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Executive Summary

This document is Addendum 3 of the 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 1980' (CERCLA). This
document supports final remedy selection under CERCLA for the 100-BC Decision Unit
at the Hanford Site. The CERCLA RI/FS results are also intended to address Resource
Conservation and Recovery Act (RCRA) corrective action requirements for areas of
RCRA concern. Five 100 Area decision units (Figure ES-1) have been defined for the
River Corridor:2 100-BC Area, 100-K Area, 100-D and 100-H Areas, 100-N Area, and
100-F Area combined with 100-1U-2 and 100-1U-6 Operable Units (OUs). An additional
decision unit is defined for the 300 Area. Planning for the 300 Area Decision Unit will be
addressed separately. These decision units combine groundwater contamination, soil
contamination sites, and facilities in geographic areas that encompass the 100 Area

National Priorities List’ sites.

The work plan implements an approach designed to reach final remediation decisions,
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 decision units. This document, Addendum 3 to the
work plan, provides site-specific information for the 100-BC Decision Unit. The

100-BC Decision Unit includes the 100-BC-1 and 100-BC-2 source OUs. The 100-BC-5
OUisagre Iwater OU located in the 100-BC Area. Figure ES-1 shows the location of

the 100-BC Decision Unit and proximity to other decision units.

1 Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 USC 9601, et seq.
http://mww4 law.cornell.edu/uscode/42/usc_sec_42_00009601----000-.html

2 Decision unit is a term developed as part of this cleanup strategy to enable coordinated decisions for contiguous
source and groundwater operable units.

3 40 CFR 300, “National Oil and Hazar s Substances Poliution Contingency Plan,” Code of Federal Regulations.
http://www.access.gpo.gov/nara/cfr/waisidx_08/40cfr300_08.html
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This addendum is based on the premise that there are data gaps and uncertainties that
should be addressed to support final remediation decisions. In the 100-BC Decision Unit,
substantive work to monitor groundwater, remove contaminated soils, and remove
facilitics has been completed over the past decade or is planned over the next few years.
results of these activities provide the basis for identifying the remaining uncertainties

needed to be addressed to make final remediation decisions.

A systematic planning process was used to develop a program for data collection and
analysis to support final remediation decisions at the 100-BC Decision Unit. The
following sections discuss key elements that were identified during this systematic

planning process.

Site Background and Environmental Setting

Collected information includes past operational history of the facilities (with an emphasis
on disposal operations); the known nature and extent of groundwater and soil
contamination; the known geohydrologic information; source and groundwater remedial
actions and their effectiveness; and the results of any treatability and characterization

studies.

CrVl1, Sr-90, and tritium have been identified as the main remaining environmental
threats in the 100-BC Decision Unit. Appendix B presents maps of the facilities and
source sites. As of February 9, 2009, a total of 60 sites have been dispositioncd according
to the interim action record of decision (ROD), and 36 additional sites require no action
(17 No Action and 19 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 ©  erim closed out” remedial  tions sat iedt interir :tion
_.JDs, they may not satisfy final CERCLA remediation and/or RCRA corrective action
requirements due to vadose zone and/or groundw  t contamination remaining after the
interim action ROD removal action. An additional 20 (13 Accepted and seven Discovery)
sites to be dispositioned remain, either through retrieval or treatment. (Table 2-3.) These

20 sites are scheduled to be dispositioned by 2012.

Identification of Investigation Requirements

Investigation work at the 100-BC Decision Unit will be conducted in accordance with the
Integrated | Area RI/FS Work Plan (DOE  L-2008-46). No exceptions are noted in

this addendum.
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was converted to liquid dichromate addition quickly and does not appear to have the

2 same evidence of handling difficulties as 100-D Area due to newer equipment and

3 maintenance upgrades to the water treatment plant. Widespread, relatively low

4 concentration CrVI concentrations extended farther inland during operations because of

5 the magnitude of groundwater mounding and its high mobility. In recent studies (Dresel

6 et al., 2008), a portion of the CrVI releases much more slowly because of its interaction

7 with the soil, potentially providing a relatively slow releasing continuing source. Future

8 migration of CrVI will continue toward the Columbia River, but higher levels of CrVI

9 contamination are not expected.

10 Sr-90 was also present in solid waste disposed at various burial grounds and

11 contamination is limited to the upper part of the unconfined ¢ iifer. Continued relatively
12 slow dispersion and migration of Sr-90 in groundwater occurs because of its moderate
13 adsorption to aquifer soils. The plume may continue to persist in groundwater due to
14 Sr-90 sorbed to soil within the periodically re-wetted zone.
15 The persistence and high concentration of tritium in the unconfined aquifer in the 100-BC
16 Decision Unit suggests a more concentrated source than 1s common at other 100 Arca
17 reactors. Solid waste residue from the tritiur  oduction and separation line is considered
18 to be the most likely source for the tritium, a:  historical transport from other areas of the
19 Hanford Site may have also occurred.
20 The CSM describes several hypotheses regarding whether inland CrVI and Sr-90
21 contamination in groundwater is the result of: (1) continuing vadose zone sources from
22 beneath waste sites, (2) vadose zone contamination (mass) within the periodically
23 rewetted zone, (3) contamination within the unconfined aquifer, (4) contamination within
24 the Ringold U;  r Mud (RUM), or (5) a combination of some or all of the above. The
25 soil and groundwater data collected during the proposed work will be used to further
26 evaluate these hypotheses.
27 Da Gaps and Needs
28 A list of data gaps (or statements of uncertainty) was identified as part of the systematic
29 planning process. These data gaps included recognition of the need for additional
30 i rmation to better define the following:
31 e Assess risk for direct exposure, protection of groundwater, and protection of the Columbia
32 iver at unremediated waste sites
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2 Site Background and Environmental Setting

Between 1943 and 1963, nine plutonium production reactors were built along the Columbia River.
Production of special nuclear materials for national defense was the core function of the 100 Area
production reactors, with most of the associated infrastructure and capabilities in those areas centered on
performing that task. The 100 C Decision Unit includes two of these reactors. This section provides the
background and environmental setting of the 100-BC Decision Unit and includes information about the
waste generated an contamination, both known and potential.

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:;
Characterization of the Retired 100 Areas, UNI-946 (Radiological Characterization of the Retired

100 Areas); DC  RL-93-06, Limited Field Investigation Report for the 100-BC-1 Operable Unit;
DOE-RL-93-42, Limited Field Investigation Report for the 100-BC-2 Operable Unit; DOE-RL-93-37,
Limited Field [nvestigation Report for the 100-BC-5 Groundwater Operable Unit; and other
contemporary sources documenting interim remedial actions (e.g., WIDS).

2.1 100 _ 2 Decision Unit Overview

Portions of the Hanford Site are designated numerically, with the location of production reactors being the
100 Area. The 100 Area is located in the northern part of the Hanford Site along the south shore of the
Columbia River (Figure 2-2). The 100 Area is divided into five decision units, each of which is composed
of source and groundwater OUs (Figure 2-2). The 100-BC Decision Unit consists of the 100-B/C Area
and its underlying groundwater.

The 100-BC Decision Unit is located in the northern portion of the Hanford Site adjacent to the Columbia
River. The Columbia River is the largest river in the Pacific Northwest, with an average flow of
approximately 3,400 m*/s (120,000 ft’/s).

The 100-BC Decision Unit is the westernmost of the 100 Area reactor facilities. It covers more than
3.5km’ (1.4 mi®) of land ng the southern shore of the Columbia River. e river stretch along the
100-BCDecision Unit is a part of the Hanford Reach National Monument, which is an important
ecological, cultural, historical, and recreational resource.

For eleanup purposes, the 100-B/C Area previously was divided into source and groundwater OUs. The
100-BC-1 and 100-BC-2 source OUs are concern 1 liquid, solid, and radioactive waste disposal
sites. The BC-5 OU groundwater OU ¢t 11 yundwater beneath the 100-B/C ¢ a. Each of
these OU cluded in the 100-BC Decision Unit (Table 2-2). A final ROD has not yet been developed
for the100-BC Decision Unit and active groundwater remediation measures have not been initiated. Key
bor »oles and wells related to the 100-BC Decision Unit are listed in Table 2-1 and shown in Figure 2-1.
Other key features and wells within the 100-BC Deeision Unit are shown in Figure 4-18 and in
Appendix B.
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hydraulic conductivity varies with the formation, different groundwater level responses may occur where
channels now filled with the Hanford formation have been scoured into the Ringold Unit E. These buried
channels could become preferential pathways for contaminated groundwater during high river stages
(PNNL-14702).

2.2.24 St ce Deposits

Recent calized surficial deposits an  backfill overlie the Hanford formation and the Ringold Formation.
These Holocene surficial deposits consist of silt, sand, and gravel that form a thin (less than 4.9m [16 {
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.

2.2.3 ) ology

Liquid waste, inclt  ng radionuclides and hazardous chemicals, has been discharged to the surface and
subsurface in the 100-BC Decision Unit. A portion of these contaminants has reached groundwater. An
understanding of groundwater flow is necessary to properly monitor groundwater on the Hanford Site,
track the spread of  se 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  9-1 [see Figure 2-1] were completed at the 100-B/C Area boundaries
(DOE/RL-90-08). The deepest well (199-B3-2) was drilled to 241 m (790 ft) below ground surface (bgs).
This is the only well at the 100-B/C Area to penetrate the surface of the basalt surface. Other 100-B/C
Area wells were completed at much shallower depths, near the unsaturated/saturated sediment interface at
approximately 30 m (100 ft) bgs. ata collected from these well borings are used to discuss the
hydrogeology of the 100-BC  ecision Unit in this section.

In the 100-BC Decision Unit, the groundwater system is composed of several hydrostratigraphic units
(DOE/RL-93-37). From deepest to shallowest (Figure 2-8), these units include the following:

¢ Confined aquifer in the Columbia River Basalt (Rattlesnake Ridge Interbed)
e Basalt confining zone

e (onfined and semi-confined lower transmissivity zones (Ringold Formation, with the exception of
Unit E)

e Unconfineda fer, gher transmissivity zone
e ‘nsaturated zone (ve se zone).

In the 100 Area, the hydrogeologic framework of the unsaturated zone (vadose) is complex and can be
divided into two primary hydrostratigraphic units:

e The gravel-dominated facies association of the Hanford formation

¢ The conglomeratic member of the Ringold Formation (DOE/RL-2002-39; BHI-00917;
W -SD-EN-EV-027; WHC-SD-EN-TI-133 Rev. 0-A; WHC-SD-EN-TI-155;
WHC-SD-EN-TI-132).

The unconfined aquifer is composed primarily of the Ringold Formation Unit E, with a thickness of

33.5 m (110 ft) near the river. Near the Columbia River, the water table rises into the overlying Hanford
formation where the Ringold Unit E has been eroded (WHC-SD-EN-TI-133), during time periods of high
river stage. Below the unconfined aquifer, the Ringold Formation consists of a series of aquitards and
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The groundwater in the 100-BC Decision Unit flows as follows:

e Groundwater enters the 100-BC Decision Unit 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 and springs along the shoreline. During high river stage, recharge occurs
from the C¢ imbia 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). The
aquifer is characterized by approximately 30 m (100 ft) of coarse-grained fluvial sediment. The water
table defines the base of the unconfined aquifer. The typical water table elevation varies from
approximately 121,57m (399.3 ft) in the southern portion « the 100-BC Decision Unit to over 119.9 m
(393.4 ft) near the river (Figure 2-10).

2.2.3.2 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 controlle 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 controlled by the Priest Rapids Dam (WASH-1538). 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 the 100-BC Decision Unit 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 2-1.

The hydraulic gradient is genera - relatively low in the southern 100-B/C Area (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 reversed and 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 the 100-BC Decision Unit has not been
evaluated.

In March 2008, relatively steep gradients w =~ observed 1 rthe river (DC  RL-2008-66) int  western,
eastern, and northern regions of the Hanford Site. Shallower gradients extend in a broad arc from the
100-BC Decision Unit 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 Formation (lower permeability than the
Hanford rmation) compared with shallower gradients of the Hanford formation, where the water table is
present in the Hanford formation (DOE/RL-2008-01).

The Ringold Formation 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 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 100-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 basalt Ringold Formation unit and the
Saddle Mountain Basalts, respectively, water level data from these wells sometimes were identical. This
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2.2.4.1 Flora

Before regulation of river flows by dams, trees were generally not found along river shoreline habitat,
with the exception of small willows and a few juniper trees near the 100-B/C Area and Riverlands. The
most common tree to establish itself along the shoreline is mulberry (PNNL-6415, Rev. 18).

Large tracts of land adjacent to the 100-B/C Area 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 the 100-BC Decision Unit is sagebrush/ Sandberg’s bluegrass/cheatgrass. Other shrub
communities are dominated by bitterbrush, hopsage, and rabbitbrush (PNNL 6415 Rev. 18). A relatively
narrow riparian zone supports grasses, sedges, and scattered deciduous shrubs and trees such as willow,
mulberry, and Siberian . n along the banks of the river.

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 halfchaff sedge (Lipocarpha aristulata), grand redstem (dmmannia 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 the 100-BC
Decision Unit (PNNL-6415 Rev. 18).

2.24.2 Fauna

General 100 Area fauna are described in Section 2.3.4.2 of the Work Plan (DOE/RL-2008-46) and no
other fauna specific to the )0-BC Decision Unit have been identified.

2.2.4.3 Critical Habitats

Two species of federal listed endangered fish, the Upper Columbia River spring-run Chinook salmon and
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  1.-2005-40, 100-B/C Pilot Project
Risk Assessment Report).

5 Hun 1 Resources

1€ of the most important archaeological sites in the region are located at the Hanfor¢  te. Many of
these sites are  ted on the National Register of Historic Places (NHRP) as individual sites or as
archaeological districts. 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. 1 addition, other
natural resources and sacred sites important to the Native American communities with ancestral ties to the
Hanford Site also have been preserved (PN1.-9785, Data Compendium for the Columbia River
Comprehensive Impact Assessment). Through the Cultural Resources Review process, DOE-RL, river
corrid  :closure contractor cultural resource specialists, Tribal representatives, and project and site
planners work together to protect resources important to the Native American community and other
interested parties.

Cultural, environmental, and historical information of the 100 Area is provided in detail in the work plan.
To understand impacts to cultural resources and to reduce the need to perform extensive reviews on
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2000. It was named a Nation. Historic Landmark in 2008 (PNNL-6415, Rev. 18). 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). Fourteen buildings
and structures within the reactor area have been recorded on historic property inventory forms. Of that
number, 10 were selected as representative examples of buildings and structures eligible for the NHRP as
contributing properties within the Historic District, and recommended for individual documentation.
These include:

e 104 -1 itium Vault

e 104-B-2 Tritium Laboratory

e 105 eactor

e 105 .od Tip Cave

e 116-B Reactor Exhaust Stack

e |17-B Exhaust Air Filter Building
e |[18-B-1 Solid Waste Burial Trench
o ¢ River Pump House

o ¢ Reservoir

e ump House.

An assessment of the contents of  : 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 Rev. 18).

2.3 ocess History

The reactors in the 100-B/C Area 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). Liquid and solid wastes from reactor operations and
associated facilities were released to the soil column and the Columbia River. Sources of contamination
include liquid waste sites, burial grounds, unplanned release sites, facilities/structures, and pipelines/
outfalls. These site types are defined in DOE/RL-2008-46, Chapter 2. A complete listing of 100-BC
Decision Unit facilities and waste sites, including descriptions, histories, and classification status, is
provided in Appendices C and D.

CrVI contamination is of particular concern because of its widespread use in water treatment in the

100 Area reactors. It is present in groundwater at levels above the aquatic standard, although CrVI
contamination at the 100-B/C Area is not exhibiting the same persistence and magnitude as observed at
the 100-D Area.

Production at the B Reactor ended in 1968, and at the C Reactor in 1969. Other 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).

2-19




































AN N B W N —

o

10
11

12
13
14
15
16
17
18

19
20
21
22
23

24
25

27
28

29

30
31
32
33
34
35

36
37
38

DOE/RL-20t 46-»+ 23,[ AFTA
08 /2009

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, detected in 100-B/C Area groundwater wells, was not evaluated; and daughter product
radionuclides of Sr-90 and Cs-134, which have approximately the same activities as the parent nuclides,
were not included in summaries of total activity (DOE-RL-90-07).

Contaminants detected in significant concentrations (> 1 picocuries per gram [pCi/g}) during this
investigation include:

Cs-134 Cs-137 C-60 Eu- !
Eu-154 Eu-155 -63 -238 P-239/240
Sr-90 Tritium Urani

An additional part of this study collected samples from retention basin sludge and concrete, and from
el 1ent line scalc and sludge. e samples were analyzed for radionuclides and the inventories of
radionuclides for the facilities and sites were calculated.

Sample holes drilled through the floor of the 116-B-11 and 116-C-5 Retention Basins indicate that the
majority of contamination was within a few meters of the basin floor (UN1-946). The 116-B-11 Retention
Basin contained a calculated inventory of approximately 118 Ci in 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 indicate the calculated radionuclide inventory
for the trench and soil column as of 1976, 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)
(UM 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 (Stenner et al., 1988).

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 radionu  des were still increasing at depths of 9 to 11 m (30 to 36 ft),
indicating the limits of the ¢~ aminated soil column may not have been reached. Thus, the estimated
radionuclide inventory is for the trench and soil column to 9 m (30 ft) below grade (UNI-946).

2.4.1_ 100-B/C Area Limi  Field Investigations

Limited field investigations 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

Jfor the 100-BC-1 Source Operable Unit; DOE/RL-94-42, Limited Field Investigation Report for the

100-BC-2 Source Operable Unit and DOE/RL-93-37, Limited Field Investigation Report for the
100-BC-5 Operable Unit. These reports summarize characterization efforts performed mainly to assess
impacts associated with discharging effluent to the soil column.

In the 100-BC Decision Unit, 29 sites were identified as high-priority waste sites, and . sites were
identified as low-priority waste sites. Based on the work plan, all 29 high-priority waste sites were
investigated during the LFI.
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performed by analyzing the total and CrVI concentrations in soils; performing laboratory leaching using
site groundwater; and analyzing the total and CrVT concentrations of the corresponding leachate,

These initial studies showed CrVI contamination in soils from 100 Area retention basins shows relatively
low leachability in batch leach tests.

e Anaverage 100-D Area CrVI soil concentration of 6.1 mg/kg is predicted to meet the river protection
criteria by producing a leachate that averages 20 pg/L (Estimation of Distribution Coefficients and
Leachability of Hexavalent Chromium in 100-D Area Hanford Formation Sediments, Appendix D of
Cleanup Verification Package for the 116-D-7 Retention Basin, CVP-99-00007, Rev. 0).

o Inthe 100-F Area, 7.2 mg/kg CrVI was determined to be the soil concentration that will produce a
leachate concentration of less than 20 ug/L (Cleanup Verification Package for the 100-F-19:1 North
Pipelines, 100-F-34 Biology Facility French Drain, and 116-F-12 148-F French Drain,
CVP-2001-00002, Rev. 0).

e The 100 Area leach testing data predicts that a 5.7 mg/kg CrVI soil concentration will produce a
leach: : concentration of less than 20 ug/L (Cleanup Verification Package for the 116-H-7 Retention
Basin, CVP-2000-00027, Rev. 0.).

Therefore, retention basin CrVI soil concentrations in the range of 5.7 to 7.2 mg/kg are considered
protective of the Columbia River throughout the 100 Area, including the 100-BC Decision Unit,
Characterization efforts planned in this addendum will be used to verify the distribution of remaining
contamination and to refine the 100-BC Decision Unit CSM.

2.4.1.4 | wious Treatability Tests

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). This test was a technology demonstration rather than a remedial action to
stabilize waste.

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 (12 ft) high, and weighing
between 726 and 86 metric (800 and 900 tons) . The vitrified material was removed during

rem  ati ©:116-B-€ 5-B-16 Site and was disposed of to ERDF (CVP-99-00011, Cleanup
Verification Package for the 116-B-6A4 Crib and 116-B-16 Fuel Examination Tank, Rev. 0). Further
treatment using in situ vitrification has not been performed.

Another treatability study was conducted in 1994. It involved the 118-B-1 Solid Waste Burial Ground
(DOE/RL-94-43), in which test pit excavation locations were based on geophysical surveys
(WHC-SD-EN-TI-137). Using these surveys to guide excavation provided positive results for identifying
waste anomalies and excavation boundaries in a few locations.

In 2001, a pilot risk assessment study was initiated in the 100-B/C Area to begin evaluation of the
protectiveness of remedial actions under interim action RODs. These activities provided lessons leamed
and helped refine the approach for assessment of risk in the remainder of the River Corridor
(DOE/RL-2005-40, Draft B 100-B/C Pilot Project Risk Assessment Report). The impacts of source area
and groundwater contamination to human health and ecological risk were addressed. The shoreline areas
within the 100-BC Decision Unit 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
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F 1re2-27. Tri 1m Concentration T ids in the Southern Portion of the 100-BC Area

Tritium concentratic 5 in two new wells (199-B8-7 and 199-B8-8) in the southern 100-BC Decision Unit
were unexpectedly high, and exceeded the DWS in one well. Wells 199-B4-1 and 199-B5-2 had
concentrations below the standard, although they have exceeded the standard in the past
(DOE/RL-2008-66).

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-B/C and 100-K Areas. The historic transport of contaminants from the
200 Areas is not curt  ly impacting BC groundwater above DWSs,

Other Contaminants
Other contaminants within the 100-BC Decision Unit have been detected in groundwater monitoring
wells (DOE/RL-93-37, PNNL-14287) including:

e Volatiles and se  -volatiles: Acetone, trichloroethene, bis(2-ethylhexyl)phthalate

e Inorganics: Aluminum, antimony, barium, calcium, cadmium, chromium, iron, lead, magnesium,
manganese, mercury, nickel, potassium, sodium, vanadium, and zinc

o Radionuclides: Am-241, C-14, gross beta, Sr-90, Tc-99, tritium, U-233/234, U-238
e Nitrate.

In 2003, DQOs were developed to guide groundwater sampling for the 100-BC Groundwater OU
(PNNL-14287). Groundwater samples collected from 1992 to 2002 were evaluated. Contaminants such as
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1y, lead, cadmium, and mercury that were never detected above DWSs were not
COPC:s for the area. Other contaminants such as aluminum, iron, and nickel no
jwater standards as of 1995 and were also not considered as future COPCs for the

e, the 100-B/C Pilot Project Risk Assessment Report (DOE/RL-2005-40) identified
ause of 1998 and 1999 concentrations that exceeded the DWS of 45 mg/L in well
rations since 1995 have declined in 100-BC Area monitoring wells. The highest

in FY 2008 was 39.5 mg/L in well 199-B3-47, similar to the FY 2007 value.
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4 Conceptual Site Model

4.1 itroduction

This chapter describes the current CSM for the 100-BC Decision Unit. The CSM expresses the current
understanding of site conditions in the decision unit and allows for the identification of data gaps and data
needs in conjunction with the systematic planning process described in the work plan. Data gaps specific
to the 100-BC Decision Unit are listed in the following sections, followed by supporting information about
what specific CSM uncertainty the data gap addresses. The CSM 1s developed as a discussion of
contaminant sources, contaminant distribution, contaminant fate and transport, and exposure pathways and
receptors. Geology and hydrogeology of the 100-BC Decision Unit are discussed in Chapter 2,
Sections 2.2.2 and 2.2.3."  goal of the CSM is to synthesize decision unit knowledge to support
development of project needs and decision-makii  -equirements, including the design of remedial actions.
1e CSM will evolve through the RI/FS process; the development and implementation of a remedy is
improved through the collection of data and the development of an improved understanding of the key
uncertainties. A well-developed CSM provides clear statements describing the uncertainties with the
specifications required Hr a satisfactory answer result. The data and information requirements necessary to
develop and implement the remedy are developed directly from the process of resolving the uncertainties
through the CSM.

The following key elements of the CSM are discussed in the following sections.
e The primary contaminants of interest in the 100-BC Decision Unit are CrVI, Sr-90, and tritium.

e  Waste sites remain in the Decision Unit that have not been remediated, but will be remediated at a
future date. These waste sites are part of ongoing interim actions,

e The nature and extent of soil and groundwater contaminants is influenced by past waste disposal
practices, historic 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.

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

e The nature and extent of groundwater contamination for select constituents is uncertain. Additional
groundwater sample collection activities are proposed to address this uncertainty.

e Past soil and groundwater sample data were evaluated and through a process described in the work
plan, soil and groundwater samples will be sampled for many contaminants of interest. The list of
contaminants of interest for the 100-BC Decision Unit is provided in the SAP (DOE/RL-2009-44).

4.2 Contaminant Sources and Release Mechanisms

Sources of contamination include spills, leaks, and past liquid and solid waste disposal sites.
Contamination is found within the vadose zone and groundwater and has migrated to the Columbia River.

4.2.1 Primary Sources of Contamination and Releases Mechanisms

The primary sources of contamination in the 100-BC Decision Unit are 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 speci  nuclear materials could be extracted. The

4-1






00~ NV bW —

DOE/RL-2008-46-ADD3, DRAFT A
08/31/2009

The COPCs associated with the vadose zone are identified in the SAP (DOE/RL-2009-44). The list of
COPCs was developed using the methodology described in Chapter 4 of the work plan. Field data
(described in Chapter 2, Section 2.4) indicate contaminant distributions at high-volume, retrieved liquid
waste sites for contaminants {e.g., arsenic, total chromium, mercury, CrVI, lead, Cs-137, Co-60, Eu-152,
Ni-63, Pu-239/240, U-238, and U-233/234) are highest at the bottom of the disposal facility and generally
decrease with depth. Soil sam] s collected and analyzed during interim remedial actions indicate residual
contamination is located well above the water table and the periodically re-wetted zone. Table 4-1 lists
the high-volume liquid waste sites. Appendix B provides maps of the waste site locations.

Waste sites that received small amounts of liquid are generally found to have soil contamination
extending limited distances into the vadose zone beneath waste sites (i.e., burial ground, some unplanned
releases, and quid sites). Adverse impacts to groundwater are not expected from these sites.

Contaminated soil at interim-closed and no action waste sites (Chapter 2, Section 2.3.3) has been removed
and/or confirmed to meet remedial action goals for direct exposure, protection of groundwater, and
protection of the Columbia River in soils 0 to 4.5 m (0 to 15 ft) bgs. At these sites, contaminated soil to a
depth of 4.5 m (15 ft) bgs has been removed and/or confirmed to meet remedial action goals for O to

4.5 m (0 to 15 ft) bgs protection of groundwater, and protection of the Columbia River based on the
requirements in EPA  OD/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. The inventory of
contaminants remaining in the soil column has been significantly reduced by interim remedial actions.
Contaminated soil removal and disposal in the ERDF for the remaining source sites will continue. Data
collected from these remaining source sites will provide information to assess the potential for adverse
impacts through direct exposure or transport to groundwater pathways from remaining residual
contamination.

Waste sites that received enough liquid effluent to impact groundwater have contamination at varying
levels distributed sporadically throughout most of the vadose zone. Contaminants with low contaminant
distribution coefficients (near 0) have migrated through the vadose zone and into the groundwater when
the waste sites were operational. Leach tests and/or verification sampling from soils collected at the
bottom of the remediated waste sites combined with modeling, suggest the residual contaminants are
protective of groundwater and the Columbia River. However, a review of available contaminant data
shows the understanding of contaminant distribution is based mainly on data collected less than 11 m

(. ft) within a vad that  in some locations 21 m (70 ft) thick. The lack of contaminant
analytical data below depths of approximately 11 m (35 ft) results in uncertainty regarding contaminant
migration to groundwater.
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lenses of fine materials. Mobility is relative to infiltration at the site. The current infiltration rate
suggests impeded conta  nant mobility. Limited data are available to evaluate contaminant
distribution behavior for several contaminants including nitrate, tritium, and CrV1.

Contaminated soil at 96 waste sites has been removed or cvaluated to meet the interim remedial action
goals and objectives (two closed, 58 interim closed, 17 no action, and 19 not accepted; [Table 2-3]).
Analytical data are needed to verify the vertical extent of contamination beyond the depth of remedial
action. There is a lack of site data on mobile contaminants such as nitrate, tritium, and CrVI to assess the
vertical extent of residual cc  amination.

Data Gap #2: Vadose zone contaminant nature and extent needed to assess protection of groundwater
beneath remediated waste sites. Many facilities within the 100-BC Decision Unit have undergone
deactivation, decommissioning, decontamination, and demolition (D4), and reactor buildings have been
placed in ISS. Waste sites  at 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 soils
beneath reactor structures. 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 the reactor structures.

e Nocon ainated soil remains in the remediated portion of a waste site. Modeling analysis suggests
1e residual contaminants remaining in the soil column are protective of the 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.

e Little or no contaminant data has been collected at unremediated waste sites.

Data Gap #3: Vadose zone contaminant nature and extent needed to assess protection of groundwater
around reactor structures. Details regarding the distribution of the primary contaminants within the
100-BC Decision Unit are provided as follows.

CrVI: More than 500 samples from the vadose zone have been analyzed for CrVI in the 100-BC Decision
Unit. A majority of the samples have been collected from sites in the downstream process of the 105

and 105-C Reactors. CrVI contamination was detected in soil samples near the 116-C-1 Trench, 116-C-5
Retention Basins, and 100-C-7 Water Treatment Facilities. In 2007, in the southern 100-B/C Area, Cr\
was detected in vadose zone soil at the 100-C-7 Waste Site and may have reached groundwater. CrVI
contamination was also detected at the 100-B-27 Waste Site, located in the northwest portion of the
decision unit and is currently undergoing remediation.

Tritium: More than 175 samples from the vadose zone have been analyzed for tritium in the

100-BC ecision Unit. A majority of the samples have been collected around the 105-C Reactor,
downgradient of the 105-B Reactor, and in the vicinity of the 1 16-C-5 Retention Basins, 116-C-1 Trench,
and 118-B-1 Burial Ground. At the 118-B-1 Burial Ground, at approximately 17 m (56 ft) bgs, the
maximum soil tritit  concentration detected was 39,900 pCi/g in a sample collected from a te.  orary
borehole.

Deeper in the vadose zone below this sample, concentrations declined by three orders of magnitude in the
soil above the water table at 26 m (86 ft) bgs, where the concentration was 42 pCi/g.

Sr-90: More than 250 samples from the vadose zone have been analyzed for Sr-90 in the 100-BC
Decision Unit. A majority of the samples have been collected around the 105-B and 105-C  eactors and
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Sr-90: A plume of Sr-  extends from the central 100-BC Decision Unit north toward the river. 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 the 8 pCv/L DWS (DOE/RL-2008-05). Based on
groundwater concentrations from 100-BC Area aquifer 1bes completed at different depths monitoring
groundwater within the unconfined aquifer, Sr-90 above the DWS appears to be limited to the upper
portion of the unconfined a .ifer.

In comparison to the DWS of 8 pCi/L, the highest concentrations in FY2007 were 37 pCi/L in well
199-B3-47 near the 116 -11 Retention Basin and 38 pCi/L in well 199-B3-1 near the 116-C-1 Trench.
These concentrations were nearly five times the DWS and are similar to those reported for FY2006.
Long-term concentration trends appear to be steady or dcclining.

The highest Sr-90 concentrations detected in aquifer tubes were from shallow tubes AT-05-S with
26 pCi/L and AT-06-S wi 45 pCv/L.

Nitrate: The 100-BC Pilot Project Risk Assessment Report (DOE/RL-2005-40) 1dentified nitrate as a
COC based on its exceedance of 245 milligrams per liter (mg/L) DWS in well 199-B3-47 in 1998 and
1999. Concentrations have since decreased over time, but nitrate in groundwater continues to be routinely
monitored as a supporting parameter (DOE/RL-2008-05).

The highest nitrate concentration in FY2007 was 39 mg/L in well 199-B3-47 (for well location, see
Figure 2-1), observed at a 5-year increasing trend. Nitrate was detected at an elevated concentration of
28.4 mg/L in nearby aquifer tube AT-06-M (for aquifer tube location, see Figure 2-1) in 2007. Nitrate was
detected at a concentration of 24.7 mg/L in 2007 in well 699-72-73 (for well location, see Figure 2-1),
located between the 100-BC Decision Unit and the 100-K Area. Elevated nitrate concentrations of

26.6 mg/L and 25.2 mg  were detected in aquifer tubes AT-14-D and AT-B-5-D (for aquifer tube
locations, see Appendix B, 100-BC Base Map), respectively.

4.3.3 Signifi. 1t Waste Rc ase Events Causing Environmental Contamination

The primary activities associated with environmental contamination in the 100 C Decision Unit were
the pre  ction 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 coolant were produced and passed through these reactors. As cooling water was produced and used,

entional effluent disposal and unintentional discharges of process chemicals introduced contaminants
direc - into the soil column underlying the production facilities and into the Columbia River.

4.3.4 Reac oces!

Contaminants in the discharged water included chemicals in the treated water and radioactive isotopes
dissolved in the cooling water from breached fuel cladd g. A major constituent in this water was sodium
dichromate, added for purposes of minimizing process tube corrosion. More than 7,270 metric tons
(7.27E+06 kg) of sodium dichromate were estimated to have been used between 1944 and 1969. The
great majority of this mass was used in the manufacture of reactor coolant.

1er contaminants picked up or carried during passage of cooling water through the reactors included
activation prc  cts in the water (e.g., Cr-51), activation products from targets or reactor components
(e.g., tritium, and Co-60), and products released through breached fuel cladding (e.g., Cs-137, Sr-90,
uranium, and plutonium isotopes).

The processes and facilities used to generate, use, and discharge reactor coolant after use are essentially
the same for both reactors, described in DOE/RL-91-07, and summarized as follows.
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In the CSM initially developed for 100-BC-5 OU, an estimated volume of 42,500 m’/day

(1,500,000 ft’/day) of spent coolant was estimated to have infiltrated into the soil column during
operations at 116-B-11 and the other nearby high-volume locations receiving spent cooling water (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 pg/L of CrVI. At this leakage volume and the
lower concentration threshold, it is estimated that approximately 30 kg /day (66 lbs/day) per day of CrVI
was released to the soil column, migrated downward, and reached groundwater (BH1-00917). This value
represents a conventionally accepted order of magnitude estimate.

The total amount of CrVI used during production is estimated to be 2,78 million kg (6.13 million Ib)
(Table 4-5), however, this quantity includes both 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 discharged to the river.

After operations ceased and there was no longer the large-scale infiltration from the effluent discharges,
the groundwater mound dissipated. As the groundwater mound diminished, inland migration of chromium
also 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 rega1  to CrVI movement is observed. This behavior is indicated from comparing chromium
(total/hexavalent) concentrations in monitoring wells from 1992 (DOE/RL-90-08) to 2008
(DOE/RL-2008-66) as they have moved up and down within a narrow concentration interval during that
time (e.g., 199-B5-1. 199-B-4-1, and 199-B3-1 ‘or well locations, see Figure 2-14). At this point, Cr"
migration began to reverse and move relatively slowly toward the Columbia River.

The rapid formation of the groundwater mound  ortly after discharges began suggests that CrVI, and
other mobile contaminants, migrated quickly through the vadose zone into the unconfined aquifer. The
large quantities of coolant discharged change 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. wever, evidence of substantial infiltration
along the river  ore and farther inland ir  :ates a widely dispersed contaminant source in e subsurface.

This remainder of the source of CrVI was pushed inland by the growing groundwater mound. Well data
from 699-65-72 (for well location, see Figure 2-14) suggests the hydraulic effects from the mound
extended as much as 3.2 km (2 mi) inland and the highly soluble CrVI would have been present
throughout the impacted area, althou; at concentration levels less than 700 pg/L, the threshold
concentration assumed in the early reactor coolant. At the outer edges of : groundwater mound, it is
postulated that dispersion from mixing wi  groundwater would have limited maximum concentrations to
smaller values (e.g., less than 100 pg/L CrVI).

Unlike the CrVI1 contamination observed in groundwater at the 100-D Area, the 100-B/C Arca does not
have a substantial concentrated groundwater plume. There are known releases of concentrated sodium
dichromate to the soil at )0-BC (Section 4.3.4), but these releases do not appear to have yet substantially
affected groundwater. At the 100-BC Decision Unit, for example, CrVI concentrations up to 1,620 mg/kg
were detected soil samples from a borehole drilled to groundwater beneath the 100-C-7 Waste Site to a
depth of 10 m (33 ft). Concentrations from 10 m (34 ft) bgs to groundwater generally decreased to a
concentration of 2.9 mg/kg just above the water table. Groundwater concentrations in this area have been
detected up to 49 pg/L in a nearby well (199-B8-8 [for well location, see Appendix B, BC Reactor Area
Map]). CrVI was detected at another waste site, 100-B-27 sodium dichromate spill, located in the
northwestern 100-B/C Arca, (WCH-225, Sumpling and Analysis Instruction for Evaluation of Residual
Hexavalent Chromium Contamination in the Subsurfuce Soil at 100-B-27).

4-27








































DOE/RL-2008-46-ADD3, DRAFT A
08/31/2009

1

2 Thispa intentionally] bla






DOt .-2008-46-ADD3, DRAFT A
08/: )09

his page intentionally left blank.

4-42




























BN =

— O D o0~ DN (%] NS

[

13
14
15

16
17
18

19
20
21
22
23
24

25
26
27
28
29
30
31
32

33
34

35
36
37
38
39
40
41

‘42

DOE/RL-2008-46-ADD3, DRAFT A
08/31/2009

e Immediately on entering the RUM
e  Within the RUM.

Well locations can be found in Figure 4-17 and the details of the sampling plan can be found in the SAP
(DOE/  -2009-44).

Data Need 11: otential groundwater remedial technologies

Dat~ M-~r* ™-seri~+~-- Groundwater contamination . yve aquatic standards and drinking water
maximum contaminant levels (MCLs) has been detected in the 100-BC Decision Unit. No interim
remedial actions. are currently in operation. Remedy and remedial technology comparisons are needed to
support the FS,

The current RI will 2 the data collected iring this RI (e.g., soil physical properties) for comparison «
remedial alternatives, and evaluate information from other remedial technology evaluations from other
100 Area OUs necessary for comparison of potential final remedies as part of the future project FS. The
RIVFS w  also evaluate data and information from treatability tests including the planned in situ
treatability it for CrVIat : 100-C-7 Waste Site. Data and information are needed for comparison of
potential final remedies as part of the future project FS.

Groundwater contamination (e.g., Sr-90) has been detected at concentrations above the aquatic and
drinking water cleanup standards in the 100-BC Decision Unit. Mitigating exposure to environmental
re  tors from contaminated groundwater is a critical element of the remedial action.

As part of the RI/FS process, a comparison of potential groundwater remediation technologies will be
necessary if groundwater contamination above applicable cleanup and/or risk levels remains after
completion of the RI. 2 project expectation is that the aquifer will be returned to highest beneficial use
(1.e., drinking water). Thus, the list of kely potential remedial technologies should be drafted and
groundwater data and information necessary to s1ort a comparison of potential remedies should be
collected.

A list of remedial technologies that are applicable to the 100-BC Decision Unit should be generated. Soil
samples from new boreholes and wells should be archived so that future analysis on the soil could be
performed to support specific data needed for technology ar remedy comparison. Data collected during
the RI, including soil physical properties and groundwater data, will be used to support remedy
comparisons. In  lition, the remedial process optimization activity for the 100-D/H Decision Unit has
evaluated potentially applicable remediation technologies for CrVI. Evaluations related to Sr-90 and
tritium have been completed for the 100-NR-2 and the 200-ZP-1 Groundwater OUs. These evaluations
will be used during preparation of the 100-BC Decision Unit FS.

Data Need 12: Insufficient data are available to assess the physical and hydraulic properties of soil and
confirm contaminant distribution coefficients to support modeling and analysis.

Data Ner~ ™escription: On selected soil samples, estimate soil properties and hydraulic properties,
determine level of contamination and perform batch leach contacting test. The contaminant distribution
coefticient of CrVI and other contaminants considered key risk drivers should be verified to support
assessments of contaminant fate and transport in the environment. Specific field values for soil properties
are needed to support input parameters for fate and transport calculations and modeling. Collect soil
samples from new boreholes and wells for determination of porosity, density, pH, and hydraulic
conductivity, grain size distribution, bulk density, and moisture content. Samples will be collected from
boreholes specified in Data Need 1 and groundwater wells identified in Data Needs 5 and 9.
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EPA/AMD/R10-00. 2, 2000, EPA Superfund Record of Decision Amendment: Hanford 100-Area
[USDOE]. EPA ID: WA3890090076, OU 02, Benton County, Washington, U.S.
le at:

EPA/ROD/R10-96/134, Declaration of the Record of Decision for the 100-HR-3 and 100-KR-4 Operable
Units, nford Site, Benton County, Washington(EPA/ROD/R10-96/134, 1996 is called EPA
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[1.S. Environmental Protection Agencv. Region 10. Washington, D.C. Available at:

FH 2008, November 6 & 7 Facilitated Session and the 182D Reservoir Repair and Modification Report
ana g Term Export Water Supply System Alternatives Study, Fluor Hanford, Richland,
Washington

Geist and Dauble, 1998, “Redd Site Selection and Spawning Habitat Use by Fall Chinook Salmon: The
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669.
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Areas in the Hanford Reach of the Columbia River” Proceedings of the Ground-
Water/Surface-Water Interactions Workshop, vol. EPA/542/R-00/007, pp. 95-98. U.S.
Environmental Protection Agency, Washington, DC.

HW-27270, 1953, 4 Proposal for Liquid Sodium Dichromate Facilities for the 100-C and 100-D Areus,
General Electric company, Richland, Washington.

HW-64555, 1960, Irradiation Processing Department, Monthly Record Report, General Electric
Company, Richland, Washington.

National Civil Engineering Landmark by the American Society of Civil Engineers (1994) National
Historic Landmark (DOE 2008) National Historic Mechanical Engineering Landmark by the
American Society of Mechanical

PNL-645¢

PNL-6894, 1989, Procedures for Ground-Water Investigations, prepared for U.S. Department of Energy,
Pacific Northwest Laboratory, Operated for the U.S. Department of Energy by Battelle

PNL-8281, 1992, In Situ Vitrification of a Mixed Waste Contaminated Soil Site: The 116-B-6A4 Crib at
Hanford, Pacific Northwest Laboratory, Richland, Washington.
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Appendix A

100-B/C Decision Unit Conceptual
Site Model Component Plates
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A1 Introduction

The plates for the 100-BC Decision Unit, used to solicit input from regulators, agencies, and subject
matter e 1ts, are provided here.

The original inter  >f the plates was to foster discussion during the Systematic Planning Process to
identify uncertainties for the 100-BC Decision Unit and guide development of the work plan. The plates
were used to capture discussic s and decisions made during this process. The uncertainties, data gaps, and
data needs were used to develop the scope for activities that are presented within this addendum.

A2 References

Atomic Ene

Comprehensive Environmental Resnonse. Compensation. and Liabilitv Act of 1980. 42 USC 9601. et sea.
Availal

\OE/RL-2001-68, 2002, * the
105-B React
Availal :at

Ecology, EPA, and OE, 1989, Hanford Federal Facility Agreement and Consent Order, 2 vols., as
amended, Washington State Department of Ecology, U.S. Environmental Protection Ageney,
and U.S. Department of Energy, Olympia, Washington. Available at:
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Appendix B

100-BC Area and 100-BC-2/BC-6 Operable Unit Maps

(Provided on CD)
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Appendix C

100-BC Decision Unit Waste Sites
Description and History
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C1 Introduction

Table C-1 provides a summary of the codes, types, and status of waste sites in the 100-BC Decision Unit
of the Hanford Site. Table C-1 also provides physical dimensions, dates of operation, a brief history for
each site, and relevant decision/remedial action information, if available.

CVP-98-00006, 1999, Cleanup Verification Package for the 116-C-1 Process Effluent Trench, Bechtel
Hanford. Inc.. Richland. Washington. Available at:

CVP-98-00009, 2000, Cleanup Verification Package for the 105-C Reactor Building Below-Grade
Structures and Underlving Soils. Bechtel Hanford. Inc.. Richland. Washington. Available at:

CVP-99-00001, 1999, Cleanup Verification Package for the 116-B-11 Retention Basin, Bechtel Hanford,
Inc.. Richland. Washington. Available at:

CVP-99-00002, 1999, Cleanup Verification Package for the 116-B-13 South Sludge Trench, Bechtel
Hanford. Inc., Richland, Washington. Available at:

CVP-99-00003, 1999, Cleanup Verification Package for the 116-B-14 North Sludge Trench, Bechtel
Hanford. Inc.. Richland. Washington. Available at:

CVP-99-00004, 1999, Cleanup Verification Package for the 116-C-5 Retention Basin, Bechtel Hanford,
Inc.. Richland. Washington. Available at:

CVP-99-00008, 2000, Cleanup Verification Package for the 116-B-12 Seal Pir Crib, Bechtel Hanford,
Inc.. Richland. Washington. Available at:

CVP-99-00009, 2000, Cleanup Verification Package for the 116-B-9 French Drain, Bechtel Hanford,
Inc.. Richland. Washington. Available at:

CVP-99-00010, 2000, Cleanup Verification Package for the 116-B-10 Dry Well/Quench Tank, Bechtel
Hanford. Inc.. Richland. Washington. Available at:

CVP-99-00011, 2000, Cleanup Verification Package for the 116-B-64 Crib and 116-B-16 Fuel
Examination Tank. Bechtel Hanford. Inc.. Richland. Washineton. Available at:

CVP-99-00012, 1999, Cleanup Verification Package for the 116-B-1 Process Effluent Trench, Bechtel
Hanford. Inc.. Richland. Washington. Available at:

CVP-99-00013, 2000, Cleanup Verification Package for the 116-B-3 Pluto Crib, Bechtel Hanford, Inc.,
Richland. Washington. Available at:
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Appendix D

Summary of 100-BC Decision Unit Facilities































































aG

aGs
AEA
ALARA
ASTM
bgs
CAS
CcCC
CFR
COPC
DOE
dpm
DQA
Ecology
EQL
EPA

FS

GC
GEA
GW
HEIS
IC
ICP
ICP/MS
C
MCL
NTU
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rms

amber glass

amber glass septum; no headspace

alpha energy analysis

as low as reasonably achievable

American Society for Testing and Materials
below ground surface

Chemical Abstracts Service

criterion continuous concentration

Code of Federal Regulations

contaminant of potential concern

U.S. Department of Energy

disintegrations per minute

data qual ’assessment

Washington State Department of Ecology
estimated quantitation limit

U.S. Environmental Protection Agency
feasibility study

glass

gas chromatograph

gamma :rgy analysis

groundwater

Hanford Environr tal Information System
ion chromatography

inductively coupled plasma

inductively coupled plasma/mass sper  metry
liquid scintillation counter

maximum contaminant level

nephelometric turbidity unit
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2 Quality Assurance Project Plan

The QAP]P cstablishes the quality requirements for environmental data collection, including planning,
implementation, and assessment of san ling, field measurements, and laboratory analysis. This QAPjP
complies with the requirements of the tollowing:

o DOE/RL-96-98, Hanford Analytical Services Quality Assurance Requirements Document
(HASQARD)

e DOE 0414.1C, Quality Assurance
e 10 CFR 830, Subpart A, “Quality Assurance Requirements”
e EPA/240/B-01/003, EPA Requirements for Quality Assurance Project Plans, EPA QA/R-S.

Sections 6.5 and 7.8 of the Hanford Federal Facility Agreement and Consent Order Action Plan (Ecology
et al., 1989b), require that quality assurance (QA)/quality control (QC) and sampling and analysis
activities specify the QA requirements for treatment, storage, and disposal units, as well as past-practice
processes. Therefore, this QAP]P follows the QA elements of EPA/240/B-01/003. The QAP;P
demonstrates conformance to Part B requirements of ANSI/ASQC E4-2004, Quality Systems for
Environmental Data and Technology Programs: Requirements with Guidance for Use.

In addition to the requirements cited above, the following reference also was used as a resource for
identifying QAPjP elements:

e EPA-505-B-04-900A, Intergovernmental Data Quality Task Force, Uniform Federal Policy for
Quality Assurance Project Plans, Evaluating, Assessing, and Documenting Environmental Data
Collection and Use Programs, Part 1: UFP-QAPP Manual.

EPA-505-B-04-900A is not imposed rough the Tri-Party Agreement (Ecology et al., 1989a, Hanford
Federal Facility Agreement and Consent Order). However, EPA-505-B-04-900A is a valuable resource
and provides a comprehensive treatment of quality elements that should be addressed in any SAP.
EPA-505-B-04-900A also was designed to be compatible with EPA/240/B-01/003, which forms the basis
for this QAP;jP.

The QAP;jP is divided into the following four sections, which describe the quality requirements and
controls applicable to this investigation.

Section 2.1 Project Management — This section addresses project management, including the project
history and objectives, roles, and responsibilities of the participants. These elements ensure the project
has a defined goal, participants understand the goal and the approach to be used, and planning outputs are
documented.

Section 2.2 Data Generation and Acquisition — This section addresses aspects of project design and
implementation. Implementing these elements ensures appropriate methods for sampling, measurement
and analysis, data collection or generation, data handling, and QC activities are employed and properly
documented.

Section 2.3 Assessment and Oversight — This section addresses the activities for assessing the
effectiveness of implementing the project and associated QA and QC activities. The purpose of
assessment is to ensure the QAPjP is implemented as prescribed.
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e  Analysis required
e Preservation method (if applicable)

e Sampling authorization form number.

In addition to the above information, sample records must include the following:

e Analysis required

e Source of sample

e Matrix

e Field data (pH, radiological readings).

Except for VOA samples, a custody seal (i.e., evidence tape) will be affixed to the lid of each sample
container. The custody seal will be inscribed with the sampler’s initials and the date. Custody seals are
not applied directly to VOA bottles collected because of a potential for affecting analytical results and/or
fouli of laboratory equipment. Custody seals and any other required labels or documentation can be
fixed to the exterior of a plastic bag holding vials in such a manner to detect potential tampering.

3.7.3 Sample Custody Requirements

Sample custody will be maintained in accordance with existing Hanford Site protocols to ensure the
maintenance of sample integrity throughout the analytical process. Chain-of-custody procedures will be
followed throughout sample collection, transfer, analysis, and disposal to ensure sample integrity is
maintained. A chain-of-custody record will be initiated in the field at the time of sampling and will
accompany each set of samples shipped to any laboratory. Shipping requirements will determine how
sample shipping containers are prepared for shipment. The analyses requested for each sample will be
indicated on the accompanying chain-of-custody form. Each time the responsibility changes for the
custody of the sample, the new and previous custodians will sign the record and note the date and time.
The sampler will make a copy of the signed record before sample shipment and will transmit the copy to
Sample Management and Reporting within 48 hours of shipping.

The following information is required on a completed chain-of-custody form:

e Project name
e Signature of sampler
e  Unique sample number
e Date and time of collection
Matrix
e Preservatives
e Signatures of individual involved in sample transfer

e Requested analyses or reference thereto.

3.7.4 Sample Transportation

Sample transportation will be in compliance with the applicable regulations for packaging, marking,
labeling, and shipping hazardous materials, hazardous substances, and hazardous waste mandated by the
U.S. Department of Transportation (49 CFR 171, “General Information, Regulations, and Definitions,”
through Part 177, “Carriage By Public Highway”) in association with the International Air Transportation
Authority, DOE requirements, and applicable program specific implementing procedures.
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4 Health and Safety

Field operations will be performed in accordance with health and safety requirements and appropriate Soil
and Groundwater Remediation Project requirements. Additionally, work control documents will be
prepared to further control site operations. Safety documentation will include an activity hazard analysis
and, as applicable, radiological work permits. The sampling procedures and associated activities will
implement ALARA practices to minimize the radiation exposure to the sampling team, consistent with
the requirements defined in 10 CFR 835.
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