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EXECUTIVE SUMMARY

Since the signing of the Hanford Federal Facility Agreement and Consent Order (Tri-

--Party Agreement (Ecology 1989),-the parties-to -the -agreement -have recognized the need to

modify the approach to conducting investigations and studies at Hanford with a goal of
maximizing efficiency, optimizing use of limited resources, and achieving cleanup in the

. earliest possible time frame. To implement this approach, the parties have jointly developed

the Hanford Site Past Practice Strategy (DOE-RL 1991d). The principles of the strategy are
embodied in the Hanford Federal Facility Agreement and Consent Order Change Package,
dated May 13, 1991 (Ecology et al. 1991).

An important aspect of the past practice strategy and its associated TPA change
package recognizes that the Hanford Site presents a number of unique circumstances that call
for innovative approaches to conducting investigations and feasibility studies (FS). The 100

....Area has been divided into 25 operable units (OU) based largely on location. While these

units are separated geographically, they all contain sites which are very similar with regard

" to types of contaminants and methods of disposal. Consequentiy, the Hanford Site Past

Practice Strategy as applied to the 100 Area defines an aggregate approach to evaluate groups
of sites based on their similarity, as opposed to their geographical location and operable unit
designation.

Thus the 1991 TPA change package mandates that, rather than performing separate
feasibility studies for each of the 100 Area OUs, the feasibility studies should evaluate
remedial alternatives for the entire 100 Area. To meet this objective, the change package

~ called for three "base” reports which would consider: 1) source operable units (except 100-N

_Area), 2) groundwater operable units, and 3) 100-N Area, as it is distinctly different from
“the other 100 Areas. The 100 Area feasibility study presented in this document meets the

objectives of the change package; however, the approach is further streamlined by
condensing the "base" studies into a single document to avoid having to duplicate large

amountis of common information, but at the same time provide separate sections to address
---definition of remedial-aliernatives by either-mediaor area.—-This-not only reduces the cost of

document preparation, but also shortens the review times and reduces the potential for

~document inconsistencies as a result of separate reviews. This document separates the

studies by three media: solid wastes, soil/riverbank sediments, and groundwater. Riverbank
sediments are that portion of the vadose zone, on the shore of the river, which are
contaminated as a result of fluctuating groundwater levels near the river. Additionaily, the N
Area is treated as a separate site based on its somewhat unique characteristics, making a total
of four types of sites or units evaluated.

This 100 Area Phase I/II FS is built around existing data. In a typical Remedial
Investigation/Feasibility Study (RI/FS), the Phase I/l FS is not completed until the RI Phase
I is complete, although the Phase I/II FS is often started while the Phase I RI is being
conducted. However, for the 100 Area, the size of the existing site characterization database
is larger than the end result of many Rls and is adequate for identifying and screening

- remedial alternatives. Use of existing data to initiate and expedite the FS process is
- consistent with the past practice strategy. New site characterization data, while important for
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later detailed analysis, would not likely affect the outcome of the alternatives development

and screening phases. Finally, waiting for limited field investigation (LF]) data to start the

FS process would cause unacceptable schedule delays in starting subsequent programs such
as treatability studies.

The 100 Area Phase I/II FS evaluates the known characteristics of the Hanford 100
--Area and identifies the range of remedial alternatives that are most appropriate for protection
of human health and the environment for the entire aggregate area. The purpose of the 100
Area FS is to:

. Provide a more generalized view of applicable and workable remedial
' technologies as applied to the site contamination problems as a whole

. Evaluate groups of sites based on similarity, as opposed to geographical
location and operable unit designation

. Develop and screen remedial alternatives to be used in the detailed analysis
phase in focused feasibility studies for Interim Remedial Measures (IRMs) or
final FSs for individual operable units.

Four areas of the Hanford Site (the 100, 200, 300, and 1100 Areas) have been
included on the EPA’s National Priorities List (NPL) under the Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA).

The Hanford Site is a 560 mi® (1,434 km?) tract of land located in the south-central
portion of the State of Washington in the counties of Adams, Benton, Franklin, and Grant.
The 100 Area lies along the southern shoreline of the Columbia River at the north end of the
Hanford Site (See Figure 1-1).

Between 1943 and 1962, nine water-cooled, graphite-moderated plutonium production
reactors were built along the shore of the Columbia River upstream from the now-abandoned
town of Hanford. Eight of these reactors (B, C, D, DR, F, H, KE, and KW) are retired
from service and are under evaluation for decommissioning. The ninth reactor, N, was
recently taken out of standby status and will be retired.

7 Waste disposal practices associatéd with operations of the 100 Area reactors resulted
in substantial releases of contamination to both soil and groundwater media in the vicinity of
the reactors. The major sources of contamination stem from the use of large amounts of
cooling water, which flowed through the reactor core. This cooling water was often
contaminated with significant concentrations of radionuclides. As a result of leaks in the

~ . spent cooling water transfer systems and as a result of intentional water disposal in cribs and
trenches, sigmficant volumes of soil and underlying groundwater have become contaminated.
In addition, solid wastes contaminated primarily with radionuclides were buried in unlined
trenches.
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Solid and liquid waste disposal units and groundwater plumes constitute the 100 Area
past practice OUs. However, reactor and other major buildings are excluded from the past
practice OUs. These will be decommissioned as part of the Surplus Reactors
Decommissioning Program and are thus outside the scope of this FS.

- - -Since-shutdown-of the production reactors, limited environmental investigations have
been performed to characterize the nature and extent of the contamination. Such
investigations, while not totally definitive, especially for non-radiological contaminants, have
provided a reasonably solid database upon which studies of remedial approaches can be
performed. The compilation of existing information on waste releases and environmental

— sampling-is summarized in- this report and forms-the- basis-for conducting these phases of the
feasibility study.

~ =7~ - SUMMARY OF THE FEASIBILITY STUDY

- ... . .- The 100 Area Phase I/ILFS consists-of four principal tasks:

f

Identify contaminants of concern for the media of concern

. Identify applicable or relevant and appropriate requirements (ARARS) pertinent
to all general response actions including waste disposal

o Develop remedial alternatives (Phase I) applicable to the 100 Area including

development of remedial action objectives, development of general response

- actions, identification and screening of technologies and process options, and
assembly of remedial alternatives from representative technology types

. Screen alternatives (Phase II) developed in Phase I for implementability,
effectiveness, and costs to identify those alternatives which warrant
advancement to the detailed analysis phase of future focused feasibility studies.

T "~ Seven sections are inciuded in this FS report. Section 1.0 provides an introduction
which also includes a summary of background and existing data, including:

. A history of 100 Area operations and descriptions of facility characteristics
and waste generating processes

o Physical setting including such aspects as geology, hydrogeology,
meteorology, environmental resources, etc.

b Nature and extent of contamination in the media of concern.
The sources of contaminants in the 100 Area consist of reactor cooling water effluent
treatment, transfer, and disposal systems; sanitary sewage treatment, transfer, and disposal

systems; solid waste burial grounds (including decommissioned facility sites); fuel fabrication
wasie handiing areas; misceiianeous unpianned reiease areas; chemical storage areas;
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maintenance and decontamination areas; and experimental laboratory disposal areas. The
major contaminants in the 100 Area are the radionuclides directly associated with reactor
operations. However, as a result of utilities production as well as decontamination and
maintenance operations, both organic and inorganic chemicals were used and disposed of,
resulting in soil and groundwater chemical contamination. While substantial sampling data

__________ __exist for radionuclide contamination, data on non-radiological contamination are somewhat
limited. The major radiological contaminants present in the 100 Area environmental media
include:

Tritium

Cobalt-60
Strontium-90
Cesium-137
Europium-152/154/155

Uranium-235/238
Plutonium-239/240.

Chemical contaminants disposed to 100 Area soils as part of the liquid waste streams

':“”? include, but are not limited to:
. Chromium from sodium dichromate added to reactor cooling water
. Decontamination fluids containing chromic, citric, oxalic, nitric, and sulfuric
acids
° Mercury from manometers and thermometers
o PCBs from electrical equipment.

Solid wastes included irradiated components from the reactor such as graphite,
thimbles, control rods, spacers, and process dummies as well as incidental soft wastes such
as clothing and rags. In addition, decontamination and decommissioning activities created
solid waste in the form of demolition materials which were buried in the 100 Area.

Section 2.0 of the report provides an assessment of contaminants of concern for the
100 Area. Since a baseline risk assessment has not yet been performed for the 100 Area,
one objective of this study was to provide a uniform methodology for determining potential
contaminants of concern to use as a starting point for developing remedial alternatives. The
determination of potential contaminants of concern was conducted in two phases as follows:

. The identification of regulatory contaminants of concern by comparing
concentration data for radiological and/or chemical substances potentially
released in the 100 Area with background concentrations and established

- omeeeneregulatory limits

° Evaluation of the toxicological significance of each regulatory contaminant of
concern.

ES-4



DOE\RL-92-11, Rev. 0

Decision logic diagrams were developed to determine the regulatory contaminants of
concern. (Figures 1 and 2 of Appendix A) Contaminants which the data showed were below
background were included on a suspect contaminant list, i.e., future characterization data
may warrant their inclusion as contaminants of concern. The qualitative toxicity assessment

== - -~~~ further refined the vontaminanis of concern deferminaiion by evaluating the toxicological
- - ....significance of .each regulatory contaminant of concern... The end product of this effort was a
list of potential contaminants of concern and suspect contaminants for sources, groundwater,
- = -~ -~~~ -and the G0N Area {presenied in Seciion 2.0 and in Appendix A). A composiie list,
including the potential contaminants of concern only, is provided in Table 1.

~ 77 " Section 3.0 documents the results of the effort to identify potential ARARs.
Three categories of ARARs are defined in the U.S. Environmental Protection Agency
document titled CERCLA Compliance with Other Laws Manual (EPA, 1988c): chemical-
--— - -specifie;-tocation=specific, and action-specific ARARs. Table 2 lists some of the more
= === o-prominent potental ARARs for the 100 Area. Determination of ARARs is an iterative
process and thus the list of potential ARARs will be refined with additional data from future
100 Area investigations and studies.

Section 4.0 documents the Phase [ effort to identify and screen remedial technologies
and process options. This section also identifies remedial action objectives (RAOs), remedial

ST

----=---— - action goals-and general response actions (GRAs), and provides estimates of areas and
volumes of contaminated materials.

The media of interest for the RAOs include soils, groundwater, riverbank sediments,
-~ - —and solid wastes generated during site remediation activities. ‘The same media and RAOs
apply to the 100 N Area as well. In addition, this FS includes the identification of
--—- - - technologies and process options which may be used to address potentiaily-contamninated river
bottom sediments and outfall pipelines. Descriptions of these technologies and process
options are provided in Appendix F.

Remedial action goals are the target cleanup levels which satisfy the RAOs, and as
such, are considered a subset of RAOs. These cleanup levels are driven by risk assessments
and/or ARARs. In lieu of site-specific investigation and risk assessment data, assumptions
were made to develop remedial goals. While the use of assumptions instead of site-specific
data provides for a greater level of uncertainty, preliminary RAOs and remedial action goals

—.can still_be developed to a degree adequate for the Phase /I alternatives development.
However, site-specific data and definitive risk assessments will be necessary for future
detailed analysis of alternatives. For purposes of this Phase I/Il FS, the preliminary remedial
action goals are based primarily on state and federal regulatory limits (potential ARARSs)
along with selected assumptions regarding cleanup levels as developed in the Hanford Past
Practice Site Cleanup and Restoration Conceptual Study (WHC 1991c). These assumptions
are as follows:

. Performance of the tasks described for this FS is based on existing site data,
pnmarily as documented in the eleven draft 100 Area QU RI/FS work plans
issued previously (DOE 1990a-¢; [991a-f), and supplemented by existing data
given in other documents for sites not covered by draft work plans. New
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sampling or monitoring data produced as a result of current site investigations
were unavailable to meet the FS schedule and are therefore, not incorporated.

. ®. _._Allsites in the 100 Area are categarized within one of the four types of sites
identified for this project (solid wastes, soils/riverbank sediments,
groundwater, and the 100-N Area.

oo oo - Sampling-and menitoring-data reported in socurce documents are assumed to be
of adequate quality to support the FS.

mm e : Estimates of volumes of contaminated media were based primarily upon values
presented in the /00 Area Hanford Past Practice Site Cleanup and Restoration Conceptual
Study (WHC 1991e).

General response actions were identified as follows:

s No Aciion

. Institutional Actions

. Containment Actions

. Removal/Disposal Actions
*
[ ]

In situ Treatment Actions
Removal/Treatment/Disposal Actions.

. The identification and scregning of technologies considered the universe of technology
types that would be potentially applicable to the identified general response actions.
Technologies include general categories such as chemical treatment, thermal treatment,
stabilization/solidification, or capping. Within each technology category are process options.

- -----—- - Exampies of process options within the chemical ireaiment technology category include

precipitation, ion exchange, and oxidation/reduction.

- . Potentially-feasible, media-specific technologies and process options were identified
- for each of the GRAs by compiling information obtained from EPA documents, reference
~ - - program sources, personal interviews, and other relevant technical references.

Technologies and process options were initially screened in the Phase I FS to
S eliminate those that are not technically implementable for the site conditions or contaminants
encountered in the 100 Area. This first screening step only considered whether a technology
_____ _____and/or process option can be effectively implemented at the site, based on an assessment of
existing site data on both contaminant types/concentrations and site characteristics.

~——--— ——--- —— A second screening step was performed on technologies/process options which
. considered effectiveness as a primary criterion with implementability (now including
administrative implementability) and cost considered as secondary criteria.

Technologies and process options were identified for three media: solid wastes,

groundwater, and soils/riverbank sediments. While the 100-N Area has been set apart as a
separate medium in this FS, analysis of the applicability of technologies and process options

ES-6



DOE\RL-92-11, Rev. 0

- indicated. that there are no-unigue features of the 100-N Area which would present

technologies or options differing from the three basic media which have been considered.

Section 5.0 documents the Phase II effort to 1) assemble screened technologies and
process options into area-wide aiternatives and 2) screen the aiternatives with respect to
impiementability, effectiveness, and cost to arrive at a list for advancement to future focused

feasibility studies.

-----—- In-Phase IT of the FS, the list of technologies and process options which passed the

Phase I screening steps was used to assemble 27 alternatives representing the entire range of

general response actions as well as treatment and containment combinations. Tables 3, 4 and
-5 below-list the compoenent technelogies-and process options for each of the 27 alternatives

for the solid waste, groundwater, and soils media, respectively.

—— - The Phase II FS also included an alternatives evaluation and screening step. The goal

of the alternatives screening step was to limit the number of alternatives that must undergo
detailed analysis while still preserving the range of response actions and technologies to be
considered. Each of the 27 alternatives was described in sufficient detail such that they could
be evaluated in the alternatives screening step. Descriptions were based upon the general

_process information developed for each technology/process option in Phase I. In addition,

each alternative was described in view of known site conditions, contaminant ranges,
volumes of contaminated media, and other factors.

In accordance with the CERCLA FS process (EPA 1988a), each alternative was

-—--evaluated against-established criteria.  The criteria are essentially the same as used for

technology screening, i.e., implementability, effectiveness, and cost. However, in the

- ---alternatives-evaluation- stage, the criteria were now viewed in-more detail, considering more
- -site-specific-conditions;-and-as-applied to-the integrated-remedial solution rather than to just a

portion of the solution. The CERCLA evaluation criteria are listed as follows:

" Effectiveness:
. Short-term protection of human heaith
o Short-term protection of the environment
. Long-term protection of human health
. Long-term protection of the environment
. Reduction of mobility, toxicity, or volume reduction.

Implementability - technical feasibility:

L
]
4
)

Maintenance.
Implementability - administrative feasibility:

. Agency approvals
=) o T
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B ¥ Availability of services
. Specialized equipment and personnel.

The alternative evaluation step culminated in a formal scoring process to provide a
numerical qualification of how each alternative met the evaluation criteria. An alternative’s
rating against a specific criterion was not a pass/fail situation but an indication of the degree

~ to which the alternative meets the criterion. This degree, which considers the balance of
- — - pros and-cons for each-factor;-is represented by-a simple 1 to-5 scale, where "1" (poor)
“suggests that the criterion is not met at all while "5" (excellent) suggests that the criteria is
met very well.

The scoring was performed independently by nine individuals who made up the FS
" project team. Multiple scoring was done to reduce the influence of personal bias in the final
results. The individual scores were then averaged to form an initial composite alternative
- “ranking score.  The guidance document (EPA 1988a) directs that the effectiveness criterion
should be weighted more heavily than implementability and cost criterion.

The development of alternatives is based on the classes of contaminants (i.e.,
organics, metals, and radionuclides) and generalized conditions of all 100 Area operable
units. Because protection of human health and the environment is the principal goal of
remedial actions, the major focus of the screening is on the effectiveness of an alternative to
implementability and cost. After effectiveness, implementability is the next most important

.- -consideration and is given the second highest weighting factor. At this phase of the FS
process, site-specific cost information is limited. Costs are relative and serve as comparisons
between alternatives which are similar in effectiveness and implementability. Costs will be

_______more fully defined during detailed analysis (focused feasibility studies), when individual sites
are considered along with their specific conditions, waste volumes and types, and
contaminants.

For the purposes of this feasibility study, this was accomplished by first normalizing
the sum of individual factors for each criterion to 100 (for example, a total of "25" was
.. possible for the five factors considered for evaluating effectiveness; the effectiveness score

was normalized by multiplying the new score by 4), and then by weighting (multiplying by a
weighting factor).

The evaluation criteria were weighted as follows:

Weight
. Effectiveness 0.6
. Implementability 0.3
Cost 0.1

Total 1.0

y!
’]
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--The decision to discard -alternatives at this point was made on the basis of retaining a
broad range of general response actions for detailed analysis. This is deemed necessary for
this particular feasibility study due to an incompiete set of input parameters that are specified
in the guidance document for traditional feasibility studies. Alternatives recommended for
consideration at the detaiied anaiysis/focused feasibility study levels cover the spectrum of all
potential remedial actions from "no action" (which would be applicable only if a risk
assessment indicates acceptability of such an approach) to removal, treatment, and disposal
actions, which reduce uncertainty and risk but at a high cost.

Based on composite scores, alternatives were selected which are considered
representative of the range of general response actions for future FS evaluations. These are
listed in Table 6 below.

The retained alternatives may serve as a baseline from which to evaluate the future
impact of site characterization data and risk assessment results. Note that alternatives (and

-..technologies) that were not retained may he revisited at any time as new information

warrants, in accordance with FS guidance.

While the CERCLA Phase I/II FS process provides a rational process for developing
and screening remedial alternatives, it is important to note that all this is done in_the absence
of a baseline risk assessment to comprehensively evaluate the inherent risks posed by the
contamination. The baseline risk assessment will be a part of future studies. The Phase I/TI
process also does not allow much consideration of cost. The NCP states "Each remedial
action selected shall be cost effective...” (40 CFR 300.430 (f)(1)(ii}(D)). The cost
effectiveness of each alternative has not yet been evaluated. This is an essential element in
the ultimate decision-making process. While protection of human health and the environment
is of utmost importance, the final remedial solutions must be cost effective.

Section 6.0 of this report discusses development of a Treatability Study Program Plan
for conducting treatability studies needed to support further analysis of remedial technologies.
This section also provides an outline of the RI/FS program steps needed to advance the

. feasibility study process through future detailed analysis efforts to be conducted as part of

FSs for QUs and/or IRMs.

In general, treatability studies are conducted for two purposes:

e ®*_ . To gather sufficient data to allow treatment alternatives to be fully

developed and evaluated during the detailed analysis and to support
detailed design of a selected alternative

. To reduce cost and performance uncertainties for treatment alternatives
to acceptable levels so that a remedy can be selected.

~-The data-collected-from- the treatability studres mray provide information io heip
tha fnllAu

I o
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Potential effectiveness in achieving target cicanup leveis
Contaminant removal {or destruction) efficiencies
Achievable processing rates

Pretreatment or post-treatment requirements for waste streams
Treated-waste disposal requirements.



“RADIONUCLIDES

Tritivm

-—Larhon-14
Calcium-41
Cobsalt-60

| Nickel-63

i - Seienium-79

Strontium-90
Zirconium-93
Niobium-94
Technetium-99
Palladium-107
Cadmium-113
Antimony-125
Iodine-129
Cesium-134
Cesium-137
Samarium-151
Eurcpium-152
Europium-154
Radium-226/228
Uranium-235/238
Plutonium-238
Plutonium-239/240
Plutonium-241
Americium-241

Barinm

Beryllium
Boron
Cadmium
Chromium
T am
Manganese
Mercury
Vanadivm

DOE\RL-92-11, Rev.

OTHER
INORGANIC
COMPOUNDS/IONS

Ammonium/Ammonia
—-Asbesgtoz
Chlorine
Cyanide
Fluonide
ll Nitrate

Aot

[ ftiyit-y
l’ Phosphoric Acid

0

- — ———Table 1; Potential Contaminanis of Concern for the 100 Area

OTHER

VOCs
ORGANICS
Acetone Acetic Acid
-Benzene i -Bis 2-cth 1)

Chlorobenzene phthalate
Chloroform Ethylenediamine
Ethylbenzene Formic Acid
Methylene Chloride Hydrazine
Methyl Isobutyl PCBs

Ketone Petroleum
Perchloroethyienc Products
Trans -1,2- Thiourea

Dichloroethene
Trichloroethene
Xylenes

Note: Does not include suspect contaminants. Refer to Section 2.0 for breakdown of contaminants of concern by

EST-1
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Table 2. Potential Federal and State ARARs

Safe Dnnkmg Water Act Clean Air Act

for the 100 Area

Clean Water Act

regulatlons

ﬂ presented in Section 3.0 and Appendix B.

_ Note To-be-considered materials (TBCs) are not included. Additional ARARs are

Clean Water Act Resource Conservation and }| National Flood Insurance
| Recovery Act (RCRA) Program
- State -of Washing Clean Water-Act - H Endangered Species Act
Ground Water Quality
Standards
Model Toxics Control || Hazardous Waste RCRA
o Act Management Act
p— Clean Air Act Water Pollution Control Bald Eagle Protection |
;,:;';:; Act Rules
i |
e Model Toxics Control Act |
- State air pollution

EST-2
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Eiological Treatment: Biodenitrification ‘ Y ‘ .

Stabilization/Solidification: Vitrification ' . . . . . .

Physical Trestment: Stearn Stripping ' .

Physical Treatment: Vapar Extraction .

Thermal Treatment: Thermal Desorption . .

Physical Trealment: Soil 'Washing by ! - .
Altrition Scrubbing

Chemical Treatment: Soil Washing by ; .
Chemical Leaching

— —

rl

* Indicates technology/option is selected for the alternative
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Table 6. Phase II Screening Resuits: Recommended Alternatives Page 1 of 2

I __M T m
. Media Retained Description
Alternative
_Solid Waste SwW-1 No Action General Response: No Action
SwW-2 Institutionai Controls General Response: Access/Deed
Restrictions

SW-3 Containment Response: Run-on/run-off Control; Hanford
Barrier/RCRA Multi-media Cap

Sw4 Removal/Disposal Response: Excavation/Demolition;
Vault/Trench Disposal; Hanford Barrier/RCRA Multi-
media Cap _

SwW-7 In situ Treatment Response: Dynamic Compaction;
Vibration-aided Grout Injection; Hanford Barrier/RCRA

Cap

SW-9 Removal/Treatment Disposal Response: ﬂ
N - -1 Excavation/Demolition; Thermal Desorption; Compaction:
Cement Based Stabilization/Solidification; Vault/Trench
Disposal; Hanford Barrier

— 1
Il Groundwater |~ GW-1 | No Action General Response: No Action
7 GW-2 Institutional Controls Gener:;l Response: Water
Rights/Deed Restrictions; Alternate Water Supply
. GW-3 Containment Response: Slurry Walls; Extraction Wells
_ GW-4 In situ Treatment Response: Biodenitrification; Air
Stripping

GW-5 Removal/Treatment/Disposal Response (based on chemical
' treatment): Extraction Wells; Biodenitrification; Chemical
Oxidation; Chemical Precipitation; Chemical Reduction;
Media Filtration; Ion Exchange; Cement-based
Stabilization/Solidification; Aquifer Reinjection

~"GW-6 7 Removai/Treatmient/Disposal Response (based on physical

Filtration; Reverse Osmosis; Evaporation; Cement-based
Stabilization/Solidification; Crib Disposal

EST-6a
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Table 6. Phase II Screening Results: Recommended Alternatives Page 2 of 2

Media Retained Description
. Altarmativa
4 RAW L 1ICALE ¥ W

Soils/ 58-1 No Action General Response: No Action
Riverbank . 3
: §S-2 Institutional Controls General Response: Access/Deed
Sediments e
Restrictions
e e - 88-3 | Confainment Response: Run-on/run-off Control; Hanford
Barnier/RCRA Cap B
el - 8§84 Removal/Disposal Response: Excavation/Demolition;
- Vauit/Trench Disposal; Hanford Barrier/RCRA Multi-
_ media Cap
B} e SS-8 _ In situ Treatment Response: In situ Vitrification
- - - -————1----88-10- — {-Removal/Treatment Disposal Response:

Excavation/Demolition; Thermal Desorption; Soil
Washing By Attrition Scrubbing; Vitrification
Stabilization/Solidification; Vault/Trench Disposal;
Hanford Barrier o

EST-6b
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ACRONYMS
- = ALARA As Low As Reasonably Achievable
A/PEG  _ alkali metal/polyethviene glycols
ARAR applicable or reievant and appropriate requirement
CAA Clean Air Act
- ~  CERCLA  Comprehensive Environmental Response, Compensation, and Liability Act
.- ~CFR . Code of Federal Regulations
CPP CERCLA past-practice
CRBG Columbia River Basalt Group
CRP Community Relations Plan
CSCF continuously stirred continuous flow
CSF Cancer slope factor
s CWA L Clean Water Act
D&D Decontamination and Decommissioning
DAW dry-active waste
DOE Department of Energy
DQO Data quality objective
DWPF Defense Waste Processing Facility
Ecology Washington Department of Ecology
EDTA ethylenediaminetetraacetic acid
EP extraction procedure
EPA Environmental Protection Agency
- FEFS - —focused feasibility study
FS feasibility study
GCD Greater confinement disposal
GRA general response action
o = oo — HEAST - - - - Health- Effects Assessment Summary Tables
~—— HEW -——- high-level waste
HMS Hanford Meteorology Station
HQ hazard quotient
HSBRAM  Hanford Site Baseline Risk Assessment Methodology
HSWA Hazardous and Solid Waste Amendments
—-HWMA — — -Hazardous-Waste Management Act
- —-HWVP-- - - Hanford Waste Vitrification Plant
IRIS Integrated Risk Information System
IRM interim remedial measure
LCF loose cubic feet ,
LDR Land disposal restrictions
LFi limited field investigation
LLW low-level waste
Ma million years ago

MCL maximum contaminant level

il
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MCLG maximum contaminant level goal

MTCA Model Toxics Control Act

NCP National Contingency Plan

NPDES National Pollutant Discharge Elimination System

NPL National Priorities List

NTS Nevada Test Site

1019 operable unit

PCB polychlorinated biphenyl

PNL Pacific Northwest Laboratory

R&D research and development

RA risk assessment

RAAS Remedial Action Assessment System

RAO remedial action objective

RCRA Resource Conservation and Recovery Act

RCW Revised Code of Washington

RF radio frequency

RfD Reference dose

RFI/CMS  RCRA Field Investigation/Corrective Measures Study

RI remedial investigation

RI/FS remedial investigation/feasibility study

ROD Record of Decision

RPP RCRA past-practice

SARA Superfund Amendments and Reauthorization Act
o - .. SDWA Safe Drinking Water Act

SITE Superfund Innovative Technology Evaluation

SSM shallow soil mixing

TBC to-be-considered

- -TPA ----“Tri-Party-Agreement {Hanford Federal Facility-Agreement and Consent Order)

TRU transuranic '

TSCA Toxic Substances Control Act

TSD treatment, storage and disposal

UIC Underground injection control

UMTRA Uranium Mill Tailings Radiation Control Act

UNC United Nuclear Corporation

_UST_ ____ __underground storage tank

e VYOC volatile organic compound

WAC Washington Administrative Code

WHC Westinghouse Hanford Company

WIDS Waste Information Data System

WIPP Waste Isolation Pilot Plant

WPPSS Washington Public Power Supply System

wVvDP West Valley Demonstration Project

v
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______ 1.0 INTRODUCTION

Four areas of the Hanford Site (the 100, 200, 300, and 1100 Areas) have been
included on the Environmental Protection Agency’s (EPA) National Priorities List (NPL)
under the Comprehensive Environmental Response, Compensation and Liability Act
(CERCLA). The location of these areas is shown in Figure 1-1. Under the Hanford Federal
Facility Agreement and Consent Order (Tri-Party Agreement (TPA)), signed by the
Washington State Department of Ecology (Ecology), the U.S. EPA, and the U.S.

- --—-_-----—Department of Energy (DOE) (Ecology-et al.- 1989), more than {,000 inactive waste disposal
and unplanned release sites have been grouped into source and groundwater operable units.
These operable units contain contamination in the form of solely hazardous waste, solely
_ radioactive waste, radioactive mixed waste, and other CERCLA hazardous substances. Also
included within the TPA are 64 Resource Conservation and Recovery Act (RCRA) treatment,

= storage, or disposal (TSD) units which will be closed or permitted to operate in accordance
(= with RCRA regulations under the authority of Chapter 173-303 of the Washington

E2 - - Administrative Code (WAC)- -Some of -these- TSD units are included within the operable
o2 units (OU).

o The parties to the TPA intend to integrate DOE’s CERCLA response obligations and

i

- - -RCRA corrective-action-obligations. The EPA maintains authority for CERCLA, and
-—-——— - -Ecology implements RCRA under the authority of the state’s dangerous waste program. The
state has aiso received authorization to implement the EPA’s radioactive mixed waste
= - program. The state does not yet have-authority to implement the most recent amendments to
RCRA, the Hazardous and Solid Waste Amendments (HSWA); this authority remains under
EPA. The EPA and Ecology have determined that the EPA guidance for conducting a
remedial investigation/feasibility study (RI/FS) under CERCLA may be used at the Hanford
Site in the performance of a RCRA facility investigation/corrective measures study
(RFI/CMS). Therefore, although RCRA terminology has been used where appropriate, the
content and format of this feasibility study report conform to EPA guidance for CERCLA
activities, even though the results of the studies may be applied to RCRA past practice
operable units or to RCRA TSD units.

=+ w== —-—-- - --- §ince the signing of the TPA in 1989, the parties to the agreement have recognized
the need to modify the approach to conducting investigations and studies at Hanford with a
- goal of maximizing efficiency, optimizing use of limited resources, and achieving cleanup in
the earliest possible time frame. To implement this approach, the parties have jointly
-~ developed The Hanford Site Past-Practice Strategy (DOE-RL, 1991d). -This strategy
document describes the concepts and framework for streamlining the investigation and
remedial study process in a manner that promotes a "bias-for-action" through optimizing the
use of interim remedial actions, cuiminating with decisions on final remedies on both an
- operable-unit and aggregate-area scale. The pringiples of the strategy are embodied in the
Hanford Federal Facility Agreement und Consent Order Change Package, dated May 13,
1991 (Ecology et al., 1991). _

An important aspect of the past practice strategy and the associated TPA change
package recognizes that the Hanford Site presents a number of unique circumstances that call

1-1
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for innovative approaches to conducting investigations and feasibility studies. The 100 Areas
have been divided into 25 OUs based largely on location. While these units are separated
geographically, they all contain sites which are very similar with regard to types of
contaminants and methods of disposal. Consequently, the past practice strategy as applied to
the 100 Area defines an aggregate approach to evaluate groups of sites based on their
similarity, as opposed to their geographical location and operable unit designation. Thus the
1991 TPA change package mandates that, rather than performing separate feasibility studies
for each of the 100 Areas OUs, the feasibility studies should evaluate remedial alternatives
for the entire 100 Area. To meet this objective, the change package called for three "base"
reports which would consider: 1) source operable units (except 100-N Area), 2) groundwater
operable units, and 3) the 100-N Area, as it is distinctly different from the other 100 Areas,

The 100 Area feasibility study presented in this document meets the objectives of the
change package, however, the approach is further streamlined by condensing the "base"
77 ~studies into a singie document to avoid dupiication of common information, while providing
separate sections to address definition of remedial alternatives by either media or area. This
not only reduces the cost of document preparation, but also shortens the review times and
- - -reduces the potential for document inconsistencies as a results of separate reviews. This
document separates the studies by three media: solid wastes, soil/riverbank sediments, and
groundwater. Riverbank sediments are that portion of the vadose zone, on the shore of the
river, which are contaminated as a result of fluctuating groundwater levels near the river.
Additionally, the 100-N Area is treated as a separate site based on its somewhat unique
characteristics making a total of four types of sites or units evaluated in the remedial

-~ - -alternative evaluation process.

This 100 Area Phase I/II FS is built around existing data. In a typical RI/FS, the

o Phase I/IT FS is not completed until the RI Phase I is complete, although the Phase I/II FS is

ST ~often started while the Phase I RI'is being conducted. However, for the 100 Area, the size
of the existing site characterization database is larger than the end result of many RIs and is
adequate for identifying and screening remedial alternatives. Use of existing data to initiate

7~ and expedite the FS process is consistent with the past practice strategy. New site
characterization data, while important for later detailed analysis, would not likely affect the
outcome of the alternatives development and screening phases. Finally, waiting for LFI data
to start the FS process would cause unacceptable schedule delays in starting subsequent
programs such as treatability studies.

- ~The 100 Area feasibility study presented in this document completes the FS process
~-———— - only-through the first two study phases: Phase I, Remedial Alternatives Development, and
Phase II, Remedial Alternatives Screening. This Phase I/II study is intended to provide a
more generalized view of applicable and workable remedial technologies as applied to the
site contamination problems as a whole. After collection of more site-specific data for each
OU, focused feasibility studies would then be performed. These studies would either select
interim remedial measures or select final remedies, depending upon the stage of remediation
- —----betag evaluated.- Thus-each focused-FS-constituies the ‘detailed analysis phase which
completes the FS evaluation process for the targeted remedial action. In addition to the
screened alternatives evaluated in this document, the detailed analysis phases of subsequent
. FSs would integrate the results of area-wide studies such as river impact, shoreline,
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- ~ecologicai; cultural resources; ireatability, and background studies; as well as, information

from OU-specific limited field investigations (LFI} and risk assessments (RA).

1.1 PURPOSE AND SCOPE

The purpose of this Phase I/II feasibility study is to develop and screen a range of
alternatives for remediation of 100 Area contamination present in solid wastes,
soils/riverbank sediments, and in groundwater. Remedial alternatives for the 100-N Area are

tr l-a nAdAdrasnad camaonta
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Surface water, including the Columbia River, and air contamination are not within the
scope of this study.

The scope of work for this FS includes four primary tasks:
L. Identify contaminants of concern for each media

2. Identify applicable or relevant and appropriate requirements (ARARs) pertinent
to all general response actions (including waste disposal acceptance criteria)

- —-.. 3. _Develop remedial alternatives_(Phase I) applicable to the 100 Area including

development of remedial action objecnves (RAQ), development of general
response actions (GRA), identification and screening of technologies and
-process options, and assembly of remedial alternatives, from representative
technology types

4. Screen alternatives (Phase II) developed in Phase I for implementabiiity,
effectiveness, and costs to identify those alternatives which warrant
——-_ __advancement to the detailed analysis phase of future focused feasibility studies.

—Feasibility studies-presented in this document are performed im accordance wiih EPA
guidance contained in Guidance for Conducting Remedial Investigations and Feasibility

Studies Under CERCLA, (EPA 1988a).
Key assumptions for preparation of this document are given as follows:

. Performance of the tasks described above are based on existing site data,
primarily as documented in the eleven draft 100 Area OU RI/FS work plans
e e 1580€d previously (DOE 1990a-e; 1991a-f), and supplemented by existing data
given in other documents for sites not covered by draft work plans. New
- sampling or monitoring data produced as a result of current site investigations
- were unavailable to-meet the FS schedule and are therefore, not incorporated.

. All sites in the 100 Area are categorized within one of the four types of sites

identified for this project (solid wastes, soils/riverbank sediments,
groundwater, and the 100-N Area).
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- -—-e e oo Sampling-and monitoring dats Teported in source documents are assumed to be

of adequate quality to support the FS.

1.2 ORGANIZATION OF REPORT
Seven sections are included in this report, including this introduction.
Section 1.3 summarizes information on background and existing data, including:

. A history of 100 Area operations and descriptions of facility characteristics

and waste generating processes

Nature and extent of contamination in the media of concern.

e  Physical setting including such aspects as geology, hydrogeology,
meteorology, environmental resources, etc.

The information in this section represents a summarized compilation of data obtained

-—from -work plans and-other source documents-and is not intended as a camprehensive

documentation of data or details. The intent of this section is to summarize the information
Section 2.0 of the report provides an assessment of contaminants of concern for the
100 Area.
Section 3.0 documents the potential ARARs.

Section 4.0 documents the Phase I effort to identify and screen remedial technologies
and process options. This section also identifies remedial action objectives and general

--response -actions-and- provides-estimates of areas and volumes of contaminated materials.

Section 5.0 documents the Phase II effort to 1) assemble screened technologies and
process options into area-wide alternatives and 2) to screen the alternatives with respect to
implementability, effectiveness, and cost to arrive at a list for advancement to future focused
feasibility studies.

S --Section 6.0-discusses development of a Treatability Study-Program Plan for

conductmg treatability studies needed to support further analysis and design of remedial
systems. This section also provides an outline of the RI/FS steps needed to advance the
feasibility study process through future detailed analysis efforts to be conducted as part of
focused FSs for interim remedial measures (IRM) and final FSs for OUs.

Section 7.0 documents report references.

. —---Appendices to this-report include

ification of Contaminants of Concern
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. Appendix B - Identification of Potential ARARs

- e Appendix C - Descriptions of Remedial Technologies and Process Options
. Appendix D - 100 Area Contaminated Soil and Groundwater Volume
T Estimaiions

. Appendix E - 100 Area Waste Units.

o Appendix F - Descriptions of Remedial Technologies and Process Options for
River Sediments and Outfall Pipelines

1.3 BACKGROUND/SUMMARY OF EXISTING DATA

<y ____.1.3.1 100 Area Description

1.3.1.1 Locatidn. The Hanford Site is a 560 mi? (1,434 km?) tract of land located in the
=i, south-central portion of the State of Washington in Adams, Benton, Franklin, and Grant

- - - ——Counties. The 100 Area lies along the southern shoreline of the Columbia River at the north
end of the Hanford Site (see Figure 1-1).

Identifying numbers were given to the buildings and facilities in the 100 Area. These
are summarized as follows (Adams et al., 1984):

FACILITY CATEGORIES

CATEGORY FACILITY FACILITY FUNCTION
DESIGNATION
ffffffffff Reactor Buildings - 105 -~~~ "Housed reactor and fuel
storage basin (irradiated)
Ground Disposal Facilities 116 (liquid) Inground disposal of liquid
118 (solid) and solid wastes
Effluent Systems 107 Retention basins
1904/1908 Outfall structures
i 1608 Pumping stations
Ancillary Facilities 103 Fuel element storage
building (unirradiated)
108 Laboratory
. 115 Gas recirculation buildings
116 Reactor stacks
117 Exhaust filter buildings
e e 119 Exhaust sample buildings
N 1706 Reactor loop testing facility
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1.3.1.2 History of Operations. Between 1943 and 1962, nine water-cooled, graphite-
moderated plutonium production reactors were built along the shore of the Columbia River
upstream from the now-abandoned town of Hanford. Eight of these reactors (B, C, D, DR,
F, H, KE, and KW) have been retired from service and are under evaluation for
decommissioning. The ninth reactor, N, was recently taken out of standby status and will be
retired. Table 1-1 lists the construction date, period of operation, and status of each reactor.
In some of the reactor areas, after the reactor was retired from plutonium production service,
the ancillary facilities were used as laboratories for special studies or for storage/treatment
purposes. Post-production activities are listed in Table 1-2.

" 1.3.1.Z.1 KReactor Components (Excluding 100-N). The principal components of
the originai eight reactors consist of the reactor, the reactor cooling water loop, the reactor
gas-and-ventilation system, and the irradiated fuel handling system. Each of these systems is
briefly described below.

Reactor. Each reactor was graphite moderated and cooled with water pumped
through on a single-pass basis. The reactor moderator stack consisted of graphite blocks,
some of which were cored to provide channels for process tubes, control and safety rods, and
other equipment. Aluminum process tubes held the aluminum-clad, uranium-metal fuel
elements and provided channels for cooling water flow (Irradiation Processing Department

-1963). Boron was the primary neutron absorber used in control and safety rods. The initial

reactor design included a third safety system which used a tank filled with a boron solution

... suspended above the reactor. Aluminum sleeves, called thimbles, were inserted into the
i S - I
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After a few years of operation, the boron system was redesigned to utilize hoppers
containing 3/8-inch (0.95 cm) nickel-plated boron balls instead of the liquid boron system
(Irradiation Processing Department 1963). The balls emptied into the vertical safety rod
channels when reactor shutdown was required. A vacuum system removed the balls when

ran hanl ~m lima
the reactor went back on-line.

--——- - Reactor Cocling Water Loop. Figure-1-2 presents a simplified process flow

diagram for the original eight reactors. Cooling water for the reactor was pumped from the
Columbia River to a water treatment facility either directly or via a reservoir. Additives,
listed in Table 1-3, were introduced to the river water which then passed through flocculators
to settling basins where an organic polyelectrolyte was added as a filter aid. The water was
filtered through beds of gravel, sand, and crushed anthracite coal and stored in clearwells.

The treated water was pumped to large-capacity storage tanks where about 2 ppm
sodium dichromate was added as a corrosion inhibitor (Richards 1953). The water from the
storage tanks was then pumped via electric pumps to the reactor. The water at that point
contained residues of alum, sulfate, chlorine, calcium, sodium dichromate, electrolyte, and
other impurities.

- The heated water passed from the reactor to a retention hasin by gravity flow. The
water was retained in the basin for a time sufficient to permit partial thermal cooling and
radioactive decay of short-lived radionucliides. The water then flowed from the retention
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basin via the outfall structure and river pipelines where it was discharged to the middle of the
river. The outfall structure contained a concrete or rip-rap spillway to divert the water to the
—river in case of an-overflow.

A backup cooling system was provided by river water which was kept in a holding
— = o= - -peSETVOIr. This water was normally used to supply the powerhouse; however the water could
——-—-----be-pumped to the water treatment facility or, in cases of emergencies, directly to the reactor.
Steam was generated in the coal-fired powerhouse where the water was treated (to reduce
-~ formation of boiler scale) with sodium sulfite and trisodium phosphate and was subsequently
passed through an ion exchange system’.

"~ Reactor Inert Gas and Ventilaiion Systems. The inert gas System was used to
-~ remove moisture and foreign gases, to serve as a heat transfer media between the graphite
and process tubes, and to detect water leaks within the reactor. The reactor atmosphere was

e - —a mixture of hehurm with carbon dioxide or nitrogen.  The composition of the gas mixture
o was varied to control the graphite temperature which in turn influenced reactivity conditions
£ (Chattin and Powers 1985).

o

— Irradiated Fuel Handling. Refueling occurred about once a month for about 10
= percent of the process tubes in the reactor. Irradiated fuel elements removed from the

- - - —reactor were sorted in a pickup chute area and transferred to the fuel storage basin for
radioactive decay. Following the storage decay period, the fuel elements were placed in
—--—— - -~ -railroad cask-cars for transport to the chemical reprocessing facilities in the 200 Areas
(Miller and Steffes 1987).

1.3.1.2.2 100-N Reactor Components. 100-N Reactor. The 100-N reactor was a
graphite moderated, light-water-cooled reactor and the newest of the 100 Area reactors. Its
design and operation differ substantially from the other plutonium production reactors.

= —— ———{niike the-other eight singie-pass reactors, the i{J-N reacior was a duai purpose reactor
which produced steam for electricity generation as well as plutonium. The 100-N reactor did

---—-—— -~ -—- not use-once-through-cooling as-did the-other-eight production reactors. Instead water was
recirculated through the reactor and steam generators.

The reactor core was a structure of interlocking graphite bars containing zirconium
alloy pressure tubes which held the zirconium alloy-clad, uranium-metal fuel elements.
- Regchivity was controiled by honzontal control rods and the vertical baii system. Boron was
the primary neutron absorber used in the rods and balls.

100-N Reactor Cooling Water Loop. Figure 1-3 presents a simplified process flow
diagram for the 100-N reactor cooling water loop. Untreated water from the Columbia River
was supplied to the emergency coolant pumps, dump condensers, and the water treatment
facility. The water treatment system produced raw, sanitary, and demineralized water. Raw

. water received no treatment other than straining; all other water was passed through a
filtration plant where coagulant chemicals and small amounts of chlorine were added. A

----- ' Sodium chloride was used as the regeneration solution for the ion exchange system
(Irradiation Processing Department 1963).
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filter aid was added and the water passed through gravity filters which consisted of layers of
gravel, sand, and granulated anthracite.

Treated water from the demineralizer plant was stored in a holding tank. Its uses
included the reactor (graphite and shield), and rod coolant systems as well as the secondary
water system.

The secondary steam system removed the reactor heat from the primary cooling
water. During operation solely for production of special nuclear materials, the major portion
of this steam was routed to dump condensers. During dual purpose operation, the major
portion of the generated steam was routed to the Washington Public Power Supply System
(WPPSS) Hanford Generating Project for production of electricity, through steam turbines
and condensers. The secondary steam system was closed-loop, i.e., the condensed steam
was returned to the steam generator.

Reactor Inert Gas and Ventilation Systems. The inert gas system in the N reactor

%‘;zf was similar to the systems used in the other production reactors.
i; Irradiated Fuel Handling. Irradiated fuel elements removed from the reactor were
= moved to the storage basins for short term radioactive decay then placed in rail-mounted

shipping casks for transport to reprocessing or storage facilities.

1.3.1.2.3 Decontamination and Decommissioning. To reduce the potential spread
- -of radicactive contamination from the reactors and associated facilities, DOE began a
. program of decontamination and decommissioning (D&D) of buildings and facilities after the
- - -reactor facilities were-retired. Most of the contaminated buildings and facilities have been
demolished and were buried in place, in the clearwells, or taken to the 200 Areas for buriai.
Clean wooden buildings and equipment were salvaged and uncontaminated buildings were
converted for new programs or storage. In some instances, new buildings were constructed
over the demolished building locations.

- -A photographic summary of D&D activities is presented in Summary of the Hanford
Site Decomtamination, Decommissioning, and Cleanup FY 1974 Through FY 1990 (Wahlen
1991). The decommissioning plans for the 100 Area are presented in the Hanford 100 Area
Long-Range Decommissioning Plan (Adams, et al., 1984).

1.3.1.3 160 Area Facility Characteristics and Contamination (excluding N Reactor).
Waste units included in this FS are listed in the tables in Appendix E.

1.3.1.3.1 Effluent Handling. Facilities used in the handling of cooling water
effluent included retention basins, pipelines, and outfall structures.

Retention Basins. The 100 Area retention basins were rectangular concrete or
circular steel structures used to retain cooling water effluent from the reactor for radioactive
decay and thermal cooling prior to discharge to the river. The basins ranged in capacity
from 16 to 24 million gallons (DOE-RL 1991a). Some of the basins were baffled to provide

——Separate compartments. In initial operations, effluent was directed to only one side of the
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basin at a time which allowed effluent contaminated by ruptured fuel elements to be diverted
t0 other disposal facilities such as cribs and trenches. However, temperature differentials
between the basin halves resulted in cracks and subsequent leakage. This leakage, coupled

"~ with'increased production raies, forced simuitaneous use of the reiention basin compartments.
This in turn precluded routing the more highly contaminated effluent to alternate disposal
sites. Therefore all effluent was discharged directly to the river. Some of the retention
basins were partially demolished and the rubble buried in-place after the Dorian and Richards

" stady.  “The basins have aiso been used for disposai of contaminated piping and other

demolition materials.

oo _Some of the retention basins leaked, in some cases enough to produce surface ponds

R md sl;mms that flowed to the river. This. leakagc resulted in contamination of soils adjacent

-~~~ to the basins. In addition, contaminated sludge was deposited on the basin floors and
represents a significant source of contamination. The following summarizes the nature and

.. —..extent of radionuclide contamination at the retention basins (Dorian and Richards 1978):

- ~Each retention basin contains from 1/4 inch to 3 inches of sludge covered by
two to four feet of soil fill.

] Total radionuclide inventories for the B, C, D, DR, F, H, KE, and KW
retention basins range from less than 10 curies for each of the K Area basins
to over 400 curies for the B Area basin.

. For the B and C retention basins, approximately 90% of the contamination is
located outside the basin in the soils beneath and adjacent to them.

. For all the reactors, Cesium-137, Cobalt-60, Europium-152, Europium-154,
and Europium-155 account for approximately 97% of the radionuclide
inventory located outside the retention basins.

. For the D, DR, F, and H basins, approximately 75% of the contamination is
contained inside the basins in the sludge, the soil fill, and the concrete.

. For all the reactors, Cobalt-60, Europium-152, Europium-154, and Nickel-63
account for approximately 94% of the radionuclide inventory located within
the retention basins,

o The KE and KW retention basins are much less contaminated than the others
‘and have total inventories less than 10 curies each; approximately 85% of this

e ..........._contamination is located in soils adjacent to the basins.

Table 1-4 provides typical inventories for the areas of contamination related to the
retention basins: basin sludge, basin fiil, concrete, and surrounding areas.

In addition to radionuclide contamination, the basins may be contaminated with
chemical constituents used as additives in the cooling water. A major contaminant is
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chromium which was used extensively in the 100 Area. Table 1-5 lists contaminant
concentration ranges for the basins.

R " Pipelines. Effluent pipeiines ran from the reactors to the retention basins, from the
retention basins to the outfall structures, and from the outfall structures to the discharge point

~~  — inthe middle of the Coiumbia River. The 100 Area contained approximately 62,000 feet of
——--— - effluent pipeline ranging in size from 12 to 84 inches in diameter (Adams, et al., 1984). The
—---- —- - - pipelines-were-constructed of carbon steel, reinforced concrete, or sometimes vitreous tile.
The pipelines included manholes, junction boxes, tie-lines between parallel legs, and valves.
Most of the on-land pipelines were buried although a portion of the effluent line in the 100-F
Area was above-ground. This above-ground portion has been removed and placed in the
116-F-14, 107-F retention basin. The remaining land portions of the 100 Area effluent lines
are still in place. Junction boxes have been sealed or filled with gravel and the effluent lines
were _sealed to prevent entry. The river pipelines are still in place except at F Area;
approximately 50 feet of pipe has been dislodged and washed downstream.

Leaks occurred along -the pipelines, -mainly at the junction boxes-of all the steel-and
concrete lines and the rubber joints of the tile lines. Contamination associated with the
effluent lines is primarily in these Jeakage areas and in_the accumulated sludge in_the pipes.
Radionuclide and chemical contaminants in the effluent lines and leakage areas are presumed
to be the same as shown for the retention basins in Table 1-5.

Outfall Structure. Qutfall structures were compartmentalized boxes used to direct

the liquid effluent from the retention basin to the river pipelines for discharge to the middle

- of the Columbia River. - The structures were constructed of reinforced concrete with concrete
or rip-rap spillways (spillways were used only in case of overflow), With the exception of

~—— .- -— the structure-at the-100-K Area, all the outfalls were 27 feet long by 14 feet wide with walls
one foot above grade and 25 feet below grade. The 100-K Area outfall was 30 feet long by
40 wide with 30 foot walls above and below grade (DOE-RL 1991a). Most of the outfalls
have been demolished to near-grade level and backfilled. An outfall structure in the F Area,
the PNL outfall, was used by the Pacific Northwest Laboratory (PNL) for disposal of wash
wastewater from the animal pens. Contaminants include strontium-90 and small amounts of
cesium-137 and plutonium-239 (DOE 1991d).

Effluent was normally discharged via the outfall and river pipelines; however effluent
- --- —— - discharges-sometimes-overflowed the outfall siructure and exceeded the capacity of the
spillways resulting in contamination of surrounding soils down to the river’s edge. The
... residual radionuclides and chemical contaminants associated with the outfalls are presumed to
— oo =0 e the-samie -as those listed in-Tabie -5 for the reiention basins.

- —-1.3.1.3.2 Liquid Waste Disposal. Liguid waste was disposed to the soil column
through cribs, trenches, and French drains. Cooling water was routinely discharged to the
river; however, during fuel cladding rupture events, the water was diverted to cribs and

~~—~— - - trenches for disposal to the soil coiumn. This practice avoided direct disposal of transuranics
to the river.
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Site characterization activities were conducted in the 1970s by Dorian and Richards
(1978). The characterization effort was aimed primarily at the liquid waste disposal facilities

- with lesser efforts expended on.the. solid -waste disposal facilities. Samples were taken from

the surface and at depths varying from 5 to 25 feet. Sample analysis was conducted
primarily for radionuclides. Contamination information pertinent to liquid waste disposal
facilities is summarized in Table 1-6. Based on the information obtained during this effort,
the following generalizations can be made concerning the 100 Area liquid waste disposal
facilities:

. The principal radionuclides in these facilities are generally:
- Cobalit-60
- Cesium-137
- Strontium-90
- Europium-152
- Europium-154
- Europium-155

. The radioactive waste is generally confined to within five to twenty feet below
the facility.
o - Plutonium-239/240 concentrations -are-generally less-than-1-pCi/g but range as

high as 1500 pCi/g at the 116-C-2C pluto crib sand filter. Plutonjum-238
concentration at the sand filter is as high as 1600 pCi/g.

‘Cribs. Cribs were buried, generally rock-filled, structures. Early cribs were
typically open-bottomed, buried boxes, constructed from timbers, which ranged in area from
100 to 200 square feet. Some of these timbered cribs had associated tile fields for overflow.
Some were provided with a secondary cavity to handle overflow, The 116-C-2 crib was
much larger than the other cribs, 140 feet by 100 feet at the bottom, and were provided with
a sand filter. Figure 1-4 shows a typical crib with a tile drainage field (Adams et al. 1984).
Interviews with operations personnel suggest that this schematic may not accurately represent

_ certain cribs. _Some of the 100 Area cribs may have been excavated pits which received

waste through fire hoses.

"~ Often a crib was dedicated to a specific buiiding or process, and thus received a
relatively uniform flow. Cribs can generally be categorized by the type of service provided.
All data were obtained from Dorian and Richards 1978 or DOE-RL 1991a. Radionuclide

~.Quantities have not been decayed to current time. (Decay of radionuclides will be conducted

in the LFI and incorporated into the FFS for each OU.) Crib types are listed as follows:
. Pluto crib

Except for the 116-C-2 (105-C) pluto crib, these cribs were generally small,
approximately 10x10x10 feet (Dortan and Richards 1978), and were operated
for short time periods only (less than two years). The pluto cribs received
erfiuent from individual process tubes following fuel cladding failures.
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The 116-C-2A crib was the last crib to be constructed and was approximately

" 14,000 square feef in area. Associated facilities included a sand filter and

pump station.

Pluto cribs contained radionuclide inventories ranging from less than 0.1 curie
to 3 curies. The 105-C pluto crib, 116-C-2A, had an associated sand filter
and pump station. The sand filter contained contamination two orders of
magnitude higher than that of the crib and plutonium concentrations up to 1600
pCi/g. Chromium and other cooling water additives are potential contaminants
in the pluto cribs.

Dummy/Perf Decontamination Cribs/Drains

The dummy/perf decontamination cribs/drains received radioactive liquid
wastes from the decontamination of dummy fuel element spacers in the 105-F,
105-H, and 111-B buildings. The cribs ranged in size from 4x8x8 feet to
12x8x15 feet and the drains were 3 to 4 foot diameter pipes 15 to 20 feet deep

(DOE-RL 1991a).

Acids, inciuding nitric, suifuric, oxalic, hydrofiuoric, were used extensively in

~ decontamination processes. Therefore, in addition to the radionuclides listed
~_in Table 1-6, nitrate and other acid residues are likely contaminants in soils
and groundwater beneath these cribs.

108 Building Cribs/Drains

These cribs or underground drains received contaminated liquid effluents from
the 108 laboratory building operations. The 116-B-5 crib was 84 feet long by
15 feet wide by 10 feet deep. The 116-D-3 crib was 3 foot diameter by 5 feet
deep (DOE-RL 1991a). The 116-B-5 crib had 300 curies of tritium; the other
108 crib contained less than 0.1 curie of contamination.

115 Building Cribs

The 1135 buiiding cribs were underground drains which received condensate
and liquid waste from reactor gas purification systems. The cribs measured

40x40x26 feet. Each crib consisted of a four inch pipe leading into an 8-inch

corrugated, perforated pipe 10.5 feet long. Two 5.4-ft sections branched off

~at 45 degrees (DOE-RL 1991a). Tritium and carbon-14 were the principal

radionuclides disposed to these cribs. In 1978, the 116-KW-1 crib contained a
total of 240 curies (Dorian and Richards 1978).

117 Building Cribs
The 117 building cribs received drainage from the confinement system 117

building seal pits. The crib structures ranged from 125 to 1000 cubic feet
(DOE-RL 1991a). Radioactive effluents disposed to these cribs generally

1-12



contained only short-lived radionuclides. These cribs were released from
radiological control prior to 1967.

Several special use cribs are described as follows:
— & —116-F-5; 100-F Ball Washer Crib

---;—--— -This crib recetved liquid wastes from the decontamination of the boron-ste
balls used in the ball 3X system. The crib was 10 x 10 x 10 feet (DOE-RL
1991a). The crib contained 0.00092 curies; the principal radionuclides present
included

Strontium-90, Europium-154, Europium-155, and Cesium-137. No plutonium
was detected.

¢ 116-KE-2, 1706-KER Crib

This crib received radioactive liquid from the cleanup columns in the 1706-
KER loop. The crib was 16 feet long by 16 feet wide by 32 feet deep. A
wooden crib structure rests within the excavation 3 feet above the bottom.

- =« - -- —.-.The bottom 10 feet are-filled- with- crushed stone and backfillad with soil

.- {DOE-RL.1991a). _The crib contained 38 curies of Strontium-90 and Cobalt-
60 with a 2.1 pCi/g maximum concentration of Plutonium-239/240.

¢ . 116-DR-7, 105-DR-Inkwell Crib
This crib received liquid potassium borate solution from the 3X system prior
to the ball 3X system upgrade. The crib was 5 feet long, 5 feet wide, and 10
feet deep (DOE-RL 1991a). The radiological contamination was found to be
less than 0.1 curie.

French Drains. French drains were genera]ly gravel-filled, concrete or vitreous clay

—--pipe. These were 3 to-4-feet-indiameter and ranged from 3 to 20 feet deep. French drains

in the K Area received suifuric acid sludge from the acid storage tanks. The 120-KE-1
French drain contains approximately 200 kilograms of mercury. French drains_ in the other
areas received liquid wastes from decontamination processes. Drains in the F Area received

- effluent water from botany experiments (DOE-RL 1991a). Like cribs, they were usually

dedicated to a specific building or process. Inventories for these French drains are
unavailable (DOE-RL 1991a).

.- c—_. . Trenches. _Trenches were _generally open excavations with sloped sides. The
trenches ranged in length from (50 feet to 4000 feet, in width from 10 feet to 400 feet, and
__in depth from 6 feet to 25 feet. Each reactor area used a trench as backup to the retention

basin when the effluent was too highly contaminated to be released to the river. Most of the

_trenches contain_inventories of less than 10 curies. The liquid waste disposal trench at the K

Area contained a total of 2100 curies with a maximum Plutonium-239/240 concentration of
130 pCi/g. Types of trenches are described as follows:
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o Liquid Waste Disposal Trenches

__The liquid waste disposal trenches recetved effluent from the retention basins
during fuel element cladding failures. The trenches ranged in size from 10 by
150 feet to 50 by 500 feet and in depth from 15 to 25 feet (DOE-RL 1991a).
“The trenches-were used in eariy reactor operations until increaséd flow and
leakage forced the paraiiei use of both sides of the retention basins. With the
exception of the K Trench, the total contamination ranged from 3 to 79 curies
with a maximum Plutonium-239/240 concentration of 5.3 pCi/g. Sodium
dichromate was used extensively as a corrosion inhibitor; therefore chromium
contamination is expected in these trenches (DOE-RL 1991a).

. K Trench

The K trench (116-K-2) serviced both K Area reactors. The trench was 4000
feet long by 45 feet wide by 15 feet deep with a 4 foot bottom width (DOE-
RL 1991a). The trench received wastes from all contaminated floor drains in
the 105 buildings, approximately 500 gallons per minute of overflow from
each metal storage basin, and an undetermined amount of 107 effluent basin
leakage from valves in the tank bottoms. Periodic sources of contaminated
flow to the trench included:

- Low volume neutralized dummy decontamination waste;

- Process cooling water during charge-discharge via metal storage basin
and cross-under line;

- Approximately 700 gpm metal storage basin flow during charge-
recharge;

s ooo————— - - - Qgccasional rear face decontamination wasies d