Department of Energy

Richland Operations Office
P.O. Box 550
Richland, Washington 99352

10-AMCP-0138 MAY 05 2010

Mr. D. A. Faulk, Program Manager
Office of Environmental Cleanup
Hanford Project Office

U.S. Environmental Protection Agency
309 Bradley Boulevard, Suite 115
Richland, Washington 99352

Dear Mr. Faulk:

INTEGRATED 100 AREA REMEDIAL INVESTIGATION/FEASIBILITY STUDY WORK
PLAN, ADDENDUM 3: 100-BC-1, 100-BC-2, AND 100-BC-5 OPERABLE UNITS,
DOE/RL-2008-46-ADD3, REVISION 0, AND SAMPLING AND ANALYSIS PLAN FOR THE
100-BC-1, 100-BC-2, AND 100-BC-5 OPERABLE UNITS REMEDIAL
INVESTIGATION/FEASIBILITY STUDY, DOE/RL-2009-44, REVISION 0

This letter transmits the following approved documents to the U.S. Environmental Protection
Agency for information:

Integrated 100 Area Remedial Investigation/Feasibility Study Work Plan, Addendum 3:
100-BC-1, 100-BC-2, and 100-BC-5 Operable Units, DOE/RL-2008-46-ADD3,

Revision 0; and

Sampling and Analysis Plan for the 100-BC-1, 100-BC-2, and 100-BC-5 Operable Units
Remedial Investigation/Feasibility Study, DOE/RL-2009-44, Revision 0.

This Work Plan Addendum 3 and corresponding Sampling and Analysis Plan describe the
specific background and work scope associated with the 100-BC Area Operable Units.

If you have any questions, please contact me, or your staff may contact Briant Charboneau, of my
staff, on (509) 373-6137, or Joe Franco, Assistant Manager for the River Corridor, on
(509) 376-6628.
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Executive Summary

This document is Addendum 3 of DOE/RL-2008-46, Integrated 100 Area Remedial
Investigation/Feasibility Study Work Plan. The purpose of a work plan is to explain the
Remedial Investigation/Feasibility Study (RI/FS) project background and rationale, and
to present detailed plans for investigation of a contaminated site under the
Comprehensive Environmental Response, Compensation, and Liability Act of 19802
(CERCLA). This document supports final remedy selection under CERCLA for the
100-BC Operable Units (OUs) at the Hanford Site. The CERCLA RI/FS results are also
intended to address Resource Conservation and Recovery Act of 19763 (RCRA)
corrective action requirements for areas of RCRA concern. Five areas (Figure ES-1) have
been defined for the River Corridor: 100-BC Area, 100-K Area, 100-D and 100-H Areas,
100-N Area, and 100-F Area, which is combined with 100-IU-2 and 100-IU-6 OUs. These
areas combine groundwater contamination, soil contamination sites, and facilities in
geographic areas that encompass the 100 Area National Priorities List4 sites. Planning for

the 300 Area is addressed separately.

The Integrated Work Plan (DOE/RL 2008-46) implements an approach designed to reach
final Record of Decision (ROD), describes key features of the planning process to
support implementation of this approach, and provides important key regulatory
considerations and risk assessment uncertainties common to the 100 Area. This
document, Addendum 3 to the Work Plan, provides site-specific information for 100-BC.
The 100-BC Area includes the 100-BC-1 and 100-BC-2 source OUs, and the 100-BC-5
groundwater OU. Figure ES-1 shows the location of 100-BC and proximity to other River

Corridor Areas.

1 DOE/RL-2008-46, 2009, Integrated 100 Area Remedial Investigation/Feasibility Study Work Plan, Rev. 0,

U.S. Department of Energy, Richland Operations Office, Richland, Washington.

2 Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 USC 9601, et seq. Available
at: http://uscode.house.gov/download/pls/42C103.txt.

3 Resource Conservation and Recovery Act of 1976, 42 USC 6901, et seq. Available at:
http://www.epa.gov/epawaste/inforesources/online/index.htm.

4 40 CFR 300, “National Oil and Hazardous Substances Pollution Contingency Plan,” Appendix B, “National Priorities
List,” Code of Federal Regulations. Available at: http://edocket.access.gpo.qovicfr 2009/julqtr/40cfr300AppB.htm.
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This addendum is based on the premise that there are data gaps and uncertainties that
should be addressed to support the final Record of Decision. In 100-BC, groundwater
monitoring, contaminated soil removal, and facility demolition and removal have been
completed over the past decade and additional work is planned for the next few years.
The results of these activities provide the basis for identifying the remaining uncertainties

needed to be addressed to make a final ROD.

A systematic planning process was used to develop a program for data collection and
analysis to support the final ROD at 100-BC. The following sections discuss key

elements that were identified during this systematic planning process.

Investigation work at 100-BC will be conducted in accordance with the Integrated Work

Plan (DOE/RL-2008-46). No exceptions are noted in this addendum.

Site Background

The 100-BC area is located in the northern portion of the Hanford Site adjacent to the
Columbia River (Figure ES-1). It covers more than 11.54 km” (4.45 mi°) of land along
the southern shore of the Columbia River. Background information for this area includes
the known hydrogeologic information; past operational history of the facilities (with an
emphasis on disposal operations); source remedial actions and their effectiveness; and the

results of any treatability and characterization studies.

Appendix A presents maps of the facilities and source sites. Ninety-five waste sites are
assigned to the 100-BC-1 OU, and 55 sites are assigned to the 100-BC-2 OU. The
100-BC-1 OU contains waste units associated with the original plan facilities constructed
to support B Reactor operation, as well as the cooling water retention basin systems for
both B and C Reactors. The 100-BC-2 OU contains waste sites associated with the
facilities to support C Reactor operations and other waste sites at 100 BC, including most

of the solid waste burial grounds.

Table 3-3 provides summary information of the status of waste sites for each OU. As of
December 3, 2009, 70 sites have been dispositioned according to the interim action ROD,
with another six estimated to be interim closed by spring 2010. An additional 40 sites
require no action (26 No Action and 14 Not Accepted). No Action indicates that the site
does not require any further remedial action under RCRA Corrective Action, CERCLA,
or other cleanup standards. While the Interim Closed Out remedial actions satisfied the

interim action RODs, they may not satisfy final ROD requirements. An additional

Vi
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26 sites (25 Accepted and one Discovery) remain to be dispositioned (Table 3-4). These
remaining sites are scheduled to be dispositioned by 2012. Only one waste site, 100-C-7,

has not been remediated.

Initial Evaluation

The primary sources of contamination in 100-BC are two water cooled nuclear reactors
(105-B and 105-C) and the structures (e.g., fuel storage basins) and processes
(e.g., sodium dichromate process) associated with reactor operations. The reactors and

processes associated with operations generated large quantities of liquid and solid wastes.

Solid wastes consisted of sludge, reactor components, and various other contaminated
items. Waste generated from reactor operations was contaminated with radionuclides,
hazardous chemicals, or both. Wastes released to the environment created secondary
sources of contamination where contaminants could be retained in the subsurface (vadose
zone) and released over long periods beneath ponds, ditches, and cribs; burial grounds;

and unplanned release sites.

Fluctuating river stage, leakage from retention basins, cribs, and trenches have influenced
the distribution of contaminants in the subsurface. Water mounding from leakage at these
facilities during operations was considered the greatest factor in the widespread
observation of groundwater contamination of hexavalent chromium (Cr (VI)), strontium-
90 (Sr-90), and tritium at 100-BC in the subsurface. Once discharges ceased in 1968, the
mound dissipated in the Hanford formation with preferential drainage mto the Columbia

River under the influence of the natural flow direction.

Conceptual Site Model

The Conceptual Site Model (CSM) is a site description that organizes the available
information and provides a summary of the site conditions. The CSM was developed to
depict what was known about the site history (including process history), level and
location of contamination, and information needed to support decisions about
remediation. The CSM was used to identify data and information gaps, establish data

needs, and design a field program to address the gaps.

Hexavalent chromium, tritium, and Sr-90 contamination has been detected at
concentrations above the water quality standards in the upper part of the unconfined

aquifer of 100-BC. The extent of contamination has not been defined spatially in all

viii



DOE/RL-2008-46-ADD3, REV. 0

locations, and the vertical distribution of contamination has not been fully characterized
throughout the aquifer. In addition, not all groundwater contaminants of potential concern

(COPCs) are routinely monitored.

The historical records show that dissolved Cr(VI) was primarily released into the
environment in two types of solutions: the stock solutions used to make reactor coolant,
and the reactor coolant itself. There are known releases of concentrated sodium
dichromate to the soil at 100-BC (Chapter 2), but the extent of the contamination in

groundwater is not well defined.

Groundwater upwelling sampling and analysis in the Columbia River channel was performed
in fall 2009, and follow up sampling is planned for early 2010. Preliminary results

indicate Cr(VI) levels above the ambient water quality criteria in the hyporheic zone.

Sr-90 was also present in solid waste disposed at various burial grounds, and
contamination appears to be limited to the upper part of the unconfined aquifer. The
plume may continue to persist in groundwater due to Sr-90 sorbed to soil within the

periodically re-wetted zone.

Tritium is present as a result of implementation of the P-10 Tritium Separation Project at
the 105-B and 108-B facilities. Tritium waste streams, in the form of decontamination
fluids, encapsulated tritium gas, and contaminated process equipment, were disposed

primarily to the 116-B-9 Crib, 118-B-1 Burial Ground, and 118-B-6 Burial Ground.

Work Plan Rationale and Tasks

Based on the previous information available and the current understanding of
contaminants at 100-BC, a list of data gaps (or statements of uncertainty) was identified
as presented in Table ES-1. Each data gap defines a need for information to reduce or

eliminate uncertainty to the degree needed to make a final cleanup decision.

The proposed field sampling locations are shown in Figure ES-2. Several ongoing
programs (e.g., facility demolition, waste site remediation, and river pore water sampling)
are also expected to provide data that will resolve many of the uncertainties identified for
100-BC. The Sampling and Analysis Plan (DOE/RL-2009-44, Sampling and Analysis
Plan for the 100-BC-1, 100-BC-2, and 100-BC-5 Operable Units Remedial
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Investigation/Feasibility Study®) identifies only those data collection activities that these
ongoing programs will not address. The RI/FS report developed for the 100-BC OUs will
take full advantage of data and information developed by ongoing groundwater
monitoring and remediation programs that are available during the development of the
report. The results of ongoing deactivation, decommissioning, decontamination, and
demolition, waste site interim remediation actions, and groundwater monitoring
activities, in addition to proposed investigations, will be used in the selection of final
remedies and will be incorporated into the RI/FS and proposed plan, which will lead to a

final ROD.

Project Schedule

The RI/FS and proposed plan are estimated to be complete by November 30, 2011, and
the ROD is estimated to be issued by April 30, 2012.

5 DOE/RL-2009-44, Sampling and Analysis Plan for the 100-BC-1, 100-BC-2, and 100-BC-5 Operable Units
Remedial Investigation/Feasibility Study, U.S. Department of Energy, Richland Operations Office, Richland,
Washington.
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Additional Data

Data Gap Collection
Data Gap No. Data Need Description Recommended? Scope of Work Justification
Verification data have not been 1 Verification data are needed Collect verification samples and monitoring as Yes Conduct verification sampling and monitoring as applicable during the 100-C-7 has been characterized to the depth
collected from 100-C-7 (after remediation) to complete  applicable to assess impacts to groundwater excavation of this waste site to the top of the unconfined aquifer. of the water table. Although this site has been
according to the IROD. interim remedial action at and the Columbia River. remediated to the depth of 4.6 m (15 f), soil
100-C-7. concentrations exceed interim remedial
action goals for protection of groundwater
and the Columbia River.
Data are needeq to refine the 2 Data are needed to assess the  Drill boreholes at select remediated waste sites. Yes Drill boreholes into remediated waste sites as shown in Figure 4-1. Characterization is needed to validate interim
CSM of contaminant distribution nature and vertical extent of Excavate test pits into select remediated waste Conduct test pit sampling at select remediated waste sites. Collectand  remedial action, including analysis for
beneath remediated waste sites. contamination beneath select  sites. Collect and analyze samples to assess analyze soil samples as described in the SAP (DOE/RL-2009-44). additional COPCs, and address uncertainty
remediated waste sites. the nature and vertical extent of contamination. Waste sites with proposed boreholes are 100-B-5, 116-B-5, 116-B-14, regarding the nature and extent of residual
116-C-5. and 118-B-6. contamination in the vadose zone.
Waste sites with proposed test pits are 118-B-8:3, 116-B-6B, and
116-B-9.
Conduct sampling to address Data Gap No. 7.
Data are needed to refjne_ the 3 Data are needed to determine  Drill boreholes around 105-B and 105-C to Yes Drill boreholes near the 105-B and 105-C reactors in locations shown in  The nature and extent of vadose zone
CSM of contaminant distribution the nature and vertical extent of assess the nature and vertical extent of Figure ES-1. Collect and analyze soil samples as described in the SAP  contamination associated with the reactors
beneath and around reactor the contamination in the vadose contamination in the vadose zone. (DOE/RL-2009-44). has not been defined.
structures. zone around the 105-B and i
105-C reactor Structures. Conduct sampling to address data gap No. 7.
The nature and extent of 4 Data are needed to identify Cr(VI), ritium, and Sr-90 contamination has Yes Install six new groundwater monitoring wells (details provided in text). Analyzing samples from new and existing

contamination in the unconfined
aquifer above cleanup standards
has not been defined in select
areas or for all COPCs.

groundwater contaminants and
define the extent of
contamination horizontally and
vertically.

been detected at concentrations above water
quality standards in the upper part of the
unconfined aquifer in 100-BC. The extent of
contamination has not been defined spatially in
all locations. The vertical distribution of
contamination has not been characterized. Not

all groundwater COPCs are routinely monitored.

Groundwater monitoring wells will be installed
and monitored to define the extent of
contamination.

Well 1: A well to create a shallow/deep pair to characterize and monitor
vertical distribution of contaminants.

Well 2: A well to define the contaminant plumes near the river, to be
placed southeast of the intake structure.

Well 3: A well placed to provide information on chromium and Sr-90
distribution within the unconfined aquifer in a cluster with existing wells
199-B3-47 (water table) and 199-B2-12 (RUM), and provide vertical
hydraulic gradient data. The well will be placed where the chromium
concentrations at the top of the aquifer are historically highest.

Well 4: A well west of the C Reactor to define the western extent of
contamination.

Well 5: A well in the southeastern corner of 100-BC to define the
southern extent of contamination.

Well 6: A well screened in the first water bearing unit within the RUM and
paired with Well C7665 to confirm the conditions of Well 199-B2-12,
which is screened in the RUM and has no contamination.

Sample new and existing monitoring wells for all groundwater COPCs.
Details are found in the SAP (DOE/RL-2009-44).Conduct sampling to
address Data Gap No. 7.

wells for all COPCs will provide data on the
nature and extent of groundwater
contamination. Groundwater quality data
collected during drilling of new wells will
determine how deep in the aquifer
contamination is present.

Xi
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Table ES-1. 100-BC Data Gaps

Additional Data

Data Gap Collection
Data Gap No. Data Need Description Recommended? Scope of Work Justification
The level of contamination 5 Data are needed to confirm Groundwater upwelling sampling and analysis Yes Collect groundwater upwelling (pore water) samples in the Columbia Additional sampling is needed to define the
entering the Columbia River is results of previous pore water  in the Columbia River channel was performed in River. Focus on sites where contamination was detected in previous nature and extent of contamination in the
not well known. sampling, to observe fall 2009, and follow-up sampling is planned for pore water sampling and where specific conductance indicates hyporheic zone.
concentration trends over time, early 2010. It is expected these data will provide groundwater upwelling (details provided in text and DOE/RL-2009-44).
and to pettgr define areas of addlt[onal |n5|_ght regarding contaminant Ie_vu_als Continue routine sampling of existing aquifer tubes per
contamination under the river. en@erm_ght.he t:lwi.)r_ and groundwater/river mixing DOE/RL-2000-59, Sampling and Analysis Plan for Aquifer Sampling
Data from the aquifer tube ritg)i:nof";ltjbitrell(t)g;: zone (upper 30.5 cm; Tubes, Rev. 1, or subsequent revisions.
network are needed to monitor ' . ' Install three new aquifer tube clusters to provide better coverage (details
concentrations over time and Evaluate additional methods (e.g., new rounds provided in text and DOE/RL-2000-59).
with depth near the river. of pore water samples in the fall of 2010,
horizontal aquifer tubes in the biotic zone) in
appropriate 100-BC locations to validate/update
the pore water sampling.
The fate and transport of 6 Only one well has been The RUM unit is currently considered an Yes Collect split spoon soil samples at total depth of 1.5 m (5 ft) into the These data are needed to confirm that the
contaminants beneath the completed within the RUM aquitard. The integrity of the aquitard unit and RUM from the new proposed wells (data gap No. 4), and the four new RUM is an aquitard beneath 100-BC and
unconfined aquifer has not been aquitard unit in 100-BC. Data potential transport within the aquitard has not wells (Wells C7505, C7506, C7507, and C7665) being installed per SAP  determine if water within the RUM is
evaluated over a sufficiently are not available to evaluate the been evaluated in 100-BC. Groundwater DOE/RL-2009-61, Sampling and Analysis Plan for Four Groundwater contaminated.
large area of 100-BC. integrity of the aquitard unit, or  monitoring wells will be installed to appropriate Monitoning Wells in the 100-BC Decision Unit.
fate.ang transport within the dﬁpths to_dgterrr;m}:a the fgte dand transport Drill one well (Well No. 6 from Data Gap No. 4) into the RUM to the first
aquitard. characteristics of the aquitard. water producing unit and collect soil and groundwater samples.
Sampling details are listed in DOE/RL-2009-44.
Data are needed for a better 7 Geological characterization, On select soil samples, estimate soil properties Yes Drill and sample soil and groundwater from proposed groundwater wells  Support fate and transport modeling and
understanding of physical, and hydraulic property and hydraulic properties, determine level of and boreholes (Data Gap No. 4). Details are found in the SAP examine the persistence of contaminants.
hydrogeological conditions, data are needed to support contamination, and perform batch and column (DOE/RL-2009-44).
aqut;f?r lnlgeract;‘or'l]s, ang Cr(VI) modeling and analysis. leach contact tests. Install one new well (Well No. 3) screened near the base of the
mobility through the vadose unconfined aquifer near existing Wells 199-B3-47 (water table) and
zone. 199-B2-12 (RUM). Collect soil and water samples throughout the
thickness of the unconfined aquifer and the top of the RUM. Install
pressure transducers in the three wells to obtain information about
vertical hydraulic gradients.
Install and monitor pressure transducers in selected other wells to
determine horizontal hydraulic gradient and vertical gradient using welis
installed as multi-depth pairs per Data Gap No. 4.
Conduct batch and column leach tests from soil samples collected at
100-C-7.
Data are needed to reduce the 8 Groundwater chemistry data are Obtain data that are spatially representative of Yes Collect and analyze groundwater samples from 18 groundwater Groundwater data are needed to address

uncertainty in spatial and
temporal distribution of
groundwater contamination.

needed to reduce uncertainty in
determining risks due to
groundwater contamination.

the area, representative of river stage influence,
and inclusive of all COPCs.

monitoring wells (see text) at three river stages (high, low, and uncertainties associated with the RCBRA.
transitional) to characterize the spatial and temporal extent of
groundwater contamination. Details are found in the SAP

(DOE/RL-2009-44).

Xii



Table ES-1. 100-BC Data Gaps

DOE/RL-2008-46-ADD3, REV. 0

Additional Data
Data Gap Collection
Data Gap No. Data Need Description Recommended?

Scope of Work

Justification

Notes:

DOE/RL-2009-44, Sampling and Analysis Plan for the 100-BC-1, 100-BC-2, and 100-BC-5 Operable Units Remedial Investigation/Feasibility Study.
DOE/RL-2000-59, Sampling and Analysis Plan for Aquifer Sampling Tubes, Rev. 1.

DOE/RL-2009-61, Sampling and Analysis Plan for Four Groundwater Monitoring Wells in the 100-BC Decision Unit.

COPC = contaminant of potential concern

CSM = conceptual site model

IROD = interim action record of decision

RCBRA = River Corridor Baseline Risk Assessment
RUM = Ringold Upper Mud

SAP = Sampling and Analysis Plan
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1 Introduction

This document is Addendum 3 to DOE/RL-2008-46, Integrated 100 Area Remedial Investigation/
Feasibility Study Work Plan. This addendum describes 100-BC and the planned efforts to conduct a
remedial investigation (RI) in support of a final record of decision (ROD) for the 100-BC Operable Units
(OUs). The 100-BC area includes the 100-BC-1 and 100-BC-2 Source OUs and the 100-BC-5 Groundwater
OU. The Integrated Work Plan (DOE/RL-2008-46) contains the planning elements that are common to all
the Hanford Site 100 Area source and groundwater OUs and a summary of the RI/Feasibility Study (FS)
tasks. Figure 1-1 shows the relationship between the RI/FS Work Plan and this addendum.

- Scope and Objectives

- Hanford Site Strategy - Hanford Site Overview - Preliminary ARAl'{s

- Integration of RCRA - Implementation History - Community Relations
Corrective Action into E Area.. Dfescr iptions - Data Evaluation
CERCLA - Preliminary Remedial Action - Assessment of Risk

Feasibility Study Process

Objectives

100 AREA
WORK PLAN

'

- Systematic Planning Process

' : '

100-D/H 100-K 100-BC 100-F/1U-2/1U-6 100-N
Addendum 1 Addendum 2 Addendum 4 Addendum 5
Addendum 3
- Conceptual Site Model - Data Needs - Project Schedule
- Environmental Setting - Treatability Studies - Vadose Zone Target Analytes
- Groundwater COPCs

- History of Operations

ARAR  applicable or relevant and appropriate requirement

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act of 1980
COPC contaminant of potential concern

RCRA Resource Conservation and Recovery Act of 1976

Figure 1-1. Relationship Between the Integrated Work Plan and Addenda

1-1
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This addendum was developed through interview sessions, workshops, and task team work organized
through the Systematic Planning Process with the participation of subject matter experts (SMEs).
The planning process was guided by the needs of the U.S. Department of Energy (DOE) and the

U.S. Environmental Protection Agency (EPA).

The following sections of the Integrated Work Plan (DOE/RL-2008-46) are included by reference:

e Assessment of Baseline and Residual Risks in the 100 Areas (Section 3.6)

e Preliminary Remedial Action Objectives (Section 4.1)

e Preliminary Remediation Goals (Section 4.2)

e Potential Applicable or Relevant and Appropriate Requirements (Section 4.3)
e Preliminary Remedial Actions (Section 4.5)

1.1 Scope

This addendum addresses the data and information needed to support groundwater and waste site
remediation investigations associated with the 100-BC OUs. The addendum also identifies a process to
address those needs significant to selection of a remedial action. Figure 1-2 shows the location of 100-BC
and its proximity to other 100 Area OUs.

Data gaps significant to making remediation decisions are addressed through additional data collection and
other investigations. Chapter 2 provides the background and environmental setting information necessary to
support the development of the conceptual site model (CSM) for 100-BC. Chapter 3 discusses the initial
evaluation and CSM components. The CSM is a useful tool to guide characterization and identify effective
remediation actions. A CSM is a representation of the site, which organizes the information available and
summarizes the site conditions. More importantly, a CSM can be used to identify data gaps and establish the
programmatic priority for sampling and testing hypotheses. Chapter 4 discusses the work plan rationale
and associated tasks. The general project schedule is included in Chapter 5.

The identification of data needs led to development of a sampling and analysis plan (SAP) that establishes
characterization activities specific to the 100-BC OUs. The SAP (DOE/RL-2009-44, Sampling and
Analysis Plan for the 100-BC-1, 100-BC-2, and 100-BC-5 Operable Units Remedial Investigation/
Feasible Study) includes a field sampling plan that provides the sampling strategy and techniques that will
be used to obtain the supplemental data required for the RI/FS. The SAP also provides a quality assurance
project plan (QAP)P) to ensure that collected data meet the appropriate quality assurance (QA) and
quality control (QC) requirements.

1.2 100-BC Remediation Accomplishments

Considerable amounts of environmental remediation and restoration activities have been completed and
are planned at the Hanford Site. These activities include characterization of groundwater plumes and their
potential sources, cleanup of the soil, and testing of new and alternative treatment methods specific to the
issues and contaminants on the Hanford Site. Information about the cleanup progress in general is in the
Integrated Work Plan (DOE/RL-2008-46), and cleanup activities specific to 100-BC 1s provided in
Chapters 2 and 3.

1-2
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2 Site Background and Environmental Setting

The Integrated Work Plan (DOE/RL-2008-46) provides an overview of regional geology, site
background, and environmental setting information common to the 100 Area. Chapter 2 of this
Addendum describes the background and environmental setting of 100-BC and provides descriptive
information regarding the facilities, waste sites, waste generating processes, and hydrogeologic
framework for 100-BC.

Information in this section primarily comes from WHC-SD-EN-TI-220, /00-B Area Technical Baseline
Report; WHC-SD-EN-RPT-004, Summary of 100 B/C Reactor Operations and Resultant Wastes,
Hanford Site; and other contemporary sources documenting interim remedial actions (e.g., Waste
Information Data System [WIDS]).

21 Environmental Setting

Numerous environmental, geologic, and hydrogeologic investigations have been conducted in 100-BC.
The following sections summarize the findings of these investigations and the factors that affect
contamination impacts at the Hanford Site. The environmental setting dictates much of the behavior of
contamination within and through the vadose zone and groundwater.

211 Topography

Much of the surface and subsurface of the topography of 100-BC is relatively flat inland from the
Columbia River. The area has been disturbed and graded extensively by human activity since reactor
construction began in the 1940s through present day waste site remedial activities. The surface elevations
range from approximately 149 m (490 ft) above mean sea level at the southern border to 131 m (430 ft)
near the river. The surface topography changes are greatest near the Columbia River where the riverbank
slopes steeply (10:1 grade) to the river shoreline and drops approximately 9 m (30 ft) from the edge of the
terrace toward the river to an elevation of approximately 122 m (400 ft).

Significant topographic features near 100-BC include Gable Butte to the south as well as an extensive
gravel beach that is exposed along the north boundary of the area along the Columbia River during
periods of low river stage. On the upstream end of the area, the bank is less steep and broadens into a
gently sloping (50:1 grade), 150 m (492-ft) wide shoreline (PNL-8143, Fiscal Year 1991 Report on
Archaeological Surveys of the 100 Areas, Hanford Site, Washington).

21.2 Geology

The following information specific to 100-BC is mainly summarized from WHC-SD-EN-TI-133,
Geology of the 100-B/C Area, Hanford Site, South-Central Washington.

The 100-BC area is underlain by Miocene (approximately 17 to 8.5 million years before present) basalt of
the Columbia River Basalt Group and late Miocene to Pleistocene (approximately 10.5 million to

12,000 years before present) suprabasalt sediments. The Columbia River Basalt Group is greater than
3,000 m (9,800 ft) thick. The suprabasalt sediments are over 184 m (600 ft) thick.

Most of this sedimentary sequence can be divided into two main units important to understanding
contaminant fate and transport: the Ringold Formation (Fm) of late Miocene to middle Pliocene age
(approximately 10.5 million to 3 million years before present) and the Hanford formation of Pleistocene
to Recent age (approximately 1 million to 12,000 years before present). The Hanford formation and upper
sections of the Ringold Fm Unit (Unit E) constitute the vadose zone at 100-BC. Holocene surficial
deposits of silt, sand, and gravel form the veneer at the surface. Figure 2-1 shows the generalized
stratigraphy of 100-BC.
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Generalized Hydrogeology of the 100 Area
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Figure 2-1. Stratigraphy and Hydrogeologic Units of 100-BC

2.1.2.1 Ringold Formation

The Ringold Fm beneath 100-BC contains most of the units commonly encountered elsewhere at the
Hanford Site. The fluvial gravel and sand units A, B, C, and E (in ascending order) are present and
interbedded with fine grained lacustrine and fluvial overbank deposits and paleosols. All of these units are
penetrated by Well 199-B3-2, a well in the northeastern corner of 100-BC that was decommissioned in
the 1990s, shown on Figure 2-2. All the 100-BC wells and their associated boreholes are listed in

Table 2-1, with construction details. The Ringold Fm is approximately 198 m (650 ft) thick at this
location. The Ringold Fm is much thinner (21 m [70 ft]) at Well 699-63-89, approximately 4 km (2.5 mi)
to the southwest.

The deepest Ringold Fm Unit (Unit A) is approximately 18 m (60 ft) thick in Well 199-B3-2 and consists
of sandy gravel, sand, and sandy silt. The Ringold Fm Lower Mud overlies Unit A. It is approximately
44 m (143 ft) thick and consists primarily of silt and clay.

2-2
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Figure 2-2. Locations of Select Wells and Boreholes
Significant to Geologic Understanding

Table 2-1. Wells and Boreholes in 100-BC

Drill Completion Drilled Depth
Well Identifier Well Name Date (ft) Status
A4550 199-B2-12 05/28/1992 178.8 In Use
A4551 199-B2-13 03/24/1992 40 In Use
A4552 199-B3-1 04/13/1953 63 In Use
A9505 199-B3-2 09/21/1953 790 Decommissioned
A9825 199-B3-2P 09/21/1953 790 Decommissioned
A9808 199-B3-2Q 09/21/1953 790 Decommissioned
A4553 199-B3-46 02/28/1992 66.77 In Use
A4554 199-B3-47 06/23/1992 61 In Use
A4555 199-B4-1 02/23/1949 90 In Use
A5539 199-B4-2 02/28/1949 90 Decommissioned
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Table 2-1. Wells and Boreholes in 100-BC

Drill Completion Drilled Depth

Well identifier Well Name Date (fe) Status
A4556 199-B4-3 02/23/1949 91 Decommissioned
A4557 199-B4-4 09/13/1960 105 In Use
A4559 199-B4-8 02/21/1992 90.4 In Use
A4560 199-B4-9 05/28/1992 92.8 Decommissioned
A4561 199-B5-1 08/31/1962 151 In Use
A4562 199-B5-2 06/23/1992 75 In Use
A4563 199-B8-6 07/08/1992 91 In Use
C5671 199-B8-7 07/23/2007 92 Candidate for Decommissioning*
C5672 199-B8-8 08/02/2007 112 Candidate for Decommissioning*
A4564 199-B9-1 07/10/1952 117 Decommissioned
A4565 199-B9-2 06/15/1992 118 in Use
A4566 199-B9-3 06/09/1992 109 In Use
AB956 699-63-89 04/11/1973 220 Decommissioned
A5302 699-65-72 Not available 216 In Use
A5303 699-65-83 04/30/1967 121 In Use
A5311 699-66-91 05/31/1973 190 In Use
A5313 699-67-86 10/09/1962 467 In Use
Ab322 699-71-77 09/10/1962 300 In Use
A5323 699-72-73 09/20/1961 200 In Use
C49047 C4947 08/09/2005 96 Decommissioned

* To be decommissioned prior to additional work at the 100-C-7 waste site.

Two intervals of silty to gravelly sand are intercalated with muddy sediments. The two sandy intervals
(2.4 and 1.8 m [8 and 6 ft]) probably correlate with Ringold Fm Unit B. Unit B is thicker and better
developed in the northeast and pinches out to the southwest.

Ringold Fm Unit C overlies Ringold Fm Unit B and its associated muds. It is predominantly a coarse
grained series of silty sand to sandy gravel. In Well 199-B3-2, Unit C is approximately 34 m
(113 ft) thick.

Muddy deposits that directly overlie Unit C are informally termed the Ringold Fm Upper Mud (RUM)
Unit. Few of the wells in 100-BC reached this unit in depth, and only Well 199-B3-2 penetrated it fully.
In that well, the RUM Unit is approximately 34 m (110 ft) thick. The top of the RUM Unit is at an
elevation of 88 m (290 ft) above mean sea level in Well 199-B3-2 and in other wells in the eastern
100-BC that were drilled to the top of the unit. One new borehole in western 100-BC, C7505 (199-B5-5)
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encountered the RUM Unit at the lower elevation of 73 m (240 ft) above mean sea level, approximately
15 m (50 ft) deeper than anticipated.

The uppermost unit of the Ringold Fm in 100-BC is Ringold Fm Unit E, which comprises predominantly
sandy gravel. This unit is approximately 30 m (100 ft) thick at well 199-B3-2.

2.1.2.2 Hanford Formation

The Hanford formation ranges in thickness from more than 30 m (100 ft}) in the southern and southeastern
portions of 100-BC to less than 15 m (50 ft) near the Columbia River (WHC-SD-EN-TI-133). The Hanford
formation is an unofficial designation that consists of gravel, sand, and silt deposited by cataclysmic flood
waters that drained out of glacial Lake Missoula during the Pleistocene age (DOE/RW-0017, Draft
Environmental Assessment: Reference Repository Location Hanford Site, Washington).

The Hanford formation is divided into three facies: (1) gravel dominated, (2) sand dominated, and (3) silt
dominated (DOE/RL-2002-39, Standardized Stratigraphic Nomenclature for the Post-Ringold-Formation
Sediments Within the Central Pasco Basin). While the gravel dominated facies are observed throughout
100-BC, the sand dominated facies were observed locally and cannot be correlated between boreholes.
Silt dominated facies are not significant in 100-BC.

The Hanford formation is characterized by large to very large, cobble to boulder size clasts in open
framework gravels that include discrete sand lenses with minor to no silt and clay material. The grains
typically are sub-round to round gravel and sub-angular to round in the sand grain fraction. The gravel
dominated facies typically are well stratified and contain little to no cementation (WHC-SD-EN-TI-132,
Geologic Setting of the 100-HR-3 Operable Unit, Hanford Site, South-Central Washington). Boulder
gravel in the upper 6 to 15 m (20 to 50 ft) demonstrates the high energy depositional environment created
during the Missoula Floods (Hanford formation). These deposits prove difficult to penetrate by drilling
activities (WHC-SD-EN-TI-133).

2.1.2.3 Hanford/Ringold Contact

The Hanford formation generally is more transmissive and permeable than the Ringold Fm, and the contact
between the two formations potentially affects contaminant transport in the vadose zone and groundwater.
The Hanford formation is often difficult to differentiate from the Ringold Fm Unit E. Differentiation
between the different geologic units is based on characteristics such as a basalt clast content, gravel
content, coloration, and cementation. The Hanford formation typically is less cemented than the Ringold Fm
and has greater gravel content. Hanford formation gravels may display salt-and-pepper and gray coloring,
while Ringold Fm gravels are generally more oxidized and reddish-brown to yellow-red in color.

Because of the boulders and cobbles found in the Hanford formation and Ringold Fm Unit E, drilling of
many wells was accomplished by “hard tooling” with a cable tool drilling rig to ensure reaching the
desired depth. This method pulverizes the gravel and may wash away fine grained sediment, making it
difficult to log the characteristics that could otherwise differentiate the two formations. Therefore, the
Hanford/Ringold contact has not been determined in many boreholes because of poor preservation of
these characteristics during borehole drilling.

The contact between Ringold Fm Unit E and the Hanford formation is important because the saturated
hydraulic conductivity for the gravel dominated sequence of the Hanford formation is one to two orders
of magnitude higher than the more compacted and locally cemented Ringold Fm Unit E. A higher
hydraulic conductivity allows for an increased flow of groundwater through the material than in those
with lower conductivity. Because hydraulic conductivity varies with the formation, different groundwater
level responses may occur where channels now filled with the Hanford formation have been scoured into



DOE/RL-2008-46-ADD3, REV 0

the Ringold Fm Unit E. These buried channels could become preferential pathways for contaminated
groundwater during high river stages (PNNL-14702, Vadose Zone Hydrogeology Data Package for
Hanford Assessments).

2.1.2.4 Surface Deposits

Recent localized surficial deposits and backfill overlie the Hanford formation and the Ringold Fm.

These Holocene surficial deposits consist of silt, sand, and gravel that form a thin (less than 4.9 m [16 ft])
veneer across much of the Pasco Basin. These sediments were deposited by a mix of eolian and alluvial
processes during the past 10,000 years.

2.1.3 Hydrogeology

Liquid waste, including radionuclides and hazardous chemicals, has been discharged to the surface and
subsurface in 100-BC. A portion of these contaminants has reached groundwater. An understanding of
groundwater flow is necessary to monitor groundwater properly, track the spread of these contaminants,
and evaluate remedial actions.

Between 1949 and 1962, eight wells (199-B3-1, 199-B3-2, 199-B4-1, 199-B4-2, 199-B4-3, 199-B4-4,
199-B5-1, and 199-B9-1 [Figure 2-2]) were completed at 100-BC (DOE/RL-90-08, Remedial
Investigation/Feasibility Study Work Plan for the 100-BC-5 Operable Unit, Hanford Site, Richland,
Washington). The deepest well (199-B3-2) was drilled to 241 m (790 ft) below ground surface (bgs). This
is the only well at 100-BC to penetrate the surface of the basalt unit. Other 100-BC wells were
constructed so that the screened interval was installed near (just below) or across the unconfined aquifer
at the groundwater interface. In general, these wells are completed at approximately 30 m (100 ft) bgs.
Data collected from these well borings are used to discuss the hydrogeology of 100-BC in this section.

In 100-BC, the groundwater system comprises several hydrostratigraphic units. From shallowest to
deepest, these include the following:

e Vadose (unsaturated) zone: depending on location, the vadose zone may include either the Hanford
formation gravels or the Ringold Fm Unit E gravels. The vadose zone is 2 m to 30 m (6.5 ft to 98 ft)
thick beneath 100-BC.

¢ Unconfincd aquifer: predominantly Ringold Fm Unit T gravcls.
¢ Uppermost aquitard: RUM Unit.

® Series of confined and semiconfined aquifers in the Ringold Fm (Units C, B, and A), separated by
fine grained deposits (overbank and paleosol).

¢ Basalt aquitard and basalt-confined aquifers (the shallowest of which is the Rattlesnake
Ridge interbed).

The unconfined aquifer is composed primarily of the Ringold Fm Unit E. Aquifer thickness ranges from
33.5m (110 ft) near the river to 48 m (157 ft) in new Well 199-B5-5. Near the Columbia River, the water
table rises into the overlying Hanford formation where the Ringold Fm Unit E has been eroded
(WHC-SD-EN-TI-133) during periods of high river stage. Below the unconfined aquifer, the Ringold Fm
consists of a series of aquitards and water bearing zones. The low permeability of the RUM Unit provides
the characteristics needed to define the base of the unconfined aquifer. The RUM Unit is encountered at
elevations ranging from 72.5 to 88.4 m (238 to 290 ft) above mean sea level.

The hydrogeology of 100-BC reflects the interactions among surface water (Columbia River),
groundwater (unconfined to confined aquifers), and the vadose zone. Of key importance is the
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Columbia River, which has played a major role in the depositional and erosional processes that helped to
produce the sediment and geologic features at 100-BC. Groundwater flow directions and gradients are
highly dependent on river stage, with greater effects near the river. Diminished gradient effects are
delayed, diminishing effects up to several hundred meters from the shoreline. These gradients affect both
the short term and long term movement of contaminants to the river.

Although the long term net transport of contaminants in groundwater is toward the river, groundwater
movement toward the river is impeded or reversed during high river stage as river water infiltrates the
near-river groundwater as bank storage. During these high river stage (spring) conditions, groundwater
contaminants are displaced inland by river water, and contaminant discharge to the river is reduced.

Groundwater elevations range over 1.8 m (6 ft) near the river, while inland the range is diminished to
approximately 0.4 m (1.3 ft). This range is largely due to the effects of river stage. Groundwater data have
been collected from the 100-BC groundwater monitoring wells and aquifer tubes during quarterly to
biennial monitoring events for more than 10 years. Figure 2-3 shows the current groundwater monitoring
well and aquifer tube locations (DOE/RL-2008-01, Hanford Site Groundwater Monitoring Report for
Fiscal Year 2007). Appendix A shows decommissioned groundwater monitoring wells.

River data are collected from a Columbia River gauge installed at 100-BC. These data were compared
with water table elevation data that had been continuously recorded at wells 199-B3-1, 199-B4-1,

and 199-B4-4 (DOE/RL-93-37, Limited Field Investigation Report for the 100-BC-5 Operable Unit)
(Figure 2-2 shows well locations). While river stage effects are observed in Well 199-B3-1 (near the
river), no relationship between river stage and water table levels is apparent for 199-B4-1 and 199-B4-4,
located near the B Reactor (DOE/RL-93-37).

The water table depth at 100-BC ranges from approximately 12 m (40 ft) at the north to approximately
30 m (100 ft) at the southern margins. Based on these depths, the water table elevation is estimated at
approximately 120 m to 122 m (395 ft to 401 ft) above mean sea level, as presented in Figure 2-4
(DOE/RL-2008-66, Hanford Site Groundwater Monitoring Report for Fiscal Year 2008). The water table
1s located in the Ringold Fm across most of the site. Near the river, the water table may extend into the
overlying Hanford formation.

2.1.3.1 Groundwater Flow

The unconfined aquifer is of most immediate concern regarding potential risk to humans and aquatic
receptors from groundwater contamination. Groundwater flows away from the reactor areas toward the
river with low river stage groundwater discharges observed as shoreline seeps. Generally, 100-BC
groundwater flow in the unconfined aquifer is to the north, toward the Columbia River, as shown in
Figure 2-4 and Figure 2-5 (WHC-EP-0394-5, Groundwater Maps of the Hanford Site, June 1992,
DOE/RL-2008-01).

The groundwater in 100-BC flows as follows:

e Groundwater enters 100-BC primarily from the west (A), where the Columbia River provides partial
recharge to groundwater, and from Gable Butte (B) and Gable Gap (C).

¢ Groundwater flows northward from the reactor areas (D) toward the Columbia River, with some
discharge occurring at seeps along the shoreline. During high river stage, recharge occurs from the
Columbia River as indicated by a much shallower gradient and reversed flow direction (E).

When river stage is high, the flow direction periodically shifts toward the southeast (PNNL-14287, Data
Quality Objectives Summary Report — Designing a Groundwater Monitoring and Assessment Network for
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the 100-BC-5 and 100-FR-3 Operable Units). The aquifer is characterized by approximately 30 m (100 ft)
of coarse grained fluvial sediment. The water table defines the top of the unconfined aquifer. The typical
water table elevation varies from approximately 122 m (399 ft) in the southern portion of 100-BC to
about 120 m (393 ft) near the river (Figure 2-4).
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Figure 2-5. lllustration of 100-BC Groundwater Flow Patterns

2.1.3.2 Hydraulic Gradients

Hydraulic gradients and flow directions change over various time scales and magnitudes based on
changes in river stage. River stage is primarily a function of controlled releases from the Priest Rapids
Dam upstream of the Hanford Site. Diurnal fluctuations range up to 1.5 m (5 ft) based on hourly
variations in water release rates, which are controlled by the Priest Rapids Dam (WASH-1538,
Environmental Statement Waste Management Operations: Hanford Reservation Richland, Washington).
River stage fluctuates seasonally up to approximately 3 m (10 ft). Similar to the other 100 Area reactor
sites, the flow directions and gradients at 100-BC are highly influenced by fluctuations in river stage near
the shoreline. The delayed effects of river stage fluctuations are more than 900 m (3,000 ft) inland
(WHC-EP-0394-5). Wells discussed in this section are shown in Figure 2-2 and Appendix A.

The hydraulic gradient is relatively low in the southern portion of 100-BC (DOE/RL-2008-66). During
low river stage, groundwater flows toward the Columbia River. During high river stage, groundwater
gradients in the near river area are generally away from the river. Further, hydraulic gradients are directly
affected by seasonal, deep percolation of precipitation and rapid snow melt; river stage; upward leakage
from deeper groundwater systems; and lateral flow of the unconfined aquifer from elsewhere at the
Hanford Site. During high river stage, the vertical hydraulic gradients near the river are generally
downward, and during low river stage, vertical hydraulic gradients are generally upward. The magnitude
of vertical hydraulic gradients inland in 100-BC have not been evaluated.

In March 2008, relatively steep gradients were observed near the river (DOE/RL-2008-66) in the western,
eastern, and northern regions of the Hanford Site. Shallower gradients extend in a broad arc from 100-BC
eastward to the southeastern portion of the 100-F Area. The steeper gradients likely are related to the

water table’s presence in the Ringold Fm (lower permeability than the Hanford formation) compared with
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shallower gradients of the Hanford formation, where the water table is present in the Hanford formation
(DOE/RL-2008-01).

The Ringold Fm uppermost confined aquifer occurs within a water bearing zone of the upper paleosols
and overbank deposits (RUM). Water level elevation data collected during the 1993 limited field
investigation (LFI) (DOE/RL-93-37) indicate the hydraulic potential is generally upward between
monitoring well 199-B2-12 (screened in this water bearing unit of the RUM) and adjacent shallow
monitoring well 199-B3-47 (screened in the upper portion of Unit E). However, during low river stage, a
slight downward potential was observed. At this time, the water level elevation in Well 199-B2-12 ranged
from 0.02 m (0.07 ft) lower to 0.77 m (2.5 ft) higher than in Well 199-B3-47 (DOE/RL-93-37). While
piezometers 199-B3-2P and 199-B3-2Q were completed and screened in the Ringold Fm Unit and the
Saddle Mountain Basalts, respectively, water level data from these wells sometimes were identical.

This suggested leakage across the well seal material (cement) between the two piezometers (PNL-6894,
Procedures for Ground-Water Investigations). Therefore, their water level data were not dependable for
estimating the vertical hydraulic gradient.

Additional data are needed to provide further characterization of the vertical gradient between geologic
units at 100-BC.

2.1.3.3 Hydrogeologic Characteristics

Data were collected from boreholes and wells across the 100 Area to provide area wide physical
properties data for characterization and to initiate cleanup planning (DOE/RL-93-37). Twelve soil
samples collected from four depths in wells 199-B3-47, 199-B4-9, and 199-B9-2 were analyzed for bulk
density, particle size distribution, moisture content, moisture retention, saturated hydraulic conductivity,
and unsaturated hydraulic conductivity at 10 percent moisture content after full saturation. However, the
analytical results were recognized as potentially biased toward finer grained sediment because of the
influences of the cable tool sampling methods used.

2.1.3.4 Hydraulic Conductivity

In 1988, slug tests were conducted using methodology described in Bouwer and Rice, 1976, “A Slug Test
for Determining Hydraulic Conductivity of Unconfined Aquifers with Completely or Partially Penetrating
Wells™ at several wells across 100-BC. Data from Wells 199-B2-12, 199-B2-13, and 199-B3-46 (well
locations shown in Figure 2-2) were used to calculate representative hydraulic conductivity. Based on the
test results, hydraulic conductivity values were estimated at 0.0007 to 0.002 cm/s (2 to 6 ft/day) for deep
well borehole 199-B2-12, completed in the confined Ringold Fm aquifer. Hydraulic conductivities in the
unconfined aquifer were calculated to be 0.02 cn/s (50 ft/day) in well 199-B2-13 and 0.005 cm/s

(15 ft/day) in well 199-B3-46 (WHC-SE-EN-TI-023, Hydrologic Information Summary for the Northern
Hanford Site).

Calculations of vertical hydraulic conductivity from well boreholes 199-B2-12, 199-B4-9, and 199-B9-2
(Appendix A, BC Reactor Area Map) indicate a range of 0.0001 to 0.0004 cr/s (0.4 to 1.2 ft/day) for the
Hanford formation. Soil from the same wells indicated vertical hydraulic conductivity at an estimated
average of 0.0002 to 0.0006 cm/s (0.7 to 1.7 ft/day) for the Ringold Fm at 100-BC (DOE/RL-93-37).
However, the actual vertical hydraulic conductivities were predicted to be higher than those calculated
from laboratory data because the cable tool sampling methods tend to bias sample material toward the
finer grained scale.

2.1.3.5 Recharge and Discharge

Shallow groundwater beneath 100-BC receives recharge from the river along reaches to the north and
northwest (DOE/RL-2008-66). Additional recharge may occur by deep percolation of precipitation and
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rapidly melting snow, upward leakage from deeper groundwater systems, and lateral flow of unconfined
groundwater from elsewhere at the Hanford Site. The volumes and durations of such discharge are not
quantified (DOE/RL-93-37).

Past liquid disposal resulting in groundwater mounding affected groundwater flow and potentially,
contaminant transport. Drainage into vadose zone soils in areas of former high liquid waste discharge
sites may still be occurring, although the drainage rate would be much lower than under higher moisture
content conditions that were present during reactor operations.

2.1.4 Environmental Resources

Environmental resources are widespread across the Hanford Site, with significant cultural and historical heritage
resources established from the riverfront environment to the ridge tops (DOE/EIS-0119F, Addendum (Final
Environmental Impact Statement): Decommissioning of Eight Surplus Production Reactors at the Hanford Site,
Richland, Washington). The Hanford Reach National Monument was formed to place high priority on
shrub-steppe community habitat maintenance and enhancement for native species throughout the Monument.
Washington State has designated shrub-steppe communities as priority habitat because of their significance to a
number of wildlife species and the scarcity of this habitat type. In addition, the U.S. Department of the Interior
has identified native shrub and grassland steppe in Washington and Oregon as an endangered ecosystem.

2.1.4.1 Flora

Before regulation of river flows by dams, trees were generally not found along the Columbia River
shoreline habitat, with the exception of small willows and a few juniper trees near 100-BC and other river
shorelines. The most common tree to establish itself along the shoreline is mulberry (PNNL-6415,
Hanford Site National Environmental Policy Act [NEPA] Characterization).

Large tracts of land adjacent to 100-BC that were farmed are now dominated by stands of cheatgrass.
Despite these old fields, many locations on the Hanford Site are relatively free of non-native species and
are extensive enough to retain characteristic populations of shrub-steppe plants and animals. Unaffected
areas support desert shrubs and drought resistant grasses and forbs. The predominant plant community at
100-BC is sagebrush/Sandberg’s bluegrass/cheatgrass. Other shrub communities are dominated by
bitterbrush, hopsage, and rabbitbrush (PNNL 6415). A relatively narrow riparian zonc supports grasscs,
sedges. and scattered deciduous shrubs and trees such as willow. mulberry. and Siberian elm.

No plant species on the Hanford Site are currently listed as threatened or endangered under the Endangered
Species Act of 1973. Several plant species listed as threatened or endangered by Washington state, including
the awned halfchaft sedge (Lipocarpha aristulata), grand redstem (Ammannia robusta), lowland toothcup
(Rotala ramosior), and persistentsepal yellowcress (Rorippa columbiae), are restricted to wetlands in the
riparian zone of the Columbia River, such as may be found in or near 100-BC (PNNL-6415 Rev. 18).

2.14.2 Fauna

General 100 Area fauna are described in Chapter 2 of the Integrated Work Plan (DOE/RL-2008-46). No
other fauna specific to 100-BC have been identified.

2.1.4.3 Critical Habitats

No plant species on the Hanford Site are currently listed as threatened or endangered under the
Endangered Species Act of 1973 (16 USC 1531, et seq.). Several plant species listed as threatened or
endangered by Washington State, including the awned halfchaff sedge (Lipocarpha aristulata), grand
redstem (Ammannia robusta), lowland toothcup (Rotala ramosior), and persistent sepal yellowcress
(Rorippa columbiae) are restricted to wetlands in the riparian zone of the Columbia River, such as may be
found in or near 100-BC (PNNL-6415).
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Two species of federal listed endangered fish, the Upper Columbia River spring-run Chinook salmon and the
steelhead, occur in the Hanford Reach. The spring-run Chinook salmon do not spawn in the Hanford Reach,
but use it as a migration corridor. Steelhead spawning has been observed in the Hanford Reach. The bull trout
is listed as threatened by the National Marine Fisheries Service, but is not considered a resident species and
is rarely observed in the Hanford Reach (DOE/RL-2005-40, 100-B/C Pilot Project Risk Assessment Report).

2.1.5 Human Resources

Some of the most important archaeological sites in the region are located at the Hanford Site. These sites
are listed on the National Register of Historic Places (NRHP) as individual sites or as archaeological
districts. Cultural, environmental, and historical information of the 100 Area is provided in detail in the
Integrated Work Plan (DOE/RL-2008-46). To understand impacts to cultural resources and to reduce the
need to perform extensive reviews on highly disturbed areas, disturbance maps and reports have been
completed for 100-BC (PNNL-6415). Information specific to 100-BC is included in this section.

Restricted access to the Hanford Site has facilitated the preservation of these sites. Furthermore,
hydroelectric and agricultural development have not destroyed these culturally significance sites, as has
been experienced elsewhere in the Columbia River Basin. In addition, other natural resources and sacred
sites important to the Native American communities with ancestral ties to the Hanford Site have been
preserved (PNL-9785, Data Compendium for the Columbia River Comprehensive Impact Assessment).
Through the Cultural Resources Review process, DOE/RL, river corridor closure contractor cultural
resource specialists, Tribal Nation representatives, and project and site planners work together to protect
resources important to the Native American community and other interested parties.

2.1.5.1 Prehistoric Archaeological Resources

A high density of archaeological resources is associated with the Native American cultural landscape in
100-BC. Three are located partially within 100-BC, and 35 have been recorded within the immediate
vicinity of 100-BC during archaeological surveys completed during 1995 (PNNL-6415).

Several archaeological sites (45BN447, 45BN446, and 45BN 1422) located near 100-BC have been
investigated. Test excavations conducted in 1991 at archaeological site 45 BN447 revealed large quantities of
deer and mountain sheep bone and projectile points dating from 500 to 1,500 years ago. Archaeological site
45BN446 is considered eligible for listing in the NRHP partially because it may contain new information about
the Frenchman Springs and Cayuse Phases of mid-Columbia prehistory. Data recovery efforts conducted at
archaeological site 45BN1422 in 2006 documented a discrete activity area (dating between approximately 2,860
and 2,450 years ago) marked by three interrelated features associated with freshwater mussel shell processing.

Farther downriver, as recorded in 1968, site 4SBN118 consisted of 18 to 24 housepits and associated artifacts
including cobble tools and hopper mortars. The site was considered a large, open air camp or village. It
was determined that this site was a contributing element to the Savage Island Archaeological District,
listed on the NRHP in 1976. By 1989, surface evidence of the housepits was lacking, but fire-cracked
rock, a few flakes, anvil stones, bits of fish and mammal bones, and mussel shell fragments were observed
in an area extending along the shoreline. The shell layers were described as extending from 1 m (3.2 ft) to
over 2 m (6.4 ft) below the surface (PNL, 1989, Archaeological Site Monitoring Form: 45BN118). By 2001,
grasses and bushes had grown over the site to the extent that only two possible housepits were located, with
none of the previously recorded artifacts observed (PNNL, 2001, Archaeological Site Form: 45BN118).

2.1.5.2 Cultural Resources

Many sites related to hunting and religious activities are located at the west end of Gable Butte.
These sites are associated with the Gable Mountain-Gable Butte Cultural District (PNNL-6415).
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Three sites associated with early settlers, the Fry and Conforth Farm, Bruggerman’s Warehouse, and the
Coyote Rapids Hydroelectric Pumping Plant—all of which are eligible for listing on the NRHP
(PNNL-6415), are located in 100-BC.

Historic archaeological resources include the remains of Haven Station, a small stop on the former
Chicago, Milwaukee, St. Paul, and Pacific Railroad, located to the west of 100-BC. The only structure
associated with the Early Settlers/Farming landscape in 100-BC is the Hanford Irrigation and Power
Company pumping plant built at Coyote Rapids during 1908 and located east of 100-BC.

2.1.5.3 Cold War Resources

The 105-B Reactor was the world’s first full scale plutonium production reactor and is recognized as a
National Historic Mechanical Engineering Landmark by the American Society of Mechanical Engineers
(1976), a Nuclear Historic Landmark by the American Nuclear Society (1993), and a National Civil
Engineering Landmark by the American Society of Civil Engineers (1994). The B Reactor has been listed
on the NRHP since 1992, and was recorded by the Historic American Engineering Record (HAER) in
2000. It was named a National Historic Landmark in 2008 (PNNL-6415). Conversion of the facility into a
public museum with an interpretive center is planned.

HAER documentation of the B Reactor was completed in 1999 (DOE/RL-2001-16, Historic American
Engineering Record B Reactor (105-B Building) HAER No. WA-164). Fourteen buildings and structures
within the reactor area have been recorded on historic property inventory forms. Of that number, the
following ten were selected as representative examples of buildings and structures eligible for the NRHP
as contributing properties within the Historic District and recommended for individual documentation:

e 104-B-1 Tritium Vault

e 104-B-2 Tritium Laboratory

e 105-B Reactor

e 105-B-Rod Tip Cave

e 116-B Reactor Exhaust Stack

e 117-B Exhaust Air Filter Building
e 118-B-1 Solid Waste Burial Trench
o 181-B River Pump House

e 182-B Reservoir

¢ Pump House

An assessment of the contents of the B Reactor was conducted to locate and identify Manhattan Project
and Cold War era artifacts that may have interpretive or educational value in potential exhibits.
Thirty-nine industrial artifacts were identified and tagged, with many displayed as interpretive exhibits in
the reactor building. Tagged artifacts from the D and F Reactors were transferred to the B Reactor for
display as interpretive exhibits (PNNL-6415).

2.2 100-BC OUs - Overview

The 100-BC area is located in the northern portion of the Hanford Site adjacent to the Columbia River
(Figure 1-2). It covers more than 11.54 km® (4.45 mi®) of land along the southern shore of the Columbia
River. The river stretch along 100-BC is a part of the Hanford Reach National Monument, which is an
important ecological, cultural, historical, and recreational resource. Background information for this area
includes the known hydrogeologic information; past operational history of the facilities (with an emphasis
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on disposal operations); source remedial actions and their effectiveness; and the results of any treatability
and characterization studies.

For remediation purposes, 100-BC is also divided into source and groundwater OUs. Appendix A
presents maps of the facilities and source sites. Ninety-five waste sites are assigned to the 100-BC-1 OU,
and 55 sites are assigned to the 100-BC-2 OU. The 100-BC-1 OU contains waste units associated with the
original plan facilities constructed to support B Reactor operations, as well as the cooling water retention
basin systems for both B and C Reactors. The 100-BC-2 OU contains waste sites associated with the
facilities to support C Reactor operations and other waste sites at 100 BC, including most of the solid
waste burial grounds. The 100-BC-1 and 100-BC-2 OUs address source contamination associated with
liquid, solid, and unplanned release waste sites. The 100-BC-5 groundwater OU generally comprises the
groundwater near 100-BC affected by contaminant releases. A final ROD has not yet been developed for
the 100-BC OUs, and active groundwater remediation has not occurred.

2.21 B and C Reactor History and Description

The 105-B and 105-C Reactors were the focus of production activities. The two reactors were supported
by multiple facilities associated with services for water treatment, air filtration, nuclear fuel handling,
effluent disposal, and laboratories, with various other administrative buildings (WHC-SD-EN-TI-220).

The B Reactor construction, which started in March 1943, was completed in 13 months. After
comprehensive equipment testing, the reactor was first activated in September 1944. Figure 2-6 shows the
B Reactor during its production period in 1944. This reactor was the first of three original Hanford
reactors built during World War II as part of the Manhattan Project, with a primary mission of building an
atomic bomb. The design, operation, and waste management process at the B Reactor was the first of its
kind in practice. The original Hanford reactors represented the basis for subsequent reactor design and
conduct of operations, especially with regard to handling radioactive materials and waste management.

Figure 2-6. Northeastern Aerial View of the B Reactor in 1944

After its war-time production, the B Reactor was thought to be nearing the end of its effective operational
life because of growth and distortion of its graphite core. From March 1946 to June 1948, the reactor was
taken offline to preserve its capability. Subsequent improvements in processes and technologies allowed
the restart of the reactor and continued use after 1948. The B Reactor was permanently deactivated in
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1968. The B Reactor is slated for historic preservation, with conversion of the facility into a public ™ ?
museum (Figure 2-7). C 7

Figure 2-7. 105 B Reactor in 2005

The C Reactor was constructed in 1951 and 1952, with initial startup in November 1952. In addition to its
plutonium production mission, the C Reactor was used for reactor physics and operations testing and as a pilot
scale version for the next generation of reactors at 100-K (WHC-SD-EN-RPT-004). The C Reactor was
deactivated in April 1969, and has subsequently been placed into interim safe storage (ISS) until its final
disposition. The ISS process was initiated in 1996 and completed in 1998 (DOE/RL-2005-45, Surplus
Reactor Final Disposition Engineering Evaluation). Figure 2-8 shows the C Reactor from 1953,

Figure 2-9 shows the reactor during ISS in 1998, and Figure 2-10 shows the reactor after ISS completion
in 2007. The ISS process is a series of actions taken to protect retired reactors from environmental
degradation and to prevent the spread of contamination by providing an upgraded, weather resistant shell
to isolate the reactor core until final remedial activities are conducted. These actions also minimized the
facility footprint by removing peripheral reactor buildings and equipment and disposing of the debris.

Once the plutonium production and other missions at the reactors ended, DOE issued a ROD for the
decommissioning of surplus production reactors at the Hanford Site (58 FR 48509, “Record of Decision:
Decommissioning of Eight Surplus Production Reactors at the Hanford Site, Richland, Washington™).
After deactivation of reactors, infrastructure networks were placed in standby mode or decommissioned.
These activities occurred in phases according to their ages and capabilities of the facilities and as
resources allowed (PNL-MA-588, Resource Book—Decommissioning of Contaminated Facilities at
Hanford, WHC-EP-0478, Summary of the Hanford Site Decontamination, Decommissioning, and
Cleanup FY 1974 Through FY 1990). Follow-on housekeeping and decommissioning activities began in
100-BC as part of a sitewide initiative in 1973, after deactivation of the remaining single-pass reactors.
This effort progressed as resources allowed from 1974 through 1990, with building demolition, surplus
equipment salvage or redeployment, and active operations maintenance at a minimal level.

Building and facility wastes remaining in the 100 Area sometimes exist in demolished ductwork,
concrete, paint, equipment, insulation, cracks, crevices, and remaining process piping and tanks that were
left in place after earlier demolition. More contemporary remediation efforts result in contaminated debris
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being hauled to the Environmental Restoration Disposal Facility (ERDF) and uncontaminated debris
demolished and left in place (BHI-01399, 108-F Biological Laboratory D&D Closeout Report).

Figure 2-9. The C Reactor During ISS Implementation in 1998
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Figure 2-10. Reactor C After ISS (2007)

2.2.2 Facility History and Description

This section provides the description and history of facilities used in 100-BC and identifies the status of
these structures. Seventy-six facilities were used or constructed in 100-BC. Figure 2-11 (1966) and
Figure 2-12 (2008) contrast the condition of 100-BC during production versus the recent status of
facilities and waste sites. Waste sites and facilities have been largely removed at 100-BC, and scarring of
the landscape from past construction and remedial activities is evident in both photos.
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Figure 2-11. 100-BC Major Features During Reactor Operations in 1966

The facilities have a status of active, inactive, removed, or demolished. Table 2-2 summarizes the status
of facilities within 100-BC. Appendix C contains a description and history of each facility.

Table 2-2. Summary Information on the Status of 100-BC Facilities

Reclassification Status

Total Number of Facilities* Demolished Removed Active Inactive

76 59 8 3 6

Notes:
This summary of facilities is current as of January 7, 2010.
Status Definitions:
Active: Facility is occupied and/or in use (supports Hanford Site missions).
Inactive: Facility is no longer in use and is waiting decommissioning and demolition.
Demolished: Facility has been removed to grade (slab or foundation remains).
Removed: Facility foundation has been removed and any substructure is 0.3 to 0.9 m (1 to 3 ft) below grade.
* Does not include Mobile Offices or Contractor Trailers
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Figure 2-12. Conditions at 100-BC in April 2008

Facilities that were used during operation of the reactor make up most of the demolished and removed
facilities. These structures consist of the retention basins, reactor stacks, office and storage building,
maintenance shops, process plants, electric substations, storage tanks, and pump stations. Active facilities
include an electric substation (151-B), pump station (181-B), and a process reservoir (182-B) that supplies
water to the 200 Area. The inactive facilities are the 105-B Reactor Building, the 105-C Reactor Building,
the 116-B Exhaust Stack, the 119-B Laboratory, the 1608-B Pump Station, and the 181-C Pump Station.
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2.2.3 Export Water System

One facility of particular interest regarding its potential contribution to groundwater contaminant
distribution is the Export Water System (EWS) (Figure 2-13). The EWS (including the 182-B Reservoir)
is an operating system that could affect contaminant transport and groundwater flow.

Raw water is used in large quantities (millions of L/day [gal/day]) at the Hanford Site for process water,
fire control, dust suppression, and other non-potable uses. Water is pumped from the Columbia River to
large capacity reservoirs located in the 100 Area as part of the EWS. These reservoirs supply a network of
large diameter (1.07 m [42 in.}) pipelines to smaller pipelines traversing the 100 Area and connecting to
moderately sized distribution reservoirs located on the Central Plateau. A key component of this system is
the 182-B Reservoir, which is the primary reservoir and one of two remaining structures at the Hanford
Site that is used to store large quantities of untreated, raw water. The other reservoir used for this purpose
is located in 100-D and is the backup facility (FH, 2008, November 6 & 7 Facilitated Session and the
182D Reservoir Repair and Modification Report and Long Term Export Water Supply System
Alternatives Study).

The 182-B Reservoir is one of the few facilities still in operation at Hanford that dates back to the
Manbhattan Project era. Therefore, its age and condition are of potential concern. During its operation,
water may have leaked from the reservoir, possibly resulting in higher than normal local groundwater
elevations. However, no data are present regarding the condition of the reservoir. A leak test was
conducted in 1999, which compared the volume pumped from 182-B to the 200 Area, with the purpose of
determining leakage volume along the system. The test indicated leakage “within acceptable limits” for
the length of the piping system. No other investigation has been conducted, and the integrity of the
reservoir is unknown.

Although numerous buildings and waste sources have been removed or demolished since reactor
deactivation, EWS components are close to facilities and waste sites that were demolished in place before
current regulatory standards were applicable and possibly contain residual contamination. Rapid repair or
replacement of the EWS facilities is not currently planned, and the proximity of some waste sites to aging
EWS components represents a potential, enhanced means of contaminant transport in the vadose zone to
groundwater. The repairs and changes necessary to provide continued reliable EWS service to maintain
Hanford Site operations are anticipated to take substantial time and resources (several years and an
estimated order of magnitude project cost of $30 to $50 million [FH, 2008]).
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Figure 2-13. EWS Plan View

2.2.4 Process History

The primary activities associated with environmental contamination in 100-BC were the production and
use of treated Columbia River water to cool the reactors during operations. Over the operational lifetime
of the 105-B and 105-C Reactors, approximately 5 trillion L (about 1.3 trillion gal) of cooling water were
produced and passed through these reactors. As cooling water was produced and used, intentional effluent
disposal and unintentional discharges of process chemicals introduced contaminants directly into the soil
column underlying the production facilities and into the Columbia River.

Cooling water from the reactors contained chemicals and radioactive isotopes from breached fuel
cladding. A major contaminant in cooling water was sodium dichromate, which was added to cooling
water to minimize tube corrosion. It is estimated that more than 7,270 metric tons (8,013 tons) of sodium
dichromate were used between 1944 and 1969. Radiological contaminants included activation products
(e.g., Cr-51, tritium, Co-60) and fission products (e.g., Cs-137, Sr-90, uranium, and plutonium isotopes)
released through breached fuel cladding.
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Contaminant categories from reactor operations include the following:

¢ Process inputs
— Raw materials to be processed through the reactor, such as uranium fuel and cooling water.

—  Process chemicals for water conditioning and inhibiting corrosion (e.g., sodium dichromate).
Water management, which was crucial to the operation of the reactors, represents a major input
subsystem.

— Materials used for reactor maintenance, such as acids, solvents, and heavy metals.

e Process outputs
—  Product and waste isotopes, such as Pu-239 and Sr-90, respectively

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

Most of the irradiated fuel elements were shipped to the 200 Area for chemical processing, but some
metallurgical studies on irradiated fuel and tritium production and separation were performed in the

100 Area. Approximately 44 kg (97 1b) of spent fuel was recovered from the 118-B-1 and 118-C-1 Burial
Grounds during interim remedial action. In addition, during production, fuel element failures and
mfrastructure failures (e.g., pipe leaks) led to losses of contaminated materials to the environment.

Other substantial infrastructure (e.g., office buildings, laboratories, and subsurface piping) was installed at
100-BC to support reactor maintenance and operation. Wastes resulting from supporting production
operations were similarly disposed to each area according to phase, quantity, radioactivity, and
composition (liquids, solids; high/low mass or volume; high level, low level; strictly chemical; and
septic). Liquid and solid waste disposal locations were constructed and waste management practices were
developed to handle these materials consistently. Facilities and waste sites used for discarding
non-radioactive materials (e.g., solvents, chemicals) were relatively small in magnitude.

2.2.4.1 Hexavalent Chromium Facilities

To produce reactor coolant for the 105-B and 105-C Reactors, Columbia River water was pumped to the
183-B and 183-C facilities where impurities were removed by conventional physical and chemical water
treatment processes. Sodium dichromate was applied at the 183-B, 183-C, and 190-B facilities for
corrosion protection. The facilities and associated waste sites where sodium dichromate was handled,
transferred, or disposed to 100-BC are considered the Cr(VI) facilities, and are shown in Figure 2-14.

Available documentation does not describe the detailed method of sodium dichromate addition over time,
but the process solution mixed with the cooling water was derived from either solid sodium dichromate or
highly concentrated liquid stock solutions. Bulk sodium dichromate salt and high concentration sodium
dichromate solutions were used as stock material to make 10 to 15 percent process solution batches.
Initially, dry materials were used at both water treatment plants, with the use of concentrated dichromate
liquid phased in over time. High concentration (greater than 70 weight percent) sodium dichromate
solutions were used as the stock material after 1953 at the C Reactor and starting in 1956 at the B Reactor
(WHC-SD-EN-RPT-004) as part of Project CG-558, until closure of the reactors. These materials were
received at 100-BC by rail and truck tankers and transferred to storage facilities.
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The 10 to 15 percent concentration solution was metered into the cooling water stream downstream of the
flocculation/sedimentation basin as the water was prepared for use in the reactor. Locations where
concentrated sodium dichromate was used or transferred at the B and C Reactors include the following:

¢  Water Treatment Processing — B Reactor
— 108-B Chemical Pump House.
— 100-B-14 Sodium dichromate and sodium silicate lines (no photo, below ground).
— 185-B/190-B Process Pump House.

e  Water Treatment Processing — C Reactor
— 183-C Head House and Filter Building.

— Process sewer piping (100-C-9:1) is believed to have been the pathway for a large sodium
dichromate spill that occurred in 1966 (DUN-1295, Douglas United Nuclear, Inc. Monthly Report
September, 1966; Schwab, 2008, “Historical Information for 100D/DR Area Uses of Chromic
Acid and Sodium Dichromate: Supplement to IOM 129547”).

Complete conversion to a liquid sodium dichromate feed system was believed to be implemented at the
B Reactor by the end of 1960, and earlier at the C Reactor, between 1953 and 1959 (Schwab, 2008;
HW-645535, Irradiation Processing Department, Monthly Record Report). Pipelines and other plant
modifications required to stage and transfer sodium dichromate liquid included the following:

e Modifying an existing underground pipeline (100-B-28) between the 183-C Head House (100-C-7:1)
to transfer sodium dichromate solution between an external 132,450 L (35,000 gal.) storage tank at
the head house to feed tanks in the 183-B Filter Plant Pump House (100-B-22).

e Converting a soft water line leading from the 184-B Power House, connecting the 183-C Head House
(100-C-7) and 183-B Filter Plant Pump House (100-B-22), to transfer liquid sodium dichromate
solution. This line was installed during the construction of the 183-C Head House and Filter Building.
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Figure 2-14. Hexavalent Chromium Facilities and Waste Sites in 100-BC
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Initially, the 105-C Reactor coolant water had a Cr(VI) concentration of about 700 ug/L to 800 pg/L. Over
time, the Cr(VI) concentrations were reduced to 350 pg/L in 1960, and to 175 pg/L in late 1967. However,
no corresponding reduction in Cr(VI) concentrations were noted for the 105-B Reactor (DUN-4847,
Quarterly Report Contamination Control—Columbia River April — June 1968), and the volume of cooling
water flow through both reactors was increased over time (DUN-6888, Historical Events—Single Pass
Reactors and Fuels Fabrication). Based on this information, a total coolant volume of about

5.01 trillion L (1.33 trillion gal) passed through the reactors, and this coolant water contained about
2.78 million kg (6.12 million 1b) of Cr(VI) (Table 2-3), assuming a concentration threshold of 700 pg/L.

Delivery of the 70 percent solution into the storage tank at 183-C (DUN-1818, Discharge of Sodium
Dichromate Solution Compliance with Executive Order 11258, October 27, 1966) was not completely
efficient, and yellowish stained soil around the storage tank location indicate some losses. The fraction of
delivered 70 percent solution lost to the subsurface is not known.

Table 2-3. Cr(Vl) Mass Discharge Estimates Based on 105-B
and 105-C Reactor Coolant Throughput

Estimated Yearly Throughput (Liyr)®

Calculated Dry Sodium

105-B 105-C Coolant Volume Cr(Vl) inventory™*® Dichromate
Year Reactor Reactor Total (kg) (kglyr)
1944 2.27E+10 0 2.27E+10 1.59E+04 4.15E+04
1945 9.08E+10 0 9.08E+10 6.36E+04 1.66E+05
1946 9.08E+10 0 9.08E+10 6.36E+04 1.66E+05
1947 0 0 0.00E+00 0.00E+00 0.00E+00
1948 4.54E+10 0 4.54E+10 3.18E+04 8.30E+04
1949 9.08E+10 0 9.08E+10 6.36E+04 1.66E+05
1950 9.08E+10 0 9.08E+10 6.36E+04 1.66E+05
1951 9.08E+10 0 9.08E+10 6.36E+04 1.66E+05
1952 9.08E+10 1.17E+10 1.03E+11 7.18E+04 1.87E+05
1953 9.08E+10 1.41E+11 2.32E+11 1.62E+05 4.24E+05
1954 9.08E+10 1.41E+11 2.32E+11 1.62E+05 4.24E+05
1955 9.08E+10 1.41E+11 2.32E+11 1.62E+05 4.24E+05
1956 9.08E+10 1.41E+11 2.32E+11 1.62E+05 4.24E+05
1957 1.4E+11 1.41E+11 2.81E+11 1.97E+05 5.14E+05
1958 1.4E+11 1.41E+11 2.81E+11 1.97E+05 5.14E+05
1959 1.4E+11 1.41E+11 2.81E+11 1.97E+05 5.14E+05
1960 1.4E+11 1.59E+11 2.99E+11 1.56E+05 4.09E+05
1961 1.4E+11 1.59E+11 2.99E+11 1.56E+05 4.09E+05
1962 1.4E+11 1.59E+11 2.99E+11 1.56E+05 4.09E+05
1963 1.4E+11 1.59E+11 2.99E+11 1.56E+05 4.09E+05
1964 1.4E+11 1.59E+11 2.99E+11 1.56E+05 4.09E+05
1965 1.4E+11 1.59E+11 2.99E+11 1.04E+05 2.70E+05
1966 1.4E+11 1.59E+11 2.99E+11 1.04E+05 2.70E+05
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Table 2-3. Cr(VI) Mass Discharge Estimates Based on 105-B
and 105-C Reactor Coolant Throughput

Estimated Yearly Throughput (L/yr)®

Calculated Dry Sodium

105-B 105-C Coolant Volume Cr(Vl) Inventory®*® Dichromate
Year Reactor Reactor Total (kg) (kglyr)
1967 1.4E+11 1.59E+11 2.99E+11 1.04E+05 2.70E+05
1968 1.17E+10 1.59E+11 1.71E+11 1.38E+04 3.59E+04
1969 0 5.31E+10 5.31E+10 9.29E+02 2.43E+03
Totals 5.01E+12 2.78E+06 7.27E+06
Notes:

a. Yearly throughput taken from DUN-61, Reactor Operations Daily Report Form BM-5000-126.1 (10-65).
b. Inventory estimate is based on a threshold concentration of 700 pg/L (7E-7 kg/L) at the 105-B Reactor.

c. In 1960, 105-C Reactor reduced concentration to 350 ug/L and 175 pg/L in 1968 (DUN-4847, Quarterly Report
Contamination Control—Columbia River April — June 1968).

Cooling water treatment accounted for the majority of sodium dichromate used. Reactor cooling water
was generated, passed through the reactors, and discharged at an average rate of about 230,000 L/min

(62,000 gal/min) per reactor (DOE/RL-97-1047, History of the Plutonium Production Facilities at the
Hanford Site Historic District, 1943-1990). Figure 2-15 shows the primary liquid waste disposal sites.
Sites that received a high volume of radioactive waste are shown in Table 2-4 and Figure 2-16.
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Figure 2-15. Southern View of 100-BC Showing Primary
Liquid Waste Disposal Features (April 2002)
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Table 2-4. 100-BC High Volume Radioactive Liquid Effluent Disposal Sites

Site Code Description

100-B-8 The 105-B Reactor Effluent Pipelines.

116-B-1 Site is a liquid waste disposal trench that received effluent routed from the 107-B
retention basin.

116-B-2 Trench was used to receive ~4.16 million L (1.1 million gal) of storage basin water that had
been contaminated when a fuel rod was accidentally cut in half in the 105-B Fuel Storage
Basin.

116-B-3 Wooden Pluto crib received 105-B cooling water wastes that had been contaminated by

cladding ruptures of fuel elements.

116-B-4 Crib received spent acid and rinse water from the 105-B Dummy (fuel element spacers and
reactor hardware) Decontamination Facility.

116-B-5 Crib received liquid wastes from the 108-B Building.

116-B-6A Crib received radioactive liquid wastes from fuel element spacer decontamination, and
equipment decontamination performed in the 111-B Building.

116-B-6B Crib received radioactive liquid wastes from fuel element spacer decontamination, and
equipment decontamination performed in the 111-B Building.

116-B-9 French drain received waste water from the P-10 Storage Building drain.

116-B-10 Quench tank was used to collect liquid decontamination wastes from the 108-B Tube
Examination and Experimental Facility.

116-B-11 Retention basin was used to hold 105-B Reactor cooling water effluent to allow for thermal
cooling and radioactive decay prior to release to the Columbia River.

116-B-12 Crib received drainage from the confinement system in the 117-B Building seal pits.

116-B-13 Trench received low-level sludge waste from the bottom of the 107-B retention basin.

116-B-14 Trench received low-level sludge waste from the bottom of the 107-B retention basin.

100-C-6 Pipelines include the 105-C Reactor cooling water effluent pipelines.

116-C-1 Trench received effluent overflow from the 107-C Retention Basin during reactor outages due
to ruptured fuel elements.

116-C-2A 105-C Pluto Crib and associated processes.

116-C-5 Basins received 105-B and 105-C Reactors cooling water effluent for radioactive decay and

thermal cooling prior to release to the Columbia River.

Notes:

Based on the Radioactive Liquid Effluent Waste Sites Interim Action ROD (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).
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Figure 2-16. 100-BC High Volume Radioactive Liquid Effluent Disposal Sites

Reactor coolant grade water was also used to fill the fuel storage pool. The effluent from the fuel storage
basins was disposed to trenches close to the reactors. Cooling water and fuel storage basin effluents had
Cr(VI) concentrations of 0.5 to 2 mg/L. Decontamination solutions using higher concentrations of sodium
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dichromate were also used at 100-BC, but management and disposition of these spent solutions was not
always well documented. Avenues available for disposal included the soil column, the process sewer, and
outfall piping discharging to the river. In Figure 2-17, hot water vapor is visible rising from the 116-C-1
Crib at left and 116-C-5 Retention Basins at right. Facility 1904-C is visible to the right, and Facility
1904-B-2 is visible to the left.

Radioactively contaminated coolant was discharged to the 116-B-1 Overflow Trench between 1946 and
1955 and to the 116-C-1 Trench between 1952 and 1968. PNNL-6456, Hazard Ranking System
Evaluation of CERCLA Inactive Waste Sites at Hanford: Volume 2 — Engineered-Facility Sites, Vol. 2,
estimated total coolant volumes of 60 million L (15.8 million gal) and 100 million L (26.4 million gal)
containing 60 kg (132 1b) and 100 kg (220 1b) of Cr(VI) at 116-B-1 and 116-C-1, respectively, during that
time frame. These estimates assume a Cr(VI) concentration of about 350 pg/L, a lower concentration
level that was not reached during operations at the 105-C Reactor until about 1960. These estimates are
therefore probably somewhat low, but by no more than a factor of two.

X

Figure 2-17. River Effluent Outfalls During Operations

2.2.4.2 Hexavalent Chromium Sources

A significant loss of Cr(VI) occurred during operations in 1966. A transfer pump was left on overnight
and 53,980 L (14,280 gal) of concentrated sodium dichromate solution flooded a sump, flowing into the
process sewer and to the river outfall (DUN-1295). The entire contamination field resulting from this
event is uncertain, but all evidence is that the flooding occurred at 183-C and went out through the
100-C-9:1 Sewer. Residue from this event is considered a very likely potential source for soil
contamination observed at 100-C-7 (the 183-C Pump House end).
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Other sources of chromium discharges were leaks or overflows in and around the outfall structure and
releases from small liquid discharge facilities, piping that carried reactor coolant, and some solid wastes
(e.g., sludges).

e 100-C-7 (183-C Pump House Area) — Elevated Cr(VI) is present in deep soil beneath the pump house,
and the remaining concrete foundation is heavily stained with chromium.

* 100-C-7:1 (183-C Head House Area) — Elevated Cr(VI) is present in deep soil north of the head house.
Several potential sources are located here, but the most likely candidates are either a leak/seal issue on
the 100-B-28 Dichromate Transfer Pipeline and/or general spillage in the railcar unloading area.

e 100-B-27 — Cr(VI) contamination extends to groundwater west of 126-B-3. Contaminants observed in
and around this location could be the result of uncontrolled solid waste disposal during operations.
This site was excavated to groundwater in 2009.

¢ 185/190-B Facility — During demolition “extensive” dichromate staining was observed within parts of
the facility.

Radioactive coolant discharge also occurred at two Pluto cribs near the reactors. The 116-B-3 Crib east of
the 105-B Reactor received waste briefly from 1951 to 1952, while the 116-C-2 Facility east of the

105-C Reactor received waste between 1952 and 1968. An estimated 4,000 L (1,037 gal) of coolant
containing 4,000 kg (8,818 Ib) of Cr(VI) were discharged to 116-B-3 and 7.5 million L (2 million gal) of
coolant containing 990 kg (2,182 Ib) of Cr(VI) were discharged to 116-C-2. The relatively long operating
time for the 116-C-2 Pluto Crib is considered to have affected the nature and extent of other contaminants
(c.g., Sr-90) at the waste site.

Finally, decontamination fluids used to clean radioactively contaminated equipment and containing
Cr(VI) in the form of chromic acid were discharged at several facilities near the reactors including the
116-B-4 French drain, the 116-B-6 Crib near the 105-B Reactor, and the 116-C-2 Pluto Crib near the
105-C Reactor. Reported discharges at the 105-B Reactor were 310,000 L (82,000 gal) containing

1,100 kg (2,420 Ib) of chromium. The quantity of decontamination fluids discharged at the 116-C-2 Pluto
Crib is not known. However, the relatively higher concentrations of Cr(VI) and entrainment of radioactive
materials in these wastes make this waste stream important to understand for this site.

2.2.4.3 Strontium-90 Sources

Strontium-90 (Sr-90) is a fission product in ruptured fuel element debris that would have been routinely
present in radioactively contaminated fluids (e.g., reactor coolant and decontamination fluids). In the
largest quantities of liquid waste, such as reactor coolant, it was present at relatively low concentrations.
For example, Hazard Ranking System of Waste Sites (PNL-6456, Vol. 2), estimates an inventory of
1.64 Ci in the 100 million L (26.4 million gal) of contaminated reactor cooling water disposed in the
116-C-1 for an average concentration of 16,000 pCi/L.

The largest estimated inventories associated with a liquid discharge site are at the 116-C-2 Pluto Crib,
which consisted of a crib and a sand filter that strained particulate from reactor coolant, decontamination
solutions from the 105-C Metal Examination Facility, and the 105-C Decontamination Wash Pad
(Figure 2-18). The 116-C-2 Waste Site operated over a long period of time (17 years) and received more
highly contaminated effluents than the retention basins.

Hazard Ranking System of Waste Sites (PNL-6456, Vol. 2), estimated quantities of Sr-90 of 1.8 Ci and
0.98 Ci at the sand filter and crib, respectively. Given the estimated volume of 7.5 million L (1.98 million
gal), the estimated average concentration is 370,000 pCi/L. This contamination concentration estimate is
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one order of magnitude greater than at 116-C-1, which received only reactor coolant. This estimate was
supported by measurements of residual radioactivity taken in 1976 (UNI-946, Radiological
Characterization of the Retired 100 Areas). Figure 2-19 shows the Sr-90 waste sites.
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2.2.4.4 Secondary Missions: Tritium and Isotope Production at B Reactor and
Reactor Physics Testing at C Reactor

Each reactor often had a specific secondary mission that was dictated by Hanford’s general production
stance. Secondary missions at 100-BC included other isotope production (B Reactor) and reactor physics
testing and pilot scale up (C Reactor) (WHC-SD-EN-RPT-004; WHC-SD-EN-TI-220). As they emerged,
secondary operational missions were considered critical as part of the primary defense mission.

The secondary mission of the B Reactor was to produce tritium and other isotopes related to national
defense and for potential commercialization. Tritium facilities and waste sites are identified in

Figure 2-20. In 1949, tritium extraction began in the 108-B Building (P-10 Plant) in 100-BC (Figure
2-21.). The lithium-aluminum and, for a short period, lithium-fluoride target elements were transferred to
the 108-B Facility after irradiation in one of the Hanford Site production reactors.

Intermittent tritium extraction operations were performed at 100-BC between 1949 and 1952. Tritium
separation operations were terminated at the B Reactor in 1952, when that process was transferred to the
Savannah River Plant in South Carolina. Other isotopes produced at B Reactor include Po-210, Tm-170,
Ir-192, La-140, and Np (WHC-SD-EN-RPT-004).

In the case of the B Reactor operations, and because of its tritium manufacture and separation mission,
large quantities of tritium contaminated material were disposed to the vadose zone (CVP-2007-00006,
Cleanup Verification Package for the 118-B-1, 105-B Solid Waste Burial Ground). Tritium waste
streams, in the form of decontamination fluids, encapsulated tritium gas, and contaminated process
equipment, were disposed primarily to the 116-B-9 Crib, 118-B-1 Burial Ground, and 118-B-6 Burial
Ground. Tritium concentrations in groundwater continue to exceed drinking water standards (DWS).
Residual solid wastes containing tritium disposed in the vadose zone have been identified and removed
from 100-BC, thereby reducing the threat to groundwater and the environment.

In addition to solid and liquid wastes, gaseous emissions were also discharged into the environment
during production (DOE/RL-2005-49, RCBRA Stack Air Emissions Deposition Scoping Document,
PNWD-0222 HEDR, Radionuclide Releases to the Atmosphere from Hanford Operations, 1944-1972).
However, gaseous emissions are not suspected of being a major contributor to groundwater or soil
contamination in 100-BC.

The C Reactor’s secondary mission at Hanford was conducting experiments to examine the effects of
systemwide power level increases for both new and older reactors. Additionally, the C Reactor was
furnished with a metal examination facility capable of holding and shielding bare irradiated fuel elements
for metallurgical testing. Wastes from these tests were discharged to underground tanks (Figure 2-22)

for disposal.
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3 Initial Evaluation

This chapter summarizes the initial evaluation of existing data and describes the preliminary CSM for
100-BC. The preliminary CSM expresses the current understanding of site conditions in the area and
allows for the identification of data gaps and data needs in conjunction with the systematic planning
process described in the Integrated Work Plan (DOE/RL-2008-46). The CSM is developed as a discussion
of contaminant sources, nature and extent, fate and transport, and exposure pathways and receptors.

3.1 Contaminant Sources

Liquid and solid wastes from reactor operations and associated facilities were released to the soil column
and the Columbia River. Wastes released to the environment created sources of contamination such as
liquid waste sites (i.e., ponds, ditches, and cribs), burial grounds, unplanned release sites, facilities/
structures, pipelines/outfalls, and remaining or orphan sites that may continue to impact soil,
groundwater, and the Columbia River.

Other activities that contributed substantially to environmental contamination at 100-BC as part of the
production effort include infrastructure leaks associated with water treatment and corrosion control for
reactor cooling water; material losses from chemical spills and ruptured fuel slugs; and waste discharges
from decontamination of the reactor and maintenance equipment (HW-84619, Summary of Environmental
Contamination Incidents at Hanford, 1958 — 1964; UNI-946).

3.1.1 Primary Sources of Contamination

The primary sources of contamination in 100-BC were the two water-cooled nuclear reactors (105-B

and 105-C) and the structures (e.g., fuel storage basins [FSB]) and processes (e.g., sodium dichromate
process) associated with reactor operations. The reactors were built to irradiate uranium-enriched fuel
rods from which plutonium and other special nuclear materials were created and extracted. The extraction
process was conducted in the 200 Area. The reactors and processes associated with operations generated
large quantities of liquid and solid wastes.

Effluent generated during operations consisted primarily of contaminated reactor cooling water, FSB
water, and decontamination solutions. Cooling water consisted of river water treated to remove dissolved
solids and enhanced with chemicals to reduce corrosion. Cooling water contaminants consisted of fuel
materials, fission and irradiation byproducts, and Cr(VI) (used as a corrosion inhibitor). Solid wastes
consisted of sludge, reactor components, and various other contaminated items. Waste generated from
reactor operations was contaminated with radionuclides, hazardous chemicals, or both.

Deliberate and unintended releases of waste resulting from operations were the primary contaminant
release mechanisms. Liquid contaminants were released directly to the environment by discharging
effluent to temporary surface impoundments, cribs, ditches, and the Columbia River. The high volumes
of water released to select areas resulted in increased potential for chemical and radioisotope transport
to the groundwater, especially for the more mobile contaminants. Solid waste was placed in unlined
burial grounds.

3.1.2 Secondary Sources of Contamination

Wastes released to the environment created secondary sources of contamination where contaminants
could be retained in the subsurface and released over long periods of time, such as ponds, ditches, and
cribs; burial grounds; and unplanned release sites. Secondary sources can also impact the environment
through the following secondary release mechanisms.
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e Re-suspension of contaminated soil via wind or excavation activities
¢ Direct contact with contaminated soil

o Biotic uptake of contaminants via direct contact with soil or ingestion of soil, vegetation, or
other animals

* Migration of contaminated liquids through the soil column via infiltration or percolation
¢ [External radiation

Contaminant sources (i.e., waste sites and facilities) are listed in Appendices B and C. Waste sites and facilities
that are presumed contaminant sources for Cr(VI), Sr-90, and tritium (the three contaminants exceeding
water quality standards in groundwater), are provided in Figures 2-14, 2-19, and 2-20 in Chapter 2.

3.2 Previous Investigations

This section summarizes results of previous investigations including a radiological characterization
performed in 1975 (UNI-946), an LFI conducted in the early 1990s, and the remediation of waste sites,
which began in 1996. This section also describes the previous 100-BC treatability tests, leach tests, and
the ongoing investigations at the 100-C-7 waste site. The remedial actions implemented to date have
significantly reduced contaminant inventories and resulting impacts to the environment.

3.2.1 Initial Vadose Zone Radiological Characterization-1975

The purpose of this investigation was to establish approximate radionuclide inventories, distribution, and
concentrations at inactive solid and liquid wastes sites, reactors, and associated facilities. The focus of the
sampling activities was liquid waste receiving sites and retention basins. Shallow boreholes were drilled
in and adjacent to waste site boundaries, as presented in Table 3-1.

Table 3-1. Summary of Borehole Locations Used in the Initial Radiological Characterization — 1975

Maximum Depth of

Number of Investigation
Waste Site Boreholes Media (ft bgs)
116-B-11 (107-B) Retention Basin 22 Sail 38
116-B-1 Trench 4 Soil 20
116-C-5 (107-C) Retention Basin 4 Soil 23
116-C-1 Trench 15 Sail 35
100-B Junction Box Leak 6 Soil 30
100-B Effluent Line Leak 4 Soil 35
116-B-2 Trench 4 Soil 25
116-B-3 Crib 1 Soil 15
116-B-5 Crib 3 Soil 22.5
116-B-6-1 Crib 1 Soil 22.5
116-C-2 Crib 3 Soil 50
116-C-2-1 Effluent Line Leak 1 Soil 30
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Table 3-1. Summary of Borehole Locations Used in the Initial Radiological Characterization - 1975

Maximum Depth of
Number of Investigation
Waste Site Boreholes Media (ft bgs)
116-C-2-2 Crib 2 Soil/Sludge/Concrete 30
118-B-1 Burial Ground 14 Soil 33

Samples were analyzed for the following constituents, all of which were detected in significant
concentrations (greater than 1 pCi/g):

C-14 Co-60 Cs-134 Cs-137 Eu-152
Eu-154 Eu-155 Ni-63 Pu-238 Pu-239/240
Sr-90 Tritium Uranium

This early study was narrow in its scope in that only concentrations and inventories of the selected
radionuclides were reported, and no chemical contaminants were assayed. In particular, Ni-63, which is
generally present at activities on the same order of magnitude as Co-60, was reported for only some
samples; Tc-99 was not evaluated; and the daughters of Sr-90 and Cs-137, which have approximately the
same activities as their parents, were not included in summaries of total activity (DOE/RL-90-07,
Remedial Investigation/Feasibility Study Work Plan for the 100-BC-1 Operable Unit, Hanford Site,
Richland, Washington).

An additional part of this study collected samples from retention basin sludge and concrete, and from
effluent line scale and sludge. The samples were analyzed for radionuclides and the inventories of
radionuclides for the facilities and sites were calculated.

Sample boreholes drilled through the floor of the 116-B-11 and 116-C-5 Retention Basins indicated that
the majority of contamination was within a few meters of the basin floor (UNI-946). The 116-B-11
Retention Basin contained a calculated inventory of approximately 118 Ciin 1976, of which 92 Ci were
attributed to the 6.4 cm- (2.5-in.-) thick sludge layer, and the remaining 26 Ci were attributed to the soil
fill and the basin concrete. Based on the sampling results, the 116-C-5 Basin was estimated to contain a
radionuclide inventory of approximately 13 Ci in 1975. Of this total, the sludge contributed 9 Ci and the
soil fill contributed 4 Ci.

Samples collected near the bottom of the 116-B-1 Trench in 1976 indicate the calculated radionuclide
inventory for the trench and soil column, based on the radionuclides analyzed, was 3.1 Ci, contributed
primarily by Eu-152. Radionuclide contamination was significant to the sampled depth of 6 m (20 ft)
(UNI-946). In addition to radionuclide contamination, approximately 7 kg (15 1b) of sodium dichromate
are estimated to have been disposed to this trench with cooling water discharges (PNL-6456, Hazard
Ranking System Evaluation of CERCLA Inactive Waste Sites at Hanford: Volume 1 — Evaluation Methods
and Results, Vol. 1).

Investigation of the 116-C-1 Trench also indicates contamination was found in and beneath the trench along
the entire length, and consisted primarily of Sr-90, Co-60, Eu-152, Eu-154, and Cs-137. In many borings,
concentrations of radionuclides were still increasing at depths of 9 to 11 m (30 to 36 ft), indicating the limits
of the contaminated soil column may not have been reached. Thus, the estimated radionuclide inventory
described is limited to the trench and soil column to a depth of 9 m (30 ft) bgs (UNI-946).
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3.2.2 100-BC Limited Field investigations - Vadose Zone

LFIs were performed in the 100-BC-1, 100-BC-2, and 100-BC-5 OUs in the early 1990s. Results of these
investigations are presented in DOE/RL-93-06, Limited Field Investigation Report for the 100-BC-1
Operable Unit, DOE/RL-94-42, Limited Field Investigation Report for the 100-BC-2 Operable Unit; and
DOE/RL-93-37. These reports summarize characterization efforts performed mainly to assess impacts
associated with discharging effluent to the soil column.

The LFIs performed in the early 1990s identified the following 29 high priority waste sites in 100-BC:

116-B-1 Liquid Waste Disposal Trench 116-C-2A Pluto Crib

116-B-2 Fuel Storage Basin Trench 116-C-2B Pluto Crib Pump Station
116-B-3 Pluto Crib 116-C-2C Pluto Crib Sand Filter
116-B-4 Dummy Decontamination French Drain 116-C-5 Retention Basin

116-B-5 Crib 118-B-5 Ball 3X Burial Ground
116-B-6A Crib 118-B-7 Solid Waste Burial Ground
116-B-6B Crib 118-B-10 Solid Waste Burial Ground
116-B-7 Outfall Structure 126-B-2 Clear Wells

116-B-9 French Drain 128-B-3 Burn Pit

116-B-10 Dry Well 132-B-4 Filter Building

116-B-11 Retention Basin 132-B-5 Gas Recirculation Facility
116-B-12 Crib 132-B-6 Qutfall Structure
116-B-13/14 Sludge Burial Trenches 132-C-2 Outfall Structure

100-B-8 Process Effluent Pipes 116-C-1 Process Effluent Trench

100-C-6 Process Effluent Pipes

The sites were investigated using cable tool drilling of boreholes, backhoe excavation of test pits, and soil
sampling and analysis. Geophysical logging was also performed. Table 3-2 describes the vadose zone borehole
and test pit sampling conducted at 100-BC. Boreholes and test pits were decommissioned and backfilled.

Table 3-2. Summary of 100-BC LFI (Vadose Zone)

Maximum Depth
Number of of Investigation

Waste Site Boreholes (ft) Analyte List
116-B-1 Trench 1 27 ICP/AA Metals Gamma Spectroscopy
Mercury Strontium-90
116-B-2 Trench 1 225 vOC Technetium
. SVOoC Carbon-14
116-B-3 Crib 1 16.8 PCBs Alpha Spectroscopy
RLE i Pesticides Total activity
116-B-5 Crib L 7 Gross alpha Anions/IC
116-C-5 Retention Basin 1 20 Gross beta Fluorides
Tritium Sulfates
116-C-2A Crib 1 57 Nitrates
Nitrites
116-C-1 Trench Test Pits (2) 20/42*
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Table 3-2. Summary of 100-BC LFI (Vadose Zone)

Maximum Depth
Number of of Investigation
Waste Site Boreholes (ft) Analyte List

*  The test pit was excavated to the water table 12.8 m (42 ft) bgs after the implementation of the LFIl and interim
remedial actions. The analyte list included Cs-137, Eu-152, 154, 155, Ni-63, Sr-90, Pu-238, 239/240, U-238,
Am-241, Co-60, Cr(VI), mercury, and lead.

AA = atomic absorption

IC = ion chromatography

ICP = inductively coupled plasma
PCB = polychlorinated biphenyls
SVOC = semi-volatile organic compound
VOC = volatile organic compound

The LFI report concluded that the radiological contamination of vadose zone soil is the primary concem, as
previously suspected. Following are the principal radionuclides detected in soil samples during the LFI:

Am-241 C-14 Cs-137 Co-60 Eu-152
Eu-154 Pu-238 Pu-239 K-40* Ra-226*
Sr-90 Th-228* Tritium U-233/234 U-238

*

These are naturally occurring radionuclides that were not increased by 100-BC processes.

The principal metals detected in soil samples during the LFI include chromium, barium, mercury, zinc,
and iron. Volatile and semi-volatile organic compounds detected during the LFI include the following.

acetone* benzo(a)anthracene benzo(b)fluoranthene
benzo(k)fiuorathene chrysene diethylphthalate*
di-n-butylphthalate* flouranthene pentachiorophenol

*

Common analytical laboratory contaminants.

Contaminant concentrations and locations generally confirm historical information documented in the
Radiological Characterization of the 100-Areas (UNI-946). The vertical distributions of contamination
beneath the 116-C-2A Crib and the 116-B-2 Trench are shown in Figures 3-1 and 3-2, with correlation to
stratigraphy and their engineered structures. Conditions at these waste sites represent the worst-case sites
based on effluent volumes discharged, sample data, or both. Some data were available to assess the lateral
extent of contamination. The depth of remedial action is inserted into the profile as an indicator of soil
removed during remedial actions conducted approximately eight years after LFI completion.

Higher contaminant concentrations in the profile for the 116-B-2 Trench are generally present within
1.5 m (5 ft) of the bottom of the trench. All concentrations are below remedial action goals (RAGs) for
the protection of groundwater and the Columbia River.
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The profile of contamination beneath the 116-C-2A Crib shows that contaminant concentrations generally
decrease with depth in the vadose zone, with the exception of Tc-99 and U-238. Technetium-99 and
U-238 concentrations increase with depth, although Tc¢-99 concentrations are below the RAG of

0.46 pCi/g; U-238 concentrations are below the background concentrations of 1.1 pCi/g.

3.2.3 100-BC Limited Field Investigations — Groundwater

In 1992 and 1993, 100-B/C Area monitoring wells were sampled for a comprehensive list of analytes as
part of the 100-BC-5 LFI. Results are described in Limited Field Investigation Report (DOE/RL-93-37).
The LFI sampling identified the following analytes as contaminants of potential concern (COPCs) for
human health or ecological risks, with the maximum concentration detected shown:

e Volatiles and semivolatile organic compounds: acetone (26 ug/L) (a common laboratory
contaminant), trichloroethene (3 pg/L), and bis(2-ethylhexyl)phthalate (11 pg/L).

e Inorganics and metals: aluminum (327 pg/L), iron (318 ug/L), and vanadium (17.8 ug/L)

¢ Radionuclides: Am-241 (0.021 pCi/L}, C-14 (110 pCi/L), gross beta (290 pCi/L), Tc-99 (130 pCi/L),
U-233/234 (1.2 pCi/L), and U-238 (1.1 pCi/L)

e  Other analytes: ammonia (0.4 mg/L), chemical oxygen demand (30 mg/L), chloride (13.8 mg/L),
sulfide (57.1 mg/L), total dissolved solids (283 mg/L), total organic carbon (10 mg/L), total organic
halides (136 pg/L), and pH (8.3).

The LFI concluded that the only COCs for groundwater were Sr-90 and tritium. However, at the time of
the LFI, Cr(VI) was not included in the analyte list.

3.2.4 Previous Studies and Treatability Tests

In 2001, a pilot risk assessment study was initiated in 100-BC to begin the evaluation of the
protectiveness of remedial actions under interim action RODs. These activities provided lessons learned
and helped refine the approach for assessment of risk in the remainder of the River Corridor
(DOE/RL-2005-40, Draft B). The impacts of source area and groundwater contamination to human health
and ecological risk were addressed. The shoreline areas within 100-BC were sampled according to the
River Corridor Baseline Risk Assessment (RCBRA) sample design (DOE/RL-2004-37, Risk Assessment
Work Plan for 100 Area and 300 Area Component of the RCBRA) to support a consistent risk
characterization approach for the entire Hanford Site shoreline. Data from characterization of waste sites
within 100-BC were also used to support risk characterization for the RCBRA.

A study was conducted in 1994 involving the 118-B-1 Solid Waste Burial Ground (DOE/RL-94-43,
118-B-1 Excavation Treatability Test Plan). During this study, test pit excavation locations were selected
based on geophysical survey results (WHC-SD-EN-TI-137, Geophysical Investigation of the 118-B-1
Burial Grounds, 100-B/C Area, Hanford Site, Washington). Using these surveys to guide excavation
provided positive results for identifying waste anomalies and excavation boundaries in a few locations.

In April 1990, a treatability test using in situ vitrification was conducted at the 116-B-6A Crib site. In situ
vitrification is a thermal treatment process that converts contaminated soil into a chemically inert and
stable glass and crystalline product (PNL-8281, In Situ Vitrification of a Mixed-Waste Contaminated Soil
Site: The 116-B-64 Crib at Hanford). This test was a technology demonstration rather than a remedial
action to stabilize waste.



DOE/RL-2008-46-ADD3, REV 0

The in situ vitrification melt at this site reached 4.3 m (14 ft) bgs and produced a block of vitrified
material between 10.7 and 12.2 m (35 to 40 ft) in diameter, approximately 3.8 m (12 ft) high, and
weighing between 726 and 816 metric tons (800 and 900 tons). The vitrified material was removed during
remediation of the 116-B-6A/116-B-16 Site and was disposed to ERDF (CVP-99-00011, Cleanup
Verification Package for the 116-B-6A4 Crib and 116-B-16 Fuel Examination Tank). Further treatment
using in situ vitrification has not been performed.

3.2.5 100-BC Hexavalent Chromium Leach Test Studies

Multiple leach studies have been performed for Cr(VI) on soil from 100-BC. Results of recent column
leach studies are presented in PNNL-17674, Geochemical Characterization of Chromate Contamination
in the 100 Area Vadose Zone at the Hanford Site. Results show multiple categories of Cr(VI) with
different leaching behavior. The dominant category is highly mobile with a distribution coefficient (Ky)
at or near zero. A separate batch leach test performed for soil from the 100-B-27 site also showed that
Cr(VI) present had a K, at or near zero. Additional leach tests are needed to quantify the behavior of
Cr(VI) at 100-C-7 more precisely.

3.2.6 100-BC Orphan Site Evaluation

An orphan site evaluation was mitiated in April 2004, n [00-BC to identity and address orphan sites. Orphan
sites are newly discovered areas of potentially hazardous waste. The first areas selected for these activities
were the 100-BC-1 and 100-BC-2 OUs. A historical review and field walk-down of the area was conducted.
The resulting data were compiled and evaluated, and new waste sites were entered into the WIDS database.

The historical review included examining the construction, operation, decontamination and
decommissioning (D&D), and remedial action activities conducted in the area from 1943 to 2004.

This included reviewing and evaluating reports, drawings, and photographs relevant to those activities.
The initial 2004 field walk-down has been supplemented during 2009 to cover 100-BC, a total of

11.54 km” (4.45 mi®). Global Positioning System (GPS) technology has been used to define the locations
of artificial features, and these locations were digitally photographed. For select sites, ground penetrating
radar (GPR) was also employed. Figure 3-3 presents the areas covered in the field walk-downs.

The historical review identified five new waste sites, while the ficld walk-down identified three new waste
sites and modified an existing waste site. The GPR activities identified one new waste site. A number of
sites were also identified as potential WIDS sites, including railroad tracks, underground electrical cables,
and active facilities such as the 151-B Substation and the Hanford Water Transport System (181-B River
Pump House, 182-B Reservoir, and associated piping). The status of these sites has not been determined at
this time. The discovery process will continue at 100-BC until all identified sites are dispositioned.
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Figure 3-3. Area Addressed by 100-BC Orphan Sites Evaluation Process

3.3 Interim Remedial Actions and Existing Waste Site Contamination

Remediation and characterization of the waste sites began in 1996 under the authority provided by the
interim action RODs and monitoring plans. Remediation has consisted mainly of removal, segregation,
storage, treatment, and disposal of soil, debris, and waste material and then backfilling remediated waste
sites. Approximately 992 million kg (2.2 billion pounds) of contaminated soil and debris has been
removed from 100-BC.

3.3.1  Waste Sites Description and History

As of December 3, 2009, 150 waste sites (including sub-sites) exist within 100-BC. Appendix A provides
maps of the waste site locations. These waste sites consist mainly of inactive past-practice waste sites
described as trenches, ditches, cribs, burial grounds, and unplanned releases. Ninety-five sites are assigned
to the 100-BC-1 OU, and 55 sites are assigned to the 100-BC-2 OU. Table 3-3 provides summary
information of the status of the waste sites. The various site status categories are defined as follows:

e Closed Out: A reclassification status indicating that due to actions taken, a waste management unit
meets applicable cleanup standards or closure requirements. It should be noted that many remediation
waste sites were identified as “Closed Out” based on a previous classification scheme. Since all the
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associated RODs are interim action RODs, these waste sites are considered “Interim Closed” based
on current definitions.

e Interim Closed: A reclassification status indicating that 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 action ROD has not been issued.

e No Action: A reclassification status indicating a waste site does not require any further remedial
action under Resource Conservation and Recovery Act of 1976 (RCRA) Corrective Action
(42 USC 6901, et seq.); Comprehensive Environmental Response, Compensation, and Liability Act of
1980 (CERCLA) (42 USC 9601, et seq.); or other cleanup standards. This is based on an assessment
of quantitative data collected for the waste site.

e Not Accepted: A classification status indicating an assessment was made that a WIDS site is not a
waste management unit and is not within the scope of Ecology et al., 1989b, Hanford Federal Facility
Agreement and Consent Order Action Plan, Section 3.1. This classification requires DOE and lead
regulatory agency (EPA) approval.

e 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),
Section 3.1.

e Discovery: An initial classification status indicating evidence of a potential waste site and the
assessment is not yet complete. This is the classification of a newly discovered WIDS site.

e Rejected: This classification status indicates that a waste site does not require remediation under
RCRA Corrective Action, CERCLA, or other cleanup standards based on qualitative information
such as a review of historical records, photographs, drawings, walkdowns, ground penetrating radar
scans, and shallow test pits. Such investigations do not include quantitative measurements.

Appendix A contains a map of all sites in the area. Appendix B provides a description and history for each
waste site and identifies available contaminants of concern (COCs) from close out documentation as is current
as of December 3, 2009. Appendix C provides the facility description, location, and status as of January 7,
2010. Table 3-4 presents the current plan of action for the remaining accepted and discovery sites.
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Table 3-3. Summary Information on the Status of 100-BC Waste Sites

Closed Interim No Action | Not Accepted Accepted Discovery Rejected
Reclassification Status Waste Sites Total Closed Total Total Total Total Total Total
Reclassification of 100-BC-1 OU Waste Sites

Closed® 116-B-16, 1607-B3, 1607-B4, 116-B-3**, 116-B-6A 5
Interim Closed® 100-B-5**, 100-B-8, 100-B-8:1**, 100-B-8:2**, 100-B-12, 100-B-14, 100-B-14:1**, 100-B-14:2, 100-B-16, 100-B-18, 39

100-B-20, 100-B-21:2, 100-B-21:3, 116-B-1**, 116-B-2, 116-B-4, 116-B-5, 116-B-6B, 116-B-7**, 116-B-9, 116-B-10,

116-B-11**, 116-B-12, 116-B-13**, 116-B-14**, 118-B-5, 118-B-10, 120-B-1, 126-B-3**, 128-B-2**, 128-B-3, 132-B-6**,

1607-B2, 1607-B2:1, 1607-B2:2, 1607-B7, 116-C-1**, 116-C-5**, 132-C-2**
No Action® 100-B-2, 100-B-3, 100-B-10, 100-B-11**, 100-B-14:3, 100-B-14:4**, 100-B-14:5**, 100-B-14:6, 100-B-14:7**, 100-B-21:1, 22

100-B-22:1, 100-B-24, 100-B-26**, 116-B-15, 118-B-9, 126-B-2, 132-B-1, 132-B-3, 132-B-4, 132-B-5, 1607-B1, 600-230
Not Acc:eptedd 100-B-4, 100-B-7, 100-B-17, 100-B-29, 128-B-1, 600-231, 600-253 7
Acceptede 100-B-15, 100-B-19, 100-B-21, 100-B-21:4, 100-B-22, 100-B-22:2, 100-B-25**, 100-B-27**, 100-B-28**, 100-B-32, 15

100-B-33, 118-B-8, 132-B-2, 1607-B5, 1607-B6,
Discoveryf None 0
Rejected? 118-B-7, 126-B-1, 126-B-4, 600-34, 600-56, 600-67, 600-264 7
Total 100-BC-1 OU — waste sites 5 39 22 7 15 0 7

Reclassification of 100-BC-2 OU Waste Sites

Closed 118-C-3:2 1
Interim Closed 100-B-1, 100-B-23, 118-B-1**, 118-B-2**,118-B-3, 118-B-4, 118-B-6, 1607-B-8, 1607-B9, 1607-B10, 1607-B11, 100-C-3, 31

100-C-6:1**, 100-C-6:2**, 100-C-6:3**, 100-C-6:4**, 100-C-9, 100-C-9:1**, 100-C-9:2, 116-C-2A**,116-C-2B**,

116-C-2C**,116-C-3**,116-C-6, 118-C-1**,118-C-2, 118-C-3:3, 118-C-4**,128-C-1**,600-232, 600-233
No Action 100-C-9:3**, 100-C-9:4**, 132-C-1, 132-C-3 4
Not Accepted 100-B-30, 100-C-2, 100-C-4, 100-C-5, 100-C-8, 124-C-4, 600-252 7
Accepted 100-B-31, 118-B-8:1, 118-B-8:2, 118-B-8:3**, 100-C-6, 100-C-6:5, 100-C-7, 100-C-7:1,118-C-3, 118-C-3:1 10
Discovery 100-C-7:2 1
Rejected 600-33 1
Total 100-BC-2 OU - waste sites 1 31 4 7 10 1 1
Total - 150 waste sites 6 70 26 14 25 1 8

Notes:
Bold text denotes a site identified through the orphan site evaluation process.
Underlined text denotes a site that has been remediated and is awaiting completion of the Remaining Site Verification Process (see Current Plan of Action for Remaining Accepted and Discovery Sites). )
This summary of waste sites is current as of December 3, 2009. Information was obtained from the Stewardship Information System. WIDS waste site definitions originate from RL-TPA-90-001, Tri-Party Agreement Handbook Management Procedures, Guideline Number TPA-MP-14, "Maintenance of the
Waste Information Data Systemn (WIDS).”
*  Additional information provided in Appendix B.
**  Sites received Cr(V!) waste stream.
a. Closed: A reclassification status indicating that due to actions taken, a waste management unit meets applicable cleanup standards or closure requirements. (Note: Many remediation waste sites were identified as "Closed Out” based on a previous classification scheme. Since all the associated RODs
are interim action RODs, these waste sites are considered "Interim Closed” based on current definitions.)
- Interim Closed Out: A reclassification status indicating, due to actions taken, a waste management unit meets cleanup standards specified in an Interim Action Record of Decision or Action Memorandum, but for which a Final Record of Decision has not been issued.
c. No Action: A reclassification status indicating a waste site does not require any further remedial action under Resource Conservation and Recovery Act of 1976 (RCRA) Corrective Action, Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA), or other cleanup
standards based on an assessment of quantitative data collected for the waste site.
d. 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 Ecology et al., 1989b, Hanford Federal Facility Agreement and Consent Order Action Plan, Section 3.1. This classification requires lead
regulatory agency approval.
- 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), Section 3.1.
f.  Discovery: An initial classification status indicating evidence of a potential waste site; assessment is not yet complete. This is the classicization of a newly discovered WIDS site.
g- Rejected: A classification status indicating that a waste site does not require remediation under RCRA Corrective Action, CERCLA, or other cleanup standards based on qualitative information such as a review of historical records, photographs, drawings, walkdowns, ground penetrating radar scans,
and shallow test pits. Such investigations do not include quantitative measurements.
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Table 3-4. Current Plan of Action for Remaining Accepted and Discovery Sites

Operable Reclassification
Site Code Site Type Unit Site Names Status Plan of Action
100-B-15 Radioactive 100-BC-1 | 100-B-15, 100-BC River Accepted Removed from previous
Process Effluent Pipelines, ESD; tentatively to be
Sewer 100-BC River Lines addressed in RCBRA
and final ROD.
100-B-19 Unplanned 100-BC-1 | 100-B-19, 100-BC Accepted RSVP Rev.0 scheduled
Release Stained Soil Sites, to be issued in
100-BC Chemical April 2010.
Contaminated Surface
Soil Areas
100-B-21 Process 100-BC-1 | 100-B-21, 100-BC Accepted See Subsite
Sewer Miscellaneous Pipelines
100-B-21:4 | Process 100-BC-1 | 100-B-21:4, Pipeline Accepted RSVP Rev.0 scheduled
Sewer From 105-C Reactor East to be issued in
to 116-C-2B Sump April 2010.
100-B-22 Dumping 100-BC-1 | 100-B-22, 100-B Water Accepted See Subsite
Area Treatment Facilities and
Surrounding Soil
100-B-22:2 | Process 100-BC-1 100-B-22:2, Water Accepted RSVP Rev.0 scheduled
Unit/Plant Treatment Facilities, Most to be issued in
of 183-B, 185-B, 190-B April 2010.
100-B-25 Outfall 100-BC-1 | 100-B-25, 1904-B2 Accepted RSVP Rev.0 scheduled
Spillway, Flume from to be issued in
Outfall Structures March 2010.
132-B-6
100-B-27 Unplanned 100-BC-1 100-B-27, Sodium Accepted RSVP Rev.0 scheduled
Release Dichromate Spill to be issued in
February 2010.
100-B-28 Product 100-BC-1 | 100-B-28, 183-C to Accepted RSVP Rev.0 scheduled
Piping 126-B-2 Sodium to be issued in
Dichromate Transfer April 2010.
Pipeline
100-B-31 Unplanned 100-BC-2 | 100-B-31, Garnet Sand at Accepted RSVP Rev.0 scheduled
Release the 183-C Clearwell Pads to be issued in
March 2010.
100-B-32 Unplanned 100-BC-1 | 100-B-32, SCA Accepted RSVP Rev.0 scheduled
Release Associated With Legacy to be issued in
Waste April 2010.
100-B-33 Unplanned 100-BC-1 100-B-33, SCA Area 2 Accepted RSVP Rev.0 scheduled
Release Associated with Legacy to be issued in
Waste March 2010.
118-B-8 Reactor 100-BC-1 | 118-B-8, 105-B Reactor Accepted See Subsites

Building, B Reactor (See
Subsites)
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Table 3-4. Current Plan of Action for Remaining Accepted and Discovery Sites

Operable Reclassification
Site Code Site Type Unit Site Names Status Plan of Action
118-B-8:1 Reactor 100-BC-2 | 118-B-8:1, 105-B Reactor Accepted This waste site is
Building associated with the
B Reactor, there is no
current plan in place for
RTD. Characterization is
planned.
118-B-8:2 French 100-BC-2 | 118-B-8:2, 105-B French Accepted This waste site is
Drain Drains associated with the
B Reactor, there is no
current plan in place for
RTD.
118-B-8:3 Radioactive 100-BC-2 | 118-B-8:3, 105-B Accepted This waste site is
Process Miscellaneous Pipeline associated with the
Sewer Segments B Reactor, there is no
current plan in place for
RTD.
132-B-2 Stack 100-BC-1 | 132-B-2, 116-B Reactor Accepted This waste site is
Exhaust Stack, 132-B-2 associated with the
Stack B Reactor, there is no
current plan in place for
RTD.
1607-B5 Septic Tank 100-BC-1 | 1607-B5, 1607-B5 Septic Accepted This waste site requires
Tank System, 1607-B4, remediation but it sits
1607-B4 Septic Tank below an active
System, 124-B-4, transformer at the
1607-B4 Sanitary Sewer 181-B facility.
System
1607-B6 Septic Tank 100-BC-1 | 1607-B6, 1607-B6 Septic Accepted This waste site is still
Tank System, 1607-B5, active for the 182-B
1607-B5 Septic Tank facility.
System, 124-B-5,
1607-B5 Sanitary Sewer
System
100-C-6 Radioactive 100-BC-2 | 100-C-6, 100-C Reactor Accepted See Subsite
Process Cooling Water Effluent
Sewer Underground Pipelines
(5 Subsites)
100-C-6:5 Radioactive 100-BC-2 | 100-C-6:5, Pipelines Accepted This site is a part of the
Process Sections Under Export EWL.
Sewer Water Line
100-C-7 Dumping 100-BC-2 | 100-C-7, 183-C Head Accepted RTD is planned at this
Area House Foundation and site.

Stained Soil (100-C-7:1),
183-C Filter Building/
Pump room Facility
Foundation and Stained
Soil (100-C-7:2)
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Table 3-4. Current Plan of Action for Remaining Accepted and Discovery Sites

Operable Reclassification
Site Code Site Type Unit Site Names Status Plan of Action
100-C-7:1 Unplanned 100-BC-2 | 100-C-7:1, 183-C Water Accepted RTD is planned at this
Release Treatment Facility Head site.
House Foundation and
Stained Soll
118-C-3 Reactor 100-BC-2 | 118-C-3, 105-C Reactor Accepted See Subsite
Building (see subsites)
118-C-3:1 Reactor 100-BC-2 | 118-C-3:1, 105-C Accepted This waste site is
Reactor Core and associated with the
ISS Project C Reactor, there is no
current plan in place for
RTD.
Characterization is
planned.
Notes:
ESD = Explanation of Significant Difference
ISS = Interim Safe Stored
RCBRA = River Corridor Baseline Risk Assessment
ROD = Record of Decision
RSVP = remaining site verification package
RTD = removal, treatment, and disposal
SCA = Soil contamination area
3.3.2 118-B-1 Solid Waste Burial Ground: Explanation of Significant Difference

The 118-B-1 burial ground has a site reclassification status of interim closed. Results of cleanup
verification sampling indicate that all remedial action objectives (RAOs) were met except tritium
concentrations in the vadose zone below the remediation footprint, which exceed the remedial action
objective for the protection of groundwater. Because of this, an explanation of significant difference
(ESD) was prepared to address tritium contamination remaining in the soil column (EPA et al., 2007,
Explanation of Significant Difference for the Interim Action Record of Decision for the 100-BC-1,
100-BC-2, 100-DR-1, 100-DR-2, 100-FR-2, 100-HR-2, and 200-KR-2 Operable Units [100 Area Burial
Grounds] October 2007). With consideration of various balancing factors (e.g., reduction of risk by
decay, protection of human health and the environment, remediation cost), the ESD concluded that
tritium-contaminated soil may remain in place with institutional controls that prohibit future irrigation to
minimize further mobilization of residual tritium contamination to groundwater and the Columbia River
(CVP-2007-00006).

3.3.3 100-B-15 River Effluent Pipelines

Between 1944 and 1967, cooling water from the 105-B and 105-C reactors was released to four pipelines
that discharged into the Columbia River. The effluent entered the pipelines through three outfall
structures (116-B-7, 132-B-6, and 132-C-2 waste sites). All three outfall structures have been remediated
and interim closed out. Today, the inactive effluent pipelines (i.e., accepted waste site 100-B-15) remain
in their original location on or beneath the Columbia River channel bottom. There are currently no plans
to address the pipelines through interim remedial actions.
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DOE/RL-2007-21, Risk Assessment Report for the 100 Area and 300 Area Component of the River
Corridor Baseline Risk Assessment (RCBRA), Vol. 2, Draft B, documents characterization data and
human health and ecological risk evaluations associated with 100-BC River Effluent Pipelines as well as
other area river effluent pipelines. The data are presented in BHI-01141, 100 Area River Effluent
Pipelines Risk Assessment, Tables 3, 4, 5, and 6.

For the evaluation, river sediment and pipe scale samples were selectively analyzed for Co-60, Cs-137,
Eu-152, Eu-154, Eu-155, K-40, Ni-63, Pu-238, Pu-239/240, tritium, total uranium, inductively coupled
plasma (ICP) metals, mercury, total organic carbon, gross alpha, gross beta, and total activity. Results of
the risk evaluation of the pipelines under current conditions (in the river) indicate there were no
unacceptable risks and, therefore, no requirement under CERCLA to remediate the river effluent
pipelines. However, a supplemental risk evaluation performed in 2005 did determine that there may be
elevated human health risk should portions of the river pipelines become dislodged and wash ashore.
Final action to address the river effluent pipelines will be guided by the RCBRA in a final ROD.
Therefore, no additional detail regarding river effluent pipelines is presented in this addendum.

3.3.4 High Volume Liquid Waste Sites

Field data from previous investigations indicate that contaminant concentrations at high volume, liquid
waste sites (e.g., Cr(VI), lead, Cs-137, and Pu-239/240) were highest at the bottom of the disposal
facility and generally decreased with depth. Soil samples collected and analyzed during interim remedial
actions indicate residual contamination is generally located well above the water table and the
periodically re-wetted zone. Waste sites that received small amounts of liquid were generally found to
have soil contamination extending limited distances into the vadose zone beneath waste sites (i.e., burial
grounds, some unplanned releases, and liquid sites). Table 2-4 and Figure 2-16 in Chapter 2 identify the
high volume liquid waste sites.

Most of the high priority liquid waste sites in 100-BC were remediated by 2004, followed by the
remediation of burial grounds and other site types. As of December 2009, all liquid waste sites, unplanned
releases, and burial grounds considered for interim remedial action, with the exception of 100-C-7, either
have been dispositioned according to the interim action record of decision (IROD) or TPA-MP-14, or are
in the process of being reclassified (e.g., interim closed) pending regulatory approval.

To support interim closure of waste sites, soil samples are typically collected and analyzed from the
exposed surface at the bottom and sidewalls of the excavation. Before 2005, samples were collected as
composite samples, but the current methodology includes collection of grab samples. The sample
methodology for verification samples is described in the associated SAPs. The resulting data are
compared to RAGs and documented in cleanup verification packages (CVPs). The CVP data for the
interim closed waste sites are summarized in Appendix B.

The primary statistical calculation to evaluate compliance with cleanup standards is the 95 percent upper
confidence limit (UCL) on the arithmetic mean of the data. Maximum concentrations are also used to
interim close waste sites. The data presented in Appendix B generally include the maximum concentrations
and/or concentrations representing the 95 percent UCL of waste site COCs for both the shallow and deep
zones (zero to 4.5 m [15 ft] and greater than 4.5 m [15 ft] bgs, respectively). These data also describe
measured contamination levels and the extent of removed materials at interim closed waste sites.

After the implementation of remedial actions, contaminant inventories and impacts to the environment are
significantly reduced. This mitigation occurs because contaminants encountered to the depth of remedial
action are effectively removed from the waste site, treated as necessary, and disposed at an appropriate
facility (e.g., ERDF). Any remaining contamination is the residual material below the depth of
remediation. Therefore, it should be noted that information from previous investigations (presented in
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UNI-946, 1978, and the LFI reports for the OUs) reflect contaminant concentrations measured in waste
material that has since been removed during interim ROD remedial action.

The close-out verification data and background information on the waste sites are used in this addendum
to support selection of waste sites for additional characterization based on residual concentrations
remaining at the site. Characterization efforts planned in this addendum will be used to verify the
distribution of remaining contamination, provide information to support modeling, and provide
information to close CSM data gaps to support the final ROD.

3.3.5 Ongoing Investigation at Waste Site 100-C-7

The 100-C-7 waste site has been characterized to the water table, and soil has been removed from the
waste site to a depth of 4.6 m (15 ft) bgs. Due to remaining Cr(VI) contamination levels at the base of the
100-C-7:1 excavation, a pothole was excavated into the bottom of the excavated waste site on

April 5, 2005. The pothole had a starting elevation of 4.6 m (15 ft) bgs and was excavated an additional
5.5 m (18 ft), resulting in a total depth of 10 m (33 ft) bgs. Samples were collected to evaluate the vertical
distribution of sodium dichromate contamination. Residual soil contamination was present at 10 m

(33 ft) bgs with Cr(VI) concentrations of 1,620 mg/kg. Discolored soil indicating the presence of
chromium was also observed in the sidewalls of the pothole.

In order to further evaluate the vertical distribution of contamination at this site, a characterization
borehole (C4947) was drilled in August 2005 to collect soil and groundwater samples. The borehole was
to be drilled in the location of the pothole; however, after placement of gravel to stabilize the site for
mobilization of the drill rig, the actual borehole location was approximately 10 m (33 ft) northeast of the
former pothole. No groundwater monitoring wells were located around the 183-C Water Treatment
Facilities; therefore, a groundwater sample was collected prior to abandonment of the borehole to assist in
future groundwater characterization. Groundwater sample results for Cr(VI) were 13.9 mg/L

(13,900 pg/L) (filtered sample) and 46.9 pg/L (unfiltered sample).

In July 2007, eight characterization test pits (TP-1 through TP-8) were excavated at the bottom of the
100-C-7:1 excavation. In addition, one borehole, C5671 (BH-1 and Well 199-B8-7 [Appendix A,

100-BC Area and 100-BC-2/BC-6 Operable Unit Maps]), was drilled in the location of the original
pothole. In August 2007, a borchole, C5672 (BH-2 and Well 199-B8-8), was drilled at the 100-C-7
(183-C Pump House) waste site. Samples were collected at various depths and analyzed for ICP metals
(e.g., total chromium), Cr(VI), and pH. Toxicity Characteristic Leaching Procedure (TCLP) analyses were
requested based on total chromium results. Characterization of TP-5 had the maximum Cr(VI)
(concentration at 1,970 mg/kg) levels identified in 100-C-7. These results were from the 1 m (3 ft) depth
of TP-5, approximately 5.6 m (18 ft) below the surrounding grade. Note that borehole C5672 had a
starting elevation matching the surrounding grade. The pothole, test pits, and boreholes C4947 and C5671
had a starting elevation of 4.6 m (15 ft) below the surrounding grade due to the previous excavation
activities performed at the 100-C-7:1 Site.

Hexavalent chromium concentrations exceed RAGs across the site, with concentrations of Cr(VI) ranging
from less than 1 mg/kg to 1,970 mg/kg. The current levels of contamination at 100-C-7 warrant continued
interim remedial action, which is expected to be removal, treatment, and disposal (RTD). Details of the
100-C-7 waste site investigation are presented in Blakley, 2008, “100-C-7 and 100-B-27 Test Pit and
Borehole Data Summary Report.”
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3.4 Nature and Extent of Groundwater Contaminants

This section describes the nature and extent of groundwater contamination within the 100-BC Area. The
annual Hanford Site groundwater monitoring reports (e.g., DOE/RL-2008-66) present information on the
groundwater within 100-BC that is more detailed.

The following subsections describe groundwater contaminant conditions focusing on the most recent
sampling performed in fiscal year (FY) 2009. The 100-BC groundwater monitoring wells are shown in
Appendix A. Wells in 100-BC are sampled for the COCs based on results of the data quality objectives
(DQO) process (PNNL-14287).

Groundwater is sampled at various intervals (typically quarterly to biennially) for select contaminants of
interest to describe the nature and extent of contamination at 100-BC. The sampling frequency was
recommended in the groundwater SAP for this area (DOE/RL-2003-38, 100-BC-5 Operable Unit
Sampling and Analysis Plan, and in TPA-CN-293, Change Notice for Modifying Approved Documents/
Workplans In Accordance with the Tri-Party Agreement Action Plan, Section 9.0, Documentation and
Records: 100-BC-5 Operable Unit Sampling and Analysis Plan, DOE/RL-2003-38 Rev 1 [as modified by
TPA-CN-240, 12/08/2008]) and as the result of the DQO process (PNNL-14287). Analytes included in
the sampling vary by well, but include alkalinity, anions, metals, gross alpha, gross beta, Sr-90, tritium,
Tc-99, and Cr(VI). The contaminants Sr-90, tritium, and Cr(VI) are the only three analytes detected above
the water quality standards. Table 3-5 lists the areal extent of these plumes as of 2008. The extent of the
plumes from 2009 data has not yet been calculated.

Groundwater samples generally are not filtered. Samples to be analyzed for metals currently are collected
in filtered/unfiltered pairs. Between 2000 and 2007, only filtered metals samples were collected. Filtered
metals samples represent dissolved materials and are less affected by particulate materials from the
aquifer or well screen.

Water near the Columbia River is sampled annually (usually in the late fall) from aquifer tubes and from
riverbank seeps. These water samples are analyzed for chromium, Cr(VI), gross beta, nitrate, specific
conductance, Sr-90, and/or tritium. The results are documented in annual groundwater monitoring reports
prepared for the Hanford Site (e.g., DOE/RL-2008-66). Groundwater monitoring has continued since the
initial RI in 1993 (DOE/RL-93-37) and during waste site remedial actions.

Table 3-5. Plume Areas at 100-BC-5 Groundwater QU

Plume Area Plume Area
Contaminant Standard (km?) (mi?)
Cr(vi)® 20 pg/L 0.82 0.32
Sr-90 8 pCilL® 0.63 0.24
Tritium 20,000 pCi/Lb 0.23 0.09

Notes:
Source: DOE/RL-2008-66, Hanford Site Groundwater Monitoring for Fiscal Year 2008.

a Cleanup level based on ambient surface water quality criteria with 1:1 dilution applied (EPA/ROD/R10-96/134,
Declaration of the Record of Decision for the 100-HR-3 and 100-KR-4 Operable Units, Hanford Site, Benton
County, Washington). Cleanup level potentially applicable to 100-BC. Cr(VI) area based on dissolved total
chromium analytical analyses (DOE/RL-2008-66).

b Federal Drinking Water Standard
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341 Chromium

Hexavalent chromium contamination is of concern to salmon and other aquatic life. Fall Chinook salmon
spawning areas have been recorded near 100-BC (Figure 3-4). Shoreline areas provide rearing habitat for
young salmon and steelhead, as well as for many of the other species of fish in the river (DOE/RL-2005-40).

: 3

N

Fall Chinook Salmon
Spawning Areas

100 BSC Area

EQ104045_3
Figure 3-4. 100-BC Location with Respect to Mapped Salmon Redds (DOE/RL-2005-40)

Total chromium data from filtered samples and Cr(VI) data are discussed interchangeably in this section.
Dissolved chromium in Hanford Site groundwater is virtually all found in its hexavalent form
(WHC-SD-EN-TI-302, Speciation and Transport Characteristics of Chromium in the 100-D/H Areas of
the Hanford Site), so filtered, total chromium data effectively represents Cr(VI) concentrations.

At other 100 Area locations, the Cr(VI) level protective of the river has been set at 20 ug/L or less at each
compliance well to achieve the protective level of 10 pg/L at the river using the preliminary dilution
factor of 1:1 (EPA/AMD/R10-00/122, Interim Remedial Action Record of Decision Amendment for the
100-HR-3 Operable Unit, Benton County, Washington). This aquatic protection level of 20 pg/L for
Cr(VI) was exceeded in monitoring wells and aquifer tubes in the eastern half of 100-BC. Figure 3-5
presents the Cr(VI) plume based on average concentrations in 100-BC aquifer tubes and wells. Chromium
concentrations in Well 199-B2-12, screened in the RUM Unit and located adjacent to 199-B3-47, range
from below detection limits to 5 pg/L.

The Cr(VI) plume extends from the central region of 100-BC toward the Columbia River (Figure 3-5).
The shape of the plume has not changed significantly in the past 10 years. Total chromium concentrations
have been reported at less than federal DWS of 100 pg/L in recent years. Dissolved total concentrations
(inferred to be representative of Cr(VI)) have exceeded the Washington Administrative Code

(WAC) 173-340, “Model Toxics Control Act—Cleanup,” Method B concentration considered protective
of ingestion of drinking water of 48 pg/L. The highest concentration of dissolved chromium detected in
samples from 100-BC monitoring wells in 2009 was 56.1 ug/L in Well 199-B3-47, downgradient of the
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116-B-11 Retention Basin. The average results for Well 199-B3-47 are within the range observed
since 1999.

In the southern end of 100-BC, waste site investigations discovered Cr(VI) contamination in the vadose
zone at the 100-C-7 Waste Site. Chromium concentrations for groundwater samples from Wells 199-B8-7
and 199-B8-8 initially were below 20 pg/L. The concentration increased to 49 ug/L in Well 199-B8-8 in
July 2008 (Figure 3-6), but declined to below 20 pg/L in October 2008 and remained at that level in 2009.

Another waste site, 100-B-27 sodium dichromate spill located in the northwestern portion of 100-BC, had
Cr(V]) contamination in the vadose zone. The DOE drilled a characterization borehole and collected a
groundwater sample (WCH-225, Sampling and Analysis Instruction for Evaluation of Residual
Hexavalent Chromium Contamination in the Subsurface Soil at 100-B-27). Chromium levels in
groundwater were low (6.5 pg/L in a filtered sample). A new monitoring well is being installed
downgradient of the site.

Figure 3-7 illustrates the distribution of Cr(VI) concentrations with depth for 100-BC aquifer tubes and
nearby wells. In October 2009, the highest concentration in an aquifer tube was 45 pg/L in tube 06-M. In
February 2009, two aquifer tubes had higher concentrations (78 pg/L in 05-S and 70 pg/L in C6231), but
the concentrations declined in October 2009.

In fall 2009, researchers detected Cr(VI) in Columbia River pore water at concentrations higher than
currently detected in groundwater. For example, one sample collected from approximately 0.3 m (1 ft)
below the river bottom in the middle of the channel contained 112 pg/L Cr(VI). This finding suggests that
Cr(VI) concentrations in groundwater may be higher in portions of the aquifer (horizontally or vertically)
not monitored by existing wells. Alternatively, the high concentrations in pore water could represent
residual contamination from historical groundwater conditions before most of the monitoring wells were
installed. An upcoming report in 2010 will discuss the pore water data.
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Figure 3-5. FY 2009 Average Chromium Concentrations in
100-BC, Upper Portion of the Unconfined Aquifer
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Figure 3-6. Dissolved Chromium Concentrations in Wells Near the 100-C-7 Waste Site
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3.4.2 Strontium-90

An Sr-90 plume extends from the central portion of 100-BC, north toward the river (Figure 3-8). The shape
of the plume has not changed substantially in more than 10 years and covers approximately 0.63 km®

(0.243 mi®) at concentrations above 8 pCi/L. DWS (DOE/RL-2008-66). Based on groundwater
concentrations from 100-BC aquifer tubes, completed at different depths for monitoring groundwater within
the unconfined aquifer, Sr-90 above the DWS appears to be limited to the upper portion of the unconfined
aquifer. This is consistent with what has been seen elsewhere in the 100 Area. Deep Well 199-B2-12
consistently has no detectable Sr-90, while its shallow counterpart, Well 199-B3-47, has levels above the
DWS. Similarly, deep aquifer tubes C6332, 05-D, and 06-D had undetectable Sr-90 concentrations, while
their shallower counterparts had concentrations above the DWS (DOE/RL-2008-66). Wells downgradient of
solid waste burial grounds detect little or no Sr-90. Well 199-B8-6, downgradient of the 118-B-1 Burial
Ground, has never detected any Sr-90. Wells 199-B9-2 and 199-B9-3 monitor groundwater downgradient of
the 1118-C-1 Burial Ground. Only one sample from 199-B9-2 detected Sr-90 (0.43 pCi/L in 2008).

Figure 3-9 shows Sr—90 concentration trends in wells near the 116-B-1 Trench, the 116-C-1 Trench, and
cribs in the central area of 100-BC. The highest concentration in 2009 was 29 pCi/L in Well 199-B3-1,
near the 116-B-1 Trench. Concentrations in 2009 were generally lower than those observed during several
previous years.

Near-shore groundwater monitoring is conducted through sampling and analysis in aquifer tubes. In 2009,
Sr-90 concentrations continued to exceed 8 pCi/L. DWS in several aquifer tubes in 100-BC, with a
maximum of 25 pCi/L in aquifer tube C6230. Concentration trends in the aquifer tubes are steady to
gradually declining.
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Figure 3-9. Sr-90 Concentration Trends in 100-BC Wells
3.43 Tritium

The upper part of the unconfined aquifer beneath 100-BC is contaminated with tritium at concentrations
that exceed the DWS of 20,000 pCi/L in several wells (Figure 3-10). The area with tritium concentrations
above 20,000 pCi/L covers an estimated 0.22 km® (0.085 mi”) (DOE/RL-2008-66). The distribution of
tritium currently is interpreted as three separate plumes (DOE/R1-2008-66). In the northern plume, tritium
concentrations exceeded the DWS from near the 116-B-11 Retention Basin to the Columbia River
shoreline. Tritium within this plume has reached the river, as evidenced by detection in aquifer tubes.
Although tritium spikes have been observed in downgradient Wells 199-B4-1 and 199-B5-2 in recent
years, overall the 2009 concentrations were less than their peak values. Fluctuations and spikes in trititum
concentrations have not been sufficiently explained (Figure 3-11). In 2009, Aquifer Tube 06-M had the
highest concentration (29,000 pCi/L) in an aquifer tube. This level is lower than the historical values at
this tube site, which ranged up to 66,000 pCi/L in 1998. Overall, concentrations of trittum have declined
in the past 10 years in the tubes in this region.
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Figure 3-11. Tritium Concentration Trends in the Northern Portion of the 100-BC Wells

Tritium concentrations in three wells in the southern portion of 100-BC exceed the DWS (Figure 3-12).
Because the area has only three monitoring wells, these plumes are not well defined. The two plumes on
the southwest portion of 100-BC are interpreted as multiple plumes for the following reasons:

e Early tritium data from well 199-B8-7 were below the DWS, while concentrations of tritium in
Wells 199-B8-6 and 199-B8-8 were above the DWS.

e Assuming the source for the western-most plume is the 116-B-1 Burial Ground, inferred groundwater
flow directions in the area do not suggest eastward movement of the plume toward Wells 199-B8-7
and 199-B8-8.

e Well 199-B8-6 (near the 118-B-1 Burial Ground) had tritium concentrations of approximately
29,000 pCi/L from 2005 to 2008, but the concentration declined below the DWS in 2009.
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Figure 3-12. Tritium Concentration Trends in the Southern Portion of 100-BC

3.44 Other Contaminants

In 2003, DQOs were developed to guide the routine groundwater sampling for the 100-BC-5 groundwater
OU (PNNL-14287). Groundwater samples collected from 1992 to 2002 were evaluated. Contaminants
such as C-14, Tc-99, antimony, lead, cadmium, and mercury that never had been detected above DWS
were not considered as COPCs for routine groundwater monitoring. However, the COCs for routine
groundwater monitoring are not intended to represent the full range of COPCs for this RI/FS. Other
contaminants such as aluminum, iron, and nickel no longer exceeded groundwater standards as of 1995

and were also not considered as COPCs.

Nitrate was identified as a COC in 1998 and 1999 based on its exceedance of the 45 mg/L DWS in
Well 199-B3-47 (DOE/RL-2005-40). Concentrations have since decreased over time, but nitrate in
groundwater continues to be routinely monitored as a supporting parameter (DOE/RL-2003-38).

The highest nitrate concentration in a well during 2008 or 2009 was 39.5 mg/L in Well 199-B3-47,
observed at a 5-year increasing trend. Nitrate was detected at an elevated concentration of 44.7 mg/L
(average of duplicates in October 2009) in nearby Aquifer Tube 06-M.

3.5 Contaminant Fate and Transport

This section discusses the fate and transport of contaminants in the vadose zone and groundwater within
100-BC. Contaminants remaining in the vadose zone may migrate to groundwater and ultimately to the
Columbia River.

3.5.1 Contaminant Distribution in the Vadose Zone

The distribution of contaminants in the vadose zone beneath waste sites depends on many factors. The
volume of effluent discharged, contaminant inventory, vadose zone thickness, stratigraphy, soil
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partitioning coefficient (K4), and natural recharge are the primary physical and chemical properties that
influence contaminant distribution in the vadose zone.

The generalized contaminant distribution model for 100-BC is based on the observed distribution of
contamination and information on recharge histories and contaminant chemical reactivity with subsurface
sediments that are to some degree waste site specific. Effluent discharged to the soil column was the
primary driving force for contaminant migration during operations. Where saturated conditions were
maintained during operation, the extent of contamination is more extensive. Since cessation of waste
discharges, only natural recharge and, in some cases, artificial sources of recharge (i.e., dust suppression
water) are available to facilitate continued contaminant transport.

Waste sites that received enough liquid effluent to impact groundwater have contamination at varying
levels throughout most of the vadose zone. Areas of high volumes of water resulted in increased potential
for chemical transport to the groundwater, especially for the more mobile contaminants. Contaminants
with low contaminant distribution coefficients (near zero) such as Cr(VI) have migrated through the
vadose zone and into the groundwater when the waste sites were operational. The available data indicate
residual concentrations of Cr(VI) remain in the vadose zone where remedial actions have been completed.
However, few data are available to quantify total vadose zone Cr(VI) quantities and distribution. Data are
also not available to evaluate the extent of other mobile contaminants such as tritium and nitrate across
the thickness of the vadose zone. Concentrations of less mobile contaminants generally decrease with
depth below the disposal structure.

Waste sites that received small amounts of dilute liquids are generally found to have soil contamination
extending limited distances into the vadose zone beneath waste sites (i.e., burial grounds, reactor
structures, and some unplanned releases). More than 60 target analytes are identified for soil waste sites.
The master list of soil target analytes is provided in Chapter 4.

The CSM for waste sites incorporates the following:

¢ High soil partitioning K, contaminants: The highest soil contaminant concentrations are expected
within and near the point of release. Sufficiently high volumes of liquids discharged into a waste site
can increase the vertical extent of contamination in the vadose zone. Where little or no liquid
effluents were discharged to a waste site, soil contamination is expected to remain within and only
slightly below the point of release.

e Low soil partitioning K, contaminants: The highest levels of soil contamination are expected to be
found near the point of release, but may also continue at elevated levels through the vadose zone to
groundwater, depending on the discharge volume and infiltration rate. Soil contaminant levels
generally decrease with depth, but contamination can be found at higher levels in lenses of fine
materials. Limited data are available to evaluate vertical contaminant distribution behavior for several
contaminants including nitrate, tritium, and Cr(VI).

Many facilities within 100-BC have undergone deactivation, decommissioning, decontamination, and
demolition (D4), and the C-Reactor has been placed in ISS. Waste sites that are identified as part of the
facility removal process are remediated using remedial action under interim action RODs. This process
has resulted in limited characterization of soil beneath structures removed as part of the reactor ISS
process or beneath the ISS reactor buildings. Because contaminants passed through reactor structures or
were produced in reactor structures as part of operations, contaminants may be present beneath the
structures at concentrations that are a risk to human health or ecological receptors. Insufficient data are
available to assess the environmental risk of the contamination beneath or around the reactor structures.
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Contaminated soil in the remediated portion of a waste site is below the RAGs. Empirical data and modeling
results indicate the residual contaminants remaining in the soil at the bottom and sides of the excavated sites

are protective of groundwater and the Columbia River. Soil samples have not been collected to the depth of

the current water table to confirm this portion of the CSM at interim closed waste sites.

The continued search for additional waste sites is necessary to identify waste sites with a potential to
adversely impact human health and the environment. An orphan site evaluation has been completed in the
immediate vicinity of 100-BC. Orphan site evaluation is planned in the remaining portion of the area to
identify waste sites with a potential to adversely impact human health and the environment. Although
conducting orphan site evaluations are not within the scope of this addendum, the task will be completed
by the River Corridor Contractor and incorporated into the RI/FS process as guided by TPA-MP-14. The
evaluations are conducted according to WCH-218, Orphan Sites Evaluation Project Execution Plan.

3.5.2 Distribution of Contaminants in Groundwater

Both natural and anthropogenic hydrologic processes have influenced the distribution of contaminants in
the subsurface via groundwater flow. Processes affecting contaminant migration continue (e.g., changing
river stage), while the effect of local alterations to groundwater flow have diminished over time with the
ccssation of reactor operations (e.g., no more coolant water disposal).

Groundwater flow and elevations within 100-BC are influenced by fluctuating river stage. These changes
are largely controlled by operation of the upgradient Priest River Dam. During the spring, the river
surface rises because snowmelt requires more flow through the dam. The surface water rise displaces
groundwater inland and causes water table rises throughout 100-BC. During this time, the hydraulic
gradient is altered and less water flows into the river. Conversely, during the fall, the river surface
declines and groundwater flow toward the river dominates once again.

In 100-BC, the primary historical local influences on groundwater flow patterns were chronic
unintentional losses of fluids from retention basins and intentional discharges to cribs and trenches.

The facilities that released large quantities of fluid, generally over long time periods, are summarized in
Chapter 2, Table 2-4 and Figure 2-16. These long term discharges created groundwater mounds under the
discharge facility that were 6 to 9 m (20 to 30 ft) above the nominal water table. Figure 3-13 provides
locations and water table elevations over time for three groundwater monitoring wells that have long term
records. Some groundwater contamination may have been directed inland because of the influence of the
mounds, only to resume moving toward the river once groundwater mounds dissipated after termination
of liquid waste discharge to the subsurface. Water mounding from leakage at these facilities during
operations was considered the greatest factor in the widespread observation of groundwater Cr(VI), Sr-90,
and tritium contamination at 100-BC in the subsurface.

In the past, groundwater mounds in the 200 Area pushed contaminant plumes north, through the gap
between Gable Butte and Gable Mountain. The plumes can be traced from their sources in the 200 East
Area to a region between the 100-BC and 100-K Areas. The historical transport of contaminants from the
200 Area is not currently impacting 100-BC groundwater above DWS.

All three wells in Figure 3-13 show the effects of groundwater mounding, particularly at Well 699-65-72
nearly 3.2 km (2 mi) inland from the retention basins where the record is most complete and seasonal
variations from river stages provide little interference. At this well, the water table rose from the first
measurement in February 1950 until it peaked in the spring of 1968.

Total elevation increase was about 5 m (16 ft) during this time. The timing of this trend coincides almost
precisely with that of combined discharges of reactor coolant to the subsurface from leaking effluent
pipes/retention basins and intentional discharges to the overflow trenches. Once discharges ceased, the
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mound dissipated with preferential drainage into the Columbia River under the influence of the natural
flow direction. Thus, the current conditions show essentially no remnant effects on groundwater flow

resulting from the long groundwater mounding process that ended in 1968. Figure 2-4 in Chapter 2 shows
a recent water table map for 100-BC.

Local effects of water leakage have also been observed within 100-BC. A leaking fire hydrant line close
to Well 199-B5-1 in 2006 caused specific conductance and chromium concentrations to decline

(Figure 3-14). Data are not available to assess whether a measurable groundwater mound was formed.
After the leak was repaired, specific conductance measurements returned to preleak values.
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Figure 3-14. Chromium Concentration and Specific Conductance in
Well 199-B5-1, Northwest Area of 100-BC

3.6 Human Receptors and Exposure Pathways

The EPA risk assessment guidance describes an exposure pathway as being the course that a contaminant
takes from a source to a receptor (EPA/540/1-89/002, Risk Assessment Guidance for Superfund Volume 1
Human Health Evaluation Manual (Part A): Interim Final). Exposure pathways integrate information
relating to sources and/or releases of contamination, contaminant transport pathways in the environment,
exposure media, and exposure routes for receptors. Exposure pathways must contain all the following
elements; otherwise, the pathway is not complete and does not present a risk or hazard
(EPA/540/1-89/002 and EPA/540/1-89/001, Risk Assessment Guidance for Superfund Volume I1

Environmental Evaluation Manual: Interim Final).

e Known and potential sources and/or releases of contamination
e (Contaminant migration pathways

e Potential exposure scenarios

e Potential exposure media

e Potential exposure routes and receptors

Known and potential sources and/or releases of contamination include shallow-zone soil, deep-zone soil,
sediment, and groundwater. Migration of contaminants from one source media may affect other media
such as biota, air, groundwater, and surface water.

The analysis presented in Chapter 3 of the Integrated Work Plan (DOE/RL-2008-46) identifies a
remaining data gap needed to address RCBRA uncertainty regarding groundwater risk to
human receptors.
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3.7 Ecological Receptors and Exposure Pathways

The Risk Assessment Work Plan (DOE/RL-2004-37) identifies and describes the ecological receptors and
exposure pathways for the 100 Area. A remaining ecological exposure pathway uncertainty for 100-BC
involves the discharge of contaminated groundwater to ecological receptors within the Columbia River.
Columbia River pore water sampling in fall 2009, adjacent to 100-BC, detected levels of Cr(VI) above the
aquatic standard of 10 pg/L. The Integrated Work Plan (DOE/RL-2008-46) presents the detailed
description of ecological receptors and exposure pathways.

3.8 Conceptual Site Model Summary

The goal of the CSM is to synthesize knowledge to support project development needs and
decisionmaking requirements, including the selection of a remedial action design. As the CSM evolves
through the RI/FS process, the development and implementation of a remedy builds on the data collected
and improved understanding of key uncertainties. The data and information requirements necessary to
develop and implement the remedy come directly from the process of resolving the CSM uncertainties.

The following key elements of the CSM are discussed in the following sections.

e Past soil and groundwater sample data were evaluated and soil and groundwater samples will be analyzed
for many COPCs. The lists of target analytes and COPCs for 100-BC OUs are provided in Chapter 4.

e The 100-C-7 waste site remains to be remediated. This waste site is part of an ongoing interim action
and has not been fully characterized.

e The nature and extent of soil and groundwater contaminants is influenced by past waste disposal practices,
historical groundwater flow patterns (e.g., groundwater mounding), natural influences on groundwater
flow (e.g., river stage fluctuations), and geochemical conditions in the soil and groundwater.

e Uncertainty remains regarding the extent of contamination beneath select waste sites that have been
interim closed out. Additional data collection is proposed to address this uncertainty as part of this RI.

e The known primary contaminants in the 100-BC groundwater are Cr(VI), Sr-90, and tritium. The nature
and extent of groundwater contamination for some of the other groundwater COPCs is uncertain.
Additional groundwater sample collection activities are proposed to address this uncertainty.

The following discussion postulates the evolution of contaminant distribution in the subsurface with
emphasis on the hydrologic system characteristics and processes controlling contaminant distribution.

3.8.1 Conceptual Site Model for Hexavalent Chromium

The historical records show that dissolved Cr(VI) was primarily released into the environment in two
types of solutions: the stock solutions used to make reactor coolant and the reactor coolant itself.

The differences in solution chemistry, associated production facilities, and discharge locations have had a
substantial effect on current chromium distribution in the subsurface. The total amount of Cr(VI) used
during production is estimated to be 2.78 million kg (6.13 million Ib). However, this quantity includes
mass discharged to the river as well as mass remaining in the soil and groundwater. Based on reactor
operations and liquid discharge history, it is estimated that a large portion of the mass has already
discharged to the river.

For 100-BC, an estimated volume of 42,500 m*/day (1,500,000 ft*/day) of spent coolant infiltrated the
soil column during operations at 116-B-11, as well as the other nearby high-volume locations (both waste
sites and pipelines). Sodium dichromate that was used to treat the cooling water dissociated to create a
concentration range between 700 pg/L to 800 pug/L of Cr(VI). At this infiltration volume and the lower
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concentration threshold, approximately 30 kg/day (66 1bs/day) of Cr(VI) was released to the soil column,
migrated downward, and reached groundwater (BHI-00917, Conceptual Site Models for Groundwater
Contamination at 100-BC-5, 100-KR-4, 100-HR-3, and 100-FR-3 Operable Units). This value represents
a conventionally accepted order of magnitude estimate.

Hexavalent chromium is very soluble and mobile in the subsurface. Beneath liquid waste facilities or
spills, Cr(VI) contamination moved through the vadose zone into groundwater. Previously, it was
believed that the highest concentrations of Cr(VI) in groundwater were near the top of the aquifer.
Characterization data from new wells, however, indicate that in some locations the contamination is
present at depth in the unconfined aquifer. Additional sampling is needed to develop a revised CSM for
Cr(VI).

Chromium that reached the groundwater during reactor operations spread in a radial pattern because of large
groundwater mounds (Section 3.4.2). After operations ceased and there was no longer the large scale
infiltration from effluent discharges, the groundwater mounds dissipated and inland migration of chromium
diminished. By the mid 1970s, the natural groundwater gradient was essentially reestablished with the seasonal
impacts of high and low river stage controlling groundwater flow, but no long term trend with regard to
Cr(VI) movement is observed. This behavior is indicated from comparing chromium (total/hexavalent)
concentrations in monitoring wells (e.g., 199-B5-1, 199-B4-1, and 199-B3-1) from 1992 to 2009 as they
have moved up and down within a narrow concentration interval during that time (DOE/RL-90-08).

The rapid formation of the groundwater mound shortly after discharges began suggests that Cr(VI) and
other mobile contaminants migrated quickly through the vadose zone into the unconfined aquifer. The
large quantities of coolant discharged changed the local groundwater gradient direction and relatively
quick transport through the vadose zone occurred. Some portion of the source term discharged into the
Columbia River and is no longer present in the subsurface. However, evidence of substantial infiltration
along the river shore and farther inland indicates a widely dispersed contaminant source in the subsurface.

Some of the dissolved Cr(VI) was pushed inland by the growing groundwater mound. Water-level data
from Well 599-65-72 suggests the hydraulic effects from the mound extended as much as 3.2 km (2 mi)
inland. Low levels of total chromium (ranging from below detection limits to 13 pg/L) suggest that
chromium contamination may have migrated to that well.

Hexavalent chromium contamination observed in groundwater at 100-BC is present in a broad plume at
relatively low concentration (i.e., less than 60 pg/L), compared to 100-D where concentrations are over
6,000 pg/L in some areas. There are known releases of concentrated sodium dichromate to the soil at
100-BC (Section 2.2.4). For example, Cr(VI) concentrations up to 1,620 mg/kg were detected at 10 m

(33 ft). Concentrations in soil below that depth generally decreased to a concentration of 2.9 mg/kg just
above the water table. Groundwater concentrations in this area have been less than 20 pg/L except for a
single sampling event when the concentration was approximately 50 ug/L (see Section 4.3.1). Hexavalent
chromium was detected throughout the soil column to groundwater at another waste site, 100-B-27
(located in the northwestern portion of 100-BC), from a sodium dichromate spill (WCH-225).

3.8.1.1  Conceptual Site Model for Strontium-90

Strontium-90 is a moderately leachable fission product in ruptured fuel element debris, which is present in
several waste sites (Section 2.2). Strontium-90 was also present in solid waste disposed at various burial
grounds. The largest estimated inventories were at the 118-B-1 and 118-C-1 Solid Waste Burial Grounds
(1.5 and 1.3 Ci) located east of the 105-B and 105-C Reactors, respectively. These are also possible
sources of current aquifer contamination, although solid waste burial grounds are much less likely to
contribute to Sr-90 in the aquifer compared to liquid discharge sites because the potential for infiltration
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and vertical contaminant transport is limited from burial grounds. Strontium-90 has not been detected
above the DWS in groundwater wells near the burial grounds.

A variety of waste sites and former facilities (Figure 2-19) are located within the estimated plume
boundary, which could contribute to the persistence of Sr-90 observed and the configuration of the plume.
Waste sites that received radioactively contaminated waste streams include 116-B-5 (108-B Crib) and
116-B-16 (111-B Fuel Examination Tank). Thus, the plume may be the result of several contributing
locations gradually releasing contamination to the aquifer. The uncertainty regarding the quantity of Sr-90
disposed at these locations, principally from decontamination solutions and particularly contaminated
reactor coolant or fuel storage basin liquid, is relatively high because of the presence of contaminated
particles, which are far more challenging to measure in an effluent stream, compared to soluble Sr-90.

Although 116-C-2 is a potential contributing source with a significant inventory, it is not the most likely reason
for the persistence of the Sr-90 plume. 116-C-2 worked as a sand filter, so Sr-90-contaminated particulates
would have been present. However, the amount of waste discharged there was not large (7.5 million L
[1.98 million gal]) when compared to the estimated infiltration that occurred during operations from the
retention basins, and the filtering action of the sand would have minimized particulate movement.

Waste site 116-C-2 is not close to where groundwater mounding occurred, but it may have been impacted
by the widespread inland infiltration resulting from leaking retention basins and other effluent disposal.

When operations ended, the dissipation of the groundwater mound, reassertion of natural groundwater flow
over time, and any alterations to the subsurface shaped the current configuration and behavior of the plume.

Thus, the impact and influence from effluent leakage 116-B-11, 116-B-1, 116-C-1, and 116-C-5 introduce
several complicating factors in describing Sr-90 contaminant fate and transport. The current geochemistry
does not appear to promote Sr-90 mobility, but during operations, the combination of acidic
decontamination liquids and large volumes of hot, contaminated infiltrating liquid that temporarily
saturated the vadose zone may have increased Sr-90 solubility. This increased mobility may have
transported some Sr-90 from the near surface vadose zone deeper, toward the rewetted zone.

Source removal actions have reduced the amount of Sr-90 remaining at 100-BC. Several of the waste sites
noted previously are now Interim Closed. Sr-90, being much less mobile than Cr(VI), did not migrate as
far during the mounding/infiltration process during operations and likely did not disperse to the same
degree as Cr(VI) since the end of reactor operations. However, there were processes at work that may
have mobilized some Sr-90 deep into the vadose zone.

There does not appear to be a large Sr-90 inventory remaining at 100-BC (likely less than 100 Ci), but
there is enough Sr-90 present for concentrations to exceed the DWS within the groundwater plume
boundary. In addition, attenuation of Sr-90 from decay will continue in soil and groundwater (half-life is
28.8 years). Continued relatively slow dispersion and migration of Sr-90 in groundwater will occur
because of its moderate adsorption to aquifer soil and the modest natural infiltration rate. Thus, the plume
is anticipated to be persistent in groundwater due to widely distributed Sr-90 sorbed to soil within the
deeper vadose zone and periodically re-wetted zone.

3.8.2 Conceptual Site Model for Tritium

The presence of tritium in the unconfined aquifer in 100-BC is not totally unexpected. However, its persistence
and high concentration suggest a more concentrated source than is common at other 100 Area reactors.
Tritium remains at elevated levels (greater than 20,000 pCi/L) in groundwater after almost five half-lives
(one half-life is 12.3 years) after the end of the P-10 Tritium Separation Project process. At 100-BC, the
118-B-1, 116-B-9, and 118-B-6 waste sites are considered the most likely source for the tritium.
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The 118-B-6 waste site was remediated in 2006. Since that time, the groundwater plume has migrated to
the north (downgradient), which supports the theory that the 118-B-6 waste site was a tritium source.
Based on the trend of decreasing concentrations since 2006, groundwater concentrations in this area are
expected to continue to decrease.

3.8.3 Conceptual Site Model for Low Mobility Contaminants

Contaminants with high K, are expected to be found at the greatest concentrations within and near the
areas of discharge. When little or no liquid effluent was discharged to a waste site, soil contamination is
expected to remain in the shallow sediment. Most of this shallow contamination has been removed during
remediation activities. Sufficiently high volumes of liquids discharged into a waste site can modestly
expand the depth of contamination in the vadose zone.

Groundwater samples currently are not routinely analyzed for low-mobility radionuclides (e.g., Cs-137,
Co-60, Pu-238, Pu-239) or low-mobility metals (e.g. lead, mercury). Groundwater data from the early
1990s show few detections of these contaminants, supporting the interpretation that they did not migrate
to groundwater in significant quantities.

3.8.4 RUM and Lower Hydrogeologic Units

Underlying the unconfined aquifer in 100-BC is the RUM (as described in Chapter 2). The RUM has
been described as primarily clayey silt and silty clay, with lenses of silty sand and sandy silt. Only one
well (199-B2-12) in 100-BC has been completed in the RUM (or hydrogeologic units beneath the RUM).
Since only one well in 100-BC has been completed beneath the unconfined aquifer, groundwater flow
directions and velocities are relatively undefined.

Groundwater in the RUM has been sampled for constituents that include organics, inorganics, and
radionuclides from Well 199-B2-12, located downgradient of the 105-B and 105-C Reactors and
relatively close to the shoreline, adjacent to shallow Well 199-B3-47. Concentrations of contaminants in
groundwater samples from Well 199-B2-12 are near or below detection limits.

Based on current knowledge of the elevation of the RUM from wells and river bathymetry, the top of the
RUM is more than 25 m (82 ft) below the bottom of the river channel (i.e., the top of the RUM does not
intersect the river channel). Detailed bathymetric data are needed and have been collected, but not yet
interpreted, to confirm that the Columbia River channel does not intersect the RUM at 100-BC. Also, the
depth and continuity of the RUM are not well known because of a lack of boreholes that encounter it.

Because of the lack of wells completed beneath the upper aquifer in 100-BC, current discharge points for
groundwater beneath the upper aquifer are not known. The RUM is not currently considered as a potential
drinking water source. However, additional hydrogeologic data (e.g., hydraulic conductivity and
hydraulic gradient information) are needed to confirm the preliminary CSM hypothesis that the RUM
cannot support a drinking water resource.

3.8.5 Groundwater/River Interactions

Groundwater and river water mixing within the zone of interaction, and groundwater discharges into the
river channel, are important to understanding the rate and magnitude of contaminants potentially entering
the Columbia River. The working hypothesis is that mixing between groundwater and infiltrating river
water during high river stage periods may cause the dilution of groundwater contamination to
considerable depths within the aquifer.

Discharges to the river occur across the riparian zone as seeps and within the river channel substrate.
Riverbank seepage creates a potential human health risk through exposure to groundwater contaminants
and the potential introduction of contaminants to the food chain. Upwelling of groundwater into the
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channel substrate poses a potential risk to river substrate biological communities and fish spawning
habitat. Initial groundwater upwelling samples of the Columbia River channel have provided further
insight regarding contaminant levels entering the river. The preliminary results from late 2009 indicate
that Cr(VI) is present in the pore water at levels exceeding environmental standards.

Riverbank seep discharges to the river are visible during low river stage. Conversely, during high river
stage, the seeps are submerged as river water infiltrates the riverbanks and forms either a layered system
or a mixture during interaction with approaching groundwater. Data indicate riverbank storage water
composition oscillates dramatically from nearly completely river water during high river stage to
primarily groundwater during low river stage (PNNL-13674, Zone of Interaction Between Hanford Site
Groundwater and Adjacent Columbia River: Progress Report for the Groundwater/River Interface Task
Science and Technology Groundwater/Vadose Zone Integration Project). Figure 3-15 shows an illustrated
model of the zone of interaction.

Ligard Waste
F Monitorin
; Disposal Site  Wells '

Figure 3-15. Principal Features and Monitoring Sites for Zone of Interaction (PNNL-13674)

In the channel substrate, sediment pore water may be influenced by the entrainment of river water and the
gradual influx of groundwater that upwells from the underlying aquifer. Physical, chemical, and biological
characteristics of this interface have been the focus of research in aquatic biology (e.g., Geist and Dauble,
1998, “Redd Site Selection and Spawning Habitat Use by Fall Chinook Salmon: The Importance of
Geomorphic Features in Large Rivers,” and Geist, 2000, “The Interaction of Ground Water and Surface
Water Within Fall Chinook Salmon Spawning Areas in the Hanford Reach of the Columbia River”). Data
indicate that physical processes dominate influences on contaminant concentrations and fluxes, where
groundwater discharges into the free-flowing river. Chemical processes may render contaminants less
mobile as they adsorb to sediment or precipitates. Zone of interaction biological activity may also capture
contaminants and immobilize them, or introduce them into the food chain (PNNL-13674).
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4 Work Plan Rationale and Tasks

This section identifies the process for target analyte list and COPC development, data gaps, and tasks to
address uncertainties needed to refine the CSM and support decision making. Information is needed to fill
these data gaps before decisions can be made regarding the remediation of the vadose zone and
groundwater. Data gaps identified in this section will address uncertainties associated with nature and
extent of contamination, fate and transport, and the hydrogeologic framework.

41 Approach

The Integrated Work Plan (DOE/RL-2008-46) includes a preliminary list of RAOs for the 100 Area
(Table 4-1). The RAOs are refined through the RI/FS process during the RI, River Corridor Baseline Risk
Assessment (RCBRA), and the detailed analyses of alternatives conducted in the FS; final RAOs are
determined when the remedy is selected in the Record of Decision (ROD). The preliminary RAOs include
media specific objectives for groundwater, surface water, soil, land use, and natural/cultural resources. The
RAOs will be used to drive the remediation selection for 100-BC.

Table 4-1. Preliminary Remedial Action Objectives for the 100 Area Operable Units

RAO No. Goal
Groundwater
1 Prevent unacceptable risk to human health from ingestion of and incidental exposure to groundwater

containing nonradiological contaminant concentrations above federal and state standards.

2 Prevent unacceptable risk to human health from ingestion of and incidental exposure to groundwater
containing radiological contaminant concentrations above federal standards.

Surface Water

3 Prevent unacceptable risk to human health and ecological exposure to surface water containing
nonradiological contaminant concentrations above federal and state standards.

4 Prevent unacceptable risk to human health and ecological exposure to surface water containing
radiological contaminant concentrations above federal standards.

Soil

5 Prevent hazardous chemical contaminants from migrating and/or leaching through soil that will result in
groundwater concentrations that exceed standards for protection of surface and groundwater.

6 Prevent migration and/or leaching of radioactive contaminants through soil to groundwater in excess of
federal standards.

7 Prevent unacceptable risk to human health and ecological receptors from exposure to the upper 4.6 m
(15 ft) of soil contaminated with nonradiological constituents at concentrations above the unrestricted land
use criteria for human health or soil contaminant levels for ecological receptors.

8 Prevent unacceptable risk to human health and ecological receptors from exposure to upper 4.6 m (15 ft) of
soils and to structures and debris contaminated with radiological constituents.

Prevent exposure to radiological constituents at concentrations at or above a dose rate limit that causes an
excess cancer lifetime risk threshold of 10 to 10™* above background for the rural residential exposure
scenario. An annual dose rate limit of 15 mrem/yr above background achieves EPA excess lifetime cancer
risk threshold.

Protect ecological receptors based on a dose rate limit of 0.1 rad/day for terrestrial wildlife populations,
which is a “to-be-considered” criterion.
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Table 4-1. Preliminary Remedial Action Objectives for the 100 Area Operable Units
RAO No. Goal

Land Use and Resource

9 Prevent adverse impacts to cultural resources, threatened or endangered wildlife, and ecological receptors
using the Columbia River and prevent destruction of sensitive wildlife habitat.

10 Where it is not practicable to remediate levels that will allow for unrestricted use, ensure that appropriate
institutional controls and monitoring requirements are established and maintained to protect future users of
the remediated waste sites.

Notes:

EPA = U.S. Environmental Protection Agency mrem/yr = millirem per year
ft = foot/feet rad/day = radian per day
m = meter(s)

The preliminary remediation goals (PRGs) provide target cleanup levels for use in evaluating
achievement of RAOs. They also provide preliminary risk reduction targets that a remedial alternative
must meet to achieve the criteria set forth in Title 40 CFR Part 300.430(e)(9)(iii), “National Oil and
Hazardous Substances Pollution Contingency Plan,” “Remedial Investigation/Feasibility Study and
Selection of Remedy.” As additional information becomes available from site specific risk information,
RI site characterization, and chemical specific applicable or relevant and appropriate requirements
(ARARs), the PRGs will be developed and finalized in the RI/FS Report.

4.2 Development of Vadose Zone Soil Target Analyte Lists and Groundwater
Contaminants of Potential Concern

A process has been developed to identify vadose zone soil target analytes for addressing uncertainties
associated with the nature and extent of contamination in the vadose zone. Similarly, a process has been
developed to identify groundwater COPCs for addressing uncertainties associated with the spatial and
temporal distribution of groundwater contamination. This section summarizes that process, and provides
tables of analytes for 100-BC. The Integrated Work Plan (DOE/RL-2008-46) provides additional detail on
the process.

4.21 Vadose Zone Soil Target Analyte List

Remediation and characterization information was reviewed to develop an initial list of target analytes to
represent potential contamination in the vadose zone. Information sources included focused feasibility
studies, limited field investigation (LFI) reports, cleanup verification documents, technical baseline
reports, and databases containing analytical data resulting from these activities.

After the initial target analyte list was compiled, the information underwent additional review steps to
remove analytes, using generally accepted exclusion criteria (e.g., naturally occurring radionuclides;
radionuclides with short half-lives; essential nutrients, and analytes with no toxicity values). The soil
target analyte list was compared to the groundwater COPC list, and groundwater COPCs not found on the
soil list were added to it to create the master soil target analyte list (Appendix D).

Next, appropriate analytical methods were determined for each analyte on the master list. Detection limits
for each target analyte were evaluated to determine whether they could achieve the remedial action goals
(RAGs) for direct exposure, groundwater protection, and Columbia River protection. Table 4-2 is the
resulting master target analyte list for 100-BC.
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The master target analyte list represents all potential target analytes that could be present in the vadose
zone. Location specific target analytes were identified from the master list using the following approach:

o Identify the contaminants of concern for the specific waste sites from the applicable interim action
ROD (which reflects information from LFIs and technical baseline reports) or from verification
documentation, such as a Cleanup Verification Package (CVP) or remaining site verification package
(RSVP). Include these analytes on the location specific target analyte list.

e Evaluate local groundwater data (wells located within waste site “zones of influence”™). If the
groundwater COPCs have been analyzed for but not detected, these analytes will not be included on
the location specific target analyte list. If the groundwater COPCs have been analyzed for and have
been detected, these analytes will be included on the location specific soil target analyte list. If the
groundwater COPCs have not been analyzed for, an additional evaluation will be performed to
determine if there is a data need. If there is a data need, these COPCs will be included on the waste
site specific soil target analyte list.

Regulatory agency review of the target analyte lists allows for the adjustment/addition of sample locations
and target analytes on a site specific basis. This adjustment has been agreed upon to ensure that regulator
concerns regarding data gaps and uncertainties are addressed. When additional information needs are
identified, the agencies will modify the characterization locations required and may adjust the location
specific target analyte lists.

Location specific target analyte lists are provided in Chapter 2 of the 100-BC SAP (DOE/RL-2009-44).

Table 4-2. Master Soil Target Analyte List for the 100-BC OUs

Radionuclides Non-radionuclides
Americium-241 Butylbenzylphthalate Lindane (Gamma-BHC) Nickel
(1,2,3,4,5,6-
hexachlorocyclo-hexane)
Cobalt-60 Carbazole Heptachlor Selenium
Cesium-137 Dibenzofuran Heptachlor epoxide Silver
Europium-152 Diethylphthalate Methoxychlor Strontium
Europium-154 Di-n-octylphthalate Technical chlordane Thallium
(alpha and gamma)
Europium-155 Isophorone Acenaphthene Tin
Carbon-14 Methylnaphthalene; 2- Anthracene Titanium
Nickel-63 Methylphenol; 4- (p-cresol) Benzo(a)anthracene Vanadium
Technetium-99 N-nitrosodiphenyl-amine Benzo(a)pyrene Zinc
Tritium Pentachlorophenol Benzo(b)fluoranthene Benzene
Plutonium-238 Phenol Benzo(k)fluoranthene 1,1-Dichloroethene
Plutonium-239/240 Trichlorobenzene; 1,2,4- Benzo(g,h,i)perylene 1,1,2,2-

Tetrachloroethane

Plutonium-241 Dalapon Chrysene Carbon tetrachloride
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Table 4-2. Master Soil Target Analyte List for the 100-BC OUs

Radionuclides

Non-radionuclides

Uranium-233/234

DB;2,4- [4-(2,4-
dichlorophenoxy)butanocic acid]
(Butoxone)

Dibenzo(a,h) anthracene

Chloroform

Uranium-235 Dicamba Fluoranthene Methyl isobutyl ketone
(4-Methyl-2-pentanone)

Uranium-238 Dichlorophenoxy-acetic acid; 2,4- Fluorene Tetrachloroethene
lodine-129 Dichloroprop Indeno(1,2,3-cd)pyrene Trichloroethene
Strontium-90 Dinoseb Naphthalene Toluene

Picloram Phenanthrene Vinyl chloride

TP-; 2,4,5-(2,4,5-Trichlorophenoxy) | Pyrene Xylenes (total)

Propionic acid, 2 ]

Trichlorophenoxy-acetic acid; Aluminum Nitrate

2,4,5-(2,4,5-T)

4,4'-Dichlorodiphentydi-chlorethane | Antimony Nitrite

4.,4-Dichiorodiphenyldi-chloro- Arsenic Asbestos

ethylene

4,4-Dichlorodiphenyltri-chloro- Barium Chromium (hexavalent)

ethane

Aldrin Beryllium Mercury

Hexachlorocyclo-hexane; alpha Boron Aroclor-1016 (PCB)

(alpha-BHC, HCH)

Hexachlorocyclohexane; beta Cadmium Aroclor-1221 (PCB)

(beta-BHC, HCH)

Dieldrin Chromium (total) Aroclor-1232 (PCB)
Endosulfan | Cobalt Aroclor-1242 (PCB)
Endosulfan HI Copper Aroclor-1248 (PCB)
Endosulfan suifate Lead Aroclor-1254 (PCB)
Endrin Lithium Aroclor-1260 (PCB)
Endrin aldehyde Manganese Total petroleum
hydrocarbons
Endrin ketone Molybdenum Uranium (total)

Notes:
BHC
HCH
PCB

Benzenehexachloride
Hexachlorocyclohexane
polychlorinated biphenyl
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4.2.2 Groundwater Contaminants of Potential Concern

This process identified groundwater COPCs that will be carried forward and evaluated for nature and
extent characterization and address RCBRA groundwater risk uncertainties. A COPC is a constituent
identified as a potential threat to human health or the environment with data of sufficient quality for use in
a baseline qualitative risk assessment. Action levels were derived from readily available sources of
chemical specific ARARS, such as maximum contaminant levels (MCLs), ambient water quality criteria,
or risk based PRGs using EPA health criteria and default exposure assumptions.

A groundwater data set was prepared for 100-BC to identify groundwater COPCs. Appendix D presents
the process for selection of COPCs. Analytical data were obtained from the Hanford Environmental
Information System database for all wells identified within the area. The analytical data set represents
groundwater samples collected between 1992 and 2008 (approximately 16 years). This timeframe was
selected because it captures analytical data collected during the LFI, which were used to prepare the
qualitative risk assessment. In the early 1990s, groundwater samples were analyzed for a comprehensive
set of constituents. Because many of the analytes were undetected, selected constituents were dropped
from routine groundwater monitoring. Thus, some of the groundwater COPCs have only a short period of
record. Results from unfiltered samples were selected, as these data represent total concentrations of the
analyte. Because filtered sampling results may underestimate chemical and radiological concentrations in
water from an unfiltered tap, they are no