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Executive Summary

This document presents the results of a Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA)! Remedial Investigation
(RI)/Feasibility Study (FS) undertaken for a portion of the Hanford National Priorities
List (NPL) Site referred to as 100-F/IU. The 100-F/IU has four source operable units
(OUs) (100-FR-1, 100-FR-2, 100-IU-2, and 100-IU-6) and a groundwater OU
(100-FR-3). As a result of the RI evaluation, a determination has been made that
contaminants in the vadose zone (the soil between ground surface and the top of the
groundwater) and groundwater pose a threat to the environment and that CERCLA
remedial action is warranted. Based on the 100-F/IU RI/FS, the U.S. Department of
Energy, Richland Operations Office (DOE-RL), in collaboration with the Environmental
Protection Agency (EPA), will issue a Proposed Plan that identifies a Preferred
Alternative, as well as other alternatives, considered for cleanup of the 100-F/IU
contaminated soil and groundwater in order to receive comment from the Tribal Nations
and the public. The U.S. Environmental Protection Agency (EPA), working in
cooperation with DOE-RL, will consider input submitted during the comment period as
well as any new information that becomes available, and issue a Record of Decision
(ROD) that identifies the final remedial alternatives selected for the 100-F/IU OUs and

will document responses made to Tribal Nations and public comments.

The 100-F/IU includes 400 sites or locations where waste was potentially disposed during
past operations. To verify this, DOE reviewed the relevant operational histories and
conducted field investigations as necessary to determine the status of each site. These
reviews and investigations revealed that 114 of the 400 locations do not pose a risk
requiring remedial action. A decision under the ROD is required for the 286 waste sites
evaluated in the 100-F/IU RI/FS. Of the 286 waste sites, 153 have been identified as
requiring no further action. Sixteen waste sites have been identified for institutional
controls (ICs) to ensure protectiveness. The remaining 117 sites are evaluated for
remedial action. Eighty-one waste sites are anticipated to be addressed under the interim
action ROD. Thirty-six waste sites are expected to be remediated after the 100-F/IU OUs

ROD is issued, and are included in the cost estimate.

1 Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 USC 9601, et seq.,
Pub. L. 107-377, December 31, 2002. Available at: http://epw.senate.gov/cercla.pdf.
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DOE-RL is currently remediating 100-F/IU waste sites under the existing interim action
RODs, which require removal, treatment (if necessary), and disposal of contaminated soil
and debris at the onsite Environmental Restoration Disposal Facility (ERDF). These
waste sites will continue to be remediated under the interim action RODs. All 286 waste

sites and the groundwater will require a decision under the 100-F/IU OUs ROD.
This RI/FS, which supports the Proposed Plan, has the following objectives:
e Provide information concerning the physical environmental setting for 100-F/IU.

e Draw conclusions concerning the nature and extent of contamination and the

potential for migration of contamination.

e Evaluate the potential for adverse effects on human health and the environment

(HHE) if no action is taken.

e Develop and evaluate an appropriate range of remedial action alternatives to address

unacceptable risk to HHE.

The RI/FS was prepared based on information gathered from operating information and
process knowledge, historical studies and investigations, data collected during
implementation of Interim Action RODs, and recent field investigations. Waste site
cleanup actions and assessments have been performed since the early 1990s. RI work,
done specifically to provide information to supplement what was already known
regarding nature and extent of contamination, included installing three groundwater
monitoring wells, three vadose zone boreholes, and sampling aquifer tubes and pore water to
refine the conceptual site model. In addition, a select network of wells was sampled to

determine spatial and temporal variations in groundwater contamination.

100-F/IU Background
The 100-F/IU area is divided into the 100-F Reactor area, and the IU-2 and IU-6 areas

within the 100 Area (commonly referred to as the River Corridor). The 100-F area is
located in the northeastern portion of the Hanford Site, adjacent to the Columbia River,
and is the site of the 105-F Reactor. The 100-F area encompasses approximately 2.8 km?
(1.1 mi®). Construction of the 105-F Reactor began in December 1943. The reactor’s
primary mission was plutonium production, which began in February 1945 and continued
until deactivation in 1965. Reactor operations were supported by multiple facilities that

included infrastructure for water treatment, air filtration, nuclear fuel handling, cooling
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water effluent disposal, laboratories, and administration. The secondary mission of the
100-F area was the Experimental Animal Farm (EAF), a biological laboratory used to
examine the effects of radiation and radioactive contamination on plants, animals, and

fish. The EAF operated until 1976.

The water-cooled nuclear reactor, associated structures, and processes that generated
solid and liquid wastes were the primary sources of contamination at 100-F. Solid waste
was placed in unlined burial grounds. Liquid contaminants were released to the
environment by discharging effluent directly to the soil column via retention basins,

trenches, cribs, ditches, and through outfall piping to the Columbia River.

The 100-1U-2 and 100-1U-6 (100-1U-2/1U-6) OUs consist of an area between and outside
the reactor and production areas within the 100 Area. Pre-Hanford agriculture-based town
of White Bluffs and the Hanford town site were located within these OUs. Waste sites
associated with pre-Hanford activities include landfills and surface debris. During the
development of the Hanford Site, the area was used for housing and staging equipment
and materials for the Hanford Site. Waste sites generally originated from industrial

chemical use, and include landfills, dumpsites, surface debris, and unplanned releases.

Physical/Environmental Setting

The conceptual site model includes consideration of the physical and chemical
characteristics of vadose materials, geologic features of the area, local groundwater
characteristics, and the interaction of these elements with the Columbia River. The
physical characteristics of the study area influence the movement of contaminants within

the environment.

The topography of the reactor area at 100-F is relatively flat, with elevations generally
between 120 and 128 m (394 and 420 ft) above mean sea level (amsl) inland from the
Columbia River. The area has been disturbed and graded extensively since reactor
construction through present-day waste site remediation activities. The elevation at the
river shore is approximately 115 m (377 ft) amsl. A low bench of land southeast of 100-F
with elevations below 114 m (374 ft) amsl is submerged when river stage is above
average. The topography within 100-1U-2/IU-6 varies widely. Portions of this region are
relatively flat, but it also includes Gable Butte and Gable Mountain, which rise

approximately 60 m (200 ft) and 180 m (590 ft), respectively, above surrounding land.
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The physical characteristics most affecting contaminant transport at 100-F are the
hydrogeology and the rate of infiltration. The vadose zone consists primarily of
unconsolidated gravel and sand of the Hanford formation. The unconfined aquifer
beneath 100-F comprises Hanford formation gravels that range in thickness from less
than 1 m (3 ft) in southwestern 100-F to 8§ m (26 ft) in eastern 100-F nearest the
Columbia River. The Ringold Upper Mud (RUM)—a zone of low permeability
composed of intermixed sand, clay, and silt zones—forms the base of the unconfined
aquifer. The direction of groundwater flow is east-northeast in the northern part of 100-F
and east-southeast in the southern part, with flow velocities ranging from 0.19 to
0.62 m/day (0.58 to 1.9 ft/day). Normal seasonal variability observed in the water table in

100-F is more than 3 m (10 ft) in wells near the river and decreases farther inland.

The hydrostratigraphy of the 100-1U-2/IU-6 OUs is variable because of the large area
covered. Groundwater flows west to east beneath the southern portion of 100-1U-2/1U-6,
discharging to the Columbia River at the eastern edge of the Hanford Site. Some
groundwater flows northward through the gap between Gable Mountain and Gable Butte,
and then toward the river. Recharge to the aquifer is low because of the Hanford Site’s
hot, arid climate. Recharge during reactor operations was greater than natural recharge,
and came from liquid waste releases to the ground, spills, and localized leaks from

facilities associated with the water supply.

Recharge rates are dependent on vegetation. Currently in the 100-F area, there is little to
no vegetation, whereas 100-1U-2/1U-6 is composed of large areas of mature vegetation.
Recharge rates may be as low as 1.5 mm/yr (0.059 in./yr) where mature vegetation is
present, and as high as 52 mm/yr (2.0 in./yr) on disturbed soil. There is little recharge in

areas with natural vegetation, as annual net evapotranspiration is near zero.

Nature and Extent of Contamination

This document describes the current distribution of contaminants in the environment,
predicts migration rate of contaminants through the physical setting (fate and transport),
and evaluates the potential for contaminant migration in groundwater and subsequent

discharge to the Columbia River.

Large volumes of water containing low concentrations of hexavalent chromium (Cr(V1)) and
radionuclides were discharged to the soil via trenches, cribs, and leaks from pipelines and

the 116-F-14 retention basin. Liquid effluent was also discharged through outfalls to the
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Columbia River. During the operational period, large groundwater mounds formed
beneath disposal areas. These mounds accelerated the radial spreading of mobile

contaminants, such as Cr(VI) and nitrate in the aquifer, enabling them to move inland.

Some contaminants were released in relatively low volumes, but at higher concentrations.
Contaminants released in this manner often remained in vadose zone soil, rather than
being transported deeper into the vadose zone by high volumes of water. By comparison
with other Hanford Site reactors, 100-F used dry sodium dichromate for a longer period,
resulting in fewer releases of high-concentration sodium dichromate solution. Current
Cr(VI) concentrations in groundwater do not indicate the presence of a high-concentration,

persistent source.

Low-mobility contaminants, including many metals and radionuclides, sorbed to fine
textured sediments in the vadose zone. These contaminants were found at the greatest
concentrations within and near the areas of discharge. When little or no liquid effluent
was discharged to a waste site, soil contamination remained in the shallow sediment.
Most of this shallow contamination has been removed during remediation activities.
Strontium-90 is a moderately mobile contaminant in the subsurface and was observed in
several 100-F waste sites, including the 118-F-1 and 118-F-6 burial grounds, and 116-F-9
and 116-F-2 trenches. This contaminant migrated a limited distance vertically and
horizontally in groundwater during the operational period; the residual contaminant is

mostly sorbed to fine textured sediment in the vadose zone and aquifer.

After reactor operations and liquid effluent disposal ceased, there was a significant
decrease in water infiltrating the vadose zone. The artificially elevated groundwater
mounds largely dissipated within 3 to 5 years. Natural rainfall and snowmelt infiltration
carried some additional contamination to groundwater; net infiltration of 8 to 10 cm/yr

(3 to 4 in./yr) likely continued at nonvegetated waste sites.

Waste Site cleanup in 100-F/IU began in the mid-1990s under an Interim Action ROD
and is nearly complete. Interim action waste site cleanup consists primarily of removing

and disposing of contaminated material, then backfilling and revegetating to protect HHE.

The RI soil sample results indicated that several radiological contaminants (i.¢., carbon-14,
cobalt-60, cesium-137, europium-152, and europium-154, nickel-63, plutonium-239/240,
strontium-90, tritium, and uranium isotopes) were detected above background in the deep

vadose zone. Total chromium above background concentrations was observed in all new
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wells and borehole samples while Cr(VI) was only detected in two separate well soil

samples collected near the water table.

Contaminants of concern (COCs) in 100-F groundwater are Cr(V1), strontium-90, nitrate,
and trichloroethene. Data from wells installed for the RI helped define the extent of these
contaminants horizontally and vertically. Plumes that originated near or east of the largest
liquid disposal facilities generally flow eastward to the river, whereas plumes that
originated west of the largest liquid disposal facilities are moving south-southeast. Cr(VI)
exceeds the 10 pg/L state water quality standard beneath a portion of eastern 100-F;
however, of the 19 monitoring wells used for spatial and temporal monitoring, only two
wells exceeded the 48 ug/L DWS in 2009 through 2011. Of the 32 aquifer tubes sampled,
only one aquifer tube groundwater sample exceeded the state water quality standard for
Cr(V1) in 2009, and none in 2010 or 2011, Strontium-90 exceeds the 8 pCi/L DWS in a
small plume beneath eastern 100-F. The plume is near the Columbia River, but
concentrations of strontium-90 in aquifer tubes were less than the DWS, with
concentrations declining with depth in the aquifer. The nitrate plume is generally located
west of the main liquid disposal area(s) and extends south from 100-F for a distance of
approximately 2 km (1.2 mi) at a concentration that exceeds the 45 mg/L. DWS.
Trichloroethene concentrations in three wells exceed the 5 ng/L. DWS in southwestern
100-F. The low density of wells to the south creates uncertainty in the interpretation, and
the plume probably extends farther south than can be interpreted based on available data.
Wells in other locations around 100-F have occasionally reported trichloroethene at
concentrations greater than the DWS. Trichloroethene concentrations within the plume
have been declining, and a concentrated residual source is not suspected. Groundwater

contamination is limited to the unconfined aquifer.

Contaminated groundwater has been identified in the unconfined aquifer beneath the

100-IU-2 and 100-1U-6 OUs. The contamination does not appear to originate from sources
in the 100-1U-2/1U-6 OUs, with the possible exception of trichloroethene, and is addressed
by the CERCLA decisions for the groundwater OUs where the contamination originated.

Exposure Assessment

Exposure scenarios were developed to allow assessment of potential human health risk
and ecological effects. The principal contaminants identified in the soil associated with
one or more waste sites include radionuclides, metals, polychlorinated biphenyls, and

polycyclic aromatic hydrocarbons. The risk assessment identified Cr(VI), strontium-90,

vi
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nitrate, and trichloroethene as the principal groundwater contaminants in 100-F. These soil

and groundwater contaminants are evaluated for potential remedial technologies in the FS.

The evaluations of risk for specific waste sites rely on a comprehensive review of field
data, radiological surveys, process history, analogous site information, personal interviews,
engineering drawings and as-builts, and any other information identified during the
development of the RI/FS. For waste sites proposed for remediation, the data review
indicated a need for action. This comprehensive review of the characteristics of each site

is sufficiently defined for the purpose of alternative development and comparison in the FS.

In addition, of the 286 waste sites evaluated in the RI/FS, 144 waste sites in 100-F/IU had
closeout verification data available following the implementation of interim action
removal and disposal. These sites were remediated to meet interim action cleanup levels
(remedial action goals [RAGs]). New soil screening levels (SSLs) and preliminary
remediation goals (PRGs) are established in this RI for each environmental media of
interest (soil and groundwater), each type of contaminant (hazardous substances and
radionuclides), and human and ecological receptors. The SSLs and PRGs are based on
EPA guidance and a scenario that includes assumptions of vadose zone contamination
and an infiltration/recharge rate based on irrigated agriculture for SSLs and conservation
land use for PRGs. All 144 sites were remediated to levels that are protective of
groundwater and surface water, based on preliminary remediation goals (PRGs). Sixteen
waste sites at 100-F have residual radionuclide contamination that exceeds human health
direct-contact SSLs at depths great than 4.6 (15 ft) below ground surface, where there is

an incomplete pathway.

Alternatives Development

The feasibility study portion of the RI/FS consists of three phases: screening of remedial
technologies, development of remedial alternatives, and detailed analysis of selected
alternatives. Remedial technologies were assembled into alternatives that address

contamination on a media- or source-specific basis.

Remedial action objectives (RAQs) are identified for groundwater, surface water, and
soil. RAOs are general descriptions of what a cleanup under CERCLA is expected to
accomplish. They are narrative statements that define the extent to which waste sites
require cleanup to protect HHE. To meet RAOs, PRGs are established for each

contaminant, exposure pathway, and environmental media of interest. The interim action

Vii
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RAGs, and SSLs and PRGs developed in this RI/FS, are used to identify cleanup levels for
each COC. Contaminant concentrations at all 100-F/IU waste sites will be evaluated against

cleanup levels defined in the ROD.

A range of response actions using different process options to meet RAOs is identified in
the RI/FS. Process options retained for waste sites include no action, standard and deep
excavation, disposal, treatment, and ICs. Process options retained for groundwater
include no action, ICs, monitored natural attenuation (MNA), containment,
pump-and-treat, in situ treatment, injection/extraction, ion exchange, and air stripping.
Process options and technologies for the range of response actions are evaluated for

relative effectiveness, implementability, and cost.

The remedial technologies, retained from the screening process, were combined to
provide a range of separate alternatives for waste site and groundwater remediation. With
the exception of No Action, which is required for evaluation under the “National Oil and
Hazardous Substances Pollution Contingency Plan” (NCP)2, the remedial alternatives
were developed to achieve the RAOs by considering the CERCLA program goals and
expectations. Waste site alternatives evaluated include Alternative S-1 (No Action) and
Alternative S-2 (removal, treatment, and disposal [RTD]). Alternatives evaluated for
groundwater include Alternative GW-1 (No Action), Alternative GW-2 (ICs and MNA),
Alternative GW-3 (Pump-and-Treat optimized with other technologies), and Alternative
GW-4 (Enhanced Pump-and-Treat).

Alternative Evaluation

Eighty-one sites are anticipated to be remediated under the interim action ROD. An
additional 36 waste sites for which remedial actions are not expected to be started until
after the ROD is issued were evaluated individually and comparatively against seven of
the nine CERCLA criteria. Two criteria, overall protection of human health and the
environment and compliance with applicable or relevant and appropriate requirements
(ARARsS), are “threshold criteria.” The next five are “balancing criteria” and include
long-term effectiveness; reduction of toxicity, mobility, and volume (TMV) through
treatment; short-term effectiveness; implementability; and cost. The two remaining
“modifying criteria,” state acceptance and community acceptance, will be evaluated in

the responsiveness summary of the 100-F/IU OUs ROD after the Proposed Plan goes

2 40 CFR 300, “National Qil and Hazardous Substances Pollution Contingency Plan,” Code of Federal Regulations.
Available at: http://www.gpo.gov/fdsys/pkg/CFR-2010-title40-vol27/xml/CFR-2010-title40-vol27-part300.xml.

viii
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through the Tribal Nation and public review and comment process. The purpose of the
detailed and comparative analysis is to develop the information necessary to recommend

a preferred alternative in a Proposed Plan. The analysis of the alternatives showed:

e Alternative S-1 did not satisfy the threshold criteria for protection of HHE and
compliance with ARARs. Alternative GW-1 did not satisfy the threshold criteria for
protection of HHE or compliance with ARARs. Therefore, these alternatives were

not evaluated against the balancing criteria.

e Alternative S-2 is protective of HHE, will achieve cleanup levels within a reasonable
time frame, and meet this threshold criterion. Alternatives GW-2, GW-3, and GW-4
are protective of HHE, will achieve cleanup within a reasonable time frame, and meet

this threshold criterion.

e Alternative S-2 performs very well for the long-term effectiveness and permanence,
and implementability criteria; moderately well for short-term effectiveness; and less
well for the reduction of TMV through treatment. Alternatives GW-2, GW-3, and
GW-4 perform very well in long-term effectiveness and permanence and moderately
well for short-term effectiveness. Alternative GW-4 performs very well in the
reduction of TMV through treatment, while Alternative GW-3 performs moderately
well, and Alternative GW-2 performs less well. Alternative GW-2 performs very well
in implementability, Alternative GW-4 performs moderately well, and Alternative

GW-3 performs less well against this criterion.

All the groundwater alternatives require ICs and a similar time frame to achieve RAOs.
Alternative GW-2, MNA, is readily implementable and is a fraction of the cost of the
other alternatives. The in situ treatment for Alternative GW-3 would require specialized
biological reagents and, although it is a proven technology, it would require design
testing for this site. Although Alternative GW-4 achieves RAOs for some COCs sooner
than the other alternatives, it is more intensive to implement, and has the highest cost.
The analysis provides enough information to be able to recommend a preferred

alternative in the Proposed Plan.

There will be a period of time between when the ROD is approved and when the required
Remedial Design/Remedial Action Work Plan (RD/RAWP) is prepared and issued.
During this period, DOE-RL plans to continue interim remedial activities such as waste

site remediation. In order for these actions to be consistent with the final action remedy
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selection, the current interim action RDR/RAWPs will be modified using the Hanford
Federal Facility Agreement and Consent Order (Tri-Party Agreement) (Ecology, EPA,
and DOE, 1989)3 change notice process to include the final cleanup levels specified in
the ROD. All 286 waste sites will be included in the ROD for final remedy decision to be

documented, even if no further remedial activities are needed.

3 Ecology, EPA, and DOE, 1989, Hanford Federal Facility Agreement and Consent Order, 2 vols., as amended,
Washington State Department of Ecology, U.S. Environmental Protection Agency, and U.S. Department of Energy,
Olympia, Washington. Available at: http://www.hanford.gov/?page=81.
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1 Introduction

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

For the purpose of CERCLA cleanup, four sections of the Hanford Site were placed on the 40 CFR 300,
“National Oil and Hazardous Substances Pollution Contingency Plan,” (hereinafter called NCP)
Appendix B, “National Priorities List” (hereinafter called NPL), as separate areas: 100 Area (Reactor
Operations), 200 Area (Irradiated Fuel Reprocessing and Waste Management), 300 Area (Nuclear Fuel
Production and Research and Development), and 1100 Area (Equipment and Maintenance). Due to the
large number of waste sites, unplanned releases (UPRs), and extensive groundwater contamination, the
100 Area was further divided into source and groundwater operable units (OUs) for management of the
investigation and remediation.

This document presents the results of a CERCLA Remedial Investigation/Feasibility Study (RI/FS) of the
100-F/IU-2/IU-6 OUs. The information contained in this RI/FS supports a proposed plan that will be
available to Tribal Nations and the public for review and comment. The RI/FS and responses to Tribal
and public comments (the Responsiveness Summary) provide the basis for a Record of Decision (ROD).
The RI/FS process supports remedy selection and provides the basis for a ROD to remediate source OUs
100-FR-1, 100-FR-2, 100-1U-2, and 100-1U-6 as well as the 100-FR-3 Groundwater OU, hereinafter
collectively referred to as 100-F/IU.

Much of Chapter 1 is devoted to summarizing the assessment and remediation work, treatability tests, and
other relevant studies. This historical information provides a comprehensive picture of current 100-F/IU
OUs site conditions and establishes a foundation for the remainder of the RI/FS document.

The list of waste sites for 100-F/IU OUs has been refined over time. During operations, waste disposal
locations were constructed and operated as needed. Eventually, these locations were assigned an
identification number. As technology evolved, computer databases were developed to store and track
waste site information. The Waste Information Data System (WIDS) is the database of waste site
information for the Hanford Site. WIDS assigns standardized identification numbers (site codes) and
tracks the status of each waste site. As a result of the potential listing on the NPL (40 CFR 300,
Appendix B), a preliminary assessment/site investigation (PA/SI) was conducted. This PA/SI identified
potential waste sites by geographic area across the Hanford Site and assigned each waste site a hazard
ranking. This combined hazard ranking score resulted in four areas (100, 200, 300, and 1100) to be added
to the NPL (40 CFR 300, Appendix B). Waste sites identified within the geographic areas included 100-F,
and areas shown on Figure 1-1. These waste sites were included in WIDS and formed the basis for the
preliminary list of waste sites in the 100-F/IU OUs. Since the PA/SI, additional efforts have been
conducted to ensure that all waste sites posing a threat to human health and the environment (HHE) are
identified through the Nonoperational Area Evaluation process, including the Orphan Site Evaluation and
Discovery Site processes.

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

For 100-F/IU OUs, the Past-Practice Strategy (DOE/RL-91-40) translated into limited field investigations
(LFIs) being completed. LFIs (Limited Field Investigation Report for the 100-FR-1 Operable Unit
[DOE/RL-93-82], hereinafter called 100-FR-1 LFI, and Limited Field Investigation Report for the
100-FR-3 Operable Unit [DOE/RL-93-83], hereinafter called 100-FR-3 LFI) were initiated for the
100-FR-1 and 100-FR-3. These LFIs were an initial step in characterizing the nature and extent of
contamination in the vadose zone, structures, and debris that received radioactive liquid effluent
discharges. Radionuclides, metals, and organics were analyzed in the LFI samples. No LFIs were
conducted for 100-1U-2 and 100-IU-6 OUs.

As aresult of the LFIs, substantial work to remove contaminated soil and facilities has been completed
under the following interim action RODs:

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

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

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

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

Current River Corridor cleanup work is progressing based on Interim Action RODs. An objective of
waste site cleanup is to remove sources of contamination and contaminated environmental media that are
close to the Columbia River and place them in the Environmental Restoration Disposal Facility (ERDF)
for final disposal on the Central Plateau. Reducing the concentrations of contaminants entering the
Columbia River and restoring the groundwater to beneficial use remain the key objectives of groundwater
remediation within 100-F/IU OUs. Interim Remedial Action Objectives (RAOs) for the cleanup of waste
sites within the 100-F/IU OUs focus on protecting human health and ecological receptors from contaminants
in the soil, controlling the sources of groundwater contamination to minimize the impacts to groundwater
resources, and protecting the Columbia River from adverse impacts due to Hanford site contamination.

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

Order 12580), and the TPA (Ecology et al., 1989a). DOE develops implementation strategies and conducts
response actions in this lead federal agency role. With implementation of the Past-Practice Strategy
(DOE/RL-91-40) and progress with the interim remedial actions, DOE prepared the Hanford Site Cleanup
Completion Framework (DOE/RL-2009-10), hereinafter called Cleanup Completion Framework, to
describe the cleanup strategy (Table 1-1). One of the principal components of the framework is the River
Corridor, which consists of approximately 570 km® (220 mi®) of the Hanford Site along the Columbia
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Figure 1-1. River Corridor Area Boundaries
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Table 1-1. Overarching Goals for Hanford Site Cleanup
Goal Description
1 Protect the Columbia River.
2 Restore groundwater to its beneficial use to protect human health, the environment, and the
Columbia River.
3 Clean up River Corridor waste sites and facilities to:
e Protect groundwater and the Columbia River
o Shrink the active cleanup footprint to the Central Plateau
e Support anticipated future land uses
4 Clean up Central Plateau waste sites, tank farms, and facilities to:
e Protect groundwater
¢ Minimize the footprint of areas requiring long-term waste management activities
e Support anticipated future land uses
5 Safely manage and transfer legacy materials scheduled for offsite disposition, including special nuclear

material (including plutonium), spent nuclear fuel, transuranic waste, and immobilized high-level waste.

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

7 Develop and implement institutional controls and long-term stewardship activities that protect human
health, the environment, and Hanford Site’s unique cultural, historical, and ecological resources after
cleanup activities are completed.

River. It includes a contiguous area that extends from the 100 and the 300 Areas to the Central Plateau
boundaries (Figure 1-1).

For sites in the River Corridor, final remedial actions are expected to restore groundwater to drinking
water standards and protect aquatic life in the Columbia River by achieving ambient water quality criteria
(AWQC) and state water quality standards at the groundwater/surface water interface. Unless technically
impracticable, these objectives will be achieved within a reasonable period. If RAOs are not achievable in
a reasonable period or are determined to be technically impracticable, programs will be implemented to
prevent further migration of the plumes, prevent exposure to contaminated groundwater, and evaluate
further risk reduction opportunities as new technologies become available. Cleanup actions will support
reasonably anticipated future land uses consistent with the Hanford Reach National Monument and
“Record of Decision: Hanford Comprehensive Land-Use Plan Environmental Impact Statement

(HCP EIS)” (64 FR 61615).

The River Corridor was divided into six geographic decision areas, including 100-F/IU, to achieve final
source and groundwater remedy decisions (Figure 1-1). These decisions will provide comprehensive
coverage for all areas within the River Corridor and will incorporate interim action cleanup activities.
Cleanup levels will be established that will protect HHE. These levels will also comply with applicable or
relevant and appropriate requirements (ARARs) and consider the cleanup levels previously used in
implementation of Interim Action RODs for River Corridor OUs.

The RI/FS process builds on previous work including the River Corridor Baseline Risk Assessment
(RCBRA) (River Corridor Baseline Risk Assessment [DOE/RL-2007-21]) and the Columbia River
Component (CRC) (Columbia River Component Risk Assessment [DOE/RL-2010-117]), discussed in

1-4
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Chapters 6 and 7, to provide a comprehensive understanding of current site conditions, as they have been
affected by the extensive remediation effort to date, and to present and evaluate a set of alternatives for
addressing the remaining environmental risks at 100-F/IU.

For the purpose of this RI/FS, the vadose zone is defined as follows:

e Shallow vadose zone—from ground surface to a depth of 4.6 m (15 ft). This depth interval is
evaluated for protection of human health and ecological receptors as well as protection of
groundwater and surface water.

e Deep vadose zone—from below a depth of 4.6 m (15 ft). This depth interval is evaluated for
protection of groundwater and surface water. Residual contaminant concentrations in this zone are
evaluated for human health protection to provide risk management information.

The RI/FS for 100-F/IU was conducted in accordance with Integrated 100 Area Remedial
Investigation/Feasibility Study Work Plan (DOE/RL-2008-46), hereinafter called the Integrated Work Plan,
which contains the planning elements that are common to all of the Hanford Site 100 Area source and
groundwater OUs, and Integrated 100 Area Remedial Investigation/Feasibility Study Work Plan, Addendum 4:
100-FR-1, 100-FR-2, 100-FR-3, 100-1U-2, and 100-1U-6 Operable Units (DOE/RL-2008-46-ADD4),
hereinafter called the 100-F/IU Work Plan, which is specific to 100-F/IU, as well as the Sampling and
Analysis Plan for the 100-FR-1, 100-FR-2, 100-FR-3, 100-1U-2, and 100-1U-6 Operable Units Remedial
Investigation/Feasibility Study (DOE/RL-2009-43), hereinafter called the 100-F/IU SAP.

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

e Chapter 2 Study Area Investigation

e Chapter 3 Physical Characteristics of the Study Area

e Chapter4 Nature and Extent of Contamination

e Chapter 5 Contaminant Fate and Transport

e Chapter 6 Human Health Risk Assessment

e Chapter 7 Ecological Risk Assessment

e Chapter 8 Identification and Screening of Technologies
e Chapter 9 Development and Screening of Alternatives
e Chapter 10 Detailed Analysis of Alternatives

e Chapter 11 References

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

e Appendix A Site Map
e Appendix B Annotated Bibliography
e Appendix C Supporting Information for Wells and Boreholes
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e Appendix D Analytical Data
e Appendix E Waste Site Table
e Appendix F Fate and Transport Modeling Documentation
e Appendix G Summary of Risk Characterization Results

with Inclusion of Background Concentrations
e Appendix H Ecological Risk Assessment Calculation Briefs
e Appendix I Technology Screening—Not Retained Technologies
e Appendix J Nonoperational Area
e Appendix K Cost Estimate
e Appendix L Riparian/Nearshore Evaluation
e Appendix M Monitored Natural Attenuation Evaluation

1.1 Purpose and Scope of Report

The RI/FS process is outlined in EPA and DOE RI/FS guidance (Guidance for Conducting Remedial
Investigations and Feasibility Studies Under CERCLA, Interim Final [EPA/540/G-89/004], hereinafter
called CERCLA RI/FS Guidance, and Remedial Investigation/Feasibility Study (RI/FS) Process,
Elements and Techniques [DOE/EH-94007658]). The RI/FS process is the methodology that the
Superfund Amendments and Reauthorization Act of 1986 program has established for characterizing the
nature and extent of contamination at uncontrolled hazardous waste sites, the risks posed by that
contamination and an evaluation of potential remedial options.

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

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

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

e Develop and evaluate an appropriate range of remedial action alternatives for the site that address
unacceptable risk to human health or the environment.
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DOE has completed the RI/FS for 100-F/IU OUs and is issuing this report as a component its
responsibilities under the NCP (40 CFR 300), acting in its role as lead agency for the cleanup. EPA is the
lead regulatory agency for the 100-FR-1, 100-FR-2, 100-FR-3, 100-IU-2, and 100-IU-6 OUs and has the
responsibility for overseeing all remedial action alternatives (RAAs) to ensure they meet applicable
requirements. DOE is responsible for performing all 100 Area remedial actions. This report also fulfills
DOE’s responsibility under the National Environmental Policy Act of 1969 (NEPA) to assess NEPA
values when evaluating CERCLA remedial actions. The U.S. Department of Energy, Richland Operations
Office (DOE-RL), in collaboration with EPA, will issue a Proposed Plan detailing the proposed final
remedies for comment by the Tribal Nations and the public. EPA and DOE-RL will issue a ROD for the
100-F/TU OUs, which will include responses to the comments received pertaining to the 100-F/IU
recommended remedies. After the ROD is issued, a remedial design report/remedial action work plan
(RDR/RAWP) will be developed, approved, and then implemented.

The conceptual site model (CSM) is used in this RI/FS to present what is known about 100-F/IU The
American Society for Testing and Materials Standard Guide for Developing Conceptual Site Models for
Contaminated Sites (ASTM E1689-95) defines the CSM as “a written or pictorial representation of an
environmental system and the biological, physical, and chemical processes that determine the transport of
contaminants from sources through environmental media to environmental receptors within the system.”
For the 100-F/IU Work Plan (DOE/RL-2008-46-ADD4), the CSM was used to integrate relevant site
information, determine whether information or data were missing (data gaps), and identify additional
information to be collected. In Chapters 2 through 7 of this report, the model is refined by the additional
information and then used to identify and evaluate potential risks to HHE.

Figure 1-2 presents the basic elements associated with a CSM:

Release
Sources | = Wi ==) | Transport | == | Exposure H Receptors

CHPUBS_100K_0144

Figure 1-2. Conceptual Site Model

e Source—the location where a contaminant enters the physical setting. The primary sources of
contaminants—releases related to reactor operations—are described in Chapter 1. Secondary sources
are created when contaminants are mixed in the vadose zone and then the groundwater. Reactor
operations at 100-F/[U have ceased, interim actions have largely removed the primary sources, and
with the exception of the reactor structure containing the core that has been placed in Interim Safe
Storage (ISS), contaminated buildings have been removed; therefore, this document focuses on
secondary contaminant sources in the vadose zone and groundwater along with potential risks to
HHE. These secondary sources are described in Chapter 5.

e Release Mechanisms—the actions necessary to release contaminants to the environment through
resuspension of contaminated particulate matter, surface runoff, leaching to the vadose zone, plant
intrusion, animal burrowing, erosion, or groundwater migration. Release mechanisms and relevant
physical features are introduced in Chapter 3 and discussed in Chapter 5 in the context of fate and
transport modeling.

e Transport—movement of a radiological, chemical, or physical agent in the environment where
human or ecological exposure could occur. Contaminants introduced into the environment can be

1-7
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transported between environmental media such as air, vadose zone, groundwater, and surface water as
a result of interconnecting release mechanisms. Transport is discussed in Chapter 5.

e Exposure—the process by which a contaminant or physical agent in the environment comes into
direct contact with the body, tissues, or exchange boundaries of humans, plants, or animals (for
example, ingestion, inhalation, dermal absorption, or root uptake). Contaminants in the environment
move from sources to potential receptors via pathways. An exposure pathway is complete when a
receptor encounters contaminated environmental media. Potential exposure scenarios are discussed in
Chapters 6 and 7.

e Receptors—humans and other organisms (for example, plants, animals, and other species) that may
come into contact with the contaminants. Chapters 6 and 7 evaluate exposure to receptors.

The identification of data needs in the 100-F/IU Work Plan (DOE/RL-2008-46-ADD4) led to
development of a SAP that established characterization activities specific to 100-F/IU (Sampling and
Analysis Plan for the 100-FR-1, 100-FR-2, 100-FR-3, 100-1U-2, and 100-1U-6 Operable Units Remedial
Investigation/Feasibility Study, hereinafter called 100-F/IU SAP [DOE/RL-2009-43]). The approved
100-F/TU SAP (DOE/RL-2009-43) includes a field sampling plan describing the sampling strategy and
techniques that were used to obtain the RI/FS data presented in this report. The 100-F/II SAP
(DOE/RL-2009-43) also provides a Quality Assurance Project Plan (QAPjP) to ensure that data collected
meet the appropriate quality assurance (QA) and quality control (QC) requirements.

1.2 Site Background

The Hanford Site encompasses approximately 1,517 km? (586 mi®) in Benton, Franklin, and Grant
Counties in south-central Washington State within the semi-arid Pasco Basin of the Columbia Plateau.
The Site stretches approximately 50 km (30 mi) north to south and about 40 km (24 mi) east to west,
immediately north-northwest of the confluence of the Yakima and Columbia Rivers, the Cities of
Kennewick, Pasco, and Richland (the Tri-Cities), and the City of West Richland. The Columbia River
flows 80 km (50 mi) through the northern part of the Hanford Site and, turning south, forms part of the
Site’s eastern boundary, while the Yakima River runs near the southern boundary of the Hanford Site,
joining the Columbia River at the City of Richland. The central portion of the Hanford Site is punctuated
by two small east-west trending ridges, Gable Butte and Gable Mountain. Lands adjoining the Site to the
west, north, and east are principally range and agricultural. State Routes 240 and 24 skirt the southwestern
and northern portions of the Site, respectively.

The Hanford Site area is culturally rich, experiencing a history of multiple occupations by both Native
and non-Native Americans. For thousands of years, Native American peoples have inhabited the lands
within and around the Hanford Site (Tribal Distribution in Washington [Spier, 1936]; and Handbook of
North American Indians: Volume 12, Plateau [Walker and Sturtevant, 1998]). Non-Native American
presence in the mid-Columbia area began in 1805 with the arrival of the Lewis and Clark Expedition
along the Columbia and Snake Rivers. In the late 19" and early 20" centuries, non-Native people began
intensive settlement on the Hanford Site, establishing an early settler and farming landscape. Farmstead
communities existed from 1880 to 1943, located primarily in the upland environment adjacent to the
Columbia River. The area became one of the premier orchard regions in the state of Washington
following formation of the Hanford Irrigation and Development Company in 1905.

The River Corridor includes approximately 8,300 acres of historical farmsteads of which approximately
5,000 acres were orchard lands. Within the farmstead areas and specifically on the orchard lands, lead
arsenate was applied as a pesticide. The farming life at Hanford came to an abrupt halt in 1943 when the
U.S. government took possession of the land to produce weapons-grade plutonium as a part of the
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Manhattan Project. Lead arsenate use in Washington State effectively terminated in 1948, when
dichlorodiphenyltrichloroethane (DDT) became widely available to the public (Re-establishing Apples
Orchards in the Chelan-Manson Area [Benson et al., 1969]).

The persistence of residuals from lead arsenate that was applied as a pesticide before Hanford operations
began is a concern that merits an assessment of potential impacts to HHE. To address this concern, the
Tri-Parties have established the 100-OL-1 orchard lands OU (TPA [Ecology et al., 1989a] change notice
C-12-01). An Rl of the 100-OL-1 OU will be conducted to determine if actions are needed to mitigate
potential environmental or human health impacts. If results from the RI indicate a need for action, an FS
will be conducted to identify and evaluate a range of remedial alternatives.

Until 1943, White Bluffs was an agriculture-based community of approximately 500 people. Many of
the sites within the 100-IU-2 OU are remnants of the town and the surrounding farms. While most
government activities in 100-1U-2 ceased early in the 1950s, it was not until the 1970s that the majority
of remaining facilities were removed (White Bluffs, 100-1U-2 Operable Unit Baseline Technical Report
[BHI-00448]). At the Hanford Townsite, government operations had ceased by 1945, and waste sites
remaining within 100-1U-6 included surface debris, oil spills, trash dumps, building foundations, and ash
piles from both pre-Hanford and Hanford-era Site activities (/00-1U-6 Operable Unit Technical Baseline
Report [BHI-00146]).

1.2.1  Site Description

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

The 100-F/IU area can be divided into two primary areas of use: the 100-F Reactor area, and the IU-2 and
[U-6 areas. The 100-F area encompasses the F Reactor operating region and includes the 100-FR-1 and
100-FR-2 source OUs, and the 100-FR-3 groundwater OU. The [U-2 and IU-6 source OUs cover a large
area outside of Hanford’s primary reactor operating areas. Figure 1-1 shows the location of the 100-F/IU
Area in relation to the rest of the Hanford Site and the surrounding communities.

Laser Interferometer Gravitational-Wave Observatory. The Laser Interferometer Gravitational-Wave
Observatory (LIGO) is situated on a section of property residing within the area bounded by 100-1U-2/6
(see Figure 1-3). The LIGO operates under a permit granted by DOE to the National Science Foundation
(NSF) under Contract No. R006-93PR10998.000. The permit was signed in August 1993 and expires 25
years from the date thereof, unless either extended or terminated by mutual agreement between the NSF and
DOE.

As a precursor to construction of the LIGO facility, Environmental Assessment for Construction and
Operation of a Laser Interferometer Gravitational-Wave Observatory on the Hanford Site, Richland,
Washington (NSF-EA-93-02) was completed, and it addressed the environment anticipated to be affected
by construction and operation of the facility. As part of this assessment, a radiological survey of the LIGO
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site was conducted that revealed no surface radiation levels above background. Additionally, DOE
provided for cultural, radiological, and cursory biological surveys of the area in support of a NEPA
Categorical Exclusion (Categorical Exclusion for Laser Interferometer Gravitational-Wave Observatory
Site Characterization, Hanford Site, Richland Washington [DOE, 1992]), which determined that no
threatened or endangered species were known to occur on the LIGO site and only one late historical site
was discovered located approximately 200 m (660 ft) from the construction zone.

Based upon the evaluations performed in support of the environmental assessment and the permit granted to
NSF by DOE, the land occupied by LIGO is excluded from further consideration under 100-1U-2/6 as no
contaminated sites were found that would preclude the use of the land for its intended purpose for the LIGO.

1.2.2 Hanford Site and Operational History

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

1.2.2.1 Hanford Site History

The Hanford Site was selected for plutonium production to support development of military nuclear
weapons in 1942 as part of the Manhattan Project because of the availability of water from the Columbia
River, access to power from the Bonneville and Grand Coulee Dams, its remote location, and its
relatively small population. Land acquisition for the Hanford Site took place in February 1943 and
represented one of the largest land procurements (approximately 160,000 ha [400,000 ac]) carried out
during World War II. Site construction that began the following month was largely completed with the
first three reactors (B, D, and F) online by early 1945.

Between 1947 and 1955, the Atomic Energy Commission (AEC) added five new reactors (C, H, DR, KE,
and KW) at the Hanford Site and boosted the output of the three Manhattan Project reactors (B, D, and F).
The five new reactors were built with the intent of replacing some of the older Manhattan Project reactors,
whose graphite blocks were showing signs of deformation, and increasing the plutonium output.
Incremental improvements in the basic components of the World War Il Manhattan Project reactors and

a construction program that incorporated these improvements into the new reactors accounted for
doubling the plutonium output at the Hanford Site in 1952 and 1953.

The period from 1956 through 1964 saw the most intense defense production at the Hanford Site,
including the construction of a new dual-purpose reactor (N Reactor) capable of generating electricity and
producing plutonium. Construction of the N Reactor, which featured a new closed-loop, primary cooling
system, was completed in 1963, with plutonium production beginning in 1964. The N-Reactor’s
800-megawatt steam plant began producing electricity in 1966 and was the world’s largest nuclear power
plant for many years.
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Figure 1-3. Laser Interferometer Gravitational-Wave Observatory Location
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By the 1960s, however, the nation’s plutonium stockpile was much larger than deemed necessary; and
plutonium production at the Hanford Site gradually decreased. In 1964, the AEC shut down the 105-H,
105-DR, and 105-F Reactors, followed by 105-D Reactor in 1967 and 105-B Reactor in 1968, The 105-C,
105-KE, and 105-KW reactors were shut down in 1971. The 105-N Reactor was shut down in 1986 and
transitioned to cold standby in 1989, signaling the close of the Hanford Site’s production mission and the
start of its cleanup mission. During the Manhattan Project and Cold War, more than 67,000 kg (147,000 1b)
of plutonium were produced at the Hanford Site, 13,000 kg (29,000 Ib) of which were fuel-grade plutonium.
The Hanford Site produced the entire nation’s nuclear arsenal plutonium between 1945 and 1963, and
accounted for more than 65 percent of all plutonium in the history of U.S. plutonium production.

The environmental impacts associated with the ultimate disposition of the reactors were evaluated in
Addendum (Final Environmental Impact Statement): Decommissioning of Eight Surplus Production
Reactors at the Hanford Site, Richland, Washington (DOE/EIS-0119F). The Environmental Impact
Statement (EIS) ROD (“Record of Decision: Decommissioning of Eight Surplus Production Reactors at
the Hanford Site, Richland, Washington” (58 FR 48509), hereinafter called the NEPA Reactor ROD,
documented the selection of ISS for the reactors. ISS is the provision of an upgraded, weather-resistant
shell to isolate the reactor core until remedial activities are conducted. Following a period of up to 75
years for radioactive decay of short and intermediate half-life radionuclides, the reactors are planned to be
disposed in burial grounds. Figure 1-4 shows the 105-F Reactor in its ISS configuration.

The 100-F area (100-FR-1 and 100-FR-2 OUs), located downstream from the 100-H area and upstream
from the 300 Area, contains the F Reactor and associated infrastructure. The 100-1U-2 and 100-1U-6 OUs
were not part of reactor operations; they include the Hanford and White Bluffs Townsites, and consist of
large expanses of open land between and outside the various production areas. Groundwater
contamination in the areas underlying the 100-IU-2 and 100-1U-6 OUs is from past disposal practices in
the 100 and 200 Areas. For cleanup purposes, groundwater OUs are linked to the source of the
contaminant plume, not to the plume’s physical location. There is no groundwater contaminant source
from within the 100-1U-2 and 100-1U-6 OUs. Groundwater contamination underlying the 100-IU-2 and
100-IU-6 OUs will be addressed by River Corridor and Central Plateau groundwater OUs.

Producing plutonium for national defense was the primary mission of the Hanford Site reactors. Materials
that passed through the reactors were considered radiologically contaminated. These materials represent
the majority of the wastes that were produced. Active physical barriers and strong administrative
measures were in place to minimize radiological hazards throughout the Hanford Site production areas to
protect plant personnel. These measures affected the placement of disposal locations and waste
management procedures for various waste streams.

1.2.2.2 105-F Operations

The 100-F Reactor was supported by multiple facilities associated with services for water treatment, air
filtration, nuclear fuel handling, effluent disposal, and laboratories, with various other administrative
buildings (/00-F Reactor Site Technical Baseline Report Including Operable Units 100-FR-1 and
100-FR-2 [WHC-SD-EN-TI-169], hereinafter called the 100-F Reactor Site Baseline Report). The 100-F
area also included the Experimental Animal Farm (EAF), where biological research studies were
performed to examine the effects of radiation and radioactive contamination on plants, animals, and fish.
Operations within 100-IU-2 and 100-1U-6 were primarily related to other uses, such as historical
agricultural uses and other uses associated with human occupation, as discussed in Section 1.2.2.7.
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Figure 1-4. 105-F Reactor Safe Storage Enclosure (August 2008)

Construction of the F Reactor (105-F Building) began in December 1943. This reactor was the third of
three original Hanford Site reactors built during World War II as part of the Manhattan Project. These
original reactors were considered “single-pass” reactors, because the cooling water made a single pass
through the reactor before discharge back to the Columbia River. The facility was completed in February
1945 and activated later that month after comprehensive equipment testing. Operations were initially
conducted at 265 megawatts and over time gradually increased to a final level of 2,090 megawatts in
1961. The F Reactor continued operating at maximum authorized power levels from 1961 until it was
deactivated in 1965, after 20 years of operation. Figure 1-5 shows 100-F during the production years.

Reactor operations and processes were the primary sources of contamination in the 100-F area.
Experimentation associated with the 100-F EAF secondary mission, coupled with waste disposal
associated with the reactor, comprised secondary sources of contamination associated with the 100-F/IU
Area (1.2.2 and 1.2.3). Further information is provided in Section 5.2 as it pertains to fate and transport.

Liquid wastes from reactor operations and associated facilities were released to the soil column and the
Columbia River. Solid wastes were disposed in burial grounds associated with the facilities. Wastes
released to or buried within the environment created secondary sources of contamination, such as liquid
waste sites (ponds, trenches, cribs, and French drains), burial grounds, and numerous small miscellaneous
waste sites scattered throughout the river corridor.
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Figure 1-5. Aerial View of the 100-F Area during Production (1962)

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

2 to 6 m (6 to 20 ft) deep.

Cribs. Subsurface liquid waste disposal sites percolated wastewater into the ground without exposure to
the atmosphere. The cribs typically were 3 X 3 x 3 m (10 x 10 x 10 ft) boxes, shored with wooden
railroad ties, and filled with gravel. Early waste management practices used cribs to receive low-level
radioactive waste for disposal and to provide a physical barrier against surface exposure. Cribs received
contaminated water and sludge, contaminated process tube effluent, fuel storage effluent, spent laboratory
solutions, and potassium borate solutions.

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

Solid Waste Burial Grounds. These areas were used for near-surface disposal of solid waste containing
radioactive and nonradioactive hazardous substances, construction debris (such as steel, concrete, and
wood) from reactor modifications, contaminated construction equipment, contaminated vadose zone
material, irradiated reactor parts, and low-level radioactive combustible material (Estimates of Solid
Waste Buried in 100 Area Burial Grounds [WHC-EP-0087]; Historical Events—Reactors and Fuels
Fabrication [RL-REA-2247]).



\O o0 ~N N W N —

—_
o

—_
N —

N — = = = = = =
O O 0~ ON W

[\
—

(NS RN\
LN

W W NN NN
— O O 0~ N W

Lo W W L) W
N W

W W
[o <N |

A~ W
S N0

DOE/RL-2010-98, DRAFT A
DECEMBER 2012

Unplanned Release Sites. At these sites, wastes unintentionally released to the environment created
sources of contamination. Waste sites in this group typically related to liquid waste spills.

Retention Basins. Large, open, compartmentalized, reinforced concrete structures were designed to hold
cooling water temporarily from reactor operations, then discharge it to the Columbia River after cooling
and decay of short-lived radioactive contaminants. Although retention basins are sometimes considered
liquid waste sites because they leaked substantially to the surrounding vadose zone, they were not
designed to percolate liquids into the vadose zone.

Pipelines. Closed transfer lines between facilities or structures were used to transfer chemicals or waste
effluents and included lines that may have leaked.

1.2.2.3 Reactor Mechanics and Layout

This section describes the mechanics and layout of the reactor and associated facilities. All reactor areas
used the same nomenclature for numbering the reactors and associated facilities.

Reactor. The 105-F Reactor was a graphite-moderated, water-cooled unit used to produce weapons-grade
plutonium. Each reactor structure includes a concrete foundation, steel base plate, cast iron bottom shield,
cubical stack of graphite blocks, cast iron thermal shield walls/top, steel/Masonite® biological shield
walls/top, and aluminum process tubes to hold the uranium fuel and carry the cooling water. The reactor
facility (designated as 105-F) includes a reactor block, control rod and safety rod facilities, reactor control
room, fuel storage basin and associated fuel handling equipment, fans and ducts for the ventilation and
recirculating gas systems, and supporting offices, shops, and laboratories. Vertical safety rods hung above
the reactor and could decrease or increase the reactivity, respectively.

1.2.24 Cooling Water

This section describes how cooling water was obtained and prepared for use in the reactor. It also
describes the fate of the cooling water as it passed through the reactor and was subsequently discharged to
the river or to the vadose zone.

A continuous supply of high-quality cooling water was essential to reactor operations to prevent reactor
core damage from heat generated by the fission reactions. In general, cooling water obtained from the
Columbia River was circulated in a single pass through the reactor. The water was circulated through fuel
process tubes, cooling tubes imbedded in the thermal shield, and reactor horizontal control rods. The
cooling water exiting the reactor contained radioactive materials from the reactor and chemical
contaminants added to treat the raw water before use. After exiting the reactor, the cooling water passed
through a retention basin system and was subsequently discharged to the river.

Water Treatment and System Infrastructure. To produce reactor coolant for the F Reactor, water was
pumped directly from the Columbia River at the 181-F Pump House to either the 183-F Facilities to
remove impurities by conventional physical and chemical treatment or the 182-F Holding Reservoir.
Water from the reservoir was typically used to supply the 184-F Powerhouse and the export water system.
Water was treated at the 183-F Facility with chemical additives consisting of the following:

e Aluminum sulfate (alum) with excess hydrated calcium oxide (to enhance the removal of suspended
sediment by flocculation)

e Sulfuric acid (to control pH)

e Chlorine (to control algae growth)

1-15
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The alum was produced in the upper floor of the 183-F Treatment Building by mixing bauxite with
sulfuric acid. The bauxite was stored in bunkers on the third floor. The concentrated sulfuric acid was
stored in steel tanks outside of 183-F (Hazards Summary Report: Volume 3 — Description of the 100-B,
100-C, 100-DR, 100-F and 100-H Production Reactor Plants [HW-74094]). The additives were introduced
as the water passed down a flume into a mixing chamber. From there, the water was transferred to a basin
equipped with paddle wheel flocculators. The specifications for the different additives and filtration are
discussed in Process Specifications Reactor Cooling Water Treatment (HW-28505).

After passing through the flocculators, the water passed to one of twelve open-air settling basins, also
located with the 183-F Facility, where the heavier particulates were allowed to settle out. After the
particulates settled out of the water, an organic polyelectrolyte was added to the water, and the water was
filtered through gravel, sand, and crushed anthracite coal filters. These filters were backwashed
periodically and the resulting wastewater discharged to the process sewer and the 1904-F Outfall
(116-F-8) (Process Specifications Reactor Cooling Water Treatment [HW-28505]).

Following filtration, the water was pumped to 34 million L (9 million gal) clearwells. Water was pumped
into both the elevated emergency storage tanks (1.1 million L [300,000 gal] each) located adjacent to the
reactor and to the four large-capacity storage tanks located in the 190-F Building annex). The four 190-F
storage tanks were each approximately 6.65 million L (1.75 million gal) in size. Approximately 2 mg/L
sodium dichromate was added at the inlet of these tanks in order to inhibit corrosion of the aluminum
process tubes (Process Specifications Reactor Cooling Water Treatment [HW-28505]; 100-FR-3 RI/FS
Work Plan [DOE/RL-91-53]). More than 4.19 million kg (4,620 tons) of sodium dichromate were used at
100-F between 1945 and 1965.

The treated water was pumped from the large-capacity tanks to a high-pressure pumping station located in
the 190-F Building Annex. From this high-pressure pumping station, the water was delivered to a valve
pit in the F Reactor building, and then pumped to the reactor. There were several flow paths through the
reactor block itself. The primary cooling water pathway was through the process tubes in which the
cylindrical fuel elements were located. Cooling water also flowed through cooling pipes located in the
thermal shield and the horizontal control rods and experimental test holes that penetrated the reactor core.
The cooling water streams from all flow pathways were recombined before exiting the reactor. Another
significant waste stream that was combined with the cooling water effluent was the diatomaceous earth
slurry used periodically to scour the corrosion film from the inner surfaces of the piping, the process
tubes, and fuel elements in order to reduce friction losses in the system (Hazards Summary Report:
Volume 3—Description of the 100-B, 100-C, 100-DR, 100-F, and 100-H Production Reactor Plants
[HW-74094]). This slurry was a major source of solids in the cooling water.

While the water was in the reactor, it absorbed thermal energy from the nuclear process and became
contaminated with radioactive isotopes (100-F Reactor Site Baseline Report [WHC-SD-EN-TI-169];
100-FR-3 RI/FS Work Plan [DOE/RL-91-53]). Several sources of contamination were as follows:

e The high neutron flux in the reactor core activated elements in the cooling water, creating species
such as calcium-41, chromium-51, and zinc-65. Most of the species were relatively short lived and
have since decayed to negligible levels (calcium-41 is an exception). Calcium-41 is a long-lived
isotope (1.03E5 years). However, there are mitigating factors to it posing a risk to HHE. First, the
neutron cross section for calcium-40 (the source) is extremely low (less than 1 barn); therefore, the
production rate would be extremely low. Cooling water retention times in the reactor were short, so
actual generation would be minimal. Second, the energy emitted is essentially nonexistent, as there
are no associated particle emissions, only low-energy x-rays that have not been detectable by classical
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analytical methods. Third, calcium-41 is naturally present in the top 1 m (3.3 ft) of soil as a result of
cosmological activation, which goes virtually undetected.

e Contaminants picked up and carried during passage of cooling water through the reactors include
activation products from targets or reactor components (e.g., tritium, cobalt-60, and nickle-63), and
products released through breached fuel cladding (e.g., cesium-137, strontium-90, uranium,
plutonium isotopes, and carbon-14).

e Fuel element fission products such as strontium-90 and cesium-137 and transuranics such as
plutonium-239 and plutonium-240 were introduced into the cooling water in the event of fuel
cladding failures. Other products from this process (sodium-24, neptunium-239, arsenic-76, zinc-65,
and phosphorus-32) were short lived radionuclides and have since decayed to negligible levels
(History of the Plutonium Production Facilities at the Hanford Site Historic District, 1943-1990
[DOE/RL-97-1047)).

Cooling Water Effluent. Water discharged from the reactor was near boiling. Reactor cooling water was
generated, passed through the reactor, and discharged at an average rate of 180,560 L/min

(47,700 gal/min) until 1956 when the flow was increased to 268,760 L/min (71,000 gal/min)
(Historical Events-Reactors and Fuels Fabrication [RL-REA-2247]).

The retention time for effluent within the fuel storage basin varied from 1.5 to 4 hours for flow rates
occurring during the last three years of operation. Holding times also fluctuated based on the flow rates
through the reactor (Effective Retention Time of the Hanford 107 Reactor Effluent Retention Basins
[HW-28830]). The total radioactivity in the reactor cooling water four hours after exiting the reactor was
reported to have been in the range of 0.2 uCi/L to 2.0 pCi/L during normal operations.

Upon exiting the reactor, the coolant was conveyed to the 107-F Retention Basin (116-F-14) by gravity
flow via the effluent water line. The 107-F Retention Basin (116-F-14) was located approximately 400 m
(1,300 ft) northeast of the 105-F Building. The basin was a rectangular concrete reservoir designed for
pool depths of approximately 4.6 m (15 ft). The water was held in the 107-F Retention Basin long enough
to allow for the decay of the short half-life radioactive elements. Water was then passed through another
large-diameter pipe to the 1904-F Outfall structure (116-F-8). Under normal conditions, the water flowed
out of the outfall through two 1 m (42 in.) diameter pipes, the river discharge lines, which ran under the
surface of the river to a point near the middle of the river where the effluent was discharged. During
periods of high water, or in the case of a line obstruction, the effluent would overflow the outfall structure
and discharge to the river through a spillway.

The 107-F Liquid Waste Disposal Trench (116-F-2) was located 46 m (150 ft) southeast of the southeast
corner of the 107-F Retention Basin (116-F-14). This trench was an open ditch approximately 158 m
(521 ft) long x 6.1 m (20 ft) wide x 3.35 m (11 ft) deep with a V-shaped cross section and lined

with fairly coarse gravel. The trench was used to receive the reactor effluent during outages caused by
fuel cladding ruptures. Originally, the trench was supplied by directing the water as it exited the

107-F Retention Basin (116-F-14) from its normal path down to the 1904-F Outfall (116-F-8) structure
into a special 0.3 m (12 in.) diameter pipeline that ran to the head (north end) of the trench. However,
changes were eventually made in the total effluent system, which permitted bypassing the retention basin
by diverting the reactor effluent to the trench directly from the 1 m (42 in.) effluent line before it entered
the basin via a feeder trench between the effluent line and the main waste disposal trench. This ditch was
approximately 91 m (300 ft) long and entered the main trench about 30.5 m (100 ft) below its north end.

Radioactive coolant was discharged to the 107-F Liquid Waste Disposal Trench (116-F-2) between 1950
and 1965. Contaminants estimated from Hazard Ranking System Evaluation of CERCLA Inactive Waste
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Sites at Hanford (Volume 1 — Evaluation Methods and Results, Volume 2 — Engineered-Facility Sites
[HISS Data Base], Volume 3 — Unplanned-Release Sites [HISS Data Base]) (PNL-6456) for 116-F-2
included tritium, cobalt-60, strontium-90, cesium-137, plutonium-239, and europium-152; with

a hazardous chemical inventory estimate that included 60,000 kg (65 tons) of sodium dichromate.

Radioactive coolant discharge also occurred at a soil column disposal site near the F Reactor. The
105-F Pluto Crib (116-F-4) received waste briefly from 1950 to 1952. After 1952, the highly
contaminated cooling water was no longer segregated from the bulk of the cooling water. The
107-F Liquid Waste Disposal Trench (116-F-2) and 105-F Pluto Crib (116-F-4) were significant
because they consisted of direct soil column discharge of liquid wastes with presumably high
contaminant concentrations (100-F Reactor Site Baseline Report [WHC-SD-EN-TI-169]).

Major reactor maintenance and upgrade outages generated large volumes of cooling water effluent to be
disposed. When the Ball 3X system was installed in 1953, the reactor effluent was discharged to the river
via the Lewis Canal (116-F-1). The 105-F Cooling Water Trench (116-F-6), located just south of the
reactor building, was another major disposal area for cooling water effluent during reactor and retention
basin maintenance outages between 1952 and 1965.

Sodium Dichromate-Corrosion Prevention. Sodium dichromate was added continuously to the reactor
cooling water after the coagulation and filtration treatment, and accounted for nearly all of the sodium
dichromate used. Figure 1-6 presents the facilities and waste sites where sodium dichromate was
handled/disposed at 100-F, based on process history information.

Bulk sodium dichromate salt was used as the stock material for cooling-water treatment from
approximately 1944 to 1959 at the F Reactor when the transition to concentrated sodium dichromate
solution was implemented (Monthly Record Report, Irradiation Processing Department, August, 1959
[HW-61789]). Sodium dichromate was added to the water in the 190-F Building. The crystalline sodium
dichromate salt was batch dissolved in water to make a working solution of 10 to 15 percent sodium
dichromate. This solution was then used to treat cooling water for the reactors.

High-concentration (greater than 70 weight percent) sodium dichromate solutions were used as the stock
material after 1959 until closure of the reactor. These materials were received by rail and truck tankers.
The concentrated solution was subsequently diluted with water to make a 10 to 15 percent working
solution. The moderate concentration solution was then metered into the cooling-water stream in the
190-F Building, downstream of the flocculation/sedimentation basin.

Initially, a Cr(VI) concentration of 700 to 800 pg/L [2 mg/L of sodium dichromate] was used in coolant
water. Additionally, the volume of flow through the reactor was increased over time (Historical
Events-Single Pass Reactors and Fuels Fabrication [DUN-6888]). From these data, an approximate total
coolant volume of 2.3 trillion L (608 billion gal) passed through the reactor, containing about

1,600,000 kg (3,527,396 1b) of Cr(VI), assuming the lower end of the concentration range of 700 ng/L.

1.2.2.5 Radioactivity Sources

Radioactivity was introduced into the cooling water at several stages of the production process. The
reactors contributed the most activity to the cooling water through the fuel elements and the resultant
cooling water, which was discharged to various storage facilities.
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Fuel Elements and Failures. During reactor operations, fuel cladding failures sometimes occurred while
the fuel elements were in the process tubes. The first such cladding failure in a reactor occurred at the F
Reactor in 1948. Over the operational lifetime of the reactor, several hundred such cladding failures
occurred (Historical Events—Reactors and Fuels Fabrication [RL-REA-2247]). Fuel element and
infrastructure failures (e.g., pipe leaks) were a source of secondary contamination to the environment.

When fuel cladding failed, the cooling water in the affected process tube became highly contaminated,
and elevated radiation levels were observed in the cooling water exiting the reactor core. A decision was
made to divert the contaminated water through a trench to the soil column rather than to the river via the
retention basin. In 1947, the 107-F Liquid Waste Disposal Trench (116-F-2) was excavated in the area
just south of the retention basin. The retention basin was, by construction, divided into two compartments.
When a fuel cladding failure occurred, the highly contaminated water was segregated into one of the two
compartments and drained to the overflow trench (116-F-2). This practice continued on a regular basis
until 1954, when increased flows and structural stresses on the basin due to the temperature differences
between the full and empty sides necessitated that both sides of the basin be used in parallel. It appears
that at that time, a ditch (the emergency bypass ditch) was excavated from the basin inlet to the center of
the overflow trench and was used to direct contaminated cooling water to the trench.

The 105-F Pluto Crib (116-F-4) was briefly used for handling contaminated cooling water from fuel
cladding failures. The 105-F Pluto Crib (116-F-4) received only the highly contaminated water that was
flushed directly from the process tube affected by the fuel cladding failure before it could mix with water
from unaffected tubes. The crib was used from 1950 to 1952, after which the highly contaminated cooling
water was no longer segregated from the bulk of the cooling water (100-F Reactor Site Baseline Report
[WHC-SD-EN-TI-169]).

Over the operating lifetime of the reactor facility, the retention basins and effluent piping developed
leaks, releasing cooling water to the area in and around the basins, lines, and river shore at a rate as high
as several thousand liters per minute (Radiological Characterization of the Retired 100 Areas
[UNI-946]). Specific information on leak rates from the 107-F Retention Basin (116-F-14) is not
available; however, contamination detected around the basin indicates that leakage did occur. A
particularly significant release occurred at the basin in May 1955 when baffles in the basin broke loose
and plugged the basin outlet. The cooling water overflow contaminated the immediate vicinity of the
basin and drained to the Columbia River via a narrow trench near the northeast corner of the basin

(the basin leak trench) (100-F Reactor Site Baseline Report [WHC-SD-EN-TI-169])).

Fuel Storage Basin. The 105-F Fuel Storage Basin (118-F-8:3) and transfer area served as a collection,
storage, and transfer facility for irradiated fuel elements after they were discharged from the reactor. The
storage basin was a large concrete tank measuring approximately 24.7 m (81 ft) x 22.6 m (74 ft) X 6.32 m
(20.7 ft) that was normally filled with filtered water to a depth of 5.5 m (18 ft). The heavy concrete walls,
which shield the back face of the reactor, form one end of the basin. An underwater chute through this
wall provides access from the basin into the rear face, and it is through this chute that the fuel elements
fell as they were discharged from the reactor. In this area, the pick-up chutes or segregation area, the fuel
elements were sorted from the fuel spacers and placed into metal buckets that were supported by an
overhead monorail by means of a long steel yoke. The full buckets were brought out into the storage basin
proper by means of the monorail. The storage basin monorail system was set up to provide 20 parallel rows
of bucket storage on 1.22 m (4 ft) center and each 18.3 m (60 ft) long. Rows of concrete columns between
the rows supported the wood decking that formed the storage area floor. The monorail system included the
switches and cross tracks necessary to position the fuel storage basket at any desired location within the
basin. The buckets of irradiated elements were lowered to the basin floor where the short-lived
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radionuclides were allowed to decay for approximately 30 days before the fuel was shipped to the
200 Area for processing.

The transfer area is located alongside of, and is open to, both the storage area basin and building. The
transfer area building is approximately 7.92 m (26 ft) wide x 22.6 m (74 ft) long x 11.6 m (38 ft) high.
Two transfer pits, measuring 1.93 m (6.3 ft) wide x 2.74 m (9 ft) long x 8.23 m (27 ft) deep, are located in
the end of the transfer area that is open to the storage area. The transfer pits are connected to the storage
area basin by a canal over which the monorail system runs. Railroad tracks entered the building through a
large door on the end opposite the transfer pits. The building was equipped with a 27,200 kg (30 ton)
capacity bridge crane that was used to lift the heavy steel and lead fuel element shipping cask out of the
railroad well car and lower it into the transfer pit. The bucket of irradiated fuel was lowered into the cask
by means of a hydraulic hoist located over the pit. When loaded, the cask was raised by the crane and
replaced in the well car. The building was equipped with steel-supported operating platforms for the crane
operator. A third pit, also connected to the storage area system, was located in one corner of the transfer
area and was equipped to permit the underwater examination of individual fuel elements and process
tubing sections (Production Reactor Decommissioning Study 100-F Site and Facilities Description
[UNI-1001]).

Occasionally, a fuel element in the storage basin would rupture or an element would be found to be
ruptured when discharged from the reactor core. This caused the storage basin shielding water to become
highly contaminated. From the information available on the F Reactor, it is not clear how often this
occurred or where the contaminated water was disposed. When the storage basin was decommissioned in
1970, the water level was drained to within 0.6 to 1.2 m (2 to 4 ft) from the basin bottom, and the water
was drained to the 116-F-2 Trench. The basin was subsequently backfilled with soil, burying the sludge
and miscellaneous equipment (fuel buckets and spacers, aluminum tubing, and wood floor planking) that
were in the basin at the time (Radiological Characterization of the Retired 100 Areas [UNI-946]).

1.2.2.6 Radioactive Waste Streams

Wastes resulting from supporting production operations were disposed in each area according to phase,
quantity, radioactivity, and composition. The primary waste produced was a radioactive liquid, the
cooling water discussed previously. Other categories of wastes include liquids, solids, high/low mass
or volume, high-level, low-level, strictly chemical, and septic wastes. Liquid and solid disposal
locations were constructed, and waste management practices were developed to manage these
materials consistently. The facilities and waste sites where strontium-90 was known to be present at
100-F, based on process history information, are presented in Figure 1-6.

Radioactive Sludge and Solid Wastes. Several thousand tons of radioactive sludge were generated during
reactor operations and accumulated in the 116-F-14 Retention Basin and in the reactor fuel storage basin.
Smaller volumes of sludge also collected in water traps located in the 115-F Gas Recirculating Facility
(132-F-3) and the 117-F Ventilation Exhaust Filter Building (132-F-5), also referred to as the 117-F Filter
Building. The sludge consisted of diatomaceous earth used periodically to scour the reactor process tubes,
wind-blown sand, and fine particulate matter that originated from dissolved and suspended solids in river
water, pipe slag, rust, failed fuel elements, graphite powder, and other undefined solids. The sludge was
contaminated with radionuclides and various chemical contaminants. The total volume of sludge
generated during reactor operation is unknown.

The bulk of the sludge accumulated in the 116-F-14 Retention Basin and the 118-F-8:3 reactor fuel
storage basin. At least once during reactor operations, an unknown quantity of sludge was removed from
the 116-F-14 Retention Basin to an unspecified burial site (100-FR-3 RI/FS Work Plan [DOE/RL-91-53]).
Approximately 1,800 metric tons (1,980 tons) of sludge were estimated to remain in the retention basin

1-21



LN —

o0~ O\ W

11
12
13
14
15
16
17
18
19
20
21

22
23

24
25
26

27
28
29
30

31
32
33
34

35
36
37
38
39
40

41
42

DOE/RL-2010-98, DRAFT A
DECEMBER 2012

(Radiological Characterization of the Retired 100 Areas [UNI-946]). The retention basin has
subsequently been remediated and the remaining sludge has been removed and disposed in accordance
with the 1997 Interim Action ROD Amendment as documented in Cleanup Verification Package for the
116-F-14 Retention Basin (CVP-2001-00009).

Sludge from the 118-F-8:3 reactor fuel storage basin was removed once in 1951 and placed in the 116-F-3
Storage Basin Trench. In 1970, the fuel storage basin was pumped until 0.6 m (2 ft) of water remained,
where sediment/sludge and miscellaneous items were found. Fine streambed sand was then placed into
the remained of the basin with the remaining sludge buried in place in 1970. Between 2002 and 2003, the
site was excavated, and the remaining sludge and basin waste was disposed in the ERDF (Cleanup
Verification Package for the 116-F-3 Fuel Storage Basin Trench [CVP-2002-00008]).

Radioactive solid wastes generally consisted of reactor components, contaminated equipment, tools, and
miscellaneous contaminated items (paper, rags, structural concrete, etc.). The main source of these wastes
was reactor operations, and the most highly contaminated solid wastes were the reactor components.
These included aluminum spacers, lead-cadmium reactor neutron poison pieces, boron splines, graphite,
process tubes, and lead. Lesser quantities of gun barrels, thimbles, control rods, nozzles, pigtails, and
cadmium sheets were also present (Estimates of Solid Waste Buried in 100 Area Burial Grounds
[WHC-EP-0087]). Neutron activation of elements in the reactor components caused them to become
highly radioactive. In addition, both the reactor components and other solid objects received surface
contamination from contact with radioactive solutions and environments. The predominant radionuclides
associated with the reactor components are cobalt-60 and nickle-63. The following two reactor
modification projects were responsible for much of the solid waste from the F Reactor:

e The Ball 3X Project, in which the liquid boron system for emergency reactor shutdown was modified
to a system using solid boron steel and carbon steel balls.

e The tube replacement project, in which nearly 4,000 aluminum process tubes from the F Reactor
were replaced between 1956 and 1965 (Historical Events—Reactors and Fuels Fabrication
[RL-REA-2247]).

It is likely that other facilities associated with the F Reactor and waste management activities generated
radioactive solid wastes; examples include air filters in the 115-F Gas Recirculation Building and the
117-F Exhaust Air Filter Building, equipment used in connection with the cooling water effluent system,
and contaminated dirt removed from near the effluent lines.

The primary disposal areas for the 100-F Area were the 118-F-1 and 118-F-2 Burial Grounds located in
the 100-FR-2 OU. Irradiated reactor components removed during the Ball 3X system installation were
buried in the 118-F-3 Burial Ground. Other reactor hardware was placed in the 118-F-7 Storage Box, a
buried concrete vault with a wooden lid.

In addition, the radioactive solid waste buried within the boundaries of 100-F included decommissioning
wastes such as building foundations, contaminated concrete-lined tunnels, pieces of concrete and other
materials from demolished buildings, and pipelines. Contamination in these cases resulted mainly from
surface contact with contaminated air, dust, and liquid solutions. Radiation levels are low in cases where
decontamination and decommissioning (D&D) have occurred (Remedial Investigation/Feasibility Study
Work Plan for the 100-FR-1 Operable Unit, Hanford Site, Richland, Washington [DOE/RL-90-33]).

Decontamination Solutions. During reactor operations and reactor shutdowns, large quantities of
decontamination solutions were used routinely to remove radionuclides from reactor equipment and
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facility surfaces. Decontamination activities took place at the F Reactor dummy decontamination facility
wash pad, which was adjacent to the fuel storage basin.

Known decontamination solutions used at 100-F included chromic acid, citric acid, oxalic acid, nitric
acid, sulfamic and sulfuric acids (neutralized with sodium carbonate before disposal), and sodium
fluoride. Other chemicals, including organic solvents (e.g., trichloroethene [TCE]), were also used for
some decontamination processes. These solutions were generally disposed in cribs, trenches, and/or
French drains near the building where they were used. Decontamination solutions from the 189-F
Building were released to the 116-F-1 Trench. Occasionally, solutions were combined with the cooling
water and discharged to the river via the 107-F Retention Basin. The solutions contained both
radionuclide and chemical contaminants. Some compounds used in the decontamination solutions, such
as oxalate and organic complexants, may potentially have solubilized and transported radionuclides and
metals. The quantities of decontamination solutions, as well as other disposal locations, are not known
(100-F Reactor Site Baseline Report [WHC-SD-EN-TI-169]; 100-FR-3 RI/FS Work Plan
[DOE/RL-91-53]).The facilities and waste sites where trichloroethene was known to be present at 100-F
(based on process history information) are presented in Figure 1-6.

Decontamination solutions using higher concentrations of sodium dichromate were also used at 100-F,
but management and disposition of these spent solutions was not always clear from process documentation.
Several other paths for disposal of these solutions were available, including disposal to the soil column
and to the process sewer/outfall piping discharging to the river. Decontamination fluids, used to clean
radioactively contaminated equipment and containing Cr(VI) in the form of chromic acid, were
discharged near the reactor at the 116-F-10 Dummy Decontamination French Drain. This site received
liquid waste containing 2,000 kg (2.2 tons) each of sodium dichromate, sodium oxalate, and sodium
sulfamate and may have received other chemicals as well (100-FR-3 RI/FS Work Plan [DOE/RL-91-53]).

1.2.2.7 Non-Radioactive Waste Streams

Other waste streams associated with reactor operations included sanitary wastes, other liquids containing
hazardous (but not radioactive) waste, and various solid wastes, described as follows.

Sanitary Liquid Wastes. Sanitary wastes were produced in the various buildings equipped with sanitary
facilities in the 100-F area. These wastes were routed by server lines to five septic tanks and leach fields
located within the OU. Nonsanitary wastes such as detergents, cleaning compounds, and solvents likely
entered these sewer systems. Laboratory wastes containing low levels of both radioactive and hazardous
chemical contaminants may have been disposed via the sanitary sewers. These wastes likely contributed
to100-F nitrate contamination in the vadose zone and groundwater. In addition, fertilizer use on
pre-Hanford Site agricultural lands likely contributed to local nitrate contamination. Additional nitrate
contributions were the result of animal waste from the EAF. Figure 1-6 shows the facilities and pre-Hanford
Site agricultural lands where nitrate was known to be present at 100-F, based on process history.

Non-Radioactive Liquid Wastes. Nonsanitary, nonradioactive liquid chemicals that were used at 100-F
potentially contributed to contamination there. These include hazardous wastes and hazardous substances.
Contamination from liquids, including gasoline, diesel fuel, solvents, and other chemical compounds,
would be expected near aboveground or belowground storage tanks and their piping systems and in areas
where these materials were used or stored. Releases could have resulted from leakage, spillage, or
disposal. The following activities may have resulted in the generation of nonradioactive liquid wastes
(100-FR-3 RI/FS Work Plan [DOE/RL-91-53]):

¢  Water treatment chemicals (alum, sulfuric acid, chlorine, and sodium dichromate) were used and
stored near the 183-F and 190-F Buildings, as discussed previously.
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e Wet-type electrical transformers and hydraulic machinery containing oil contaminated with
polychlorinated biphenyls (PCBs) were used at several locations within 100-F. Fluids contaminated
with PCBs may have been released or disposed during operation, equipment repair, or D&D activities.

e Boiler water treatment chemicals for the 184-F Powerhouse included sodium sulfate, tri-sodium
phosphate, and chromates. These chemicals were used to treat the boiler water and ended up in the
boiler sludge. Disposal methods for this sludge are unknown.

e Three zeolite water softeners were located in the 184-F Powerhouse where filtered water was treated
before use in the heat exchangers. Sodium chloride solutions were used to regenerate the zeolite beds
in the water softener tanks. The salt was delivered in railcar lots to brine pits located adjacent to
railroad tracks just north of the powerhouse. The disposal of the waste from this process is not known,
and there are no records of leaks or spills.

e Emergency electrical power for instrumentation in the F Reactor Building consisted of two backup
systems: a 10-kVA gasoline engine generator for the station in general and a set of batteries for the
Ball 3X system. Fuel for the generators was stored outside the reactor building in tanks placed on tall
concrete saddles for gravity feed to the system.

e Qils, paints, and solvents were stored or used at the 1715-F and 1717-F Buildings.
e Automotive repair and service was performed at the 1716-F Building.

e Three 94,625 L (25,000 gal) oil tanks were located on the west side of the 1717-F Maintenance Shop
Building (184-B Powerhouse, 184-D Powerhouse, 1717-F Maintenance Shop Facility
Decommissioning Report [SD-DD-TI-033]).

e Additional wastewater was generated during various cleaning processes. Disposal locations for these
solutions are unknown at this time.

Nonradioactive Solid Wastes. Nonradioactive solid waste generated in 100-F primarily included
miscellaneous materials such as paper, trash, pieces of metal, and plastic parts used in the facilities. Waste
Site 128-F-1 is listed in Hazard Ranking System Evaluation of CERCLA Inactive Waste Sites at Hanford:
Volume 2 — Engineered-Facility Sites (HISS Data Base) (PNL-6456) as a burning pit in which
combustible wastes were disposed. The 128-F-2 Burn Pit served a similar purpose and also received
uncontaminated hardware.

Other solid waste consisted of relatively uncontaminated concrete, metal parts, and other materials
generated during D&D activities. Asbestos, chemical waste, and contaminated solids were removed
from the area to an unknown location during the D&D work. Building materials that were not considered
to be contaminated were buried in place. Some of these materials may have had very low-level
radiological contamination.

1.2.2.8 Research Related Operations

Each reactor area typically had a specific secondary mission that was dictated by the Hanford Site’s
general production stance. These secondary missions contributed specific waste management challenges
for each reactor area that introduced variations from the initial common design and requirements, and
increased the complexity of waste management operations. The secondary mission of the facilities at and
around the F Reactor was the EAF, a biological laboratory used to examine the effects of radiation and
radioactive contamination on plants, animals, and fish (100-F Reactor Site Baseline Report
[WHC-SD-EN-TI-169])).
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The EAF was located adjacent to the reactor site and operated from 1945 to 1976 (Figure 1-7). Acute and
lifetime exposure studies using a variety of isotopes (iodine-131, cesium-137, strontium-90, radium-226,
and plutonium-239) were performed on animals including swine, sheep, dogs, cats, rodents, cows,
chickens, and miniature goats at the EAF. Approximately 1,000 animals at a time were kept at the farm,
with experiments on larger animals focused on the 20-year lifetime exposure effects. The main facilities
used to house the animals were 141-F and 141-C. Animal pens in both buildings had concrete floors and
were connected to a special sewer system for contaminated animal wastes. Two smaller buildings, 141-P
and 141-S, were also used for housing animals. These buildings had dirt floors. Feed was stored in
Building 141-B, and the laboratory facilities were located in Building 141-H. The animal monitoring
laboratory, which contained a whole body counter, was located in Building 145-F. Figure 1-8 shows the
locations of the various buildings associated with the EAF.

The other major animal research effort was studying the effects of ionizing radiation on beagle dogs.
Approximately 300 to 400 dogs were housed in the 144-R dog kennel runs located on the south side of
the 141-F Barn. The main isotope used in the dog studies was plutonium-238. The laboratory facilities for
these experiments were located at the 132-F-2 Inhalation Laboratory (100-FR-3 RI/FS Work Plan
[DOE/RL-91-53]). These experiments produced contaminated solid and liquid wastes, including animal
remains, dung, and urine that were disposed onsite.

The earliest animal experiments at the 100-F Area involved fish research at the 146-F Fish Laboratory in
1945. These studies involved exposing fish (mainly salmon and trout) to varying concentrations of reactor
cooling water effluent to assess possible effects of effluent discharge on aquatic life in the Columbia
River. In addition to the hatchery troughs located in the 146-F Laboratory, six rearing ponds were located
next to the laboratory (Aquatic Bioenvironmental Studies: The Hanford Experience 1944-1984 [Becker,
1990]). Effluent water was supplied to the laboratory facilities via the 147-F Pump House. Water was
continuously circulated through the troughs at a rate of approximately 0.15 to 0.38 L/sec (2 to 5 gal/min)
(Some Effects of Pile Area Effluent Water on Young Chinook Salmon and Steelhead Trout [HW-7-4759])
and was discharged to the PNL outfall structure via the 147-F Pump House. Fish research expanded
around 1951 with the construction of the 146-FR Fish Laboratory (Figure 1-9). Building 146-FR also had
hatchery troughs and laboratories. With its construction, the146-F Fish Laboratory was phased out and
the building used for storage. Biological experiments with fish and other aquatic organisms continued at
the 100-F Area until 1976 (Figure 1-10).

Other experiments involving radioecology were conducted in greenhouses in 1705-F to determine the
effects of ionizing radiation and radioactive contaminants on plants, both genetically and in the food
chain. In addition, gardens located in the southwest corner of the 100-F Area were used for growing
cereal grains, alfalfa, and other crops in soil containing controlled amounts of strontium-90 and
cesium-137, referred to as the “strontium gardens.” A 4 ha (10 ac) pasture near the “strontium gardens”
was used to hold pregnant animals and animals too young for experimental activities (100-FR-3 RI/FS
Work Plan [DOE/RL-91-53]). At the end of their operational life, these facilities were deactivated,
decontaminated, decommissioned, and often demolished in place.
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Figure 1-7. Aerial View of 100-F Area and Experimental Animal Farm (in top right corner)
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Figure 1-8. Experimental Animal Farm Holding Areas and Fish Ponds (1965)
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Figure 1-9. Construction of 146-FR

Note: Radiological posting
Figure 1-10. Fish Tanks in One of the Biological Laboratories
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Solids disposal ranged from burial of solid animal wastes similar to other contaminated materials

(e.g., packaging in plastic, boxes, or drums) in burial grounds to incineration and burial of animal
remains. Disposal methods for these wastes varied widely, depending on their activity and amount. Liquid
wastes were discharged with other laboratory wastes to liquid waste disposal sites.

Contaminated manure and sawdust were removed from animal pens on a regular basis and placed in
plastic-lined cardboard radiation boxes, which were buried in the 118-F-6 Burial Ground. Each box was
45.7x457%x61 cm (18 x 18 x 24 in.) and weighed 22.7 to 34 kg (50 to 75 1b).

The contaminated manure and sawdust that could not be shoveled out of the animal pens were washed
into a sewer that drained to the 141-N Sump. When the sump became full, the wastewater was pumped
through a screen to the river via the PNL Outfall. The solids trapped by the screen were dried and sent to
the 118-F-5 Sawdust Pit. Manure and sawdust from uncontaminated areas were also sent to the same pit.
In 1963, the 116-F-9 animal leach trench was constructed near the northeast corner of the

116-F-14 Retention Basin, and the liquid portion of the contaminated pen wash wastewater from the
141-N Sump was diverted there (100-FR-3 RI/FS Work Plan [DOE/RL-91-53]).

Contaminated animal carcasses and tissue were incinerated. The carcasses were placed in one of two
railcar tanks (referred to by workers as “submarines”) that were located near the 118-F-6 Burial Ground.
The carcasses were dropped through a manhole into the tank, and lime was added to facilitate
decomposition. When the tank was sufficiently full, 1,500 to 1,900 L (400 to 500 gal) of fuel oil was
added to the tank and ignited. Reportedly, the carcasses burned relatively completely, with only small
amounts of ash remaining. The ash was not cleaned out and when one tank eventually began to fill

with ash, the second tank was constructed. Both tanks were buried in the 118-F-6 Burial Ground

(100-F Reactor Site Baseline Report [WHC-SD-EN-TI-169]).

The majority of the plutonium-239-contaminated carcasses and animal wastes from the dog experiments
were incinerated as part of the experimental analysis. The carcasses and tissue were incinerated in a
muffle furnace in 144-F, and analysis was performed on the ash to determine the total radionuclide
burden in the animals. The contaminated waste from the laboratory was placed in radiation boxes and
buried in the 118-F-6 Burial Ground. Other contaminated solid waste generated by the biology
laboratories was also disposed in this manner.

An unplanned release associated with the EAF occurred in March 1971. The main sewer line between the
EAF and the 141-C Hog Barn became plugged and overflowed onto the surface adjacent to the building.
This contaminated soil occupied approximately 148.6 m* (1,600 ft*). The spill consisted of wash water
used to clean out animal pens and contained strontium-90 and plutonium-239 (100-F Reactor Site
Baseline Report [WHC-SD-EN-TI-169])).

The 108-F Building (Figure 1-11) was originally a chemical make-up facility and reactor laboratory
(1945 through 1948) supporting the F Reactor. It was the main chemical pump house that provided water
treatment corrosion control, with a layout similar to those at the B and D Reactors. That task at the

F Reactor was moved and the building remodeled to serve as the main biology laboratory facility at about
the same time as the water treatment mission was moved or consolidated at the other original production
reactors (1948 through 1949).

After the 1949 remodeling, a large-scale biology study of the effects of radiation on various organisms
commenced at Building 108-F. Experiments ranged from using animals to determine health effects on
nuclear workers to tests for the military (On the Home Front: The Cold War Legacy of the Hanford
Nuclear Site [Gerber, 2007]). This mission continued until 1973, when biological experiments and testing
performed at the 108-F Building were transferred to the 300 Area.
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Figure 1-11. 108-F Laboratory Facility (1954)

This facility, and others that were repurposed once the reactor was shut down, had dedicated disposal sites
for contaminated animal or plant experiment wastes in addition to those in place suitable for dual use. In
1977, a housekeeping program to remove highly contaminated material was conducted at the 108-F
Building, with additional decontamination conducted in 1983 (108-F Biological Laboratory D&D Project
Closeout Report [BHI-01399]). Facility demolition was completed in 1999.

After reactor operations at 100-F ceased in 1965, animal research operations took over the office
buildings and maintenance shops previously associated with the F Reactor until 1976 (4n Aerial
Radiological Survey of the U.S. Energy Research and Development Administration’s Hanford
Reservation (Survey Period: 1973-1974) [EGG-1183-1661]). The 1707-F Building was converted for use
as a dog inhalation laboratory. The 1707-FA Building was converted for use as a rodent inhalation
laboratory. The 1713-F Building was used as a pathology laboratory, and the 1719-F Building was
converted for use as an animal care facility. Small animals were housed in the 1701-FA Building
(100-FR-3 RI/FS Work Plan [DOE/RL-91-53]).

1.2.2.9 Other Uses (100-IU-2/IU-6 Area)

Waste sites and facilities in the 100-IU-2 and 100-1U-6 OUs were mainly associated with housing, staging
equipment, and material for the project; most of the area was previously occupied by homesteads and
farms. The area includes roads, railroads, a fire station, fuel stations, storage facilities, an old concrete
batch plant site, storage vaults in the east end of Gable Mountain, and pre-Hanford Site farm sites and
landfills (e.g., pre-1943 municipal and farm waste sites). The area abuts part of the Arid Lands Ecology
Reserve including Rattlesnake Mountain. Typical waste site classifications include landfills and dump
sites. Contamination in this area generally originated from light industrial chemical use and agriculture,
rather than nuclear material production and chemical processing.

The former Town of White Bluffs, the site of an agriculture-based community of approximately
500 people that existed before the Manhattan Project era, is located in the 100-IU-2 OU. Many of the
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sites within the 100-IU-2 OU are remnants of that town and the surrounding farms. When the government
took possession of the Hanford Site, many of the houses were demolished and new temporary buildings
such as blacksmith shops, receiving and storage warehouses, and offices were erected (White Bluffs,
100-1U-2 Operable Unit Baseline Technical Report [BHI-00448]). The White Bluffs area was the
location of the central shops to support the Manhattan Project.

The Hanford Townsite is located in the 100-1U-6 OU. Figure 1-12 shows the Hanford Townsite in 1943
after the camp construction. During the life of the construction camp, 1,175 buildings, 9 service facilities,
and 7 trailer camps were constructed. Following termination of operations at the construction camp,

a small force of patrol, fire, and boat repair personnel remained. In general, the sites within the

100-IU-6 OU included surface debris, oil spills, trash dumps, building foundations, surface depressions,
and ash piles, either from the pre-Manhattan Project towns or activities of that era (/00-IU-6 Operable
Unit Technical Baseline Report [BHI-00146]). All portable hutments and trailers were dismantled and
shipped offsite.

L o ——

Townsite in 1943

All of the pre-Manhattan Project buildings on the Hanford Townsite have been removed, with the
exception of two structures—Hanford High School and the Hanford Electrical Substation/Switching
Station. These structures require no further action; therefore, they are not listed as facilities in the official
Hanford WIDS database, which is the information source regarding known and suspected waste sites.

A total of 14 facilities were related to Manhattan Project or post-Manhattan Project activities. Most of
these facilities were used to support laboratory activities, Hanford Site patrol activities, or
communications. All have been demolished or removed.
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1.2.3 Previous and Ongoing Investigations and Remediation

This subsection summarizes the significant investigations and remediation activities for facilities, waste
sites, and groundwater at 100-F/IU. Since the beginning of reactor operations, investigations were
conducted to determine impacts to the environment, including the Columbia River. With the issuance of
the TPA (Ecology et al., 1989a), investigation activities transitioned to CERCLA cleanup activities,
which have been ongoing to protect HHE within the River Corridor including 100-F/IU OUs.

The relevant data and conclusions from investigations and remediation activities (see Appendix B)
provide supporting information that is analyzed and evaluated in this final RI/FS. The following are
examples of the various data sets used to develop this RI/FS:

e Vadose zone contaminants
e Groundwater contaminants

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

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

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

1.2.3.1  Previous Facility Demolition Activities

Since its original construction, 100-F has included a total of 158 facilities used or constructed in 100-F/IU,
with the majority of these within 100-F. These facilities include the 105-F Reactor Building, office and
storage buildings, retention basins, a reactor stack, maintenance shops, process plants, electrical
substations, storage tanks, pump stations, and outfall structures. Some of these structures cover source
waste sites. Until the structures over a source site have been removed, no vadose zone remediation can be
completed. Therefore, the facilities! (including contaminated pipelines associated with them) are and have
been undergoing removal to clear the way for the remedial work that focuses on contamination in the
vadose zone.

Of the 158 facilities, 146 have been demolished or removed. Facilities that were used during the operation
of the reactors—the retention basin, reactor stack, office and storage buildings, maintenance shops,
process plants, electric substation, storage tanks, and pump stations—comprise most of the demolished or
removed facilities. The only facilities remaining within the 100-F Area include the 105-F Reactor
building (currently inactive) and an emergency siren (currently active). Guard stations and emergency
sirens comprise most of the nine active facilities within the 100-1U-2/IU-6. A radio transmitter is the only
inactive facility still present in the area. Table 1-2 provides summary information on the status

of facilities.

1 “Facility” is defined here as a freestanding building, plant, laboratory, or other enclosure or associated building that
fulfills or fulfilled a specific purpose and is owned by or otherwise under the responsibility of DOE. This usage differs
substantially from that contained in CERCLA or RCRA.
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Table 1-2. Summary of Facilities in the 100-F/IU Area
Total Number
ou of Facilities Demolished Removed Active Inactive
100-FR-1 100 89 9 1 1
100-FR-2 14 14 0 0 0
Total Facilities for F Area 114 103 9 1 1
100-1U-2 9 5 0 4 0
100-1U-6 35 26 3 S 1
Total Facilities for IU Area 44 31 3 9 1
Total Facilities for F/IU Area 158 134 12 10 2
Reclassification Status
Demolished = Facility has been removed to grade (slab or foundation remains)
Inactive = Facility is no longer in use and awaiting D&D
Removed = Facility foundation has been removed and any substructure is 0.3 to 0.9 m (1 to 3 ft) below grade

Four of these facilities—the 115-F Gas Recirculation Facility, 116-F Reactor Exhaust Stack, 117-F Filter
Building, and the 1608-F Lift Station—were decommissioned and demolished using Allowable
Residual-Contamination Levels for Decommissioning Facilities in the 100 Areas of the Hanford Site
(PNL-4722) methodology. In general, these facilities were decontaminated, demolished in-place and/or
into adjacent trenches, and covered with clean fill material with a thickness ranging between 1 and 5 m
(3 and 16 ft).

Under interim actions, the remaining footprint and debris of the facilities were identified as the 132-F-3
(117-F Filter Building), 132-F-4:1 and 132-F-4:2 (116-F Reactor Exhaust Stack), 132-F-5 (117-F Filter
Building), and 132-F-6 (1608-F Lift Station) waste sites. The previous decommissioning data were
reviewed and evaluated using residual radioactivity (RESRAD) dose modeling, including an allowance
for the clean cover material, and were reclassified as No Action. These five sites are evaluated in the risk
assessment presented in Chapter 6 to determine whether they pose an unacceptable risk to HHE.

100-F Reactor. In the 1993 NEPA Reactor ROD (58 FR 48509), DOE decided on safe storage of the eight
reactors followed by deferred one-piece removal. The NEPA Reactor ROD (58 FR 48509) also states that
the department intends to integrate and prioritize this decision with the related CERCLA remediation
activities scheduled under the TPA (Ecology et al., 1989a).

DOE issued Amended Record of Decision for the Decommissioning of Eight Surplus Reactors at the
Hanford Site, Richland WA (75 FR 43158) on July 23, 2010. DOE broadened the decommissioning
approach for these eight surplus reactors, including the 105-F Reactor, retaining the deferred one-piece
removal option, and, added an option for immediate dismantlement based on Supplement Analysis:
Decommissi