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Executive Summary

This document presents the work plan for a remedial investigation/feasibility study
(RI/FS) to support final remedy selection under the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 (CERCLA)" for the 300 Area at the
Hanford Site. The CERCLA RI/FS results also are intended to address Resource
Conservation and Recovery Act of 19762 (RCRA) corrective action requirements of areas
of RCRA concern. This document explains the RI/FS project background and presents
detailed plans for investigation of contaminated U.S. Department of Energy (DOE) sites
in the 300 Area. To assist in investigation of the sites, the DOE has combined
groundwater contamination, soil contamination sites, and facilities in individual geographic
areas to enable a more comprehensive look at the contamination and associated risk.

The 300 Area includes 300-FF-1, 300-FF-2 and 300-FF-5 Operable Units. It is one of the
areas (Figure ES-1) defined for the River Corridor. The River Corridor also includes
100-BC, 100-K, 100-D 100-H, 100-N, and 100-F combined with 100-IU-2/6. The 100 Area
work plan was developed as a separate stand-alone document with addenda for each area.
These areas and the groundwater, which are contaminated from releases and spills of
radiological and/or chemical constituents, encompass the 100 and 300 Areas National

Priorities List sites.

This Work Plan implements the approach designed to reach final remediation decisions
on the 300 Area Operable Units. Included in the work plan is a description of key
features of the planning process that supports the implementation of the approach and
important regulatory considerations and risk assessment uncertaintics common to the
300 Area. The work plan documents the development of the site-specific conceptual
model, areas of uncertainty that require resolution to support decisions, and
DOE/RL-2009-45, 300 Area Remedial Investigation/Feasibility Study Sampling and
Analysis Plan for the 300-FF-1, 300-FF-2 and 300-FF-5 Operable Units® that when

implemented will direct the collection of new information to address these uncertainties.

1 Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 USC 9601, et seq. Available
at: http://iwww.epa.gov/oecaagct/Icla.htmi#Hazardous%20Substance%20Responses.

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

3 DOE/RL-2009-45, 2009, Sampling and Analysis Plan for the 300 Area Decision Unit Remedial Investigation/
Feasibility Study, Draft A, U.S. Department of Energy, Richland Operations Office, Richland, Washington.

Available at: http:/mww5.hanford.gov/arpir/?content=findpage&AKey=0910271277.
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Figure ES-1. River Corridor Area Boundaries
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This work plan marks the initiation of the approach leading to final remediation of the

300 Area. Much of the information necessary to support remediation decisions and final
records of decision that will protect human health and the environment exists based on
the work that already has been accomplished. This work plan identifies the arcas of
uncertainty that remain. This work plan also further identifies data or information needed
to address those uncertainties and the corresponding actions to obtain that information.
This approach will result in the final documents and decisions that are necessary to

define final remediation plans to provide permanent protection for the public and

ecological resources.

A systematic planning process was used to develop a program for data collection and
analysis to support final remediation decisions in the 300 Area. The following sections

discuss key elements that were identified during this systematic planning process.

Site Background and Environmental Setting

Collected information includes operational history of the facilities (with an emphasis on
disposal operations), the known nature and extent of groundwater and soil contamination,
known geohydrologic information, source and groundwater remedial actions and their

effectiveness, and the results of any treatability and characterization studies.

Uranium contamination is the primary risk driver in the 300 Area; however, other
groundwater plumes exist. Chapter 2 and Appendix B present maps of the facilities
source sites, and groundwater plumes. As of November 5, 2008, 94 sites, including the
major liquid waste disposal sites, have been dispositioned in accordance with
EPA/ROD/R10-01/119, Declaration of the Interim Record of Decision for the

300-FF-2 Operable Unit.* While the “interim closed out” remedial actions satisfied the
mterim action record of decisions, they may not satisfy final CERCLA remediation
and/or RCRA corrective action requirements due to vadose zone and/or groundwater
contamination remaining after the interim action record of decision removal action.
There are 109 sites remaining in the operable unit to be dispositioned in accordance with

EPA/ROD/R10-01/119.

4 EPA/ROD/R10-01/1 19, 2001, Declaration of the Interim Record of Decision for the 300-FF-2 Operable Unit,
U.S. Environmental Protection Agency, Washington State Department of Ecology, and U.S. Department of Energy,
Olympia, Washington. Available at: http://www.epa.gov/superfund/sites/rods/fulltext/r1001119.pdf.

vii
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Conceptual Site Models

The conceptual site model (CSM) 1s a description of the site that organizes the available
imformation and provides a summary of the site conditions. The CSM is developed to
depict what is known about the site history (including process history), levels and
location of contamination, and information needed to support decisions on remediation.
The CSM 1is used to identify data and information gaps, establish data needs, and design a
field program to address the gaps.

For this work plan, the unit has been divided into three subregions: 300 Area, 400 Area,
and 600 Arca. The 300 Area subregion consists of the buildings, facilities, waste disposal
sites, process units, and impacted groundwater. The 300 Area subregion contains the
industrial complex located north of Richland, Washington, where the majority of uranium
fuel production and research and development activities took place. The 400 Area
subregion consists of the Fast Flux Test Facility, associated facilities, and groundwater
potentially impacted by releases from those facilities. For the purposes of this work plan,
the 600 Area subregion contains the 618-10 and 618-11 Burial Grounds, the former
316-4 Crb, various bunal grounds not categorized as being within the 300 Area
(industrial complex) or 400 Area, along with groundwater that may have been impacted

by releases from those waste sites.

300 Area

Sources of contamination in the 300 Area originated with the years of uranium fuel
production operations and various research and development activities focused on
improving uranium fuel production methods and improving the plutonium extraction
operations carried out in the 200 Area. During 300 Area operations, there were
intentional releases of waste materials to the environment, most notably in the form of
process liquids discharged to the large, unlined infiltration ponds and trenches.
Additionally, there were several unplanned releases of both solids and liquids to the soil

below and around the uranium production laboratories and waste handling facilities.

Uranium, as both the metal and its isotopes, is the contaminant of greatest concern in the
300 Area because of its persistence as a dissolved form in groundwater. Uranium is a
toxic chemical notable for kidney and other impacts, and uranium isotopes have
radiological impacts. Although a variety of other chemical and radiological constituents
were present in the waste effluents released to the soil, uranium continues to persist in

environment pathways, while other constituents have dispersed. Other contaminants of

viii
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potential concern in 300 Areca groundwater include hexavalent chromium,
cis-1,2-dichloroethene, trichloroethene; gross alpha and gross beta activity also exceed
regulatory standards. Nitrate contamination from offsite agricultural activities migrates

mnto the 300 Area subregion from sources to the southwest.

The conceptual model for features and processes associated with uranium contamination
in the subsurface beneath the 300 Area suggests that the preponderance of contamination
mitially entered environmental pathways by liquid wastes infiltrating through engineered
facilities, such as process ponds and trenches. Additional contamination was introduced
via unplanned releases (e.g., leakage from the process and radiological sewers; spills).
Uranium was retained in the vadose zone beneath these sites by sorption-to-solids
processes and as residual, contaminated moisture. A large fraction likely reached
groundwater as essentially saturated flow beneath the disposal site, causing a plume in
groundwater. The widespread groundwater plume during the 1940s through the early
1970s was subjected to large seasonal variations in the water table elevation.
Contaminated groundwater would be moved upward into the uncontaminated vadose
zone 1n areas well away from the liquid waste disposal facilities during the period of
scasonal high water table conditions, which related to seasonal high river discharge. As
the water table subsequently receded, uranium would remain sorbed to sediment, and
some as residual moisture. Three subsurface regions are potential sources for resupplying

uranium to the groundwater plume:
1. The vadose zone directly beneath the principal liquid-waste-disposal sites.

2. A more widespread zone bounded laterally by the extent of the uranium plume and vertically

by the range in elevation of the current water table.

3. A similar widespread zone that extends vertically higher than the current high water

table limait.

The third zone is included because during the fuels production years, the historical water

table elevation extended much higher than the current range.

Because waste disposal to the ground and leaks/spills associated with fuels fabrication

have long since ended, the contamination that remains today represents the following:
¢ Residual amounts from past operations.

¢ Contamination that has migrated into the 300 Area aquifer from upgradient sources.
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¢ Recently introduced contamination because of current activities, such as remediation of waste
sites and deactivation, decommissioning, decontamination, and demolition associated with

buildings and other facilities.

The bulk of mobile contaminants introduced to environmental pathways has long since

dispersed, primarily via groundwater flow and discharge to the river.

400 Area

The operations associated with the Fast Flux Test Facility did not result in any
documented incidents of contamination being released to the environment. None of the
400 Area waste sites appears to provide a significant threat of widespread release to
environmental pathways, and no groundwater plumes are identified as being the result of
400 Area operations. The current conceptual model for contamination in environmental
pathways at the 400 Area does not indicate the need for additional characterization

activities as part of this work plan.

600 Area
The operational history of the burial grounds located in the 600 Area is tied to the waste

management practices conducted in the 300 Area industrial complex. The most
significant potential sources of contamination in the 600 Area are two solid waste burial
grounds (618-10 and 618-11) and a liquid waste disposal facility (316-4 Crib). Additional
burial grounds grouped within the 600 Arca constitute the remaining 33 sources. There is

potential for contamination to be transported to the vadose beneath the burial grounds.

Historical records indicate contents of the 618-10 and 618-11 Burial Grounds include
potentially high level and transuranic (TRU)® wastes, and uranium-tributyl phosphate soil
contamination was measured in the soil beneath the excavated 316-4 Crib site. Tritium
release from materials buried in the 618-11 Burial Ground has been identified based on
soil gas analyses at sites adjacent to the facility, and on groundwater monitoring near the

bunal ground.

S Radioactive waste as defined in DOE G 435.1-1, Implementation Guide for Use with DOE M 435.1-1.
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Data Gaps and Needs
Data gaps, or statements of uncertainty, were identified as part of the systematic planning
process. These data gaps included recognition of the need for additional information to

better define the following:

¢ Potential effects of residual soil contamination following remedial action on human health,

groundwater, and the environment.
¢ Extent of contamination in the unconfined aquifer.

¢ Horizontal and vertical dimensions of the uranium contamination in the deep vadose and
periodically rewetted zones that are potential source areas for resupplying the

groundwater plume.
¢ Continued persistence of contamination in the groundwater in areas of the 300 Area.

¢ Hydraulic properties of the aquifer and river interaction.

Each data gap is defined by a data need that, when filled, provides information to reduce
or climinate the uncertainty associated in the data gap to the degree needed to make a

final cleanup decision.

A summary of the data gaps and needs, as well as the specific work proposed for the

300 Arca work plan, 1s presented in Table ES-1. Figure ES-2 is an index map for the
proposed locations for characterization boreholes in the 300 Area, cach of which will be
completed subsequently as a monitoring well. An important consideration in Table ES-1
1s that several ongoing programs (¢.g., facility demolition, waste site remediation, and
research studies) are expected to provide data that will resolve many of the uncertainties
identified for the 300 Area. DOE/RL-2009-45 identifies only those data collection
activities that these ongoing programs will not address. Therefore, the RI/FS report
developed for the 300 Area will take full advantage of data and information developed by

ongoing remediation programs.

Xi
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Figure ES-2. Index Map for Proposed Locations for
Characterization Boreholes in the 300 Area
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Approach

Chapter 4 summarizes current risk assessment activities that have been evaluated to help
develop the characterization scope for the work plan. In addition, this chapter presents
preliminary information related to remedial action objectives, remediation goals,
assessment of applicable or relevant and appropriate requirements, and remedial actions

that will be fully developed in the course of completing the RI/FS process.

The DOE also used the National Environmental Policy Act of 19698 (NEPA) process to
assess environmental impacts of cleanup actions. Under DOE O 451.1B,” National
Environmental Policy Act Compliance Program, Section 5.a.(13), DOE will
“...incorporate NEPA values, such as analysis of cumulative, off-site, ecological, and
socioeconomic impacts, to the extent practicable, in DOE documents prepared under the
Comprehensive Environmental Response, Compensation, and Liability Act.” Projects
under CERCLA must adhere to the public participation and administrative record
requirements of 40 CFR 300, “National Oil and Hazardous Substances Pollution
Contingency Plan.”8 Separate review of the environmental impact under NEPA is not
required. These NEPA values include, but are not limited to, cumulative, ecological,
cultural, historical, and socioeconomic impacts, and irreversible and irretrievable
commitments of resources. For the 300 Area, the NEPA value analysis will be
documented in conjunction with the CERCLA criteria in (1) each feasibility study

specific to an operable unit and (2) in the resulting CERCLA decision document.

RI/FS Tasks

Chapter 5 describes the tasks and processes that will be used during the RI/FS. These
descriptions incorporate remedial investigation site characterization tasks, data evaluation
methods, analyses of remedial alternatives, reporting, and the preliminary determination
of tasks to be conducted after site characterization. As part of the remedial investigation
process, continued implementation of interim cleanup actions during the RI/FS process

has been ongoing at the Hanford Site for the past 15 years.

8 National Environmental Policy Act of 1969, 42 USC 4321, et seq. Available at: http://www.gc.energy.aov/INEPA.

7 DOE O 451.1B, National Environmental Policy Act Compliance Program, U.S. Department of Energy,
Washington, D.C. Available at: https://www.directives.doe.gov/pdfs/doe/doetext/neword/451/04511bc1.pdf.

8 40 CFR 300, “National Oil and Hazardous Substances Pollution Contingency Plan,” Code of Federal Regulations.
Available at: http://www.access.gpo.gov/nara/cfriwaisidx 08/40cfr300 08.html.

iii
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An integrated cleanup program is implemented in the River Corridor with a primary
objective of protecting the Columbia River. Elements of the integrated cleanup program
include deactivation, decommissioning, decontamination, and demolition of
contaminated and excess facilities; placing shutdown reactors in interim safe storage;
removal of contaminated soil and debris from waste sites; and cleanup or immobilization
of contaminants in groundwater. Implementation of these cleanup actions in the River
Corndor has reduced risk and produced large quantities of information and data that are
valuable to guide development of the RI/FS work plan. Continued implementation of
these cleanup actions throughout the RI/FS process will produce additional information
to address many of the current data gaps and provide opportunities for refinement of site
knowledge. These activities continue to be efficient and cost-effective approaches for

addressing the additional information needed to complete the RI/FS process.

Project Schedule

The schedule was developed to meet the potential Ecology et al. 1989a, Hanford Federal
Facility Agreement and Consent Order® (Tri-Party Agreement) milestones and goals for
the 300 Area. Chapter 6 presents the project schedule for activities discussed in this

work plan.

Project Management Considerations

Chapter 7 presents project organization, project coordination, change control, and
dispute resolution processes. The U.S. Department of Energy. Richland Operations
Office (RL) 1s responsible for Hanford Site cleanup of the River Corridor. The RL
contractors implement the cleanup for RL and are responsible for planning, coordinating,
and executing the RI/FS activities. The lead regulatory agency authorizes the work

scope in accordance with the Tri-Party Agreement and oversees the work for

regulatory compliance.

9 Ecology, EPA, and DOE, 1989a, Hanford Federal Facility Agreement and Consent Order, 2 vols., as amended,
Washington State Department of Ecology, U.S. Environmental Protection Agency, and U.S. Department of Energy,
Olympia, Washington. Available at: http://www.hanford.gov/?page=91&parent=0.

Xiv
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Data Additional
Need Resolution of Data
Data Gap No. Data Need Data Need Collection Scope of Work Justification
300 Area Sources
Unidentified sources of contamination il Identify new waste sites and potential Complete OSE process in the 300 Area No Complete OSE process in the 300 Area The OSE and waste site discovery processes are performed to identify new
may exist within and in the soils sources of contamination in the (industrial complex). (industrial complex). Data need will be fulfilled  waste sites and sources that are not currently included in CERCLA decision
adjacent to engineered facilities and 300 Area. as part of the OSE process. documents. Remediation decisions associated with this data need include
structures. determination of waste site classification after discovery (Section 2.2) (i.e.,
accepted, rejected, or no action).
The significance of contaminant 2  The inventory and mobility Two drilling programs will be used to Yes Field sampling: Collect sediment and pore The leaching characteristics of uranium in the lower vadose zone are
uranium remaining in the vadose zone characteristics of contaminant address this data need. (1) Drill four water samples from the water table zone above known from only a few locations near to or within the footprints of former
and periodically rewetted zone (current uranium beneath and immediately boreholes within the footprints of former the groundwater plume. liquid waste disposal sites. Additional field and laboratory data are needed
and historical) in areas directly adjacent to remediated waste sites, liquid waste disposal facilities (No. 8, ; ’ during the feasibility study to refine estimates for the amount and
beneath and in the immediate vicinity and of the current geochemical and No. 9, No. 10, and No. 11 on = Eour poreh_ole el g T N‘?'th Pr_ocess characteristics of residual contamination that potentially could affect
3 s : > : - ond; one in South Process Pond; one in e
of remediated waste sites is not fully hydrologic processes potentially Figure 3-5). Samples of sediment and 300 Area Process Trenches) groundwater. More complete characterization of these features and
understood with respect to the acting to resupply uranium to the pore water will be collected to determine i : i oth processes will contribute to informed decisions regarding appropriate
persistence of the groundwater plume. groundwater plume, require additional the contaminant content and * Five borehole locations in the vicinity of the monitoring strategies and selection of a remedial action alternative,
investigation to fully evaluate contaminant mobility characteristics at seasonal uranium hot spot just south of the including screening, testing, and implementing a remedial technology.
conditions relative to protection of various depths in the vadose zone. 300 Area Process Trenches and North
groundwater from contaminant input.  (2) Drill five boreholes at increasing Process Pond.
distances from the footprints of the ¢ Complete the four characterization boreholes
waste sites (Nos. a through e on as monitoring wells; complete the five
Figure 3-5) to develop transects along additional locations as temporary monitoring
potential uranium migration routes. wells.
See Table 3-5 for drilling sampling details.
The potential exists for contaminant 3 Additional sediment and water Drill two boreholes near the Columbia Yes Field sampling: Collect sediment and pore The change in geochemical conditions near the river, mixing river water and
uranium to sequester on sediment samples are needed from the River (No. 6 and No. 7 on Figure 3-5). water samples from the near river zone where  groundwater, may cause dissolved uranium to be preferentially adsorbed
near the Columbia River because of subsurface zone impacted by Collect sediment and water samples to groundwater interacts with river water. onto sediment, so the near-river zone could be implicated in the persistence
river-induced changes in geochemical Columbia River water to determine the determine contaminant content and . : ; of the plume. Such information applies to 1) evaluating the risk associated
conditions. The magnitude of this contaminant uranium inventory of contaminant mobility characteristics at gl boreh_ole il Ll o with the level of contaminant discharge to the Columbia River, and 2) to the
: : r . 3 : (east of former sanitary leach trenches and : : i
phenomenon and its potential to act as contaminant uranium and to perform  various depths in the vadose zone and east of Well 399-3-9) FS focused on potential ways to reduce the concentration of uranium in
a continuing source for resupplying the laboratory studies on the mobility aquifer. : groundwater. If remedial action within this zone becomes part of a proposed
groundwater plume has not been characteristics of that uranium. See Table 3-5 for drilling sampling details. plan, additional detailed information will be required to design an effective
determined. remedy for this dynamic environment.
The source is unknown for the original 4 Identify the original VOC(s) and the (1) Perform computer simulations of the Yes Field sampling: Perform groundwater Information is not available to fully evaluate whether an undetected source

VOC(s) that have degraded to
cis-1,2-dichloroethene near

Well 399-1-16B, and there is the
possibility that a dense,
nonaqueous-phase liquid remains
undetected.

pathways leading to the
cis-1,2-dichloroethene observed at
Well 399-1-16B.

release of tetrachloroethene similar to
historical releases. (2) Collect additional
measurements of VOC concentrations
in groundwater under conditions of
withdrawal at Well 399-1-16B. Hydraulic
parameters to be determined as part of
withdrawal operations. Include analyses
for VOCs for water samples from
equivalent aquifer horizons in
characterization boreholes (Nos. 6, 8,
and 9 shown in Figure 3-5).

withdrawal test in Well 399-1-16B that includes
monitoring water quality changes as pumping
proceeds and hydraulic pump testing; include
analyses for VOCs for samples from wells in
the North Process Pond and 300 Area Process

Trenches.

Collect and analyze water samples from Well
399-1-16B water quality parameters (volatile
organic compounds, major anions and cations
[including nitrate and nitrite under the major
anions category], total organic carbon, and

uranium [total, unfiltered sample]; field

parameters*, temperature, pH, turbidity, specific

conductance, dissolved oxygen, and
microbiological activity).

See Table 3-5 for drilling sampling details.

for VOC contamination remains in the lower portion of the vadose zone,
and/or at depth in the unconfined aquifer (i.e., at stratigraphic horizon
monitored by several “-B” series wells). A more complete understanding of
origin will help in developing estimates for how long this contamination is
likely to persist.

XV
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Table ES-1. Summary of Data Needs and Their Resolution

Data Additional
Need Resolution of Data
Data Gap No. Data Need Data Need Collection Scope of Work Justification
The trichloroethene origin in the finer 5  Additional information is needed on Searches of historical records for the No No field work is planned to resolve this data Information is not available as of January 2010 to fully evaluate (1) the

grained interval of Ringold Formation
is not known in sufficient detail to
support the technical basis for a
proposed plan.

the potential origin(s) for the VOC
contamination observed in an interval
of finer grained sediment within the
unconfined aquifer.

300 Area have not revealed hard
evidence that would help explain the
origin of this contamination. Additional
source remedial actions in the 300 Area
may reveal information that would point
to a source. No specific investigations to
identify a source are warranted for the

need.

potential extent, (2) the possible presence of a dense, nonaqueous-phase
liquid, and (3) the processes leading to the persistence of this
contamination in the environment. A complete understanding of where,
when, and what was introduced to the vadose zone would reduce
uncertainties in the current conceptual model. Identification of the source
responsible for VOC contamination in this sediment interval would play a
role in the FS of an engineered solution to Iowering the level of

RI. contamination.
Distribution of Contaminants — 300 Area

The extent of contaminant uranium in 6  Conduct sampling to characterize the  The current strategy for interim remedial No Complete contaminated soil removal and The known extent of uranium contamination at remediated waste sites is
the shallow vadose zone beneath and extent of contamination in the actions at waste sites will be continued. sampling of the waste sites within the 300 Area needed to assess the protectiveness of remedial action regarding human
adjacent to 300 Area facilities and sediment adjacent to and beneath the The strategy has been efficient in subregion. The data need will be fulfilled as part health and the underlying groundwater. Protectiveness levels will be
waste disposal sites is not defined for sites during remedial actions at future  obtaining the necessary data during of the ongoing interim action. developed as part of the proposed plan for future remedial actions and
waste sites not yet remediated. waste sites. remediation using the observational long-term evaluation of the effectiveness of the remedies selected.

approach. Data will continue to be

obtained that document the extent of

residual contamination following

completion of the interim remedial

action.
The uranium contamination beneath 7 Laboratory analytical results for See resolution for Data Need No. 20. Yes See scope of work for Data Need 2. Information on the inventory of uranium potentially available in the vadose
the hi_gh volume, liquid waste disposal sediment and grOl_Jndwater samples Two drilling programs will be used to Collect and analyze sediment. zone beneath th_e high—volume, liquid waste disp_osal sites will be used to
sites in the vadose zone between the from boreholes drilled through the obtain field and laboratory data to - ) ) evaluate protectiveness relative to groundwater impact. The exchange
bottom of the excavations and the footprints of former liquid waste raslues e Dats Nead, See Table 3-5 for drilling sampling details. between dissolved and solid forms of uranium is a complex process and
periodically rewetted zone is known disposal facilities and adjacent areas requires additional data on subsurface conditions be obtained to reduce
from a limited number of along contaminant migration routes. uncertainties to an acceptable level for remediation decisions. For example,
characterization boreholes. The additional data will allow an update to the “box model” that provides
possibility exists that localized zones estimates for uranium in various subsurface regions (Data Need No. 17).
of relatively high concentrations of Data from characterization drilling beneath these waste sites will provide
contaminant uranium have gone information essential for the FS.
undetected.
Data to describe the lateral distribution 8  Analyses of vadose zone sediment Drill five boreholes in the west and Yes Collect and analyze sediment and pore water The distribution and concentration of the labile (extractable) uranium in

of uranium in the deeper portion of the
vadose zone away from remediated
waste sites are very limited. The
information available is based primarily
on an understanding of historical
conditions during the fuels fabrication
years, and not on direct observation
from characterization boreholes.

samples from borehole locations away
from the footprints of principal liquid
waste disposal sites will be used to
refine estimates for the distribution of
contaminant uranium.

southwest portions of plume

(Figure 3-5): No. 1, No. 2, No. 3, No. 4,
and No. 5. Collect sediment and water
samples to determine contaminant
content and contaminant mobility
characteristics at various depths in the
vadose zone and aquifer. Data from
boreholes No. 6 and No. 7 will also
contribute to resolving this data need,
as will information from the five transect
wells, ato e, from Data Need No. 2.

samples.

See Table 3-5 for drilling sampling details.

Collect and analyze vadose zone sediment and
pore water from temporary well locations (a)

through (e) shown in Figure 3-5.

Collect and analyze sediment samples from
future excavations that penetrate to depths of

historical high water tables conditions.

sediments of the lower portion of the vadose zone outside the high volume,
liquid waste disposal site footprint are needed to estimate the potential area
targeted for remedial action as part of the FS. During periods of flood river
stage (e.g., late 1940s through the early 1960s), the water table beneath
the 300 Area occasionally raised to an elevation that approached and
possibly reached the bottoms of the North Process Pond, South Process
Pond, and 307 Process Trenches. The consequences included
groundwater interacting with the waste effluent high in the vadose zone,
which may have enhanced sorption with sediment, and lateral spreading
with subsequent uranium deposition in the vadose zone well above the
current periodically rewetted zone. Additional samples from the proposed
boreholes will provide data to refine estimates for the distribution of
contaminant uranium in the vadose zone, including refinements to the box
model (Data Need No. 17).

XVi
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Data Additional
Need Resolution of Data
Data Gap No. Data Need Data Need Collection Scope of Work Justification
Although the distribution of uranium 9 Discrete measurements of uranium Perform vertical profiling at existing and Yes Field sampling: Additional field measurements are needed to test hypotheses regarding

contamination in the aquifer from the
existing monitoring well and aquifer
tube networks is well described in
general terms, details on the vertical
distribution are not available.

concentrations at various depths in
the unconfined aquifer under varying
water table conditions.

new wells. The methods proposed to
respond to this data need include
various tests at a subset of the current
monitoring network, and new wells
completed as part of this RI. Methods
include groundwater sampling at
discreet depths in the well bore and use
of probes to characterize water
movement in the well bore. Recent
investigation results from the IFRC site
are providing additional insight on the
best methods to resolve this data need.

o Select approximately eight well locations for
tests, including subsets that represent
(1) locations that show an increase in
uranium concentrations when the water table
is high, (2) locations that show a decrease in
uranium concentrations when the water table
is high, and (3) locations where uranium

concentrations remain relatively constant (i.e.,

typically, the perimeter areas of the plume).
Perform depth-discrete sampling to provide a
vertical profile of uranium concentrations at

1 m (3-ft) intervals throughout the open
interval of the well.

o At wells near the river where river water
intrusion is expected during high river stage
conditions, measure specific conductance
and temperature by lowering a probe into the
well before water sample collection.

o For wells at locations where uranium
concentrations rise significantly when the
water table is elevated, capture water
samples at the water table during the June
sampling event (approximately four inland
well locations and four near-river locations).

Laboratory analyses: Analyze all collected
water samples in accordance with
DOE/RL-2002-11.

resupply of contaminant uranium to the groundwater plume. If high water
table conditions remobilize contamination sorbed in the lower vadose zone,
discrete water samples near the top of the unconfined aquifer (i.e., at the
water table) should reveal evidence in the form of higher concentrations. A
more detailed characterization of the vertical concentration patterns within
the plume will contribute to design of an effective long-term monitoring
strategy. The improved understanding will lead to refined targeting of the
remedy and sample collection protocols for regulatory compliance
purposes.
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Table ES-1. Summary of Data Needs and Their Resolution

Data Additional
Need Resolution of Data
Data Gap No. Data Need Data Need Collection Scope of Work Justification
Monitoring well coverage of the 10  Fill coverage gaps in the groundwater  Complete each of the Yes Field sampling: Install new monitoring wells to  The network of wells used to monitor the uranium plume needs to be
hydrologic unit presumed to contain monitoring network for the uranium 11 characterization boreholes cover the uppermost hydrologic unit in the sufficiently comprehensive to describe the level of contamination with an
the bulk of uranium contamination is plume by completing monitoring wells  (Figure 3-5) as a groundwater unconfined aquifer. uncertainty acceptable to decision makers. Data from the expanded
uneven, with principal weaknesses in at each of the 11 characterization monitoring well. Unless other than T R — monitoring network will permit estimates for the level of contamination, such
coverage at the footprints of former borehole sites. expected conditions are encountered fns - d et mor;]l orlntg _ocetl_ |onz (sar:ncla o3 as, volume of plume; mass of dissolved uranium; concentrations at
liquid waste disposal sites and near during characterization, well screens will e e LT .|on =t ! exposure locations, and how the level changes with time. These estimates
£ : e : (i.e., 2 in North Process Pond; one in South ; > ’ -
the perimeter of the plume, especially be positioned to monitor the uppermost i are information needed to evaluate natural attenuation and to define the
the west and southwest portions hydrologic unit, i.e., saturated Hanford Procass Pon_d, 11n 300 Area Froscss . extent of the environment potentially subject to remedial action
: Frrontion sedir’nén.t, Rlsr el ol Trenches; 5 in west and south_wes_t portions of )
38 1F 15 I PRigAss Pafis 61E i plume and 2 near the quumbla River).
South Process Pond: one in 300 Area o Conduct quarterly sampling of each new
Process Trenches, five in the west and monitoring well for the first year, with a
southwest portions of uranium plume, reduction in frequency for subsequent years if
and two near the Columbia River. warranted.
Laboratory analyses:
» Use initial analysis of samples to establish
baseline conditions at each new monitoring
well. Methods are specified in
DOE/RL-2002-11, 300-FF-5 Operable Unit
Sampling and Analysis Plan, Rev. 2, orits
most recent update).
» Radiological contamination uranium (total,
unfiltered sample), gross alpha, and gross
beta.
e Chemical contamination chromium, nitrate,
trichloroethene, tetrachloroethene,
cis-1,2-dichloroethene, and vinyl chloride.
o Basic water chemistry, including major anions
and cations.
* Additional laboratory analyses based on site
specific conditions, as warranted.
The extent of VOC contamination to 11 Additional field observations of water ~ Evaluate groundwater quality within Yes Collect groundwater samples during drilling at Data from additional monitoring locations will reduce the uncertainty in

the north and northwest of
Well 399-1-16B, is not clearly defined
by the current monitoring well network.

quality in groundwater from the lower
portion of the unconfined aquifer near
Well 399-1-16B, particularly
upgradient from the well and within
the flow path from potential sources.

horizons immediately above and
equivalent to the contaminated horizon
observed at Well 399-1-16B during
drilling at characterization borehole
locations near that well (Figure 3-5).

characterization borehole locations No. 6,

No. 9, and No. 10 as drilling proceeds.
Analyses to include VOCs, uranium, major
anions, including nitrate and nitrite, and cations,
and field parameters (temperature, pH,
turbidity, specific conductance and dissolved
oxygen). Use rapid turnaround VOC analysis to
help select screen interval for completing
monitoring wells at the three borehole locations.

See Table 3-5 for drilling sampling details.

describing the extent of this contamination and its possible source location.
Additional field observations will improve estimates for the level of
contamination and changes with time, which is information for the FS
analysis of remedial action alternatives.
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Data Additional
Need Resolution of Data
Data Gap No. Data Need Data Need Collection Scope of Work Justification
The lateral extent of the contaminated 12 Additional analytical results for New information on the contamination No N/A Current estimates for the extent of this contamination are based on the

portion of the finer-grained interval of
Ringold Formation sediment is based
on a limited number of observation
locations that do not cover the
potential extent beneath the 300 Area
and exposure locations in the
Columbia River.

groundwater collected from the finer-
grained interval from areas beneath
the 300 Area where data do not
currently exist, and from the adjacent
Columbia River substrate.

extent will be provided by the
characterization drilling, proposed for
11 locations as part of this work plan
(Figure 3-5; Table 3-5), and by work in
progress under the RCBRA
(DOE/RL-2008-11). Information from
geophysical research activities that
focus on defining areas where
groundwater preferentially discharges
from the aquifer to the riverbed
(DOE-sponsored research using fiber
optic cables to reveal temperature
anomalies) will contribute to identifying
riverbed locations where this
contamination may be released.

coverage provided by the LF| and VOC investigation boreholes, used to
establish general limits (PNNL-17666). The vertical extent is known in
general terms based on several samples collected at each previous
characterization borehole. The eastern extent to which contamination
extends, i.e., beneath the Columbia River, is not known but data from
aquifer tubes provide the most easterly positioned results. Identifying the
easterly extent of contamination in this interval is part of the CSM,
especially with regard to ecological receptors in the Columbia River. The
boundaries for the areal extent are needed to evaluate the feasibility of an
engineered solution to reducing the level of contamination.

Fate and Transport of Contaminants — 300 Area

The physical, geochemical, and 13  Additional sediment samples from See Resolution of Data Need 2. Yes See Scope of Work for Data Need 2. The uranium transport mechanisms and the unsaturated flow
hydrogeologic characteristics of the beneath remediated high volume, ; ; ; characteristics beneath the high volume, liquid waste disposal sites
vadose zone sediment beneath the liquid waste disposal sites, extending cl:n)r?(lal ifrc])usro(ltj\;\;]og;ol\éggt: F?;?]Zezzgzr;i’ 2 fCrcc))r”r?ﬁlsvrI];/j iiz’?eﬁllz ?eﬂ;nsga:gti E;rc])geNvge:ﬁr remediated as part of EPA/ROD/R10-96/143 (i.e., the North and South
high volume, liquid waste disposal from the bottom of the excavation to A0 e Bropess Trenches,) BiomehEee Breeens Bard, Seulth Broeess Barid. =t Process Ponds, and the 300 Area Process Trenches) need to be known to
sites between the bottom of the groundwater. Additional evaluation of and collect samples for analysis of 300 Area Proéess Treriahas. ' develop computer simulations of uranium transport through the vadose
excavations and the periodically physical properties, geochemical - - ] ) zone and subsequent potential impacts to groundwater. The simulations
rewetted zone are not sufficiently properties, and the hydraulic : See Table 3-5 for drilling sampling details. outputs will strengthen the conceptual model for explaining the persistence
characterized to understand the characteristics, with particular of the groundwater plume, and will provide information that is fundamental
transport mechanisms for uranium. emphasis on the region near the to the FS of alternatives for remediation.

These sites were remediated as part periodically rewetted zone.

of EPA/ROD/R10-96/143, but the

uncertain relationship between

residual amounts of uranium at the

bottom of the excavations to dissolved

concentrations in the underlying

groundwater remains.

The hypothesis that labile or 14  Additional sediment analyses Collect samples from characterization Yes Collect and analyze vadose zone sediment and  Uranium may have been deposited laterally in the vadose zone sediment

extractable uranium is present in the
vadose zone away from the footprints
of the remediated high volume, liquid
waste disposal sites is not well tested,
yet those subsurface areas may play a
role in the long-term resupply of the
groundwater plume. The physical,
geochemical, and hydrogeologic
characteristics of the vadose zone
sediment that influence transport away
from the liquid waste disposal sites are
inferred, but direct observational data
are limited.

collected from the deeper portions of
the vadose zone, especially the
historic periodically rewetted zone,
away from waste sites, including
borehole logging using geophysical
methods.

boreholes and other subsurface
penetrations as the opportunity arises.
Perform laboratory analyses of
sediment collected from same locations
identified for groundwater
characterization and monitoring within
the 300 Area (complex). Laboratory
analyses of sediment samples are
intended to reveal the exchange rates
between solid and dissolved forms of
contaminant uranium under
geochemical conditions expected to
persist in the subsurface at the

300 Area.

pore water from characterization borehole
locations inland of the former liquid waste
disposal facilities (Locations No. 1 through

No. 4 shown in Figure 3-5). Collect and analyze
sediment and pore water from samples
collected during drilling at temporary well
locations (a) through (e) shown in Figure 3-5).
Collect and analyze sediment samples from
future excavations that penetrate to depths of
historical high water table conditions.

See Table 3-5 for drilling sampling details.

outside the high volume, liquid waste disposal site footprint during the
historical periods of high river stage (i.e., during the peak fuels production
years [1950s and 1960s]). It is essential for the evaluation of remedial
action alternatives during the FS to understand if residual amounts of
contaminant uranium remain in those portions of the vadose zone and if
that contamination is capable of acting as a source for resupplying the
groundwater plume.
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Table ES-1. Summary of Data Needs and Their Resolution

Data
Need

Data Gap No.

Data Need

Additional
Data
Collection

Resolution of
Data Need

Scope of Work

Justification

Assumptions inherent in the 15
conceptual model used to predict

future levels of uranium contamination

in the vadose zone and groundwater

were based on very limited

observational information, resulting in

large uncertainty in the predictions

based dn computer simulation of

future conditions.

Additional observational information
on the inventory, geochemical
environment, and potential
transporting medium for uranium
contamination.

An evaluation of all new analytical No
results that have become available
since 2002 will be done to test the
assumptions presented in BHI-01667
that are associated with protectiveness
levels for remedial actions at waste
sites. The evaluation will include new
information on deeper portions of the
vadose zone, the current and historical
water table zones, and the zone of
groundwater/river interaction near the
river. New information includes results
from laboratory leaching analyses for
uranium in sediment samples collected
under the LFI (PNNL-16435) and VOC
investigations (PNNL-17793). Additional
investigations of uranium in the

300 Area sediment has been conducted
under DOE’s Office of Science
programs, leading to a better
understanding of the form and
geochemical environment of sediment.
New insights were gained through the
bench-scale tests and field
implementation testing using
polyphosphate to immobilize hexavalent
uranium. Finally, new laboratory
analytical results for uranium distribution
and transport in sediment from the
vadose zone (including the water table
zone) will be available from work
proposed in this work plan.

Review assumptions made and input
parameters used during the analysis of
protectiveness levels presented in BHI-01667 in
light of new information that has become
available since ~2002. Provide conclusions and
recommendations regarding protectiveness
levels for contaminant uranium remaining in
environmental pathways.

Analysis of contaminant uranium levels that could remain in place at former
waste disposal sites included assumptions regarding the mobility
characteristics of uranium in the vadose zone. A sediment concentration of
267 pCil/g has been deemed protective of groundwater (BHI-01667),
assuming the ground surface is revegetated and infiltration of moisture from
natural sources. The field data, laboratory analyses of sediment, and
computer simulation of contaminant migration under expected hydrologic
conditions were limited in scope for this evaluation, thus leading to large
uncertainties in the assumptions regarding the connection between residual
uranium in the vadose zone and groundwater. A stronger technical basis is
needed to support a proposed plan for remediation decisions involving
uranium.

Lithologic characteristics, stratigraphic 16
contact data, and hydraulic head
measurements define the spatial

framework through which groundwater
flows. The coverage throughout the

extent of the 300 Area uranium plume

is incomplete.

Additional descriptions of sediment
characteristics that will fill gaps and
expand the current model domain for
the 300 Area. Additional hourly
hydraulic head measurements at
strategic locations for flow model
validation.

Collect sediment characteristics and Yes
head data to better characterize the flow

model.

Field sampling: Install and operate additional
pressure transducers at 10 wells throughout the
domain of the model and monitor throughout
the investigation period.

Computer simulation: Incorporate into the
spatial framework new information from drilling
associated with recent investigations. Validate
the flow model being used with hourly data for
water levels at multiple locations and
throughout at least one seasonal hydrologic
cycle.

A groundwater flow simulation is used to infer conditions between locations
of direct observation and to predict future conditions. This capability
supports evaluation of remediation alternatives, development of monitoring
strategies, and evaluation of the performance of a remedial action. It also
can be used to investigate future land use scenarios.
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Data Additional
Need Resolution of Data
Data Gap No. Data Need Data Need Collection Scope of Work Justification
Current inventory estimates of 17  Update inventory box model and Data collected from the R| wells and Yes Field sampling: Collect groundwater samples An understanding of the locations and amounts of contaminant uranium in

contaminant uranium in the vadose
zone and aquifer are based on limited
observational data, including
numerous assumptions and
inferences. The estimates can be
refined by incorporating new
information from sampling at remedial
action sites, research activities at the
IFRC, and characterization associated
with treatability testing sites.

investigate how the inventory might
vary under the influence of seasonal
groundwater conditions.

other ongoing work will produce the
data to update inventory in box model
and to evaluate how the inventory
varies in the groundwater during
seasonal influences.

from the water table during periods of high
water table conditions, along with additional
samples from discrete depths below the water
table.

o Laboratory analyses: See laboratory analysis
for samples from boreholes identified for
source and distribution data needs.

o Update the conceptual box model for where
contaminant uranium remains in the
subsurface (PNNL-17034).

the subsurface available to act as a long-term source for affecting
groundwater is an essential element of the conceptual model. This
understanding provides the explanation for the persistence of the uranium
plume, a technical basis for evaluating remedial action alternatives, and
information to evaluate potential risk to human health and the environment.
The cause for the persistence of the uranium plume in groundwater
beneath the 300 Area remains unexplained at the level of detailed required
to support a proposed plan.

The amount of uranium lost from the 18  Reduce the uncertainty in estimates Revise the groundwater flow model as Yes Update the computer simulation model for An understanding of the exchange of uranium mass among the various
plume to the river by groundwater for the removal of dissolved uranium new data become available from a groundwater flow beneath the 300 Area. Refine subsurface compartments along environmental pathways provides FS focus
discharge through the riverbed, and by from the groundwater plume by variety of investigations underway at the estimates for uranium removal from the for evaluating remedial action alternatives. An estimate for the rate of
withdrawal at Well 399-4-12, have discharge to the Columbia Riverand 300 Area, including characterization groundwater plume via withdrawal at uranium flux to the Columbia River is needed to provide insight on potential
been estimated using limited withdrawal at a water supply well. drilling conducted as part of the RI. Run Well 399-4-12. Maintain awareness of impacts to river water quality, and as a guide to the amount that must be
observational data and several the model to provide updates on the information developed by other projects in resupplied from a vadose zone source. Analysis of the mass balance in the
significant assumptions, which create rate of groundwater discharge to the progress at the 300 Area. system reveals the amount of uranium to be addressed by remedial action
uncertainty. river. Incorporate withdrawal rate data in order to reduce the concentration of dissolved uranium in groundwater.

for Well 399-4-12 and discharge data

for the Life Sciences Building aquariums

into the estimates. Incorporate results

from the RCBRA as they become

available (DOE/RL-2008-11). Provide

estimates for the rate of uranium loss

from the groundwater plume in the

RI/FS report, using the most up-to-date

input parameters.
Existing simulation of uranium 19  Refined simulation input parameters Three-dimensional groundwater flow No Three-dimensional groundwater flow and The capability to simulate the behavior of contaminant uranium in

transport through the vadose zone and
aquifer pathways is based on limited
observational information, and can be
refined using new information
developed under this work plan, the
IFRC, and from experience gained
during treatability tests

(Section 3.1.4.4).

for (1) inventories of labile
contaminant uranium in various
subsurface regions; (2) exchange
rates between dissolved and solid
forms; and (3) the form, capacity, and
timing of a transporting medium

(e.g., infiltration of moisture). Also,
consensus on appropriate modeling
algorithms, especially with regard to
model assumptions.

and uranium transport modeling
involving the vadose zone and
uppermost aquifer at the 300 Area is
under development as part of the
Hanford IFRC project
(PNNL-SA-58090). Additional detailed
modeling for this purpose is not
proposed as part of this work plan.

contaminant transport modeling being
developed as part of the Hanford IFRC project
(PNNL-SA-58090).

environmental pathways beneath the 300 Area supports the technical basis
for remediation decisions presented in a proposed plan. Simulations
provide estimates for contaminant levels in areas not readily described with
field data, predictions for contaminant transport, and estimates for the time
period during which contamination persists. Simulations are an essential
part of comparing remedial action alternatives during the FS.
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Table ES-1. Summary of Data Needs and Their Resolution

Data Additional
Need Resolution of Data
Data Gap No. Data Need Data Need Collection Scope of Work Justification
The cause for the persistence of 20 Additional geochemical and Continue to collect and analyze Yes Collect groundwater samples from The potential for a reduction in the level of contamination in the near future

cis-1,2-dichloroethene contamination
in the lower portion of the unconfined
aquifer at Well 399-1-16B is uncertain.
A remote possibility is that a
continuing subsurface source has not
yet been identified by drilling.
Circumstantial evidence suggests that
the persistence is related to the
absence of geochemical and/or
microbiological conditions that would
allow further degradation of the
chlorinated hydrocarbon beyond
cis-1,2-dichloroethene.

microbiological data for groundwater
samples, to include oxygen levels,
organic carbon and nutrients from the
contaminated interval at

Well 399-1-16B.

groundwater samples from the deeper
portion of the unconfined aquifer near
Well 399-1-16B, per the objectives
described in the 300-FF-5 Operations
and Maintenance Plan (DOE/RL-95-73)
for characterizing VOC contamination
and trends.

Well 399-1-16B and any newly constructed
wells that have open intervals in the hydrologic
unit that is continuous with Well 399-1-16B.

Laboratory analyses:

o Conduct analyses of water chemistry to
characterize the geochemical environment in
the contaminated hydrologic unit at
Well 399-1-16B per the analytical suite
described in DOE/RL-2002-11, as periodically
amended. During the course of the R, at
least three rounds of sampling will include
dissolved oxygen levels, total organic carbon,
and nutrients conducive to microbial activity.

* Microbiology cultures to identify organisms
responsible for the degradation of chlorinated
hydrocarbons to cis-1,2-dichloroethene. An
estimate for the potential for this compound to
degrade further to vinyl chloride will be
developed.

appears limited based on historical monitoring. However, additional data on
the geochemical and microbiological characteristics near the well screen
will provide additional support for the selection of a remedial action
alternative for this occurrence.

The processes by which VOC
contaminants have been transported
from potential source(s) to
sequestration in the finer grained
interval of Ringold Formation are not
known, although some limits can be
placed on the possibilities
(PNNL-17666). Contaminant
movement within the finer grained
interval of sediment and release from
the interval to overlying and underlying
sediments are not well characterized.

21

Rates of lateral movement of VOC
contamination through the finer
grained interval of Ringold Formation
sediment, and rates of release from
the finer grained interval to the
overlying saturated Hanford formation
sediment.

A comprehensive evaluation of the No
various possibilities for VOC movement
within, and release from, the finer
grained interval of Ringold Formation
can be acquired by additional analyses
of existing and newly acquired
information from characterization
boreholes (11 locations listed in

Table 3-5). Groundwater monitoring will
continue to include VOC analyses for
wells and aquifer tubes samples whose
screens are positioned close to the
contaminated portion of the
finer-grained interval. Computer
simulation(s) of groundwater movement
and contaminant migration/degradation
can be used to infer future conditions.
Results from the RCBRA field activities
in the Columbia River will contribute to
conclusions regarding the fate of this
contamination in the Rl report.

A more comprehensive evaluation of the
various possibilities for VOC movement within
and release from the finer grained interval of
Ringold Formation sediment may reduce the
uncertainty in the conclusions presented in
PNNL-17666.

Understanding the processes leading to contamination in this stratigraphic
interval, and how it is currently evolving with regard to degradation and
migration, is needed to prepare estimates for future trends in the
contamination level.
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Data Additional
Need Resolution of Data
Data Gap No. Data Need Data Need Collection Scope of Work Justification
Initial tests using a polyphosphate 22  Laboratory and field-scale testing of New information on the distribution and Yes Bench- and field-scale tests associated with Method(s) for delivery of a chemical that immobilizes contaminant uranium

solution to immobilize uranium in the
aquifer have not revealed an optimal
method for delivering the solution.
While tests are underway during

FY 2010 and FY 2011 for immobilizing
uranium in the periodically rewetted
zone, it is anticipated that a variety of
methods may be needed for delivery in
other subsurface compartments.

methods to deliver uranium-
immobilizing solutions to the vadose
zone and unconfined aquifer.

characteristics of contaminant uranium
in various subsurface regions as
developed under this work plan will be
used to anticipate the type of delivery
mechanism most likely to result in
reducing mobility. If necessary,
additional bench and field-scale tests
will be performed to augment results
from tests already underway or planned.
Experience gained at other sites
contaminated by uranium will be
factored into the analysis of appropriate
delivery methods.

implementing remedial action technologies
intended to reduce uranium concentrations in
the 300 Area groundwater plume.

in subsurface compartments may vary depending on the compartment
targeted. For example, infiltration of solutions using widespread irrigation at
the surface may be suitable for uranium remaining in shallow vadose zone
regions, while injection via boreholes may be more appropriate for
contamination in the deep vadose zone and aquifer. Information on the
potential delivery methods is needed as part of the feasibility analysis,
especially with regard to estimates for the cost of treatment and for the
period needed to achieve remedial action objectives.

Testing of in situ methods to 23  Technical information from research A search for activities separate from No Review work conducted at other sites where Conclusions presented in the FS report will be based on all available
immobilize contaminant uranium in the activities and remedial action Hanford Site activities will be uranium has contaminated environmental information at the time of report preparation, including information
subsurface environment is in progress experience at sites contaminated by maintained during the duration of the pathways. Incorporate appropriate information  developed under this work plan, and on information derived from activities
at other waste sites. Knowledge uranium. RI/FS, to identify solutions developed obtained in interpretations and conclusions at other sites contaminated by uranium.
acquired at sites other than Hanford for similar problems. Potential presented in the RI/FS Report.
Site can contribute to the technical contributors include research involving
basis for selecting a remediation uranium in the environment at sites in
alternative for uranium at the Rifle, Colorado, and Oak Ridge,
300 Area. Tennessee under the DOE’s Integrated
Field-Scale Research Challenge
program (Note: The Hanford Site
300 Area is also part of this program).
Cleanup experience gained under the
Uranium Mill Tailings Remedial Action
program will also be reviewed.
Technology evaluation, screening, and 24  Incorporate new information on the Revisit the technology evaluation, No Re-evaluate conclusions presented in earlier Selection of appropriate remedial action(s) depends on the amount and

selection activities associated with
contaminant uranium beneath the

300 Area have been conducted to the
extent allowed by available information
(DOE/RL-2008-36). However, new
information generated by the RI
activities described in this work plan
could be used to validate and
potentially update the detailed analysis
of remediation technology alternatives
completed thus far.

distribution and mobility
characteristics of contaminant
uranium in various subsurface regions
beneath the 300 Area into the FS
process as related to uranium.

screening, and selection activities
performed, to incorporate new
information obtained during the RI
activities, including treatability testing.
Apply computer simulation models to
evaluating the effectiveness of
alternative technologies as directed
toward individual subsurface
compartments. Timeframes for reducing
levels of uranium contamination to meet
applicable or relevant and appropriate
requirements under natural
environmental processes will be
estimated using models. New
information developed at other sites
contaminated by uranium will be
considered as it becomes available.

uranium cleanup technology screening reports,
and strategies developed for reducing uranium
concentrations in groundwater, in light of new
information developed under this Work Plan.
Conduct computer simulation runs for various
remedial action alternatives.

mobility of the contaminant. As new information is developed on uranium in
various subsurface compartments, the strategy for addressing uranium
contamination can be revisited and the technical basis for conclusions
strengthened. (Related Data Needs: No. 2, No. 3, No. 7, and No. 8; see
Table 3-5.)
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Table ES-1. Summary of Data Needs and Their Resolution

Data Additional
Need Resolution of Data
Data Gap No. Data Need Data Need Collection Scope of Work Justification
Existing groundwater flow and uranium 25  Computer simulation runs to evaluate  Using the products resulting from No Refine existing computer code for groundwater A FS of remediation alternatives and remedial action technologies includes

transport simulations are not
sufficiently developed to (a) simulate
the performance of various remedial
action alternatives, (b) predict
timelines for achieving remedial action
objectives, and (c) evaluate
post-remediation land-use and
environmental scenarios.

remedial action alternatives,
especially with regard to the
effectiveness at reducing uranium
concentrations in groundwater and the
period required to do so.

fulfilling Data Need No. 16 (groundwater
flow simulation) and Data Need No. 19
(uranium transport simulation), existing
computer code for simulating
groundwater movement and uranium
transport will be refined. New spatial
information on the hydrogeologic
framework; on the distribution of
uranium; and on the rates of exchange
between dissolved and solid forms of
uranium will play a key role in refining
existing models.

flow and uranium transport in the subsurface at
the 300 Area.

a discussion of the effectiveness, costs, and timeframes associated with
each alternative. Anticipating conditions in areas not available for direct
observation via monitoring, and future conditions under various
environmental and land-use scenarios, can only be accomplished through
simulation activities.

Information on the lateral and vertical 26  Updated information on the mass and  New information on the lateral and Yes Incorporate new information on the inventory As discussed in Sections 3.1.1, 3.1.2, and 3.1.3, considerable uncertainty
distribution of contaminant uranium in mobility characteristics of contaminant vertical distribution of contaminant and mobility characteristics of contaminant exists in the location, mass, and mobility potential for uranium in subsurface
various subsurface compartments, and uranium in various subsurface uranium is likely to come from uranium in the subsurface atthe 300 Area into  regions beneath the 300 Area. Until those uncertainties are reduced during
the mobility and potential transport compartments. characterization drilling at eleven the FS evaluation of remedial action the course of the R, it will be difficult to provide sufficient technical data for
processes, is insufficient to complete locations during the Rl (see Data Needs alternatives. engineering design and credible estimates for cost.
the engineering design and cost No. 2, No. 3, and No. 8, and Table 3-5).
estimating aspects for the FS. Particularly significant for the FS

analysis will be to fill in details on the

mass of uranium and mobility

characteristics in each subsurface

compartment where contaminant

uranium may be found, as these details

influence the type of chemical solutions

to be used to immobilize uranium and

the methods by which the solutions are

deployed.

400 Area Sources
Unidentified sources of contamination 27  ldentify new waste sites and potential Complete OSE process in the 400 Area. No Complete OSE process in the 400 Area. The The OSE and waste site discovery process are performed to identify new
may exist within and in the soils sources of contamination in the data need will be fulfiled as part of the OSE waste sites and sources that are not in CERCLA decision documents.
adjacent to engineered facilities and 400 Area. process.
structures.
Distribution of Contaminants — 400 Area

The nature and extent of 28  Characterize below unremediated Continue interim remedial actions No Complete contaminated soil removal and Remediation is needed to protect human health and the environment.
contamination in the shallow vadose waste sites to assess nature and because they have demonstrated to be sampling of the waste sites within the 400 Area
zone beneath and adjacent to extent of contamination in the vadose  efficient in obtaining the necessary data subregion. The data need will be fulfilled as part
400 Area facilities and waste disposal zZone. during remediation using the of the ongoing interim action.
sites are needed to assess observational approach.
groundwater protection. Obtain data documenting the remaining

residual contamination following

completion of interim remedial action.

600 Area Sources

Unidentified sources of contamination 29 Identify new waste sites and potential Complete OSE process in the 600 Area. No Complete OSE process in the 600 Area. The The OSE and waste site discovery site process are performed to identify

may exist within the soils adjacent to
engineered facilities within the
600 Area.

sources of contamination in the
600 Area.

data need will be fulfiled as part of the OSE
process.

new waste sites and sources that are not in CERCLA decision documents.
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Data Additional
Need Resolution of Data
Data Gap No. Data Need Data Need Collection Scope of Work Justification
Distribution of Contaminants — 600 Area
There is uncertainty associated with 30 Characterize contents of the 618-10 N/A No The data need will be fulfilled as part of Characterization of the burial ground contents will be performed under the
the contents of the 618-10 and 618-11 and 618-11 Burial Grounds. Complete DOE/RL-2008-27. current SAP process. The characterization activities prescribed will provide
Burial Grounds. Operational records planned nonintrusive and intrusive data and information needed for planning future intrusive characterization
and history associated with past waste sampling of the burial ground disposal activities (if required) and/or remediation strategies for the vertical pipe
disposal practices of 300 Area waste sites. units, caissons, and trenches located in these burial grounds. Planning for
streams are incomplete. intrusive characterization and/or remediation requires additional
understanding of the quantity and condition of the material deposited in the
618-10 and 618-11 Burial Grounds.
The nature and extent of 31 Characterize below unremediated Continue interim remedial actions No Complete contaminated soil removal and Remediation is needed to protect human health and environment.
contamination in the shallow vadose waste sites to assess nature and because they have demonstrated to be sampling of the waste sites within the 600 Area
zone beneath and adjacent to extent of contamination in the vadose  efficient in obtaining the necessary data subregion. The data need will be fulfilled as part
unremediated 600 Area waste zone. during remediation using the of the ongoing interim action.
disposal sites are not well defined. observational approach.
This includes the 618-10, 618-11,
618-7, and 618-13 Burial Grounds and
the 316-4 Crib site.
The distribution of contamination inthe 32  Following excavation of the sites Drill characterization boreholes and Yes Collect sediment and soil gas samples. Some uncertainty remains with the distribution of contamination below the

deep vadose zone beneath the 618-10
and 618-11 Burial Grounds and the
316-4 Crib excavation site is not well
understood.

during the interim remedial action, drill
and collect soil samples from beneath
engineered facilities (bottom of
excavation) to groundwater. Perform
laboratory and field analyses to
determine the nature and extent of
contamination beneath the remediated
waste sites from the bottom of the
excavation to groundwater. Elevated
tritium in the groundwater near the
618-11 Burial Ground may require
further evaluation after
characterization and remediation.

perform laboratory analysis of
sediments collected from boreholes
drilled from bottom of excavations,
following interim remedial actions, to
groundwater. Conduct soil gas sampling
at site excavations. Exact locations for
boreholes to be drilled within the
footprints of the 618-10 and 618-11
Burial Grounds, and the 316-4 Crib will
be determined following excavation
activities performed as part of
remediation of the waste sites.

Conduct sampling in the soil beneath site
excavations for tritium and VOCs; radiological
screening of sediment samples including gross
beta/gamma, low level gamma, high level
gamma, and neutron detection; presence of
VOC vapors with use of a portable detector.

Borehole sampling requirements (e.g., number
of samples and collection intervals) are
proposed in Table 2-5, but may be modified as
approved by EPA following review of
characterization and verification data collected
during the remedial action.

Soil gas sampling may be performed at

618-11 Burial Ground with the purpose of
determining the nature, extent, and persistence
over time of tritium in the aquifer beyond the
boundary of the excavated waste site after the
potential sources are removed as part of the
remedial activities.

Remediation of the 618-10 and 618-11 Burial
Grounds, and 316-4 Crib will occur after the
period of work outlined in this work plan and
further planning will be required to correlate the
drilling of boreholes and soil gas sampling with
remediation activities. This planning should be
performed as part of the 300 Area Remedial
Design Report/Remedial Action Work Plan.

618-10 and 618-11 Burial Grounds, and the 316-4 Crib site. Elevated tritium
concentrations in the groundwater near the 618-11 Burial Ground and in the
soil gas near the 618-10 and 618-11 Burial Grounds constitute the need for
further characterization of the vadose zone beneath the excavated sites,
from the bottom of the excavation to groundwater. These data will be
collected in addition to the verification sampling. In addition, the soils
contaminated with uranium bearing tributyl phosphate liquid wastes
beneath the 316-4 Crib site constitute the need for further characterization
of the vadose zone, from the bottom of the excavation following the interim
remedial action to groundwater.
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Table ES-1. Summary of Data Needs and Their Resolution

Data Additional
Need Resolution of Data
Data Gap No. Data Need Data Need Collection Scope of Work Justification
Existing groundwater data sets and 33  Ground water samples from a subset  The groundwater database available for Yes Sample a subset of groundwater wells in the Additional groundwater sampling will help to reduce uncertainties identified

the strategies currently in place to
monitor groundwater conditions do not
meet the RI needs for determining
spatial and temporal risk uncertainty
for potential human and ecological
receptors.

of wells selected to provide
representative samples of aquifer
conditions throughout the 300 Areg;
laboratory analysis of the samples to
include COPCs as identified in
Section 4.5.2 of the work plan; and
multiple rounds of sampling to
characterize the temporal variability in
aquifer conditions.

risk assessment activities will be
augmented by:

¢ |dentifying a subset of monitoring
wells in the 300 Area that will provide
spatially representative samples of
current conditions

Collecting samples from those wells
during at least three rounds of
sampling that encompass seasonal
variability in water table and Columbia
River conditions, and

Analyzing those samples for
constituents deemed to be of potential
concern for human and ecological
receptors (Section 4.5.2)

The wells selected for this activity are
listed in the 300 Area SAP
(DOE/RL-2009-45). The periods
recommended for sampling are May to
mid-June, mid-September to
mid-October, and either March through
April or July through August.

300 Area for three rounds of sampling that
correlate with different phases of the seasonal
river stage cycle. A proposed list of wells is
presented in Tables 3-3 and 3-4 of the SAP.
Analyze the groundwater samples for
constituents identified in Section 4.5.2.

in the existing baseline risk assessments for human health exposures.
These uncertainties include the possibilities that a) contaminants may have
been overlooked by current groundwater monitoring programs, b) sampling
frequencies used in the past may have biased interpretations of current
conditions, especially near the Columbia River where conditions change
rapidly, and c) conditions have changed since the initial qualitative risk
assessment. Reducing uncertainties associated with the baseline human
health risk assessment will strengthen the basis for analyses of remedial
action alternatives during the FS process.

Notes:

* Field parameters are defined as taking groundwater measurements for pH, turbidity, specific conductance, temperature, and dissolved oxygen content.

BHI-01667, Protection of 300 Area Groundwater from Uranium-Contaminated Soils at Remediated Sites.

Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 USC 9601, et seq.
DOE/RL-2002-11, 300-FF-5 Operable Unit Sampling and Analysis Plan.
DOE/RL-2008-11, Remedial Investigation Work Plan for Hanford Site Releases to the Columbia River.

DOE/RL-2008-27, Sampling and Analysis Plan for 618-10 and 618-11 Nonintrusive Sampling.
DOE/RL-2008-36,Remediation Strategy for Uranium in Groundwater at the Hanford Site 300 Area, 300-FF-5 Operable Unit.
DOE/RL-2009-45, Sampling and Analysis Plan for the 300 Area 300-FF-1, 300-FF-2 and 300-FF-5 Operable Units Remedial Investigation/Feasibility Study.
EPA/ROD/R10-96/143, Declaration of the Record of Decision for the 300-FF-1 and 300-FF-5 Operable Units, Hanford Site, Benton County, Washington.
PNNL-16435, Limited Field Investigation Report for Uranium Contamination in the 300-FF-5 Operable Unit at the 300 Area, Hanford Site, Washington.
PNNL-17034, Uranium Contamination in the Subsurface Beneath the 300 Area, Hanford Site, Washington.
PNNL-17666, Volatile Organic Compound Investigation Results, 300 Area, Hanford Site, Washington.

PNNL-17793, Uranium Contamination in the 300 Area: Emergent Data and Their Impact on the Source Term Conceptual Model.

PNNL-SA-58090, Muiti-Scale Mass Transfer Processes Controlling Natural Attenuation and Engineered Remediation: An IFC Focused on Hanford’s 300 Area Uranium Plume.

DOE = U.S. Department of Energy OSE =
FS = feasibility study RCBRA =
FY = fiscal year RI =
IFRC = Integrated Field-Scale Subsurface Research Challenge SAP =
LFI = limited field investigation VOC =

orphan site evaluation

River Corridor Baseline Risk Assessment
remedial investigation

sampling and analysis plan

volatile organic compound
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1 Introduction

This document presents the work plan for a remedial investigation/feasibility study (RI/FS) to support
final remedy selection under Comprehensive Environmental Response, Compensation, and Liability Act
of 1980 (CERCLA) for the 300 Area at the Hanford Site. This document explains the RI/ES project
background and presents detailed plans to investigate U.S. Department of Energy (DOE) contaminated
sites in the Hanford Site’s 300 Area. The DOE has combined groundwater contamination, soil
contamination sites, and facilities in individual geographic areas to support a comprehensive look at the
contamination and associated risk. The 300 Area is defined as part of the River Corridor, which
encompasses approximately 570 km* (220 mi®) adjacent to the Columbia River. To date, significant
remediation has occurred along the River Corridor through remedial actions as authorized under interim
action records of decision (RODs), Resource Conservation and Recovery Act of 1976 (RCRA) corrective
actions, treatability tests, and other activities. Integral with these cleanup activities were data collected and
analyzed regarding the nature and extent of residual contaminants. This work plan proposes additional field
work, analyses, and studies to develop a proposed plan for remediation activities in the 300 Area.

This RI/FS work plan contains the shared elements basic to the 300 Area. This RI/FS work plan provides
the overall RI/ES project background, investigation rationale, and environmental setting common to the
300 Area, along with the project planning and management organization to be used. This document also
includes a general overview of the investigation and remediation accomplishments in the 300 Area.

The 300 Area is located north of the city of Richland, Washington, and consists of the Hanford Site 300
and 400 Areas, remote Burial Grounds 618-10 and 618-11, and the Energy Northwest power generating
facility (Figure 1-1) separated by large areas of vacant land (Figure 1-2).

The 300 Area extends from north of Energy Northwest to south of the 300 Area and from the west bank
of the Columbia River to the west to Horn Road. There are three areas with facilities and waste sites
related to Hanford Site operations. For this work plan, the area is divided into three subregions: 300 Area,
400 Area, and 600 Area. The 300 Area consists of the buildings, facilities, and process units located in the
industrial complex located north of Richland, Washington, where the vast majority of uranium fuel
production and research and development (R&D) activities took place. The 400 Area consists of the Fast
Flux Test Facility (FFTF) and associated facilities. For the purposes of this work plan, the 600 Area
consists of the 618-10 and 618-11 Burial Grounds, the 316-4 Crib, and various burial grounds not
categorized as being within the 300 Area (industrial complex) or 400 Area, plus the groundwater
impacted by releases from those waste sites. A major portion of the 600 Area, the large area of
historically unused land, is void of known waste sites and facilities and addressed in this work plan during
the discussion of orphan site evaluations (OSEs) and other future evaluations.

There are two RODs and three explanations of significant difference (ESDs) associated with the

300 Area. EPA/ROD/R10-96/143, Declaration of the Record of Decision for the 300-FF-1 and 300-FF-5
Operable Units, Hanford Site, Benton County, Washington, was signed in 1996. This ROD described
final remediation activities for 300-FF-1 Operable Unit (OU) waste sites and interim remedial actions
for 300-FF-5 OU groundwater. In 2000, an ESD was signed (EPA/ESD/R10-00/524, Explanation of
Significant Difference for the 300-FF-5 Record of Decision). Also in 2000, a second ESD was signed
(EPA/ESD/R10-00/505, USDOE Hanford 300 Area, 300-FF-1 Operable Unit, Hanford Site, Benton
County, Washington Explanation of Significant Difference [ESD]) that pertained to the unexpected
discovery of lead contamination in a burn pit (Landfill 1D, Waste Information Data System

[WIDS] 628-4). In 2001, a ROD for the 300-FF-2 OU was signed (EPA/ROD/R10-01/119, Declaration
of the Interim Record of Decision for the 300-FF-2 Operable Unit, Hanford Site, Benton

County, Washington).
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Figure 1-2. View of the 300 Area Looking Toward the Northwest

The 300-FF-1 OU contains many of the 300 Area liquid waste disposal units and burial grounds.
EPA/ROD/R10-96/143 called for removal of contaminated soil and debris, disposal of contaminated
material at the Environmental Restoration Disposal Facility (ERDF), waste sites recontouring and
backfilling followed by revegetation, and institutional controls. The 300-FF-2 OU contains waste sites in
the 300 Area industrial complex, outlying waste sites, general content burial grounds, and transuranic
contaminated burial grounds. EPA/ROD/R10-01/119 called for the following in the 300-FF-2 OU:

¢ Removal of contaminated soil and debris; treatment as necessary to meet waste acceptance criteria at
an acceptable disposal facility.

o Disposal of contaminated material at the ERDF, the Waste Isolation Pilot Plant, or other facility
approved in advance by the U.S. Environmental Protection Agency (EPA).

¢ Recontouring and backfilling of waste sites followed by infiltration control measures
(e.g., revegetation).

¢ Ongoing groundwater and ecological monitoring to ensure effectiveness of the remedial actions and
to support the final ROD and remedy reviews (institutional controls).

¢ Regulatory framework for a “plug-in” or “analogous site” approach for accelerating future
remediation decisions.

EPA/ROD/R10-96/143, an interim remedial action ROD for the 300-FF-5 Groundwater OU, imposes
restrictions on the use of groundwater until health-based criteria are met for uranium, trichloroethene, and
1,2,-dichloroethene. The selected remedy for the 300-FF-5 Groundwater OU includes continued
monitoring and institutional controls to ensure groundwater use is restricted.
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EPA/ROD/R10-96/143 addressed groundwater uranium contamination and required monitoring, with the
expectation that concentrations would reduce through natural attenuation. Groundwater uranium
concentrations beneath parts of the 300 Area remain above the 30 pg/L drinking water standard.
Persistence of this plume is not consistent with expectations presented in EPA/ROD/R10-96/143, which
assumed significant uranium plume attenuation within 10 years of 1993. DOE/RL-2006-20, The Second
CERCLA Five-Year Review Report for the Hanford Site, p. 3.18, stated, “For 300-FF-5 Groundwater
Operable Unit, the selected remedy of monitored attenuation for the uranium contaminant in the
groundwater is not achieving the remedial action objectives established in the ROD.”

When the 1993 ROD was issued, the conceptual site model (CSM), was based on available
characterization and environmental monitoring data. Since that time, additional characterization and
monitoring data have been collected and the CSM has been updated to reflect that new information.
Chapter 3 presents the enhanced CSM.

This work plan is prepared in accordance with the following guidance documents:

o EPA/540/G-89/004, Guidance for Conducting Remedial Investigations and Feasibility Studies under
CERCLA, Interim Final, OSWER 9355.3-01.

o DOE/EH-94007658, Remedial Investigation/Feasibility Study (RI/FS) Process, Elements,
and Techniques.

o EPA/240/B-06/001, Guidance on Systematic Planning Using the Data Quality Objectives Process,
EPA QA/G-4.

1.1 Scope and Objectives

The scope of this work plan includes waste sites (e.g., trenches, pipelines) associated with 300 Area
source and groundwater OUs, as identified in Ecology et al., 1989b, Hanford Federal Facility Agreement
and Consent Order Action Plan (Tri-Party Agreement Action Plan). These OUs are defined as the
following:

¢ 300-FF-1. Source areas associated with facilities and waste sites mainly represented by the former
North Process Pond, South Process Pond, and 300 Area Process Trenches.

¢ 300-FF-2. Source areas associated with facilities and waste sites within the 300 Area (complex),
the industrial center, the 400 Area, the 618-10 and 618-11 Burial Grounds, and the 316-4 Crib in the
600 Area.

e 300-FF-5. Groundwater OU associated with these source areas.

The scope of this work plan does not include the decommissioning and demolition of 300 Area buildings,
which is addressed under CERCLA removal authority through use of action memoranda.

The objective of this work plan is to identify and capture data gaps through a systematic planning process.
These data gaps provide the basis to develop a program for data collection and analysis to support
proposed plans for final remediation activities.
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1.2 CERCLA Process in the 300 Area

The process to remediate and close the 300 Area consists of the following major activities, as defined by
CERCLA guidance:

¢ Development of an RI/FS work plan

¢ Implementation and completion of RI/FS work

¢ Development of a remedial investigation (RI) report, including risk assessment
¢ Development of a feasibility study (ES) report

¢ Development of a proposed plan

¢ Public comment

¢ Final action ROD

¢ Development of a final action remedial design/remedial action work plan
¢ Implementation of the final remedy

¢ Achieve construction completion status

¢ Achieve site completion status

¢ Development of remedial action report

¢ Development and implementation of a monitoring program (if required)
¢ Preliminary closeout report

o 5-year review of the effectiveness of the remedy (if required)

The 300 Area CERCLA RI/FS work plan has been developed to identify activities needed to gather
additional data (as determined by the systematic planning process) to make an integrated final decision
for all media. The work plan will include a sampling and analysis plan (SAP). After the data have been
gathered and analyzed, and the CSM has been updated, an FS will be performed to identify and evaluate
alternatives. A proposed plan that contains a summary of the investigation and evaluation and includes the
preferred remedial alternative will be issued to the public for review and comment. After completion of
this review and comment cycle, a final ROD will be developed and approved by DOE and EPA, and
concurrence sought from the Washington State Department of Ecology (Ecology). The remedies then will
be implemented. Should the remedies leave contamination in place above unrestricted use and
unrestricted exposure levels, monitoring requirements will be identified in the monitoring program. The
completed remedy that does not achieve unlimited use/unrestricted exposure is subject to a 5-year review
to verify long-term effectiveness and protection.

1.3 300 Area Restoration Overview

Active deactivation, decontamination, decommissioning, and demolition (D4) of inactive contaminated
300 Area facilities in the 300-FF-2 OU began in 2004 under CERCLA removal authority through action
memoranda. To date, 120 facilities have been demolished and 15 removed over the operation life of the
300 Area. The uranium fuel production facilities in the northern portion of the 300 Area (complex) have
been demolished. Approximately 40,914 metric tons (45,101 tons) of material went to the ERDF as part
of the 300 Area D4 activities between August 2005 and February 2009.

The number of waste sites has increased in the 300 Area with the progression of D4 and characterization
activities. In 1996, as a part of EPA/ROD/R10-96/143, 15 waste sites were closed out or classified as no
action (Section 2.2). In 2001, as a part of EPA/ROD/R10-01/119, an additional 56 waste sites were

indentified in the 300 Area. As of December 2008, 387 waste sites have been identified in the 300 Area.
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Two of these waste sites are classified as discovery sites and considered for reclassification to accepted or
no-action waste sites. In accordance with EPA/ROD/R10-01/119, additional waste sites may be “plugged-
in” to the selected remedy, which is removal, treatment, and disposal under EPA/ROD/R10-01/119.
Ninety-four waste sites are closed out or interim closed out in the 300 Area. During the remediation
process, about 710,200 metric tons (783,000 tons) of material from the 300 Area waste sites went to the
ERDF for subsequent treatment, as necessary, and disposal. Approximately 13,000 samples have been
collected and analyzed as part of the closeout and cleanup verification activities since 1995. Section 2.2
provides an overview of the waste sites located in the 300 Area, and Section 2.4, Table 2-10 provides a
list of the completed cleanup verification packages (CVPs).

New contaminant information has been acquired since the signing of EPA/ROD/R10-96/143. A limited
field investigation (LFI) was conducted during 2006 (PNNL-16435, Limited Field Investigation Report
for Uranium Contamination in the 300-FF-5 Operable Unit at the 300 Area, Hanford Site, Washington).
A volatile organic compound (VOC) investigation was conducted in 2008 (PNNL-17666, Volatile
Organic Compound Investigation Results, 300 Area, Hanford Site, Washington). A comprehensive
description of contaminants of potential concern (COPCs) in groundwater was published in 2005
(PNNL-15127, Contaminants of Potential Concern in the 300-FF-5 Operable Unit: Expanded Annual
Groundwater Report for Fiscal Year 2004, Chapter 3). An update to the conceptual model for uranium in
the subsurface was published in 2008 (PNNL-17034, Uranium Contamination in the Subsurface Beneath
the 300 Area, Hanford Site, Washington). A polyphosphate treatability test for the saturated zone was
completed in 2007 (PNNL-16101, Experimental Plan: Uranium Stabilization Through Polyphosphate
Injection). Characterization of the groundwater beneath the 618-2 Burial Ground (Figure 1-3) is
documented in DOE et al., 2007, “100/300 Area Unit Managers Meeting Minutes, Groundwater, Source
Operable Units, Facility (D4 and ISS), and End State and Final Closure.” Sediment and water samples
collected at various depth intervals were described and analyzed. The analytical data permitted an
extensive update to the hydrogeologic framework. This information, coupled with numerous modeling
and river studies, was used to develop the CSMs presented in Chapter 3 and revealed data gaps and needs
for groundwater.

1.4 Hanford Site Cleanup Framework

River Corridor Cleanup. The River Corridor includes more than 500 km? (200 mi®) of the Hanford Site
as shown in Figure 1-4. The River Corridor portion of the Hanford Site includes the 100 and 300 Areas
along the south shore of the Columbia River. The 100 Area contains nine retired plutonium production
reactors, numerous support facilities, solid and liquid-waste-disposal sites, and contaminated
groundwater. The 300 Area, located north of the city of Richland, contains fuels fabrication facilities,
nuclear R&D facilities, associated solid and liquid-waste-disposal sites, and contaminated groundwater.
As part of this completion strategy, and to ensure cleanup actions address all threats to human and
environmental health, the River Corridor includes the contiguous areas that extend from the 100 Areas
and 300 Area to the Central Plateau, as shown in Figure 1-5.
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1.5 Summary of Previous Investigations

To develop an understanding of contamination associated with River Corridor areas, the DOE has
thoroughly examined a number of sources of information. Information collected in previous investigations
has been combined with the information gathered during the implementation of interim remedial actions
and removal actions to provide an understanding of the nature and extent of contamination at each.
Results from these activities have differentiated between contaminated and uncontaminated areas
throughout the River Corridor.

Early cleanup actions have helped sharpen the focus of data collection efforts in recent years to fine tune
remedial actions. Efforts to understand the nature and extent of contamination beyond the areas adjacent
to reactors have been extensive and have demonstrated that the focus of early actions on waste sites
associated with reactor areas has been instrumental in addressing the highest priority environmental risks.

This work plan proposes collecting additional information for use in developing remediation decisions.
When combined with historic data (collected during continued implementation of interim action RODs,
routine site monitoring activities, and specific studies to assess the potential applicability of treatment
technologies), this new information will be integrated in an RI/FS report to support RODs for final
activities for contaminated sites in the River Corridor (Figure 1-6).

1-7



DOE/RL-2009-30, REV. 0

|

5

% L-
. &
N

R’ivﬂer Corridor

Tank Farms i NN
1 _ Tank Farms
e
\"',
“f:
1%‘\ .

; ‘,

Hanford Reach i ‘ i)

Hational Monument et . Id

7] central Prateas
|| river Comidor
|| Hanford Reach Natonal Monument
[} weaste Sies ~‘ —_5

Figure 1-4. Principal Components of Hanford Site’s Cleanup Completion
Framework: River Corridor, Central Plateau, and Tank Waste

1-8



DOE/RL-2009-30, REV. ©

W 100-Arvo BC (emeds Fhing
EET 100-Av0a i eEle Bt

0 Aves M WaEE Baos

[ 100-Aree D Wiets Savs

) 00-Av0e M Winmie S4un

I 100-Asea F Wy Sisy

—mmmm

Rmmr com'idor Bowndaries

ToRET |

100-0H || .lm

Nty | w000 | ascon

B ’ﬁjiw‘-‘
won | w0 | 2w

Figure 1-5. River Corridor Area Boundaries

19

EMPUBSIOESDEY




DOE/RL-2009-30, REV. 0

i
History and Planning = Data Collection and Decision Making
|
[ Previcus .
inveatigations Inberien Actons | |
- i
i
i
Monaloring & ¥ Continued Monlioring
Asseisments | ] § Assesument
1
|
|
1
!
i
i
« Systeematic = Continued
s Planning = ' intgrin Actions
» Evalustion : |
|
' :
i ¥
RVFS Work Plan B | Fiold investigation |
¥
(|
| [ TE

Figure 1-6. Information Sources for Development of the RI/FS

Previous characterization and investigation activities conducted to date under the CERCLA process have
helped to develop sound decisions regarding interim remedial actions, and refine CSMs. The results of
those activities are as follows:

o Technical baseline reports that summarize historical operations and process information with respect
to waste disposal and contamination information.

¢ Limited field investigation reports that describe the results of focused site investigations to collect
additional characterization data and to develop qualitative risk assessments (QRA).

¢ Remedial investigation and focused FS reports that describe the nature and extent of contamination,
and present analyses of remedial action alternatives and screening of potential technologies.

During implementation of interim actions for the 300 Area OUs, additional investigations and monitoring
were conducted to evaluate contamination and continue refinement of the information. These
investigation and monitoring activities include the following:

o Waste site identification processes

¢ Environmental monitoring and surveys

e Air emissions evaluations

¢ River Corridor Baseline Risk Assessment (RCBRA)
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¢ Routine groundwater monitoring and remedy effectiveness monitoring
¢ Environmental Radiation Monitoring and Assessment Program

1.5.1 Technical Baselines

Technical baseline reports were prepared for each operating area and provided DOE, regulatory agencies,
and contractors with a “baseline” of technical information related to operational processes and resulting
contaminated waste sites. A report was created for each River Corridor operating area (Table 1-1).

The information in the reports was based on the evaluation of numerous Hanford Site reports, drawings,
and photographs supplemented by site inspections and employee interviews. No intrusive field
investigations or sampling occurred during development of the technical baseline reports.

These technical baseline reports describe the industrial process history and the types of waste streams that
resulted from the operations, often including estimates for volumes and masses of contaminants.

The reports contain maps and photographs of the facilities, and information on environmental monitoring
for each area. The reports also provide a detailed description for each waste site within an area, describing
known contamination and condition.

Table 1-1. Technical Baseline Reports

Report Title Document Number

Data Compilation Task Report for the Source Investigation of the 300-FF-1 Operable Unit  PNL-7241
Phase | Remedial Investigation

Addendum to Data Compilation Task Report for the Source Investigation of the 300-FF-1  EMO-1026
Operable Unit Phase | Remedial Investigations

Compilation of Historical Information of 300 Area Facilities and Activities WHC-MR-0388

300-FF-2 Operable Unit Technical Baseline Report BHI-00012

The initial work-planning documents also summarized and supplemented the technical baseline
information for the purposes of conducting field investigations. Table 1-2 lists the initial work-planning
documents for the 300 Area OUs.

Table 1-2. OU Work Plans

Report Title Document Number
Remedial Investigation/Feasibility Study Work Plan for the 300-FF-1 Operable Unit DOE/RL-88-31
Remedial Investigation/Feasibility Study Work Plan for the 300-FF-5 Operable Unit DOE/RL-89-14
Remedial Investigation/Feasibility Study Work Plan for the 300-FF-2 Operable Unit DOE/RL-94-38

15.2 LFIs and QRAs

The LFI reports and initial RI reports consisted of historical data compilation, nonintrusive investigations
(e.g., geophysics), intrusive investigations (e.g., boreholes), and aggregate studies (i.e., ecological, river
water, and sediment sampling). Table 1-3 lists the completed 300 Area LFI reports.
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Table 1-3. LFI Reports

Report Title Document Number

Limited Field Investigation Report for the 300-FF-2 Operable Unit DOE/RL-96-42

Limited Field Investigation Report for Uranium Contamination in the 300-FF-5 Operable PNNL-16435
Unit at the 300 Area, Hanford Site, Washington

The 300-FF-2 OU LFI recommended contaminated surface sites for interim remedial action and
categorized them as high or low priority. Sites considered high priority have the highest potential to
contribute to contamination of groundwater and the Columbia River. The report also provided a
preliminary summary of site characterization studies and identified contaminant- and location-specific
applicable or relevant and appropriate requirement (ARARs). The data-collection activities associated
with the LFI supplemented existing information to support formulation of conceptual models, as well as
performance of a QRA. The QRA reports (listed in Table 1-4) included consideration of whether
contaminant concentrations pose an unacceptable risk that warrants remedial action. This information was
the basis for remedial actions completed to date, as well as for current and future remedial actions
identified in the interim action RODs.

Table 1-4. Reports Containing QRAs

Report Title Document Number
Phase | Remedial Investigation Report for the 300-FF-1 Operable Unit DOE/RL-92-43
Phase | Remedial Investigation Report for the 300-FF-5 Operable Unit (Chapter 6 DOE/RL-93-21
presents a baseline risk assessment)
Limited Field Investigation Report for the 300-FF-2 Operable Unit DOE/RL-96-42
Focused Feasibility Study for the 300-FF-2 Operable Unit DOE/RL-99-40
Current Conditions Risk Assessment for the 300-FF-5 Groundwater Operable Unit PNNL-16454

The high-priority sites evaluations used the following criteria to help identify those recommended for
remedial actions:

¢ Magnitude of risk identified in the QRA

¢ Exceedance of a chemical-specific ARAR

¢ Potential to contaminate groundwater

¢ Insufficient information for conceptual model

e Multiple exposure pathways

o Expected natural attenuation and radioactive decay

The QRAs established the basis for action for waste sites identified in the 300Area.
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1.5.3  Engineering Evaluation/Cost Analysis and Focused FSs

Engineering evaluation/cost analysis s and focused FSs supported selection of interim remedial actions
for sites and groundwater. For waste sites, site profiles were developed for the high-priority waste sites
(as identified in the LFI reports) and comparative evaluations and analyses of the remedial action
alternatives were made. Engineering evaluation/cost analysis and feasibility studies for the 300 Area are
listed in Table 1-5.

Table 1-5. Engineering Evaluation/Cost Analysis and FS Reports

Report Title Document Number
Engineering Evaluation/Cost Analysis #2 for the 300 Area DOE/RL-2005-84
Engineering Evaluation/Cost Analysis #1 for the 300 Area DOE/RL-2001-30
Engineering Evaluation/Cost Analysis for the 331-A Virology Laboratory Building DOE/RL-99-64
Engineering Evaluation of the 618-9 Burial Ground Expedited Response Action DOE/RL-91-38
Engineering Evaluation/Cost Analysis #3 for the 300 Area DOE/RL-2005-87
Phase | Remedial Investigation Report for the 300-FF-1 Operable Unit DOE/RL-92-43
Phase | and Il Feasibility Study Report for the 300-FF-1 Operable Unit DOE/RL-92-46
Phase | Remedial Investigation Report for the 300-FF-5 Operable Unit DOE/RL-93-21
Phase Il Feasibility Study Report for the 300-FF-1 Operable Unit DOE/RL-94-49
Remedial Investigation/Feasibility Study Report for the 300-FF-5 Operable Unit DOE/RL-94-85
Focused Feasibility Study for the 300-FF-2 Operable Unit DOE/RL-99-40

1.5.4 Other Investigations and Monitoring Activities

An inventory of known and potential waste sites has been maintained in the WIDS database since the
early 1980s. The process of evaluating old land-based and aerial photographs, historical documentation,
and area walkdowns has continued as part of many subsequent projects.

1.54.1 Waste Site Identification

The WIDS waste site list has grown to contain more than 2,800 sites. The list contains sites within the
areas where plutonium production and research operations occurred and in areas of lower intensity use
outside the operational boundaries. Even locations such as known borrow pits that had potential to receive
wastes in the past are tracked and evaluated. Cleaned-up sites are not removed from WIDS, but the
classification status and information concerning each site are updated.

In 2004, a longer-term study called the orphan site evaluations (OSEs) began. Extensive review of
historical records, field walkdowns, interviews with current and former Hanford Site employees, and
geophysical investigations are being conducted in the 100 Area and 300 Area operations areas and
surrounding lands. This process is anticipated to continue in the coming years for the remaining
operations areas and the areas between the reactor areas. New waste sites identified during the OSE
process typically include pipelines, dry wells associated with buildings, and dump sites/debris
piles/landfills from former decontamination and demolition activities. The WIDS database is updated
with the new sites for disposition under the proper remedial authority.
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1.5.4.2 Environmental Monitoring and Surveys

Much investigative work has been focused along the Columbia River because of the potential risk of
exposure to people and the environment. The DOE has completed routine radiological surveys of the river
shore (PNL-3127, Radiological Survey of Exposed Shorelines and Islands of the Columbia River Between
Vernita and the Snake River Confluence), as well as regular sampling of the riverbank springs and
sediment (PNNL-18427, Hanford Site Environmental Report for Calendar Year 2008). The annual
environmental monitoring reports also document and evaluate surveillance sampling of many media on
and off the Hanford Site (e.g., vegetation, terrestrial and aquatic wildlife, air, soil, and water) to quantify
potential contaminant concentrations and to assess their environmental and human-health significance.

Aerial radiological surveys were completed (EGG-10617-1062, An Aerial Radiological Survey of the
Hanford Site and Surrounding Area) to define areas of manmade radioactive contamination.

The EGG-10617-1062 survey covered the Hanford Site and the banks of the Columbia River downriver
to McNary Dam. The radiation levels over more than 95 percent of the site were reported to be due to
normal levels of background radiation. Areas of elevated radionuclide activity outside of operational areas
have been investigated and are identified in WIDS. Several slough areas along the Columbia River also
showed elevated radioactivity; these areas were sampled and the radionuclide content shown to be only
slightly above background (WHC-SD-EN-TI-198, 100 Area Columbia River Sediment Sampling). This
sampling also confirmed that the sensitivity of the aerial radiological survey equipment used was
sufficient to detect low levels of radioactivity.

1.5.4.3 Air Emissions Evaluations

In 2005, an evaluation of the releases on the Hanford Site from air emissions stacks located in the

100 Area and 300 Area was made (DOE/RL-2005-49, RCBRA Stack Air Emissions Deposition Scoping
Documen) using previous background soil sampling work, radiological surveys, and an evaluation of the
materials (radionuclides and metals) emitted and their amounts. The report concluded that there were no
locations of elevated radioactivity or metals in the 100 Area, 300 Area, or associated 600 Area due to
aerial deposition, other than those discrete areas already identified as waste sites in WIDS. This
information was considered along with soil sampling results to evaluate the sites selected as reference or
comparison sites for the baseline risk assessment.

1.5.44 RCBRA
Chapter 4 presents a summary of baseline risk assessment and characterization activities.

1.5.4.5 Groundwater Monitoring

The DOE monitors groundwater at the Hanford Site to fulfill a variety of state and federal regulations,
including the Afomic Energy Act of 1954, RCRA, CERCLA, and the Washington Administrative Code.
During fiscal year 2008, workers sampled 865 wells and 297 shoreline aquifer tubes to determine the
distribution and movement of contaminants. A published annual summary report integrates information
from multiple sources. DOE/RL-2008-66, Hanford Site Groundwater Monitoring for Fiscal Year 2008,
discussed emerging issues, groundwater flow, groundwater monitoring and remediation, shoreline
monitoring, well installation, maintenance and monitoring, vadose zone, and continued monitoring.

1.5.4.6 Environmental Radiation Monitoring and Assessment Program

The Washington State Department of Health (DOH), Division of Environmental Health has an oversight
program for independently verifying the quality of the DOE monitoring programs at the Hanford Site.
The DOH performs this oversight by conducting split, collocated, and independent sampling at locations
having the potential to release radionuclides to the environment or location that may be impacted by such
releases. The DOH uses the oversight data to assess impacts to the public and to address public concerns
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related to radiation at the Hanford Site. The DOH publishes an annual Hanford Site environmental
oversight program summary report (e.g., DOH 320-050, Hanford Environmental Oversight Program
2007 Data Summary Report).

1.6 Integration Activities

The U.S. Department of Energy, Richland Operations Office (RL) integrates the numerous projects
on-going in the 300 Area by using the Groundwater/Vadose Zone Executive Council. The Executive
Council was established in August 2008 for integration of groundwater and vadose zone work scope.
The Executive Council oversees the integration function and provides policy direction for it.

The Executive Council prepares, updates, and assesses progress of priorities to guide integration
activities. Among the Executive Council responsibilities and authorities is to establish and charter both
the Groundwater/Vadose Zone Core Team and the Risk Integration Core Team. In addition, the
Groundwater/Vadose Zone Core Team guides the Multi-Project Teams that are specific to geographic
areas of the Hanford Site. The 300 Area work scope falls within the River Corridor Multi-Project Team
and the Characterization Multi-Project Team charters. Charters for these groups detail the source, science
and technology, and groundwater integration roles for work planned and ongoing in the 300 Area.

1.6.1 Integration with Ongoing Cleanup Activities

A feature in the 300 Area CERCLA process is the ongoing ROD remedy selection implementation, and
other activities to either remediate contaminated areas or develop more effective remediation methods.
Some of these activities include, but are not limited to, soil removal and subsequent treatment, D4 and
removal of facilities, and methods testing for in situ uranium treatment.

The activities generate information to provide an improved understanding of the site complexity and
support CSM refinement. Remediation and cleanup verification are anticipated parallel activities with the
final RI/FS. Site cleanup verification sampling and laboratory analysis will confirm attainment of
remedial action goals established under the RODs and, therefore, demonstrate that remedial action
objectives (RAOs) for interim site closure have been met.

To ensure that all waste sites are remediated, an OSE process has been identified for “orphan” waste sites
through a systematic approach to review land parcels and identify potential waste sites within the River
Corridor not currently listed in existing CERCLA decision documents (RODs). Evaluations consist of
comprehensive reviews of historical documentation including documents, drawings, maps, photographs,
field investigations, and geophysical surveys. Evaluations have been or will be conducted within each
reactor/operational area and remaining nonoperational parts of the River Corridor geographical area.
Evaluation results are reviewed with RL and the lead regulatory agency (either the EPA or Ecology), and
subsequently summarized in an OSE report. Newly identified waste sites are typically added to one of the
existing CERCLA decision documents through an ESD or ROD amendment, characterized to determine
whether cleanup is required, and addressed in accordance with the selected remedy.

Specific buildings and structures within the 300 Area will remain in use until some future time (Table 2-8
in Section 2.3 and Figure 1-7). Many of these contain CERCLA hazardous substances, and present a
potential threat to human health and the environment to the extent that removal actions are warranted.
Disposition evaluations for the facilities used an engineering evaluation/cost analysis, and subsequent
removal actions were authorized through the release of action memoranda. As the structures disposition in
accordance with the D4 process under CERCLA non-time-critical removal actions, confirmatory
sampling may be performed on certain candidate sites. The sampling data are evaluated against remedial
action goals on a unit-by-unit basis to determine whether a remedy selected in the ROD (e.g., removal,
treatment, and disposal) is required or if the site is reclassified as no action.
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Note: Building to remain in use for the long term. Photo taken in 1973.

Figure 1-7. 325 Building

Characterization data and information will be available in the administrative record, and data generated
will support a final decision through the CERCLA process described in Chapter 5. The RI may identify
and evaluate contaminants from outside this area as part of the risk, but required actions will be addressed
by the originating OU.

The 300 Area RI/FS process concludes with a summary of the data from all media (i.e., surface soil,
vadose zone, groundwater, and surface water). The final remedy selection completes the RI/FS process.

1.6.2 Past and Ongoing Risk Assessment

Risk assessment is used to determine the need for a remedial action and in development of preliminary
remediation goals (PRGs). Under the final ROD process, results of the various risk assessments
(completed or ongoing) will evaluated and summarized to help make informed risk management
decisions. Sources of information for the final RI/FS risk assessment include the following:

¢ Data collected during implementation of an interim action ROD

¢ Data packages developed as part of completed soil removal action Sampling conducted specifically
for assessment of human health and ecological risk

o New and historic characterization activities
¢ New and historic groundwater monitoring activities

Previous assessments include the qualitative risk assessment supporting EPA/ROD/R10-96/143 and
EPA/ROD/R10-01/119 and the River Corridor baseline risk assessment (DOE/RL-2007-21, Risk
Assessment Report for the 100 Area and 300 Area Component of the River Corridor Baseline Risk
Assessment). These evaluated protection of human health and the environment, including ecological
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receptors. Further details about these and the ongoing RIs for Hanford Site releases to the Columbia
River, are provided in Chapter 4 of this work plan.

1.6.3 Integrating with Ongoing Research

Several investigations are underway in the Hanford Site 300 Area under a program managed by the
DOE's Office of Biological and Environmental Research, Environmental Remediation Sciences Division.
These investigations include:

¢ The Hanford Integrated Field-Scale Subsurface Research Challenge (IFRC) Project (PNNL-17067,
300 Area Integrated Field-Scale Subsurface Research Challenge (IFC) Field Site Management Plan).

¢ An investigation of subsurface hydrogeologic features using geophysical methods.
o Selected projects that are part of DOE’s Scientific Focus Area.

These projects are collaborative efforts among the Pacific Northwest National Laboratory (PNNL), other
national laboratories, and universities. While not formally part of the activities proposed in this work plan,
the results from the various research projects will be used to interpret and support conclusions presented
in the RI/FS report that follows this work plan. The RI/ES report is scheduled for completion by
December 31, 2011, under TPA Milestone M-015-72-T01.

The DOE supports several treatability tests involving uranium in the subsurface in the 300 Area under the
Office of Environmental Management EM-22 program.19 The first test involved injecting polyphosphate
solution into the aquifer in an attempt to lower uranium concentrations in groundwater by precipitation.
Initial results of this test are in PNNL-17480, Challenges Associated with Apatite Remediation of
Uranium in the 300 Area Aquifer, and the final report on the test is presented in PNNL-18529, 300 Area
Uranium Stabilization Through Polyphosphate Injection: Final Report. Monitoring the impact on aquifer
concentrations continues. A second phase of testing using polyphosphate involves infiltrating solutions
into the vadose zone, where potentially mobile uranium capable of migrating to groundwater remains.
Again, the test is intended to precipitate uranium as an insoluble species, thus preventing future migration.
Installing an infiltration gallery of wells is 2009 (DOE/RL-2009-16, 300-FF-5 Groundwater Operable
Unit Infiltration Test Sampling and Analysis Plan).

1.6.3.1 IFRC

Pacific Northwest National Laboratory is leading a field study at the 300 Area to identify new approaches
and strategies to resolve questions about the subsurface contaminants movement. The field study is part of
the Hanford IFRC, a new project committing multi-investigator teams to perform large, benchmark-type
experiments on formidable field-scale science issues!! (PNNL-17067; PNNL-SA-58090, Multi-Scale
Mass Transter Processes Controlling Natural Attenuation and Engineered Remediation: An IFC

Focused on Hanford's 300 Area Uranium Plume). The Hanford IFRC started in 2006 and is planned as a
5-year effort.

DOE's Office of Biological and Environmental Research, Environmental Remediation Sciences Division
manages the program. The Hanford Site field study involves the development, characterization, and
instrumentation of a vadose zone and saturated zone field site. Researchers perform state-of-science field
experiments at these sites to resolve the geochemical, hydrophysical, and microbiologic factors
controlling the migration of contaminant uranium through the vadose zone (water-unsaturated sediments

10 The DOE's prime contractor for soil and groundwater remediation, CH2M HILL Plateau Remediation Company, is
responsible for remediating the lower vadose zone and groundwater in this area.

11 The Hanford IFRC Project web site is http://ifchanford.pnl.gov/.
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below the soil and above groundwater) and groundwater. The locations are proximal to the Columbia
River, and will allow studies of river stage fluctuations influencing contaminant dissipation from the
aquifer and discharges to the river.

During the project, researchers will develop field-scale experimental information on subsurface uranium
migration processes. This information will allow the development of improved reactive transport models
for describing and predicting future uranium fluxes to the Columbia River and the efficacy of proposed
remediation strategies. A team of scientists from PNNL, three other DOE laboratories, four universities,
and the U.S. Geological Survey are involved.

The principal topics and tests associated with the Hanford IFRC are listed below. Table 1-6 shows the
schedule for various experimental campaigns.

¢ Updated conceptual models for uranium mass transfer in the subsurface beneath the 300 Area,
including the following:

Uranium fluxes from the vadose zone and periodically rewetted zone to groundwater
Scale-dependent mass transfer contributing to dynamics of 300 Area uranium plume
Role of mass transfer and microbial processes on uranium remediation strategies
Peer-reviewed manuscripts of field campaigns and resulting analyses

¢ Principal Field Tests:
— Vadose zone infiltration experiments
— Field tests to investigate the effects of a fluctuating water table
— Saturated zone injection experiments with varying bicarbonate and uranium concentrations
— Passive field tests to monitor seasonal pulses and intrusion of river water

— Field injections using different polyphosphate, calcium-citrate/phosphate, and organic phosphate
with bicarbonate

— Collaboration with DOE, Office of Environmental Management (EM-22) polyphosphate

treatability testing
Table 1-6. Expected Experimental Campaigns
Title/Topic Expected Period of Performance

Multi-tracer, cold-water injection March 2009

Passive tests associated with fluctuating water table May — July 2009
Desorption injection tests September 2009
Adsorption injection tests March 2010

Passive tests associated with fluctuating water table May — July 2010

In situ experiments, microbiologic activity August 2010 — February 2011
Isotopic exchange investigation March 2011
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1.6.3.2 Geophysical Investigation of Subsurface Features at the 300 Area

An investigation of hydrologic processes in the near-Columbia River environment at the 300 Area is
underway using several geophysical survey methods. The specific objectives are as follows.

o Characterize the spatial structure of the hydrogeologic framework within the near-shore and sub-river
bed zone at multiple scales appropriate for refining transport models at the site.

¢ Identify the variability in the lateral extent of the hyporheic corridor (i.e., the distance into the aquifer
where the stage in the Columbia River exerts an impact on solute transport).

¢ Elucidate the temporal variability of groundwater-surface water interaction within the hyporheic
corridor driven by daily and seasonal variations in stage level.

¢ Refine the high-resolution, three-dimensional stratigraphic model for the 300 Area by coupling
geophysical data collected in the hyporheic corridor with terrestrial measurements conducted under
the Hanford IFRC for this site.

As of early 2009, approximately 3 km (1.86 mi) of the river channel were surveyed, and paleochannels
eroded into Ringold Formation Unit E sediment have been tentatively identified. These paleochannels
could act as preferential pathways for groundwater flow and transport uranium to the Columbia River.
Real-time temperature measurements monitor approximately 1.5 km (0.9 mi) of the 300 Area shoreline
riverbed. The measurement results identify areas of preferential groundwater discharge through the
riverbed. The third and final year of the project will start in February 2010.

1.6.3.3 PNNL Science Focus Area

The DOE'’s Science Focus Area work at PNNL involves research associated with multi-scale computer
simulation of contaminant fate and transport, use of geophysical methods to characterize subsurface
conditions related to contaminant transport, and use of isotopic signatures to identify sources and
environmental pathways for radiological contamination and migration.

1.7 Systematic Planning Process

The EPA recommends using a data quality objectives (DQO) process for planning purposes involving
environmental data (CIO 2105.0 [formerly EPA Order 5360.1 A2], Policy and Program Requirements for
the Mandatory Agency-Wide Quality System). DOE contactors are using a systematic planning process for
the DQOs, which for this work plan consisted of the following steps.

¢ Conduct Interviews: Interviews conducted with interested parties include DOE, EPA, and Ecology to
generate a list of concerns focused on obtaining a final ROD for the 300 Area.

¢ Develop CSM: Presentation plates of CSMs identify principal study questions, supporting
information, and resulting data gaps requiring further evaluation.

o Select Relevant Data Need/Document Justifications: Data gaps identified through this process were
evaluated against existing data, confirmed that each data gap supported the completion of the
CERCLA process, and resulted in a specific data need for the RI.

¢ Develop Plan to fill Data Need: A SAP (DOE/RL-2009-45, Sampling and Analysis Plan for the
300 Area Remedial Investigation/ Feasibility Study) was developed to fill each data need.
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o Additionally, copper, nickel, selenium, silver, sulfate, thallium, fluoride, lead, manganese and zinc
were reported at concentrations above the lowest available ARAR (which is protective of both aquatic
and human receptors). This information is necessary to determine whether these metals will actually
need to be evaluated and carried forward as final groundwater COPCs in the FS. Currently the
groundwater data suggest that each of these metals are indeed COPCs based on the reported
concentrations. They were identified using the same technical process used for each of the other
operable units, where most of these metals were identified as COPCs for the SAP.

Summary tables (provided in Chapter 3) link the proposed sampling to each data need, and to prioritize
the data need. This systematic approach was adapted for the Hanford Site using EPA’s guidance on
planning (EPA/240/B-06/001). The Tribal Nations, trustees, and stakeholders were informed of progress
by traditional mechanisms, such as the Hanford Advisory Board River and Plateau Committee meetings
and Natural Resource Trustee Council meetings. The process allowed interested parties to provide input,
and the process clearly documented the data needs and linkage between the data needs and the associated
sampling approach.

Tables 3-4 and 3-5 present additional data needs and establish links to the sampling approach. Section 4.5
presents the COPC and target analyte development.

1-20
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2 Site Background and Environmental Setting

This chapter presents a summary description of the 300 Area’s site background information and
environmental setting, following the guidance presented in EPA/540/G-89/004 (p. 2.7). Since the initial
RI/ES activities for OUs were defined for the 300 Area National Priorities List'2 site, new information on
contaminant conditions associated with waste disposal sites, facilities, and groundwater has accumulated.
This information is readily available to support additional RI/FS activities. Especially useful are the
technical baseline reports that describe the history of operations (Section 2.1.1), use of waste disposal
facilities (Section 2.1.2), the annual groundwater and environmental monitoring reports, and the CVP
reports. The following summary descriptions identify the individual reports and draw heavily from them.

2.1 History of Operations

This section provides a historical summary of site operations and contaminant sources within the
300 Area.

Many programs and activities were conducted in the 300 Area over the span of its operational history
(1943 through present day). It is not within the scope of this document to provide a comprehensive
discussion of the 300 Area history. A detailed history of 300 Area operational programs and activities can
be found in WHC-MR-0388, Compilation of Historical Information of 300 Area Facilities and Activities.
Other sources include BHI-00012, 300-FF-2 Operable Unit Technical Baseline Report, EMO-1026,
Addendum to Data Compilation Task Report for the Source Investigation of the 300-FF-1 Operable Unit
Phase I Remedial Investigations, and DOE/RL-96-42, Limited Field Investigation Report for the
300-FF-2 Operable Unit. The purpose of this section is to provide a summary of 300 Area operations,
with emphasis on those activities and facilities that may have contributed to soil and groundwater
contamination.

The 300 Area began operations in 1943 as a nuclear fuels fabrication complex for the graphite moderated
plutonium production reactors located in the 100 Areas. Nine reactors built in the 100 Area were
supported by the 300 Area from 1943 to 1989. In the early 1950s, the Hanford Laboratories were
constructed for R&D. As the Hanford Site production reactors were shut down, fuels fabrication in the
300 Area ceased. Research and development activities were diverse and expanded over the years.
Historically, the following five major activities were conducted in the 300 Area:

1. Uranium fuel production.

2. Research and development activities, including test reactor experiments (in support of the 100 Area)
and separations experiments (in support of the 200 Area).

3. Economic diversification, including materials testing and isotope production conducted at the FFTF,
and various National Aeronautics and Space Administration experiments.

4. Animal and radiobiology experiments conducted at the 331 Laboratory Complex (moved from 100-F
when the 331 Building was built in 1970).

5. Deactivation, decontamination, decommissioning, and demolition of 300 Area facilities and
environmental cleanup, which mainly constitute the CERCLA process beginning in 1989 with the
listing of the 300 Area on the National Priorities List and the initiation of the Tri-Party Agreement.

12 40 CFR 300, "National Oil and Hazardous Substances Pollution Contingency Plan,” Appendix B, "National
Priorities List.”

2-1



DOE/RL-2009-30, REV. 0

Many of the uranium production facilities and R&D laboratories have been demolished and several other
are scheduled for demolition (Section 2.3). Currently, the 300 Area contains a number of support
facilities, a few facilities used for R&D, environmental restoration, and D4. Table 2-1 presents

a chronology of 300 Area events.

Table 2-1. Chronology of 300 Area Events

Month/Year Event
March 1943 Construction of 300 Area facilities begins.
1943 Production of uranium fuel elements begins in the 300 Area.

October 1948

The South Process Pond dike fails and an estimated 54.8 million L (14.5 million gal) of uranium
contaminated water is released to the Columbia River.

1948 Construction of the North Process Pond.

1948-1956 Uranium bearing liquid waste from the 300 Area is transported and released to the 316-4 Crib,
located near the 618-10 Burial Ground.

1954 Lead-dip and molten aluminume-silicon (triple-dip) fuel process methods used for uranium fuel
canning.

1954-1967 Solid radioactive and TRU wastes from 300 Area operations transported and disposed in the
618-10 and 618-11 Burial Grounds.

1960s Zirconium alloy (Zircaloy-2) fuel fabrication method used for fuel rods used in the N Reactor.

Mid-1960s Hot die size process replaced the aluminum-silicon (triple-dip) fuel fabrication process.

1943-1973 Solid waste and debris from 300 Area operations were disposed in 300 Area (industrial complex
area) burial grounds. After 1973, 300 Area solid wastes were transported and disposed in
200 Area burial grounds.

1973 The Waste Acid Treatment System was developed to treat acidified liquid waste before disposal.

1975 Construction of the 300 Area process trenches.

1975-1985 Some of the fuels fabrication liquid waste was trucked to the 183-H Solar Evaporation Basins.

1989 The 300 Area was placed on the National Priorities List.

1943-1994 Liquid wastes were discharged to the South and North Process Ponds, and the 300 Area Process
Trenches through the 300 Area process sewer.

1991 Expedited Response Action at the 300 Area Process Trenches to remove contaminated
sediment.

1996 ROD for the 300-FF-1 and 300-FF-5 OUs approved.

July 1997 Remediation of the 300-FF-1 OU begins.

April 2001 Approval of 300-FF-2 OU ROD for interim action.

2003 Technical workshops to investigate potential methods for remedial action at the 618-10 and

618-11 Burial Grounds, which contain TRU waste.

August 2004

300-FF-1 OU waste site remedial actions complete.

2004-2008

Renewed feasibility studies for treating uranium in the groundwater at the 300 Area.

2007-present

Field research involving the mobility of contaminant uranium and treatability testing of ways to
immobilize uranium in the subsurface.

Notes:

TRU = Transuranic Radioactive waste, as defined in DOE G 435.1-1, Implementation Guide for Use with
DOE M 435.1-1

2-2
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The 300 Area waste sites are grouped into the following OUs based on geographic area and common
waste sources: 300-FF-1, 300-FF-2, and 300-FF-5. The 300-FF-1 and 300-FF-2 OUs address
contaminated soils in the unsaturated vadose zone, structures, debris, and burial grounds.

The 300-FF-5 Groundwater OU addresses the groundwater beneath the 300-FF-1 and 300-FF-2 OUs.

The 300-FF-1 OU is composed of various solid waste, and contaminated vadose zone soils, plus the
high-volume, liquid waste disposal sites (i.e., the North Process Pond, South Process Pond, and the

300 Area Process Trenches). The 300-FF-2 OU is composed of waste sites in the following four general
categories: waste sites in the 300 Area industrial complex, outlying waste sites north and west of the

300 Area industrial complex, general content burial grounds, and transuranic- (TRU-) contaminated burial
grounds in the 600 Area. Additional waste sites discovered in the 300 Area may be “plugged-in” to the
removal, treatment, and disposal (RTD) remedy in accordance with EPA/ROD/R10-01/119. A description
and accounting of the 300-FF-1 and 300-FF-2 OU waste sites is provided in Section 2.2.

211 300 Area (Industrial Complex) Operations and Process History

The operational history of the 300 Area varies greatly, based on Hanford Site missions and multiple
support mission changes.

2.1.1.1  Uranium Fuel Production Activities

Over 30 structures were built in the 300 Area as part of the Manhattan Engineering District mission
beginning in 1943. The facilities that housed the primary components for uranium fuel production are as
follows:

¢ 313 Metal Fabrication Building

¢ 314 Press (Metal Extrusion) Building

¢ 306 Metal Fabrication Development Building
e 333 Fuels Manufacturing Building

e 303A-] Fresh Metal Storage Buildings

Fuel fabrication was conducted primarily in the 313 Metal Fabrication and 314 Press Buildings. Fresh
uranium metal arrived in the 300 Area as ingots, which were cut and lathed to billets in the 313 Building.
Metallic uranium was fabricated into fuel rods through extrusion and outgassing processes, then machined
into cylindrical cores, and encapsulated in protective cladding, also referred to as “jackets” or “cans.”
The encapsulation was necessary to facilitate heat conduction from the uranium rods to the circulated
coolant water in the nuclear reactors to avoid over-heating. The jackets prevented releasing highly
radioactive fission products to the reactor cooling water, and prevented uranium metal corrosion by direct
contact with water. After the 314 Building’s extrusion press arrived and became operational in

January 1945, uranium was shipped to the 300 Area as billets. The billets were cropped, extruded into
rods, straightened, and outgassed in the 314 Building, then sent to the 313 Building for jacketing or
canning. Graphite, uranium, aluminum cans, and process tubes were tested through a quality assurance
program conducted in the 305 Test Pile Reactor. Other canning tests and inspections were conducted in
the 314 Building, including high temperature autoclave and radiograph (X-ray) testing.

From 1943 through 1960, uranium fuel production in the 300 Area was focused on fuel fabrication for the
eight single pass reactors located in the 100 Areas. Originally, the jackets (or cans) were made of
aluminum formed cylinders. The uranium rods were heated, and then placed in heated aluminum cans.
The ends were machined, and then welded closed with aluminum cap. This original canning process
involved the use of an electric heater press, referred to as the “whiz-bang,” which was used to heat and
bond the uranium fuel cores to the jackets. In 1944, jacketing the uranium fuel cores was a triple-dip
method consisting of bathing in molten bronze, tin, and then a molten aluminum-silicon mixture.
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A lead-dip process was developed in the early 1950s. The uranium cores were dipped in -molten lead,-
followed by molten aluminum and molten aluminum-silicon bath. Approximately 12,000 fuel elements
were canned per day between 1955 and 1964. During the peak years of single-pass reactor operations,
approximately 39,420,000 fuel elements were canned (WHC-MR-0388, Chapter 1.0).

Before the development of the N Reactor, co-extrusion fabrication process capabilities were developed in
the 306 Metal Fabrication Development Laboratory. The 306 Building was built in 1956 with the initial
mission to support 313 Building operations and pilot process improvements in the single-pass reactors.
An extension was added to the 306 Building in 1960 to support the co-extrusion fabrication process used
for N Reactor fuel elements. The 306 Building was split in 1972 into 306 East and 306 West. The mission
of the 306 Building remained focused on fabrication and test development work during its history

of operation.

The 333 Fuels Manufacturing Building was completed in 1960 as the new fuel-cladding facility with the
mission to fabricate fuel elements for the N Reactor with the co-extrusion process. Between 1965 and
1967, the 333 Building was used for autoclave testing on fuel elements, final etching with
nitric-hydrofluoric acid, and inspection of lithium aluminate fuel targets. Additionally, enriched

(2.1 percent uranium-235 [U-235]) uranium driver fuel elements for tritium (H-3) programs were
produced in the 333 Building from 1965 to 1970. In 1973, the Waste Acid Treatment System (WATYS)
began operation to treat waste acids discharged from 333 Building operations. Fabrication of standard
Zircaloy-2 clad uranium fuel elements for the N Reactor, with inspections of these elements before
irradiation, continued until 1987 in the 333 Building (WHC-MR-0388, Chapter 3.0, pp. 19-21).

The 303 Fresh Metal Storage Buildings were an integral part of the uranium fuel production process.
These nine buildings (A, B, C, D, E, F, G, K, and ]J) were built during World War II by the Manhattan
Engineering District and du Pont de Nemours, Inc. The primary use of these buildings was the storage of
unirradiated uranium, chemical storage, and uranium scrap storage (WHC-MR-0388, Chapter 6.0, p. 31).

Uranium fuel production activities focused on producing plutonium stopped in 1987, coinciding with the
end of N Reactor operations. Although fuel production had ceased in the 300 Area, several R&D
activities continued through the initiation of the CERCLA process and the Tri-Party Agreement in 1989.

2112 R&D

In the early 1950s, the mission of the 300 Area expanded to include several R&D activities related to
improving fuel fabrication processes, finding alternative nuclear fuel materials, developing commercial
applications of nuclear energy, and various other types of research activities. Fuel fabrication research
mainly was focused on improving the fuel manufacturing process and developing reuse methods. A large
portion of research was dedicated to developing advanced encapsulation methods. During the 1950s and
1960s, the peaceful uses of atomic power became an emphasis with the Eisenhower Administration’s
Atoms for Peace program in 1953 and the passage of the Afomic Energy Act of 1954, which allowed the
commercial use of atomic energy. During this period, research was performed to extend and diversify the
uranium fuel supply for commercial nuclear reactors with the fabrication of oxide fuel blends. This
research involved the fabrication of blended fuels from combinations of plutonium oxide, uranium oxide,
and other mixed oxide materials. The 300 Area facilities built for R&D of alternate reactor fuels include
the following:

¢ 305-B Physical Constants Test Reactor and Thermal Test Reactor
¢ 308 Plutonium Fabrication Pilot Plant

¢ 309 Plutonium Recycle Test Reactor (PRTR)

¢ 318 High-Temperature Lattice Test Reactor
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Demolition and removal of the 305-B Physical Constants Test Reactor and Thermal Test Reactor was
completed in December 2006. The 305-B Facility was a mostly subsurface structure built in 1954 directly
south of the 305 Building. Because of the various roles the facility played throughout its 50-year history,
the 305-B Building complex was known as the Test Reactor Facility, the Process Engineering Laboratory,
and the Hazardous Waste Storage Facility.

The 308 Building was used for fuel development for over 30 years and deactivated in the early 1990s.
The main feature of the facility was the Training, Research, Isotopes, General Atomics reactor, housed in
an underwater tank in the 308-A Building. Deactivation of the reactor included removing the fuel
elements from its core and placing them in racks located in the water-filled pit or reactor pool. Removal
of the Training, Research, Isotopes, General Atomics fuel from the 308-A Building to another Hanford
Site location was completed in 1995. Following fuel removal, the control rods, other neutron sources, and
some instrumentation were removed and transferred to another site location, and the water pool was
drained. Most of the large, fixed equipment has been left for future D4 activities, including 50 sealed
glove boxes contaminated with plutonium and other actinides.

The PRTR, located in the 309 Building, operated from 1960 to 1968. The 309 Building includes the
309 Building PRTR containment vessel, its connected wings and annexes, the associated below-grade
vaults (e.g., ion exchange, brine tank, waste storage, exhaust air filters), and the main exhaust stack.
The building has undergone substantial cleanup, but the reactor itself remains below grade, and some
ancillary reactor cells still contain contaminated materials. The PRTR and remaining contaminated
materials will be removed during D4 of the 309 Building.

The main 318 Building was constructed during 1966 and 1967 to house the High-Temperature Lattice
Test Reactor, designed to test high-temperature fuel performance in gas-cooled reactors. The
High-Temperature Lattice Test Reactor operated from 1968 to 1972. After 1972, funding was diverted to
pursue breeder reactor technology, such as the FFTF project in the 400 Area. In 1973, the irradiated fuel
rods were processed through Plutonium-Uranium Extraction (PUREX) processes and the unused fuel was
excessed commercially as part of the Hanford Works fuel scraps clean-up program. The reactor, along
with the control room computer, was removed between 1978 and 1982.

In addition to R&D activities and fuel fabrication R&D activities, the 300 Area played a major role in the
pilot testing and development of the plutonium extraction methods used in the 200 Area. Early
experiments designed to improve the untried bismuth phosphate separations process were conducted in
the 3706 Radiochemistry Laboratory and the 321 Separations Building. These buildings also were later
used to pilot test the more efficient continuous solvent extraction methods: reduction oxidation
(REDOX), uranium metal recovery (U Plant), PUREX processes, and recovery of uranium and plutonium
by extraction. Figure 2-1 presents an aerial photo of the 300 Area taken in 1944. Note the 321 Building is
under construction just south of the 3706 Building. In 1952 through 1953, the following five facilities
were built in the 300 Area:

¢ 325 Radiochemistry Building

e 326 Physics and Metallurgy Building

¢ 327 Radiometallurgy Building (Post-Irradiation Testing Laboratory)
e 328 Engineering Services Building

¢ 329 Biophysics Laboratory
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Note: The photo shows the 321 Building under construction.

Figure 2-1. Aerial Photo Showing the 300 Area in 1944

As new experimental programs started and existing programs expanded, several modifications were made
to some of the 300 Area facilities. Examples of the modifications include the 325-A High-Level
Radiochemistry Annex finished in 1960, and four additions to the 327 Building. The 325-A Annex was
used for multiple isotope separations campaigns for National Aeronautics and Space Administration
programs during the 1960s, and waste verification work in the late 1960s. The most significant addition to
the 327 Building included a large hot cell with an inert atmosphere with the capacity to handle the 2.4 m
(8-ft-) long fuel rods used in the FFTF.

The 324 Waste Technology Engineering Laboratory was built in 1966 to support fuel examination for the
309 PRTR. After the 309 PRTR operations dwindled, the four hot cells in the 324 Laboratory’s chemical
sector were used for waste verification, and the metallurgical sector, known as the Shielded Materials
Facility, was used for FFTF fuels examination.

The High-Temperature Lattice Test Reactor was removed from the 318 Building between 1978 and 1982,
and the building has housed calibration and other “clean” laboratory functions since that time.

The 320 Building continues to be used for chemical analysis and development work, involving small
samples of low-activity materials. The sodium loops and sodium work used to support FFTF development
were cleaned out of the 335, 336, 337, and 338 Buildings in the early 1990s. Clean mechanical testing,
craft, and storage functions occur in these buildings today. In the 331 Life Sciences Building, most of the
animal experimental areas were cleaned out when radiobiological funding was cut sharply after 1983.

The building now houses a number of scientific data groups. Several R&D activities continue to the
present day, and some of the 300 Area R&D faculties will remain in operation through about 2027
(Section 2.3).
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2.1.2 300 Area Waste Streams and Sources of Contamination

Wastes from reactor fuel fabrication activities differ substantially from laboratory wastes in content, form,
and volume. Additionally, wastes from the major 300 Area processes were handled in different ways.
These past waste handling practices resulted in a complex distribution of clean and contaminated soils
and structures within the 300 Area. Waste streams consisted of liquid waste from uranium fuel production
operations and laboratory facilities, and solid wastes including contaminated equipment and construction
debris from building renovations and expansions. Large volumes of liquid wastes were discharged to
open ponds and trenches during much of the operational history. Solid waste streams from 300 Area
operations initially were disposed in burial grounds and shallow landfills during the early years

(1943 through the 1950s). In later years, highly radioactive wastes (including TRU) and other solid
process wastes were disposed in burial grounds located in the 600 Area. A brief description and history of
the 300 Area waste streams is outlined below. The amount of detail provided in the descriptions is
dependent upon the available historical information and the relevance of the site in context of the CSM
outlined in Chapter 3. Sites with a higher potential for contamination to move from the vadose zone to
groundwater tend to have a higher degree of detail. Additionally, a breakdown and brief description of all
300 Area waste sites is provided in Section 2.2.

21.21 Liquid-Waste Practices and Disposal

The disposal of liquid process wastes from 300 Area operations was handled with the use of different
systems and facilities over the history of the area. All the 300 Area liquid waste disposal systems and
facilities have been designated as, or are associated with, WIDS waste sites under the 300-FF-1 and
300-FF-2 OUs. These systems and facilities, with the WIDS waste site identification numbers, are as
follows:

¢ Process Sewer System (300-15)

¢ South and North Process Ponds (316-1 and 316-2)
e 300 Area Process Trenches (316-5)

¢ Sanitary Sewer System (300-276)

¢ 340 Complex (340 Complex), Retention Process Sewer, Radioactive Liquid Waste System (RLWS),
307 Process Trenches (316-3), and 307 Retention Basins

e 334 Tank Farm (334 TFWAST), 311 Tank Farm, and the WATS (300-224)

A map of the 300 Area high-volume, liquid waste disposal sites (i.e., South and North Process Ponds,
300 Area Process Trenches, and the 307 Process Trenches, is provided in Figure 2-2). A brief history of
the 300 Area liquid-waste-disposal systems is provided in the following sections.
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Process Sewer System (300-15). The Process Sewer System was built by the Manhattan Engineering
District and du Pont de Nemours, Inc., during World War II in 1943. The 300 Area Process Sewer System
is an extensive system with an estimated 9.6 km (6 mi) of outside lines, and an estimated 40 km (25 mi)
of interior building waste pipe. Several failures in the process sewer system components and subsequent
releases of contamination have been documented. The original system consisted primarily of 8-in.
vitrified clay pipes with acid-proof joints that connected the major 300 Area structures to an
18-in.-diameter vitrified clay pipe with acid-proof joints that ran eastward to the two South Process
Ponds, and eventually the North Process Pond, and 300 Area Process Trenches. The 321 Building was
connected to this pipe via a combination of 3-in. stainless steel pipes, 8-in. wrought iron pipes, and 6-in.
earthenware pipes. All manholes and pipe joints were of acid-proof construction (WHC-MR-0388,
Section 31.1, p. 111). The system initially received low-level liquid wastes from the 313 and

314 Buildings, and later the 3706 and 321 Laboratories.

By 1994, the 300 Area Process Sewer serviced more than 50 facilities and was an extensive system
having over 9.6 km (6 mi) of outside, underground utility piping and an estimated 40.2 km (25 mi) of
interior building waste piping. The distribution network was updated periodically. The materials of
construction, in addition to the original vitrified clay, included cast iron, steel, concrete, polyvinyl
chloride, and stainless steel (BHI-00012, Section 3.3, p. 3-8).

In 1978, administrative controls were established that required the end-of-pipe discharge to meet drinking
water standards. In 1985, additional administrative controls were placed into effect to gain greater control
of the wastewater. These controls included discontinuing chemical discharges from chemical and
biological laboratories, fuels fabrication, photographic processing, and many maintenance operations.
Before 1995, the system discharged to the 300 Area process trenches, which were constructed in 1975.
Before 1975, the process sewers discharged to the North and South Process Ponds (WIDS Sites 316-2
and 316-1). Most of the unplanned releases of contaminated liquids to the Process Sewer System since
1975 have been the result of WATS failures or other operational problems. Discharges from the process
sewer to the 300 Area Process Trenches ceased in December 1994, and discharges were transferred
through a new pipeline to the 300 Area Treated Effluent Disposal Facility for treatment and discharge to
the Columbia River.

South and North Process Ponds (316-1 and 316-2). Combined process wastes discharged from the fuel
fabrication facilities to the South and North Process Ponds ranged from 1,514,000 to 11,360,000 liters per
day (L/d) (400,000 to 3,000,000 gallons per day [gal/d]). The South Process Pond was a large percolation
pond located east of the 313 and 314 Buildings along the Columbia River. The original process pond was
45,522 m* (490,000 ft*) and 1.5 m (5 ft) deep (WHC-MR-0388, Section 3.1, p. 111). Early waste streams
discharged to the South Process Pond mainly consisted of small quantities of organic wastes containing
uranium; water from the fuels processing floor drains; and before 1950, aqueous wastes containing
unirradiated uranium from the 3706 and 321 Laboratories. Alpha activity in the pond was attributed to
uranium, although small amounts of plutonium occasionally were found in the principal waste lines
(Process Sewer System) to the pond. In August 1945, the pond overflowed on the east side (toward the
Columbia River), and a crushed rock and earth dike was erected in September 1945. The overflow was
the first indication of reduced infiltration caused by aluminum/uranium hydroxide precipitate that
prevented liquid infiltration through the bottom of the pond (EMO-1026, Chapter 3.0, p. 3.1). In

October 1948, the South Process Pond dike broke on the northwest side, releasing the bulk of the pond’s
contents to the Columbia River. An estimated 5.4 to 27.7 kg (12 to 61 1b) of uranium was released to the
Columbia River. The dike failure was attributed to the accumulation of uranium/aluminum hydroxide
precipitate on the pond bottom. The North Process Pond was constructed to fulfill the function of the
South Process Pond while repairs were made and the bottom cleared of the precipitate. Following this
incident, the regular practice of dredging the South and North Process Ponds was instituted to prevent
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future dike failures (WHC-MR-0388, Chapter 31.0). Sediments from the dredging were deposited on the
surrounding dikes and on the scrapings disposal area. The site has been closed out in accord with
EPA/ROD/R10-96/143. Approximately 234,000 metric tons (257,000 tons) of material were removed
from the site. The excavation depth was approximately 5.7 m (19 ft).

The North Process Pond consisted of seven separate sections separated by 3.7 m (12-ft-) wide dikes, with
the entire 40,000 m? (10-ac) area surrounded by a dike 4.6 m (15 ft) wide and approximately 3.0 m (10 ft)
high. The North Process Pond was constructed and began use in 1948 after a dike failure at the existing
South Process Pond. In 1955, the North Process Pond was taken out of service for 14 months because a
large amount of uranium bearing sludge had accumulated on the bottom of the pond. An extensive
dredging operation recovered 4,672 kg (10,300 1b) of uranium out of the sludge deposits accumulating up
to 22.9 cm (9-in.) thick at two locations in the southwest region of the North Process Pond
(WHC-MR-0388, Chapter 31.0). It was estimated that an average of 21,955 L (5,800 gal) per month of
uranium bearing sodium aluminate (containing 22.7 kg [50 1b] of uranium) was discharged to the South
and North Process Ponds before 1954, resulting in a total mass of about 2,722 kg (6,000 Ib) of uranium.
In addition, an estimated mass of 8,684 kg (19,145 1b) of mostly depleted (U-235) was discharged to the
ponds from the 321 Building. By 1956, sodium aluminate was included in the 313 Building waste stream
instead of being trucked to the process ponds (EMO-1026, Chapter 3.0, p. 3.3). The South and North
Process Ponds were phased out of service between 1974 and 1975. The North Process Pond was closed
out under EPA/ROD/R10-96/143. Remediation activities began in May 1998 and were completed in June
1999. Approximately 140,000 metric tons (154,000 tons) of contaminated soil was excavated from the
North Process Pond and transported to the ERDF for disposal (BHI-01298, 300-FF-1 Operable Unit,
North Process Pond/Scraping Disposal Area Verification Package, Chapter 1.0, pp. 5-9). Figure 2-3
shows an aerial photo of the 300 Area taken on June 8, 1953. Note the South and North Process Ponds are
full and the Columbia River stage is extremely high. The ponds are separated from the river by a single
earth dike.

300 Area Process Trenches (316-5). During 1974 and 1975, two process trenches were constructed west
of the North Process Pond. The trenches were built to replace the South and North Process Ponds for the
percolation of low-level liquid wastes. The 300 Area Process Trenches consisted of two parallel, unlined
trenches approximately 468 m (1,535 ft) long, 3 m (10 ft) wide, 3.7 m (12 ft) deep, and spaced 15 m

(50 ft) apart. The two parallel trenches run on north-south axis, stretching north of the North Process Pond
(Figure 2-2). Like the South and North Process Ponds, the 300 Area process trenches were the disposal
point from the Process Sewer System (WHC-MR-0388, Chapter 31.0). The trenches were operated
alternately. Wastewater was discharged into one trench until it reached an operationally set level, then the
discharge was switched to the other trench. The switching frequency varied from 2 to 6 months.
Sediments in the process trenches were sampled and analyzed in 1987 to assist in remedial decisions.

The site received approximately 9,800,000 L/d (2,600,000 gal/d) of effluent. In 1991, an expedited
response action removed contaminated soil and sludge from the sides and bottoms of the trenches. This
was accomplished by excavating contaminated sediments, using them to fill in the north end of the
trenches, and immobilizing them in what is referred to as the Process Trench Spoils Area. The excavation
covered approximately 0.3 m (1 ft) and 1.3 m (4 ft) of contaminated soil from the sides and bottom of
each trench, respectively (BHI-01164, 300 Area Process Trenches Verification Package, Section 1.2.3,

p. 3). Figure 2-4 provides a photograph of the 300 Area in 1976 with the process trenches in use.

The 300 Area Process Trenches waste site (316-5) was remediated and closed out under
EPA/ROD/R10-96/143. Approximately 34,000 metric tons (37,500 tons) of materials and six 208 L
(55-gal) drums of sediment were transported to the ERDF.
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June &, 1953

Note: The photo shows the South and North Process Ponds full of effluent and the Columbia River at a high stage.

Figure 2-3. Aerial Photo Showing the 300 Area on June 8, 1953
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Notes: The photo shows the 300 Area Process Trenches [316-5] in operation.

Figure 2-4. Aerial Photo Showing the 300 Area on June 1, 1976

Sanitary Sewer System (300-276). The original 300 Area Sanitary Sewer System, built during World
War II by the Manhattan Engineering District, consisted of vitrified clay sanitary sewer pipes. The system
serviced all existing 300 Area Buildings and included one process line from the 313 Building. The system
fed into a large septic tank near the northeast edge of the 300 Area, with a connection to a tile drainage
field to allow for percolation of liquid to the soil. In 1947 a new tile field, overflow ditch, and connecting
itch were excavated about 61 m (200 ft) from the Columbia River to increase capacity. A failure in the
original system during the summer of 1947 was caused by overuse. At this time, uranium contamination
was found in the sanitary sewer sludge and water. This contamination likely originated with the everyday
use of the Sanitary Sewer System by Hanford Site workers showering and washing after the completion
of each shift.

As the number of facilities increased in the 300 Area during the postwar expansion, the Sanitary Sewer
System became inadequate. The system was expanded again in 1951 with the addition of two septic tanks
and north and south leaching trenches to replace the old tile field. This system remained in service
through 1996 when the 300 Area Sanitary Sewer System was tied in with the Richland city municipal
water treatment system.
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340 Complex (340 Complex), Retention Process Sewer, RLWS, 307 Process Trenches (316-3),

and 307 Retention Basins. The 340 Complex, Retention Process Sewer, RLWS, and the 307 facilities
were constructed to support the large defense production expansion and construction of the 325, 326, 327,
and 329 Buildings, which occurred between 1951 and 1953. These systems were built to relieve pressure
on the South and North Process Ponds and provide a means to dispose potentially contaminated
“retention” waste liquids from the sumps, sinks, and drains of the new laboratories in a modern,
controlled manner. These retention waste liquids were collected and transported through the Retention
Process Sewer line to the 307 Retention Basins, which consisted of four 95,000 L (25,000-gal) open
concrete receiving basins coupled in to 190,000 L (50,000-gal) pairs used alternatively as short-term
holding facilities. The liquid wastes were sampled in the 307 Retention Basins. When the radioactivity
was below the set limit, the liquid wastes were discharged to the 307 Trenches for infiltration to the soil.
The location of the 307 Trenches is shown in Figure 2-2. When the radioactivity exceeded the specified
limits, the retention waste liquids were transferred to one of two 57,000 L (15,000-gal) collection tanks
housed in the 340 Building, then hauled by tanker truck or rail car to the 200 Area for disposal, usually in
cribs. Allowable activities discharged to the basins originally were 4 grams per liter (g/L) gross beta and
0.5 g/L. plutonium. The limit later changed to an activity of 50,000 pCi/L. Acid wastes was neutralized
with sodium hydroxide (EMO-1026, Section 3.2, p. 3.8).

The RLWS was used to collect liquid process wastes from the laboratories and transfer the wastes directly
to the collection tanks in the 340 Building. The liquids collected through the RLWS were trucked to the
200 Area for disposal. Several other buildings were connected to the RLWS including, but not limited to,
the 308, 309, and 324 Buildings. A diagram showing the working concept of the 340 Complex, Retention
Process Sewer, RLWS, and the 307 facilities is shown in Figure 2-5. The 307 Trenches were in operation
between 1953 and 1963. One billion liters of uncontaminated low-level radioactive waste waters were
received from the 307 Retention Basins after the waste streams were determined to be below discharge
limits. The 307 Trenches were removed from service in 1963. After this time, waste liquids below
discharge limits were sent to the process sewer and disposed in the process ponds. The 307 Trenches were
excavated and most of the contaminated soil removed to the 618-10 Burial Ground. In 1965, the trenches
were backfilled with 7,645 m® (10,000 yd®) of uranium contaminated sediments from the South Process
Pond and coal fly ash, likely from the 300 Area Power House (384 Building) (EMO-1026, Section 3.2,

p- 3.9).

During the 340 Complex operations, there were leaks from holding and sampling tanks at transfer points
in the garage/truck load-out area (built in 1961) of the 340 Building, and at the 340-B rail load-out facility
(built in 1965). In 1976, a leak test of the single-walled RLWS network demonstrated a widespread
pattern of leaks. Consequently, the system was replaced with double-walled, stainless steel pipes; a
leak-detection system; and other system parts. During the replacement, which occurred from 1978 to
1979, many segments of contaminated soil surrounding the old piping network were removed, but the
RLWS piping itself was abandoned in place, along with some areas of soil contaminated with lower
levels of radioactivity (WHC-MR-0388, Section 33.3, p. 126).

311 Tank Farm, 334 Tank Farm (334 TFWAST), and the WATS (300-224). The 311 and 334 Tank
Farms were used to store process chemicals used in and waste solutions generated from the fuel
fabrication processes including nitric acid, sulfuric acid, sodium hydroxide, tetrachloroethene,
trichloroethene, and methanol. The 311 Tank Farm and Building were built in 1954 and consisted of four
aboveground chemical storage tanks, two belowground methanol storage tanks, and the 311 Methanol
Still House (311 Building). Methanol was used as a final rinse in the older triple-dip and lead-dip fuel
fabrication processes. The 311 Building was used to distill methanol for reuse and operated until 1971
when the last single-pass reactor closed (WHC-MR-0388, p. 37). The 334 Chemical Handling Building
and Tank Farm were built in 1960 at the same time as the 333 Building. The 334 Building was used to
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house the controls for the facility acid system. The 334 Tank Farm consisted of four 22,700 L (6,000-gal)
aboveground tanks (WHC-MR-0388, p. 25). Numerous leaks from the 311 and 334 tanks and the
associated valves and piping occurred during the operational history (WHC-MR-0388, Chapters 4.0

and 8.0).

Figure 2-5. Operational Concept of the 340 Complex, Retention Process
Sewer, and Radioactive Liquid-Waste Sewer

The 311 and 334 Tank Farms, 303-F Building, and newly installed 334-A Building were used in

the WATS, which was designed to treat and neutralize acidified waste liquids from the fuel fabrication
operations at the 333 and 313 Buildings before being discharged to the 300 Area Process Sewer.

The WATS process began partial operation in 1973 and became operational in January 1975
(WHC-MR-0388, p. 27). A schematic of the WATS is provided in Figure 2-6.

In the WATS process, waste acids were collected in the 334-A Building tanks, then pumped to the

313 Building for sodium hydroxide neutralization, the target pH being between 10 and 12. Wastes
containing recoverable quantities of uranium were routed directly from the 333 Building to the

313 Building. These uranium bearing waste liquids were not treated with the WATS. Waste acids
containing non-recoverable quantities of uranium were pumped to the 313 Building (Tank 2) for
neutralization. Before 1985, filter press and centrifuge effluent from the 313 Building operations was
pumped to the 311 Tank Farm for storage and transport to the 183-H Solar Basins for evaporation.
Beginning in 1985, these wastes were centrifuged in the 313 Building to remove solids, and the solids
placed in drums for transfer to the 303-K Radioactive Mixed Waste Storage Facility or the Central
Waste Complex for disposal. Tank 50 was added to the 311 Tank Farm in 1985 and used to hold waste
effluents before transfer to the 340 Complex and eventual transport to the 200 Area for disposal.

The 303-F Building was used as a pumping station for the various liquid and slurry wastes transferred in
the WATS. The waste acids treated by the WATS included nitric, sulfuric, hydrofluoric, uranium-bearing
acids, Zircaloy-2 components, copper, beryllium, and other materials (WHC-MR-0388, Chapter 5.0,

pp- 27-28).
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2.1.2.2 300 Area Solid Wastes

Solid waste management activities conducted in the 300 Area primarily involve the burning and disposal
of unwanted wastes in burial grounds and trenches. During the 300 Area operational history, both
contaminated and uncontaminated solid waste was burned or buried in pits and trenches. The practice of
using burial grounds for waste disposal began in 1943 and continued through 1973. Little information is
available on the inventory, locations, and history of early burial grounds because of national security
surrounding the Manhattan Project and the undeveloped knowledge base associated with radioactive
waste management. The 300 Area burial grounds were located in both the 300 Area (industrial complex)
and the 600 Area. A history of the burial grounds located in the 300 Area (industrial complex) is provided
in this section, and history of the burial grounds located in the 600 Area is covered in Section 2.1.5. The
burial grounds and disposal areas contained in the 300 Area (industrial complex) include those

listed below.

300-7 Burial Ground — Undocumented Solid Waste Burial Ground Adjacent to 618-8, Possible
Early Burial Ground Site. The site contains solid construction debris, such as concrete, metallic waste,
asbestos, and uranium contamination. Surface debris piles are visible and subsurface disturbances
identified with ground-penetrating radar. Currently, the site is covered with natural vegetation.

300-9 Burial Ground — Possible Early Burial Ground Sites North of 618-8, Solid Waste Burial
Ground. The location of the site referred to as the Early Burial Ground is not well documented. Uranium
contaminated aluminum shavings are scattered on the surface of the site. Other surface contaminants may
include aluminum-silicon alloy and beryllium-contaminated aluminum. Actual burial inventory is
unknown. Process knowledge suggests the waste would consist of the uranium-contaminated waste from
early 300 Area experimental processes.

300-10 Burial Ground — Burial Trench West of Process Trenches. The site was expected to consist
primarily of soil mixed with clean and contaminated metal shavings. The northwest corner terminates
near a dirt road that intersects the midpoint of the west 300 Area Process Trenches. A field walk down
done on November 18, 1994, reported the site appeared as a soil-covered field with natural vegetation.
Remediation of the 300-10 waste site was authorized by EPA/ROD/R10-96/143. Soil in the

300-10 Burial Ground was excavated to a depth of 1.5 m (5 ft) until radiological survey results indicated
no contamination.

618-1 Burial Ground — Solid Waste Burial Ground No. 1. The site is an early solid waste burial
ground and consists of at least two trenches. It received waste from early 300 Area facility operations,
including the 305 Reactor, 3706 Laboratory, and the 3741 Building. The site contained large quantities of
uranium (about 14.5 metric tons [16 tons]) from the fuel fabrication activities and small quantities of
plutonium and fission products from laboratory operations.

618-2 Burial Ground — Solid Waste Burial Ground No. 2. The waste site consisted of three east-west
trenches, and operated between 1951 and 1954. It was used to dispose uranium contaminated equipment
and materials, plutonium, and fission products from the 300 Area. The uranium waste typically was solid
metallic uranium oxides in the form of metal cuttings from reactor fuel fabrication facilities in the

300 Area. The plutonium and fission products were derived from 300 Area laboratory facilities.
Remediation of the 618-2 Burial Ground began in August 1996 and was completed in November 2004.
Approximately 71,203 metric tons (78,488 tons) of material was removed and transported to the ERDF
for disposal. The site was excavated to approximately 6 m (19.7 ft). A location in the middle trench was
excavated to groundwater (between 15 m [49.2 ft] and 11.5 m [37.7 ft] below grade) to remove
plutonium mobilized by acid waste. Remediation of the 618-2 Burial Ground was authorized by
EPA/ROD/R10-01/119.
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618-12 Scraping Disposal Area — North Process Pond Scraping Disposal Area. This site received
uranium contaminated soil scraped from the 316-2 Pond (North Process Pond) and soils removed

from beneath the 321 Building during excavation for hydraulic core mockup (BHI-01298). Remediation
of the 618-12 Burial Ground was authorized by EPA/ROD/R10-96/143 in conjunction with 316-2 North
Process Pond.

In addition to disposing unwanted wastes, activities were undertaken to recover raw resources for future
use. The most visible was the uranium scrap recovery process. During the early history of the Manhattan
Engineering District, there was concern for the availability of uranium supplies and strict policies were
enacted governing the reclamation of all usable uranium scraps. Uranium scraps from the early uranium
production processes consisted of lathe turnings, rod ends, and rejected cores from the machining and
canning operations in the 313 Building. Acid sludges were collected and allowed to evaporate in
dumpsters north of the 314 Building and the various small pieces of uranium metal scrap were collected
in 19 L. (5-gal) cans, washed to remove cutting oils, and stored near the 303 (A-] Metal Storage)
Buildings. Beginning in March 1944, scraps were regularly shipped to offsite reclamation processing
centers (WHC-MR-0388, Section 1.9, pp. 6 to 7).

A change in the uranium recovery policy occurred in 1946 because large volumes of scraps were
accumulating and several can fires occurred, usually caused by chemical residues reacting with the
uranium metal to form a combustible gas. This resulted in higher expense and increased fire and security
hazards during shipment. A “chip recovery” operation was started in the 314 Building, which involved
the collection, sorting, and cleaning of uranium scraps, then pressing them into briquettes for shipment
offsite. After several uranium chip fires occurred during processing at offsite facilities, a “melt plant” was
established in the 314 Building in 1947. Uranium scraps were processed with “new uranium” in the melt
plant and eventually uranium ingots produced that were rolled into uranium rods that were used to make
additional fuel rods (WHC-MR-0388, Section 1.10, p. 7).

Another scrap recovery operation called the “oxide burner” began in spring 1946. This operation was
conducted in the north side of the 314 Building and involved collecting all uranium bearing dust,
particulate matter from fuel fabrication facilities, and tailings or settlings from washes and quenches.
These materials were burned to form uranium dioxide powder, which was collected in 19 L (5-gal)
buckets for shipment offsite (WHC-MR-0388, Section 1.11, p. 7). It was recognized early in operations
that the “oxide burner” treatment method was the cause of surface contamination and out-of-tolerance
conditions. Because of operational difficulties and health physics concerns, the melt plant and oxide
burner operations were phased out between 1952 and 1954 and uranium recovery operations were
changed to sending concreted billets to the Fernald Site for recovery. After a concrete billet fire in the
3712 Building in 1979, however, the concretion process was stopped, and a new state-of-the-art uranium
oxidation facility (303-M) was built and began operation in 1983 to treat uranium and Zircaloy-2 metal
chips and fines by incineration, which formed a non-ignitable oxide (WHC-MR-0388, Section 1.12, p. 8;
BHI-00012, Section 3.6, p. 3-40).

21.3 400 Area Operations and Process History

A chronology of the 400 Area events is provided in Table 2-2. The 400 Area is located north of the

300 Area in the southeast part of the Hanford Site, approximately 8.2 km (5 mi) from the Columbia River
and 6.2 km (3.8 mi) from the nearest Site boundary. It covers approximately 55 hectares (135 acres). This
area contains several major buildings and structures, including the FFTF reactor and its support facilities.
The FFTF is a 400-megawatt-thermal, sodium-cooled, low-pressure, high-temperature reactor with a
complex of buildings and equipment arranged around a reactor containment building. A map of the

400 Area is provided in Figure 2-7 and a photograph of the FFTF reactor is provided in Figure 2-8.
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Table 2-2. Chronology of 400 Area Events

Month/Year Event
1970 Construction of the FFTF reactor begins.
1980 The FFTF brought online.
April 1982 — April 1992 The FFTF operated as a national research facility to test advanced nuclear

fuels, materials, components, systems, nuclear power plant operating and
maintenance procedures, and active and passive reactor safety technologies.

December 1993 DOE orders FFTF shut down.

1996 ROD for the 300-FF-1 and 300-FF-5 OUs initiated (EPA/ROD/R10-96/143).

January 1997 — December 2001 DOE issues a decision to maintain the FFTF in a standby condition while an
evaluation was conducted to determine the possible role of the facility in the
DOE's H-3 production strategy. Several studies and activities were conducted
to determine a possible mission for the FFTF, including the production of
medical isotopes.

December 21, 2001 DOE announces the decision to permanently deactivate the FFTF.

The FFTF was designed and constructed for irradiation testing of fuels, core components, and target
assemblies for liquid-metal fast breeder reactors. Reactor activities later were expanded to include
long-term testing and evaluation of reactor components and systems, fusion power materials testing,
passive safety testing, producing medical isotopes, space power system research, and many other
domestic and international research programs. Additional missions proposed for FFTF included
converting radioactive waste to less hazardous materials, nuclear weapons neutralization, materials testing
for fusion and space reactors, and generating electricity. None of these proposed missions were
implemented (BHI-00012, Section 4.2, p. 4-1, 4-2).



DOE/RL-2009-30, REV. 0

D 125 250 375 500 Feet
N |
1T 1

| -
(14 50 100 150 Meters

= Razed Buldng
Site Classificalion Statues!

| W RstAccepisd o Rajecked ‘r
ste Site Classification Status!
|| Rcrepled

1777 wkeren Ciosed ot B4 Sction
7777 ot Aacepeed or Rejected

Site Classifecation Stat
@ Aocepied o Rejcted

Figure 2-7. 400 Area FFTF and Supporting Structures

2-20.



DOE/RL-2009-30, REV. 0

i~ % . K.

Figure 2-8. Aerial Photo Showing the FFTF Reactor Complex
Construction of FETF began in 1970 and was completed in 1978. The reactor reached initial criticality in
February 1980 and began operating at full power in December of that year. The FFTF operated from
1982 through 1992. After an evaluation of several potential long-term missions for FFTF, DOE
concluded that justification to continue operating the reactor did not exist and in April 1992, RL directed
the FFTF be placed in standby status pending an investigation into potential missions. The plant achieved
a steady-state “hot” standby condition in December 1992. After exploring potential missions for FFTF,
the Secretary of Energy announced in January 1993 that none was feasible and a 5-year process would be
initiated to place the reactor into “cold” standby. After a recommendation from an independent review
team, the reactor was placed into a radiologically and industrially safe shutdown condition (BHI-00012,
Section 4.2, p. 4-2). The 400 Area FFTF reactor complex is currently in a safe shutdown condition until
the final D4 of the facilities can be completed. The deactivation is scheduled to be complete before the
scheduled Tri-Party Agreement date of February 2011. After a period of low cost surveillance and
maintenance, sodium disposition, decommissioning, and demolition will resume in fiscal year (FY) 2015.
The decommissioning and demolition are planned to be complete by the end of FY 2030.

Deactivation was conducted from 1994 through 1996 and included fuel offload to interim dry storage
casks, construction of the Sodium Storage Facility, and preparations for sodium drain. In January 1997,
DOE ordered FFTF to return to a standby condition while evaluations were conducted for future roles the
facility might have in DOE’s H-3 production strategy, or support the DOE’s nuclear infrastructure and
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future mission needs. In December 2001, DOE directed that FFTF continue with permanent deactivation.
In November 2002, sodium drain and other deactivation activities were again placed on hold due to a
court injunction prohibiting irreversible deactivation activities based on potential legal action by the
Benton County against the DOE. On April 4, 2003, the injunction was lifted and FFTF proceeded with
permanent deactivation.

2.1.4 400 Area Sources of Contamination

The FFTF is not a typical commercial power production nuclear reactor. Because of its design,
construction, and operation, the type and extent of contamination present is also unique. Since the reactor
is cooled by liquid sodium, all interfacing equipment and systems are sealed in an inert atmosphere to
prevent adverse reactions with the liquid sodium. Because of this, the FFTF is radiologically clean.
Various systems within the facility were contaminated to some degree because of activation and corrosion
products in the primary sodium system (e.g., manganese-54 [Mn-54], sodium-22 [Na-22], and sodium-24
[Na-24]). Fuel assemblies that were run until a cladding failure and subsequent fission products release
into the primary systems (e.g., cesium-134 [Cs-134] and cesium-137 [Cs-137]) and destructive
examination procedures used within the interim examination and maintenance cell. The interim
examination and maintenance cell is a vertical hot cell that is located within the Reactor Containment
Building used to examine recently irradiated core components within 50 days of removal from the reactor
core. The secondary systems were not exposed to any of these materials, but were slightly contaminated
due to the migration of H-3. Many of the more prevalent radionuclides such as Mn-54, Na-22, Na-24,
Cs-134, and iron-55 (Fe-55) have decayed since the reactor has not operated since 1992 and no longer
present a hazard. Sources of contamination associated with FFTF operations are minimal. The sources of
contamination were designated as WIDS sites under the 300-FF-2 OU. The sources classified as accepted
WIDS waste sites are listed below with a brief history.

400 Area Process Pond and Sewer System (400 PPSS). The 400 Area PPSS nonhazardous and
nonradioactive liquid-waste-disposal site is located within and north of the 400 Area. This system is
commonly known as the 400 Area Process Pond and Sewer System. It consists of underground piping
(known as the 4904 Process Sewer System), a control structure (known as the 4608-B Control Structure
and Process Sewer Sampling Station), and two percolation ponds. The process pond and sewer system
began operation in 1979 to receive wastewater from cooling systems and non-sanitary drains and sumps
in the 400 Area. In the original system design, effluent wastewater enters the process sewer system from
the FFTF and Fuels and Materials Examination Facility cooling towers (BHI-00012, Section 4.10.13,
pp. 4-62).

Storage Tank (400-37). The site is an underground fuel oil tank. The tank supplied diesel fuel to a
standby electric generator. The generator powered fans that inflated a temporary equipment storage
facility used during the construction of the FFTF. The inflatable building was removed in the early 1980s.
The tank is located near the southeast corner of the 4732-B Building. There is no visual evidence of the
tank on the surface. It is possible the tank has been filled with sand or removed, but documentation has
not been found.

Storage Tank (400-38). The site is an underground fuel tank that supported the 4722-A Building.

The tank is located east and slightly south of the centerline of the cement pad where the 4722-A Building
had been located. There is no visual evidence of the tank on the surface. It is possible the tank has been
filled with sand or removed, but documentation has not been found.

437 Maintenance and Storage Facility (437 MASF). The MASF consists of a main building and a
two-story service wing. The MASF is a multipurpose service center that supports the specialized
maintenance and storage requirements of the 400 Area facilities. This facility currently is used for the
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decontamination of radioactive and/or sodium-contaminated FFTF equipment, the repair of contaminated
manipulators from the FFTF Reactor Containment Building, the staging of large pieces of equipment to
be stored, repaired, or tested; and the temporary storage of low-level radioactive solid and liquid wastes
before shipment.

2.1.5 600 Area Sources of Contamination

The operational history of the burial grounds located in the 600 Area is tied to the waste management
practices conducted in the 300 Area industrial complex. The main source locations for contamination that
has the potential to spread via environmental pathways in the 600 Area are the 618-10 and 618-11 Burial
Grounds, and the former 316-4 Crib. A brief history of each is provided below.

618-10 Burial Ground. The 618-10 Burial Ground operated from March 1954 to March 1962 and from
October 1962 to September 1963. It reopened in 1962 to support waste-disposal activities while vertical
pipe units (VPUs) were installed in the 618-11 Burial Ground and closed for the final time after the
618-11 Burial Ground was operational. The first VPU was installed in September 1954. The 618-10 site
consists of 12 trenches and 94 VPUs. Each VPU consists of five 208 L (55-gal) drums with tops and
bottoms removed (Figure 2-9). The drums were stacked vertically, tack welded together, and placed on a
concrete footing with the bottom being left open to the soil column. The VPUs were used to dispose of
containers holding moderate- to high-activity solid wastes.
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From a review of radiological survey records obtained during an extensive records search, the primary
buildings and their percent contributions were identified as follows:

e 327 Building - 51.6 percent
e 325 Building - 29.9 percent
e 3706 Building — 6 percent
e 329 Building - 4.4 percent

The remaining 17 buildings contributed less than 4 percent total. None of the radiological surveys from
these additional buildings indicate the waste disposed from these buildings would be a significant
contributor to the radiological inventory (all low dose rate, low contamination level) (WCH-125,

600 Area Remediation Design Solution Waste Volume and Inventory, Section 2.1, pp. 1-2).

The examination of available records indicates that the 618-10 Burial Ground wastes included
radiologically contaminated laboratory instruments, bottles, boxes, filters, aluminum cuttings, irradiated
fuel element samples, metallurgical samples, electrical equipment, lighting fixtures, barrels, laboratory
equipment and hoods, and low- and high-level liquid waste sealed in containers (DOE/RL-2008-27,
Sampling and Analysis Plan for 618-10 And 618-11 Nonintrusive Sampling, Section 1.3.1, p. 1-2).

The site is expected to contain mixed low-level radioactive waste and TRU3 waste. The total estimated
TRU waste volume contained in the 618-10 Burial Ground trenches is 417 m* (14,888 ft*) (WCH-125,
Section 3.1.1, p. 14).

618-11 Burial Ground. The 618-11 Burial Ground operated from March to October 1962 and from
September 1963 until the end of 1967, when it closed. Vertical pipe units were installed during the
October 1962 to September 1963 closure period. Vertical pipe units were for disposing high-dose-rate
waste in the 618-11 Burial Ground until late 1964 or early 1965, when caissons were installed for
high-dose-rate materials. The 618-11 Burial Ground consists of 3 slope-sided trenches, 3 to 5 large
caissons, and 50 VPUs. The five caissons located in the 618-11 Burial Ground are constructed of a 2.4 m
(8-ft) diameter by 3.1 m (10-ft) tall, corrugated metal cylinder, and buried 4.6 m (15 ft) deep. A0.9 m
(3-ft) diameter angled chute extends from grade to the top of the caisson through a concrete slab lid
(Figure 2-10). Like the 618-10 Burial Ground, VPUs were used to dispose containers holding moderate-
to high-activity solid wastes.

From a review of radiological survey records, the following primary buildings and their percent
contributions were identified:

e 327 Building - 60.1 percent
e 325 Building - 24.1 percent329 Building — 3.3 percent

The remaining 14 buildings contributed less than 3 percent total. Similar to the 618-10 Burial Ground,
none of the radiological surveys from these additional buildings indicates the waste disposed from these
buildings would be a significant contributor to the radiological inventory (all low dose rate, low
contamination level) (WCH-125, Section 2.2, p. 3).

13 Radioactive waste as defined in DOE G 435.1-1, Implementation Guide for Use with DOE M 435.1-1.
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‘The 618-11 Burial Ground contains a broad spectrum of low-level radioactive waste including fission
products, byproduct waste (thorium and uranium), and plutonium, similar to the 618-10 Burial Ground.
It was used for the disposal of 300 Area laboratory solid wastes. Low- to high-activity wastes were
received from the 305, 306, 309, 313, 315, 317, 324, 325, 325-A, 325-B, 326, 327, 329, 340 Complex,
1171, 3700, 3706, 3707-C, 3708, 3718, and 3730 facilities. These facilities handled radioactively
contaminated, or potentially contaminated, waste from operations or laboratory areas, including hot cells.

Moderate- and high-activity (remote-handled) wastes were received from the 327 Building
(radiometallurgy) hot cells, 325-A hot cells, the 325-B (analytical) hot cells, occasionally from the

309 PRTR, and later from 324 Building hot cells (DOE/RL-2008-27, Section 1.3.2, pp. 1-6). The site is
expected to contain mixed low-level radioactive waste and TRU waste. The total estimated TRU

waste volume contained in the 618-11 Burial Ground trenches is 499 m*® (15,393 ft*) (WCH-125,
Section 3.1.2, p. 14).

316-4 Crib. The 316-4 Crib is an inactive, liquid, radioactive, mixed waste site located approximately

8 km (5 mi) north-northwest of the 300 Area adjacent to the 618-10 Burial Ground. The site began
operation in 1948 and reportedly closed between 1955 and 1956. There is some evidence waste was
received in 1962. The 316-4 Crib consisted of two inverted, bottomless, 0.64 cm (0.25-in.) stainless steel
tanks (Figure 2-11). The tanks had concrete footings and sit on a bed of gravel. They were 2.1 m (7 ft)
high and 2.4 m (8 ft) in diameter and approximately 3 m (10 ft) below grade. One tank had an inlet line
and a vent riser. The two tanks were 0.61 m (2 ft) apart and were connected by a 5 cm (2-in.) stainless
steel overflow pipe. From 1948 to 1955/1956, the site received hexone-bearing uranium wastes and
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limited amounts of other types of uranium bearing waste from the 321 Building R&D activities
(BHI-00012, Section 3.6.33, pp. 3-69).
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Figure 2-11. Design for 316-4 Crib

In September 1995, groundwater radioactive contamination was identified in Well 699-S6-E4A during
well improvement activities. The well is located adjacent to the 316-4 Crib. Sample analysis of the
contamination identified hydrocarbons and uranium. Remediation of the site began in 2004 and

the planned excavation completed in April 2005. Further remediation of the site is planned (Section 2.6).

Other burial grounds located in the 600 Area (300-FF-2 OU) include those listed below.

618-3 Burial Ground — Solid Waste Burial Ground No. 3. The burial ground operated between 1954
and 1955 and consisted of uranium contaminated dry waste, primarily building materials from the
remodeling of the 313 Building and waste materials from the 303-] and -K upgrades. The 618-3 Burial
Ground consists of one north-south trench approximately 105.2 m (345 ft) long, 30.5 m (100 ft) wide, and
4.6 m (15 ft) deep. In 1986, the volume of contaminated soil was estimated to be 12,549 m® (443,160 ft*),
with 12,643 m® (446,480 ft*) of overburden. Remediation of the 618-3 Burial Ground was authorized by
EPA/ROD/R10-01/119. Approximately 30,878 metric tons (34,037 tons) of material from the site were
removed and transported to the ERDF for disposal (CVP-2006-00005, Cleanup Verification Package for
the 618-3 Burial Ground).

618-4 Burial Ground — Solid Waste Burial Ground No. 4. It is believed that the 618-4 Burial Ground
operated between 1955 and 1961. Remediation of the 618-4 Burial Ground was authorized by
EPA/ROD/R10-96/143. Excavation and associated waste-disposal operations at the 618-4 Burial Ground,
completed in two phases between 1998 and 2003. The total excavation covered an area approximately
7,342 m® (79,043 ft%) and had a maximum depth of approximately 11 m (36 ft) below the surrounding
grade. Approximately 46,585 metric tons (51,360 tons) of bulk soil and debris were excavated,
transported, and disposed at the ERDF. Additionally, 786 drums containing depleted uranium in oil were
excavated and transported to the ERDF.
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618-5 Burial Ground — Solid Waste Burial Ground No. 5, Regulated Burning Ground. The site was
one large (single) pit and received 300 Area waste from 1945 through 1962. It also was used as a burn pit.
HW-39076, Unconfined Underground Radioactive Waste and Contamination in the 300 Area and
Miscellaneous Areas Not Included in Other Reports, states the area was a burning trench as well as a
storage area for aluminum silicate containing 17 percent uranium and bronze crucibles with maximum
radiation levels of 200 mrem/h. The site was used for the disposal of uranium bearing trash.
Characterization test pits dug in 1992 encountered radiologically contaminated lead bricks, steel pipes,
wood fragments, and other garbage. Remediation of the 618-5 Burial Ground was authorized by
EPA/ROD/R10-01/119. Excavation of the 618-5 Burial Ground was conducted between March and
August 2003. At completion of the excavation approximately 46,300 metric tons (50,930 tons) of bulk
soil and debris were removed from the site and transported to the ERDF. The maximum excavation depth
was 7.5 m (24.6 ft).

618-7 Burial Ground — Solid Waste Burial Ground No. 7. The burial ground consisted of two
east-west oriented trenches and one V-shaped pit. Most of the waste in this burial ground originated from
the 313 and 333 Buildings. Miscellaneous contaminated equipment and hundreds of 114 L. (30-gal) drums
of zircaloy chips contaminated with moderate amounts of beryllium and uranium were buried in the
trenches from 1960 to 1973 (BHI-00012).

618-8 Burial Ground — Solid Waste Burial Ground No. 8, Early Solid Waste Burial Ground. The
site is assumed to have been used for the disposal of uranium contaminated construction debris from the
remodeling of the 313 Building. The site was in operation between 1943 and 1954. Remediation of the
618-3 Burial Ground was authorized by the EPA/ROD/R10-01/119. Remedial activities for the

618-8 Burial Ground were conducted from November 2004 through September 2005. Approximately
6,462 metric tons (7,125 tons) of material were removed from the site and transported to the ERDF
(CVP-2006-00006, Cleanup Verification Package for the 618-8 Burial Ground).

618-9 Burial Ground — 300 West Burial Ground, Dry Waste Burial Site No. 9. The site was a burial
ground composed of a single trench. In 1991, this burial ground was excavated. Approximately 2,600 L
(700 gal) of methyl isobutyl ketone, otherwise known as hexone, and 3,400 L (900 gal) of kerosene
solvent were recovered from 120 drums in the trench’s western end. Severely corroded drums also were
found at the eastern end of the trench. Approximately 39.6 m® (1,400 ft%) of debris also was found,
including more than 80 empty drums, a wheelbarrow, scrap process equipment, construction debris,
two breached bags of ammonium nitrate, unidentified white powders, and several lead bricks
(DOE/RL-91-38, Engineering Evaluation of the 618-9 Burial Ground Expedited Response Action).

618-13 Burial Ground — 300 North Solid Waste Burial Ground. The unit consists of a mound of soil.
The site was originally a single-use disposal site for contaminated soil removed from the 303 Building
perimeter in 1950. It is believed that the mound of soil later served as a safety shield (blast shield) for
drums of hexone stored in buildings on the west side of the berm before being buried in the 618-9 Burial
Trench in 1954. This site received uranium-contaminated topsoil removed from around the 303 Building.
Total activity buried in the site is not known.

Discussion of the nature and extent of contamination associated with the 600 Area burial grounds and the
316-4 Crib is provided in Section 2.6.

2.2 Waste Site Descriptions

Past operations, waste-disposal practices, spills, intentional releases, and unplanned releases resulted in
contamination of facility structures, underlying soil, and eventually underlying ground water in the
300 Area. The areas of contamination in the soil and remaining structures following D4, such as pads or
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foundations, are classified as waste sites in accordance with the Tri-Party Agreement. The purpose of this
section is to provide an overall description of the waste sites located in the 300 Area. A description of the
specific waste sites posing a high risk to the contamination of groundwater and are relevant to the
description of the CSM are discussed in Section 2.6. The description and brief history of the 300 Area
waste sites are summarized in Appendix A. Waste sites can be organized into primary and secondary
sites, depending on the source and nature of contamination. Primary waste sites consist of contaminated
buildings, structures, and sewer lines that resulted directly from laboratory and fuel processing activities
(Section 2.1). The 300 Area uranium fuel manufacturing and other mission support activities resulted in
numerous liquid and solid waste streams intentionally discharged or leaked to the soil column. The
secondary waste sites consist of the waste sites that received these waste streams. Some of these
secondary waste sites include South and North Process Ponds (316-1 and 316-2); 307 and 300 Area
Process Trenches (316-3 and 316-5); and solid waste burial grounds (618-1, 618-2, 618-3, 618-4, 618-7,
618-8, 618-9, 618-10, 618-11, 618-12, and 618-13).

Wiaste sites in the 300 Area are located in three separate geographical locations. These include the

300 Area (Appendix B), the 400 Area (Figure 2-7), and the 600 Area, which includes the

618-10 (Figure 2-12) and 618-11 Burial Grounds (Figure 2-13), and 316-4 Crib (Figure 2-12).

As of January 2010, there were 504 waste sites within the 300 Area. Table 2-3 provides a breakout of the
waste sites by OU. A complete list and brief description of waste sites located in the 300 Area is provided
in Appendix A. Waste site classifications are defined in accordance with RL-TPA-90-0001, Tri-Party
Agreement Handbook Management Procedures, Guideline Number TPA-MP-14, “Maintenance of the
Waste Information Data System (WIDS).” The WIDS definitions are used throughout this document in
reference to the state and classification of the different waste sites. Initially WIDS waste sites are
classified as accepted or not accepted. After assessment and/or remedial action, the WIDS waste sites

are reclassified.

The waste sites classified and/or reclassified as follows:

¢ Discovery: This is the initial classification of a newly discovered WIDS site based on evidence of a
potential site where the assessment is not complete.

o Accepted: The WIDS site is a waste management unit as defined in the Tri-Party Agreement Action
Plan, Section 3.1.

¢ Not accepted: A classification status indicating an assessment was made that a WIDS site is not a
waste management unit and, therefore, is outside the scope of the Tri-Party Agreement Action Plan
(Ecology et al., 1989b, Section 3.1). This classification requires lead regulatory agency approval.

¢ Interim Closed Out: A reclassification status indicating that a waste management unit meets cleanup
standards specified in an interim action ROD or action memorandum due to actions taken, but for
which a final ROD has not been issued.

¢ Closed Out: A reclassification status, based on actions taken, indicating a waste management unit
meets applicable cleanup standards or closure requirements.
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¢ No action: A reclassification status based on an assessment of quantitative data collected for the
waste site indicating that the site does not require further remedial action under RCRA corrective
actions, CERCLA, or other cleanup standards.

¢ Consolidated: A reclassification status indicating that a WIDS site is a duplicate of, physically
located within, or adjacent to another WIDS site and will be dispositioned as part of the other WIDS
site. A consolidated WIDS site requires no further updates after reclassification. All updates are
limited to the WIDS site into which it was consolidated.

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

Table 2-3 presents a summary of the WIDS classification and reclassification status for waste sites
identified in the 300, 400, and 600 Areas as documented in Stewardship Information Systems (SIS).
Tables 2-4, 2-5, and 2-6 show the individual waste reclassification status for all 300 Area waste sites.

Table 2-3. Summary of Waste Sites in the 300 Area

Total Number Interim
of Waste Closed Closed No Not
ou Sites® Oout’ Out” Action” Accepted™ Accepted’ Consolidated” Discovery”

300-FF-1 38 33 1 4 0 0 0 0
300-FF-2 347 40 4 4 179 89 30 1
Total 385 73 5 8 179 89 30 1
300 Area

300-FF-1 0 0 0 0 0 0 0 0
300-FF-2 69 5 0 1 59 4 0 0
Total 69 5 0 1 59 4 0 0
400 Area

300-FF-1 3 2 0 1 0 0 0 0
300-FF-2 47 3 8 1 14 10 10 1
Total 50 5 8 2 14 10 10 1
600 Area

Total in 504 83 13 11 252 111 40 2
300 Area

Notes:

Additional information for waste sites is provided in Appendix A.
Source: SIS, December 31, 2009.

a. Total number of sites includes discovery sites.

b. WIDS classification status categories are described in Section 2.2.
c. Includes Rejected sites.
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Table 2-4. Reclassification Status of 300 Area (Industrial Complex) Waste Sites

Reclassification

Status® Waste Site(s) Total
300-FF-1 QU
Closed Out 300 ASH PITS, 300 RFBP, 300-44, 300-49, 300-50, 316-1, 316-2, 316-5, 332 SF, 33
618-12, UPR-300-15, UPR-300-19, UPR-300-20, UPR-300-21, UPR-300-22,
UPR-300-23, UPR-300-24, UPR-300-25, UPR-300-26, UPR-300-27,
UPR-300-28, UPR-300-29, UPR-300-30, UPR-300-32, UPR-300-33,
UPR-300-34, UPR-300-35, UPR-300-36, UPR-300-37, UPR-300-47, UPR-300-8,
UPR-300-9, UPR-300-FF-1
Interim Closed Out 300-275 1
No Action 300 FBP, 300-3, 300-51, 300-52 4
Not Accepted None 0
Rejected None 0
Consolidated None 0
Discovery None 0
300-FF-2 OU
Closed Out 300 SE, 300-10, 300-19, 300-223, 300-23, 300-231, 300-262, 300-272, 300-35, 40
300-37, 300-45, 300-53, 300-57, 303-K CWS, 304 CF, 304 SA, 305-B SF, 311
MT1, 311 MT2, 311-TK-40, 311-TK-50, 313 CENTRIFUGE, 313 FP, 313 MT, 313
URO, 313-TK-2, 333-TK-11, 333-TK-7, 334 TFWAST, 334-A-TK-B, 334-A-TK-C,
3718-F BS, 3718-F SF, 3718-F TT1, 3718-F TT2, BTTF, PCTTF, TTTF,
UPR-300-41, UPR-300-7
Interim Closed Out 300 VTS, 300-18, 300-275", 300-8, 618-2 5
No Action 300-1, 300-253, 300-29, 331 LSLDF 4
Not Accepted 300 SSS, 300-100, 300-103, 300-104, 300-107, 300-108, 300-111, 300-115, 53
300-12, 300-127, 300-128, 300-129, 300-13, 300-130, 300-17, 300-180, 300-184,
300-190, 300-191, 300-204, 300-205, 300-206, 300-207, 300-208, 300-209,
300-21, 300-210, 300-217, 300-220, 300-225, 300-240,300-241, 300-242,
300-243, 300-244, 300-250, 300-36, 300-42, 300-47, 300-63, 300-72, 300-73,
300-74, 300-77, 300-79, 300-87, 300-93, 300-94, 300-97, 300-98, 313 CRO,
UPR-300-18, UPR-300-31
Rejected 300 IFBD, 300 PHWSA, 300-101, 300-102, 300-105, 300-106, 300-112, 300-113, 126

300-114, 300-116, 300-117, 300-118, 300-119, 300-120, 300-122, 300-124,
300-125, 300-126, 300-14, 300-151, 300-152, 300-153, 300-154, 300-155,
300-156, 300-157, 300-158, 300-159, 300-160, 300-161, 300-162, 300-163,
300-164, 300-165, 300-166, 300-167, 300-168, 300-169, 300-170, 300-171,
300-172, 300-173, 300-174, 300-176, 300-177, 300-178, 300-179, 300-181,
300-182, 300-183, 300-185, 300-186, 300-187, 300-188, 300-189, 300-192,
300-193, 300-194, 300-195, 300-196, 300-197, 300-198, 300-199, 300-200,
300-201, 300-202, 300-203, 300-211, 300-212, 300-213, 300-215, 300-222,
300-226, 300-227, 300-228, 300-230, 300-235, 300-236, 300-237, 300-238,
300-239, 300-248, 300-26, 300-261, 300-266, 300-267, 300-27, 300-271, 300-30,
300-55, 300-56, 300-58, 300-59, 300-60, 300-61, 300-62, 300-64, 300-65,
300-66, 300-67, 300-68, 300-69, 300-70, 300-71, 300-75, 300-76, 300-78,
300-85, 300-86, 300-88, 300-89, 300-90, 300-91, 300-95, 300-96, 300-99, 315
RSDF, 331-C WHSA, 335 & 336 RSDF, 340 CHWSA, 350 HWSA, 3713
PSHWSA,3713 SSHWSA, 3746-D SR, 618-6, UPR-300-43
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Table 2-4. Reclassification Status of 300 Area (Industrial Complex) Waste Sites

Reclassification

Status’®

Waste Site(s)

Total

Accepted

300 RLWS, 300 RRLWS, 300-109, 300-11, 300-110, 300-121, 300-123, 300-15,
300-16, 300-175, 300-2, 300-214, 300-218, 300-219, 300-22, 300-224, 300-24,
300-249, 300-25, 300-251, 300-255, 300-256, 300-257, 300-258, 300-259,
300-260, 300-263, 300-264, 300-265, 300-268, 300-269, 300-270, 300-273,
300-274° , 300-276, 300-28, 300-32, 300-33 300-34, 300-39, 300-4, 300-40,
300-41, 300-43, 300-46, 300-48, 300-5, 300-6, 300-7, 300-80, 300-9, 303-M SA,
303-M UOF, 307 Retention Basins, 309-TW-1, 309-TW-2, 309-TW-3, 309-WS-1,
309-WS-2, 309-WS-3, 313 ESSP, 316-3, 323 TANK 1, 323 TANK 2, 323 TANK 3,
323 TANK 4, 325 WTF, 331 LSLT1, 331 LSLT2, 333 ESHWSA, 333 WSTF, 340
COMPLEX, 3712 USSA, 600-117, 600-117:1, 618-1, 618-1:1, 618-1:2,
UPR-300-1, UPR-300-10, UPR-300-11, UPR-300-12, UPR-300-17, UPR-300-2,
UPR-300-38, UPR-300-39, UPR-300-4, UPR-300-40, UPR-300-42, UPR-300-45,
UPR-300-46, UPR-300-48, UPR-300-5

93

Consolidated

300-131, 300-132, 300-133, 300-134, 300-135, 300-136, 300-137, 300-138,
300-139, 300-140, 300-141, 300-142, 300-143, 300-144, 300-145, 300-146,
300-147, 300-148, 300-149, 300-150, 300-81, 300-82, 300-83, 300-84, 300-92,
333 ESHTSSA, 333 LHWSA, UPR-300-13, UPR-300-14, UPR-300-44

30

Discovery

300-277

Notes:

Additional information for 300 Area wastes sites is provided in Appendix A. Mobile Offices were not considered.
Source: SIS, December 31, 2009.
a. WIDS classification status categories are described in Section 2.2,

b. Waste site 300-275 is a potential landfill located within the boundaries of the 300-FF-1 OU, but has been

"plugged-in” to the 300-FF-2 OU ROD through the "plug-in” or “analogous sites” approach (EPA/ROD/R10-01/119).
c. Waste site 300-274 has been remediated and is awaiting the completion of the RSVP process.

BS = Burn Shed PSHWSA = Paint Shop Hazardous Waste
BTTF = Biological Treatment Test Facility Satellite Area
CF = Concretion Facility RFBP = Retired Filter Backwash Pond
CHWSA = Complex Hazardous Waste Storage Area RRLWS = Retired Radioactive Liquid Waste
CRO = Copper Remelt Operations Sevyer ) o
CWS - aniaminsisd Wasts Siorags RSDF = Retired Sanitary Drain Field
ESHTSSA = East Side Heat Treat Salt Storage Area 2? Z 32232 ?;ec{ijlity
ESHWSA = East Side Hazardous Waste Storage Area .
g SRR AR, stWSA Z z:lg\,:rsiigolil/zrz);rdous Waste
FBP = Filter Backwash Pond St life Sren
FP = Filier Press SSS = Sanitary Sewer System
HiNSA = Hazardeus Viste Staragefrea TFWAST = Tank Farm Waste Acid Storage Tank
LHWSA = Laydown Hazardous Waste Storage Area TTTE - Thermal Treatment Test Facility
LSLDF = Life Sciences Laboratory Drainfield UOF - Uranium Oxide Facility
LSLT = Life Sciences Laboratory Trench URO - Uranium Recovery Operations
MT = Msiitafio! Tank VTS = Vitrification Test Site
PCTTF = Physical and Chemical Treatment WSTF = et Sl e Tiarile Barm

Test Facility
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Table 2-5. Reclassification Status of 400 Area Waste Sites

Reclassification

Status* Waste Sites Total
300-FF-2 OU
Closed Out 400-31, 400-5, 427 HWSA, 4831 LHWSA, 4843 Building 5
Interim Closed Out ~ None 0
No Action 400-36 1
Not Accepted 400 FD10, 400 FD10A, 400 RFD, 400 SBT, 400-10, 400-15, 400-2, 400-20, 16
400-21, 400-22, 400-26, 400-28, 400-29, 400-3, 400-34, 400-35
Rejected 400 FD1A, 400 FD1B, 400 FD2, 400 FD3, 400 FD4, 400 FDS5, 400 FD6, 400 FD7, 43
400 FD8, 400 FD9, 400 RSP, 400 RST, 400 SS, 400 STF, 400-1, 400-11, 400-12,
400-13, 400-14, 400-16, 400-17, 400-18, 400-19, 400-23, 400-24, 400-25, 400-32,
400-33, 400-39, 400-4, 400-6, 400-7, 400-8, 400-9, 403 FD, 4713-B FD, 4713-B
HWSA, 4713-B LDFD, 4721 FD, 4722 PSHWSA, 4722-B FD, 4722-C FD,
UPR-400-1
Accepted 400 PPSS, 400-37, 400-38, 437 MASF 4
Consolidated None 0
Discovery None 0
Notes:
Additional information is provided in Appendix A. Mobile Offices were not considered.
Source: SIS, December 31, 2009.
* WIDS classification status categories are described in Section 2.2.
FD = French Drain RFD = Retired French Drain
HWSA = Hazardous Waste Storage Area RST = Retired Septic Tank
LDFD = Loading Dock French Drain SBT = Sand Bottom Trench
LHWSA = Laydown Hazardous Waste Storage Area RSP = Retired Sanitary Pond
PSHWSA = Paint Shop Hazardous Waste Satellite Area STF = Sanitary Tile Field
Table 2-6. Reclassification Status of 600 Area Waste Sites
Reclassification
Status” Waste Sites Total
300-FF-1 OU
Closed Out 618-4, 628-4 2
Interim Closed Out None 0
No Action UPR-600-15 1
Not Accepted None 0
Rejected None 0
Accepted None 0
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Table 2-6. Reclassification Status of 600 Area Waste Sites

Reclassification

Status* Waste Sites Total
Consolidated None 0
Discovery None 0

300-FF-2 OU
Closed Out 600-278, 600-46, 618-9 3
Interim Closed Out 600-243, 600-259, 600-259:1, 600-259:2, 600-47, 618-13, 618-3, 618-5, 10
618-7, 618-8
No Action 600-22 1
Not Accepted 600-155, 600-210, 600-244, 600-245, 600-248, 600-255, 600-265, 600-64, 10
600-96, 600-97
Rejected 600-1, 600-246, 600-247, 600-249 4
Accepted 316-4, 600-276, 600-58, 600-59, 600-60, 600-62, 600-63, 618-10, 618-11, 10
UPR-600-22
Consolidated UPR-600-1, UPR-600-10, UPR-600-2, UPR-600-3, UPR-600-4, UPR-600-5, 10
UPR-600-6, UPR-600-7, UPR-600-8, UPR-600-9
Discovery 600-290 1
Notes:

Additional information is provided in Appendix A. Mobile Offices were not considered.
Source: SIS, December 31, 2009.
* WIDS classification status categories are explained in Section 2.2.
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2.3 Description of 300 Area Facilities

Over the history of the 300 Area, 266 facilities were constructed in the 300 Area (industrial complex) and
the 400 Area. A total of 253 of these facilities were buildings, utilities, sewer systems and pipeline
components, and various mission support structures. The majority of the 300 Area facilities are located in
the 300 Area (industrial complex) with a smaller number located in the 400 Area. No 300 Area facilities
were built in the 600 Area. The 400 Area consists of the FFTF and supporting facilities (DOE/RL-94-38,
Remedial Investigation/Feasibility Study Work Plan for the 300-FF-2 Operable Unit, p. 2-2). Table 2-7
shows the status of facilities in the 300 Area. Summary information for each of the 300 Area facilities is
presented in Appendix C, Table C-2.

Table 2-7. Summary Information on the Status of 300 Area Facilities

Total Number Planned Status

Area of Facilities Demolished Removed Active Inactive Construction TBD?
300 228 141 11 45 31 2 0
400 38 2 2 13 21 0 0
600" 0 0 0 0 0 0 0
Total in 266 143 13 58 52 2 0
300 Area
Notes:

Mobile Offices were not considered.

Source: SIS, current as of January 2010.

a. The status of these facilities is TBD; project is in process to determine status.
b. No 300 Area facilities were constructed in the 600 Area.

TBD = to be determined

2.3.1 300 Area (Industrial Complex) Facilities

Facilities located in the 300 Area (industrial complex) included mainly technical and production support
facilities related to the manufacturing of uranium fuels, which constituted the major function of the

300 Area beginning with the Manhattan Engineering District mission in 1943. A description of the
operational and process history associated with the facilities constructed in the 300 Area (industrial
complex) is provided in Section 2.1.1. Appendix B presents a series of maps showing the facilities and
waste sites located in the 300 Area (industrial complex).

The 300 Area facilities have a status of active, inactive, removed, and demolished. A total of 141 facilities
have been demolished. Thirty-one inactive facilities are awaiting demolition and 45 facilities are currently
active. Several buildings and supporting utilities will remain active in the 300 Area through at least 2011
(WCH-181, 300 Area Building Retention Evaluation Mitigation Plan, Chapters 1 and 2). Table 2-8 lists
the buildings and supporting facilities that will remain in the 300 Area, including delayed facilities
(potentially 2011), and long-term facilities and utilities (potentially 2027).
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Table 2-8. Facilities Remaining in the 300 Area

Facility Responsibility Disposition
312 River Pumphouse PNNL Retained long term (~2027)
318 Laboratory Complex PNNL Retained long term (~2027)
318-BA Boiler Annex Mission Support Alliance, LLC Retained long term (~2027)
3220 Telecommunications Hub ~ Mission Support Alliance, LLC Retained long term (~2027)
325 Laboratory Complex PNNL Retained long term (~2027)
325-BA Boiler Annex PNNL Retained long term (~2027)
331 Life Sciences Laboratory PNNL Retained long term (~2027)
331 Complex Boiler Annex Mission Support Alliance, LLC Retained long term (~2027)
339-A Hanford Local Area Mission Support Alliance, LLC Retained long term (~2027)
Network Hub
350 Maintenance Shop PNNL Retained long term (~2027)
3507 Microwave Tower Mission Support Alliance, LLC Retained long term (~2027)
3508-T1, -T2, T3 Sirens Mission Support Alliance, LLC Retained long term (~2027)
351-A and B Electrical Station Mission Support Alliance, LLC Utilities/services retained long term (~2027)
352-F Electrical Substation Mission Support Alliance, LLC Utilities/services retained long term (~2027)
36714A River Monitoring Station ~ PNNL Utilities/services retained long term (~2027)
3709A Fire Station Mission Support Alliance, LLC Retained long term (~2027)
3709B Fire Equipment Storage ~ Mission Support Alliance, LLC Retained long term (~2027)
3790 Security Office Building Mission Support Alliance, LLC Delayed (potentially 2011 or later)

3906 B Lift Station

River Corridor Closure

Retained long term (~2027)

3906 C Monitoring Station

River Corridor Closure

Retained long term (~2027)

326 PNNL Delayed (potentially 2011 or later)
326-BA PNNL Delayed (potentially 2011 or later)
329 PNNL Delayed (potentially 2011 or later)
320 PNNL Delayed (potentially 2011 or later)
320-BA PNNL Delayed (potentially 2011 or later)
Sources:

WCH-181, 300 Area Building Retention Evaluation Mitigation Plan.

WIDS, as of January 2010.

2.3.2 400 Area Facilities

There are a total of 38 facilities in the 400 Area. The area contains several major buildings and structures,
including the FFTF reactor and its support facilities. A brief description of the operational and process
history associated with the 400 Area FFTF is provided in Section 2.1.3. The active status 437 MASF is
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being used for the decontamination of radioactive and/or sodium-contaminated FFTF equipment. All
other facilities in the 400 Area are scheduled for demolition by FY 2030.

2.4 Remediation Actions

This section describes the remediation actions that have occurred within the 300 Area as part of the
CERCLA process. The description is separated into activities that have occurred prior to approximately
January 2010 and those that are ongoing or planned. For groundwater, remediation actions thus far have
involved continued monitoring and characterization as part of the RI process, and include actions that
have been or are currently being conducted under three groundwater OUs: 300-FF-5, 200-PO-1, and
1100-EM-1. Contaminants associated with each of these three OUs have co-mingled in the groundwater
beneath the 300 Area. Treatability testing of potential remedial action technologies to immobilize
uranium in the subsurface also has been initiated in the 300 Area industrial complex.

241 Past Remediation Actions

The description of past remediation actions starts with facilities, progresses through waste sites, and ends
with groundwater. Progress at the 300 Area in removing liquid and solid waste disposal sites, and former
fuels fabrication facilities, is illustrated in before and after photographs in Figure 2-14. Section 4.6.1
presents a discussion of the remedial action process followed for contaminated source locations. That
discussion includes a description of protectiveness levels for direct exposure to soils, and for
groundwater.

2.4.1.1 D4 (Past Actions)

Active D4 of contaminated 300 Area facilities has been in operation since 2004. As of January 2010,
141 facilities have been demolished and 11 removed over the operation life of the 300 Area (Table 2-7).

300 Area Facilities

Several primary source facilities have been demolished to foundations and building pads. The primary
source facilities constitute those with the greatest potential to release contaminants to the environment
based on process history and unplanned releases of process and waste materials. A list of the demolished
primary source facilities with demolition dates is provided in Table 2-9. All of the uranium fuel
production facilities located in the northern portion of the 300 Area (industrial complex) have been
demolished. Figure 2-15 shows an aerial photo of the 300 Area in 2004 before site remediation and

D4 activities. Figure 2-16 shows a recent aerial photo of the 300 Area and an insert of a photo showing
the many building labels that were removed from the demolished buildings and posted along the western
boundary fence of the 300 Area along Stevens Drive. Approximately 40,914 metric tons (45,101 tons) of
material was transported to the ERDF as part of the 300 Area D4 activities between August 2005 and
February 2009. This is equivalent to 3,469 loads transported by a standard 10-wheel dump truck.

400 and 600 Area Facilities (Past Actions)

As of January 2010, in the 400 Area two facilities have been demolished, the 401 FFTF Visitor’'s Center
and the 4722-D Carpenter Shop, and one mobile office removed. Sections 2.3 and 2.4.2.1 provide
information regarding the future D4 activities in the 400 Area. There were no 300 Area facilities
constructed in the 600 Area.
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Figure 2-14. Aerial Photos Showing the 300 Area in (a) 1950 and (b) 2008
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Table 2-9. List of Demolished Primary Source Facilities in the 300 Area

Demolition
Facility Date Status of Building Site
313 Nuclear Fuels Manufacturing 2005 313 Building foundation/slab remains with waste site
Support Building UPR-300-38, uranium-contaminated soil beneath
building foundation
314 Press Building (Metal Extrusion 2005 314 Building foundation/slab in process of being
Building) removed with waste site 300-218, contaminated soils
beneath the 314 and 314A Buildings foundation
306 East Fabrication and Testing 2007 306-E and 306-W Building foundations/slab removed
Laboratory and 306 West Metal with waste sites 300-33, contaminated soil around and
Fabrication Development Building beneath the 306W Building foundation; and 300-256,
contaminated soil around and beneath the
306E Building foundation
333 Fuels Manufacturing Building 2006 333 Building foundation/slab removed with waste site
300-32, remaining contaminated components of the
former 333 Building
334 Chemical Handling Facility and Tank 2005 334 Building foundation/slab removed. Site is located
Farm, and 334-A Building and WATS near waste site 300-224, a subsurface, concrete pipe
trench with sections that allowed piping connections to
be made between process operations in the
313 Building, 303-F Building, 311 Tank Farm,
333 Building, 334-A Building, and 334 Tank Farm
303 A-J Fresh Metal Storage Buildings 2006 Building foundations/slabs remain
303-M 2006 Building foundations/slab remains
304 Uranium Scrap Concentration 2006 Building foundation/pad remains
Storage Facility
311 Tank Farm and 311 Building 2006 Foundations/pads remain
321 Separation Building and 321-A (323) 2007 321 Building foundation/basement remains with
Metals Creep Laboratory UPR-300-4, contaminated soil beneath and south of the
321 Building
3706 Radiochemistry Laboratory 2007 3706 Building foundation/slab remains with waste site

300-46, contaminated soils around and beneath the
3706 Laboratory Building

Source: SIS, January 2010.
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Figure 2-15. Aerial Photo of Central 300 Area in 2004 Showing Facilities Before D4 Activities
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Figure 2-16. Aerial Photo of Central 300 Area in 2008 Following D4 Activities for Some Major Facilities
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24.1.2 Remediation of Waste-Disposal Sites (Past Actions)

In 1996, as a part of EPA/ROD/R10-96/143, 15 waste sites were identified in the 300 Area. These waste
sites consisted mainly of the high-volume, liquid waste disposal sites in the 300 Area (e.g., South Process
Pond [316-1], North Process Pond [316-2], and 300 Area Process Trenches [316-5]), and 618-4 Burial
Ground and 628-4 Landfill (1d) located in the 600 Area. The original 15 300-FF-1 OU waste sites have
been closed out or classified as no action (Section 2.2).

In 2001, as a part of EPA/ROD/R10-01/119, an additional 56 waste sites were indentified in the

300 Area. A total of 40 of these waste sites were located in the 300 Area (industrial complex), 7 waste
sites were located in the outlying areas north and west of the 300 Area industrial complex, and 9 waste
sites were located in the 600 Area. As of January 2010, 504 waste sites have been identified in the

300 Area (Table 2-3). Two of these waste sites are classified as discovery sites that will be considered for
reclassification to accepted or no-action waste sites.

As of January 2010, 96 waste sites have been closed out or interim closed out in the 300 Area (Table 2-3).
During the remediation process, about 710,200 metric tons (783,000 tons) of material was removed from
the 300 Area waste sites and transported to the ERDF for disposal. This mass is equivalent to

60,230 standard 10-wheel dump truck loads of soil. Approximately 13,000 samples have been collected
and analyzed as part of the closeout and cleanup verification activities in the 300 Area since 1995. A list
of the completed CVPs is provided in Table 2-10.

300 Area WIDS Sites (Past Actions)

By January 2010, 78 waste sites have been closed out or interim closed out in the 300 Area (industrial
complex). Table 2-4 provides a complete list of the 300 Area (industrial complex) waste sites and the
corresponding WIDS reclassification status.

400 Area WIDS Sites (Past Actions)
As of January 2010, five waste sites have been closed out in the 400 Area:

¢ 400-31, Sodium Storage Facility, 402 Building

e 400-5, Septic Tank or Cistern

o 427 HWSA, 427 Building Fuel Cycle Plant Hazardous Waste Storage Area
o 4831 LHWSA, 4831 Laydown Hazardous Waste Storage Area

o 4843 Building, 4843 Alkali Metal Storage Facility

Table 2-5 provides a complete list of the 400 Area waste sites and the corresponding WIDS
reclassification status.

Table 2-10. CVPs for Closed Out and Interim Closed Out Waste Sites in the 300 Area

CVP Document

Number CVP Title WIDS Waste Sites
300-FF-1 OU
BHI-01132 Verification Package for the 300 Ash Pits, 300 Area Ash Pits
300-FF-1 Operable Unit Ash Pits
(WIDS 300 Ash Pits)
BHI-01135 300-FF-1 Waste Site 300-44 300-44, UPR-300-FF-1

Verification Package
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Table 2-10. CVPs for Closed Out and Interim Closed Out Waste Sites in the 300 Area

CVP Document
Number

CVP Title

WIDS Waste Sites

BHI-01164

300 Area Process Trenches
Verification Package

316-5, 300 Area Process Trenches
UPR-300-8, 50% sodium hydroxide solution
UPR-300-9, uranium bearing nitric acid
UPR-300-15, uranium bearing acid

UPR-300-19, nitric, sulfuric, and chromic acid, followed
by ammonium bifluoride and sodium hydroxide

UPR-300-20, uranium bearing nitric and sulfuric acid
UPR-300-21, nitric acid

UPR-300-23, nitric and sulfuric acid

UPR-300-24, nitric and hydrofluoric acid
UPR-300-25, uranium bearing nitric and sulfuric acid
UPR-300-26, 50% sodium hydroxide solution
UPR-300-27, uranium-bearing nitric and sulfuric acid

UPR-300-28, hydrofluoric, nitric, and sulfuric acid with
copper, uranium, and zirconium in solution

UPR-300-29, hydrofluoric, nitric, sulfuric, and chromic
acid with copper, uranium, and zirconium in solution

UPR-300-30, hydrofluoric, nitric, sulfuric, and chromic
acid
UPR-300-47, 38% ethylene glycol solution

BHI-01298

300-FF-1 Operable Unit, North
Process Pond/Scraping Disposal
Area Verification Package

316-2, 300 Area North Process Pond
618-12, Scraping Disposal Area

CVP-2000-00020

Cleanup Verification Package for
Landfill 1A (WIDS Site 300-49)

300-49, Landfill 1A, UPR-300-FF-1

CVP-2000-00021

Cleanup Verification Package for
Landfill 1B (WIDS Site 300-50)

300-50, Landfill 1B, UPR-300-FF-1

CVP-2003-00001

Cleanup Verification Package for
Landfill 1D (WIDS Site 628-4)

628-4, Landfill 1D

CVP-2003-00002

Cleanup Verification Package for the
South Process Pond (WIDS Site
316-1), the Retired Filter Backwash
Pond (WIDS Site 300 RFBP),
300-262 Contaminated Soil, and
Unplanned Release Sites
UPR-300-32, UPR-300-33,
UPR-300-34, UPR-300-35,
UPR-300-36, UPR-300-37, and
UPR-300-FF-1

316-1, 300 Area South Process Pond

300 RFBP, 300 Area Retired Filter Backwash Pond
UPR-300-32, Acid Leaks at the 333 Building
UPR-300-33, Waste Leak at the 333 Building
UPR-300-34, Release to the Process Pond
UPR-300-35, Leak at the 333 Building
UPR-300-36, Acid Leak at the 333 Building
UPR-300-37, 333 Building Leaks

UPR-300-FF-1, 300-FF-1 Hot Spots, Surface
Radiation Survey for 300-FF-1

CVP-2003-00020

Cleanup Verification Package for the
618-4 Burial Ground

618-4, Burial Ground No. 4
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Table 2-10. CVPs for Closed Out and Interim Closed Out Waste Sites in the 300 Area

CVP Document

Number CVP Title WIDS Waste Sites
300-FF-2 OU
BHI-01134 300-FF-2 Waste Site 300-10 300-10, Burial Trench West of Process Trenches
Verification Package
BHI-01136 300-FF-2 Waste Site 300-45 300-45, Surface Contamination Area
Verification Package
BHI-01298 300-FF-1 Operable Unit, North UPR-300-7, Oil Spill at 384 Building

Process Pond/Scraping Disposal
Area Verification Package

CVP-2003-00002

Cleanup Verification Package for the
South Process Pond (WIDS Site
316-1), the Retired Filter Backwash
Pond (WIDS Site 300 RFBP),
300-262 Contaminated Soil, and
Unplanned Release Sites
UPR-300-32, UPR-300-33,
UPR-300-34, UPR-300-35,
UPR-300-36, UPR-300-37, and
UPR-300-FF-1

300-262, Contaminated Soil West of South Process
Pond

CVP-2003-00021

Cleanup Verification Package for the
618-5 Burial Ground

618-5, Burial Ground No. 5

CVP-2005-00004

Cleanup Verification Package for the
300-18 Waste Site

300-18, Surface Contaminated Area

CVP-2005-00005

Cleanup Verification Package for the
600-47 Waste Site

600-47, Dumping Area North of 300-FF-1

CVP-2005-00007

Cleanup Verification Package for the
300-8 Waste Site

300-8, Aluminum Recycle Storage Area

CVP-2005-00008

Cleanup Verification Package for the
600-259 Waste Site

600-259, Inactive Lysimeter Site East End and Special
Waste Form Lysimeter

CVP-2005-00009

Cleanup Verification Package for the
300 VTS Waste Site

300 VTS, 300 Area In-Situ Vitrification Test Site

CVP-2006-00005

Cleanup Verification Package for the
618-3 Burial Ground

618-3, Solid Waste Burial Ground No. 3

CVP-2006-00006

Cleanup Verification Package for the
618-8 Burial Ground

618-8, Solid Waste Burial Ground No. 8

CVP-2006-00010

Cleanup Verification Package for the
618-2 Burial Ground

618-2, Solid Waste Burial Ground No. 2

600 Area WIDS Sites (Past Actions)
Through January 2010, 15 waste sites have been closed out or interim closed out in the 600 Area:

618-4, Burial Ground No. 4

628-4, Landfill 1D

600-259, Inactive Lysimeter Site East End
600-259:1, Grout Lysimeter Site
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e 600-259:2, Grout Lysimeter Site

¢ 600-278, Bioremediation Pad Within Gravel Pit 9, Oil-Contaminated Soil
¢ 600-46, Cutup Oil Dump

e 600-47, Dumping Area North of the 300-FF-1 OU

e 618-13, 303 Building Contaminated Soil Burial Site

e 618-3, Solid Waste Burial Ground No. 3

e 618-5, Burial Ground No. 5

e 618-7, Solid Waste Burial Ground No. 7

¢ 618-8, Solid Waste Burial Ground No. 8

¢ 618-9, 300 West Burial Ground

e 600-243, Petroleum Contaminate Soil Bioremediation Pad

Table 2-6 provides a complete list of the 600 Area waste sites and the corresponding WIDS
reclassification status.

2.4.1.3 Groundwater Remediation Activities (Past Actions)

Active removal and/or in situ treatment of contamination in the aquifer beneath the 300 Area under
CERCLA or RCRA programs has not taken place to date. CERCLA decisions for interim action have
primarily involved continuing the RI process to characterize contamination in the aquifer, and
institutional controls on the use of groundwater. Under the CERCLA program, three OUs are associated
with groundwater contamination in the 300 Area:

e 300-FF-5, which covers groundwater impacted by sources in the 300 and 600 Area subregions.

e 200-PO-1, which is defined by the extent of the groundwater plume created by releases from 200 East
Area sources and includes groundwater beneath the 400 Area subregion.

e 1100-EM-1, which covers groundwater affected by sources to the southwest of the 300 Area
subregion, principally the inactive Horn Rapids Landfill, and non-Hanford Site facilities
and activities.

The following sections summarize remediation decisions currently in place and interim actions
concerning these OUs.

300-FF-5 Groundwater OU
The 1996 ROD for interim actions in the 300-FF-5 Groundwater OU (EPA/ROD/R10-96/143)14 calls for
the following:

¢ Continued monitoring of groundwater that is contaminated above health-based levels to ensure that
concentrations continue to decrease

o Institutional controls to ensure that groundwater use is restricted to prevent unacceptable exposures to
groundwater contamination

The technical basis for this ROD is contained in DOE/RL-94-85, Remedial Investigation/Feasibility Study
Report for the 300-FF-5 Operable Unit. Implementation of the interim action was described in an initial
operations and maintenance plan (DOE/RL-95-73, Operation and Maintenance Plan for the

14 The initial ROD was expanded geographically to include groundwater beneath the 618-11 and 618-10 Burial
Grounds in 2000; however, there were no changes in the specified interim actions (EPA/ESD/R10-00/524).
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300-FF-5 Operable Unit, Rev. 0), which included groundwater and surface water sampling and
analysis tasks.

In 2001, the first 5-year review of this ROD included an action item to update and expand the original
operations and maintenance plan for the OU by adding (1) more requirements for monitoring

along the river shoreline, and (2) an assessment of natural attenuation processes as a remedy
(EPA/ROD/R10-01/119, p. 300-17). The expanded operations and maintenance plan was released

in 2002 (DOE/RL-95-73, Rev 1, Draft B), along with a new SAP (DOE/RL-2002-11, 300-FF-5 Operable
Unit Sampling and Analysis Plan). An assessment of the natural attenuation remedy, along with a
description of trends for COPCs, subsequently was released in 2005 (PNNL-15127, pp. 5.1, and pp. 2.1 to
2.50, respectively).

Prepared in 2004, Tri-Party Agreement Milestone M-016-04-05 contained new initiatives to refine the
conceptual model for uranium and investigate candidate technologies for remedial action (PNNL-17034,
p. 2.10). The associated Tri-Party Agreement milestone (M-016-68) had deliverables due by March 31,
2005, which resulted in:

e A work plan for a Phase III FS for uranium in the 300 Area:

— DOE/RL-2005-41, Work Plan for Phase III Feasibility Study, 300-FF-5 Operable Unit
— DOE/RL-2005-47, 300-FF-5 Operable Unit Limited Field Investigation Plan

¢ An expanded groundwater report for FY 2004, to include a description of the conceptual model
for uranium:

— PNNL-15121, Uranium Geochemistry in Vadose Zone and Aquifer Sediments from the 300 Area
Uranium Plume

— PNNL-15127

In 2006, the second 5-year review of this ROD included an action item to complete an FS for uranium in
300 Area groundwater, to provide better characterization of the uranium contamination, an updated
conceptual model, validation of ecological consequences, and evaluation of treatment alternatives for
uranium (DOE/RL-2006-20, p. 3.17). The action item also requested testing of polyphosphate injection
into the aquifer as a means to immobilize uranium. Progress in response to the second 5-year review
action item for renewed FSs associated with uranium includes:

¢ Improved characterization of contaminant uranium in the subsurface:
— PNNL-16435
— PNNL-17031, A Site-Wide Perspective on Uranium Geochemistry at the Hanford Site

— PNNL-17793, Uranium Contamination in the 300 Area: Emergent Data and Their Impact on the
Source Term Conceptual Model

¢ Updated conceptual model for uranium contamination:
— PNNL-17034

— Yabusaki et al., 2008, “Building Conceptual Models of Field-Scale Uranium Reactive Transport
in a Dynamic Vadose Zone-Aquifer-River System”
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o Validation of ecological consequences:
— PNNL-16454, Current Conditions Risk Assessment for the 300-FF-5 Groundwater Operable Unit
— PNNL-16805, Investigation of the Hyporheic Zone at the 300 Area, Hanford Site
— DOE/RL-2007-21

— DOE/RL-2008-11, Remedial Investigation Work Plan for Hanford Site Releases to the
Columbia River

e Evaluation of treatment alternatives for uranium:

— PNNL-16761, Evaluation and Screening of Remedial Technologies for Uranium at the
300-FF-5 Operable Unit, Hanford Site, Washington

— DOE/RL-2008-36, Remediation Strategy for Uranium in Groundwater at the Hanford Site
300 Area, 300-FF-5 Operable Unit

o Testing of polyphosphate injection into the aquifer to immobilize uranium:

— PNNL-16571, Treatability Test Plan for 300 Area Uranium Stabilization Through
Polyphosphate Injection

— PNNL-17480
— PNNL-18529
— DOE/RL-2009-16

During the LFI for uranium in 2006, VOCs were unexpectedly encountered in the unconfined aquifer in
an interval of Ringold Formation sediment not previously sampled or monitored. A work plan was
prepared for additional drilling in 2007 to characterize that contamination (SGW-32607, Sampling and
Analysis Instructions for TCE Characterization, 300-FF-5 Operable Unit, Fiscal Year 2007).

The results provided additional information on the nature and extent of the contamination, and on
uranium contamination:

¢ Trichloroethene in an interval of finer grained Ringold Formation Unit E sediment (PNNL-17666)
¢ Contaminant uranium associated with sediment collected during drilling (PNNL-17793)

200-PO-1 Groundwater and 1100-EM-1 OUs
These two areas, 200-PO-1 and 1100-EM-1 OUs have large plumes that impact, or overlap upon the
300 Area, are discussed below and mentioned in this work plan because of those impacts.

200-PO-1 Groundwater

A ROD has not yet been developed for the 200-PO-1 Groundwater OU. The initial RI activities for the
200-PO-1 Groundwater OU were conducted as part of a RCRA facility investigation and corrective
measures study (DOE/RL-95-100, RCRA Facility Investigation Report for the 200-PO-1 Operable Unit,
DOE/RL-96-66, RCRA Corrective Measure Study for the 200-PO-1 Operable Unif). Groundwater
characterization activities are now conducted as part of the CERCLA RI/FS process, and a work plan for
those activities was released in early 2008 (DOE/RL-2007-31, Remedial Investigation/Feasibility Study
Work Plan for the 200-PO-1 Groundwater Operable Unif). Two groundwater SAPs are associated

with the work plan: the first is a SAP for routine groundwater monitoring throughout the OU
(DOE/RL-2003-04, Sampling and Analysis Plan for the 200-PO-1 Groundwater Operable Unif) and the
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second provides for a 2-year groundwater characterization study that will support groundwater
remediation decisions (DOE/RL-2007-31, Appendix A). The latter plan is the product of the DQO
process for groundwater remediation work that was conducted during FY 2006 and reported in FY 2007
(SGW-34011, Data Quality Objectives Summary Report Supporting the 200-PO-1 Groundwater
Operable Unif).

1100-EM-1 OU

The 1100 Area waste sites were removed from the EPA’s National Priorities List in 1996 (61 FR 51019,
“National Oil and Hazardous Substances Pollution Contingency Plan; National Priorities List Update”).
For groundwater in the 1100 Area, (i.e., the 1100-EM-1 OU, the selected remedy as described in
EPA/ROD/R10-93/063, Record of Decision for the USDOE Hanford 1100 Area Final Remedial Action,
pp- ito ii) included:

o Capping the Horn Rapids Landfill
o Offsite disposal of PCB-contaminated soil
¢ Offsite incineration of soils contaminated with bis(2-ethylhexyl)phthalate

¢ Natural attenuation of groundwater that currently exceeds maximum contaminant levels and
monitoring for compliance

o Continuation of institutional controls for groundwater and land use at the Horn Rapids Landfill

The technical basis for this ROD is provided in DOE/RL-92-67, Final Remedial Investigation/Feasibility
Study-Environmental Assessment Report for the 1100-EM-1 Operable Unit, Hanford. Implementation of
the remedy is described in PNNL-12220, Sampling and Analysis Plan Update for Groundwater
Monitoring — 1100-EM-1 Operable Unit.

The second 5-year review of the ROD (DOE/RL-2006-20, pp. xiii) produced an action item to modify
groundwater monitoring for the OU by reducing the number of wells and frequency of sampling.
This action was completed in June 2007 and is documented in Tri-Party Agreement Change Notice 163.

24.2 Ongoing Remediation Actions

The following sections describe remediation actions that were in progress as of March 2010. Other
contractors with ongoing projects in the 300 Area will require certain facilities and support infrastructure
remain, which will interfere with access to some identified WIDS sites and preclude remedial actions on
those sites (see Plate 1, [Draft, White Paper in process] 300 Area Facilities and Waste Sites to be
De-Scoped, which shows all interfered waste sites [by location and WIDS ID number] resulting from
long-term retained facilities). The white paper will be provided to the EPA when finalized, with the intent
to support decision making for interfered waste sites in the final 300-FF-2 Record of Decision.

24.21 D4 (Ongoing)

The D4 of facilities in the 300 Area is ongoing. Approximately 40 percent of the facilities scheduled for
D4 in the 300 Area (industrial complex) have been demolished or removed.

300 Area Facilities (Ongoing)

Several of the facilities in the 300 Area (industrial complex) are on a delayed demolition plan or long-
term use schedule and will not be demolished until around 2027 (Table 2-8). Many of the source facilities
in the 300 Area have been demolished and many of the remaining facilities scheduled for demolition are
not associated with soil contamination.
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400 Area and 600 Area Facilities (Ongoing)

The 400 Area FFTF reactor complex is currently in a safe shutdown condition until the final D4 of the
facilities can be completed. The deactivation is scheduled to be complete before the scheduled Tri-Party
Agreement date of February 2011. Completion of D4 activities in the 400 Area is scheduled for FY 2030.

There were no 300 Area facilities constructed in the 600 Area.

24.2.2 Remediation of Waste-Disposal Sites (Ongoing)

The following sections describe ongoing remediation actions at waste disposal sites that were in progress
as of January 2010.

300 Area Waste Sites (Ongoing)

As of January 2010, there are 89 waste sites classified as accepted in the 300 Area that are scheduled for
remediation. None of these waste sites is located in the 300-FF-1 OU and the remaining waste sites are
located in the 300-FF-2 OU. One new discovery site was located in the 300 Area (300-277, 300 Area
Queue Contamination). Remediation of the 300 Area (industrial complex) waste sites is ongoing and is
scheduled to continue through FY 2015.

400 Area Waste Sites (Ongoing)
There are four waste sites classified as accepted waste sites in the 400 Area that are scheduled for
remediation:

e 400 PPSS, 400 Area Process Pond and Sewer System
e 400-37, Fuel Oil Tank South of 4732-B

e 400-38, Fuel Oil Tank East of 4722-A Building Pad
e 437 MASF, 400 Area MASF

Remediation of these sites is scheduled to begin during FY 2012 and continue through FY 2014.

600 Area Waste Sites (Ongoing)

Within the 600 Area there are 10 waste sites classified as accepted that are scheduled for remediation and
one new discovery site (600-290, Contamination Found Near 618-13). Remediation of these sites is
ongoing and is scheduled to continue through FY 2015.

Additional remedial activities in the 600 Area include the development of a nonintrusive characterization
SAP for the 618-10 and 618-11 Burial Grounds (DOE/RL-2008-27). The SAP was approved, and
nonintrusive characterization sampling began in October 2009 at the 618-10 Burial Ground. The
characterization activities prescribed in this SAP will provide data and information needed for planning
future intrusive characterization activities (if required) and/or remediation strategies for the VPUs,
caissons, and trenches located in these burial grounds.

24.2.3 OSE Process

The OSE process is a systematic approach to review land parcels and identify potential waste sites within
the River Corridor that are not currently listed in existing CERCLA decision documents, such as RODs.
The scope of an OSE includes conducting historical reviews and field investigations; identifying
information gaps; conducting integrations activities, which includes briefing RL and the lead regulatory
agency; completing the TPA-MP-14 process; and issuing a summary report. New waste sites identified
through the OSE process may be added to the 300-FF-2 ROD through a fact sheet, characterized to
determine whether cleanup is required, and addressed in accordance with the selected remedy.
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An orphan site is a manmade feature, item, or activity area within the river corridor that (1) meets the
TPA-MP-14 criteria for waste site identification, (2) is not identified for characterization or cleanup
within the existing CERCLA decision documents, and (3) has been presented to and accepted by RL and
the lead regulatory agency (EPA or Ecology). A potential orphan site is a manmade feature, item, or
activity area identified within the river corridor during the historical review or field investigation
activities evaluated because it has the potential to be a contaminated site.

The OSE for the 300-FF-1 OU started in FY 2004 and was completed in April 2005. The historical
review identified additional components of the 300-276, 3607 Sanitary Sewer System waste site that
required attention. The field walk down identified two new waste sites: 300-275, Potential Landfill on
River Edge and 300-274, 300-FF-1 Scattered Surface Debris. Although these newly discovered waste
sites are physically located within the boundary of the 300-FF-1 OU, the sites were addressed with the
300-FF-2 OU scope. The OSE process for the 300-FF-2 OU started in October 2008 and is ongoing.

2.4.2.4 Groundwater Remediation Activities (Ongoing)

Interim actions under the 1996 ROD (EPA/ROD/R10-96/143) and 2000 ESD (EPA/ESD/R10-00/524)
for groundwater contamination in the 300 Area involve continued monitoring of conditions in
groundwater associated with the 300-FF-5 OU while natural processes act on the level of contamination
in groundwater. Changes in the “level” of contamination, such as changes in contaminant concentrations,
areas contaminated, and mass of contaminants, may occur as the result of human activities and

natural processes.

Groundwater withdrawal has occurred at various locations within the 300 Area to provide potable and/or
utility water for facilities (e.g., 400 Area facilities; Energy Northwest facilities), and to provide water for
use in aquariums at the 331 Building in the 300 Area. The latter withdrawal involves a volume of
groundwater that is significant in terms of the groundwater balance for the 300 Area and includes
groundwater contaminated by uranium. Initial estimates for the mass of uranium withdrawn from the well
suggested an average rate of approximately 20 kg/yr (44 Ib/yr) since 1982 (PNNL-15127, p. 2.3),
although flow-rate data for recent years reveal a rate of approximately 10 kg/yr (22 Ib/yr). Where
groundwater is extracted for use as potable water for Hanford Site facilities, radiological water quality
parameters are monitored under PNNL’s Drinking Water Project and other water quality parameters are
monitored by the Hanford Site’s water compliance organization, Fluor Hanford, Inc., during 2008;
PNNL-17603, Hanford Site Environmental Report for Calendar Year 2007 (Section 10.6, pp. 10.55

to 10.59).

The primary natural process that reduces the level of contamination in the aquifer is groundwater
discharge from the unconfined aquifer to the Columbia River. Some contaminants are currently at
concentrations that exceed human health based levels at near-river monitoring wells and aquifer tubes
beneath the shoreline. Estimates for the uranium removal rate from the aquifer beneath the 300 Area
suggest an average rate of about several hundred kilograms per year (PNNL-17034, p. 3.25). However,
based on recent three-dimensional computer simulations of groundwater movement through the
unconfined aquifer (PNNL-17708, Three-Dimensional Groundwater Models of the 300 Area at the
Hanford Site, Washington State, Table 5.1, p. 5.6), an assumed average concentration for the uranium
plume of 60 pg/L, and a width of 1,200 m (3,940 ft) at the shoreline, the current uranium plume actually
may be discharging a smaller amount, perhaps about several tens of kilograms per year.

The following paragraphs summarize the level of effort for groundwater monitoring that is in place during
the period of interim action in the 300 Area. Multiple uses of individual wells occurs to support the three
OUs involved, and coordination of sampling is done as part of the Soil and Groundwater Remediation
Project’s scheduling process to avoid duplication of effort.

2-53



DOE/RL-2009-30, REV. 0

300-FF-5 Groundwater OU

Approximately 46 wells monitor the 300 Area, along with sampling at 8 aquifer tube sites along the

300 Area shoreline (DOE/RL-2008-01, Hanford Site Groundwater Monitoring Report for Fiscal

Year 2007, Table A.14, pp. A.22 to A.24). Analyses for radiological contaminants include gross alpha,
gross beta, uranium, and H-3; and for chemical contaminants (e.g., VOCs and nitrate). Major anions and
cations also are monitored, along with other water quality indicators such as alkalinity and pH.

At the 618-11 Burial Ground subregion, six wells are in service to monitor groundwater impacts related to
potential releases from the burial ground (DOE/RL-2008-01, Table A-15, p. A.25). Radiological
contaminants monitored include gross alpha, gross beta, technetium-99 (Tc-99), H-3, and uranium. Basic
water quality parameters also are monitored.

At the 618-10 Burial Ground subregion, six wells also are in service to monitor potential releases from the
burial ground and past releases from the adjacent site of the former 316-4 Crib (DOE/RL-2008-01,

Table A-16, p. A-26). Analyses include radiological and chemical contaminants that might indicate
releases from the two waste sites (e.g., gross alpha, gross beta, uranium, and various chlorinated
hydrocarbons).

200-PO-1 Groundwater OU

Approximately 122 wells and 6 aquifer tube sites currently are monitored in the OU for a variety of
radiological and chemical contaminants (DOE/RL-2008-01, Table A.13, pp. A.18 to A.21). In the
“far-field” portion of the OU, where the OU overlaps with the 300 Area, contaminants of concern (COCs)
monitored are iodine-129 (I-129), nitrate, and H-3. Additional analyses for major anions and cations, and
other radiological contaminants (e.g., Tc-99 and uranium), also are conducted. Three wells at the

400 Area are monitored. Most sampling is conducted annually or triennially, with the next triennial event
scheduled for 2010.

1100-EM-1 OU

Under the original monitoring plan, 15 wells were monitored annually, with analyses for major anions
and VOCs (DOE/RL-2008-01, Table A.17, p A.27). During 2007, the level of monitoring was reduced to
sampling at three wells annually (Tri-Party Agreement Change Notice 163).

2.5 Environmental Setting

This section presents a description of the environmental setting for the 300 Area. The description includes
characteristics of surface and subsurface features and processes that are relevant to planning an RI.

The descriptions that follow in Sections 2.5.1 through 2.5.3 are for various aspects of the natural
environment for the 300 Area, and Sections 2.5.6 and 2.5.7 are for environmental resources and
human/cultural resources, are extracted from a document that describes the environmental setting of the
Hanford Site (PNNL-6415, Hanford Site National Environmental Policy Act (NEPA) Characterization,
pp- 4.1 to 4.13 and 4.25 to 4.35), unless otherwise cited. That document has been prepared to provide
consistent descriptions of the Hanford Site environment for use in documents associated with the
National Environmental Policy Act of 1969 (NEPA); RCW 43.21C, “State Government—Executive,”
“State Environmental Policy” (Washington State Environmental Policy Act); and CERCLA.

Sections 2.5.4 and 2.5.5 are developed in greater detail than the other sections, because they pertain more
directly to the environmental pathways that are significant in dispersing contaminants away from
waste sites.
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251 Physiography and Topography

The physiographic setting of the Hanford Site is relatively low-relief, the product of river and stream
sedimentation filling synclinal valleys and basins between the anticlinal ridges. Surface topography has
been dramatically modified within the past several million years by Pleistocene cataclysmic flooding,
Holocene eolian (i.e., wind) activity, and landsliding. The mega-scale cataclysmic floods during the
Pleistocene eroded sediments and scoured basalt bedrock, forming the “scabland” topography that is
visible to the north of the Hanford Site. Branching flood channels, giant current ripples, ice-rafted
erratics, and giant flood bars are among the landforms created by the floods and readily seen on the
Hanford Site. Since the end of the Pleistocene (about 10,000 years ago), winds have locally reworked the
flood sediments, depositing dune sands in the lower elevations and windblown silt around the margins of
the geologic basin within which the Hanford Site is situated. Under current climate conditions, most sand
dunes have been stabilized by vegetation, although active dunes do exist north of the 300 Area.

The southeastern portion of the Hanford Site within which the 300 Area resides is characterized by
relatively flat topography, with land surface elevations ranging between 115 and 118 m (377 and 387 ft)
at the 300 Area, and between 135 and 137 m (443 and 449 ft) at the 618-11 Burial Ground subregion and
Energy Northwest complex. The elevation of the Columbia River as it flows past the 300 Area typically
falls in the range of 104 to 108 m (341 to 354 ft).

252 Climate and Meteorology

The Hanford Site lies within the semiarid shrub-steppe Pasco Basin of the Columbia Plateau in
south-central Washington State. The region’s climate is greatly influenced by the Pacific Ocean and the
Cascade Mountain Range to the west, and other mountain ranges to the north and east. The Pacific Ocean
moderates temperatures throughout the Pacific Northwest, and the Cascade Range generates a rain
shadow that limits rain and snowfall in the eastern half of Washington State. The Cascade Range also
serves as a source of cold air drainage, which has a considerable effect on the wind regime on the Hanford
Site. Mountain ranges to the north and east of the region shield the area from the severe winter storms and
frigid air masses that move southward across Canada.

As measured at the Hanford Meteorological Station in the central portion of the Hanford Site, typical
seasonal temperatures range from an average low of 2 °C (35 °F) in December to an average high of

36 °C (96 °F) in July. Extremes include -31 °C (-23 °F) in February 1950 and 45 °C (113 °F) in

July 2006. Relative humidity at the Hanford Meteorological Station averages 76 percent during the winter
months and 36 percent in the summer. Average annual precipitation at the Hanford Meteorological
Station is 17 cm (6.8 in.), with extremes of 31.3 cm (12.3 in.) in 1995 and 7.6 cm (3 in.) in 1976. Most
precipitation occurs during the late autumn and winter. Snowfall typically occurs during December and
January, and rapid snowmelts are relatively common. Severe weather events are rare, although periods of
strong winds create blowing dust hazards. About 10 thunderstorms per year occur near the Hanford
Meteorological Station.

Six meteorological monitoring stations are located within the 300 Area boundaries: stations numbered
1,9, 11, 12, 14, and 30. All record wind speed, wind direction, temperature, and several record additional
weather parameters. Throughout the southeastern portion of the Hanford Site, the prevailing wind
direction near the surface is from the southwest during most months; winds from the northwest are less
common. The highest wind speeds are generally associated with wind from the southwest.

2.5.3 Regional Geologic Setting

The Hanford Site is located in the Columbia Basin of the Pacific Northwest. The Columbia Basin is an
intermontane basin between the Cascade Range and the Rocky Mountains. The Columbia Basin forms the
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northern part of the Columbia Plateau physiographic province and the Columbia River flood-basalt
province. Most of the geologic features visible in the Basin occurred during the last 18 million years of
the Cenozoic Era, but events as far back as the late Precambrian (2.3 billion years ago) have had
significant influence on the Cenozoic history of the area.

The Columbia Basin has four structural subdivisions or subprovinces, two of which are important to the
Pasco Basin and the Hanford Site: the Yakima Fold Belt and the Palouse Slope. The Yakima Fold Belt is
a series of anticlinal ridges and synclinal valleys in the western part of the Columbia Basin that has
predominantly an east-west structural trend. The Palouse Slope is the eastern part of the Columbia Basin
and shows little deformation with only a few faults and low-amplitude, long wavelength folds on an
otherwise gently westward-dipping paleoslope. The Hanford Site lies within the Pasco Basin, a geologic
structural basin situated between the Yakima Fold Belt and Palouse Slope geologic subprovinces.

The Saddle Mountains form the northern boundary of the Pasco Basin, while Rattlesnake Mountain forms
part of the southern boundary. Ridges and valleys of the Yakima Fold Belt are to the west of the Basin
and more gentle features of the Palouse Slope to the east.

The regional hydrogeologic setting for the 300 Area is described in PNNL-13080, Hanford Site
Groundwater Monitoring: Setting, Sources and Methods (pp. 3.1 to 3.17), which was prepared as
background information for the annual groundwater monitoring reports. Geomorphic features associated
with the modern Columbia River as it crosses the Hanford Site are described in detail in the Geologic
Atlas Series for the Hanford Reach of the Columbia River (BHI-01648, Late Pleistocene and
Holocene-Age Columbia River Sediments and Bedforms: Hanford Reach Area, Washington, Part 1). The
Wooded Island River Segment includes the eastern boundary of the 300 Area (BHI-01648, pp. 2-73

to 2-89). Appendix A of that report presents a comprehensive primer on the characteristics of fluvial
systems, including the relationship between the stream system and adjacent aquifer system, and the kinds
of sediment deposits associated with fluvial environments, such as those found beneath the 300 Area.

2.54 Hydrogeology

This section describes the geologic and hydrologic characteristics of the subsurface that are relevant to
migration of contaminants along environmental pathways in the 300 Area. Pathways of interest are those
along which a mobile waste constituent may migrate, given a transporting medium such as waste effluent,
infiltrating moisture, or groundwater.

No intentional disposal of significant volumes of hazardous or radiological liquid waste to the ground has
occurred in the 300 Area since 1994 and at the 618-10 Burial Ground subregion since 1956; none has
occurred at the 618-11 Burial Ground and 400 Area subregions (BHI-00012, Table 2-2, pp. 2-3 to 2-62).
Therefore, under current subsurface conditions, contamination that is present is dispersed under relatively
natural hydrologic conditions, which are significantly different from conditions that prevailed when large
volumes of liquid effluent were being disposed to infiltration facilities such as the North and South
Process Ponds (1943 to 1975), and 300 Area Process Trenches (1975 to 1994).

The following subsections describe the stratigraphy and hydrologic characteristics beneath each of the
major subregions within the 300 Area.

2.5.4.1 300 Area

The principal hydrologic and stratigraphic features beneath the 300 Area are illustrated in Figure 2-17.
More detailed descriptions are available in PNNL-16435 (pp. 3.1 to 3.18), and earlier reports, such as
PNL-2949, Geology and Groundwater Quality Beneath the 300 Area, Hanford Site, Washington

(pp. 4-1 to 4-12) and WHC-EP-0500, Geology and Hydrology of the 300 Area and Vicinity, Hanford Site,
South-Central Washington (pp. 11 to 58). A detailed description of hydrostratigraphic units as used in
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recent computer simulations of groundwater flow is presented in PNNL-17708 (pp. 2.1 to 2.13).

The following brief descriptions of the various stratigraphic intervals are modified after summary
descriptions in PNNL-17666 (pp. 2.10 to 2.12), unless otherwise cited. A summary of recent hydraulic
test results is shown in Table 2-11; a detailed summary of all available tests for the 300 Area is presented
in PNNL-17708 (pp. 2.15 to 2.16).

Surficial Sediment

The most recently deposited sediment contains reworked Hanford formation sandy gravel, eolian silt and
sand, and/or anthropogenic backfill of previously excavated sediment or coal plant ash waste. These
deposits overlie most of the 300 Area and their typical thickness falls in the approximate range of 1 to 6 m
(3.3to 19.7 ft). However, much of the 300 Area ground surface is covered by pavement and building
foundations, so only a portion of the surface is available for infiltration of natural precipitation through
surficial sediment. Evapotranspiration limits recharge that could mobilize and leach vadose zone
contaminants to a fraction of the annual average precipitation rate.

Estimates for the annual average recharge rate for surficial sediment in the 300 Area come from a site
approximately 10 km (6.2 mi) northwest of the 300 Area and near the 618-10 Burial Ground subregion.

A value of approximately 62 mm/yr (2.4 in/yr) for disturbed, unvegetated conditions has been reported
for that site (PNNL-17841, Compendium of Data for the Hanford Site (Fiscal Years 2004 to 2008)
Applicable to Estimation of Recharge Rates, pp. 4.1 to 4.11). Estimates at a second location at the
northwest corner of the 300 Area, (i.e., at the drill site for Well 699-S20-E10) suggest approximately

2 mm/yr (0.08 in/yr) for Well 699-S20-E10, 300-FF-5 Operable Unit, Hanford Site, Washington, pp. 23
to 29). Higher recharge rates may occur locally and episodically during periods of thunderstorms, rapid
snowmelt, and discharges associated with facilities and activities (e.g., consolidated runoff from buildings
and parking lots; water line breaks; application of dust suppression liquids; irrigation).
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Table 2-11. Hydraulic Conductivity Estimates from Recent Drilling Activities

Vertical Sequence LFI VOC Investigation
of Lithofacies
Stratigraphic Encountered
Formation (Typical) 399-3-18 | 399-3-19 | 399-3-20 | 399-3-21 | 399-2-5 | 399-4-14 | 399-3-22
Hanford Sandy gravel 22,000 >2,000 568 2300 2300 2400
Hanford Sandy gravel 2,200 No result
Ringold Muddy sandy gravel
Ringold Mud
Ringold Muddy sand
Ringold Sandy mud
Ringold Fine sand 0.04
Ringold Fine-medium sand 0.36 21.7 1.04 0.61
Ringold Medium-coarse sand | No result 41.2 Noresult | 1.73 | Noresult
Ringold Coarse sand
Ringold Silty sandy gravel 0.27 2.85
Ringold Silty sandy gravel 0.34
Ringold Silty sandy gravel 38.9 2.03 112 1.51
Ringold Silty sandy gravel 3.82 1.47 20.01 No result
Ringold Clayey silt Aquitard

Notes:

Hydraulic conductivity values (Kh) in meters per day, as measured using slug tests in individual boreholes. Shading
indicates finer-grained interval of concern.

PNNL-16435, Limited Field Investigation Report for Uranium Contamination in the 300-FF-5 Operable Unit at the
300 Area, Hanford Site, Washington.

SGW-36424, Borehole Summary Report for 300-FF-5 Operable Unit TCE Characterization Monitoring Wells C5575,
C5706, C5707, and C5708.

PNNL-17439, 300 Area VOC Program Slug Test Characterization Results for Selected Test/Depth Intervals for
Wells 399-2-5, 399-3-22, and 399-4-14.

Hanford Formation
The gravel-dominated sediment of the informally defined Hanford formation forms the remainder of the

vadose zone and the upper portion of the unconfined aquifer. This stratigraphic interval contains
unconsolidated and clast-supported sediment, with pebble- to boulder-sized gravel, and a poorly sorted
matrix of fine- to coarse-grained sand. Silt content varies and locally fills most or all matrices between
gravel clasts. Occasionally, matrix is missing, which produces an open-framework fabric. The water table
is situated within the gravelly, highly permeable sediment of the Hanford formation. The thickness of the
Hanford formation typically falls in the range of 13 to 19 m (42.6 to 62.3 ft). An erosional unconformity
separates the Hanford formation from the underlying Ringold Formation.
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Recent drilling for hydrogeologic characterization of the vadose zone and upper portion of the unconfined
aquifer did not reveal easily distinguishable or readily mapped facies/hydrogeologic changes within this
formation, at least within central 300 Area locations covered by the boreholes. Within the Hanford
formation, there are isolated occurrences of older, reworked Ringold Formation sediment, which is
distinguished by its more cohesive sediment structure, color, and/or degree of sorting. The reworked
Ringold Formation sediment also may contain zones with higher clay and silt content, and large Ringold
rip-up clasts (up to 0.7 m [2.3 ft] in diameter) are occasionally present (PNNL-14834, Sampling and
Hydrogeology of the Vadose Zone Beneath the 300 Area Process Ponds, pp. 4 to 8).

The saturated portion of the Hanford formation (i.e., portion below the water table) exhibits high
permeability characteristics compared to the underlying stratigraphic intervals, with hydraulic
conductivity estimates from field tests frequently exceeding 300 m/d (984 ft/d) (Table 2-11).

One implication of high permeability in the upper portion of the unconfined aquifer is that if contaminants
from the vadose zone enter the aquifer, they are rapidly dispersed laterally, with ultimate discharge to the
Columbia River, before there is much opportunity to contaminate deeper intervals in the aquifer.
However, because of the variability in hydraulic gradients that result from river stage fluctuations,

vertical mixing does occur to some extent, especially in the zone of groundwater/river water interaction
near the river.

Groundwater flow patterns for the upper portion of the unconfined aquifer beneath the 300 Area can be
inferred from the contours shown in Figure 2-18; flow direction is generally perpendicular to the
contours. For most of the year, regional groundwater movement converges into the 300 Area from the
northwest, west, and southwest, causing a generally southeasterly or easterly movement beneath the

300 Area. During the seasonal period of high Columbia River discharge in the spring months, flow
beneath the 300 Area becomes more southerly (PNNL-17708, pp. 2.14 to 2.21). The rate of movement for
groundwater plumes can be relatively high, with a recent tracer test revealing a rate as high as 15 m/d

(49 ft/d) (PNNL-17034, pp. 5.17 to 5.19). Several historical contaminant release events have been tracked
from their presumed source locations along the downgradient flow path, which also indicates similar
relatively high rates for plume movement (PNNL-17666, p. 3.2). Actual groundwater flow velocities
within the aquifer can be even higher than the net movement rate revealed by tracking tracers and plumes.
This is because plume movement may include a “back and forth” component, caused by changes in
Columbia River stage fluctuations and resulting shifts in the orientation of hydraulic gradients.

Most groundwater contamination is contained within the upper portion of the unconfined aquifer and
within the saturated sediment of the Hanford formation. The volume of groundwater within this interval
varies with the elevation of the water table. Groundwater from the upper portion of the unconfined aquifer
ultimately discharges to the Columbia River. In addition, some groundwater is removed on a regular basis
at the 300 Area from a water supply well that serves the 331 Life Sciences Building (i.e., Well 399-4-12).

At the 300 Area, Columbia River stage fluctuations create dynamic hydrologic conditions in the
unconfined aquifer. Hydraulic gradients change rapidly in steepness and orientation as the river stage
fluctuates on daily, weekly, seasonal, and multiyear cycles (PNNL-17708, pp. 2.14 to 2.32). The water
table currently moves up and down through a range of several meters, creating a subsurface zone that is
alternately saturated and unsaturated with groundwater, some of which contains contamination.
Complicating the scene even further, the principal COC, uranium, interacts with sediment, thus forming a
zone where contamination is potentially sequestered and slowed in its ultimate transport to the river
(PNNL-17034, pp. 3.4 to 3.15; Yabusaki et al., 2008, pp. 21 to 23).
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Depending on the geochemical environment, the tendency for dissolved uranium to sorb onto, or be
released from sediment, is variable. Changes in geochemical environment in saturated Hanford formation
sediment are most pronounced near the Columbia River, where river water intrudes into the aquifer. River
water is lower in bicarbonate content than groundwater, resulting in lower ionic strength and enhancing
the tendency for uranium to adsorb onto sediment. The magnitude of this exchange and the significance
regarding persistence of the plume are not clearly defined, but additional fieldwork proposed in this work
plan and research activities being conducted under the Integrated Field-Scale Research Challenge Project
will contribute to improved understanding.

Ringold Formation: Coarse Gravel

Cataclysmic flooding throughout the Pasco Basin during the Pleistocene epoch (approximately

1.8 million to 10,000 years before present) caused erosion into Ringold Formation sediments. These
erosional channels and depressions were then filled with the much younger, coarse-grained sediment of
the Hanford formation. At the 300 Area, one of two principal lithofacies in the Ringold Formation may be
present at this unconformable contact: a coarse gravel facies or a relatively finer grained facies of silt and
sand. Figure 2-19 shows the elevation of the contact between the Hanford and underlying Ringold
formations, and which of the two lithofacies is present at the contact.

The coarse gravel lithofacies of the Ringold Formation is composed of fluvial sediment that ranges from
gravel to silty/sandy gravel, with a thickness in the range 11 to 16 m (36 to 52.5 ft). Compared to the
overlying Hanford sediment, Ringold gravelly sediment contains fewer basalt fragments, greater
consolidation (induration), more rounded and better sorted grains, increased amounts of silt and clay,
color differences, and somewhat higher amounts of naturally occurring K-40. The chemistry of the
groundwater in the two formations is also different, as revealed by lower specific conductance (electrical
conductivity) in the Ringold sediment.

Saturated Ringold gravelly sediment is much less permeable than the overlying saturated Hanford
formation sediment because of the greater consolidation of grains, cementation, and matrix material.

The highest estimate for hydraulic conductivity in recent testing of the Ringold sediment indicated 39 m/d
(128 ft/d), which is lower by at least an order of magnitude than the overlying Hanford sediment

(Table 2-11). While no tracer test results or plume-tracking data sets are available, movement in coarse
Ringold sediment is expected to be slow compared to the overlying Hanford sediment, and probably
significantly slower than 1 m/d (3.2 ft/d).

Ringold Formation: Undesignated Finer Grained Interval

This interval of Ringold Formation sediment contains lithofacies that are predominantly silt or fine-,
medium-, and coarse-grained sand. Within this interval, grain size appears to increase with depth. During
a recent characterization drilling program in the central portion of the 300 Area (PNNL-17666), the finer
grained interval was encountered at or near the Hanford/Ringold contact and the various lithofacies were
confirmed by grab and core samples. Where observed, the interval ranges in thickness from 4 to 10 m
(23 to 32 ft).

Permeability is similar to or lower than the Ringold gravelly sediment, (i.e., very low to moderate) with
the highest value for hydraulic conductivity from recent testing estimated to be 41 m/d (134 ft/d). Some of
the attempts to collect groundwater samples from this interval during characterization drilling were met
with no yield at all from the sediment. Groundwater movement through this interval is expected to be
slow and significantly less than 1 m/d (3.2 ft/d). The interval is incised by the river channel, but
groundwater discharge to the river would be small because of the low permeability of the sediment.
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Ringold Formation Lower Mud Unit

The Ringold Formation lower mud unit underlies the Ringold Formation gravelly sediment. The unit is an
aquitard that forms the lower boundary of the unconfined aquifer system. This aquitard separates the
unconfined aquifer from deeper confined aquifers in the underlying Columbia River Basalt Group.

The lower mud unit contains silty clay to silty sand sediment, with very low permeability. A sharp,
well-defined contact boundary exists between the lower mud unit and the overlying fluvial gravel
sediment. The lower mud unit can be distinguished from the overlying sediment by a higher level of
natural potassium-40 (K-40) activity, as revealed by geophysical logging.

Vertical Distribution of Hydrogeologic Intervals

Geologic cross sections have been prepared to illustrate the vertical distribution of subsurface
hydrogeologic features beneath the 300 Area and their relationship to the Columbia River channel
(PNNL-17034, pp. 4.7 to 4.14). The Columbia River channel incises the Hanford formation and upper
portions of the Ringold Formation, which may be represented by either the gravelly or finer grained
interval lithofacies at the riverbed, depending on location. The cross sections also show the locations of
monitoring wells and the vertical extent of open intervals in those wells. Figure 2-20 is an index map to
the locations of the cross sections.

Cross section A-A’, shown in Figure 2-21, is oriented north-to-south along the 300 Area shoreline of the
Columbia River. The thickness of the unconfined aquifer is relatively constant along this section,
although the thickness and continuity of individual lithofacies vary. Cross section B-B’ shown in

Figure 2-22 extends from the northwest corner of the 300 Area southeastward across locations suspected
of having been sources for groundwater contamination (i.e., the former 300 Area Process Trenches and
South Process Pond). Most monitoring wells have open intervals in the saturated Hanford formation
sediment, although several wells have been completed to monitor the lower portion of the unconfined
aquifer and a confined, permeable interval beneath the Ringold formation lower mud unit. Cross
sections C-C’ (Figure 2-23) and D-D’ (Figure 2-24) provide information on stratigraphy beneath the
central portion of the 300 Area, and their eastern ends extend across the South Process Pond. The cross
section shown in Figure 2-25 extends from the southwest corner of the 300 Area northeastward. This
cross section extends across a major paleochannel that is filled with permeable Hanford formation
sediment; the section also crosses locations that are suspected sources for groundwater contaminants
(i.e., 307 Process Trenches; South Process Pond).

2.54.2 400 Area

The 400 Area, situated in the west central portion of the 300 Area, contains the FFTF and the Fuels and
Materials Examination Facility (FMEF). The hydrogeology beneath the 400 Area facilities is described in
a report prepared in 1991 to evaluate the potential impacts on groundwater caused by waste disposal at
the 400 Area Ponds (WHC-EP-0587, Groundwater Impact Assessment Report for the 400 Area Ponds,
pp- 28 to 37). Figure 2-26 is a cross section oriented south to north across the 400 Area that illustrates the
principal stratigraphic features associated with the unconfined aquifer. The following summary
description is from that report unless otherwise cited.
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Figure 2-21. Cross Section A-A’ Showing Stratigraphic Units and Monitoring Wells at the 300 Area
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Figure 2-22. Cross Section B-B’ Showing Stratigraphic Units and Monitoring Wells at the 300 Area
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Figure 2-24. Cross Section D-D’ Showing Stratigraphic Units and Monitoring Wells at the 300 Area
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Figure 2-25. Cross Section E-E’ Showing Stratigraphic Units and Monitoring Wells at the 300 Area
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The stratigraphic units of interest beneath the 400 Area are similar to those described in detail above for
the 300 Area in Section 2.5.4.1, with the exception of the characteristics for Hanford formation sediments.
At the ground surface, windblown deposits of fine- to medium-grained sand are present as stabilized
dunes where not modified by human activities. The surficial deposits overlie sandy sediments of the
Hanford formation that are referred to as the Touchet Beds. These deposits represent a less energetic
depositional environment than the coarse-grained, open framework gravelly deposits in the 300 Area.
Characteristic features of these dense sands include clastic dikes, which are vertical structures that range
in width from several inches to several feet. Their origin is related to the formation of large lakes during
periods that alternated with cataclysmic flooding of the Pasco Basin (depositional features associated with
Ice Age floods are described in Bjornstad, 2006, On the Trail of the Ice Age Floods. A Geological Field
Guide to the Mid-Columbia Basin). The current water table resides near the base of the Hanford
formation or in the upper portion of gravelly sediments.

The unconfined aquifer system near the 400 Area probably includes all the saturated sediments that lie
above the Ringold Formation lower mud unit, as defined in BHI-00184, Miocene- to Pliocene-Aged
Suprabasalt Sediments of the Hanford Site, South-Central Washington, at Well 699-2-6A (located near
Well 699-2-7 as shown in Figure 2-26), although local areas of confined or semiconfined conditions may
exist. The thickness of the unconfined aquifer is approximately 100 m (325 ft). Groundwater flow
direction at the water table is generally toward the southeast.

2.54.3 600 Area

The stratigraphic intervals of interest beneath the several 600 Area subregion waste sites are similar to
those described in detail above for the 300 Area in Section 2.5.4.1. Surficial sediment is primarily sandy
material present in stabilized sand dunes where not modified by human activities. At each of the two
burial grounds, the natural vegetation has been influenced by periodic range fires. The ground surface at
each of the burial grounds was stabilized in 1982 and 1983. Sediment at the water table is typically
gravelly in nature, but with varying degrees of compactness and cementation, which causes variability in
permeability.

618-11 Burial Ground

The hydrogeology in the vicinity of the 618-11 Burial Ground is described as part of an evaluation of the
transport and fate of the H-3 plume whose origin involves a release from the burial ground (PNNL-15293,
Evaluation of the Fate and Transport of Tritium Contaminated Groundwater from the 618-11 Burial
Ground, pp. 4.1 to 4.13). An additional gravelly interval referred to as the Cold Creek unit lies between
the Hanford formation and underlying Ringold Formation Unit E sediments in some areas near this burial
ground. The Cold Creek unit is less permeable than the Hanford sediment, but more permeable than the
Ringold sediment. The movement of the H-3 plume whose origin is the burial ground appears to be
closely related to the lateral variability in aquifer permeability. The stratigraphic units and coverage by
monitoring wells is illustrated in Figure 2-27. Figure 2-13 provides locations of monitoring wells.

618-10 Burial Ground/316-4 Crib

The most recent information on the hydrogeology near the 618-10 Burial Ground and former 316-4 Crib
comes from drilling associated with two monitoring wells in 2003. The new wells were drilled to
characterize the vadose zone in the vicinity of the two waste sites with regard to radiological
contamination (none found), develop a preliminary hydrogeologic model for the subregion, and expand
the groundwater monitoring capability.

The land surface in this subregion is similar to most of the inland regions of the 300 Area, in that it
consists of stabilized windblown deposits, except where modified by human activities. The origin for the
sand is weathering of the uppermost geologic formation, (i.e., Hanford formation sediment, which forms
the vadose zone beneath this subregion). The vadose zone sediment is primarily loosely consolidated sand
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and gravel. Geologists’ descriptions of the stratigraphy encountered and geophysical logs for the two drill
sites are presented in PNNL-14320, Soil Gas Survey and Well Installations at the 618-10 Burial Ground,
300-FF-5 Operable Unit, Hanford Site, Washington (pp. 9 to 11, and Appendices A, B, and C). These
two boreholes did not extend downward to penetrate the entire unconfined aquifer. The water table lies in
the uppermost portion of the Ringold Formation Unit E (i.e., just below the contact with the overlying
Hanford formation). Each new monitoring well was completed with a screened interval intended to
monitor the uppermost portion of the unconfined aquifer. The unconfined aquifer contains various sandy,
gravelly units within the Ringold Formation, and the lower boundary for that aquifer is likely to be the
Ringold Formation lower mud unit (DOE/RL-95-73, Rev. 1).
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Figure 2-27. Geologic Cross Sections and Monitoring Well Coverage Near the 618-11 Burial Ground
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2.5.5 Surface Water Hydrology

The flow of the Columbia River as it passes by the 300 Area is controlled by two primary factors: release
of water from Priest Rapids Dam, which is approximately 84 km (52 mi) upstream of the 300 Area, and
the elevation of the pool behind McNary Dam, which is approximately 85 km (53 mi) downstream of the.
300 Area. The McNary Dam pool, referred to as Lake Wallula, also is influenced by flow from the
Yakima and Snake Rivers, which enter the pool downstream of the Hanford Site. Figure 2-28 illustrates
the variability in the river stage (i.e., elevation of the river surface) at the 300 Area, as well as the
discharge from Priest Rapids Dam, which is due to the following:

» There are no major tributaries to the Columbia River between that dam and the 300 Area.

e The input of groundwater to the river is negligible compared to river discharge. The discharge shown
is reasonably representative of discharge as the river flows past the 300 Area.

Water quality characteristics of the Columbia River as it passes across the Hanford Site are monitored by
PNNL under the DOE's Public Safety and Resource Protection Program (DOE/RL-91-50, Environmental
Monitoring Plan United States Department of Energy Richland Operations Office, pp IIIA-16 to IIIA-19).
The results of this monitoring are reported annually in the Hanford Site Environmental Report (e.g.,
PNNL-17603, pp 10.29 to 10.42). The use designations for the various reaches of the Columbia River are
contained in WAC-173-201A-602, “Water Quality Standards for Surface Waters of the State of
Washington,” and for the Hanford Reach, include all types of water supply, recreation activities, aquatic
life uses (especially salmonid spawning and rearing habitat), and other uses.
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Water quality characteristics of the Columbia River as it passes across the Hanford Site are monitored

by PNNL under the DOE’s Public Safety and Resource Protection Program (DOE/RL-91-50,
Environmental Monitoring Plan United States Department of Energy Richland Operations Office,

pp- IIIA-16 to ITTA-19). The results of this monitoring are reported annually in the Hanford Site
Environmental Report (e.g., PNNL-17603, pp. 10.29 to 10.42). The use designations for the various
reaches of the Columbia River are contained in WAC-173-201A-602, “Water Quality Standards for
Surface Waters of the State of Washington,” and for the Hanford Reach, include all types of water supply,
recreation activities, aquatic life uses (especially salmonid spawning and rearing habitat), and other uses.

2.5.5.1 Water Budget for the Groundwater/Columbia River System

The Columbia River is a gaining stream as it crosses the Hanford Site. Additions to the river include
discharge from the aquifers on either side of the channel and return of irrigation wastewater at several
locations along the Grant and Franklin County sides of the channel (i.e., northern and eastern sides of the
channel). A summary of historical and recent estimates for the volumetric groundwater discharge from
the Hanford Site aquifer to the river, using various groundwater flow models, is presented in
PNNL-SA-56038, “Hanford Site Groundwater and the Columbia River, South-Central Washington”

(pp. 14 to 16). Estimates generally fall in the range 36 million to 90 million m*/yr (40 to 100 ft*/s). These
values can be put into perspective by comparing them to the discharge of the river, which ranges from
35,721 million to 223,254 million m*/yr (40,000 to 250,000 ft*/s).

The Columbia River shoreline for the 300 Area extends for approximately 14.5 km (9 mi), which
represents approximately 23 percent of the 64 km (40-mi) shoreline length typically cited for the Hanford
Site, so groundwater discharge from the 300 Area to the Columbia River may fall in the range 8 million to
20 million m*/yr (282 million to 706 million ft*/yr). More detailed estimates have been derived for the
300 Area shoreline as part of efforts to characterize the uranium plume. Based on three-dimensional
computer simulation of groundwater flow, the average net annual flux of groundwater to the river is
estimated at 315 m*/yr per meter of shoreline (11,124 ft*/yr per ft) (PNNL-17708, p. 5.6). For the
approximately 1,200 m (3,900 ft) of shoreline impacted by the uranium plume (Section 2.6 provides a
description of extent of contamination), the volume of groundwater discharge associated with the plume
would be 0.38 million m*/yr (equivalent to 0.42 ft*/s) based on the net annual flux.

2.5.5.2 Groundwater/Surface Water interface

The Columbia River channel incises the several stratigraphic intervals of interest within the unconfined
aquifer system beneath the 300 Area. In the channel adjacent to the 300 Area, the most contaminated
interval (i.e., the saturated sediment of the Hanford formation) is completely incised by the channel, so
groundwater discharge from that sediment is potentially exposed over a fairly broad area of riverbed,
estimated to be approximately 0.17 km* (0.06 mi’) (PNNL-17034, pp. 4.17 to 4.22). In some areas, a layer
of recent alluvium covers the area of potential exposure. Where the riverbed alluvium consists of
coarse-grained sediment (gravel, cobbles, boulders), river water is entrained in the pore space.

Figure 2-29 is a schematic cross section that illustrates the various features associated with the unconfined
aquifer and the river channel and identifies terminology commonly used to describe the interface. River
water in the channel is entrained within the periodically saturated portion of the riverbanks as well as in
the continuously submerged riverbed substrate (the subsurface zone beneath a stream channel that is
influenced by the stream is often referred to as the “hyporheic zone”). Groundwater meets river water
within this zone and the interaction between the two water types can have significant implications with
regard to the transport and fate of contaminants. Because the Columbia River stage in the Hanford Reach
of the river undergoes substantial cyclic variations (Figure 2-28), hydraulic and water quality conditions
in the zone beneath the shoreline can change dramatically and quickly, cycling at some locations between
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pure groundwater and pure river water during the course of a daily cycle. The lateral intrusion of river
water into the riverbank, along with the “damming” of groundwater moving toward the river during
periods of high river stage, is referred to as “bank storage.”

Sites of potential exposure of contaminants carried by groundwater include the riverbed substrate and
riverbank springs that appear during periods of low river stage. Springs regularly appear at several
locations along the 300 Area shoreline, and more have been documented to appear on an intermittent
basis at additional locations along the entire 300 Area shoreline (PNL-5289, Investigation of
Ground-Water Seepage from the Hanford Shoreline of the Columbia River, pp. A.1 to A.6; PNL-7500,
1988 Hanford Riverbank Springs Characterization Report, pp. 24 to 27, WHC-SD-EN-TI-125, Sampling
and Analysis of the 300-FF-5 Operable Unit Springs and Near Shore Sediments and River Water, pp. A.1
to A.3; PNNL-13692, Survey of Radiological and Chemical Contaminants in the Near-Shore
Environment at the Hanford Site 300 Area, pp. 3.2 to 3.5). Riverbank springs, along with sediment at the
spring and nearshore river water, are monitored under the DOE’s Public Safety and Resource Protection
Program (DOE/RL-91-50, pp. IITA-14 to IIIA-20). The results of this monitoring are reported annually in
the Hanford Site Environmental Report (e.g., PNNL-17603, pp. 10.47 to 10.54).

An investigation of groundwater discharge through the riverbed adjacent to the 300 Area began in 2008
and involved geophysical surveys of the channel, which are helping to reveal the exposure extent of the
various stratigraphic intervals, and the installation of fiber optic cables on the riverbed. These cables
record temperature along their length (which may extend to 1 km [0.62 mi’]) and will expectantly reveal
areas of preferential groundwater discharge, as indicated by temperature anomalies.
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2.5.5.3 Zone of Groundwater/River Water Interaction

The subsurface zone beneath the river shoreline where groundwater and river water meet is dynamic in
terms of rapid changes in hydraulic gradients and groundwater movement, and the geochemical
environment. Because of the implications for predicting contaminant transport to the Columbia River,
several recent investigations have been focused on characterizing this zone. General characteristics of
flow and water quality considerations for the zone of interaction at 100 Area locations are described in
PNNL-13674, Zone of Interaction Between Hanford Site Groundwater and Adjacent Columbia River.
That investigation involved a two-dimensional computer simulation of flow through the zone under
transient river boundary conditions, and revealed flow paths for groundwater to pass through the zone and
enter the riverbed. The investigation also summarized data available to anticipate the amount of
contaminant dilution caused by the interaction of groundwater and river water. Many near-river
monitoring sites show on the average a reduction of contaminant concentrations to approximately
one-half their values in groundwater approaching the river. More recent investigation of contaminant
concentration reduction at shoreline sites along the 300 Area indicates slightly less but similar dilution of
contaminants before their discharge at riverbed exposure locations (PNNL-17034, pp. 3.12 to 3.15).

Various field methods to monitor the rapid changes in the zone of groundwater/river interaction were
investigated and tested during 2006 to 2007 as part of DOE’s Remediation and Closure Science Project
basic research activities (PNNL-16805). The value of readily available cost-effective methods, such as
driven casing and in situ monitoring probes, was demonstrated.

2.5.6 Environmental Resources

A comprehensive description of the terrestrial and aquatic ecosystems associated with the Hanford Site is
presented in PNNL-6415, pp. 4.83 to 4.113.

2.5.7 Human Resources (Including Cultural)

Comprehensive descriptions of cultural, archaeological, and historical resources associated with the
Hanford Site are presented in PNNL-6415, pp. 4.115 to 4.136, as are descriptions of the socioeconomics,
visual resources, and other resources related to human activities (PNNL-6415, pp. 4.137 to 4.172).

2.6 Extent of Contamination

This section provides a description of the extent of contamination in the various subregions of the

300 Area (i.e., 300 Area industrial complex, 400 Area, and 600 Area). The descriptions progress from
facilities (process operations) and waste sites, through various environmental pathways. (i.e., the vadose
zone) the aquifer, and interface with the Columbia River. An attempt has been made to distinguish
between contamination likely to remain within a waste site from contamination with the potential to
migrate away from source locations through environmental pathways. The level of detail in the
descriptions is intended to be sufficient to support the subsequent discussion of the CSMs and data needs
presented in Chapter 3 and the SAP presented in DOE/RL-2009-45.

2.6.1 Waste Sites and Vadose Zone Contamination

Through numerous explorations, investigations, and cleanup activities, chemical and radiological
contamination has been identified in soil within the 300 Area at numerous locations. These contaminant
source areas have been designated as waste sites (Section 2.2) and can be organized into several groups
for describing the extent of contamination. Each group has a different potential for contaminant migration
away from the source location. The first grouping describes waste sites, including remaining
pads/foundations and structures left from the D4 of primary source facilities, for which removal actions
can remove essentially all contamination. Little or no contamination is likely to remain at the site, and
that which may remain is immobile under current environmental conditions. These waste sites include
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structures, facility foundations, and pads left after D4; debris sites; and soils contaminated with dust and
small liquid releases.

Next are source locations where contamination remains and there is some potential for migration from the
engineered facility, such as pipelines and components of the various liquid transport systems in the

300 Area (industrial complex), to migrate deeper into the vadose zone, but with a low likelihood of
affecting groundwater. These include locations of unplanned liquid releases and are mainly represented
by locations in the 300 Area where the process and radiological sewer systems failed during the fuel
production years. The process sewer was used to transport large volumes of liquid wastes from production
and laboratory facilities to the principal liquid waste disposal facilities (i.e., the process ponds and
trenches). The solid waste burial grounds fall into a similar grouping, although the potential for
contamination migrating deeper into the vadose zone comes from subsequent activities, and not by the
actual burial of waste materials. For example, major excavation activities and associated dust
suppression/soil fixative application could provide a mechanism for transporting some contamination
deeper into the vadose zone.

The final group includes the principal liquid waste disposal sites, which have the greatest potential for
contaminants to have migrated from the source facility, through the vadose zone, and into groundwater.
The large volumes of liquid effluent provided a driving mechanism for more widespread dispersal of
contamination along environmental pathways. Liquid wastes intentionally were discharged to the soil
column at ponds, ditches, and trenches.

2.6.2 Resources for Describing the Extent of Soil Contamination

Soil contamination within the 300 Area is addressed under the 300-FF-1 and 300-FF-2 OUs. Remedial
actions for the 300-FF-1 OU were initiated in 1997 in accordance with EPA/ROD/R10-96/143 and
DOE/RL-96-70, 300-FF-1 Remedial Design Report/Remedial Action Work Plan. All waste sites in the
300-FF-1 OU have been closed out, with the exception of one, waste site 300-275 (Section 2.2,

Table 2-4), which is a potential landfill on the edge of the river. Some contamination may remain at these
waste sites in the shallow vadose zone (i.e., within approximately 5 m [15 ft] of the ground surface), and
this contamination is documented in the CVPs. The CVPs are the primary resource for inferring the
remaining contamination in the 300 Area shallow vadose zone. Other resources include:

¢ Reports prepared to document the RI process under CERCLA, such as technical baseline reports
(PNL-7241, Data Compilation Task Report for the Source Investigation of the 300-FF-1 Operable
Unit Phase I Remedial Investigation; EMO-1026; BHI-00012)

o LFIreports (DOE/RL-96-42 for the 300-FF-2 OU)
¢ Focused FS reports (DOE/RL-99-40, Focused Feasibility Study for the 300-FF-2 Operable Unit)

¢ Remedial design/remedial action work plans (DOE/RL-2001-47, Remedial Design Report/Remedial
Action Work Plan for the 300 Area, for the 300-FF-2 OU)

For the 300 Area subregion, information on contamination deeper in the vadose zone is found in reports
describing several recent characterization borehole investigations in the 300 Area. These investigations
include an LFT for uranium (PNNL-16435) and similar characterization drilling associated with
trichloroethene (PNNL-17666). Vadose zone samples from those drilling campaigns have undergone
extensive laboratory analysis, with some analyses and interpretive work still underway (PNNL-15121 and
PNNL-17793). A comprehensive geologic description of vadose zone and aquifer sediments encountered
during the two characterization drilling campaigns is presented in PNNL-14834. Near-surface sampling
of vadose zone sediments in the North and South Process Ponds and 303-K Building vicinity was
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performed as part of the 300 Area Uranium Leach and Adsorption Project (PNNL-14022, 300 Area
Uranium Leach and Adsorption Project). Recently, a description of the uranium contamination in the
300 Area subsurface and conceptual model regarding fate and transport was prepared (PNNL-17034).
The conceptual model was further refined in PNNL-17793, which describes uranium extraction studies
using sediment samples collected during the characterization drilling performed for the trichloroethene
investigation (PNNL-17666).

At the outlying 400 and 600 Area subregions, the field data available to characterize contamination in the
deeper vadose zone are less extensive than at the 300 Area. Some information is available from drilling
near the 618-11 Burial Ground (BHI-01567, Borehole Summary Report for the 618-11 Burial Ground
Tritium Investigation), although soil samples were not analyzed for contaminants during that activity.

At the 618-10 Burial Ground, some information on vadose zone characteristics is available in
PNNL-14320, Soil Gas Survey and Well Installations at the 618-10 Burial Ground, 300-FF-5 Operable
Unit, Hanford Site, Washington (pp. 4 to 8), but only field screening for contamination was conducted in
the vadose zone; none was encountered. At each of those burial grounds, soil gas investigations were
conducted that collected samples from depths up to 6 m (20 ft) below ground surface (bgs)
(PNNL-13675, Measurement of Helium-3/Helium-4 Ratios in Soil Gas at the 618-11 Burial Ground,

pp- 5 to 11 for the 618-11 Burial Ground; PNNL-14320, pp. 12 to 18, for the 618-10 Burial Ground).
Excavation of the former 316-4 Crib, located adjacent to the 618-10 Burial Ground, did encounter soils
contaminated by uranium and tributyl phosphate. At the 400 Area, a discussion of potential contaminant
movement from disposal sites at the surface to groundwater is presented in WHC-EP-0587, pp. 48 to 51,
but no drilling or sampling for characterizing contamination in the vadose zone is known to have

been conducted.

2.6.3 Groundwater Contamination

A general description of contamination in groundwater beneath the Hanford Site is prepared each year in
the annual groundwater monitoring report for the Hanford Site (e.g., DOE/RL-2008-66 for October 1,
2007 to September 30, 2008). Maps showing where radionuclides and hazardous chemicals are present at
concentrations exceeding the EPA drinking water standards are included in the summary for that report,
and are reproduced here as Figures 2-30 and 2-31. Descriptions of groundwater contamination in the

300 Area can be found in the annual groundwater reports as follows: 300-FF-5 Groundwater OU

(pp. 2.12-1 to 2.12-32), 200-PO-1 Groundwater OU (pp. 2.11-1 to 2.11-47), and 1100-EM-1 Groundwater
OU (pp. 2.13-1 to 2.13-10). The descriptions for each groundwater OU are presented by contaminant, and
for the 300-FF-5 Groundwater OU, separate descriptions are provided for the 300 Area, the 618-11 Burial
Ground, and the 618-10 Burial Ground/316-4 Crib. Contaminants described in the annual groundwater
monitoring reports are based on various lists of COCs or COPCs as identified during the early phases of
the RI for the 300-FF-5 Groundwater OU. Table 2-12 lists groundwater constituents previously identified
as COCs or COPCs. The strategy for updating the target analyte list for soils and the COPC list for
groundwater is presented in Chapter 4, Section 4.5.

In addition to contaminants in groundwater identified for the 300-FF-5 Groundwater OU, some
groundwater contaminants beneath the 300 Area have origins at locations outside of the 300 Area.
These contaminants include those with origins in the 200 East Area (200-PO-1 Groundwater OU) and
to the south of the 300 Area (1100-EM-1 Groundwater OU). Groundwater contaminants associated with
the 200-PO-1 Groundwater OU include I-129, nitrate, Tc-99, and H-3, while those associated with the
1100-EM-1 Groundwater OU include pesticides, Tc-99, and VOCs. In addition, some contamination
migrates into the 300 Area from regions to the southwest that are not part of sources associated with a
CERCLA action (e.g., nitrate from agricultural activities).
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Figure 2-30. Distribution of Radionuclides at Concentrations Exceeding the Drinking Water
Standards in Groundwater Beneath the Hanford Site
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Table 2-12. Constituents of Interest Previously Identified for the 300-FF-5 Groundwater OU
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ROD? ESD® PNNL-15127°

Constituent in 618-10/ 618-10/

Groundwater 300 Area | 300 Area 618-11 316-4 300 Area 618-11 316-4
Nitrate — — = — COPC COPC COPC
Uranium cocC coc — COPC cocC COPC COPC
cis-1,2-Dichloroethene GOG coc — — COPC — —
Tetrachloroethene — — — — COPC — —
Tributyl Phosphate — — — COPC — — COPC
Trichloroethene coc coc — — COPC — —
Sr-90 — — — — COPC — —
Tc-99 — — — — — COPC COPC
H-3 — — COPC — COPC COPC COPC
U-234 coc’ coc’ = e coc’ coc’ % ol
U-235 coc’ P = coc? eoe® graeh e
U-238 coc’ oy = coc’ coc’ coc’ coe
Notes:

Source: Modified from PNNL-16454, Current Conditions Risk Assessment for the 300-FF-5 Groundwater Operable

Unit, p. 1.4, Table 1.1.

a. EPA/ROD/R10-96/143, Declaration of the Record of Decision for the 300-FF-1 and 300-FF-5 Operable Units,

Hanford Site, Benton County, Washington.

b. EPA/ESD/R10-00/524, Explanation of Significant Difference for the 300-FF-5 Record of Decision.
c. PNNL-15127, Contaminants of Potential Concern in the 300 FF 5 Operable Unit: Expanded Annual

Groundwater Report for Fiscal Year 2004,

d. Isotopic uranium may be used for risk assessment at locations where uranium is a COC or COPC.

At the Columbia River, contamination in groundwater is monitored under the CERCLA program using
samples from near-river wells and aquifer tubes installed beneath the shoreline (DOE/RL-2000-59,
Sampling and Analysis Plan for Aquifer Sampling Tubes). Results of this monitoring are presented in the
annual groundwater report mentioned above and in a separate annual report describing the results of
sampling at aquifer tubes (e.g., SGW-35028, Aquifer Sampling Tube Results for Fiscal Year 2007,

pp- 3.10 and 3.11, for FY 2007). Near-river wells and aquifer tubes are located primarily along the

300 Area shoreline, with more widely spaced sites along the 300 Area shoreline upstream from the

300 Area.

Contamination in riverbank springs (water and sediment), Columbia River water, and aquatic organisms
is monitored as part of the Surface Environmental Surveillance Project, a component of the DOE's Public
Safety and Resource Protection Program (DOE/RL-91-50, pp. IIIA-1 to IITA-55). The schedule for
environmental surveillance sampling is published annually (e.g., PNNL-18177, Hanford Site
Environmental Surveillance Master Sampling Schedule for Calendar Year 2009), and includes
information on co-sampling conducted as part of oversight roles for the Washington State DOH and the
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U.S. Food and Drug Administration. The results of all environmental monitoring activities are described
in an annual report (e.g., PNNL-18427 for calendar year 2008).

2.6.4 Contamination in the 300 Area Industrial Complex

The following subsections describe contamination along environmental pathways in the 300 Area
industrial complex.

2.6.4.1 Waste Sites, Facilities, and Vadose Zone

Primary sources of contamination in the 300 Area are associated with the uranium fuel production
facilities, R&D laboratories supporting uranium fuel production and 200 Area plutonium extraction pilot
and laboratory tests, and various other mission-supporting activities (WHC-MR-0388; EMO-1026;
PNL-7241; BHI-00012). Materials released to the soil beneath the uranium fuel production facilities may
have included the following (WHC-MR-0388, pp. 1 to 24):

¢ Uranium bearing acid (nitric and sulfuric acid with uranium in solution)

¢ Neutralized acid waste (typically sodium fluoride, sodium nitrate, sodium dichromate, and sodium
sulfate in solution with precipitates of uranium, chromium, copper, and zirconium)

¢ Etch acids (nitric, hydrofluoric, sulfuric, and chromic acids)
o Tetrachloroethene

e Trichloroethene

¢ Sodium hydroxide solutions

¢ Contaminated water

Additionally, the lathing, machining, and other manufacturing processes conducted primarily in the

313 and 314 Buildings spread airborne particulates of uranium, thorium, lead, cadmium, bismuth,
aluminum, and barium throughout the northern portion of the 300 Area, resulting in the contamination of
soils and facilities. The facilities in the 300 Area that were the primary sources of contamination are listed
below with associated waste sites and expected contaminant constituents based primarily on process
history.

2.6.4.2 Source Locations with Limited Potential for Extensive Migration of Contaminants

313 Nuclear Fuels Manufacturing Support Building. Associated waste sites include UPR-300-38,
uranium-contaminated soil beneath the existing 313 Building foundation; 300-260, lead- and barium
contaminated soil west of the 313 Building; 300-270, soil contamination below the 313 Building loading
dock (closed out); and UPR-300-44, unplanned release around process sewer line (consolidated with
UPR-300-38). Expected contaminants released to the soils beneath and around the 313 Building include
radionuclides (uranium-234 [U-234], U-235, U-236, U-238, Tc-99), metals (arsenic, barium, cadmium,
chromium, lead, mercury, selenium, silver, tin, aluminum, and thorium}, acids (phosphoric,
hydrofluosilicic, fluosilicic, hydrofluoric acid, and oxalic acids), sulfide, nitrate, PCBs, trichloroethene,
and various solvents and degreasers. (WHC-MR-0388, Chapter 1.0).

The extent of contamination beneath the 313 Building has not been determined. Characterization of the
soils beneath and around the 313 foundation will be accomplished during the remediation of UPR-300-38,
which is scheduled to begin in October 2012.
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314 Press Building (Metal Extrusion Building). Associated waste sites include 300-218, contaminated
soils beneath the 314 and 314-A Buildings foundation; 300-80, radioactive materials contaminated French
drain adjacent to the 314 Building; 300-24, contaminated soil near the 314 Building; 300-16, uranium
contamination in asphalt and soil along Ginko Street; and 300-15, 300 Area Process Sewer. Expected
contaminants released to the soils beneath and around the 314 Building include radionuclides (U-234,
U-235, U-236, U-238, Tc-99), metals (arsenic, barium, cadmium, chromium, lead, mercury, selenium,
silver, tin, aluminum), cyanide, sulfide, PCBs, and solvents. (WHC-MR-0388, Chapter 1.0).

The extent of contamination beneath the 314 Building has not been determined. Characterization of the
soils beneath and around the 314 foundation will be accomplished during the remediation of 300-218,
which is scheduled to begin in October 2013.

306 East Fabrication and Testing Laboratory and 306 West Metal Fabrication Development
Building. Associated waste sites include 300-33, contaminated soil around and beneath the

306-W Building foundation; 300-256, contaminated soil around and beneath the 306-E Building
foundation; 300-41, 306-E Neutralization Tank and Valve Pit, which was used to neutralize nitric acid
bearing waste before discharge to the process sewer; and 300-15, 300 Area Process Sewer. Expected
contaminants released to the soils beneath and around the 306-E and 306-W Building include uranium,
thorium, and various metals (zirconium, tin, iron, chromium, and nickel; heavy metals; various solvents;
reagents; and PCBs [WHC-MR-0388, Section 2.2, p. 16]).

The extent of contamination beneath the 306-E and 306-W Buildings has not been determined.
Characterization of the soils beneath and around the 306-E and 306-W foundations will be accomplished
during the remediation of 300-33.

333 Fuels Manufacturing Building. Associated waste sites include the following:

e 300-32, the remaining contaminated components of the former 333 Building, including the concrete
pad, any subgrade soils and piping

e 333 West Side Tank Farm, Waste Oil Tank

e 300-219, the transfer lines connecting the various components of the 300 Area WATS and the
300 Area Uranium Recovery Operations

e 300-224, a subsurface, concrete pipe trench with sections that allowed piping connections to be made
between process operations in the 313 Building, the 303-F Building, the 311 Tank Farm, the
333 Building, the 334-A Building, and the 334 Tank Farm

e UPR-300-17, oily rags and uranium shavings located on the asphalt area near the southeast corner of
the 333 Building

e 333 East Side Hazardous Waste Staging Area, an area that contained small quantities of
miscellaneous waste oils, cutting lubricants, chemicals, and solvents stored in containers

Expected contaminants released to the soils around and beneath the 333 Building resulting from the
uranium fuel fabrication process include the following (WHC-MR-0388, Section 3.3, p. 20):

¢ Natural and enriched uranium (0.95 percent, 1.25 percent, and 2.1 percent U-235)
¢ Metals (beryllium, copper, zirconium, tin, iron, chromium, and nickel)

¢ Acid wastes (nitric, sulfuric, hydrofluoric, and chromic-nitric-sulfuric acids)
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o Degreasers (trichloroethene, tetrachloroethene, and 1,1,1-trichloroethane)

¢ Heat treatment salts (sodium nitrate, sodium and potassium nitrite, and sodium and potassium
chloride), and solvent cleansers (alcohols and acetone)

The extent of contamination beneath the 333 Building has not been determined. Characterization of the
333 Building foundation and remaining building features will be accomplished during the confirmatory
sampling process of 300-32, which will determine if the site can be closed as no-action under
EPA/ROD/R10-01/119, or require remedial action for site closure. Confirmatory sampling is scheduled to
be completed in March 2012, based on the current working schedule, which may be subject to change.

334 Chemical Handling Facility and Tank Farm, and 334-A Building and WATS. Associated waste
sites include 300-219 and 300-224 described previously. Releases to the soil near the 334 Facility and
tank farm would have included the various chemicals and acids used in the fuel fabrication process.

A large nitric acid spill in the mid 1960s dissolved some the contents of the nearby 618-1 Burial
Ground. Waste and contamination in and beneath the area of the 334-A Building and WATS can be
expected to contain all of the waste acids and their constituent solid and solutions (uranium, copper,
chromium, Zircaloy-2 components, beryllium, and other fuel fabrication material [WHC-MR-0388,
Section 5.3, p. 28]).

The extent of contamination associated with the 334 Building and WATS has not been determined.
Characterization of the soils affected by releases from the 334 Building and WATS will be accomplished
during the remediation of 300-219 and 300-224. The remediation of 300-224 and 300-219 is in process
and scheduled to be completed in 2009, based on the current working schedule, which may be subject

to change.

303 A-J Fresh Metal Storage Buildings. Associated waste sites include the following:
e 300-28, contaminated asphalt and soil along Ginko Street
¢ 300-16, uranium contamination around the base of utility poles

o UPR-300-45, release of liquid to the soil beneath the transfer piping, adjacent to the 303-F Building,
containing uranium bearing waste acid identified as nitric and sulfuric with uranium in solution

e 300-15, 300 Area Process Sewer

Expected contaminants beneath and around the 303 A-]J Storage Buildings include uranium and solvents
such as tetrachloroethene (WHC-MR-0388, Section 6.2, pp. 31 and 32).

The extent of contamination in the soils around the 303 A-]J Storage Buildings has not been fully
determined. Characterization of the soils that may have been contaminated during the operation of these
storage buildings will be assessed during the remediation of waste sites 300-28 and 300-16, which are
scheduled to begin in June 2013 and October 2012, respectively.

304 Uranium Scrap Concentration Storage Facility. Associated waste sites include 300-249, residual
radioactive (uranium) contamination in the 304 Building; 300-43, uranium-contaminated soil from
operation of the 304 Concretion Facility and Storage Area; and 300-15, 300 Area Process Sewer.
Expected contamination around and beneath the 304 Facility is primarily uranium (WHC-MR-0388,
Section 7.1, p. 35).
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The extent of contamination in the soil around and beneath the 304 Building has not been determined.
Characterization of the soils around and beneath the 304 Building will be assessed during the remediation
of 300-43, which is scheduled to begin in January 2013.

303-K Fresh Metal Storage Building. Associated waste sites include 300-251, unplanned release
outside the 303-K Building; and 303-K Contaminated Waste Storage. Expected contamination in the soil
beneath and around the 303-K Building is primarily uranium. The 303-K Building was demolished in
2001. The rubble and excavated soil were designated and disposed of as low-level waste at the Hanford
Site Low-Level Burial Grounds. After the site inspection, the soils were compacted and the site was
backfilled with gravel. In 2002, the 303-K Contaminated Waste Storage waste site was reclassified as
closed out.

Additional sampling by PNNL near the 303-K Building showed elevated sediment uranium concentration
in the near surface. Sediment samples yielded average U-238 values of 287.4, 562.9, and 988.8 mg/kg
(96, 188, and 330 pCi/g), for three different analytical methods (PNNL-14022, Table 4.7, p. 4-6). Further
characterization of the soil beneath and around the 303-K Building will be performed during the
remediation of 300-215, which is scheduled to begin in February 2013.

311 Tank Farm and 311 Building. Associated waste sites include 300-224, described previously;
UPR-300-39, release of caustic solution (50 percent sodium hydroxide) adjacent to the caustic storage
tank in the 311 Tank Farm; UPR-00-40, soil between the 311 Tank Farm and 303-F Building; and
UPR-300-45, uranium bearing acid release beneath the transfer piping, adjacent to the 303-F Building.
Expected contaminants in the soils beneath the 311 Tank Farm and 311 Building include uranium,
methanol, trichloroethene, and tetrachloroethene (WHC-MR-0388, Section 8.1, p. 37).

The extent of contamination in the soil around and beneath the 311 Tank Farm and 311 Building has not
been determined. Contamination in the soil resulting from the operations will be fully characterized
during the remediation of the waste sites associated with the 311 Tank Farm and 311 Building.

321 Separation Building, and 323 Building and Tanks. Associated waste sites include the following:
e UPR-300-4, contaminated soil beneath and south of the 321 Building

e 323TANK 1, 323 TANK 2, 323 TANK 3, and 323 TANK 4, tanks that received neutralized uranium
contaminated water and/or basic aluminum cladding waste solutions from reprocessing R&D
activities in the 321 Building and the 3706 Building

e 300-15, 300 Area Process Sewer

Contaminants in the soil around and beneath the 321 and 323 Buildings would include any components of
the several chemical processes tested in the 321 and 323 Facilities. Expected contaminants may include
plutonium and uranium, metals (thorium, strontium, cesium, aluminum, iron, copper, zinc), compounds
used in the various plutonium/uranium extraction pilot tests (tributyl phosphate, normal paraffin
hydrocarbon, and methyl isobutyl ketone), acids (nitric, phosphoric, hydrofluoric, oxalic), ammonium
fluoride, ammonium nitrate, sodium fluoride, sodium hydroxide, carbon tetrachloride, trichloroethene,
acetone, and 2-butanone (WHC-MR-0388, Section 20.4, pp. 76 to 78).

The extent of contamination in the soil around and beneath the 321 Building, including the 323 Building
and associated Tanks 1-4, has not been fully determined. Characterization of the soil around and beneath
the 321 Building and 323 Tanks will be performed during the remediation of UPR-300-4, which is
scheduled to begin in December 2013, and remediation of Tanks 1-4, which is scheduled to begin in
May 2013.
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3706 Radiochemistry Laboratory. Associated waste sites include 300-46, contaminated soils around
and beneath the 3706 Laboratory Building; and 300-15, 300 Area Process Sewer. Expected contaminants
around and beneath the 3706 Building would include any of the components used in the bismuth
phosphate, REDOX, PUREX, and recovery of uranium and plutonium by extraction processes along with
laboratory cleansers, reagents, plutonium, uranium, thorium, and beryllium. Because the processes
conducted in the 3706 Radiochemistry Laboratory and the 321 Building were similar, the list of expected
contaminants is the same as those listed above under the 321 Building (WHC-MR-0388, Section 22.4,
pp- 85 to 86).

The extent of contamination in the soil around and beneath the 3706 Laboratory has not been fully
determined. Characterization of the soil around and beneath the 3706 Laboratory will be performed
during the remediation of 300-46, which is currently in progress and scheduled to be complete in
March 2010.

324 Waste Technology Engineering Laboratory. Associated waste sites include 300-25, the

324 Laboratory Building and existing features including development laboratories, maintenance shops,
and service areas; and 300-265, the pipe trench between the 324 and 325 Laboratory Buildings, which
contained the high-level waste transfer line. Chemical wastes generated in the 324 Laboratory Building
were varied and included the components of multiple laboratory processes. A number of significant
contamination events occurred throughout the history of the 324 Building. In most cases, radioactive
contamination was confined to the building and not spread to the environment (WHC-MR-0388,
Section 4.10, p. 215). Further evaluation of the contamination beneath the 324 Laboratory Building will
be evaluated during D4 and close-out processes for waste site 300-25, which are scheduled to begin in
September 2013 after the D4 activities have been completed in May 2011.

325 Radiochemistry Building (Applied Chemistry Laboratory). Associated waste sites include the
following:

e UPR-300-10, an unplanned release to the soil beneath the northwest corner of the 325 Building from
the radioactive waste sewer line that served the 325-B Hot Cells

e UPR-300-11, a release to the soil around and below a leaking flanged-tee that connected the Retired
Radioactive Liquid Waste Sewer to the 340 Vault

e UPR-300-12, a release in the basement floor of the 325-A Building that migrated through cracks in
the floor to the soil beneath the building

o UPR-300-48, release of radioactive liquid from a leak in the process sewer drain pipe

e 325 Waste Treatment Facility, used to treat radioactive mixed wastes generated in R&D activities

Soil samples collected around UPR-300-11 yielded fission products (BHI-00012, Section 5.7, pp. 5t0 9).
Radionuclides measured in the soils beneath the 325 Building include cobalt-60 (Co-60), Mn-54,
ruthenium-106 (Ru-106), antimony-125 (Sb-125), and Cs-134/137 (WHC-MR-0388, Section 34.7,

p. 141). Manganese-54, Ru-106, Sb-125, and Cs-137 have half-lives less than 3 years and will have
decayed until they are now undetectable. The 325 Building is scheduled to remain in service through
about 2027 (Section 2.3). Further evaluation of the contamination in the soil beneath the 325 Building
will be performed during the remediation of UPR-300-10.

327 Radiometallurgy Building (Post-Irradiation Testing Laboratory). Associated waste sites include
300-264, the 327 Building, and features related to the examination of fuel elements and fuel cladding
materials. The 327 Building is in a stabilization and deactivation phase, where radioactive material and
contamination are being removed and cleaned to allow for future D4 activities. Contamination to the soil
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from the 327 Building can be attributed to various liquid leaks from hot cells, drains, and waste piping.
Waste liquids were released to the soil from the RLWS because of corroded cast iron piping. Expected
contaminants released to the soil beneath the 327 Building include various fission products
(radionuclides), carbon tetrachloride, acetone, ethanol, and kerosene (WHC-MR-0388, Section 36.6,
p. 156).

The extent of contamination in the soil around and beneath the 327 Building has not been fully
determined. Characterization of the soil around and beneath the 327 Building will be performed during
the remediation of 300-264, which is scheduled to begin in January 2014.

2.6.4.3 Source Locations with Some Potential for Contamination to Migrate Deeper
into the Vadose Zone

340 Retention and Neutralization Complex. Associated waste sites include the following:

o The 340 Complex, consisting of the 340, 340-A, 340-B, and 3707-F Buildings and two office trailers
e UPR-300-1, arelease to the soil in the area between the 307 Retention Basins and the 340 Building

e UPR-300-2, multiple releases from ongoing decontamination and waste-handling activities starting in
January 1954

e UPR-300-41, a release of hazardous waste liquid from a drum situated on an asphalt pad, resulting in
the contamination of the asphalt pad and an area of soil next to the pad

The 340 Complex received and processed some of the highest level liquid and solid radioactive wastes
generated in the 300 Area. Because of the functions associated with the 340 Complex and the many leaks
and spills during operation, wastes deposited in the pipes, tanks, and soils surrounding the complex and
the RLWS/retention process sewer network are extensive. Radioactive liquid wastes transported by the
RLWS/retention process sewer and processed at the 340 Complex include radiochemical solutions from
the 324, 325, 326, and 329 Buildings, along with radiometallurgical fines and metal bearing solutions
from the 327 Building (WHC-MR-0388, Section 33.5, pp. 127 to 129).

The extent of contamination in the soil around the 340 Retention and Neutralization Complex has not
been fully determined. Characterization of the soils resulting from the operation of the 340 Complex will
be performed during the remediation of the 340 Complex waste site and other associated waste sites
outlined above. Remediation of the 340 Complex waste site is scheduled to begin in April 2013. Waste
site UPR-300-2, covering the releases at the 340 Complex during operation, will begin the confirmatory
sampling process in October 2011, which will determine whether the waste will be classified as an
accepted or a not accepted WIDS site.

307 Retention Basins. Associated waste sites include the following:

o The 307 Retention Basins, the retention process sewer line, and the 307 Retention Basin systems,
which were installed to collect potentially contaminated liquids from the sinks, drains, and sumps of
the laboratory facilities

¢ 300 RLWS, which consists of a network of underground, double encased stainless steel pipe (encased
in reinforced fiberglass or plastic pipe as secondary containment) draining to the 340 Complex

o The 300 Area Retired Radioactive Liquid Waste Sewer, which received radioactive wastes from
various 300 Area facilities including the fuel fabrication and R&D laboratories

e 300-214, an underground carbon steel and polyvinyl chloride pipeline connecting the 300 Area
laboratory facilities (308, 324, 325, 326, 327, and 329 Buildings) to the 307 Retention Basins
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e UPR-300-1, a release to the soil in the area between the 307 Retention Basins and the 340 Building
e 300-15, 300 Area Process Sewer

e 307 Process Trenches, which received wastes from the 300 Area laboratory expansion facilities
(329, 327, 324, 326, and 329)

e 300 Area Process Trenches, which served as the discharge site for the 300 Area Process Sewer system

Waste streams reflect the liquid wastes discharged to the 307 Retention Basins from the 300 Area
laboratory facilities. Expected contaminants in the soil near the 307 Retention Basins include Ru-103/106,
cesium-144 (Cs-144), promethium-147 (Pm-147), strontium-90 (Sr-90), Cs-137, and rare earth elements
(WHC-MR-0388, Section 33.5, p. 128).

A long-duration leak was discovered in the transfer line from the 307 Retention Basins to the

340 Complex during the transfer of liquid from one of the 307 Retention Basins. The leak permitted
highly contaminated liquid waste to percolate into the soil beneath a section of corroded underground
carbon steel pipe section. The results of a study (BNWL-CC-2617, Failure of 307 Basin Transfer Line
and Resultant Ground Contamination) issued after the leak was detected estimated the release to be
approximately 900 Ci of relatively short-lived radionuclides, including 10 Ci each of Sr-90 and Cs-137.

It was estimated that more than 90 percent of the contamination was confined within a cylindrical section
of earth approximately 7.62 m (25 ft) deep and 3.7 m (12 ft) in diameter. It was speculated that
groundwater contamination was minimal because 300 Area groundwater sample results showed no
detectible concentrations of the radionuclides found in the soil. Further characterization of the soil around
the 307 Retention Basin will be performed during the remediation of the 307 Retention Basin waste site
and UPR-300-1. The remediation of the 307 Retention Basin is scheduled to begin in March 2013 and the
remediation of UPR-300-1 is scheduled to begin in March 2014.

300 Area Sanitary Sewer System. Associated waste sites include 300-276, which includes the surface
and subsurface sewer system. Contamination in the sewer system is attributed to uranium, thorium, and
other contaminants carried by the hair, shoes, hands, and clothing of workers who used the 300 Area
change houses, lunchrooms, sanitary restrooms, and First Aid Station (WHC-MR-0388, Section 30.2,
p. 109).

The extent of contamination in the soil resulting from the use of the 300 Area Sanitary Sewer System has
not been fully determined. Characterization of the soil beneath the 300 Area Sanitary Sewer System will
be performed during the remediation of 300-276, which is scheduled to begin in November 2014.

300 Area Process Sewer System. Associated waste sites include 300-15, 300 Area Process Sewer;

and 300-219, which includes the transfer lines connecting the various components of the 300 Area WATS
and the 300 Area Uranium Recovery Operations. Contamination in the process sewer would have
included all metallic and chemical components used in the fuel fabrication process, all separations process
chemicals and solutions (particularly uranyl nitrate) used in 3706 and 321 Buildings tests of bismuth
phosphate, REDOX, metal recovery, PUREX, and recovery of uranium and plutonium by extraction
processes (WHC-MR-0388, Section 31.4, p. 114).

The extent of contamination in the soil resulting from the use of the 300 Area Process Sewer System has
not been fully determined. Characterization of the soil beneath the 300 Area Process Sewer System will
be performed during the remediation of 300-15, which is scheduled to begin in May 2013.

300-131, 300-132, 300-133, 300-134, 300-135, 300-136, 300-137, 300-138, 300-139, 300-140, 300-141,
300-142, 300-143, 300-144, and 300-145 (Consolidated WIDS Sites). These French drains received
steam condensate. When the site was active, the flow rate was less than 0.19 L/min (0.05 gal/min) of
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steam condensate only. The site falls within WIDS Site 300-46, which estimates the extent of extensive
uranium, TRU, and chemical contamination of the 3706 Building and the surrounding area. Further
evaluation of the extent of contamination in the soil resulting from the use of these French drains will be
determined during the remediation of the 300-46, which is scheduled to begin in October 2012.

300-146, 300-147, 300-148, 300-149, and 300-150 (Consolidated WIDS Sites). The site is a French
drain that received steam condensate. The French drain is a concrete pipe covered with perforated metal
lid. When the site was active, the flow rate was less than 0.038 L/min (0.01 gal/min) of steam condensate
only. The site falls within WIDS Site 300-46, which includes estimates of the extent of uranium, TRU,
and chemical contamination of the 3706 Building and the surrounding area. Further evaluation of the
extent of contamination in the soil resulting from the use of this French drain will be determined during
the remediation of 300-46, which is scheduled to begin in October 2012.

Solid Waste Burial Grounds

300-10 Burial Ground. Remediation of the 300-10 waste site was authorized by EPA/ROD/R10-96/143.
Following remedial excavation activities, verification sampling was conducted for the COCs total
uranium (U-234, U-235, and U-238), Co-60, arsenic, thallium, benzo(a) pyrene, chrysene, and PCBs.
Verification sample results were determined to be below the cleanup criteria for direct exposure,
groundwater protection, and protection of the Columbia River (BHI-01134, 300-FF-2 Waste Site

300-10 Verification Package).

618-2 Burial Ground. Remediation of the 618-2 Burial Ground was authorized by
EPA/ROD/R10-01/119. After completing the excavation activities, verification samples were collected
and analyzed for the COCs arsenic, barium, cadmium, chromium, lead, selenium, silver, tin, uranium
(total), americium-241 (Am-241), Cs-137, Co-60, europium-152 (Eu-152), Eu-154, Eu-155, nickel-63
(Ni-63), H-3, plutonium-238 (Pu-238), Pu-239/240, Pu-241, Sr-90, U-233/234, U-235, and U-238.

All risk assessment guidelines (RAGs) for radionuclides and nonradionuclides were achieved for direct
exposure, groundwater protection, and river protection under an industrial land-use scenario. In addition
to the verification samples, nine biased samples were collected to provide confidence for the absence of
“hot spots” (or distinct points of contamination) in residual soil beneath locations that had visual stains,
buried liquid wastes, large inventories of hazardous wastes, or areas where characterization for
radiological survey results showed elevated contamination levels. The biased samples were analyzed for
the nonradionuclides arsenic, barium, cadmium, chromium, lead, selenium, silver, tin, uranium (total),
Aroclor-1254; and radionuclides Am-241, Cs-137, Pu-238, Pu-239/240, Pu-241, Sr-90, U-233/234,
U-235, and U-238. All maximum results were below the cleanup standards established for direct exposure
and groundwater protection. RESRAD (RESidual RADioactivity dose assessment model) results predict
uranium will reach groundwater within 1,000 years at concentrations below the groundwater protection
RAG for total uranium (30 pg/L = 21.2 pCi/L). Residual uranium (total) concentrations for statistical
(95 percent upper confidence level) verification samples were measured at 339 mg/kg in the deep vadose
zone (greater than 4.6 m [15 ft]), while the maximum uranium (sum of isotopic) concentration was

148 mg/kg in the biased samples (CVP-2006-00010, Cleanup Verification Package for the 618-2
Burial Ground).

618-12 Scraping Disposal Area. Description of the remediation activities associated with 618-12,
including known nature and extent of contamination, will be covered with the description of the North
Process Pond (WIDS 316-2).

618-1 Burial Ground. Radiological readings conducted at the site indicate 6,000 d/m alpha and
15 mrem/h beta/gamma. The remediation activities for the 618-1 Burial Ground are in progress and are
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scheduled to be completed in January 2010. The residual contamination in the soil beneath the
618-1 Burial Ground will be determined as a part of the cleanup verification sampling process.

300-7 Burial Ground. Confirmatory sampling for 300-7 was completed and a partial remaining sites
verification package was issued in July 2006 (WCH, 2006a, “300-7 Partial Remaining Site for Remedial
Action, Attachment: Partial Remaining Sites Verification Package for the 300-7 Undocumented Solid
Waste Burial Ground”). The site was recommended for remedial action and reclassification in accordance
with guidelines outlined in TPA-MP-14 because isotopic uranium results exceeded the RAGs for direct
exposure, groundwater protection, and river protection. The maximum concentrations for U-234, U-235,
and U-238 were measured at 2,340, 21.8, and 2,470 pCi/g, respectively. The extent of contamination
beneath the site will be determined during waste site remediation.

300-9 Burial Ground. Confirmatory sampling for 300-9 was completed and a partial remaining sites
verification package was issued in July 2006 (WCH, 2006b, “300-9 Partial Remaining Site for Remedial
Action Attachment: Partial Remaining Sites Verification Package for the 300-9 Possible Early Solid
Waste Burial Ground”). The site was recommended for remedial action and reclassification in accordance
with guidelines outlined in TPA-MP-14 because isotopic uranium results for U-235 and U-238 exceeded
the RAGs for direct exposure, groundwater protection, and river protection. Maximum concentrations for
U-235 and U-238 were measured at 14.1 and 267 pCi/g. No contamination associated with the possible
early burial ground was identified, so remediation will be limited to the near surface.

Source Locations with High Potential for Inpacting Vadose Zone and Groundwater

High-volume, liquid waste disposal sites in the 300 Area include the South Process Pond (1943 to 1975),
North Process Pond (1948 to 1975, 307 Process Trenches (1953 to 1963), the 300 Area Process Trenches
(1975 to 1994), and the various process pipelines including the 300 Area process sewer (300-15). Several
millions of liters per day (gallons per day) of uranium bearing liquid waste, along with small amounts of
plutonium and other metals, were discharged to the process ponds and trenches through the process sewer
during fuels fabrication at the 300 Area. These high-volume, liquid waste disposal sites have the greatest
potential for deep contamination in the vadose zone and the underlying groundwater. The South Process
Pond began operation in 1943. The North Process Pond was constructed and activated in 1948, following
a dike failure at the existing South Process Pond. Both ponds were in operation until 1975, when the

300 Area Process Trenches replaced the facilities. All of these disposal facilities in the 300-FF-1 OU were
remediated to remove the bulk of residual uranium contamination between the years 1995 and 2004.

Historical data are not adequate to assess the exact amount of wastes discharged to the process ponds and
trenches. Extrapolations from existing data show approximate amounts of waste material released to the
Process Ponds as follows:

e 112 metric tons (124 tons) uranium

¢ 8,900 metric tons (9,800 tons) (combined) sodium, sodium hydroxide, sodium aluminate, and
sodium silicate

e 3,700 metric tons (4,100 tons) (combined) nitrates and nitric acid
e 16,300 metric tons (18,000 tons) nickel

¢ 6,100 metric tons (6,700 tons), zinc

e 2,000 metric tons (2,200 tons) trichloroethene

¢ 1,800 metric tons (2,000 tons) silver
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¢ Unknown quantities of aluminum, beryllium, zirconium, tin, iron, chromium, silicon, and
other substances

Lesser amounts of waste materials were discharged to the 300 Area Process Trenches because of the
change in policy to divert high-level and above-discharge-limit wastes to the WATS (WHC-MR-0388,
Section 31.4, p. 114). A brief description of each of the 300 Area liquid-waste-disposal sites is
outlined below.

Several characterization studies have been performed as a part of the effort to develop a conceptual model
for uranium contamination in the subsurface at the 300 Area. One part of the effort has been focused on
determining the location of the uranium inventory in the vadose zone, with particular emphasis on the
three high-volume, liquid waste disposal sites (South Process Pond, North Process Pond, and the

300 Area Process Trenches), where large volumes of liquid effluent containing uranium were disposed
during fuel fabrication operations.

Estimates made in 2007 for the inventory of uranium in the subsurface at the 300 Area are described in
PNNL-17034 (pp. 6.15 to 6.38) using a “box model.” The estimates are based on published analytical
results for the relatively few field measurements available, and on assumptions regarding the volumes for
each compartment in the box model.

The model breaks the 300 Area subsurface into the following 10 compartments (Chapter 3, Figure 3-4
provides an illustration):

o Compartment A - Vadose Zone Sediments Above the High River Stage Within Footprints of Inactive
Disposal Facilities

o Compartment B — Vadose Zone Pore Water Above the High River Stage Within Facility Footprint
¢ Compartment C — Vadose Zone Sediments Above High River Stage Outside Facility Footprints

o Compartment D - Vadose Zone Pore Water Above High River Stage Outside Facility Footprints

o Compartment E - Sediments in Intermittently Wetted “Smear” Zone Below Facility Footprints

o Compartment F — Pore Water in the “Smear” Zone Below Facility Footprints

¢ Compartment G — Sediments in Intermittently Wetted “Smear” Zone Outside Facility Footprints

o Compartment H — Pore Water in the “Smear” Zone Outside Facility Footprints

o Compartment [ - Aquifer Sediments that are Always Below Water Table

¢ Compartment ] - Uranium Plume (Groundwater in the Aquifer Above 30 pg/L uranium
concentration)

The uranium inventory (kilogram) for each of the “box” compartments is presented in PNNL-17034
(Table 6.5, pp. 6.17-18 and schematic representation in Figure 6.4, p. 6.19). One primary source for the
uranium inventories used in the box model is the waste stream analysis (NUV-06-21106-ES-001-DOC,
Identification and Classification of the Major Uranium Discharges and Unplanned Releases at the
Hanford Site using the Soil Inventory Model (SIM Rev. 1 Results). The estimates provided in the box
model contain uncertainties related to the representativeness of the samples available and the mobility
characteristics for the uranium for each compartment. The latter is particularly significant for evaluating
protectiveness levels for groundwater, in that the presence of contaminant uranium does not directly
imply a potential impact to groundwater. Evaluating the protectiveness of residual uranium contamination
from past waste disposal operations also requires an understanding of the current and likely future
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geochemical and hydrologic conditions, which control migration of uranium along environmental
pathways.

More recent laboratory analysis of sediment samples collected during several recent drilling campaigns in
the 300 Area provided new data for refining the 2007 box model. This characterization effort sought to
(1) provide additional information regarding the extent of uranium contamination in the 300 Area vadose
zone, and (2) quantify the leachable (labile) concentration of the uranium in sediment samples (less than
2 mm [0.08 in.] size fraction) collected from boreholes recently drilled in the 300 Area (PNNL-16435;
PNNL-17793). Concentrations of uranium resulting from water extractable, acid extracts, and microwave
digestions of sediment samples collected along the length of the boreholes (i.e., shallow vadose zone,
deep vadose zone, and saturated zone) were quite dilute. The peak uranium concentration from the
microwave digestions, the method expected to yield the highest uranium concentration, ranged from

3.04 to 5.50 pg/g (less than 2 mm [0.08-in.] size fraction). All three methods found the highest
concentrations of uranium in sediments collected within the deep vadose zone and capillary fringe. The
dilute uranium concentrations, particularly from the borehole located in the South Process Pond, were
unexpected and in contrast with the box model outlined in PNNL-17034, which attributed a large portion
of uranium inventory to the vadose zone directly beneath known liquid waste disposal sites. The results
from uranium extraction study suggest the vadose zone directly beneath disposal sites (Compartments A
and B) is a less likely source, and the rewetted deep vadose zone beneath the 300 Area affected by the rise
and fall of the river (Compartments C through H) is the most likely source for uranium contamination.

Using a two-source model, as suggested in PNNL-17793, Chapter 6.0, p. 6.6, can describe the uranium
contamination in the vadose zone. The first source is represented by the widespread region in the deep
vadose zone and capillary fringe affected by the fluctuation in river stage. This region is expected to yield
uranium concentrations ranging between 3 and 10 pg/g from sediment. The second source is represented
hot spots located at various positions within the 300 Area vadose zone ranging near the surface to the
deep vadose zone.

South Process Pond (WIDS 316-1). The site originally received cooling water and low-level liquid
wastes from the fuel fabrication facilities and early laboratories (313, 314, 3706, and 321 Buildings).
Contaminants from these facilities included uranium, copper, cobalt, small amounts of plutonium, and
PCBs. The total mean inventory of uranium disposed to the process 300 Area South Process Pond is
26,166 kg (57,686 1b) (NUV-06-21106-ES-001-DOC).

The site has been closed out under EPA/ROD/R10-96/143. After completion of the excavation activities,
37 verification samples were collected and analyzed for the COCs Co-60, U-233/234, U-235, U-238, and
PCBs. Radionuclide and PCB results from the verification samples with RESRAD modeling indicate that
applicable RAGs were achieved for direct exposure, groundwater protection, and Columbia River
protection. Uranium-233/234, U-235, and U-238 are predicted to reach groundwater at concentrations
below the maximum contaminant level. The site post excavation maximum predicted (RESRAD)
groundwater concentration for total uranium is 8.69 pCi/L, which is less than the groundwater protection
maximum contaminant level of 21.2 pCi/g (CVP-2003-00002, Cleanup Verification Package for the
South Process Pond (WIDS Site 316-1), the Retired Filter Backwash Pond (WIDS Site 300 RFBP),
300-262 Contaminated Soil, and Unplanned Release Sites UPR-300-32, UPR-300-33, UPR-300-34,
UPR-300-35, UPR-300-36, UPR-300-37, and UPR-300-FF-1, pp. 1 to 8).

Table 2-13 provides a list of the three maximum verification sample isotopic uranium values measured
following site excavation. These sample locations are near the southwest corner of the 316-1 South
Process Pond, which was the primary inlet point of the 300 Area Process Sewer to the pond. The
verification sample locations and measured uranium (total) concentrations are shown in Figure 2-32.
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A complete list of the verification samples and results for the South Process Pond is found in Appendix A
of CVP-2003-00002 (units of picocuries/gram). Additionally, the verification data are presented by
PNNL-17034 in units of milligram/kilogram.

Table 2-13. Maximum Residual Isotopic Uranium Results from Three Cleanup Verification Samples
Collected Near the Southwest Corner of the South Process Pond (316-1)

Hanford Environmental

Information System U-234 U-235 U-238 Total Uranium
Sample Number (pCilg) (pCilg) (pCilg) (pCilg)
BOR3R1 55.0 7.3 48.0 110.3
BOR3R5 32.0 2.1 30.0 64.1
BOL888 (Trench 6) 40.8 1.87 40.6 83.27

Additional sampling within the South Process Pond was performed and documented in PNNL-15121.
Samples were collected and analyzed for uranium from two trenches excavated with a backhoe through
the bottom of the excavated (remediated) soil in the South Process Pond. One trench was located in the
southwest corner near the liquid waste inlet, the other in the northeast corner of the remediation site
footprint in the Retired Filter Backwash Pond. The results are summarized in PNNL-15121, Table 2.3.
Uranium concentrations retrieved from the sediment (less than 2 mm [0.08-in.] fraction) collected from
the southwest corner ranged from 7.3 to 12.2 mg/kg (2.5 to 4.1 pCi/g U-238), measured at 1.2 m and

3.7 m bgs (4 and 12 ft bgs), respectively, over a depth interval between 1.2 and 6.7 m bgs (4 and

22 ft bgs). Uranium concentrations decreased to less than 5.3 mg/kg (1.78 pCi/g U-238) below 3.7 m bgs
(12 ft bgs), and increased to 10.2 mg/kg (3.43 pCi/g U-238) at 6.7 m (22 ft) bgs. Uranium concentrations
retrieved from the sediment (less than 2 mm [0.08-in.] fraction) collec<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>