical detection and quantitation of Cr(VI) near the
limits of detection, it may be necessary to consider the realistic capabilities of analytical performance in
determination of a final soil cleanup value.

Section 2.1.11 , Supplemental Investigations

Determining a site-specific soil-partitioning value for antimony. This value is necessary for calculation of
WAC-173-340-747(3)(a) (2007) soil RAG values for antimony. Antimony is not a significant contaminant in
the River Corridor, and determination will include review of scientific literature, which suggests antimony soil
partitioning values in the range of 1.4 to 45 mL/g.

Section 2.1.11, Supplemental Investigations

Re-evaluate soil cleanup levels for arsenic to support the final ROD. The soil RAG for arsenic under the
interim RODs is 20 mg/kg, based on the Tri-Party Agreement (Ecology et al., 1989a) to use the
WAC-173-340-740(2) (1996) Method A value (DOE/RL-96-17). The WAC-173-340-740(2) (2007) Method A
value is also 20 mg/kg. The WAC-173-340-740(3) (2007) Method B and WAC 173-340-747(3)(a) (2007) soil
values for arsenic are below the site arsenic background of 6.5 mg/kg. Selection of a final soil cleanup level for
arsenic in the River Corridor will be accomplished through development of final RODs.

Section 2.1.11, Supplemental Investigations
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Table 2-2. Supplemental Investigations and Other Primary Investigations

Scope of Work Identified Section with Discussion

Other Primary Investigations that Potentially Affect Feasibility Study Decisions for Waste Sites and Groundwater Contamination

Columbia River Pore Water RI Section 2.1.6, Surface Water and Sediment
Investigation

Section 3.6.4, Supra-Basalt Sediments and
Section 4.2.4, Anomalous Metal Concentrations
in Selected 100-K RI Samples

River Corridor Baseline Risk Assessment Chapter 6 Human Health Risk Assessment

Chapter 7 Ecological Risk Assessment

Annual Groundwater Monitoring Section 2.1.9.5, Ongoing Groundwater
Monitoring

Section 4.2.3, Groundwater Nature and Extent

Ongoing Aquifer Tube Sampling Section 2.1.9.5, Ongoing Groundwater
Monitoring

Section 4.2.3, Groundwater Nature and Extent

Sources:

DOE/RL-96-17, Remedial Design Report/Remedial Action Work Plan for the 100 Area.

Ecology et al., 1989a, Hanford Federal Facility Agreement and Consent Order.

SGW-39305, Technical Evaluation of the Interaction of Groundwater with the Columbia River at the Department of Energy Hanford Site, 100-D Area.
WAC 173-340-740, “Model Toxics Control Act—Cleanup,” “Unrestricted Land Use Soil Cleanup Standards.”

WAC 173-340-747, “Deriving Soil Concentrations for Groundwater Protection.”
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DOE/RL-2010-97, DRAFT A

SEPTEMBER 2011
Table 2-3. Summary of 100-K RI Field Program
Type Number
New boreholes (converted to temporary monitoring wells in unconfined aquifer)* 2
New wells (unconfined aquifer)* 9
New wells (extending into the RUM unit)* 4
New aquifer tube locations (one location with three tubes) 1
Spatial and temporal uncertainty monitoring wells 18

* Changes to location and construction of wells and boreholes identified in the 100-K SAP (DOE/RL-2009-41) appear in
Change Notice for Sampling and Analysis Plan for the 100-K Decision Unit Remedial Investigation/Feasibility Study,
DOE/RL-2009-41, Rev. 0 (TPA-CN-357); Tri-Party Agreement Change Notice Form: Sampling and Analysis Plan for the
100-K Decision Unit Remedial Investigation/Feasibility Study, DOE/RL-2009-41, Rev. 0 (As amended by TPA-CN-257, June
1, 2010) (TPA-CN-384); and Tri-Party Agreement Change Notice Form: Sampling and Analysis Plan for the 100-K Decision
Unit Remedial Investigation/Feasibility Study, DOE/RL-2009-41, Rev. 0 (As amended by TPA-CN-384, October 6, 2010)

(TPA-CN-405).

Table 2-4. Number of Field Samples Collected in 100-K

Sample Location Soil* Groundwater®
New boreholes (converted to temporary monitoring wells in 29 5
unconfined aquifer)
New permanent and temporary wells (unconfined aquifer) 123 138
New permanent and temporary wells (extending into the RUM unit) 88 70
New aquifer tube locations (one location with three tubes) 0 12
Spatial and temporal uncertainty monitoring wells 0 54

Note: Table does not include QC or archive samples.

* The number of samples taken reflects the number of intervals sampled (100-K SAP [DOE/RL-2009-41]; Change Notice for
Sampling and Analysis Plan for the 100-K Decision Unit Remedial Investigation/Feasibility Study, DOE/RL-2009-41, Rev. 0
[TPA-CN-357]). The samples from each interval were then split amongst several laboratories for different analyses.
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DOE/RL-2010-97, DRAFT A
SEPTEMBER 2011

Table 2-5. Summary of Soil Samples Collected for 100-K

Well ID

Well Name

Soil Chemistry

Physical Properties

No.
Required

No.
Collected

No.
Required

No.
Collected

Deviations from SAP

C7683

199-K-183

7

7

5

5

None

C7684

199-K-184

20

20

5

ik

Additional physical properties
samples collected at approximately
7.6 and 15.2 m (25 and 50 ft) into
RUM.

C7685

199-K-185

11

None (per TPA-CN-357)

C7686

199-K-186

21

23

Five additional samples collected
based on observation of suspected
petroleum hydrocarbon between
approximately 12.2 and 18.3 m (40
and 60 ft) bgs.

C7687

199-K-187

None

C7688

199-K-188

25

25

Additional physical properties
samples collected at approximately
1.5, 7.6, and 15.2 m (5, 25, and

50 ft) into RUM.

C7689

199-K-189

17

17

None

C7690

199-K-190

15

15

None

C7691

199-K-191

Contact between the Hanford
formation and Ringold Formation
was at deeper depth than estimated;
therefore, additional physical
property samples were collected to
capture the requirements of the SAP
(DOE/RL-2009-41).

C7692

199-K-192

10

12

The bottom of the unconfined aquifer
was encountered deeper than
estimated; therefore, two additional
samples for chemical analyses were
collected to satisfy the SAP
requirement of a sample collected at
the bottom of the unconfined aquifer.

Additional physical properties
samples collected at approximately
7.6 and 15.2 m (25 and 50 ft) into
RUM.

2-11




—_

DOE/RL-2010-97, DRAFT A
SEPTEMBER 2011

Table 2-5. Summary of Soil Samples Collected for 100-K

Well ID

Well Name

Soil Chemistry

Physical Properties

No.
Required

No.
Collected

No.
Required

No.
Collected

Deviations from SAP

C7693

199-K-193

7

7

5

3

Contact between the Hanford
formation and Ringold Formation
was encountered at a depth
approximately 4.6 m (15 ft)
shallower than estimated; therefore,
samples at approximately 3 and

1.5 m (10 and 5 ft) above the
Hanford formation/Ringold
Formation contact were not
collected.

C7694

199-K-194

Groundwater encountered
approximately 3 m (10 ft) higher
than expected; therefore, two fewer
samples were collected.

An additional physical properties
sample was collected at
approximately 1.5 m (5 ft) into
RUM

C7695

199-K-195

23

28

Contact between the Hanford
formation and Ringold Formation
was at deeper depth than estimated,;
therefore, additional physical
property samples were collected to
capture the requirements of the SAP.

Additional physical properties
samples collected at approximately
7.6 and 15.2 m (25 and 50 ft) into
RUM.

Source: TPA-CN-357, Change Notice for Sampling and Analysis Plan for the 100-K Decision Unit Remedial
Investigation/Feasibility Study, DOE/RL-2009-41, Rev. 0

Sampling and Analysis Plan for the 100-K Decision Unit Remedial Investigation/Feasibility Study, hereinafter called 100-K SAP
(DOE/RL-2009-41)

2-12




DOE/RL-2010-97, DRAFT A

SEPTEMBER 2011
Table 2-6. Summary of Water Samples Collected for 100-K
Approximate
Depth Sampled No. of Deviations from
Well ID | Well Name | SAP Requirement (m/ft bgs) Intervals SAP
C7683 199-K-183 Collect sample 22.9,24.4,258, 75, 80.2, 84.5,90.4, 15 The first sample
every 1.5 m (5 ft) 27.6,28.9,30.3, | 94.8,99.5, 105, 110, into the water
throughout 32,33.5,354, 116, 120, 124.8, 129, table was not
unconfined aquifer 36.6, 38, 39.3, 135.2, 140.3, and collected due to a
41.2,42.8, and 144.8 cemented
44.1 formation, which
did not allow for
adequate water
production.
C7684 199-K-184 Collect sample 249,264,274, | 81.5,86.7,90.0,95.0, 17 None
every 1.5 m (5 ft) 29,31.7,32.1, 104, 105.2, 110.7,
throughout 33.7,35.2,36 .4, 115.5, 1194, 125.1,
unconfined aquifer 38.1,39.4,41.1, 129.4, 135.0, 140.0,
and from 427,442,457, 145, 149.8, 155.3,
water-bearing 47.3, and 48.7 and 159.9
intervals of the
RUM unit
C7685 199-K-185 Collect sample 15.8,17.4,19.1, | 52,57,62.5,67.2,72, 17 None
every 1.5 m (5 ft) 20.5,21.9,23.5, | 77.2,82,87.1,92, 97,
throughout 25,26.5, 28, 102, 106.4, 112, 117,
unconfined aquifer 29.6,31.1,32.4, 122, 127, and 132
34.1,35.7.37.2,
38.7, and 40.2
C7686 199-K-186 Collect sample 27.1, 28.6, 30.2, 89,93.8,99.2, 105, 15 None
every 1.5 m (5 ft) 32,33.5,35.1, 110, 115.1, 120,
throughout 36.6, 38.5, 39.6, 126.3, 130, 134.9,
unconfined aquifer 41.1,42.8,44.3, 140.3, 145.2, 150,
46.3,47.2, and 155, and 160
48.8
C7687 199-K-187 Collect sample 35.9,36.9, 38.4, 117.7,121.2, 126, 17 None
every 1.5 m (5 ft) 38.7,39.9,43.3, | 127,131, 142, 145.5,
throughout 44.3,45.9,47.7, 150.5, 156.5, 161,
unconfined aquifer 49.1,50.3,52.1, | 165,171,175, 181.8,
53.3, 554,57, 187,192, and 195.7
58.5, and 59.6
C7688 199-K-188 Collect sample every 32,335, 35, 105, 109.9, 114.9, 16 Sample scheduled
1.5m (5 ft) 36.6,38.1,39.8, | 120.2,125,130.5, 135, for approximately
throughout 41.1,42.7,44.2, 140, 145, 150, 160, 47.2 m (155 ft) bgs
unconfined aquifer 45.7,48.8, 50.3, 164.9, 166.2, 172.9, (16.8 m [55 ft] into
and from 50.7,53.3, 54.5, 178.9, and 184 unconfined
water-bearing and 56.1 aquifer) could not
intervals of the RUM be collected due to
unit heaving sand. A
sample was
attempted at
52.7m (1729 ft),
but was not
successful.
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Table 2-6. Summary of Water Samples Collected for 100-K

Approximate
Depth Sampled No. of Deviations from
Well ID | Well Name | SAP Requirement (m/ft bgs) Intervals SAP
C7689 199-K-189 Collect sample 23.5, 25, 26.7, 77, 82, 87,92, 97, 16 None
every 1.5 m (5 ft) 28,29.6,31.1, 102,107, 112, 117,
throughout 32.6,34.1,35.7, 122,127, 132, 137,
unconfined aquifer 37.2,38.7,40.2, 142, 147, and 152
41.8,43.3,44.8,
and 46.3
C7690 199-K-190 Collect sample 18, 19.5, 21, 59, 64, 69, 74, 78.6, 16 None
every 1.5 m (5 ft) 22.6, 24, 25.6, 84, 89, 93.6, 99,
throughout 27.1,28.5, 30.2, 103.7, 108.3, 113.6,
unconfined aquifer 31.6, 33, 34.6, 118.7, 123.5, 129,
36.2,37.6, 39.3, and 133.7
and 40.8
C7691 199-K-191 Collect sample 23.8,25.3,26.8, | 78, 83, 88,90.7,97.3, 16 None
every 1.5 m (5 ft) 276, 29,7,.31.2, 102.3, 108, 112,
throughout 32.9,34.1,358, | 117.5,123, 128, 133,
unconfined aquifer 37.5,39,40.5, 137.7, 143, 148.1,
42,43.6,45.1, and 155
and 47.2
C7692 199-K-192 Collect sample 16.8, 18.3, 19.8, 55, 60, 65, 70.1, 75, 19 None
every 1.5 m (5 ft) 214,229,244, | 80.2,84.6,89.7,94.3,
throughout 25.8,27.3,28.7, 99.6,104.7, 110.6,
unconfined aquifer 304, 31.9,33.7, 115.3, 120.6, 125,
and from 35.1, 36.8, 38.1, 130.1, 136.0, 140.5,
water-bearing 39.7,41.5, 42.8, and 182.0
intervals of the and 55.5
RUM unit
C7693 199-K-193 Collect sample 25.1,26.8,28.3, | 82.5,88,93,98,103, 16 None
every 1.5 m (5 ft) 29.9,31.4,32.9, 108, 113,117, 123,
throughout 32.9,35.7,37.5, 128, 133, 138, 143,
unconfined aquifer 38.1, 40.5,42.1, 148.2, 153, and 158
43.6,45.2,46.6,
and 48.2
C7694 199-K-194 Collect sample 26.8,28.4,29.9, 88, 93,98, 103.2, 12 None
every 1.5 m (5 ft) 31.5, 33,345, 108.2, 113.2, 117.6,
throughout 34.5,37.7,39.2, 123.6, 128.6, 134,
unconfined aquifer 40.8, 42.1, and 138, and 142.2
43.3,
C7695 199-K-195 Collect sample 27.5, 29, 30.4, 90.1, 95.1,99.7, 18 None
every 1.5 m (5 ft) 31.9, 33.6, 35, 104.6, 110.3, 114.9,
throughout 36.4, 38.2, 39.6, 119.5, 125.2, 130.0,
unconfined aquifer 41.1,42.7,44.2, | 134.8, 140, 145, 150,
and from 45.7,47.2,48.8, 155, 160, 165, 170,
water-bearing 50.3, 51.8, and and 175.8
intervals of the 53.6,
RUM unit

Source: DOE/RL-2009-41, Sampling and Analysis Plan for the 100-K Decision Unit Remedial Investigation/Feasibility Study,

Rev. 0

2-14

2010-97, DRAFT A
SEPTEMBER 2011




Gl-¢

X Boreholes Converted To Waste Site = = = 100-K Boundary
empetery Vinka I Reactor Railroad
®  RIFS Wells
Building Road

RUM Well

@  RIFS Spatial and Temporal ’
Uncertainty Monitoring Wells © 01 02 03 04 05mi

+  Aquifer Tube IIJ u.lz 054 nfe njs

CHRUBS 11010303

1
1 km

199-K-18
199-K-192

199-K-200° < 190.K157

90.K-100 O FKI32A 499.k.191
—199K-142 o

*—199-K-189

1 (’-Lf
199-K-11—o KB

* 1s0-Kk-186
199-K-34— o - 199.-106A

P 199-K-36
199-K-183 Ky $ _
/' “X199-K-108A <

( 99-K-188
i
e iles /199-K-1 95

199-K-187

/ 699-72-73

199-K-151—_

\199%1 52
~
i - -
a{‘“ K-37
~
~
199-K-201" «
N A Y
~
~
by
-~
~
~
-
~
~
N 199-K-194
A .
\
1
199-K-193 1
1
\
1
1
1
\
1
1
1
1
1
|
1
)
1
1
699-73-61,
]
L7¢)
\
1
i
1
\

Figure 2-1. Map Showing RI Sampling Locations per 100-K SAP

L10C 939N31d3S
V 14vHd ‘26-0L02-14/300



o0~ N W AW N~

O

10

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

DOE/RL-2010-97, DRAFT A
SEPTEMBER 2011

Appendix C includes specific information for each borehole and sampling interval. The following sections
present details of investigations conducted under the RI, as well as investigation activities conducted under
other scopes of work that may affect the FS decisions including the Columbia River RI Work plan
(DOE/RL-2008-11) and the RCBRA Report (DOE/RL-2007-21, Draft C).

The following lists significant work plan deviations:

e Well 199-K-189 location. The planned location for Well 199-K-189 interfered with the access roads
for the ongoing demolition and waste site remediation activities. The well was moved approximately
75 m (250 ft) to the north to avoid this conflict.

e Geophysical logging. No neutron moisture log was conducted at 199-K-183.
Other approved deviations include the following:

e Vadose zone boreholes. The boreholes advanced into the 116-K-2 Trench were converted to
temporary wells in order to obtain representative water samples from beneath the trench. Water
samples were not obtained during drilling due to poor aquifer conditions, which prevented getting a
representative water sample. This change was conducted per Tri-Party Agreement Change Notice
Form: Sampling and Analysis Plan for the 100-K Decision Unit Remedial Investigation/Feasibility
Study, DOE/RL-2009-41, Rev. 0 (As amended by TPA-CN-257, June 1, 2010) (hereinafter called CN
for 100-K SAP June 1 Amendment [TPA-CN-384]).

e  Well completions in the RUM. Wells 199-K-188 and 199-K-195 were constructed as temporary
wells using polyvinyl chloride (PVC) piping. This change was conducted per CN for 100-K SAP June
1 Amendment (TPA-CN-384).

e Well 199-K-186 location. Well 199-K-186 was relocated from its planned location to provide
additional characterization of the KE Reactor area. This relocation was conducted per Change Notice
for Sampling and Analysis Plan for the 100-K Decision Unit Remedial Investigation/Feasibility
Study, DOE/RL-2009-41, Rev. 0 (hereinafter called CN for 100-K SAP [TPA-CN-357]).

2.1.1 Rl Data Sets Used in RI/FS

Historical data as well as data collected from the RI were evaluated in this report. Appendix D provides
additional details on the data set along with data. The following is a list of the available data that were
compiled for the RI/FS dataset:

e Data collected as part of ongoing site sampling programs or prior to initiation of the current RI/FS
field investigation activities:

- Waste site remediation action soil analytical data (cleanup verification package [CVP] and
Remaining Site Verification Packages [RSVP] data). This data set was used in the evaluation of
groundwater protection (Chapter 5), human health risk assessment (Chapter 6), and ecological
risk assessment (Chapter 7).

- Field investigation soil analytical data (LFI data). This data set was used in the evaluation of
nature and extent (Chapter 4).

- Groundwater analytical data (January 1, 2006 to December 31, 2010). This data set was used in
the nature and extent of groundwater (Chapter 4) and provides the basis for the initial plumes for
groundwater modeling (Appendix F).

2-16
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- Well and borehole drilling and construction information. This data set was used in the
development of the geologic cross-sections (Chapter 3) and groundwater model development
(Chapter 5 and Appendix F).

- Fate and transport parameters (e.g., geochemical parameters, hydrogeologic parameters, soil
physical properties). Those data set was used in the development of the groundwater model and
fate and transport evaluations (Chapter 5 and Appendix F).

- Geologic information. This data set was used in the development of the geologic cross-sections
(Chapter 3) and groundwater model development (Chapter 5 and Appendix F).

- Groundwater levels and River Stage. This data set was used in the development of groundwater
flow maps (Chapter 3) and groundwater model developments (Chapter 5 and Appendix F).

e Data collected as part of the ongoing interim waste site remediation (in process sampling), which is
used to validate the CSM, is qualitatively discussed in Chapter 4.

e Data collected during the RI/FS field investigation activities (May 2010 to February 2011) as
described in the 100-K Work Plan (DOE/RL-2008-46-ADD?2), and 100-K SAP (DOE/RL-2009-41),
(Table 2-1).

— Soil analytical data. Depth specific soil samples collected during RI boring and well installation
are used to evaluate contaminate distribution in the vadose zone and confirm the CSM
(Chapter 4).

— Groundwater analytical data

o Spatial and temporal groundwater monitoring data. This data set was used in the human
health risk assessment (Chapter 6) and understanding of spatial and temporal distribution of
contaminants (Chapter 4).

o Groundwater samples collected form RI borings and monitoring wells. Depth discrete
groundwater samples were used in understand the vertical distribution of contaminants in
groundwater (Chapter 4) and confirm the CSM.

— Soil physical properties (grain size, moisture content, and porosity). These data were used in the
groundwater model development (Chapter 3 and Appendix F).

— Hydraulic conductivity. These data were used in the groundwater model development (Chapter 3
and Appendix F).

— Geophysical logging. The geophysical logs from the RI borings are presented in Chapter 3.
These data help with the understanding of the CSM and transport of contaminants through the
vadose zone.

— Distribution coefficient data for metals. This data set is used in the evaluation of fate and
transport of metals (Chapter 5).

Analytical data used in the RI/FS were collected and analyzed in a fixed laboratory using approved
methods with specific QA/QC requirements. Detection limits, precisions, accuracy, and completeness
were assessed to determine whether the chemical and radiochemical data obtained were the right type,
quality, and quantify to support regulatory decision-making. Data validation for the RI/FS is provided in
Appendix D.
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2.1.2 Historical Information Review

Historical information for 100-K was researched and considered during the work plan development and in
the preparation of this report. Section 1.2.3 and Appendix B summarize those reports containing relevant
or significant information, along with an annotated bibliography.

2.1.3 Surface Features

Surface feature mapping, such as high-resolution topography, was conducted using Light Detection and
Ranging (LIDAR) mapping technology. LIDAR is an optical remote sensing technology that measures
properties of scattered light to find range and/or other information of a distant target.

The current accuracy of the LIDAR topography is estimated at 0.011 m (4.3 in.). LIDAR mapping is used to
create a topographic map for 100-K for defining surface relief/elevation differences (Section 3.1). Surface
topography establishes part of the framework needed to evaluate fate and transport.

2.1.4 Contaminant Source Investigations

The OSE process in 100-K was completed in February 2008 to identify potential new (orphan) waste sites
(100-K Area Orphan Sites Evaluation Report [OSR-2008-0003]). The OSE, as part of the nonoperational
evaluation, is discussed in Chapter 1 and included in Data Gap 4. In addition, discovery sites continue to
be identified during ongoing remedial actions such as RTD excavations of known waste sites.

2.1.5 Meteorological Investigations

The Hanford Meteorological Station (HMS) is operated by Mission Support Alliance for DOE
(http://www.hanford.gov/hms/). HMS provides a range of Hanford Site weather forecast products and
real-time meteorological data, and an extensive historical database of meteorological and climatological
data. Metrological measurements have been made at HMS since late 1944. Information specific to
precipitation and wind speed have the potential to affect remedial actions, as discussed in Section 3.2. No
additional meteorological data were collected as part of this RI/FS.

2.1.6 Air Investigations

Hanford Site contractors monitor radionuclide airborne emissions from site facilities through several
programs. The Near-Facility Environmental Monitoring Program measures concentrations of radionuclides
in the ambient air on the Hanford Site in or near facilities and operations. The Hanford Site Environmental
Surveillance Program measures the ambient air at sitewide locations away from facilities, offsite around the
site perimeter, and in nearby and distant communities. In addition, emissions from stacks, vents, or other
types of point sources are monitored individually by analyzing samples extracted from the outflow at each
point of release. The data collected by each program are used to assess the effectiveness of emission
treatment and control systems and pollution management practices, and determine compliance with state
and federal regulatory requirements. These regulations include a radiological standard, which requires that
Hanford Site emissions shall be controlled such that no member of the public in any area of unrestricted
access receives greater than 10 mrem/yr total effective dose equivalent. In some cases, remedial activities
are provided with project-specific point source and/or ambient air sampling to assemble project-specific
data. DOE provides information to Washington State and EPA clean air offices describing the emissions and
resultant maximum public dose from ongoing CERCLA activities. This information addresses contributions
both from point sources and from all fugitive or diffuse sources of emissions of radionuclides.

Nonradioactive air pollutants are emitted from a variety of sources at the Hanford Site. These emissions
are monitored at the source when activities are known to actually or potentially generate pollutants of
concern. DOE provides information to Washington State and EPA clean air offices describing the
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emissions. The following text describes the most recently published information regarding Hanford Site
air monitoring activities (2009 Sitewide Environmental Report [PNNL-19455]).

2.1.6.1  Air Monitoring Near Facilities and Operations

In 2009, ambient air was monitored at locations on the Hanford Site near facilities and operations. Samplers
were located primarily at or within about 500 m (1,640 ft) of sites or facilities having the potential for, or a
history of, environmental radiation releases. This near-facility environmental monitoring is conducted near
facilities or projects that provide the potential to disperse radioactivity. Monitoring locations are associated
largely with major nuclear facilities and waste storage, disposal, or cleanup activities.

2.1.6.2 Air Monitoring at Hanford Sitewide and Offsite Locations

During 2009, as part of the Hanford Site Environmental Surveillance Program, samples were collected at
42 continuously operating sitewide and offsite locations: 23 onsite (sitewide), 11 at site perimeter
locations, 7 in nearby communities, and 1 in a distant community. Samples were collected from known or
expected air transport pathways, which are generally downwind of potential or actual airborne releases
and downgradient of liquid discharges. Airborne particle samples were collected at each station biweekly
and monitored for gross alpha and gross beta concentrations. Biweekly samples were combined into
quarterly composite samples and analyzed for gamma emitting radionuclides. Samples of atmospheric
water vapor were collected every four weeks and analyzed for tritium at 20 locations. All air sample
results showed very low radiological concentrations in 2009, with resultant exposure to any public
individual remaining well below the dose standard of 10 mrem/yr total effective dose equivalent. Ambient
air sampling is the primary method used in monitoring fugitive emissions, with other media samples
possibly useful as secondary indicators.

Hanford Site contractors also monitor for other impacts from airborne emissions or other releases from
site facilities. This is done through sampling of various environmental media besides the air, also as part
of the Surface Environmental Surveillance Program. Routine monitoring includes sampling surface
contamination, external radiation doses, soil, vegetation, and animals. All doses from Hanford Site
activities in 2009 were lower than EPA and DOE standards. While not a required action for the CERCLA
remedial action, the State of Washington Department of Health also conducts independent sampling and
analysis of various media, including ambient air, soil, and biota, both on and off the Hanford Site. This
independent sampling and analysis routinely confirms little or no environmental impacts outside of
Hanford’s most closely controlled work areas.

No additional air monitoring, with the exception of in-process monitoring at the immediate worksite
during select borehole, well, and test pit activities, was conducted as part of this RI/FS.

2.1.7 Surface Water and Sediment Investigations

An investigation of pore water, surface water, and sediment was conducted to identify the nature and
extent of contaminants entering the Columbia River, specifically by groundwater upwelling. The effort
was performed according to the Columbia River RI Work Plan (DOE/RL-2008-11), and activities planned
prior to the RI/FS investigation as outlined in the 100-K Work Plan (DOE/RL-2008-46-ADD?2). As such,
Data Gaps 6 and 9 (Table 2-1) denote the importance of addressing groundwater discharge and surface
water/groundwater mixing to support decision making in a ROD. Details of this investigation are
presented in the Columbia River RI Work Plan.

Additional data related to groundwater discharge to surface water (Data Gap 6) and surface water/
groundwater mixing (Data Gap 9) were identified as necessary to support remedy decisions. An
investigation of pore water, surface water, and sediment was conducted to identify the nature and extent
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of contaminants entering the Columbia River, specifically by groundwater upwelling in the Columbia
River. The following sections provide details on these investigations.

2.1.7.1  Groundwater Upwelling and Discharge into the Columbia River (Pore Water, Surface
Water, and Sediment Sampling)

The groundwater beneath the Hanford Site discharges to the Columbia River via seeps and upwelling to the
riverbed. This flow path for groundwater provides a means to transport Hanford Site contaminants, which
may have leached into the groundwater from the past waste disposal practices, to the Columbia River.

The availability of historical data to adequately understand preferential groundwater flow paths,
contaminant migration restrictions, and groundwater and river water mixing in the nearshore area is
limited. A range of mixing ratios has been observed (Technical Evaluation of the Interaction of
Groundwater with the Columbia River at the Department of Energy Hanford Site, 100-D Area
[SGW-39305]) between river water and upwelling water at the bottom of the river and between river
water and groundwater at nearshore locations. Water data were collected near 100-K in 2009 and 2010 to
address the uncertainty related to the level of contamination entering the Columbia River via upwelling,
including the contaminant transport mechanisms. Pore water sampling in the Columbia River was
conducted during three phases, as outlined in the Columbia River RI Work Plan (DOE/RL-2008-11).

The first phase of the Columbia River RI pore water sampling was a technology demonstration to verify that
the proposed equipment could be used in the variable conditions found in the Hanford Reach section of
the Columbia River. The second phase, which actually consisted of two phases, was designed to delineate
where groundwater upwelling was occurring. The first, termed Phase Ila, focused on identifying riverbed
areas where groundwater was entering the Columbia River, based on conductivity and temperature
measurements. The next phase, termed Phase IIb, returned to a subset of the Phase Ila sample locations to
collect pore water samples in September and October 2009 for indicator contaminant analysis. For 100-K,
the indicator contaminant for Phase Ila was temperature and conductivity; during Phase Ilb, it was
Cr(V1). Phase Il sampling, conducted in January and February 2010, identified a subset of the previous
sample locations for sampling and analysis of pore water, surface water (defined as water 0.3 m [1 ft]
above the riverbed), and collocated sediment for a wide range of potential contaminants.

The objective of Phase Ila sampling was to identify and delineate groundwater upwelling in the Columbia
River adjacent to Hanford Site operations areas. Pore water data were collected using a multi-sensor water
sampling probe capable of being inserted approximately 30 cm (12 in.) into the riverbed and measuring
conductivity and temperature in situ. Six cross-river transects were conducted near 100-K as the focus of
data collection, each of which had five separate sample locations. Additionally, 10 locations surrounding
the transects were sampled and, when combined, resulted in a potential of 90 sample points in 100-K.

All pore water sample data collected in Phase Ila were analyzed for conductivity and temperature only.

Pore water sampling for Phase 1Ib was conducted at a subset of the Phase Ila locations (32 locations) that
clearly showed groundwater upwelling based on conductivity and temperature variances between the river
and pore water, and which were deemed most likely to show contamination. These sample locations were
approved by the Tri-Parties as shown in Figure 2-2 (Field Summary Report for Remedial Investigation of
Hanford Site Releases to the Columbia River, Hanford Site, Washington [WCH-380]).

Pore water samples for Phase 11l were collected from established upwelling locations, with the focus on sites
where the indicator contaminant (Cr(VI)) was detected in the Phase IIb pore water samples (10 sites). The
Tri-Parties selected six locations near 100-K for Phase Il sampling (shown in Figures 2-3 and 2-4) consisting
of five primary sites and one secondary site (to be collected after primary sites had been collected).
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Pore water and sediment samples were successfully obtained from these locations and analyzed for a range
of radiological and nonradiological analytes (listed in Table 2-7). Chapter 4 presents the results from the
sampling efforts. Table 2-8 provides information on the number of pore water samples collected during
each sampling phase and the collection period.

100-K-80 River
Effluent Pipelines

Phase li{b) Stations
‘ O

5
| <—Cr (pgiL) |8,

29 o ek

Conductivity Temperature
Polygons Anomaly Polygons

[Ftespsiom |  [F22Ace]

Source: WCH-380, Field Summary Report for Remedial Investigation of Hanford Site Releases to the Columbia River, Hanford
Site, Washington: Collection of Surface Water, Pore Water, and Sediment Samples for Characterization of Groundwater
Upwelling, Figure 3-5.
Figure 2-2. Remedial Investigation for Hanford Site Releases to the Columbia River—Phase lIb Indicator
Contaminant Sample Locations at 100-K
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Figure 2-3. Remedial Investigation for Hanford Site Releases to the Columbia River—Phase Il Indicator
Characterization Sample Locations for 100-K
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Figure 2-4. Remedial Investigation for Hanford Site Releases to the Columbia River—Phase IlI
Characterization Sample Locations for 100-K

2-23



AN N B W =

10
11
12
13
14

2.1.7.2  Surface Water Sampling

DOE/RL-2010-97, DRAFT A

SEPTEMBER 2011

During Phase III, the influence of contaminants on the water quality immediately above groundwater
upwelling locations was determined by taking surface water column samples. River water and pore water
samples were collected concurrently at approximately 0.3 m (12 in.) above the riverbed. At 100-K,
surface water sample analysis at all six sample locations included the analytes listed in Table 2-7.

Table 2-8 provides information on the number of surface water samples collected and the collection period.

2.1.7.3 Sediment Sampling

Sediment samples collected during Phase III of the study from the locations shown in Figures 2-3 and 2-4
were analyzed for a range of radiological and nonradiological analytes, as listed in Table 2-7. Sediment
samples were obtained as close to the pore water sample locations as reasonably possible, with a
preference given to locations with fine sediment deposits. Sample volume was limited in some locations
due to the dominance of cobbles on the riverbed. In locations where sediment sample volume was limited,
not all analyses could be performed. Table 2-8 presents information on the number of sediment samples
collected and the collection period.

Table 2-7. Summary of Analyses Requested for Surface Water, Sediment, and
Pore Water Sampling During Columbia River R

Analytical Parameter EPA Method Surface Water Sediment Pore Water
VOCs 8260B X X X
SVOCs 8270C X X -
Metals 6010/6020/7471 X X
Cr(VI) (Cr'® 7196A X X
Pesticides 8081 X X --
PCBs 8082 X X -
PCB congeners 1668A X* G -
Total Organic Carbon 9060 -- X -
Grain size ASTM D422-63 -- X --
TPH 8015 X X -
AVS/SEM" N/A - X -
Nitrate 300.0 X --

Radionuclides GEA/AEA/LCS X X

Hardness 130.1 X -- --
Dissolved Organic Carbon 415.1 X -- --
Alkalinity 310.1 X -- -
Field parameters* Field instruments X -- X

Sources: MSL-1-022, Determination of Elements in Aqueous and Digestate Samples by ICP/MS.
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Table 2-7. Summary of Analyses Requested for Surface Water, Sediment, and
Pore Water Sampling During Columbia River R

Analytical Parameter EPA Method Surface Water Sediment Pore Water

ASTM D422-63(2007), Standard Test Method for Particle-Size Analysis of Soils.
Note: Analyses will be sample specific; not all samples were analyzed by all methods in this table.
a. Every 10" surface water and sediment sample analyzed for PCB Aroclors by 8082 was also analyzed for PCB congeners.

b. Sediment samples were extracted and analyzed for AVS in accordance with Battelle SOP MSL-C-001. The SEM extracts were
analyzed for all other metals by ICP-MS in accordance with Battelle SOP.

c. Field parameters for surface water samples were measured in the field and consisted of temperature, specific conductivity,
dissolved oxygen, and pH. Field parameters for pore water consist of temperature and conductivity.

Table 2-8. Summary of 100-K Sample Collection during Columbia River Remedial Investigation

Number of Samples/

Sample Phase Sample Dates Parameters of Interest Stations
Phase Ila January to March 2009 Temperature and 90
conductivity
Phase IIb September to November 2009 Conductivity and Cr(VI) 32
Phase 111 January to February 2010 See Table 2-6 6

2.1.7.4 Additional Surface Water, Sediment, and Island Sampling

In addition to the sampling described in the preceding sections, supplemental samples of surface water,

sediment, and island soil samples were taken during the

RI at locations described in Field Summary Report for -

Remedial Investigation of Hanford Site Releases to the Table 2-9. ISummarylolf Additional Samples
Columbia River, Hanford Site, Washington: Collection Collected in the Vicinity of the 100-K Area

of Surface Water, River Sediments, and Island Soils Media Collected Number of
(WCH-352) and Data Summary Report for the Remedial Samples

Investigation of Hanford Site Releases to the Columbia Island Soil 0

River, Hanford Site, Washington (hereinafter called
Hanford Site Releases Data Summary [WCH-398]) for Surface Water 1

the purpose of identifying the nature and extent of

potential releases of contaminants associated with Sediment 13
operations at the Hanford Site. Figure 5-8 in Hanford * Includes shoreline, shallow, and core samples
Site Releases Data Summary (WCH-398) shows these collected during the Columbia River

sample locations near 100-K. Table 2-9 provides a Remedial Investigation.

summary of the number of additional samples collected.

2.1.8 Geological Investigations

The geological investigation was conducted to address the data needs listed in Table 2-1 (Data Needs 2, 5,
7, 10, and 12). Geological characterization and physical and hydraulic property data needs were identified
to support development/refinement of the conceptual site model and performance of analytical and
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numerical modeling within 100-K. In addition, geologic data were needed to gain a better understanding
of the hydrogeologic conditions, aquifer interactions, and contaminant mobility through the vadose zone
and in the unconfined and confined aquifers. To address the data needs, nine wells were installed in the
unconfined aquifer. Four borings were drilled down to the deeper RUM unit with one well being installed
in the RUM and the other three wells screened above the RUM in the Ringold, since a water-bearing unit
was not encountered within the RUM. Two boreholes were drilled in the vadose zone and were completed
as 10 cm (4 in.) temporary wells at the east and west ends of the 116-K-2 Trench (Table 2-10). The
conversion of the borings advanced in the 116-K-2 Trench to temporary monitoring wells represents a
deviation from the work plan. The boreholes were converted to wells in order to obtain representative
water samples from beneath the trench. Water samples were unable to be obtained during drilling due to
poor aquifer conditions, which prevented getting a representative water sample. Table 2-10 includes the
pertinent well location information while Table 2-11 delineates the samples that were taken in accordance
with the 100-K SAP (DOE/RL-2009-41). The geological investigations also focused on evaluating
bathymetric data and geophysical logging, as described in the following text.

Monitoring Well 199-K-186 was relocated from the initial location presented in the 100-K Work Plan
(DOE/RL-2008-46-ADD2). The initial planned location was within a defined culturally sensitive area and
permission to drill the well at this location was not granted during cultural resource reviews with the local
Native American Tribes. An alternative location was selected and documented via CN for 100-K SAP
(TPA-CN-357) to the 100-K SAP (DOE/RL-2009-41), which relocated the well to approximately 80 m
(262 ft) southeast of the former 105-KE Reactor building (Figure 2-1). The new location was selected to
provide additional characterization for the KE Reactor area and was preferable to relocating the well
further northeast to outside the culturally sensitive area, which may be beyond the extent of the
contamination plume.

2.1.8.1 Bathymetric Data

To evaluate flow paths of contaminants to aquatic receptors, updated and accurate bathymetric data for the
river were needed (Data Gap 8). Recently collected bathymetric data were combined with groundwater fate
and transport analysis to evaluate contaminant risks to potential ecological receptors and related portions of
the river. Preliminary evaluation of the top of the RUM unit surface using near river wells was sufficient to
indicate that the top of the RUM unit intersects the Columbia River. No additional data were proposed for
the area as part of the RI/FS; however, the existing data were further evaluated to better define the river
bathymetry. Figure 2-5 shows the bathymetry of the Columbia River near 100-K. Coyote Rapids (Figure 2-5)
is a feature that is a result of the resistant Ringold unit E cemented units occurring in the riverbed.

The development of a high-resolution bathymetry dataset for the Columbia River through the Hanford
Reach was a continuation of FY 2009 work that focused on retrieving, assembling, and processing 66 km
(41 mi) of existing bathymetry and terrestrial topographic data (Development of a High-Resolution
Bathymetry Dataset for the Columbia River through the Hanford Reach [PNNL-19878]). At the
conclusion of the FY 2009 work, it was determined that additional data were needed. The data would be
collected over a 30 km (19 mi) section to supplement existing bathymetric and topographic data and
would fill significant data gaps in the central portion of the Hanford Reach. In FY 2010, hydrographic
surveys were conducted and the resulting data were incorporated into a multi-source data fusion process
to produce a single high-resolution (1 m [3.3 ft]) dataset for the Hanford Reach. Chapter 4 presents a
discussion of the updated bathymetric results.

2-26



DOE/RL-2010-97, DRAFT A

SEPTEMBER 2011
Table 2-10. Summary of Well Construction Information for New Rl Wells for 100-K
Ringold Fm.
Unit E Depth to Total Borehole Depth to Static
Borehole SAP Northing Easting Elevation Upper Contact RUM Unit Depth Water Level Total Well Depth Screened Interval
Well ID ID Location ID (m) (m) (m [ft] AMSL) (m [ft] bgs) (m [ft] bgs) (m [ft] bgs) (m [ft] bgs) (m [ft] bgs) (m [ft] bgs)
199-K-183 C7683 1 146439.7 568302.28 140.33 [460.39] 7.01 [23.00] 44.97[147.50] 46.70 [153.20] 20.74 [68.04] 34.15[112.00] 14.33 to 32.62
[47.00 to 107.00]
199-K-185 C7685 2 146726.17 568574.92 134.62 [441.65] 7.62 [25.00] 40.70[133.50] 42.23[138.50] 15.93 [52.26] 41.62 [136.5] 11.74 t0 40.70
[38.50 to 133.50]
199-K-186 C7686 9 146625.36 569209.65 145.45 [477.20] 14.90 [49.00] 49.39 [162.00] 50.91 [167.00] 25.52[83.70] 41.73 [136.86] 21.80 to 131.54
[71.50 to 131.54]
199-K-187 C7687 3 146054.68 569499.00 155.38 [509.76] 20.88 [68.50] 60.21 [197.50] 61.71 [202.40] 34.42 [112.90] 61.65 [202.20] 11.34 t0 47.93
[97.20 to 157.20]
54.02 to 60.12
[177.2 to 197.2]
199-K-189 C7689 5 146809.68 569150.27 142.23 [466.61] 11.89 [39.00] 46.95[154.00] 48.48 [159.00] 22.42 [73.55] 48.48 [159.00] 19.51 to 46.95
[64.00 to 154.00]
199-K-190 C7690 4 146873.27 568835.28 135.39 [444.19] 14.63 [48.00] 40.55[133.00] 46.34 [152.00] 16.89 [55.41] 42.22 [138.47] 28.49 to 40.69
[93.44 to 133.47]
199-K-191 C7691 6 146886.65 569711.20 143.86 [471.97] 12.65 [41.50] 46.74 [153.30] 48.17 [158.00] 22.46 [73.67] 32.10[105.30]] 15.95t0 31.19
[52.30 to 102.30]
199-K-193 C7693 7 146969.58 570641.99 144.88 [475.31] 14.02 [46.00] 49.09 [161.00] 50.61 [166.00] 23.87 [78.30] 50.70 [166.30] 18.69 to 30.88
[61.30 to 101.30]
40.03 to 49.18
[131.30 to 161.30]
199-K-194 C7694 8 147281.98 571315.65 146.48 [480.57] 19.82 [65.00] 43.11[141.40] 44.91[147.30] 25.29 [82.95] 33.78 [110.80] 22.20 to 32.87
[72.80 to 107.80]
RUM Wells
199-K-184* C7684 R1 146366.32 568618.68 142.84 [468.64] 27.44 190.00] 49.63 [162.80] 65.88 [216.10] 23.70 [77.75] 51.16 [167.80] 35.91 t0 49.63
[117.8 to 162.80]
199-K-188* C7688 R3 146370.11 569386.80 151.07 [495.63] 18.29 [60.00] 55.79 [183.00] 71.65 [235.00] 29.79 [97.70] 40.63 [133.27] 28.29to0 38.95
[92.8 to 127.8]
199-K-192 C7692 R2 147294.32 569393.17 134.06 [439.81] 33.54[110.00] 43.45[142.50] 58.81[192.90] 9.70 [31.82] 57.38 [188.20] 53.41 to 56.46
[175.20 to 185.20]
199-K-195% C7695 R4 146086.38 568850.08 146.87 [481.84] 15.24 [50.00] 54.33[178.20] 70.27 [230.50] 25.61 [84.00] 39.21 [128.60] 23.84 t0 37.56

[78.20 to 123.20]
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Table 2-10. Summary of Well Construction Information for New RI Wells for 100-K

Boreholes Converted to Temporary Wells
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