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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. Consequently, 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
amounts of common information, but at the same -time provide 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 incniiqisiencieq 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. Additionally, 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/Il 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 Ris 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 (LFI) 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.

BACKGROUND

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 mi2 (1,434 km2 ) 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 thenorth 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.

Waste disposal practices associated 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 -asa result of intentional water disposal in cribs and
trenches, significant 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 prnductinn 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.

SUMARY OF THE FEASIBILITY STUDY

The-100-Are- Phase II HFS Dnnsists of four principal tdcr-k

*------ Identify contaminants of concern for the media nf cnnrern

* Identify applicable or relevant and appropriate requirements (ARARs) pertinent
+_t 5 A11.sos ato 1n l general response actions including waste disposal

* 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.

Seven sections are included 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

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

* 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
waste handling areas; miscellaneous unplan-ned release 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
0 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

* 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
regulatory limits

e Evaluation of the toxicological significance of each regulatory contaminant of
concern.
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Decision logic diagrams were developed to determine the regulatory contaminants of
concern. (Figures I 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 contaminants of concern determination 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 100-N Area (presented in Section 2.0 and in Appendix A). A composite list,
including the potential contaminants of concern only, is provided in Table 1.

- 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-
specific-,-location-specinic, and actin-specifiC ARARs. Table 2 lists some of the more
prwmi t penjm.i ai A ARs 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 I effort to identify and screen remedial technologies
and process options. This section also identifies remedial action objectives (RAOs), remedial
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 potentially-contaminated 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 adeuate for the Phase I/II 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/II FS, the preliminary remedial
action goals are based primarily on state and federal regulatory limits (potential ARARs)
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,
primarily as documented in the eleven draft 100 Area OU RI/FS work plans
issued previously (DOE 1990a-e: 1991a-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.

* All-sites-inmthe 100 Area-art categonzed within-one of the four types of sites
identified for this project (solid wastes, soils/riverbank sediments,
groundwater, and the 100-N Area.

- Sampling-and monitoring data -reported in source documents are assumed to be
of adequate quality to support the FS.

Estiimats of volumes of contaminated media were based primarily upon values
presented in the 100 Area Hanford Past Practice Site Cleanup and Restoration Conceptual
Study (WHC 1991e).

General response actions were identified as follows:

- INo AciUon
* Institutional Actions
* Containment Actions
* Removal/Disposai Actions
* In situ Treatment Actions
* Removal/Treatment/Disposal Actions.

heidentificaihn.andscriening-of technologies considered theuniverse 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.
Examples of proccss opuns within the chemical treatment 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
progran-sourCes, iwsnnl interviews, and other relevant technical references.

Technologies and process options were initially screened in the Phase I FS to
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
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indicated that there are no unique -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 alternatives and 2) screen the alternatives with respect to
implementability, effectiveness, and cost to arrive at a list for advancement to future focused
feasibility studies.

In-Phas II 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
5below--listthe component technologiesand process options for each of the 27 alternatives
for the solid waste, groundwater, and soils media, respectively.

-The Phase 'IFS 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-estabishe d Biteria. _The CriIe£ia Ari essentially the same as used fir
technology screening, i.e., implementability, effectiveness, and cost. However, in the
alternatives-evaluation- stager-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 health
* Short-term protection of the environment
0 Long-term protection of human health
* Long-term protection of the environment
* Reduction of mobility, toxicity, or volume reduction.

Implementability - technical feasibility:

- OperatLInal reliability
* Maintenance.

Implementability - administrative feasibility:

* Agencv annrvals
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-Availability of services
* Specialized equipment and personnel.

C.ost - reladIVe CUSt.

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 I 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
ranldng score. The guidance- document (EPA 198Sa) 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
meet RAOs. Therefore, effectiveness is given a high weighting factor in comparison 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 fullysdefined 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
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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 incomplete set of input parameters that are specified
in the guidance document for traditional feasibility studies. Alternatives recommended for
consideration at the detailed analysis/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 be revisited-at any time as new infnirmatinn
warrants, in accordance with FS guidance.

While the CERCLA Phase I/Il 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/I
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)(l)(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-processthrough future detailed analysis efforts -to-be conducted as part of
FSs for OUs and/or IRMs.

In general, treatability studies are conducted for two purposes:

- 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- studies may provide information to help
determine the following:
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* Potential effectiveness in achieving target cleanup levels
* Contaminant removal (or destruction) efficiencies
* Achievable processing rates
SSelcuon ut process reagents or additives, and formulations
* Pretreatment or post-treatment requirements for waste streams
* Treated-waste disposal requirements.
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Table 1; -Potential Contamninants of Concern for the 100 Area

RADIONUCLIDES

Tritium
-Carbon-14

Calcium-41
Cobalt-60
Nickel43
seeium-79
Krypton-85
Strontium-90
Zirconium-93
Niobium-94
Twchnetium-99
Palladium-107
Cadmium-113
Antimony-125
lodine-129
Cesium-134
Cesium-137
Samarium-151
Europium-152
Europium-154
Radium-226/228
Urmnium-235/238
Plutonium-238
Plutonium-239/240
Plutonium-241
Americium-241

I

METALS

Arsenic
Barium
Beryllium
Boron
Cadmium
Chromium
Lead - --

Manganese
Mercury
Vanadium

II
II

OTHER
INORGANIC

COMPOUNDS/IONS

Ammonium/Ammonia
Asbestos
Chlorine
Cyanide
Fluoride
Nitrate

Phosphoric Acid

VOCs

Acetone
-Benzene
Chlorobenzene
Chloroform
Ethylbenzenc
Methylene Chloride
Methyl Isobutyl

Ketone
Perchloroethylene
Trans -1,2-

Dichloroethene
Trichloroethene
Xylenes

OTHER
ORGANICS

Acetic Acid
-Bis 42-chyhexy!)

phthalate
Ethylenediamine
Formic Acid
Hydrazine
PCBa
Petroleum
Products
Thiourea

Note: Does not include suspect contaminants. Refer to Section 2.0 for breakdown of contaminants of concern by
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Table 2. Potential Federal and State ARARs for the 100 Area

CHEMICAL SPECIFIC ACTION SPECIFIC 0 LOCATION SPECIFIC

Safe Drinking Water Act Clean Air Act Clean Water Act

Clean Water Act Resource Conservation and National Flood Insurance
Recovery Act (RCRA) Program

State -of Washington
Ground Water Quality
Standards

Clean Water-Act Endangered Species Act

Model Toxics Control Hazardous Waste RCRA
Act Management Act

Clean Air Act Water Pollution Control Bald Eagle Protection
Act Rules

Model Toxics Control Act

State-air pollution
regulations

Note: To-be-considered materials (TBCs) are not included. Additional ARARs are
presented in Section 3.0 and Appendix B.
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TY/PROCESS NO ENSTlTUTIONAL CONTAINMENT REMOVAL/ DISPOSAL IN SITU REMOVAL/
OFTION ACTION ACTION ACTION ACTION TREATMENT TREATMENT/

ACTION DISPOSAL
. AC1'ION

ALTERNATIVENUMBER Sw-I SW-2 SW-3 SW-4 SW-5 SW-6 SO-7 SW-8 SW-9 SN-10

Monitoring (100 Area
Groundwater)

Access Restrictions

Deed Restrictions

Run-on/]Rn-off Control

Capping: Hanford Barrier -________

Capping RCRA Multi-media 0
Cap I

Removal: Excnvation/Demolition a

Onsite Disposal: Vault, Trench - _ a

Onsite Disposal: Vault RCRA-
Type Land fill

Offijic Diqsposl

Physical Treatment: Dynamic
Compaction _________ --

Siabilization/Solidificatojin: 
Vibration-Aided Grout Injection

Treatment: Thermal Dsbrption e

Treatment: Size Reducl ion by
Compaction

Stabilization/Solidiflicaton:
Cement-based

Tretment: Incineration

Stabilization/Solidification: a
Bitumen-based I-

0 Indicates technology/option is selected for

w

0
0
~fl

so

0

'C

C

the aftmralive
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TECHNOLOGY/PROCESS NO ACTION INSTITUTIONAL CONTAINMENT IN SITU REMOVALf1REATMENT/
OPTION ACTION ACTION TREATMENT DISPOSAL ACTION

' _ACTION
ALT ERNATIVE NUMBER GGW- W-2 GW3 GW-4 G W-5 GW 6

Mqnitoring 411 4 1

Water-rights Restrictions *

Deed Restrictions

Alternate Walter Supply *

Vertical Bamer: Slurry Walls

HydIraulic Control: Extraction Wells

Biological Treanent:
Biodenitriiiation

Physical Treatment: In Situ Air *
StnpmSripping ______ _____ ____________ _____

Removal Extraption Wells

Chemical Treatment: Chem.
Oxidlation

Chemical Treatment: Precipitation

Chemical Treatment: Chemical
Reduct.

Physical Treatment: Media * *
Filtration

Physical Trealment: Ion Exchange . _

Stab./Solidif.: Cement-based

Disposal: Reinjection into Aquifer

Physical Treatment: Air Stripping

Physical Treatment: Forced I

Evaporation

Physical Treatment: Reverse
Osmosis

Disposal: Crib Disposal I

* Indicates technology/option is selected for the alternative

M

0
0

r
'0
t'J

a

C



_____________ -:- .

TECHNOLOGY/PROCESS OPTION NO INSTITUT. CONTAIN. REMOVAL/ IN SITU REM VAL/
ACTION ACTION ACTION DISPOSAL TREATMENT MENT/

ACTION ACTION DIS SAL
- -AC ON

ALTERNATIVE NUMBER SS-t ss-2 SS-3 SS-4 SS-5 SS-6 SS-7 SS-8 SS-9 SS-10 SS-11

Monitoring (100 Area Groundwater) 0 0 _ - e _

Access Restrictions

Deed Restrictions

Run-on/Run-off Control: Grading,
Diversion/coliection. Revegetation

Capping H anford Barrier * * * *

Capping: RCRA Multi-media Cap _ _ e *

*kemoval: Excavation/Dernolition *

Onsite Disposal: Vault, T rench _ e e

Onsite Disposal: Vault, RCRA-Type
Land fill

6ffsite Disposal ____

E;ological Treatment: Biqdenitrification 5

Stabilization/Solidification: Vitrification 5

Physical Treatment: Stearn Stripping e

Physical Treatment: Vapor Extractiona

-Thermal Treatment: Thermal Desorpti on __________ ______ ___ ____

Physical Treatment: Soil 'Washing by
Attrition Scrubbing

Chemical TreaLment: Soil Washing by
Chemical Leching

6 Indicates technology/option is selected tfr the alternative

e
0

'0
tJ

'C

0
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Table 6. Phase U Screening Results: Recommended Alternatives Page 1 of 2

Media Retained Description
Alternative

Solid Waste SW-1 No Action General Response: No Action

SW-2 Institutional Controls General Response: Access/Deed
Restrictions

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

SW-4 Removal/Disposal Response: Excavation/Demolition;
Vault/Trench Disposal; Hanford Barrier/RCRA Multi-
media Cap

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

- Cap

SW-9 Removal/Treatment Disposal Response:
Excavation/Dernolition;-Th er m a l Desorption; Compaction;
Cement Based Stabilization/Solidification; Vault/Trench
Disposal; Hanford Barrier

1roundwater GW-1 No Action General Response: No Action

GW-2 Institutional Controls General 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 Removal/Treatment/Disposal Response (based on physical
treatment): Extraction Wells; Biodenitrification; Media
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

No Action General Response: No Action

Retained
A ltnrnotiv;o

SS-1

SS-2 Institutional Controls General Response: Access/Deed
Restrictions

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

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

SS-8 - In situ Treatment Response: In situ Vitrification

SS-10- Removal/Treatment Disposal Response:
Excavation/Demolition; Thermal Desorption; Soil
Washing By Attrition Scrubbing; Vitrification
Stabilization/Solidification; Vault/Trench Disposal;
Hanford Barrier

EST-6b

Soils/
Riverbank
Sediments

Media Description
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ACRONYMS

AT ADA

ARAR
CAA
CrCprLA

_CFR -
CPP

CRP
CSCF
CSF
CWA
D&D
DAW
DOE
DQO
DWPF
Ecology
EDTA
EP
EPA

FS

GRA
HEAST
HLW
HMS
HQ
HSBRAM
HSWA
nWMA -
HW4VVP
IRIS
IRM
LCF
LDR
LFI
LLW
Ma
MCI

iii

Ac T a.,Ac .on I k.o
Ariow AsV n neaoa y nAchievauLL,

alkalihmetallpolyethylene glycols
applicable or relevant and appropriate requirement
Clean Air Act
Comprehensive Environmental Response, Compensation, and Liability Act
Code of Fcdcrai Regulations
CERCLA past-practice
Columbia River Basalt Group
Community Relations Plan
continuously stirred continuous flow
Cancer slope factor
Clean Wnter Art

Decontamination and Decommissioning
dry-active waste
Department of Energy
Data quality objective
Defense Waste Processing Facility
Washington Department of Ecology
ethylenediaminetetraacetic acid
extraction procedure
Environmental Protection Agency
-focused feasibility sUdy
feasibility study
Greater confinement disposal
general response action
Health Effects Assessment Snmmary Tables
high-level Waste
Hanford Meteorology Station
hazard quotient
Hanford Site Baseline Risk Assessment Methodology
Hazardous and Solid Waste Amendments
Hazardous--Waste Maagee -- I--i A

Hanford Waste Vitrification Pidilt

Integrated Risk Information System
interim remedial measure
loose cubic feet
Land disposal restrictions
limited field investigation
low-level waste
million years ago
maximum cnntaminant level
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AClOI IMa (UotI)

XCLG

MTCA
NCP
NPDES
NPL
NTS
OU
PCB
PNL
R&D
RA
RAAS
RAO
RCRA
RCW
RF
RfD
RFI/CMS
RI
RI/FS
ROD
RPP
SARA
SDnWA

SSM
TBC

TRU
TSCA
TSD
UIC
UMTRA
UNC
UST
Vor

WHC
WIDS
WIPP
WPPSS
WVDP

iv

maxim1um contaminant level goal
Model Toxics Control Act
National Contingency Plan
National Pollutant Discharge Elimination System
National Priorities List
Nevada Test Site
operable unit
polychlorinated biphenyl
Pacific Northwest Laboratory
research and development
risk assessment
Remedial Action Assessment System
remedial action objective
Resource Conservation and Recovery Act
Revised Code of Washington
radio frequency
Reference dose
RCRA Field Investigation/Corrective Measures Study
remedial investigation
remedial investigation/feasibility study
Record of Decision
RCRA past-practice
Superfund Amendments and Reauthorization Act
SMfo Drinkino Wntjr Apt
'inerfinA Tnnnative Technology Evaluation

to-be-considered
Tri-Party-Agreement (Hanford Federal Facility-Agreement and Consenit -Order)
transuranic
Toxic Substances Control Act
treatment, storage and disposal
Underground injection control
Uranium Mill Tailings Radiation Control Act
United Nuclear Corporation
underground storage tank
vflatilP nranni r rnmpnd

Washington Administrative Code
Westinghouse Hanford Company
Waste Information Data System
Waste Isolation Pilot Plant
Washington Public Power Supply System
West Valley Demonstration Project
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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 Aireement 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.-4989), -more than 1,000 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
Administrative Code (WAC). -Some of -these TSD s rlnced within the operable
units (OU).

The parties to the TPA intend to integrate DOE's CERCLA response obligations and
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 also received authorization to implement the EPA's radioactive mixed waste
proigram. 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 & 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.

- Since-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
developedclle Hanford Site Past-Practice Strategy (DOE-Ri, -19914). - 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, culminating with decisions on final remedies on both an
operable-unit and aggregate-areac-nle, _The principles of the strty are emhndied 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 the associated TPA change
package recognizes that the Hanford Site presents a number of unique circumstances that call
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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"
studies into a single document to avoid duplication 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-nconsistencies 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/I FS is built around existing data. In a typical RI/FS, the
Phase I/1I 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 RIs and is
adequate for identifying and screening remedial alternatives. Use of existing data to initiate
and expedite the PS 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 pLs Pa - , Remedial Alternatives Development, and
Phase II, Remedial Alternatives Screening. This Phase I/I 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
being evaluated. Thus each focused-FS--constitutes- 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 Stuadies suih as river impact, shoreline,
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-ecological, cultural- resources, treatability; 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
Wo We adresseW separaty.

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:

1. 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 1) applicable to the 100 Area including
development of remedial action objectives (RAO), 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 implementability,
effectiveness, and costs to identify those alternatives which warrant
advancement to the detailed analysis phase of future focused feasibility studies.

Feasibility studies-presented inithis document are performed in accordance with 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
issued 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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* -Sampling and monitoring data-reported 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.
* 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 asa comprehensive
documentation of data or details. The intent of this section is to summarize the information
in sufficient detail to support the discussion and evaluation of remedial alternatives.

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

respons -actios-*acapovides.stimate U Iresponse-actions-and-provides-estimats rs 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 studiev.

Section 6.0 discusses development of a Treatability Study-Program Plan for
conducting 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 reoort include:

* ApndixA X A - rAetifCVVjJIIUIA MIUUIILIIcadLion of Contaminants of Concern
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* Appendix B - Identification of Potential ARARs

* Appendix C --Descriptions of Remedial Technologies and Process Options

* Appendix D - 100 Area Contaminated Soil and Groundwater Volume
Estimations

* Appendix E - 100 Area Waste Units.

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

1.3 BACKGROUND/SUMMARY OF EXISTING DATA

1.3.1 100 Area Description

1.3.1.1 Location. The Hanford Site is a 560 mi2 (1,434 km2) tract of land located in the
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

Reactor-Btuildings

Ground Disposal Facilities

Effluent Systems

Ancillary Facilities

FACILITY
DESIGNATION

Inc
10~j

116 (liquid)
118 (solid)

107
1904/1908

1608

103

108
115
116
117
1196

1706

FACILITY FUNCTION

-Housed-reactor and fuel
storage basin (irradiated)

Inground disposal of liquid
and solid wastes

Retention basins
Outfall structures
Pumping stations

Fuel element storage
building (unirradiated)
Laboratory
Gas recirculation buildings
Reactor stacks
Exhaust filter buildings
Exhaust sample buildings
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.

1.3.1.2.1 Reactor Components (Excluding 100-N). The principal components of
the original 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
suspende& above the reactor. Aluminum sleeves, -called thimbles, were inserted into the

_01 n--lq - n-------I-., r .
Cii1fl.rem U1 nnFrr rie urnnire rmmryTnp nnrnh,

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
whe reactor went VaCk U-n-fine.

Reactor Cooling 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
UtI.e1 im.puritues.

The heated water passed from the reactor to a retention basin 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 radionuclides. 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
resenvoir. This water was normally used to supply the powerhouse; however the water could
be pumped to the watir 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-calc)-with sodium slfite and trisodium phosphate and was subsequently
passed through an ion exchange system'.

Reactor Inert Gas and Ventilation Systems. The inert gas system was used to
-remove moisture and foreign gases, to-serv-as-a-heat-transfer-iedia between the graphite
and process tubes, and to detect water leaks within the reactor. The reactor atmosphere was
a muxtureof hetiunrdwi-carbof -dioxide-or-nitrogen.--Tbe-composition-of the gas-mixture
was varied to control the graphite temperature which in turn influenced reactivity conditions
(Chattin and Powers 1985).

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.

-Unlike the-other eight-singlepass-reactors,-the- 100-N reactor was a dual 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.
Reacuvity was controlled by horizontal control rods and the -vertical bail 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 receivedno- treatmentotherthan-straining; all other-water was passed throuigh 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
was similar to the systems used in the other production reactors.

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 radioactive contamination-from the rprtnrv nd associted 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 burial.
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 Swnmary of the Hanford
Site Decontamination, 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..L3 100 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 Emuent 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
to 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 productioa ratesforceAsimultaneous use of the retention 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
study. The basins-have also been used for disposal of contaminated piping and other
demolition materials.

Some of the setention-basins leaked, in some cases enough to produce surface ponds
_and streams that flowed totheiver._ Thisleakageresulted-incontamination of soils adjacent
to the basins. Ln 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 basins4(Dorian and Richards 1978):

- -Each -retention-basin-contains-from itinch to 3inchesof sludge-covere 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.

e 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

tmination is loaiteil in -nil- 2diaPent tn the hncinv

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

Pipelines. Effluent pipelines 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
in the middie of the Columbia River. Tne 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 s-ee1, reinforcd 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- Thesriver pipeline are stiltin 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 theseleakage areas and in-the accumulated sludge-inithenines.
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. Outfall 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 concreto
or rip-rap spillways (spillways were used only in case of overflow). With the exception of
the structure-at the 10-K Area, all the outfails 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 structure and exceeded the capacity of the
spillways resulting in contamination of surrounding soils down to the river's edge. The
resida radio nuclides-and-chemicaLcontarminants associated with the outfalls are nresimed to
be the-same as-those listed-in-Thhie-i-5 forthe retention basins.

-3J.3.2 - Liquid Waste DisposaL Liquid 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
trencnes for disposal to the soil column. 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:
- Cobalt-60
- Cesium- 137
- Strnntium-90
- Europium-152
- Europium-154
- Europium-155

* The radioactive waste is generally confined to within five to twenty feet below
the facility.

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. Plutonium-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 withia, tile drainageifield_(Adams et al. 1984).
Interviews with operations personnel suggest that this schematic may not accurately represent
certain cribs._ _Some of the _UQ Area cribs may have been-excavated pits which reteived
waste through fire hoses.

Often a crib was dedicated to a specific building 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:

ePlitn ribho

Except for the 116-C-2 (105-C) pluto crib, these cribs were generally small,
approximately lOxlOxlO feet (Dorian and Richards 1978), and were operated
for short time periods only (less than two years). The pluto cribs received
effluent from individual process tubes following fuel cladding failures.

1-11



DOE\RL-92-1 1, Rev. 0

The 116-C-2A crib was the last crib to be constructed and was approximately
- 14,000 square-feet 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, including nitric, sulfuric, oxalic, hydrofluoric, 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 115 building 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 nnnncpal

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

Several special use cribs are described as follows:

l16-F-5, 100-F-Ball Washer Crib

This crib received liquid wastes from the decontamination of the brz-seeI
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 40 feet are-filled with crushed stone and bacifilled with soil
(DOE-RL1991)-The crib cnntained 38 curies of Strontium-90 and Cobalt-
60 with a 2.1 pCi/g maximum concentration of Plutonium-239/240.

S -16-DR-7, 105-D-R-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 generally gravel-filled, concrete or vitreous clay
-pipe. These were 3 to-4-feet-in diameter and ranged from 3 to 20 feet deep. French drains
in the K Area received sulfuric acid sludge from the acid storage tanks. The 120-KE-1
French drain contains approximately 200 kilograms nf 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).

Trenches-_Trenches-werergenerally open excavations with Onned cides. The
trenches ranged in length from 150 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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Liquid Waste Disposal Trenches

The liquid waste disposal trenches received 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 early reactor operations until increased flow and
leakage forced the parallel 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 (1 16-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;
- ,Occasionai rear face decontamination wastes diluted with metal storage

basin flow;
- Occasional "special" disposal such as waste from a single cross header

through-reactor decontamination experiment; and
- An occasional tank-full of process cooling water collected after a fuel

cladding failure.

The-trencr received large volumes of contaminated water and contained over
2000 curies of remaining activity. Maximum plutonium concentration was 130
pCi/g. Sodium dichromate, sulfamic acid, sulfuric acid, and copper sulfate
were disposed to the trench (Dorian and Richards 1978).

* 1608 Trenches

The 1608 trenches were located in the F and H Areas and were used to receive
effluent during the Ball 3X Project. Both trenches have overflowed in the past
and contaminated nearby soils. The trenches have been backfilled with soil.
The 1608-H trench is 275 feet by 100 feet by 6 feet deep and the 1608-F
trench is 300 X 100 X 10 feet (DOE-RL 1991a). Total radioactivity ranges
from 0.0021 curies to 1.4 curies. The major radionuclides include Strontium-
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90, tritium, Europium-152 and -154, Cobalt-60, and Cesium-137 with a
-maximum-plutonium concentration less than 1 pCi/g (Dorian and Richards

1978).

* Sludge Trenches

The B Area contained two trenches, one 50 by 50 by 10 feet and one 120 by
10 by 10 feet that were used to bury low level sludge waste from the B Area
retention basin (DOE-RL 1991a). Sampling data and contaminant inventories

-are not available for these trenches, although the contaminants and
concentrations should be similar to those measured by Dorian and Richards
1978 for the B Area retention basin.

* 116-F-1, Lewis Canal

The Lewis Canal, located in the 100-F Area, received miscellaneous wastes
from the 105-F and 190-F buildings, as well as decontamination wastes from
the 189-F building. On occasion, contaminated coolant from the reactor front
and rear faces was also routed to the Lewis Canal. Effluent water from the
1953 ball 3X outage was channeled to the river through this trench. The
trench was originally several thousand feet long, however, all but 1500 feet at
the inlet end have been released from radiological control. Dorian and
Richards 1978 estimated a total inventory of 3 curies and Plutonium-239/240
concentrations of 1 pCi/g. The major radionuclides include Europium-152 and
-154, Cobalt-60, and Cesium-137. Sodium dichromate and sulfamic acid are
known to have been disposed to the Lewis Canal (DOE-RL 1991a).

1.3.1.3.3 Solid Waste Disposal. Solid waste disposal units consisted of burial
grounds.-landfillsashlburn pitsand storage caves-vaults e operational years of

-the nuclear reactors at Hanford, few if any records are available on the materials sent to
solid waste disposal facilities. Also, characterization efforts for these facilities are limited.
Dorian and Richards 1978 sampled the 118-B-1 burial ground and developed the following
generalizations:

* No measurable migration of radionuclides was found.

* Plutonium-239/240 was generally not detected.

* The primary radionuclide was Cobalt-60, comprising approximately 90 percent
of the inventory: other radionuclides in significant concentrations included

Europium-52, -154, -155, Cesium-134, -137, Strontium-90, and Nickel-63.

A total of 28 radioactive solid waste burial grounds have been identified in the 100
Area including seven major burial grounds associated with reactor operations, two burial
grounds used for biological wastes, and one burial ground used during the tritium separations
project at B reactor area. The remaining burial grounds were used for reactor upgrade
projects, major maintenance projects, and special irradiation programs (Miller and Wahlen
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1987). These special burial grounds generally contained low levels of radioactivity.
Nonradioactive solid waste burial grounds in the 100 Area include ash and burn pits,
demolition sites, and landfills. Estimated contamination inventories for the burial grounds
are presented below and in Table 1-7.

Solid Waste Burial Grounds. Solid waste burial grounds which served the reactor
facilities consisted of a series of trenches, pits, vertical pipes, and/or vault-like structures.
The burial grounds ranged in size with the smallest being only a few feet wide and a few feet
long to the largest being about 20 feet deep, 300 feet long, and 8 feet wide (at the bottom).
The deep, narrow trenches contained high-dose large equipment; the pits and pipes were used
for small, high-dose reactor hardware such as thermocouple stringers and horizontal control
rod tips. A typical burial trench consisted of layers of hard waste (metal components such as
irradiated process tubes and fuel charge spacers) and soft waste (such as contaminated paper,
plastic, and clothing). Hard waste was usually placed in the bottom of the trench. Figure 1-
5 is a schematic of a typical burial trench as presented in Adams et al., 1984. Interviews
with operations personnel indicate that the layering of waste shown in the schematic may not
accurately portray conditions in the burial trenches. Soft waste may have been disposed in
different part of the trench than hard waste, or in some cases, hard waste was placed on top
of the soft waste. Soft waste makes up-more than 75% of the volume in the trenches but
contains less than I % of the radioactive inventory (Adams et al. 1984).

Each reactor had an associated burial ground. Miller and Wahlen 1987 estimated the
total radionuclide inventory from reactor operations for these burial grounds to be about
4,000 curies, mostly from Cobalt-60 and Nickel-63. Metallic wastes include lead, cadmium,
lead-cadmium alloy, boron, mercury, and graphite. The 118-B-1 burial ground also received
an estimated-37.5 tons of wastes associated with the glass process lines used -inthe tritium
separations program, including lithiumraluminum alloy. This waste contained a tritium
inventory of about 3,800 curies and approximately 2,000 pounds of mercury.

Ball 3X Burial Grounds. The ball 3X burial grounds were located in the B, D, F,
and H Areas and were used to dispose of highly contaminated waste removed from the
reactor buildings during the Ball 3X Project. Wastes included thimbles (aluminum
components used to provide a sealed access to the reactor for the control and safety rods and
for a boron solution used as a shutdown device) and step plugs (an aluminum shielding
device used in the reactor tubes). The burial grounds in the B, F, and H Areas consisted of
a single trench; the D Area burial -grounds contained two 4 0by 20 by 10 foot trenches. The
F Area burial ground was 175 feet by 50 feet by 15 feet deep, the B Area burial ground was
50.feet by 50 feet by 20 feet deep, and the H Area burial ground was 150 feet by 30 feet by
10 feet deep (DOE-RL 1991a).

Tritium Separations Project Burial Ground. Wastes associated with the metal lines
used- in-the tritium-separations project were disposed to this burial ground. An estimated 562
tons of waste, including 1 tons of lead and 25 tons of aluminum, were disposed. This
included 11,000 curies of tritium.
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- Biological Burial Grounds. Two burial grounds in the F Area were used for the
disposal of biological wastes. Each burial ground contained an estimated 15 curies of
Strontium-90 and 0.30 curies of Plutonium-239/240.

Ash Pit- The ash pits-received coal ash sluiced with water from the powerhouse.
The ash pits received coal ash sluiced with water from the powerhouse. Ash from selected
power plants at-the Hanford Site has been characterized as nonradioactive and nonhazardous.
Common sources of coal were used throughout the site so the ash in the pits will probably be
comparable to these analyses. The ash was analyzed using the extraction procedure (EP)
toxicity test in accordance with WAC 173-303 and no hazardous materials were found (DOE-
RL 1991a).

Burn Pits. Bum pits in the 100 Area were used to dispose of nonradioactive
combustibles such as paints, solvents, laboratory wastes, and office wastes. Evidence of
burning exists at the sites and several of the pits are also believed to have been used to
dispose of rubble from demolition projects and debris and soil from retention basin repairs.
Other materials which may have been disposed to the bum pits include scrap metal, glass,
and asbestos. Sizes of the bum pits range from 9,600 to 224,000 square feet.

Storage Caves/Vaults. The storage caves/vaults were used for temporary storage of
horizontal control rods for decay prior to disposal. One vault was used for the storage of
miscellaneous reactor hardware and the hardware stifl-remains-in- the vault. The caves were
40 foot by 25 foot concrete tunnels covered with mounds of dirt. The vault in the F Area
was a 16x8x8 foot concrete box witha woodewtcover (DOE-RL -1991). -Exposure rates vary
from-1 mR/hr-up to 50 mR/hr at the tunnel entrances. No information is available on
specific inventories of radionuclides.

-flanmnliflnt C nndA n dfillsx-.= Dem&t-on t4i landfilhs in the 100 Area
received very low-level construction and demolition wastes. Little or no radiological
contamination is expected in these sites.

1.3.13.4 Reactor Building. The reactor building housed the reactor core and a fuel
storage basin which consisted of a water filled concrete structure used to temporarily hold
spent fuel elementfordecaynef short-ivedradionuclides- Some hasins presently contain
hibhly radiwve sludge. The reactor buildings are not included within the past practice
operable units and thus are not within the scope of this FS; they are subject to actions as partof the Surplus Reactors Decommissioning Program.

1.3.1.3.5 Miscellaneous Facilities and Waste Sites. Storage Tanks. Tanks were
used in the 100 Area for storing hydrocarbon products, acids, and chemical wastes. The
tanks range in size from approximately 30 gallons for an evaporation unit to 1,650,000
gallons for oil storage tanks. Many of the tanks are currently either empty or water-filled,
although some contain small amounts of residual waste. A few of the tanks have been
moved to the 200 Area. Contamination associated with the tanks includes leaks and spills
(DOE-RL 1991a).
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Unplanned Releases. Unplanned releases occurred in the 100-F, 100-K, and 100-N
Area. The 100-N unplanned releases are discussed in further detail in Section 1.3.3.2.5.
The 100-F Area release occurred on March 13, 1971 when the main sewer line between the
141-C and 141-M buildings became plugged. The spill consisted of wash water from the
clean out of animal pens and contained an estimated 4.OE-5 Ci of Strontium-90 and 1.06E-6
Ci of Plutonium-239. The area was stabilized with clean gravel (DOE-RL 1991a).

The unplanned release in the K Area occurred in April 1979 when the 105-KE pickup
chute area of the fuel storage basin leaked approximately 450 gallons per hour of fuel storage
basin effluent and debris for an unknown period of time. Total activity was estimated at
2,530 curies including 1.3 Ci of Plutonium-239/240. The release was completely below

-ground with no associated surface contamination (DOE--RL 1991a).

U1dAc-mnted releases of hydrocarbon products and chemicals may have resulted in
contamination of the soils in the 100 Area. In addition, unplanned releases to the air
occurred in the 100 Area but are outside the scope of this report.

100-K Area Brine Pits. The pits were concrete structures, either underground or
-partially underground, ranging inarea from n60 to 390 square feet. Salt was unloaded to the
-pits and water was circulated through the salt to create-a brine-for use in the power house.
The salt was also used in water softeners. Contamination includes salt brine and residue
(DOE-RL 1991a).

White Bluffs Pickling Acid Crib. This crib is located in the 100-IU-5 operable unit
and was used to treat (pickle) piping for the reactors during the construction phase. This
process used -several thousand gallons of nitric and hydrofluoric acid. Vent pipes protrude
every 18 inches and the surface is covered with large cobbles (DOE-RL 1991b).

Septic Systems. Thirty septic systems serviced the first eight reactor areas. The
svtemt received sanitary sewage from buildings and possible contamination could include
mercury from manometers, thermometers, and electrical equipment or wastes from
laboratories which may have been disposed in sinks and floor drains. - In addition, waste
water from-change rooms and the decontamination of face-masks may have contributed to
radiological contamination of the septic systems. No sampling data are available for the
septic systems (DOE-RL 1991a).

1.3.1. 100-N Area Facility Characteristics and Contamination.

-- 13.1.4.1 Liquid Waste Disposal Facilities. The liquid waste disposal facilities in
the 100-N Area consist of cribs, French drains, ponds, emergency dump tank and basin, and
miscellaneous liquid waste facilities. Available data on the nature and extent of liquid waste
disposal facility contamination are given in Table 1-8.

Cribs. The 116-N-1 crib consisted of a rectangular basin 290x125x12 feet with a
5-x1600-foot extension-trench. The i 16-N-3 crib consisted of a concrete diversion box with
an associated 250x240 foot concrete header box and a 3,OOOxlOx7 foot extension trench. A
36 inch diameter, 1,200 foot long pipeline connected the box to the header. The cribs
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received radioactive water containing both activation and fission products. Small quantities
of corrosives and laboratory chemicals were also disposed of in these cribs.

Chemical wastes disposed to the cribs include:

* Hydrazine test solution
- Ammonia test solution
* Chloride test solution
* Fluoride test solution
* Lead-acetate battery fluid
* -Nickel-cadmium battery fluid
0 Hydrazine
* Sodium dichromate (DOE 1990d),

French Drains. The 100-N Area French drains were constructed of 2 to 8 foot
diameter clay pipe packed with lime. One of the drains had an associated 8x25 foot concrete
vault/neutralization pit. __The drains received-either spent sulfuric acid or sodium hydroxide
wastes (DOE-RL 1991a).

SPonds. Donn were used in the 100-N Area to treat corrosive regeneration effluent,
to settle out solids from- filter backwash,-and to-dispose of backwash effluent. The ponds
were generally unlined sloped-sided trenches ranging in area from 5,500 square feet to
29,000 square feet. Exceptions are the 130-N-1 filter backwash discharge pond, which is a
natural, marshlike basin, and the 120-N-2 surface impoundment, which was double lined.
The 130-N-1 pond also received aluminum sulfate and polyacrylamide solutions. Flow rates
to the ponds were as high as430,000 gallons per day.

Miscellaneous Liquid Waste Facilities. The 116-N-2 (1310-N) radioactive chemical
waste treatment and storage facility was-a wasteinanagement unit consisting of a complex
system of piping, pumps, a transfer tank, and a large treatment and storage tank. This
facility was used to neutralize the pH of and temporarily store radioactive waste acid solution
used in internal reactor decontamination. The transfer tank is a spherical metal structure

-with a 900,000 gallon acir di itsna1rty buried and surrounded by a 25 foot high
compacted soil radiation barrier on three sides. Decontamination wastes from the primary
water loop _of the reactor were transferred by a 6 inch diameter underground pipe to the
transfer tank and then to the storage tank for neutralization.

The decontamination wastes included 70% phosphoric acid and diethylthiourea.
Decontamination of the primary loop occurred once every three to five years and resulted in
approximately 600,000 gallons of waste solution per decontamination event (DOE 1990d).

1.3.1.4.2 Solid Waste Disposal Facilities. The 128-N-I burning pit is the only solid
waste disposal facility listed in the Waste Information Data System (WIDS) for the 100-N
Area. The burning pit was used to burn nonhazardous waste such as paper, wood, trash,
etc. generated at 100-N Area. The dimensions and exact location of the unit are unknown
(DOE-RL 1991a). No characterization data are available in WIDS or DOE 1990d.
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---- 13.1.4.3 Miscellaneous v1ase Facilities. Miscellaneous waste facilities include the
miree 118-N-1 spacer storage silos, the 116-N-8 mixed waste storage area, and the 120-N-4
nonhazardous and nonradioactive storage area. Information on types and amounts of
contamination in these facilities is unavailable.

* 118-N-1

The three 118-N-1 spacer storage silos__were_use&for temporary storage of
irradiated fuel spacers which came in direct contact with the fuel elements in
the reactor. The silos were each 16 feet in diameter and 20 feet deep. Two
of the silos were open-bottomed; the other had a concrete floor. All three
were covered with concrete caps. The silos currently contain dry irradiated
spacers (DOE 1990d).

I 16-N-8

The 116-N-8 mixed waste storage area is a concrete-paved, mixed waste
container storage pad. The pad is walled on two sides, covered by a roof, and
surrounded by a curb and a mesh fence. The pad measured 60 feet by 152
feet. Drums and containers of radioactively contaminated oil and
miscellaneous hazardous process chemicals are stored on the pad (DOE
1990d).

* 120-N-4

The-20-N4 nonhazardous and nonradioactive storage area is a 100 foot by 75
foot curbed concrete pad. The pad is used to store nonradioactive and
nonhazardous oils and aqueous liquids. Prior to 1985, the unit was unpaved
and used as a laydown yard for radioactively-contaminated equipment.
Information on types and amounts of wastes for this time period are
unavailable (DOE 1990d).

1.3.1.4.4 Sanitary Sewer Systems. The 100-N Area contains ten sanitary septic
systems: one cesspool, one lagoon, one septic tank with an associated tile field, two septic
tanks with seepage pits, and five septic tanks with associated drain fields. Flow rates to the
septic systems ranged from 45 to 50,000 gallons per day.

The 124-N-4 sanitary sewer system has detectable surface contamination. No other
characterization data are available for these facilities in WIDS or the 100-N Area work plans.

1.3.1.4.5 Unplanned Releases. The 100-N Area had 33 unplanned releases
consisting primarily of line leaks and spills during transfers (DOE 1990d). One release
resulted when a contaminated piece of equipment fell off a truck; the other releases involved
spills/leaks of low level radioactive water, petroleum fuels, or nonradioactive chemicals.
ttnlAnned reA a- - u I%n'p'a~i~. i~v43 on wuuiateu in Appendix E.
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Radioactive Liquids. Releases of radioactive-liquids ranged from less than 100
gallons to over 500,000 gallons. Contamination ranged from less than lsCi to 35 curies.
Many of the releases were remediated by removal of contaminated soil and/or covering with
clean soil.

Petroleum Fuels. Diesel and/or fuel oil leaked from pipelines or overflowed from
storage tanks. The fuels were nonradioactive and ranged from 200 gallons up to 80,000
gallons. The extent of remediation on these releases is generally unknown.

Nonradioactive Chemical Liquids. Spills during the transfer of chemicals ranged
from approximately 500 gallons to 3,500 gallons. The chemicals included phosphoric acid
and diethylthiourea mixture, sulfuric acid, and sodium hydroxide. Acid spills were
neutralized with soda ash. Cleanup included removal of contaminated soils and backfill in
some spill areas. The extent of residual contamination is unknown (DOE-RL 1991a).

1.3.1.5 Soils. Most of the wastes generated during the operations of the 100 Area reactors
were disposed to the soils, either intentionally or through leakage. Groundwater mounds
existed in the 100 Area because of the volumes of liquids disposed to the soils. Available
data on nature and extent of soil contamination are summarized in the subsections below.
The 100-N Area soils are discussed in Section 1.3.1.5.4.

1.3.1.5.1 Background Soil Quality (excluding 100-N Area). Background soil
quality data specific to the 100 Area are generally unavailable. Samples are collected
periodically as part of the Hanford Environmental Management Program from locations both
on and off the Hanford Site. These samples are limited in applicability for several reasons:

* No subsurface samples are collected.

* Those samples which are routinely obtained are analyzed for a limited range of
radionuclides.

- Samples are generally collected near sources and are therefore influenced by
past operations.

Data from the 1989 onsite and offsite sampling are presented in Table 1-9. No data
have been developed for nonradioactive inorganic contaminants such as nitrate and
chromium

A characterization effort is currently underway at Hanford to determine background
concentrations for soils. Available data from this effort are presented in Table 1-10.

13-1.5.2- -Soil Contamination (excluding N Area). Soil contamination in the 100
Area has resulted-from the following potenti. nneratina, sources:

* Fallout from stack emissions
-Planned releases from wst.ad disposal facilities

* Unplanned releases (Jaquish and Mitchell 1988).
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Table 1-11 contains surface soil data collected in 1987 as part of the Hanford
Environmental Management Program. The environmental samples of surface soil collected
in 1985 by United Nuclear Corporation (UNC) near the retired 100 Area reactor facilities
indicated no release or biotransport of radionuclides to the immediate environment. Table
1-12 presents the range of contaminants found in the 100 Area soils in the 1985 sample
collection (Jacques 1986).

Sampling for vadose zone contaminants was performed in the 1970s by Dorian and
Richards (1978). Their investigation focused on the retention basins and liquid waste
disposal facilities. Contaminant information given in Section 1.3.3.1, Section 1.3.3.2, and
-Tables--P-,- --, and 1-8-represents- the available data for the 100 Area soils. Sampling data
for nonradioactive contaminants are unavailable.

1.3.1.5.3 100-N Area Background Soil Quality. Background soil samples were
collected at the 120-N-1 Surface Impoundment, the 120-N-2 Percolation Pond, and the north
and south settling ponds. The analyses of these samples can be generalized as follows:

* Background radionuclide concentrations were low; the radionuclides present
included:
- Uranium
- Potassium-40
- Lead-212
- Lead-214
- Gross beta.

* Background soils contained metals, with low concentrations of volatile
organics and no semi-volatiles (DOE 1990d).

Background values for other sites in the 100-N Area are unavailable.

1.3.1.5.4 1OG-N Area Soil Contamination. The findings frn-UNC's 1985
sampling campaign (Jacques 1986) are presented in Tables 1-11 and 1-12 and can be
generalized as follows:

* Environmental samples of surface_ soiland direct radiationmeasurements
collected near 13)0-N Area indicated-no significant releases to theimmediate
environment.

* Radionuclides- released to HN--i; the 1301-N liquid waste disposal facility,
were detected in the surface soil adjacent to the facility.

* Sediment samples collected from the 1301-N liquid waste disposal facility and
116-N-3, the 1325-N crib, contained activation and fission products discharged
from N Reactor.

Table 1-13 presents average radionuclide concentrations in the 100-N Area surface
soil from 1981 to 1985.
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Subsurface soils near the 116-N-1 crib and trench were sampled in 1982 (Robertson
et. al., 1984) as part of a research project. Data from gamma logs of the boreholes indicate

-that very low concentrations of radionuclides such as Cobalt-60, Cesium-137, Antimony-125,
and Ruthenium-106 were present above the water table in the borehole nearest the facility.
Concentrations of the radionuclides in the unsaturated zone decreased in the other two

-boreholes whichaefather from-the crib-and trench. Concentrations increased markedly in
-the soils at the water table in all three wells. Organics found in the samples include alkenes,
alkanes, alkynes, elemental sulfur, and three cyclic sulfur species.

Studies conducted on 100-N Area soils indicate that radionuclide-specific sorption will
occur and that sorption is dependent upon ionic species; 100-N Area soils have no capacity to
retain iodine and phosphorous and very low capacity to retain tritium. Strontium, cesium,
and other radionuclides will be preferentially sorbed to varying degrees (DOE 1990d).

1.3.1.6 Groundwater. Groundwater contamination in the 100 Area is primarily a result of
direct disposal of liquid wastes to the soil. The groundwater beneath the 100-N Area

-cotairs-Jigher concentrationsof a greater number ofsradionuclides because of it-s more
recent operations.

- 1.3-r.t-Background-G-roundwater Quality. Groundwater in the unconfined
aquifer on the Hanford Site is characterized as calcium bicarbonate dominant; primary
invrganie -cs -iud-e calcium- -bicarbonate; sulfate, silica;-sodium,-choride,

magnesium, and potassium. Secondary natural constituents occurring in trace amounts (<1
ppm)-include ammonia, barium; fluoride, manganese, and strontium. The natural Hanford
groundwater contains moderate total hardness, approximately 120 ppm, and total dissolved
solids, approximately 250 ppm. Background levels for Hanford groundwater are presented
in Table 1-14. Background concentrations have been estimated from groundwater samples
collected as part of the Hanford Sitewide Groundwater Monitoring Project from areas judged
to be unaffected by Hanford operations (Evans et al. 1990).

An effort iszurrently-underway to determine sitewide groundwater background levels.
The initial results from this study are presented in Table 1-15. The information in the table
was taken from Hanford Site Groundwater Background (DOE-RL 1992b) and represents a

AiaJI o dUaII r U Hu 1 1ll' LlI o Uituwiing sWuLces.

0 Basalt Waste Isolation Project Hydrochemistry Database
* The Hanford Groundwater Database
* U.S. Geological Survey Data
* Pacific Northwest Laboratories Summary (Evans et. al., 1990).

Background concentrations specific-to-the-100-Area are riot available and use of the
general Hanford Site groundwater data may not beappropriate for all comparisons. Beranse
of the close proximity to the Columbia River. the river water influx may dominate the flow
system in the vicinity of the reactors. such that background groundwater quality may be
closer to river water quality.
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-1.3.1.6.2 Groundwater Contamination. Contamination in the groundwater of the
100 Area is a.result of past waste disposal practices. Groundwater is monitored routinely for
radioactive and inorganic contaminants. Tritium and nitrate are mobile contaminants found
in the Hanford area groundwater and serve as indicators of the extent of contamination.
-Tritium was one of tlajorradionucides found in the 100 Area waste streams and nitrate

results from the nitric acid used in reactor decontamination. Hexavalent chromium is another
mobile contaminant which can be used to estimate the extent of contamination. Sodium
dichromate, used to control oxidation of aluminum parts, and chromic acid, used to
decontaminate dummy fuel elements, account for the hexavalent chromium concentrations in
the Hanford groundwater.

Groundwater-monitoring efforts for 1989 included analyses of samples taken from 91
wells, 43 of which were in the 100-N Area. Contaminants found in the groundwater which
exceeded (for comparison) the Safe Drinking Water Act (SDWA) Maximum Contaminant
Levels (MCL) (40 CFR 141) are presented below (Evans et al. 1990). Tables 1-16 through
1-18 present contaminant ranges for key inorganic constituents, radiological constituents,
nitrate, and volatile organic compounds found the 100 Area groundwater (Evans, et al.,
1990). Table 1-19 presents a list of constituents detected-inhe 100-N Arso which exceeded
drinking water standards (SDWA MCLs) for the period April 1987 to November 1989.

Hexavalent Chromium. Hexavalent chromium was detected in wells in the 100-B/C,
-D/DR, -H,-F, and -K Areas. The maximum concentration, 692 ug/L, was found in a
monitonrng well in the 100-D Area. This concentration was lower by a factor of two from
1987. Chromium plumes are centered near the D reactor and south of 116-H-6, the 183-H
solar evaporation basins.

Nitrate. Nitrate was measured at concentrations greater than the 45 mg/L MCL in
all areas.

Tritium. Tritium concentrations greater than the 20,000 pCi/L MCL were detected
in 100-B/C, -D/DR, and -K Areas with the maximum concentration of 882,000 pCi/L found
in the 199-K-30 well.

Gross Alpha. The gross alpha MCL of 15 pCi/L was exceeded in the F and H
Areas. The wells in the F Area with elevated gross alpha contained uranium at levels which
would account for the gross alpha levels detected.

Gross Beta. The 50 pCi/L MCL for gross beta activity was exceeded throughout the
Hanford Site. Gross beta levels in the 100 Area can be attributed mainly to a combination of
uranium and technetium-99 activity. Strontium-90 also contributes to the gross beta activity
in the 100-N Area.

Cobalt-60. Cobalt-60 concentrations were consistently at or below detection limits
exCePt in the 1 f-l Are-

11 I., lJ-k I 1.
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Strontium-90. Strontium-90 concentrations in the 100-B/C, -D/DR, -F, -K, and -N
Areas exceeded the MCL of 8 pCi/L. The highest concentration of 23,400 pCi/L was found
at 116-N-1, the 1301-N liquid waste disposal facility.

Technetium-99. 100-H Area wells showed technetium-99 concentrations greater than
the 900 pCi/L SDWA MCL.

Ruthenium-106. Ruthenium-106 has a short half-life (367 days) and is generally
associated with operating reactors. Ruthenium-106 has been detected in the past at the N
Area but could not be detected by routine methods in 1989. The SDWA MCL for
ruthenium-106 is 200 pCi/L.

- Antimony-125. Antimony-125 was measured in the 100-N Area near I16-N-3, the
1325-N liquid waste disposal facility, with a maximum concentration of 93.6 pCi/L. The
SDWA MCL for this radionuclide is 300 pCi/L.

Iodine-131. Iodine-131 has a half-life of just over 8 days. This radionuclide has
been detected in the 100-N Area during operating periods but was not measured in 1989 due
to the-cold-standby-status of the 400-N reactor.

Uranium. Uranium levels in two F Area wells increased sharply in 1987 to a
maximum of 414 pCi/L in January 1988. The levels have decreased since that time and a
low of 91 pCi/L was-measured in October of 1989. A uranium plume exists in the 100-H
Area near 116-H-6, the 183-H solar evaporation basins. The maximum concentration
measured in 1989 was 89 pCi/L.

- n eium317Pb ttnium, Concentrations fnr thesecontaminants were helow
detection limits in the 100 Area.

1.3.1.7 Surface Water and Sediments. Routine monitoring of the Columbia River water
and sediments was initiated during 1945, shortly after the startup of the original plutonium
production reactors, and continuesdtoday as part-of the-Hanford Environmental Monitoring
Program (Jacquish and Bryce 1989). Throughout the years, sample locations upstream of the
Hanford Site, outside the influence of site operations, and downstream of all site facilities
have been maintained to provide information on the background conditions in the Columbia
River and to identify influences from Hanford operations. The monitoring programs are not,
however, designed to differentiate contributions of contaminants from individual operating
facilities or areas.

.3 7. -ngroUn face-vv ater VuanLty. Columbia River water samples
were collected -upstream of Hanford facilities at Priest Rapids Dam and near the Vernita
Bridge to provide background data from locations unaffected-by-site-operations (Jacquish and
Bryce 1989). Samples collected at Priest Rapids Dam were analyzed for radiological
constituents, while nonradiological analyses were performed on those samples collected near
the Vernita Bridge as part of the Surface Environmental Monitoring Project. In addition to
the Columbia River monitoring performed by Pacific Northwest Laboratories (PNL), the
river-water quality is monitored by the U.S. Geological Survey as part of the national Stream
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Quality Accounting Network (McGavock et al. 1987), which provides primarily hydrologic
and nonradiological water-quality data.

Results of the radiological analysis of Columbia River water samples collected at
Priest Rapids Dam during 1988 are summarized in Table 1-20. This table shows that
radionuclide-concentrations in the river water are extremely low; several of the radionuclides
identified are undetectable without the use of special sampling techniques and/or analytical
procedures. The 1988 average radionuclide concentrations shown in Table 1-20 are more
than an order of magnitude lower than the applicable drinking water standards in all cases.

Nonradiological water-quality data for the Columbia River upstream of the Hanford
Site are summarized in Table 1-21. Some listed parameters have no regulatory limit but are
useful as indicators of water quality. The results, where duplicated, were in general
agreement and were comparable to levels observed in recent years. In all cases, applicable

c An. An.,. C._ Class., A 4standard for lasa A designated water were met.

Groundwater seeps are located along the riverbank throughout the 100 Area
(McCormack and Carlile 1984). Because these seep areas reflect groundwater discharge to

-the river,-background contaminant concentrations-are-best defined through the analysis of
groundwater samples.

1.3.1.7.2 Surface-Water Contamination. Radiological and nonradiological
pollutants are known to enter the Columbia River from the Hanford Site. In addition to
direct discharges from Hanford facilities, contaminants in the groundwater from past effluent
discharges are known to be transported into the river.

Columbia River water samples were collected at two locations downstream of
-Hanford,-the-300 Area water intake and the Richland Pumphouse, to identify possible
influence on contaminant concentrations from Hanford operations (Jacquish and Bryce 1989).
Samples collected from-the-300 Area water intake-were analyzed for radiological
constituents, while the Richland Pumphouse samples were analyzed for radiological and
nonradiological parameters. The U.S. Geological Survey monitors the Columbia River water
quality at the Richland Pumphouse and several locations farther downstream of the Hanford
Site. Results of the radiological analyses of the Columbia River water samples collected
from the Richland Pumphouse during 1988 are summarized in Table 1-22 (Jacquish and
Bryce 1989). All radionuclide concentrations observed were well below applicable drinking
water standards. Tritium, Strontium-90, and Iodine-129 concentrations were identified as
statistically elevated at the Richland Pumphouse relative to Priest Rapids Dam, thus
indicating an influence from Hanford operations. Concentrations of other constituents
observed at the Richland Pumphouse were similar to those observed at Priest Rapids Dam
(Jacquish and Bryce 1989).

Nonradiological river water quality data at the Richland Pumphouse for 1988 are
summarized in Table 1-23. In general, concentrations of nonradiological water quality
parameters were similar at Priest Rapids Dam and the Richland Pumphouse. No indication
of any significant nonradiological deterioration of water quality along the Hanford Reach as a
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result of Hanford Site operations exists. -As was the case at Priest Rapids Dam, applicable
standards for Class A waters were met at the Richland Pumphouse.

1.3.1.7.3 Background Sediment Quality. Sediments in the Hanford Reach are
typically sand intermixed with gravel and rock (ERDA 1975). The stream bed in deep
channels is generally sand and gravel, while shallow areas have a bed consisting of sand, silt,
and some clay. Stream beds in the eddying areas of this fast-water stretch are mostly
composed of sand. Slack-water area sediments are made up of sand, silt, and some clay.

Columbia River sediment was sampled routinely from 1945 through 1960 at several
-locations-along the Hanford Reach. Special studies of the river sediments have continued
through the years and the State of Oregon and PNL have published reports (Beasley et al.
1981, Sula 1980) about radionuclide concentrations in the Columbia River sediments.

Background sediment samples were collected from behind Priest Rapids Dam in 1976
(Robertson and Fix 1977). Cesium-137 was the most abundant fallout radionuclide detected,
with trace amounts of Plutonium-238, Plutonium-239/240, and Americium-241 also present.

Sediment sampling above Priest Rapids and McNary dams was recently reinitiated as
part of the Surface Environmental Monitoring Project. Results of analyses of samples

-collected -during -1988 were-published-in Jacquish and Bryce-(1989); -Concentrations
observed above Priest Rapids Dam provide background information on sediment
contamination for the 100 Area. Analyses of the sediment samples included gamma scans,
Strontium-90, Uranium-235, Plutonium-238, and Plutonium-239/240. Table 1-24
summarizes radionuclide concentrations detected in sediments collected at Priest Rapids Dam.
Background information for chemical constituents in sediment is not available.

1.3.1.7.4 Sediment Contamination. Radionuclides, including neutron activation
products, fission products, and trace amounts of transuranics, were discharged into the
Columbia River as a result of plutonium production reactor operations in the 100 Area
(Robertson-and-Fix--1977). The radioactive material was dispersed in the river water and
sorbed onto detritus and inorganic particles, incorporated into the aquatic biota or, for larger
particles of insoluble material, deposited on the riverbed. Some of this material has been
deposited along the shoreline areas above the low river level (riverbank sediments).
Radiation surveys of the exposed shorelines from the 100-B/C Area to the confluence of the
Snake River during 1978 and 1979 revealed several areas with elevated (>25pR/hr)
exposure rates (Sula 1980). The predominant radionuclides present in the riverbank
sediments were Cobalt-60, Cesium-137, and Europium-152 (Sula 1980).

Results from recent- sediment-sampling activities at McNary Dam are available -for
calendar year 1988 (Jacquish and Bryce 1989) and are summarized in Table 1-24. Surface
sediments behind McNary Dam are known to contain low levels of Hanford-origin
radionuclides (Robertson and Fix 1977, and-Beasley-et aL-1981) -in -addiion to-radionuelides
from atmospheric fallout. As expected, concentrations of Cobalt-60, Strontium-90, Cesium-
134, Cesium-137, Plutonium-238, and Plutonium-239/240 were higher in sediments from

behintdMcNary Dam than from behind Priest Rapids Dam (Jacquish and Bryce 1989). Data
on chemical characterization of sediments are not available.
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1.3.1.8 Air.

1.3.1.8.1 Background Air Quality. Background concentrations of airborne
radionuclides have been measured at several distant communities in Eastern Washington at
locations shown in Figure 1-6 (Jacquish and Mitchell 1988). The average values for these
distant communities for 1987 are shown in Table 1-25.

1.3.1.8.2 Air Contamination. Concentrations of airborne radionuclides have been
extensively monitored-on the--Hanford Site-and in nearby offsite-communities. --Data for the
100 Area are available from four monitoring stations: one each in the 100-K, 100-N, and
100-D Area, and one at the 100 Area fire station. These monitoring locations are shown in
Figure-1-6.--The 98-7 monitoring datrfor ihe 100-Area and -nearby communities are
included in Table 1-25.

13L9 -Biota. Very little site--specific data concerning radiological or chemical
contamination of biota in the 100 Area exists. However, the Hanford Environmental
Monitoring Program provides data on radionuclide contamination in biota throughout the
Hanford Site.

1.3.1.9.1 Terrestrial Biota. Strontium-90 concentrations in deer bones collected on
the Hanford Site ranged from 0.7 to 58 pCi/g and were comparable to those concentrations
measured in 1985. Cesium-137 concentrations were very low or nondetectable and were in
the range attributable to worldwide fallout. Strontium-90 levels in cottontail rabbits collected
near the 100-N Area indicated that the animals had at some time consumed food or water
contaminated with the radionuclide. Cesium-137 levels in the muscle and Plutonium-239/240
levels in the liver were below detection limits. Mean concentrations of Strontium-90 and
Cesium-137 were similar to levels in previous years (Woodruff, et al., 1991).

Tritium was measured in leaf water extracted from six locust trees growing near the
100-K Area. The maximum tritium concentration was 12,000 pCi/L and concentrations
generally exceeded the concentrations from well water samples taken near the trees (Rickard
and Price 1989).

- Deep-rooted plants in the riparian zone may have some usefulness as biological
indicators of radioactive materials in groundwater. These plants have roots deep enough to
contact groundwater. However, uptake quantities depend on plant species, age of growth,
and other factors.

1.3.1.9.2 Aquatic Biota. An extensive survey of the radionuclide concentrations in
aquatic biota at the 100-F Area was done in 1966-1967 (Watson et al. 1970) while the
reactors were still operating. The reported concentrations resulted from bioaccumulation of
reactor generated radionuclides rather than from atmospheric fallout. These radionuclides
would not be expected in samples collected above the Hanford Site.

Whitefish, carp, and bass were collected by Woodruff, et. al., (1991) from locations
along the Columbia River. Whitefish were collected near the 100-D and -N Areas; bass
were collected from the 100-F Area; and carp were collected near 100-N. Strontium-90
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concentrations were detected in all the fish carcasses analyzed during 1990. Levels in
whitefish samples collected near the 100-D Area were similar to those collected downstream
of the Priest Rapids Dam. Bass and carp collected near the 100-N Area had higher
concentrations of Strontium-90 than the whitefish. Cobalt-60, Strontium-90, and Cesium-137
concentratlons in the fish maucle-gamples collected from the 100-F and-100-N Areas were
typically below detection limit. Mean combined concentrations of Cobalt-60 and Cesium-137
in the fish muscle samples from the 100-D Area were similar to those collected above the
Vernita Bridge (Woodruff, et. al., 1991).

Clams collected near 100-N had Cobalt-60 and Strontium-90 levels close to detection
limits; Cesium-137 concentrations were below detection limits (Woodruff, et. al., 1991).

Tables 1-26 and 1-27-present mjionpirlide rnnentrations found in fish carcasses
--colleted in-1988 from locations upstream and downstream of the Hanford Site. Table 1-28

presents research conducted on radionuclide contamination of aquatic biota.

1.3.1.9.3 Riparian Biota. The shoreline of the Columbia River adjacent to the 100
Area includes a narrow band of riparian vegetation dominated by reed canary grass and other
grasses, sedges, and rushes. Strontium-90 was measured in -the leaves-and stems of ree
canary grass in this zone at locations downstream from the 100-K Area. The highest
concentrations were measured in samples collected near the 100-N Area and the lowest in
those samples collected near Richland (Rickard and Price 1989).

Strontium-90was-measured in the eggsheils-ofCanada geese -nesting on islands,
including Plow island near Ringold, in the ColumbiaRiver- These datashow that Strontium-
90-of Hanford Site oricin is available to geese. However, the concentrations are too low to
observe health or reproductive defects in wild geese (Rickard and Price 1989).

The great blue herons that nest on the Hanford Site feed mostly on Columbia River
fish and can serve as biological indicators of chemical contamination in the riparian
environment (Rickard et al. 1978; Fitzner et al. 1981, 1988; Blus et al. 1985; Riley et al.
1986). Toxic metals, such as lead, cadmium, and mercury, have been measured in the nest
debris (feces-and food scraps) at-one Hanford Site heron rookeryr-However,- the-levels of
these metals found in herons on the Hanford Site are lower than these reported elsewhere in
the Northwest (Fitzner et al. 1982). Heavy metal concentrations have also been examined in
eggs and in young herons from Hanford (Blus et al. 1985). Although no elevated levels
were detected for lead, copper,zinc, or mercury, these data provide a useful baseline for
comparison in future studies.

Birds of prey, particularly owls, have been implicated in the spread of radionuclides
near the 100-D, 100-F, and 100-H reactors (Caldwell and Fitzner 1984). Pellets and
regurgitated undigestible prey remains were found that contained Manganese-54, Cobalt-60,
Cesium-137, Europium-152,-154,-155, and two natural occurring radionuclides, Potassium-
40 and Radium-226. The mean Cesium-137 concentration for barn owl pellets collected near
the d00-D-,-F4ajd-100--Areas-was & _ - 1-.1 pCilg dry weight. Pellet analysis show
these owls were feeding mostly on small mammals.
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1.3.2 Physical Setting

1.3.2.1 Topography. The 100 Areas lie on a relatively flat bench between the Columbia
River and Gable Mountain and Gable Butte. Gable Mountain and Gable Butte separate the
100 Area from the rest of the Hanford Site. Gable Mountain in an elongated anticline rising
1086 ft above mean sea level. The average elevation of the 100 Area is approximately 400
feet. The land surface slopes gently to the north from the bases of Gable Mountain and
Gable Butte toward the Columbia River.

The Columbia River defines the northern boundary of past activities at the Hanford
Site. However, contamination may extend beyond the riverbank to include sediments and
surface water affected by releases from Hanford operations.

1.3.2.2 Geology of the Hanford Site. Hanford Site geology has been studied extensively
as part of site characterization activities for the Basalt Waste Isolation Project. Other
geologic studies have been completed to support facility siting and groundwater studies. The
following provides a summary of previous geologic studies compiled in Liikala et al. 1988.

The Hanford Site lies within the Columbia Plateau physiographic province. The
province is underlain by the Miocene age Columbia River Basalt Group (CRBG). The
geologic units beneath the Hanford Site are, in ascending order: the CRBG, the Ringold
Formation, a Plio-Pleistocene unit, and the Hanford Formation. Locally, Pleistocene and
Holocene alluvium, colluvium, and eolian deposits veneer the surface. The stratigraphy is
shown in Figure 1-7.

1.3.2.2.1 Columbia River Basalt Group. The CRBG forms the bedrock of the
Pasco Basin. The CRBG was emplaced between 6 and 17 million years before present (Ma)
from fissures in southeastern Washington and adjacent parts of Idaho and Oregon. Five
formations make up the Columbia River Basalt Group (Ledgerwood et al. 1978; Swanson et
al. 19791. Beneath the-Pasco- Basin, the CRBG may be-as thick as 14,000 ft (4,267 in). The
upper flows of the CRBG may be interbedded with Miocene sediments of the Ellensburg
Formation (Swanson et al. 1979).

A.12.2.2 -Rnold Formation. The Ringold -Formation -was -deposited-over the
CRBG between 8.5 and 3.7 Ma in a fluvial/flood plain environment (Myers et al. 1979).
The maximum thickness is estimated at more that 1,200 ft (366 in).

Within the Pasco Basin, the Ringold Formation is divided into three stratigraphic
section types as shown in Figure 1-8 (Tallman et al. 1981).

Section Type I, located throughout the central Pasco Basin, is subdivided into four
textural units (Tallman et al. 1981):

0 Basal Ringold unit, sand and gravel
0 Lower Ringold unit, clay silt, and fine sand with minor gravel lenses
* Middle Ringold unit, occasionally cemented sand and gravel

Upper Ringold unit, fine sand and silt.
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Section Type II consists of predominantly silt, sand, and clay with minor gravel
lenses, and islfound-north and east of Gable Mountain. Section Type III is composed of
talus, slope wash, and side-stream deposits that occur along the flanks of anticlinal ridges and
interfinger with the central basin deposits.

1.3.2.2.3 Plio-Pleistocene Unit. The Plio-Pleistocene unit overlies the Ringold
Formation in the western part of the Hanford Site near the 200 West Area. This eolian silt

-and fife sand unit was deposited as reworked Ringold sediments. Relatively high caliche
contents are found in much of this unit. This unit does not occur within the 100 Area.

- 1.3.2.-24--Hanford Formation.- The -Hanford Formation lies unconformably on the
eroded surface of the Ringold Formation, the Plio-Pleistocene unit, and locally, the basalt
bedrock. The Hanford Formation consists of cataclysmic flood sediments. These sediments
originated when ice dams in western Montana and northern Idaho broke resulting in massive
volumes of water flooding across eastern and central Washington. The floods scoured the
land surface, locally eroding the Ringold Formation, upper basalt flows, and interbeds.

Cataclysmic flood deposits are locally divided into two main facies, the Pasco Gravels
and the Touchet Beds. The Pasco Gravels are composed of poorly sorted gravels and coarse
sands. The Touchet Beds consist of rhythmically bedded sequences of graded silt, sand, and
minor gravel units (Myers et al. 1979).

1.3.2.2.5 Surficial Deposits. Eolian sediments, consisting of loess, active and
inactive sand dunes, ailuvium, and colluvium, locally veneer the surface of the Hanford Site.

1.3.2.2.6 Geologic Structure. The major structural feature of the region is a series
of sub-parallel, west-to-northwest-tending folds known as the Yakima Fold Belt. Umtanum
Ridge and Cold Creek Valley, west of the 100 Area, are examples of structurally controlled
anticlinal ridges and synclinal valleys. Gable Butte and Gable Mountain on the Hanford Site
represent an eastward extension of the Umtanum Ridge structure (Fecht 1978). The 100
Areas lie in the Wahluke syncline of the Yakima Fold Belt. This syncline is a down-warped
valley between the Gable Mountain and the Saddle Mountain anticlines.

1.3.2.3 Hydrogeology -of Hanford Site. The Hanford Site lies near the center of the Pasco
Basin. Groundwater at the Site occurs under both unconfined and confined conditions. The
unconfined aquifer is within sedimentary deposits of the Ringold and Hanford Formations.

The depth to groundwater beneath the 200 Area plateau of the Hanford Site is
generally 200 to 300 ft (61 to 91 m) below land surface. However, north and east of Gable
Butte in the 100 Area, the water table is shallower and lies within the Hanford Formation at
depths of less than 2'' ft (30 In-) (Liikaia et al. 1988).

The confined aquifers of the regional groundwater flow system are mostly contained
in the rubbley interflow zones and in sedimentary interbeds of the CRBG. Intermediate or
local confined systems also-may occur in the Ringold Formation, where clay units act as
aquitards.
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A regional water table contour map is presented in Figure 1-9. Groundwater moves
eastward across the Site and north to northeast beneath the 100 Area toward the Columbia
River. The river serves as the regional discharge for both the unconfined and confined
aquifers. The general eastward groundwater flow is interrupted by artificial recharge
mounds near the 200 Areas. Precipitation and runoff provide natural recharge to the
unconfined aquifer.

1.3.2.3.1 Hydrogeology of the 100 Area. Hydrostratigraphy. Six
hydrostratigraphic units are identified beneath the 100 Area. They are: lower confined
aquifer system, lower aquitard, upper confined aquifer system, upper aquitard, unconfined
aquifer, and the vadose zone. Figure 1-7 shows the hydrostratigraphy for the 100 Area.
The four upper hydrostratigraphic units are of importance to the 100 Area.

Upper Confined Aquifer

The upper confined aquifer is contained in the basal Ringold Formation and
consists primarily of clays, sand, and gravel. The hydraulic conductivity of
the basal Ringold Formation has not been measured in the 100 Area; however,
since it contains significant quantities of clay and silts, conductivity is expected
to be low.

* Upper Aquitard

The upper aquitard is comprised of the clays, silts, and fine sands of the lower
Ringold unit. The estimated vertical hydraulic conductivity of this zone from
test results at 100-H Area is 10 ft/day (Liikala et al. 1988).

- Unconfined Aquifer

The unconfined aquifer is primarily found within the Ringold Formation above
the lower Ringold unit. Portions of the Hanford formation may be locally
included. An important hydrostratigraphic zoneinthe unconfined aquifer is a
silty sand-zone that separates the relatively coarse upper and lower sand and
gravel zones. This zone may act as an aquitard and restrict groundwater flow
between the upper and lower portions of the unconfined aquifer. 100-H Area
aquifer tests results provide a hydraulic conductivity range of 10 to 100 ft/day
for the silty sand and gravelly silt sand units of the Ringold Formation (Liikala
et al. 1988).

* Vadose Zone

Vadose-zone sediTnents range in particle size from boulders to silt.- Field
water contents of these sediments range up to I1 percent at the 100-H Area
(Liikala et al. 1988).

Groundwater Flow. In general, groundwater flows toward the river. Studies at
some -100 Area facilities show that gradient-reversas occur near-the river-due to-fluctuations
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in river stage. Depth to groundwater in the 100 Area ranges from about 40 ft (12 m) near
the- river-to 200 ft (61 m) at the southern margin. The hydraulic gradient ranges from 0.001
to 0.0001 ft/ft (m/m).

1.3.2.4 Surface Water Hydrology.

1.3.2.4.1 Drainage Patterns and Surface Run-off. No well-defined drainage
channels exist within the 100 Area. The surficial deposits of the area are highly permeable
and consist primarily of coarse sands, pebbles, cobbles, and boulders. Direct precipitation
over the unit is mostly lost through evaporation, transpiration, and infiltration (ERDA 1975).
Normal precipitation, 6.25 in. (15.9 cm) per year (Stone et al. 1983), and extreme
precipitation events in combination with high evaporation and soil infiltflfion capacities,_does
not generate significant surface runoff. Any surface runoff, however, would flow toward the
Columbia River.

1.3.2.4.2 Seeps and Springs. Small groundwater seeps have been seen during low
river stage near many of the reactor areas (McCormack and Carlile 1984). Seepage is partly
from bank storage and is affected by changes in river stage. During periods of high river
stage, the flow of groundwater may be temporarily reversed. The volume of the seep

-discharges- has not been quantified. No other naturally occurring surface water exists in the
100 Area.

1.3.2.4.3 Streamflow Characteristics. TheColumbiaRiver is the larrest river in
the Pacific Northwest and the fifth largest river (by volume) in North America. Eleven dams
regulate-its flow within-the United States: -seven-upstream- and four-downstream of the
Hanford Site.- Priest -Rapids-Dam, located-at-approximate river mile 397, is the nearest
impoundment upstream of the Hanford Site. McNary Dam in the nearest dam downstream,
at river mile 292.

The Hanford Reach extends from Priest Rapids Dam to the head of Lake Wallula, the
impoundment behind McNary Dam, at approximate river mile 351. The Hanford Reach is
not impounded; however, it is regulated- by Priest Rapids Dam-- River-discharee -eaks in
June and is-lowest in September -and October. Table 1-29 describes the major characteristics
af-the-Columb; ia ul

1.3.2.4.4 Flooding Potential. Maximum Columbia River floods of historical record
occurred in June 1894 and June 1948. Maximum flows during these floods were about
740,000 and 690,000 -f/s (20,900 to 19,500 ami/s), respectively (McGavock et al. 1987).
Construction of several dams upstream of the Hanford Site since 1948 has significantly
reduced the-likelihood-of recurring -floods-of this magnitude (DOE 1987). The probable
maximum flood has been calculated to be about 1.4 million ft/s (39,600 m3/s) and would be
expected to inundate the northern and eastern portions of the 100 Area (DOE-RL 1982, DOE
1987, Cushing 1988). The flooded area for a flood of this magnitude is shown in
Figure 1-10. The 100-year and 500-year floods, which would be of lower flow volume than
the probable maximum-flow, are not expected to significantly affect the area.
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1.3.2.5 Meteorology. Climatological data are available from the Hanford Meteorological
Station (HMS), located between the 200 East and 200 West Areas in the central portion of
the Hanford Site. Data have been collected at the HMS since 1945, and precipitation and
temperature data from nearby locations are also available for the time period 1912 through
1943. Data from the HMS are assumed to represent the general climatic conditions for the
entire site. The summaries presented in the following sections were extracted from DOE
1987. Data from the Vernita Bridge climatological station were not included.

1.3.2.5.1 Precipitation. The Hanford Site is located within a rain shadow formed
by the Cascade Mountains to the west. The average annual precipitation at the site is 6.3 in.
(16 cm). Most of the precipitation takes place during the winter, with nearly half of the
annual amount occurring from November through February. Average winter monthly
snowfall ranges from 0.3 in. (0.8 cm) in March to 5.3 in. (13.5 cm) in January.

Days with precipitation greater than 0.5 in. (1.3 cm) occur with a frequency of less
than 1 percent during the year. The average annual relative humidity is 54 percent.
Humidity-is higher-in winter than in summer, averaging about 75 and 35 nercent,

1.3.2.5.2 Temperature. Average monthly temperatures at the Hanford Site range
from 29 0 F (-1.5 0 C) in January to 76*F (24.70 C) in July.

1.3.2.5.3 Wind. -In general, prevailing wind directions are from the northwest
throughout the year. Monthly average wind speeds are lowest during the winter, averaging
6.2 to 6.8 mi/h (10 to 11 km/h). Monthly average wind speeds peak in the summer,
averaging 8.7 to 9.9 mi/h (14 to 16 km/h). Wind speeds well above average are usually
associated with southwesterly winds. In the summer, high-speed winds from the southwest
are responsible for most of the dust storms in the region. High-speed winds are also
associated with afternoon winds and thunderstorms. The summertime drainage winds are

-usually northwesterly-and-frequently reach 31 mi/h (50 km/h). An average of 10
thunderstorms occur each year, usually during the summer.

1.3.2.5.4 Evapotranspiration. Mean annual evapotranspiration for the Hanford area
is about 60 in. (74 cm). The actual annual evapotranspiration rate under normal conditions
for a 6-in. (15-cm) assumed available water capacity is estimated to be about 7 in. (18 cm)
(USWB/USDOA 1962).

1.3.2.6 Environmental Resources.

1.3.2.6.1 Flora. The-natural vegetation consists mostly of a sarsePcrvering of
desert shrubs and drought-resistant grasses, predominantly from the sagebrush/cheatgrass/
bluegrass community. Bitterbrush and rabbitbrush are also common shrubs (DOE 1987;
PNL 1988). A narrow riparian zone, consisting of grasses and herbs interspersed with a few
deciduous shrubs and trees, exists along the banks of the Columbia River.
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Endangered and threatened flora that could exist at the Hanford Site are listed in
Table 1-30. Persistentsepal yellowcress is found along the Hanford Reach and has recently
been located in the 100-B and -D Areas (Sackschewsky 1992).

1.3.2.6.2 Fauna. Predominant fauna of the sagebrush/grass community that may
reside in or near the 100 Area are the cottontail rabbit, jackrabbit, Great Basin pocket
mouse, homed lark, and western meadowlark. Mule deer, coyotes, and assorted species of
raptors forage-in this--abitat-type,-and-grasshoppers are the most conspicuous insects in the
community (DOE 1987). Shade trees provide nesting sites for hawks, owls, and great blue

-herons as well as perches for wintering bald egles (Rickard et al. 1980, Rickard and Watson
1985).

Dominant riparian fauna along the Columbia River include swallows, gulls, and
waterfowl (ducks and geese). The long-billed curlew is also known to nest within the
cheatgrass habitat in the 100 Area (Allen 1980).

The Columbia River is the dominant aquatic ecosystem on the Hanford Site and
supports a large and diverse community of plankton, benthic invertebrates, fish, and other
communities. Phytoplankton (free-floating algae) and periphyton (sessile algae) are abundant
in the Columbia River and provide food for herbivores such as immature insects, that are
consumed by carnivorous species. Game species in the Columbia River include salmon,
bass, sturgeon, steelhead, and whitefish.

Table 1-30 lists endangered and threatened fauna that-potentially-ocur-at the Hanford
Site. Of the threatened species that could be found at the Hanford Site, only the bald eagle
is known to frequent the 100 Area. Endangered animal species likely to occur on and along
the Columbia River in or near the 1_1 Areas are the American white pelican, the peregrine
falcon, and the sandhill crane.

1.3.2.6.3 Critical Habitats. Bald eagle roost trees, and nesting and foraging areas
regarded as critical habitats for this species (Washington State Department of Wildlife

1987). No other critical animal habitats exist in the 100 Area due to the transient use of the
100 Area by other endangered and threatened animal species.

1.3.2.6.4 Land Use. Access to the entire Hanford Site is administratively controlled
by the DOE (DOE 1987). The site is zoned as an unclassified use district by Benton County
and, under the county's comprehensive land-use plan, the Hanford Site may be used for
nuclear-related activities. Nuclear and non-nuclear activities are authorized only on approval
from DOE.

- Land-use in the area surrounding the Hanford Site consists-primarily of iigated-and
dry-land farming, livestock grazing, and urban and industrial development. (DOE 1987)
Immediately north and across the river from the 100 Area are the 32,100-acre Saddle
Mountain National Wildlife Refuge and the 55,600-acre State of Washington Department of
Wildlife Reserve (Figure 1-1). These lands provide a buffer zone around the reactor
complexes (DOE 1987).
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1.3.2.6.5 Surface Water. The Hanford Reach of the Columbia River, near the 100
Area. is-used for-boating fishing. hunting, and swimming (EPA 1988b) The 12 1-B

-pumphouse-supplies portale-and process water to-the i00-BIC -0-D -N, -- K and
200 Areas. The nearest downstream water intake is the 181-D pumphouse; the next
downstream water intake is the Ringold Fish Hatchery. The Richland pumphouse, the first
point of--witwdrawal for public use, -is located- 12;5--miles downstream -of the 100F Ara.

1.3.2.6.6 Groundwater. The nearest known non-Hanford groundwater well is
located about 4 mi (6 km) upstream at the Vernita Bridge rest area. Because of the buffer
zone and the surrounding land use, private wells would be located at a minimum of 5 mi (8
km) from the 100 Area to the northwest.

1.3.2.6.7 Sensitive Environments. The Hanford Reach is the only significant
stretch of the Columbia River within the United States above Bonneville Dam that is not
impounded by-a dam- (PNL 1988). --The reach has aiw been designated as a Class A
(excellent) surface water by the State of Washington (WAC 173-201). This designation
requires that water quality be maintained for the following uses:

e Domestic, industrial, and agricultural water supply
* -Stock watering
* Fish and shellfish migration, rearing, spawning, and harvesting

- VT ILU I IdULLdL

* Recreation (including primary contact recreation)
* Commerce and navigation.

1.3.2.7 Human Resources. The Hanford Reach is under consideration for designation as a
-Wild and Scenic River. This -designation could have impacts on removal actions -at Hanford.

1.3.2.7.1 Demography. No one resides on the Hanford Site. The working
population for the entire 100 Area is about 760 persons (EPA 1988b).

1.3.2.7.2 Archaeological Resources. Archaeological sites are found in several
locations on the Hanford Site including-locations along the Hanford Reach. Both the
Ryegrass and the proposed Coyote Rapids Archaeological Districts are located on or near the
100 Area. Site 45BN153, lying partially within the 100-B/C Area, consists of house pits and
an open campsite but-is not considered eligible for the National Register of Historic Places.
The other two sites lie on the opposite bank of the Columbia River across from the 100-B/C
Area. The K Area includes two campsites and one cemetery, all three contained in the
Ryegrass Archaeological District. The N Area has 8 sites, three of which are located north
of the river. No information is available for sites in the D Area, but several sites are located
in the vicinity of the 100-H Area. Archaeological sites at the Hanford and White Bluffs
townsites, as well as old ferry crossings, are the only sites associated with the F Area.

13.2.7.3 HistoricaL Resources. The lffl-R reactor is listed on the Historic
American Engineering Record and may be nominated to the National Register of Historic
Places by DOE. Gable Butte is a part of the Gable Mountain/Gable Butte Cultural District.
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The district is being nominated to the National Register of Historic Places on the basis of its
archaeological and Native American cultural/religious significance. (Chatters 1989).

-- 1.32.7.4--Commnity-Involvement.-- -The-involvement of the potentially affected
community_ with respect to the RILFS for the-200_Area i&described-in the Community
Relations Plan-(CRP)-that -has been-developed for-the-Hanford-Site Envinrnnicnal
Restoration Program. The CRP includes a discussion-and-analysis of key commumty
concerns and perceptions about the project, with a list of all interested parties.
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Figure 1-L -Hanford Site
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Figure 1-2. Cooling Water Process Flow Diagram
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Figure 1-4. --Typical-Crib with Tile Drainage Field
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Figure 1-5. Cross Section of a Typical Solid Waste Burial Trench
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Figure 1-6. Air Sampling Locations
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Figure 1-7. Conceptual Hydrostratigraphic Column for the 100 Area
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Figure 1-9. Geology of the Water Table
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Figure 1-10. Flooded Area for the Probable Maximum Flood
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Table -It--Reactor -Status

IT-1

OPERATED
R- CONSTRUCTEI STATUS

FROM TO

B* 1943 1944 1968 Retired

C 1951 1952 1969 Retired

IKE 1952 - 1954 1955 1971 Retired

KW 1952 - 1954 1955 1970 Retired

N 1959 - i962 1963 1987-- Shutdown in
progress

D 1943" 1944 1967 Retired

DR 1949- 1950 1964 Retired

H 1948" 1949 1965 Retired

F 1943 - 1945 1945 1965 Retired

Source: DOE 1990a-e, DOE 199la-f
B reactor was held in standby status from 3/19/46 to 6/2/48, then restarted.

" Construction dates assumed in correlation with reactor operational dates.
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AREA OPERATION PERIOD OF ACTIVITY
OPERATION

100-F Fish Studies 1945 -, 1976 Exposing fish to reactor cooling water effluent. Water discharged to PNL
outfall structure.

Fish Studies circa 1951 Additional Aquatic Biology Laboratory facility constructed with hatchery
troughs and laboratories.

Sheep Studies late 1940s Using about 1000 sheep in dose studies with iodinq-131, strontium-90, aad
cesium-137.

Pig Studies 1952 Similar exposure studies as those conducted with sheep.

Miniature Goats, Milk Various Times Pilot Studies
Cows, Chickens, and
Ducks

Beagles Unknown 300 - 400 dogs used to study affects of ionizing radiation. Mainly used
plutonium-239

Strontium Gardens Unknown Studied growth of cereal grains, alfalfa and other crops in soil containing
controlled arnounts of strontium-90 and cesium-13J'.

Greenhouse Unknown Radioecological experiments: grew potted plants.

100-B/C In Situ Vitrification May 1990 116-B-6-1 Crib used for in situ vitrification experin ent.

100-H N Reactor Fuel 1973 to 1985 Treated, by solar evaporation in the 183-H Basins, waste solutions from N
Fabrication Waste reactor fuel fabrication facilities in the 300 Area. Both routine and non-
Treatment routine wastes were treated.

100- N Reactor irradiated 1975 to The 105-KE and 105-KW storage basins are used to store N reactor irradiated
KE/KW fuel storage present fuel elements. After short-lived radioisotopes decayed, they were shipped to

the 200 Areas for reprocessing.

Source: DOE 1991c
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1tKe 13iaule 13 Water Treatment Additives

ADDITIVE PURPOSE

Alum with excess sulfuric acid Enhance removal of suspended
particulates by flocculation.

Hydrated calcium oxide _ Control pH (maintained at 7.5).

-Chlorine Control algae growth in settling basins

(free chlorine residual: 0.2 ppm).

ource: Drl 10091
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Retention Basin Contamination

1T-4

Table 14.

Area of Average Maximum
Contamination Contamination Contamination

(Ci) (Ci)

Contamination inside the retention
basins:

- g42 - 92 (116-B-11)
Soil Fill 6.6 18 (116-H-7)

- Concrete 10 13 (116-DR-9, 11-H-7)

Contamination outside the
retention basins:

- Soils Under Basins 84 280 (116-B-11)
- Soils Adjacent to 12.6 27 (116-D-7)

Basins

Source: Dorian and Richards, 1978 (Activity as recorded in 1978; Values not
decayed to present)
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LIQUID REACTOR PURPOSE/WASTE TOTAL MAJOR MAXIMUM POTENTIAL
EFFLUENT AREA RECEIVED RADIONUCLIDE RADIO]NCLIL)ES PLUTIONIUM ChIEMICAL

SYSTEM INVENTORY PRESENT CONCENTRATION CONTAMINANTS
COMPONENT

Retention Basins B, C, D, Noruial effluent from 5 - 400+ Curies '"Cs, 'Co, '"EuL, 340 pCi/g in sludge, Chromium, water
DR, F, H, reactor produetion per basin '"Eiu, "Ni, fSr, 22 pCi/g in fill, 5.4 treatment chemical
KE, KW operations, occasional M'a 0 Pu pCi/g in soils beneath additives

fuel elenent rupture basins, 13 pCi/g in
effluent soils adjacent to

basins.,

Effluent B, C, D, Ttapsferred efluent No inventory data "'Cs, "Co, '"ELI, No sampling data Same as retention
Pipelines DR, F, H, from reactor to available. '"Eu, 0 Ni, 'H, available. basins

KE, KW retention basin, to '"E'u, "Sr
outfall siructure, and to
river

Outfall B, C, D, Used[ to channel No inventory data '"Cs, WCO, '"Eu, No sampling data Same as retention
Striuctures DR, F, H, effluent from the available. "4Eu, "Ni, 'H, available. basins

KE, KW retention basin to the "Eu, "Sr
middle of the river.
Spillway used in case
of overflow

Source: Dorian and Richards, 1978 (Activities as recorded in 1978; Values not decayed to present)
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LIQUIIII) WASTE REACTOR PURPOSE/WASTE TOTAL MAJOR MAXIMUM POTENTIAL
DISPOSA SITE AREA RECEVE RA IULIDE RADIONUCLIDES PLUTONIUM CHEMICAL

TYPE INVENTORY PRESENT CONCENTRATION CONTAMINANTS

Pluto Cribs B, C, D, Effluent from fuel <0.1 to 3 Curies "OSr, 'H, "Eu, M24Ap: I10 pCi/g Chromium, water
DR, F, H element ruptures 260 Curies in 105-C 'Eu, "'Eu, DCo, treatment chemical

pluto crib sand filter 'Cs additives

Dunimy/Perif B, F H Liquid wastes from 0.007 to 1.3 Curies "Sr, 'H, "Eu, " Pit: 2.3 pCi/g Chromic, citric,
Decontamination decontamination of "4Eu, "'Eu, "Co, oxalic, nitric,

Cribs process dummies '"Cs sulfamic. and
sulfuric acids used
in decon.

108 Building B, D Contaminated liquid 116-B-5: 300 3H 0.33 pCi/g No data available.
Cobs effluents from 108 Curies

buildings
I16-D-3, -4: <0.1
Curie

I15 miaildinig KE, KW Condensate and 240 Curies 'H, "C None No data available j
Cobs liquid waste from

reactor gas
purification systems

117 Building B, D, DR, Drainage from 0.0001 Curies at F "Sr, 1"Eu,"'Cs, 'Pu: 0.1 pCi/g No data available
Cribs F, H confinement system Area, less than 2"Pu

seal pits . background at other
Areas

I 16-F-5, F Wastes from 0.00092 Curies "Sr, '"Eu, '"Eu, None Nitric acid
100-F Ball decontamination of 1" 7Cs

Washer Crib boron-steel balls

I16-KE-2, KE Radioactive liquids 38 Curies "Sr, "Co "" 4 Pu: 2.1 pCi/g Sodium hydroxide
1706-KER Crib from cleanup

columns in 1706-
KER loop

H

0
0

r
'C
N)

Ct

0
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LIQUID WASTE REACTOR PURPOSE/WASTE TOTAL MAJOR MAXIMUM POTENTIAL
DISPOSAL SITE AREA RECFIVED RADIONUCLIDE RADIONUCLJES PLUTONIUM CHEMICAL

TYPE INVENTORY PR ESENT CONCENTRATION CONTAMINANTS

I 16-DR-7, DR Liquid potassium <0.1 Curies Sr, 'Cs, "'Cs None Potassium borate
105-DR borate solution from

Inkwell Cri the 3X, system prior
to the Ball 3X system
upgrade

French Drains' B, D, F, K Area: sulfuric acid No radionuclide No radionuclide No radionuclide 120-KE-1 contains
KE, KW sludge from the acid inventories inventories available. inventories available. about 200 kilograms

storage tanks, also available. of mercury. The
mercury. Other 120-K drains have'
areas received liquid PNL Hazardous
wastes from various Ranking System
dekontamination Migration Scores of
processes and 40+, the other
efluent water from drains have scores
botany experiments of zero.
in the F Area.

Liquid Waste B, C, DR, Effluent from 107 3.1 to 79 Curies oSr, 'IH, "'Eu, 9"4Pu: 5.3 pCi/g Chromium, water
Disposal F, H, K retention basins *Eu, '"Eu, aCo, treatment chemical
Trinches during fuel element "Cms, "Cs, U additives

fallures

K Trench KE, KW Fuel storage basin 2100 Curies "Ni, '"Eu, "Eu, '9" aPu: 130 pCi/g Chromium (sodium
overflow, leakage WCo, '3Cs dichromate);
from retention basin sulfamic acid,
valves, wastes from sulfuric acid, and
contaminated floor copper sulfate
drains, periodic other disposed to trench
liquid waste streams

105 Storage B, D, DR, F Water and sludge 0.0021 to 4.7 "Sr, 'H, 'Eu, fl*21Pu: 6.1 pCi/g Sodium dichromate
Bas in Trenches frwm fuel storage Curies 'uEu,"'Eu, wCo,

basins 1CS

1608 Trenches DR, F, H Effluent during Ball 1.4 to 6.5 Curies '3Sr, 'H, '"Eu, 23 Pu: 0.76 pCi/g Sulfamic acid,
3X Project "'Eu, "Co, '"Cu sodium dichromate

C,
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LIQUID WASTE REACTOR PUIRPOSE/WASTE TOTAL MAJOR MAXIMUM POTENTIAL
DISPOSAL SITE AREA RECEIVSD RADIONUCLIDE RADIONUCLIDES PLUTONIUM CHEMICAL

TYPE INVENTORY PRESENT CONCENTRATION CONTAMINANTS
a -- =-

Sludge Trenches B, D. DR Sludge wastes from No data available. No data available. No data available. No data available.
the I Area retention Contamination may Contamination may Contamination may Contamination may
basin, be similar to be similar to be similar to retention be similar to

retention basin retention basin basin contamination retention basin
contamination contamination contamination

Lewis Canal F Miscellaneous wastes 3.4 Curies M"Eu, MEu, "Co, l"/*Pu: 0.99 pCi/g Chromium;
from 185-F and 190- '"cs, 3H sulfamic acid
F buildings, disposed to canal
decontaminato on
wastes from 189-F
building, occasional
front and rear UIace
reactor effluent

Sources. Dorian and Richards, 1978 (unless otherwise noted) (All activities decayed through 1978)
"WIDS 199i (All activities decayed through 4/1/86)
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SOLID WASTE REACTOR PURPOSE/WASTE TCITAL MAJOR MAXIMUM POTENTIAL
DISPOSAL SITE AREA RECEIVD RADIONUCLIDE RADIONUCLIDES PLUTONIUNI CHEMICAL.

TYPE INVENTOIRY PRESENT CONCENTRATON CONTAMINANTS

105 Burial B, C, D, F, Low-level solid 4000 tons of waste 9OSr, 'H, ' 12u, 1.0 pCi/g in' ,ts-l-i, Lead, cadmium,
Grounds H, KE, KW radioactive waste in 7 burial '"Eu, WCs), 1Cs, no data available on boron, mercury,

(118 Burial associated with grounds, 3900* "C, ONi, "Ni, other burial grounds graphite
Sites) reactor operations: Curies in 7 burial ""Ag, 13Ba.

alutninun spacers, grounds,
lead-cadmium reactor
poison pieces, boron *3800 Curies from
splines, graphite, I .Co, ON i
process tubes, lead

Tritium B Aluminum cladding 562 tons of wastes, 'H No data available Metal hydrides of
Separations fron target material, 11,000 Curies lithium, aluminum.

Project Bural staipless steel and lead, mercury,.
Grounds container and activated charcoall,

remnants, palladium, deliquescent
natural and some compounds
depleted uranium,
zirconium, solva
beads, tritium
contaminated pumps
and oil, glass Line
components

Biological F Sawdust and solids 10,000 yd' of 'Sr T'Pu: '0.3 Curies No data available
Burial Grounds from dog kean cl and sawdust, 15 Curis

swine pens: 118-F-5
10,000 cubic feet

Buried steel tanks of waste volume in
used to inciner.ate I 18-F-6, 15 Cuies
carcasses: 11B-F-6

0
0
en

'C
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SOLID WASTE REACTOR. PURPOSE/WASTE TOTAL MAJOR MAXIMUM POTENTIAL
DISPOSAL SfITE AREA RECEIVED RADIONUCLIDE RADIONUCLIDES PLUTONIUM CHEMICAL

TYPE INVENTORY PRESENT CONCENTRATION CONTAMINANTS

Ash Pils' B, D, F, H Coal ash sluiced with No radionuclide No radionuclide No radionuclide No sampling data
river water contamination contamination contamination available. Only

expected expected expected one ash pit
determined to be
toxic using an, EP
toxicity test

Burn Pits" B, C, D', F, Nonradioactive No radionuclide No radionuclide No radionuclide Asbestos may be
H, K combustibles, glass, contamination contamination contamination present

scrap metal, paints, expected expected expected
solvents, lab wastes,
office wastes-

Storage C, F, KE, Horizontal control Radiation readings Radionuelides are Radionuclides are No data available
Caves/Vaults" KW rods were temporarily from ImR/hr up to unknown unknown

stored for deay prior 50 mR/hr are
to disposal, one cave present at tunnel
contains 4 rod tips, entrances
also miscellaneous
reactor hardware

Demolition Sies B, D, DR, Low level No radionuclide No radionuclide No radionuclide No sampling data
and Landlills' H, K conftruction wastes, contamination contamination contamination available.

deaiolition wastes expected expected expected

Source: Miller and Wahlen, 1987 (unless otherwise noted; Activities as recorded in 1987; Values not decayed to present)
'DOE-RL 1991a (Values decayed thtrough 41/86)

0
0
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SOLID WASTE PURPOSE/'WASTE TOTAL, MAJOR MAXIMUM POTFNTIAL
DISPOSAL SITE RECEIVED RADIONUCLIDE RADIONUCLIDES PLUTONIUM CHEMICAL

TYPE INVENTORY PRESENT CONCENTRATION CONTAMINANTS

Cribs Radiated water 8,089 Curies for "Co, "Sr, '"Ru, 23 Pu: 18 Curies for Hydrazine, ammonia,
containing activation 116-N-1 (1988 Values) " 'Cs, '"Cs, mPu 116-N-1 (1988 Values) chloride, and fluoride test
and fission products, solutions, lead- acetate
small quantities of 2.6 Curies for i 16-N-3 battery fluid, nickel-
corrosives and 1,932 Curies for 116- (1988 Values) cadmium battery fluid,
Iaboratory chemicals N-3 (1988 Values) sodium dichlrmate

French Drains Sulfuric acid or None expected Not applicable Not applicable Acids, causIics, lead
sodium hydroxide wastes found in some of

the drains,lothers had no
evidence of acid or heavy
metal wastes.

Ponds 0sed to treat None expected Not applicable Not applicable Analysis of filter backwash
corrosive effluent indicates that it
regeneration effluent, does not contain any listed
to settle out solids dangerous wastes. (Krug
from filter backwash, 1989) Other contaminant
and to dispose of data was unavailable.
backwash effluent,
the 130-N-1 pond
also received
aluminum sulfate and
polyactylamide

Miscellaneous Decontamination 90,000 gallon spill, wCo (26 Curies) No data available phosphoric acid,
Liquid Waste wastes containing contained about 35 (1972 Value) diethylthiourca, sodium

Facilities 70% phosphoric acid Curies (1972 Value) hydroxide
and diethyithiourea

DOE 1990d
DOE-RL 199 1a

Iil
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Table 1-9-1989- Data from Onsite and OffsiteSoil Sampling
Hanford Environmental monitoring Program

Contaminant Onsite Average Offsitea Average

pCi/g (dry weight)' pCi/g (dry weight)b

Strontium-90 0.25 + 0.33 0.13 + 0.03

Cesium-137 2.48 + 9.90 0.74 + 0.27

Plutonium-239/240 0.061 + 0.296 0.013 _ 0.033

Uranium 0.60 + A).51 0.73 + 0.13

'12 fonsite samples, 23 offsite samples.
Ine values given after the + sign are two standard-errors -f-calculated mean.

Source: DOE 1990d (Activity as recorded in 1989; Values not decayed to present)- c a -) -

1T-9
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Table 1-10. Hanford Site Soil Background

CONSTITUENT BACKGROUND VALUE
(Ppm)

Aluminum 15,100

Calcium 22,000

Copper 32.2

S-- Iron - 38,200

Lead 15.4

Sodium 167

Source: DOE/RL 1992c

IT-10



0.24 + 0.01?

Cesium-137

0.81 ± 0.05'

DOE\RL-92-11, Rev. 0

Table 1-11. Contaminant Concentrations in the 100 Area Soils, Environmental
Monitoring at Hanford for 1987

UraniumPlutonium.239/240Strontium-90Location
11 S S

0.19 + 0.06a0.015+ 0.001"1 Mile NE of 100-N Area

1 Mile E of,100-N Area- 0.31 + 001 i 1 . i1 0.023 0.002 0.34 + 0.10

100 Area Fire Station 0.33 + 0.01 1.3 + 0.1 0.017 + 0.001 0.35 + 0.10

Southwest of B/C Cribs 0.02 + 0.01 0.01 + 0.02  0.001 + 0.001 0.19 + 0.05

All ,intc i nfl/a dfry weight
1986 data. Location sampled on alternating years.

Source: Jaquish and Mitchell 1988 (Values not decayed to present)

iT1 - 1
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Table 1-12. Soil Contamination Ranges
Environmental Monitoring

in the Retired 100 Area, UNC
Project, FY 1985

Strontium-90 Cesium-137 Plutonium-238 Plutonium-239/240

B/C 0.13 - 0.49 0.014 - 0.050 <0.076 - 0.85 <0.00014 - 0.00040 0.00058 - 0.0011

D/DR 0.15 - 0.36 0.033 - 0.075 0.058 - 0.44 <0.00012 - 0.00031 0.0015 - 0.0052

F 0.16 - 0.64 0.050 - 0.56 0.19 - 2.8 <0.00017 - 0.0021 0.0015 - 0.032

H 0.14 0.086 - 0.11 0.23 <0,00013 - 0.00025 0.0039 - 0.0074

K 0.11 - 1.6 0.056 - 0.66 0.092 - 2.0 <0.00019 - 0.0051 0.0012 - 0.12

All units in pCi/g, dry weight
Source: Jacques, 1986 (Values not decayed to present)

IT-12
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Table 1-13. Average Radionuclide Concentrations in 100-N Area Subsurface
Soil from 1981 to 1985

1982'

1983

0.13

0.21

1.6

2.7

0.34

0.44

0.0050

0.0085

Year Manganese-54 Cobalt-60 Strontium-90 Cesium-137 Plutonium-239/240

1980 0.24 0.85 0.18 0.50 0.018

1981 0.16 1.3 0.21 1.0 0.011

0.099

0.29 I ____

1984 - R - - W-.8 -f.28 0.62 - _.Ux4

1985 .012 1.2 0.13 .2 0.013

All units in pCi/g, dry weight.
Source: Jacques 1986 (Values not decayed to present)

1T-13
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Table 1-14. Estimated Background Levels for Selected Constituents
in Hanford Groundwater

Constituent Detection' Background

Auminum <2'
Ammonia 50 <50
Arsnic 0.- 3.9+ 2.4
Barium 6 42± 20
Beryllium 0 .36 j.3o

Boron 50" <50'
--Cadmium -- 0.26 -

Calcium 50 40,400.t 10,300
--Chloride 500 -10,300+ 6,500

Chromium 2b 4.0 + 2.S
Copper lb <1b
Cyanide 10 <10

-- - ^ 7 100
Lead 0.56 <0.

Magnesium 10 11,800 + 3,400
Manganese 5 7+ 5
Mercury 0.1 <0.1
Nickel 4b <4b
Phosphate 1000 <1000

Potassium - 4,950 + 1,240
Selenium 2b <2'
Silver 10 <10
Sodium 10 18,260 + 10,150
Strontium 20 236 +102

Sulfate 500 34,300 + 16,900
. 1Uranium f.5 1.7.028

Vanadium 5 17+ 9
Zinc 5 6 + 2
Alkalinity -- 123,000 +21,000

pH -- 7.64 + 0.16
Total Organic Carbon 200 586 + 347
Conductility ld -on - 30 21 4CU- 04.

I Gross Alpha 0.5 2.5 + 1.4'
Gross Beta 4' 197 12

Radium 0.2c <0.2
Tritium - ,-200c

(a) Units in ppb unless otherwise noted.
(b Based an Induction Coupled Plasma-Mass Spectrometry (ICP/MS) data.
(C) Units in pCi/L.
(d) Units in Mmho/cm.
Source: DOE 1991c (Values reported for 1988)

IT-14



Table 1-15. Hanford Site Groundwater Background, Summary of
Provisional Threshold Values (Page 1 of 2)

CONSTITUENT UNITS PROVISIONAL THRESHOLD
VALUE

Aluzn ppb <200

Ammonium ppb 120'
Arsenic ppb 106
Barium ppb 68.56
Beryllium ppb <5

Paesmsth - _ <5
Boron ppb <100
Cadmium ppb <10
Calcium ppb 63,600b
Chloride, Low ppb 8,690b

Chloride, High ppb 28,500b
Chromium ppb <30
Copper ppb <30
Fluoride, LDL ppb 1,340W
Fluoride, LDL ppb 775b

Iron, Low ppb 86b
Iron, Mid ppb 291a
Iron, High ppb 818*
Lead ppb <5

Magnesium ppb 16,48(r

Manganese, Low ppb 24.5
Manganese,--igh PP- 163.5
Mercury ppb <0.1
Nickel ppb <30
Nitrate ppb 12,40t

ppb
ppb
ppb
ppb
ppb

ppb
ppb
ppb

pCi/I
ppb

<1.000
7,975.

<5
<lo0

26,500'

33,500'
264.15

-UJUUh

3.436
15b

Zinc, Low ppb <50
Zinc, High ppb 6731
Field AlkaIinity ppb 215,000b
Lab Alkalinity ppb 210,000b
Field pH [6.90, 8.24J"

1T-15a

____ 1!

Phosphate
Potassium
Selenium
Silver?
Silicon

Sodium
Strontium
Sulfate
Uranium
Vanadium
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Table 1-15. Hanford Site Groundwater Background, Summary of
rovisIjai Tireshoid Values (Page 2 of 2)

IT-15b

CONSTITUENT UNITS PROVISIONAL THRESHOLD
VALUE

Lab pH [7.25, 8.25]*
TOC ppb 2,610h
10C ppb 1,610'
Field Conductivity um ho/cm 539a
Lab Conductivity umho/cm 5306

TOX, LDL 60.8b
TOX, LDL ppb 37.66
Total Carbon pCi/l 50,100h
Gross Alpha pCi/l 63b
G Fss Alpht - - - - - 5.79"

G1 flrn s Beta pi/" - 35.5'11rom" Bet., Ci --I 121.62
Radium pCi/ 0.23b

Source: DOE-RL 1992b
'Based on normal distribution.
''sed cnon-param-etric-tolerance interval, maximum value reported.

'Potential outlier observation(s) were removed.
dBased on inductively coupled plasma/mass spectroscopy (ICP/MS).
'From springs data (Early et. al., 1986).
<Indicates compound was analyzed for but not detected. Reported value after the "<" sign is the
detection limit.
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Table 1-16. Concentration Ranges of Key Inorganic Constituents
Groundwater - 1989 Sampling Data

in 100 Area

IT-16

Area Number of Nitrate' Cyanide Filtered
Wells/Number Concentration Concentration Chromium
of Samples Range {pug/L) Range (pg/L) Range (pug/L)

45 mg/L MCL

B/C 4/4 12,900- - <10 - 18
48,400

D/DR 3/3 69,500 - -- 120 - 692
122,000

F 4/4 <500 - -- <10 - 13
151;000

H 23/63 4,600- <10 12-420
1_ 524,000

KI I I 00
&/8 5300 - - <10 - 120

51,300

N 35/148 <500 - 87,900 <10 <10

Source:- Evars--ot .-1990-AActiitie as-recorded in 1989; Values not decayed to
present)

Taken from Table .2, Evaret a., , -
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Area Number of Tritium Nitrate* Gross Beta Strontium-f, Techmetlim-99
Wells/Number of (pCi/L) (0g/4) (pCi/L) (pCi/L) (PCl )
Samples

B/C 7/19 1,980 - 12,900 - 8.18 - 105 0.45 - 53.5 91.5 - 179
42,900 48,400

D/DR 3/10 3,690- 57,000 - 5.14- 94.7 0.42 - 45.2 0 - 0.51
1 53,300 122,000

F 7/20 56 - 9,550 <500 - 5.14-271 0 - 244 0-2
167,000

IH 23/90 429 - 5,280 4,600- 0.22- 250 -- 0.01- 2440
524,009

K 8/27 491 - 3,000- 3.4 - 29.8 0.16 - 3.39 2.85 - 18.9
882,000 66,000

N 43/171 27 T 218,000 <500 - 2- 39,000 0.04 - 23,400 0.58 - 11.1
I_____ _ I- 93,000

Area Gross Alpha Total Cobali-60 Cesium-137 Plutonium- lodine-129
(pCi/L) Uranium (pCi/L) (pCI/L) 239/240 (pCI/L)

- (pCi/L) j(pCi/L}
B/C 3.33 0.77 - 14.40 0 - 12.70 0 - 3.97 -- --

D/DR -- 0.57 - 2.39 0.81 - 10.90 0 - 7.01 -- -

F - 0.16- 143 0.89 -3.02 0.44-5.26 --

H 0.18- 133 0.74- 145 1.65 - 7.44 0-6.2 -

K -- 1.14- 5.89 0-5.68 0.62-33 ---3.

N 0.01 - 6.49 0 - 6.41 0.38 - 57 0 - 9.19 0.0021 - 0.0036 0.003 - 0.047

Source: Evans, et al., 1990 (Values not decayed to present)
Taken from Table C.3, Evans, et al., 1990
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% i3200Ai

Area Number 1,1,1 Chloroform Perchloroethylene Carbon Trichuloroethylene Trans Total
of Wells/ Trichloroethane (pg/L) (pg/L) Tetrachloride (pg/L) dichloroethylene Organic
Number (ptg/L) (pg/L) (pg/L) Halogens
off (pg/L)
Samples

H 23/53 <5 <3 - 28 <5 <5 <5 <5 <2 - 44

N 34/108 <5 <3 21 <5 <5 <5 <5 <2 -
______ __________ ______ ______4,690'

'Only four samples greater than 0pg/L, only one sample greater than 500 pg/L This number may not be representative.
Source: Evans, ei al. 1990 (Values not decayed to present)
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Table 1-19. Summary of Constituents Detected Above Drinking Water
Standards at 100-N Area, April 1987 to November 1989

Primary Water Quality Constituents

Arochlor 1016

Arochlor 1221

Benzene

Cadmium

Cobalt-60

Coliform

Gross Beta

Nitrate

Ruthenium-106

Strontium-90

Tritium

Turbidity

oS.uondary Water Quality Constituents

Iron

Magnesium

pH < 6.5

pH > 8.5

Specific Conductance

Sulfate

Source: DOE 1990d

1T-19



DOE\RL-92-11, Rev. 0

Table 1-20. Radionuclide Concentrations Measured in Columbia River Water at
Priest Rapids Dam in 1988, Upstream of the 100-B/C Area

Cocentration (pCi/Lt

No. of
I __ M ain; W_ _ _dz_ __vear

Caaepomite Systm

Gross alpha _ 12 0.85±0,81 -0.07_t0.20_ o.i .ll

Gross beta 12 2.31± 1.00 0.06 ± 1.00 0.96 ± 0.48

'H 12 89 ± 6 56 ± 41 70 ± 6

IT-20

12 0.27 ± 0.06 0.11 ± 0.03 0.20 ± 0.03

'U 12 0.014 ± 0.013 -10.03 ± 0.00 0.006 ± 0.003

"U 12 0.21 ± 0.04 0.11 ± 0.03 0.17 ± 0.02

Total uranium 12 0.48 ± 0.07 0.23 ± 0.05 0.37 ± 0.04

CoastviaumSystem

"Co P 20 0.0018 ± 0.019 -0.0012 ± 0.029 -0.0006 ± 0.0008
-----------D 20 0.042 ± 0.041 -0.0027 ± 0.0042 -0.0019 ± 0.0011

"1 D 4 0.000045 ± 0.000OQ5 0.000006 ± 0.0000001 0.000017 1 0.000019

P 11 0.0026 ± 0.0037 -0.0011 ± 0.0043 0.000 ± 0.0009
D 11 0.0038 ± 0.0073 0.0068 ± 0.00114 -0.07 ± 0.0023

"Cs P 20 0.004 ± 0.0024 0.0002 ± 0.0014 0.0018 ± 0.0005
D 20  0.0067 ± 0.0040 -0.0019 t 0.0044 0.0028 ± 0.0011

P 4 000010±0.00008 0.00(fl2±000007 0.00006 t 0.00005
D1 4 00001000.0016 0.00002 ± 0.00005 0.00006 ±000004

Radionuclides measured using the continuous system show the particulate (P) and dissolved (D) fractions separately. Other
radionuclides are based on samples collected by the composite system.
'Maximum and minimum values ±2 sigma counting error. Avenge :2 standard error of the calculated mean. It is not
uneommon for individual measurements of envronmentai radioactivity to result in values of zero or negative numbers from
subtracting out instrumental background.
S-u: a-quish -nd Bryce 1989-

Osr
12

0.184 ± 0.094 : -0.044 t 0.072 0.019 t 0.038

0.10 ± 0.020.15 t 0.03 0.05 ± 0.03
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Table 1-21. Nonradiological Water Quality Data for the Columbia River
Upstream of the Hanford Site, 1988

No. of Annual
Analysis unit sample Maxizum Minimum Avrag

PACIFIC NORTHWEST LABORATORY ENVIRONMENTAL MONITORING

pH 7- 7.4 NA

Food coliform #/100 aL 12 130 2 2b

Tottliforr - Afl9. IL 12 1,600 2 41P

Biological oxygen demand mg/L 12 5.2 0.7 2.1 0 O.

Nitrate mg/L 12 0.23 0.05 0.14 * 0.03

U.S. GEOLOGICAL SURVEY SAMPUNG PROGRAM'

Temperature C 365 19.6 1.8 113

Dissolved oxygen mg/L 6 13.4 8.8 11.5 ± 1.4

Turbidity NTU 6 1.8 0.4 1.0 ± 0.4

pH 6 8.8 8.0 NA

Fecal cohiform #/100 mL 6 3 <1 2b'

Suspended solids, 105'C mgt/ NR - -

Dissolved solids, 180*C ing/L 6 88 71 81 ± 6

Specific conductance pwihos/cmn 6 162 123 140 ± 15

Hardness,asCaCO, mg/L 6 77 58 68 ± 7

II

pg/LI 3 <1

0.02

<1I

0.023 ± 0.f4

<1

Nitrogen, Kjeldahl mg/L 6 0.5 <0.2 0.28 ± 0.11

Total organic carbon mg/L 4 2.8 1.4 2.1 0.7

Iron, dissolved pg/L 3 65 9 28 37

Ammonia, dissolved (as N) mg/L 6 0.05 <0.01 0.02 ± 0.02

-Average vatics t2 standard error of the calculated

*PoI- -n'-: sujw.t W.C.Mion.

'Ma-im-lu- and ciniffu pan daily-.,--ragas.
Source: Jacquish and Bryce 1989
Legend:
NTU = Nephelometric turbidity units.
NA = not applicable.
NR = not reported.

mean.

1T) 21
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Table 1-22. Radionuclide Concentrations for the Columbia River
at the Richland Pumphouse, 1988

Concentration (pCi/Lt

No. of
RaiieswmW Smplks Maxi. Minimmua Average

Composite System

Gfrsin -- - 12 - 0.76± 0.42 - -- - -0.04 t O - 0.29 t .13

Groas beta 12 1.62 ± 1.23 -0.02 ± 0.89 0.87 0.29

'H 12 160 ± 7 98 ± 5 132 10

"5; 12 0.098 ± 0,083 -0.72 ± 0,68 0.002 ± 0.28

"Sr 12 0.17 ± 0.03 0.08 ± 0.03 0.12 ± 0.02

MU
.,U

12

12

0.28 t 0.05

0.044 t 0.020

0.04 ± 0.02

-0.005 0.000

0.22 t 0.04

0.009 ± 0.007

j 912 0.25 10.05 0.07 ± 0.03 018±0.03

Total uranium 1 12 -_7 O,07 - - 0.04 0.41 0.07

Continuous System

Co P 23 0.0059 ± 0.0038 -0.0002 ± 0.0013 -0.0014 ± 0.0005

D 23 0.0113 ± -0.0071 -0.0010 t 0.0036 0.0029 ± 0.0011

,"I D 4 0.00014 ± 0.00002 0.000069 t 0.000007 0.00010 ± 0.00003

"' P 12 0.0022 ± 0.0025 -0.0011 t 0.0034 0.0005 ± 0.0006

D 12 0.0101 ± 0.0164 -0.0116 t 0.0205 0.0011 t 0.0033

tCs P 23 0.0057 ± 0.0017 -0.0004 ± 0.0014 0.0019 ± 0.0005

D 23 0.0130 ± 0.0059 -0.0012 t 0.0034 -0.0031 ± 0.0014

----. p 4 0.00013 ± 0.00006 -0.00002 ± 0.00001 0.007 ± 0.00005

D 4 0.00005 ± 0.00011 0.000015 ± 0.000057 0.00003 ± 0.00003

'Radionuclides measured using the continuous system show the particulate (P) and dissolved (D) fractions separately. Other
radionuclides are n-&ed nn ..MPiMs collected by the composite system.

Maximum and minimum values ±2 sigma counting error. Average ±2 standard error of the calculated mean. It is not
---Mncommon for individual measurements of environenteai rddioactmiv to rrsult in values of zero or negative numbers from

subtracting out instrumental background.
__ Source: Jacnish and R.ve 19R9

iF - -'s
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Table i21-3 NonrsdilogicaI-Water-Quality Data -for the-Columbia Piver
at the Richland Pumphouse, 1988

Pacific Northwest Laboratory Environmental Mooitonng

Analysis Unit No. of
Smps

Maximize Asouw
Avengt

pH - i12 8.3 7.3 NA

Fecal cobiform ML 12 70 2 7b

Total colifonM #/100 mL 12 240 9 70b

Biological oxygen demand mg/L 12 2.5 0.7 1.7 ± 0.4

-Nitrate - mg/L 12 1.1 0.06 0.3 ± 0.2

U.S. Geological Survey ampling program*

TemperatureA C 365 20.0 1.4 11.6

Dissolved oxygen mg/L 4 13.2 10.3 11.7±t 1.5

Turbidity - 'U 3 1TI 0.6 1.0 10.6

pH -4 8.7 7.9 NA

Fe' coaform - - #/iLW m - 4- - -- v -

Suspended solids. 105'C mg/L 3 4 <1 <Z7 ± 1.8

Dissolved solids, 180*C mg/L 3 91 74 83 ± 10

Specific conductance --- - $mh-ci -- is--------------122 139 i 17

Hardness. as CaCO. _ mg/L 3 76 62 71 9

riiospnorus,O - - - -03 -0.02- - u . .

Chromium, dissolved pg/L 3 <I <1 <1

Nitrogen, ljeldahl mg/L 3 0.3 <0.2 0.27 ± 0.07

Total organic carbon mg/L 4 3.1 1.3 2.2 ± 0.8

Iron, dissolved pg/L 3 8 4 5.3 ± 2.7

Ammonia, dissolved (as N) mg/L 3 0.04 <0.01 0.03 ± 0.02

*Awer.g u'uec +1 snds'd prrrlr nf the rs'rmm'ated mean.

'Anmial median.
?Provisional data subject to revision.
'Maximum and minimum represent daily averages.
NTIU = nephelometric turbidity units.
NA - not applicable.
S-urce: Jacqush and Bryce 1989

1T-23
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Location Radionuclide No. oi' -1 Concentration (pCI/L)*
samplesI

I_ _ _ _ pmum Minimum Aerage

Priest Rapids Danm Co 4 0.014 t 0.018 -0.012 . 0.012 0.003 t 0.012

Sr 4 O.Q72 ± 0.006 0.00048 ± 0.0037 0.026 ± 0.031
INCs 3 0.0098 1 0.018 -0.0021 ± 0.011 0.0049 ± 0.0072
137Cs 4 0.28 ± 0.03 0.24 t 0.02 0.26 1 0.02
DU' 4 0.097 1 0.15 0.007 ± 0.12 0.063 1 0.042
_Uh 4 0.79 1 0.38 0.67 ± 0.36 0.73 ± 0.05

_pu 4 0.Q0026 ± 0.00017 0.00004 ± 0.±O0 6 0.00015 ± 0.00009
I-

M
2 2 Pu 4 0.0028 ± 0.0007 0.0015 ± 0.0003 0.0023 ± 0.006

McNary Dam Co 4 0.36 10.03 0.15 1 0.03 0.27 ± 0.11

_Sr 4 0.058 ± 0.006 0.036 ± 0.005 0.046 ± 0.009
I'Cs 3 0.057 :1 0.021 ' 0.030 + 0.014 0.044 ± 0.016
MCs 4 0.79 1 0.05 0.63 ± 0.04 0.69 1 0.07

MUb 4 0.22 ± 0.14 -0.09 ± 0.16 0.05 ± 0.13

_Ub 4 0.89 0.49 0.63 ± 0.31 0.78 ± 0.12

_Pu 4 0.00059 1 0.00028 0.00020 ±0.00020 0.00043 1 0.00018

M_ Pu 1 4 0.011 ±0.001 0.009 ± 0.001 0.010 t 0.001

'Maximum and minimum values ±2 sigma counting error. Average ±2 standard error of the calculated mean.
'Uranium-235 and mU by low-energy photon detector (LEPD) method.
Source: DOE 1991c
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Table 1-25.
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Air Quality Data for Eastern
and the Hanford Site, 1987

Washington

Nearby Distant

Constituent Near 100 Areas Onsite Site Perimeter Communities Communities

(general)

Gross beta 0;026±-0.003 0.027 ± 10012 0.026-- 0±013 0.02-5 t 0.0016 0.024 ± 0016

Gross alpha 0.0009 ± 0.0002 0.0010 ± 0.0001 0.0009 ± 0.0001 0.0009 ± 0.0002 0.0007 ±

H-3 1.5± 1.1 2.1 ± 0.5 1.9 ± 0.4 1.5± 1.1 2.2 ± 0.8

C-14 -- 1.3 ± 0.1 - -- 13 ± 0.1

Sr-90 0.00004 ± 0.000061 t 0.000041 ± 0.000059 0.000054 ±
0.00002 0.000037 0.000017 0.000041 0.000018

1-131 - 0004 ±.001 0.0002- 0.0006 -. 0002 0.0008 0.0005 t 0.0017 -0.0007 ±
0.0011

Cs-137 0.004 ± 0.002 0.0000 ± 0.0002 0.0002 ± 0.0002 0.0002 ± 0.0002 0.0003 ±
0.0003

Average values ±2 standard error of the calculated mean.
Negative values-result-fror subtracting-out-instrumental bkrod.
Source: Jacquish and .itchell 1988
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Table 1-26. Radionuclide Concentrations in Columbia River Fish
Collected Upstream of the Hanford Site, 1988

"Co. Cig. WetW bt *Sr. pCi/g, Wet Weight' "Cs, pCi/g, Wet Weighr
TAMe

No. of No. of No. of
SaI P-5 Ma''a. a Average Sampls Maxiamus Average Semaphs Man le Average

SWhitefih 5 0.011 t 0.005 t 5 0.003 0.001 5 0.014± 0.01 t
Mulce 0.023 0.006 0.003 0.001 0.021 O.M0

Whi tefrah NS - - 5 0.054± 0.031 t NS - -

Ccaea O.0W7 0.016

IMaximumalucs 12-siiasountmrmror -Average .2standand-eMror-of tcalculatedmran.
NS - No sample.
Source: Jacquish and Bryce 1989
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Table 1-27. Radionuclide Concentrations in Columbia River Fish
Collected Downstream of the Hanford Site, 1988

1T-27

-CepC-ii,-WS, Wei:hr "Sr. nfl/. Wet Weigwe -- -- Cs. pCiag, W Wd gaS

Type No.do No. of No. of
Tye Smp Maximum Avage Samples Maximum Average Samples Maximaw Avrag

Whitefish 10 0.035 ± 0.016 ± 10 0.005 1 0.001 ± 10 0.039 ± 0.023 t
Muscle 0.026 0.012 0.006 0.003 0.022 0.010

Whitefish NS -- - 10 0.064 ± 0.026± NS - -

Caress 0.005 0.009

"Maximum values ±2 sigma cownting error. Average ±2 standard error of the calculated mean.
Notes: Samples collected in 100-D Area vicinity.

Sourc: Jacqish and Bryce 1989
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Table 1-28. Research Data on Radionuclide Contamination Levels
of Aquatic Biota

AUTHOR SUBJECT

Jacquish and Bryce (1989) Whitefish muscle and carcasses collected near the
100-D Area.

Cushing et al. (1981) Bass muscle and carcasses, other aquatic organisms
collected just downstream from the 100-H Area in
1971 and 1972.

Annual radiological Data similar to those presented in Jacquish and
surveillance reports of the Bryce (1989) are available for years previous to
Hanford Site 1988.

Watson et al. (1970) An extensive survey of the radionuclide
concentrations in aquatic biota at the 100-F Area (in
1966 and 1967). These data were obtained while the
reactors were still operating and represent
radionuclides collected under those conditions.

Cushing (1979) Concentrations of 22 stable elements in
phytoplankton, caddisfly larvae, and whitefish
muscle. These samples were collected from the
Columbia River downstream of the 100-B/C Area.

Source: DOE 1991c

1T-28
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Table 1-29. Columbia River Streamflow Characteristics

IT-29

CHARACTERISTIC VALUE

Wetted width through the Hanford 1,000 to 2,600 ft
Reach. (305 to 792 m)

Typical maximum river depths near the 10 to 40 ft
100 Areat. (3 to 12 m)

River elevation daffy variance due to up to 5 ft
water releases from Priest Rapids Dam (up to 2 m)
(ERDA 1975).

River surface velocities through the <3 ft/s to >11 ft/s'
Hanford Reach (ERDA 1975). (<0.85 m/s to >3.1 m/s)

Summer, fall, and winter typical daily 36,000 to 250,000 ft'/s
flow rates. (1,020 to 7,075 m3/s)

Spring runoff peak flow rates. up to 450,000 ft'/s
(12,700 m3/s)

Recent-annual flows-at Priest Rapids 100,000-to-120,000 ft3/s-
Dar. (2,830 to 3,400 m3/s)

Long-term annual average flow at Priest 120,000 ft3/s

Rapids DamC. (3,400 m 3/s)

a- At -oma fl -r n-.--

b) Depending on discharge.
r) Based on 68 years of records (McGavock et al. 1987).
Source: DOE 1991c
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Table-1-30. Endanuered gnd Thrsatened Species Potentially
Found on the 100 Area

SPECIES NOTES

________ ___Endangered Vascular Plants

Persistentsepul Known to have a scattered distribution because of specialized habitat
yeliowcress requirements or habitat loss; generally occurs in marshy places; known to
(Rorppa colunbiae) inhabit wetter shoreline of Hanford Reach in Benton County

Northern Wormwood Rare, local endemic species near the river; not known from the Hanford Site
(Artneisia camperris ssp but reported just to the north near Beverly, Grant County
borealis var workskioldii)

Threatened Vascular Plants

Columbia milk-vetch - - Locally endemic to a - Priest Rapids Dam; could potentially occur in
(Astragalus columbianus) Northwest portion of Hanford Site along the Columbia River

Hoover's desert parsley - Locally endemic to south-central Washington, including Benton County; known
(Lomauiwn zuberosum) to inhabit rocky hillsides

SEndangerCd Birds -

Amenican white pelican
(Pelecanus
erythrorhynchur)

Flocks have recently become common in the Columbia Basin during all seasons
foraging on fish, amphibians, and crustaceans, and roosting on islands

*Peregrine falcon Breeds and winters in eastern Washington, inhabiting open marshes, river
- (Faklo peregrinus) - shorelines, wide meadows, and farmlands; nests on undistrubed cliff faces; an

erratic visitor to the Hanford Site

Sandhill crane Inhabits open prairies, grainfields, shallow lakes, marshes, and ponds; common
(Grus canadensis) migrant during spring and fall in Washington; some known and suspected

-- j nesting sites in eastern Washington; an occasional visitor at Hanford

- reatened airds

*Bald eagle Regular winter visitor to the Columbia River, feeding on spawned-out salmon
(Hajiaeerus and waterfowl: they roost in the 100 Area and nest (unsuccessfully to date)
leucocephalus) along the Hanford Reach

Ferruginous hawk Inhabits open prairies and sagebrush plains, usually with rocky outcrops or
(Bueo regalis) scattered trees; known to nest in Benton and Franklin Counties including the

Hanford Site; rarely winter in Washington, but are known to occasionally
- -forage-on small mammals, birds, and reptiles on sagebrush plains of the

Hanford Site

Threatened Mammals

Pygmy rabbit
(Sylvilagw-idahoenris)

Inhabits undistrubed areas of sagebrush with soils soft enough to permit
burrowsr once known ta-exist on the Hanford Site west of the 200 Area platmu

Source: DOE 1990a-f, DOE 1991a-f
* Indicates both state and federal designation

1T-30
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2.0 -POTENTIAL CONTAMINANTS -OF-CONCERN

An essential element of the feasibility study is to determine the contaminants that
must be remediated in the 100 Area. Contaminants of concern were identified in each
of the eleven draft 100 Area OU work plans. However, the approach for determining

-contaminants of concern was not-consistent among the work plans. Therefore, one
objective of this study was to provide a uniform methodology for the entire 100 Area so
as to arrive at a defensible list of contaminants to be considered in the Phase I/II FS.

Data presented in the source OU work plans included both solid wastes and soil
wastes. Therefore,-for the determination of contaminants of concern, no distinction was
made between these two media.

The results of this study are not intended to provide a final determination of
contaminants of concern; that determination will be made as a result of collecting
additional field data and conducting operable unit baseline risk assessments. Such risk
AccpCcments ara nnt within the scope of this Phase 1/II FS.

The determination of contaminants of concern for the 100 Area was conducted in
two phases. The first phase entailed:

Identification of radiological and/or chemical substances potentially
released in the 100 Area

-Comparison of concentration data with background concentrations and
-established regulry limits.

The end-product of the first phase is a list which is referred to as "regulatory
contaminants of concern."

The second phase, utilizing the results of the first phase, consisted of a qualitative
toxicity assessment. The purpose of this assessment was to determine which of the
regulatory contaminants of concern were of toxicological significance. The end-product
of the second phase is a list of potential contaminants of concern to be used for
evaluating remedial alternatives. -This-list -is provided-in Table 2-1. The details of the
approach used in both phases of the effort are given in Appendix A. The general
methodology is summarized in the subsections below.

2.1 REGULATORY CONTAMINANTS OF CONCERN

The determination of regulatorv contaminants of concern-was based uDon five key
elements:

2-1
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a- Data showing trat a chemical or radionuclide was used or generated within
an operable unit and subsequently was released or potentially released to
the environment

* Regulatory status of radionuclides or chemicals and their constituents

* Sample concentration data

* Background concentration data

* Comparison of sample concentration data with background and regulatory
limits.

Decision logic diagrams were developed to determine the regulatory contaminants
of concern. Figures 1 and 2 of Appendix A provide the decision logic diagrams for
nonradiological, -. ial substances and radiological substances, respectively. Inputs
used in the decision diagrams include:

* Chemical and radiological i----tan - -ned qnd//r released
* Environmental sampling data
* Regulatory limits and background concentrations
* Inventory and disposal records.

The decision logic diagrams -were also used- to-determine- suspect contaminants.
Suspect contaminants are contaminants that have been detected in environmental
samples in the 100 Area at concentration levels below background concentrations or
below regulatory limits. The suspect contaminant list identifies those contaminants for
which subsequent data collection can confirm whether or not the contaminants are
present in concentrations below regulatory concern. When subsequent data become
available,-the suspect contaminants would he re-evnlunted_

-TableI of Appendix A provides adlist of the-regulatory contaminants of concern
and suspect contaminants. The contaminants are differentiated on the basis of
groundwater versus source (e.g., soil) operable unit contaminants. 100-N Area
contaminants are identified separately. Non-radiological (chemical) contaminants are
identified separately from radiological contaminants.

Nonradiological contaminants are further categorized as:

* Metals;
* Nonmetallic inorganic ions and compounds;
0 Volatile organic compounds: and
* Other organic compounds.

2-2
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2.2 QUALITATIVE TOXICITY ASSESSMENT

The qualitative toxicity assessment further refined the contaminant of concern
determination by evaluating the toxicological significance of each regulatory contaminant
of concern. The toxicity assessment was based upon five key elements:

* Review of supplemental Region X EPA guidance (EPA Region X 1991)
which eliminates certain metallic contaminants based upon previous
determinations of low or negligible toxicity

* Determination of the carcinogenicity of each contaminant

- Determination of reference doses for each non-carcinogen

* Calculation of a hazard quotient for non-carcinogens based on an ingestion
exposure route

* -Assessment of calculation results based upon-EPA guidance on
contaminant screening.

The key assumptions and limitations regarding the qualitative toxicity assessment
are listed as follows:

0 The assessment only considered risk-based factors; compliance with
ARARs was not considered.

* Only regulatory contaminants of concern were assessed in the qualitative
toxicity assessment; suspect contaminants were not assessed.

* Contaminants dropped as a result of the toxicity assessment are placed on
the suspect list.

* Assumptions on carcinogenicity:

- All radionuclides were assumed to be carcinogenic
- Carcinogens are defined by the Health Effects Assessment Summary

Tables (HEAST) (EPA 1991) and from the Integrated Risk
Information System (IRIS) on-line database. The following are
descriptions-of-the- groups of carcinogens as provided in HEAST,
Table B, or by IRIS as a Group A, BI, or B2 carcinogen

- Petroleum products are assumed to be carcinogenic because of
benzene

- All-carcinogens _are assumed to be of toxicological significance and
thus are potential contaminants of concern.

* Assumptions for toxicity screening hazard quotient calculation
(noncarcinogens):

2
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- The ingestion exposure route was assumed for all calculations
(Equations 9 and 15 in EPA guidance).

- A hazard quotient of 0.1 was assumed for screening as
recommended by EPA guidance.

- The equations utIl Ized combine ingestion by both children and
adults.

- individual hazard quotients were calculated for each contaminant;
cumulative effects were not considered.

- If an oral reference dose has not been established then the
contaminant was placed on the suspect contaminants list.
For noncarcinogens with an established oral reference dose: if no
sampling data are available then the contaminant was assumed to be
a potential contaminant of concern as the hazard quotient could not
be computed.

2.3 POTENTIAL CONTAMINANTS OF CONCERN AND SUSPECT CONTAMINANTS

The final list of potential contaminants of concern represents a composite of those
that are both of regulatory and of toxicological significance. The final listing is given in
Table 2-1 below. This list is generated for the purpose of assembling possible remedial
alternatives. That is, the contaminants identified are those which are most likely to
require remediation if subsequent field sampling programs and risk assessments show
their concentrations in the environment to result in unacceptable risk and/or are not in
compliance with ARARs. The list provided here should not be construed as
representing any final determination or basis for decision-making regarding selection of
final remedies.
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--- TabIe-2-I.- Potential Contaminants of toncern and Suspect Contaminants
lnnna I -PtA\

Environmental Medium

Potential Sources Groundwater N Area
Contaminant (e.g., soils)

RADIONUCLIDES

Tritium C C C

Carbon-14 C C

Calchim-41 C C

Cobalt-60 C C C

Nickel-63 C C

Seleaium-79 C C

Krypton-85 - C C

Strontium-90 C C C

Zirconium-93 C C

Niobium-94 C C

13- C S C

Palladium-107 C C

Cadmium-113 C C

Antimony-125 S C

lodinc-129 C C C

Cesium-134 C C

Cesium-137 C S C

Samarium-151 C C

Europium-152 C C

Europium-154 C S

Radium-226/228 C

Uranium-235/238 C c

Plutonium-238 C C C

Plutonium-239/240 C C C

rlutoniuff-Z41 ---- C-

Americium-241 C C

2T-La
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Table 2-1. Potential Contaminants of Concern and Suspect Contaminants
(page 2 of 4)

Environmental Medium

Potential Sources Groundwater N Area
Contaminant (e.g., soils)

Aluminum - S S

Arsenic S C C

Barium S C C

Beryllium S C C

Boron C S

Cadmium S C C

Chromium S C C

Cobalt S

Copper S S

Iron S

Lead C C C

Manganese C C C

Mercury S C

Nickel S S S

Sodium S S

Vanadium C S C

Zinc S S

OTHER INORGANIC COMPOUNDS/IONS

Ammonium/Ammonia C S

Asbestos C C

Chloride S S

Chlorine C

Cyanide C C C

Fluoride C C C

Hydrochloric Acid S

Nitrate C C C

2T-lb
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Table 2-1. Potential Contaminants of Concern and Suspect Contaminants
(page 3 of 4)

Environmental Medium

Potential Sources Groundwater N Area
Contaminant (e.g., soils) j

Nitrite

Phosphoric Acid

C C

C

SL fatei- -5 - -S -

VOCs

Acetone C S S

Benzene -- - 1C
Chlorobenzene C

Chloroform S C C

Elthylh ___z__ C4C
Methylene Chloride S C

I-emy. Isouny Ketone - - - -C

r y -I C

Toluene

Trans -1,2-Dichloroethene

S

C

1,1,1-Trichloro-ethane S S

Trichloroethene S C

Xyienes C

OTHER ORGANICS

Acetic Acid C C

Bis (2-ethylhexyl) phthalate C

Ethylenediamine C C

Ethylenediamine tetraacetic acid (EDTA) S S

Formic Acid C C

Hydrazine C C C

2T-1c
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Table 2-1. Potential Contaminants of Concern and Suspect Contaminants
(page 4 of 4)

Environmental Medium

Potential Sources Groundwater N Area
Contaminant (e.g., soils)

PCBs C C C

Petroleum Products/Diesel oil I C ClTetraethylpyro-phosphate S

Tetrahydrofuran S

Thiourea C C C

Note: Refer to Appendix A for detection limits, background concentrations, and contaminant
concentrations.

2T-1d
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3.0 POTENTIAL APPLICABLE OR RELEVANT AND
APPROPRIATE REQUIREMENTS

Section 121(d) of the Comprehensive Environmental Response, Compensation,
and tiability Act Lf 1980, as amended, requires that remedial actions at National
Priorities List sites comply with federal and state environmental laws and regulations.
This requirement is reiterated in Subpart E of the National Oil and Hazardous
Substances&Pollution Contingency Plan 40-CFR Part 300). whichkestabiishes whe and
by whom the applicable or relevant and appropriatesrequirements (ARARs) must he
identified.

Potential ARARs -are those substantive, promulgated federal and state
environmental requirements that are pertinent to a remedial action. ARARs may
specifically address a hazardous substance, pollutant, contaminant, remedial action,
location, or other circumstance at the site; or they may be otherwise relevant and
appropriate by addressing problems or situations sufficiently similar to those encountered
at the site. State requirements must be more stringent than federal requirements to be
Consdelred ARARs

In addition to ARARs, to-be-considered information (TBC) is also important to
remedial planning, and TBCs are included in the evaluation of ARARs. TBCs are
nonpromulgated criteria, advisories, guidance, and proposed standards that are not
legally binding but may provide useful information or recommended procedures. TBCs
may be used in the absence of ARARs or where ARARs are not sufficiently protective
for developing cleanup goals. TBCs identified for the lDOArea-include US. Department
of Energy (DOE) Orders and county requirements.

The EPA may waive ARARs and instead concur with a selected remedial
alternative that does not attain a level or standard of control at least equivalent to a
legally applicable or relevant and appropriate standard, requirement, criteria, or
limitation. Section 121 of Superfund Amendment Reauthorization Act identifies six
circumstances under which ARARs may be waived:

0 The action selected is only part of a total remedial action that will attain
such level or standard of control when completed.

* Compliance with such requirement at that facility will result in greater risk
to human health and the environment than alternative options.

-e -Compliance is technically -impracticable-from- an-engineering perspective.

* The action selected will result in a standard of performance that is
equivalent to an applicable requirement through the use of another method
or approach.

3-1
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-* - ---A state requirement has not been-consistently applied in similar
circumstances on other remedial actions within the state.

* A fund-financed remedial action does not provide a balance between
available Superfund monies and the need for protection of the public
health and environment at the sites where the need is more immediate.

This 100 Area Phase I/II feasibility study 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 area.
Consequently, the ARARs and TBCs identified in the tables in Appendix B encompass a
broad range of potentially pertinent requirements. It is-anticipated that the range of
alternatives identified-in Section 5.0 of this report will be subjected to detailed analysis
in subsequent focused feasibility studies, at which time these ARARs can be culled to
provide requirements that are specific to each operable unit.

3.1 IDENTIFICATION OF ARARS AND TBCS

Potential ARARs and TBCs for the 100 Area are presented in Appendix B.
These tables are first divided by the three categories of ARARs: chemical-, action-,
location-specific. These three categories of ARARs are defined in the U.S.
Environmental Protection Agency document titled CERCLA Compliance with Other Laws
Manual (EPA 1988c) as follows:

Chemical-specific ARARs are usually health- or risk-based numerical values or
methodologies which, when applied to site-specific conditions, result in the establishment
of numerical values. These values establish the acceptable amount or concentration of a
chemical that may be found in, or discharged to, the ambient environment.

Action-specific- ARARs-are -usually-technology- or activity-based requirements or
limitations on actions taken with respect to hazardous wastes. These requirements are
triggered by the particular remedial activities that are selected to accomplish a remedy.

Location-specific ARARs are restrictions placed on the concentration of
hazardous substances or the conduct of activities solely because they are in specific
locations. The categorization of the regulations as chemical-, action-, or location-specific
is preliminary. Refinements to these ARARs will be made in the focused feasibility
study when all LFI data are available and when the specific alternative is proposed.

The categorization of the ARARs as chemical-, action-, or location-specific are
preliminary. Refinements to these ARARs will be made in the focused feasibility study
when- all LFI data are available and when the specific alternatives are proposed.

The ARARs tables are divided as follows:

3-2
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* Tables 1A through IC - Chemical-specific ARARs and TBCs
- Table 1A - Federal ARARs
- Iable IB - 3Idae ARLAs

- Table IC - TBCs (federal, state, and local)

* Tables 2A and 2B - Chemical-specific water quality requirements
- Table 2A - Radionuclides
- Table 2B - Nonradionuclides

* Tables 3A through 3C - Action-specific ARARs and TBCs
- Table 3A - Federal ARARs
- Table 3B - State ARARs
- Table 3C - TBCs (federal, state, and local)

Tables 4A through 4C - Location-specific ARARs and TBCs
- Table 4A - Federal ARARs
- Table 4B - State ARARs
- Table 4C- TBCS (federal, state, and local).

The state hazardous waste management regulations promulgated under the
Hazardous Waste Management Act closely mirror the federal regulations promulgated
pursuant to RCRA. The State of Washington has been authorized to administer the
ieueral RCRAprogram. Consequently, the majority_ofihazardous waste management
regulations are provided as federal regulations in-Tables IA, 3A, and 4A. -Where state
regulations are equivalent to the RCRA regulations, the state citation is shown in
brackets below RCRA citations. Where state hazardous waste management regulations
are more -stringent -than RCRA regulations, the requirements- are provided in Tables 1B
and-3B-as state AnlArs.

3.1.1 Potential Chemical-Specific Requirements

Potential chemical-specific ARARs and TBCs were taken from various federal,
state, and local laws and regulations and applied to the list of contaminants of concern
presented in Section 2.0 of this report. The list of potential chemical-specific ARARs
are:

o Maximum contaminant levels (MCL) established pursuant to the federal
Safe Drinking Water Act

- Water quality criteria established under _thefederal Clean Water Act

* Groundwater limitations from the State of Washington Ground Water
Quality Standards

Control, cleanup, and management standards of the'Uranium Mill Tailings
Radiation Control Act (IJMTRA)
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0 Soil and groundwater limits of the state Model Toxics Control Act
(MTCA) Regulations

4 Radiation Protection Standards of the Nuclear Regulatory Commission
(NRC)

* Air emission standards under the federal Clean Air Act (CAA)

* Toxic Substance Control Act (TSCA)

* Resource Conservation and Recovery Act (RCRA).

Chemical-specific TBCs (Table 1C) include:

* DOE Order 5400.5 (Radiation Protection of the Public and the
Envirnnment)

* County air pollution control regulations
* Proposed MTCA regulations.

Normally, secondary drinking water standards and maximum contaminant level
goals (MCLG) promulgated under the federal Safe Drinking Water Act are not
considered ARARs. However, the state MTCA regulations require secondary drinking
water standards and MCLGs for noncarcinogens be incorporated as cleanup standards.
These requirements are treated in Table 1B as state chemical-specific ARARs and are
also tabulated on Table 2B (Criteria and Limits for Nonradionuclides).

3.1.2 Potential Action-Specific Requirements

Potential action-specific ARARs and TBCs constitute a large portion of the
identified requirements, due in part to the broad spectrum of remedial alternatives under
consideration for the 100 Area in the Phase I/I1 FS. At this point in the remedial
planning process, remedial alternatives have been identified that are applicable to the
1,00 Area as a-whole. Further,-the broad range- of contaminants -of concern for the 100
Area (Section 2.0) make it necessary to consider multiple remedial technologies.
Consequently, numerous action-specific ARARs are potentially applicable at this point
but may be culled out later as more focused feasibility studies are performed for IRM
and OU remedy selection.

The potential action-specific ARARs found in Table 3A include federal
requirements under the:

* CAA
e RCRA

o Clean Water Act
* Other federal statutes.

3-4
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- - Potential State of Washington action-specific ARARs are provided in Table 3B
and include state requirements under:

* The Hazardous Waste Management Act
0 The Water Pollution Control Act
0 MTCA
0 State air pollution regulations
* Other requirements promulgated under state law.

Potential action-specific TBCs provided in Table 3C include:

* DOE Orders
* County regilations.

3.1.3 Potential Location-Specific Requirements

Potential location-specificARARs provided in Table 4A include the provisions of:

* The federal Clean Water Act
* The federal Endangered Species Act

* Other federal statutes.

The list of potential state location-specific ARARs is minimal and includes
regulations under:

* The Shoreline Management Act
* The Bald Eagle Protection Rules
* Requirements for protecting endangered, threatened, or sensitive wildlife

species.

Potential location-specific TBCs provided in Table 4C include:

* Floodplains/wetlands environmental review
* Executive orders.

3-5
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4.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES AND
PROCESS OPTIONS

4.1 INTRODUCTION

-This section discusses the development and screening of technologies and process
options used to assemble the remedial action alternatives. The process used to develop
and screen alternatives is described in Guidance for Conducting Remedial Investigations
and Feasibility Studies Under CERCLA (EPA 1988a). The steps include:

* Developing contaminant-specific and medium-specific remedial action
objectives (RAOs)

* Developing medium-specific general response actions (GRAs)

* _ Identifyingsvolumes or areas of media to which the-generaL response
actions might be applied

0 Identifying and screening the technologies applicable to each general
response aCtion

0 Identifying and evaluating process options for selected technology types
retained for consi3eratiUon

* Assembling selected technologies into alternatives incorporating a range of
treatment and containment comhinations-

RAOs are the more general description of the objectives the remedial action will
accomplish. Remediation goals are a subset of remedial action objectives-and consist -of
medium-specific or operable unit-specific chemical concentrations that are protective of
human health and the environment and serve as goals for the remedial action (55 FR
-8666 et-seq)-- For the 10 Area,-preiiminary RAOs were considered for two land use
options (1) general or residential use; and (2) industrial use. The general use option
requires restoration of the site such that people living on the land would not be
subjected to unacceptable risk, while the industrial use option requires site remediation
to such a degree that those employed in the area would not be adversely affected by site
contamination. However, since land use has not been determined for the 100 Area,
development of RAOs focused on the general or residential use option. This is
conservative, since this option is the most restrictive land use scenario, in accordance
with the National Contingency Plan (NCP). Consideration of general/residential use
covers all less restrictive options (e.g., industrial and recreational). In addition, the
objective of the remedial action is to prevent receptor exposure, and the means of
achieving-this objective is through the general response actions (GRAs). Consequently,
RAOs for different land use options are essentially the same, although the GRAs
employed may be different.
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GRAs are those actions that, either singly or in combination, will satisfy the
remedial action objectives. GRAs are medium-specific and may include institutional
controls, containment, treatment, and/or disposal. GRAs are similar among all the
media of interest in the 100 Area and thus, a single set has been specified as applicable
to all media.

The identification and screening of technologies consider the universe of
technology types that are potentially applicable to the identified GRAs. Technologies
include general categories such as chemical treatment, thermal treatment,
stabilization/solidification, or capping. Within each technology category are process
options. Examples of process options within the chemical treatment technology category
include precipitation, ion exchange, and oxidation/reduction.

Technology process options are initially screened in the Phase I FS to eliminate
--those that re not technically implementable for the site conditions or contaminants
encountered in the 100 Area. A second screening step then focuses on effectiveness and
cost but also considers broader issues of implementability, such as administrative aspects.
Effectiveness screening includes aspects such as ability to handle the estimated volumes
of material, reliability, accomplishment of remediation goals, potential short-term and
long-term impacts to human health and the environment during implementation, and
reduction of contaminant toxicity, mobility, and volume. At this stage of screening, only
qualitative assessments of cost are made, i.e., options are ranked relative to each other
with respect to cost as being low, moderate, or high. Completion-of this step concludes
the Phase I FS.

In the Phase II FS, the list of technologies and process options which passed the
-Phase I screening steps is used to assemble alternative- representing the range of GRAs.
The objectives of the alternatives development step is to limit the number of alternatives
that must undergo detailed analysis while still preserving the range of GRAs and
technologies to be considered. The methodology and results of the Phase II alternatives
development and screening process are given in Section 5.0.

Tne following sections provide more in-depth discussion of the process for
identifying and screening technologies and process options.

4.2 REMEDIAL ACTION OBJECTIVES

RAOs are critical to evaluating the ability of a specific remedial alternative to
achieve an acceptable risk level. RAOs provide the basis for developing GRAs that will
satisfy the objectives of protectinghuman health-and the environment. The RAns are
defined as specifically as possible, without limiting the range of GRAs that can be
applied.

RAOs must address the contaminants of concern, the media of interest, potential
-exposure pathway(s) and receptor(s), and acceptable contamination levels (or range of
levels) for each pathway. RAOs must identify preliminary remedial goals that permit
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development of a range of treatment and containment alternatives. RAOs specified for
-protecting human-receptors express-both -a-contaminant level and an exposure route
because protection can be achieved by reducing exposure (e.g., capping or providing
alternate water supplies) in addition to reducing contamination. RAOs specified for
protecting the environment are expressed in terms of the medium of interest and target
cleanup levels, since the intent of the remedial action is to preserve or restore the
resource (medium) of interest (EPA 1988a).

Final RAOs are determined on the basis of the results of a baseline risk
assessment. Since the baseline risk assessment has not yet been performed for the 100
Area, these RAOs are to be considered preliminary until the risk assessment information
is available. The preliminary RAOs developed here are based on state and federal
standards-,-toxicity factors of the contaminants of concern, and criteria developed in
Hanford Past Practice Site Cleanup and Restoration Conceptual Study (WHC 1991c).

4.2.1 Affected Media

The media of interest for the RAOs includes soils, groundwater, riverbank
-sediments, solid waste- (inciuding buried solid wastes generated during
-site-remediation activities).- The 100-N Area4s distinguished as a medium for purposes
of the FS, in accordance with the TPA 1991 Change Package (Ecology et al. 1991).
However, it is recognized-that all mediaspecified above are also present in the 100-N
Area 1thouh spedfic -contaminants and/or- concentrations may differ forthe 1- N

tAe- I-I-V LU LAe other areas due to the nature and time frame of operations
conducted at 100-N, the contaminated media of the 100-N Area are similar to those of
all other 100 Area sites; therefore, remedial alternatives development will only consider
the general media of soil and riverbank sediments, solid waste, and groundwater.
Potential impacts from volatilization of VOCs or emissions of particulates are expected
to be low. These impacts will be addressed as part of the remedial design of the
preferred-alternative for a site-or-OU -and-are -therefore-not included in this FS.

4.2.1.1 Contaminants of Concern. Potential contaminants of concern for the 100 Area
have been identified and are listed in Section 2.0, Table 2-1. These are specified
separately for groundwater, source areas other than 100-N (e.g., soils, riverbank
sediments, and solid waste), and the 100-N Area (including sources and groundwater).
Suspect contaminants of concern are also listed. Suspect contaminants are those
resulting from substances potentially released which were either: (1) detected in
quantifiable amounts-below natural background or regulatory limits, or (2) were detected
in cuancenrations but are not of toxicological significance.

4.2.1.2 Exposure Pathways and Receptors. Consideration of exposure pathways and
receptors is necessary for developing RAOs. The pathways and receptors are typically
identified in the baseline risk assessment. Since a baseline risk assessment has not yet
been-performed-for-the--100-Area, assumptions must be made concerning exposure
pathways and receptors. Exposure pathways and potential receptors for contamination
from the media of interest are presented in Table 4-1.
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Exposure pathways are the courses a contaminant can take in migrating from the
source to the receptor. Receptors include both human and environmental receptors
which have the potential for exposure to released contaminants. A complete exposure
pathway must have the following elements:

* Contaminant Source
* Release Mechanism
* Transport Mechanism
* Exposure Route
a Receptor.

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);
irradiated fuel handling areas; miscellaneous unplanned release areas; chemical storage
areas; maintenance and decontamination areas; and laboratory/experimental areas.

The primary release mechanisms in the 100 Area consist of intentional and
unintentional infiltration of wastes into soils and the Columbia River. The most
significant contributions are the result of reactor coolant effluents, fuel fabrication wastes
(183-H), and sanitary sewage wastes. Secondary release mechanisms include
contaminant infiltration into groundwater and fugitive emissions from contaminated soils.

Transport media are primarily groundwater, the Columbia River, and wind (air
currents). Groundwater carries dissolved contaminants from source areas. The
predominant direction of groundwater flow beneath the 100 Area is toward the
_Columbia Riverwhich-also serves as a transport medium. Wind can create airborne
contamination, as well as transport contaminants in the form of fugitive dust emissions.

The Hanford Site Baseline Risk Assessment Methodology (HSBRAM) (DOE/RL
1771c) identuiies ftur routes through which a human receptor may be exposed to

-contamination through-the various media identified for the Hnnfnrd Site:

* Dermal exposure
* Inhalation
* Ingestion
* External radionuclide exposure.

The following primary exposure pathways contribute significantly to the overall
risks to receptors:

* Direct ingestion of soil
* Inhalation of fugitive dust
* Ingestion of surface water or groundwater
* Dermal exposure to soil cnntaminants
* External exposure to radionuclides present in the soil
* Biota pathways (for recreational, residential, and agricultural scenarios).
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Secondary exposure pathways contribute less to the overall risks to receptors and
may include:

S----Ingestion-of-sediments

* Inhalation of volatile organic compounds from surface water or
groundwater

* Dermal exposure to contaminated sediments

* Dermal exposure to contaminated water.

As stated in the HSBRAM (DOE-RL 1991c), exposure pathways not
recommended for quantitative evaluation include the ingestion of contaminated particles
or volatiles secondary to inhalation, and dermal exposure to airborne contaminants.
Ingestion of contaminants is adequately evaluated by the soil ingestion pathway.

Exposure pathways for radionuclides can be ranked by considering the type of
radiation-(i.e,-aipha,-beta, gamma)-(DOE/RL 1991c)- Ingestion orinhalation of
radiuonuclides are considered primary exposure pathways due to the risk of cancer
associate-wiu exposure to ionizing radiation. Dermal exposure to radiologically
contaminated water might also be a primary exposure pathway. However, dermal
exposure to alpha and beta emitters would probably not be considered primary exposure
pathways, while dermal exposure to gamma emitters is generally a primary exposure
pathway.

Risks to environmental receptors (other than human) are also incurred when a
completed pathway exists. The elements of the pathway are the same as for human
receptors, but in assessing the risk to environmental receptors, a different method is
used. First, the contaminants of potential concern may be different for environmental
receptors. The evaluation focuses on exposure assessment and toxicity assessment, with
particular emphasis on habitats and species of potential concern. An environmental
evaluation may also take into account indirect adverse effects, such as contamination of
an element of the food chain for some predator.

The identification of exposure routes must also take into consideration
contaminant characteristics, such as:

* Persistence
Mobility

* Tendency to bioaccumulate.

Although a contaminant may have been released and a transport mechanism may
exist, an adverse impact may or may not occur. For instance, nitrate-is not always
persistent in groundwater, as it may be converted to nitrous oxide and/or nitrogen and
oxygen by denitrifying bacteria. Therefore, a release of nitrate may not necessarily cause
a toxic effect to a receptor, depending on the location and/or time period of exposure.
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The half-life of radionuclides is another instance when environmental persistence should
be considered when assessing exposures.

The mobility-of a contaminant-will influence the probability of completing the
exnosure pathway. For example, many ionic metal species are adsorbed on soil particle
surfaces ir form insoluble precipitates. Therefore, the environmental mobility of metals
is typically retarded and, depending on the location of the receptors, a complete
exposure pathway may not exist.

The tendency for a contaminant to bioaccumulate is a similar consideration. For
those contaminants with a lower bioaccumulation tendency, exposure will also be
reduced.

RAOs specify requirements for interrupting the exposure pathway at some point
between the source and the receptor. This can be accomplished by eliminating one or
more of the essential elements of each exposure pathway. The most conservative
measure, which best ensures long-term safety, is to eliminate the source (e.g., remove the
contamination). However, less conservative measures can be equally effective in
protecting human health and the-enviroment-by simply removing receptors from the
pathway, or by eliminating-other elements-from--the-exposure pathway--Arintermediate
measure might involve isolation of the source from transport mechanisms.

4.2.2 Point of Compliance

The point of compliance is the geographical location at which RAOs must be
-achieved.- For-most-hazardous waste sites, the point of compliance is the nearest
identified receptor location for each exposure pathway. Exposure pathways are typically
identified as part of the baseline risk assessment but have been assumed for this study as
showninTable-L The assumed point of compliance for radioactive species is the
point where a member of the public would have unrestricted access to live and conduct
business, and, consequently, to be maximally exposed. The point of compliance for the
100 Area wastes sites will be set in _the_ recordof decision (ROD} in accordance with
anplicrabhle ilw nd regflntinnc

4.2.3 Remedial Action Goals

Remedial action goals are the target cleanup levels which satisfy RAOs, and as
such, are considered a subset of RAOs_ These cleanup levels are driven by the results of
risk assessment evaluations and/or ARARs. In lieu of site-specific investigation and risk
assessment- data, assumptions have been made to develop the RAOs and associated
remedial action goals for the purpose of this FS. While the use of assumptions instead
of site-specific data results in a greater level of uncertainty, preliminary RAOs and
remedial action goals can still be developed to a degree adequate for the Phase I/II
alternatives development. However, site-specific data and definitive risk assessments will
be necessary for future detailed analysis of alternatives.

4-6



DOE/RL-92-11, Rev. 0

For purposes of this Phase I/II FS, the preliminary remedial action goals are
based primarily on state and federal regulatory limits (potential ARARs) along with
selected assumptions regarding cleanup levels as developed in the Hanford Past Practice
Site Cleanup and Restoration-Conceptual Study (WHC 199 c ).

As stated in the preamble to the NCP (55 FR 8666 et seq.), chemical-specific
ARARs are to be used to the degree possible to determine remediation goals. Where
ARARs do not exist for a contaminant, risk-based cleanup goals will be developed,
based upon risk assessment. Such risk assessment is beyond the scope of this Phase I/II
FS. Chemical-specific ARARs and TBCs are presented in Tables IA, 1B, 1C, and 2A,
Appendix B. -These potential ARARs were used in development of the RAOs given in
Table 4-2 and until risk assessment work is completed, are assumed to form the basis for
developing remedial action goals. Note also that remedial action goals need only be
developed for the potential contaminants of concern given in Section 2.0.

Other criteria used in the development of the goals include:

0 Carcinogens - doses posing cancer risk levels no greater than 1.0 x 10' to
1.0 x 10-6 (soils and groundwater) (40 CFR 300)

0 Non-Carcinogens - the potential for non-carcinogenic effects was evaluated
by comparing an exposure level (E) over a specified time period (i.e.,
lifetime) with a reference dose (RfD), such that the ratio of E/RfD
(hazard quotient) is less than one (EPA 1989c)

* Radionuclides - doses or exposures not exceeding 100 mrem/year for soils,
4mrem/year for groundwater, and doses for air emissions not to exceed 10
mrem/year for all radionuclides, with the exception of Radium-222 (DOE
Order 5400.5).

Toxicity-based factors include reference doses (RfDs) and cancer slope factors
(CSFs). The- RfD s-an estimate of the daily exposure to the human population that is
not likely to-cause an appreciable risk of a deleterious effect over a lifetime. The CSF is
the upper 95% confidence level of the slope of the dose-response curve. Reference
doses and CSFs are utilized to compute a concentration level consistent with
preservation of human health. State or federal ARARs define MCLs for human health
considerations. Where ARARs exist, they are assumed to be adequately protective of
humanlealth and-are therefore used, for FS purposes, -as cleanup levels (remedial action
goals). In addition to protection of human health (WHC 1991c) it is assumed that
contaminated groundwater beneath- the Hanford-Site must not-cause-constituent
concentrations in theColurbia River to-exceed chronic aquatic toxicity levels if the
present ecology of the river is to be maintained.

In considering- land use, Superfund exposure assessments most often classify land
use as either residential, commercial/industrial, or recreational (55 FR 8666 et seq.).
EPA also considers the ecologicatuseof the property and as appropriate, the
agricultural use. The HSBRAM (DOE/RL 1991c) poses four scenarios for exposure
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assessment: residential, commercial/industrial, recreational, and agricultural. For the
purpose of developing cleanup goals for assessing remedial alternativesithis_100 Area FS
onsider--ny1residential--also c-aed general use) and commercial/industrial land uses.

Cleanup goals- fGr -residential use-wWuld at.sfy 0 bjcetives- -for both recreational and
agricultural uses since risk assessment criteria are most stringent for the residential
scenario. This is consistent with the NCP principle (see 55 FR 8666 et seq.) that, while
assumption of residential land use is not a requirement of the program, the assumption
may be made based on conservative but realistic exposures to ensure that remedies will
be protective. Where the likely future land use is unclear, risks assuming residential land
use can be compared to risks associated with other land uses, such as industrial. This is
also-consistent-withthe MTCA-cl-eanup regulationn which provide cleanup standards for
both residential and industrial land uses.

4.3 GENERAL RESPONSE ACTIONS

The GRAs identified for the RAOs for each media address the exposure pathways
and receptors identified in Table 4-1. Application of the GRAs presented in Table 4-2 is
intended to prevent direct contact with the contamination and/or reduce or eliminate
contaminant-specific contributions of the different media for protection of human health
and the'environment.

4.4 VOLUMES OR AREAS OF MEDIA OF INIEREST

The identification of areas or volumes of media affected includes a consideration
of acceptable exposure levels, potential exposure routes, site characteristics, and the
nature and extent of contamination. To arrive at a reasonable estimate of the area or
volume of-media affected, certain assumptions have been made. These are listed as
follows:

-The in -situ -volume-of-affected-groundwater was calculated using the pore
volume of the aquifer extending from the unconfined water table down to
the top of the Middle Ringold Formation. A 20% porosity was assumed in
the calculations. The in situ volume calculations also were based on the
lateral extent of the nitrate and tritium plumes as these were considered to
be highly mobile contaminants. Specific details of the calculations are
found in Appendix D.

- - Riverbank sediments include all those vadose zone soils between the low
and high water elevations of the Columbia River inland to the location
where the difference between the high water and low water elevations is
minimal. This varies from approximately 48 feet to 180 feet from the river.
The riverbank sedimens-thus-represent vadose soils near the river which
have been contaminated as a result of fluctuation in the levels of
contaminated groundwater (groundwater fluctuations caused by fluctuations
in river stage). Calculation details are given in Appendix D.
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* Aerial dispersion of reactor stack emissions was uniformly distributed
throughout the 100 Area.

* The gross volume estimates for soils and solid wastes were taken directly
from Figure 7-1 of 100 Area Hanford Past Practice Site Cleanup and
Restoration Conceptual Study (WHC 1991e).

* All radioactive or radioactive mixed waste removed from contaminated
solid media is considered low-level waste. However, for purposes of this
study, radioactive waste is distinguished by levels of radioactivity as follows:

- Low activity waste is defined as non-transuranic (TRU) waste, i.e.,
less than 100 nCi/g total TRU, and which emits beta/gamma
radiation at any point resulting in a dose rate less than 200
mrem/hr. This is also considered "contact-handled" waste in
accordance with Westinghouse Hanford Company requirements
(WHC 1988).

- High activity waste is defined as either TRU or non-TRU waste
which emits beta/gamma radiation at any point resulting in a dose
rate greater than 200 mrem/hr. This is also considered "remote-
handled waste" in accordance with Westinghouse Hanford Company
requirements (WHC 1988).

These definitions are consistent with those provided in the 100 Area
Hanford Past Practice Site Cleanup and Restoration Conceptual Study (WHC
1991e).

Preliminary estimates of the volumes of contaminated media are summarized in
Table 4-3

4.5 IDENTIFICATION AND SCREENING OF TECHNOLOGY TYPES AND

The objective of this section of the FS is identify and screen viable technologies
and process options which will then be developed into remedial alternatives. Technology
-typeis a-general -term referring to a group of operations with common characteristics or
results. Examples of technologies include chemical treatment, thermal treatment,
stabilization/ solidification, and capping. A process option is a specific type of operation
within a technology type which has a narrow focus for its application, e.g., precipitation
or -chemical oxidation are process options for the chemical treatment technology (EPA
1988a).

Technologies and process options are 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
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options indicates that there are no unique features of the 100-N Area which would
present technologies or options differing from the three basic media which have been
considered. That is, even though the 100-N Area contains contaminants which may
differ in their concentration levels, the types of contaminants are essentially the same as
for other areas and thus the applicable remedial technologies are the same. It is
possible that differences in site-specific applications of screened alternatives may result
when a detailedtanalysis&is performedbut this is beyond the scope of the current FS
effort.

4.&. Identification and Screening of Technologies

Potentially feasible, media-specific technologies and process options are identified
for each of the GRAs by compiling information obtained from EPA documents,
reference program sources, and other relevant technical references. Specific sources of
information included:

0 EPA Office of Research and Development

* EPA Superfund Innovative Technology Evaluation (SITE) program

* Feasibility studies performed for other DOE sites

* Feasibility studies performed for other government and/or commercial
sites

* Remedial Action Assessment System (RAAS) database developed by PNL

e Westinghouse Hanford Company (WHC) engineering studies and
evaluations

* Vendors of process systems for site remediation

- Standard engineering texts.

In addition to these sources, interviews and information requests were made to
PNL personnel involved in research and development of innovative technologies.
Innovative technologies were considered to the extent that they have undergone
development on at-least a bench scale. The technologies and process options considered
ars dsOCfrOAd in Aypndtx C.

Each of the technologies and process options underwent an initial screening for
technical implementability. This first screening step only considered, based on an
assessment of existing site data on both contaminant types/concentrations and site
characteristics, whether a technology and/or process option can be effectively
implemented at the site. This serves to reduce the-initial number of pnsnhie
technologies to a smaller and more workable number of options that are applicable or
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appropriate for each medium. Descriptions, given in Appendix C, that form the basis for
- screening were prepared -to summarize the applicability, and describe factors affecting
effectiveness, implementability, and relative cost for each of the process options.

General information regarding the site conditions, contaminant types, and
concentrations was used to support the screening process. In particular, information
about the nature of the contaminants and the subsurface conditions were utilized.

The results of the initial technical implementability screening step are
documented in Sections 4.5.1.1 through- 4.5.1.3 for each of the three media considered.
A summary of the results is presented graphically in Figures 4-1, 4-2, and 4-3.

k second screening step was performed on technologies/process op oQn whivh
considered effectiveness as a primary criterion with implementability (now including
administrative implementability) and cost considered as secondary criteria. Details of
this screening step are given in Section 4.5.2.

4.5.1.1 Initial Screening for Solid Waste. All of the GRAs presented in Section 4.3 are
considereo applicable-for-this- medium. - Figre-41 summarizes the results of the initial
screening-ot solid waste remedial options. The shaded blocks represent those
technologies and process options which were eliminated at this screening stage and the
remaining technologies represent the pool of options to be further evaluated for
effectiveness, implementability, and relative cost in the second screening step. The
following discussion presents the results of the initial technical implementability
screening (the results are also presented graphically in Figure 4-1):

No Action. The NCP requires retaining a "no action" alternative to serve as a
baseline for-evaluating remedial -action measures. The NCP (55 FR 8666 et seq., and
EPA 1988a) further requires the assumption that current activities such as institutional
controls, weed control, and monitoring are not maintained; i.e., no action implies a
scenario of "walking away from the site." While such a scenario is unlikely, it does
provide a worst ce baseline fnr ovllnvinn

Institutional Actions. The institutional actions considered applicable for solid
waste include:

* Access restrictions - Physical barriers, such as fencing, and deed
restrictions, such as covenants restricting the future use of properties.

* Monitoring - Leachate monitoring equipment to continuously monitor
contaminant migration from the waste sources. The leachate monitoring
can be used to monitor the performance of collection or treatment systems
for the groundwater or to provide regulatory compliance monitoring. The
detection of leachate or the progressive decrease of contaminant
concentration would provide a relative indication of collection or treatment
success.

4-11



DOE/RL-92-11, Rev. 0

Containment Actions. The waste containment actions primarily consist of physical
measures to restrict contaminant migration and/or minimize environmental impact. The
technologies evaluated included:

* Capping - All cap types are retained at this initial screening stage with the
exception of the vitrified cap. This vitrified cap was eliminated due to
uncertainties associated with installation of a seamless cap using the in situ
vitrification technology.

* Horizontal barriers - Grout injection was retained as being a technically
mplementable and potentially applicable process option. Current
technologies are potentially capable of creating a horizontal barrier below
the solid wastes. Cryogenic barriers were eliminated for the following
reasons:

- The barrier requires addition of water, which increases the
potential to mobilize contaminants

- Operating costs would be very high because of the need to
maintain the cryogenic systems over a very long-term.

- The barrier may not work (may not prevent contaminant
migration).

Vitrification was also eliminated as a potential horizontal barrier
- -bccauseLU e echnology-has not been demonstrated for use as a

containment method in the 100 Area.

* Vertical barriers - Slurry walls and grout curtains were judged to be
potentially applicable and were retained. The presence of large boulders
in the soils at the Hanford 100 Area precluded the use of sheet pilings as a
viable vertical cut-off method because of the anticipated difficulty in
driving the piles; therefore, sheet pilings were eliminated.

A vertical cryogenic wall is not applicable for the same reasons as
stated above for the cryogenic horizontal barrier; therefore, this
option was screened out.

The implementability of biological barriers has not been
demonstrated on the potential scale required and also would involve
significant injection of water and nutrients, increasing the potential
for contaminant mobilization; therefore, biological barriers were
eliminated.

* Rtin-nn/run-off control - The process options of diversions/collection,
grading, and revegetation have all been retained as being potentially
applicable.
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Removal/Disposal Actions. The removal/disposal actions evaluated include:

0 Excavation and demolition methods for removal and size reduction of
waste components

* -On-site and-off-site-disposal comprised-of engineered structures or
facilities.

All of the process options in the removal and on-site/off-site disposal technologies
are considered technically implementable for the given site conditions and were thus
retainVed.

In Situ Treatment Actions. In situ treatment actions include
stabilization/solidification technologies as follows:

* Grout injection and vibration aided grout injection - These are process
options capable of encapsulating the waste to form a monolithic block
which-resists-leaching or migration of the waste contaminants to
groundwater.

* Dynamic compaction - A method of reducing volume and the interstitial
pore space to limit groundwater contact with the waste. Dynamic
compaction is s-als used-to control-subsidence which is important for long-
term integrity of caps or other surface barriers.

The grout injection methods and dynamic compaction process options were
retained.

* Vitrification - This process option was eliminated at this screening step
because it has not been sufficiently demonstrated for application in a
heterogeneous waste potentially containing sealed containers which are
expected to-exist in the 100 Area burial grounds. Development results to
date indicate that application to solid wastes with sealed containers creates
operating problems with the off-gas control system which have not been
resolved.

Removal/Treatment/Disposal Actions. Technology types evaluated in this
category include:

* Removal
0 Thermal treatment
0 Stabilization/solidification
* Physical treatment
0 Chemical treatment
* On-site and off-site disposal.
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All of the process options associated with the technologies for removal/
treatment/disposal actions are considered technically implementable at this screening
stage and have been retained (Figure 4-1).

4.5.1.2 Initial Screening for Groundwater. All of the GRAs presented in Section 4.3 are
considered applicable for groundwater.-Figure 4-2 summarizes the results of the initial
screening of groundwater remedial options. The discussion of screening results is
presented as- ....ws

No Action. A no-action alternative for groundwater is retained as a baseline for
evaluation of other remedial action measures. Refer to Section 4.5.1.1 for a discussion.

Institutional Actions. Institutional cnntrol technologies considered applicable for
the groundwater include:

* Access restrictions - Water rights restrictions and deed restrictions such as
covenants-restricting the -future use of the property and access to its
underlying groundwater.

Monitoring_-_Useof well-systems to continuously monitor the groundwater
quality for regulatory compliance and for monitoring remediation
effectiveness. Well point monitoring was the only process option
eliminated in this initial screening step. Well points were not considered
technically implementable due the coarse nature of the 100 Area soils and
the large cobbles and boulders expected in the subsurface. Well points are
normally driven into the soil formation and cobbles and boulders would
create difficulties in advancement. Also driven wellpoints can not meet
minimum technical requirements (e.g., sealing) of RCRA/CERCLA
monitoring wells.

* Alternate water supplies - Water supplies developed from other suitable
water sources unaffected by the contamination.

Containment Actions. Groundwater containment actions primarily consist of
physical measures to restrict groundwater (barriers prevent recharge) from contacting the
waste sources and providing a pathway for contaminant migration. Several of the
technologies and process options evaluated are similar to those shown for the solid waste
medium and include:

* Horizontal barriers - The cryogenic wall was retained at the initial
screening stage because the threat for contaminant mobilization is not an
issue as was the-case for-solidwaste. -Grout injection was retained because
it is an established technology that may have suitability to the 100 Area
soils. Vitrification was eliminated because it has not been developed or
tested as a containment echnninv.
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* Vertical barrier- Slurry walls and grout curtains were retained as
potentially applicable. Cryogenic walls were retained although their
implementability is uncertain. Sheet pilings and biological barriers were
eliminated from the vertical barrier-options for the same reasons given for
solid waste, i.e, rocky soils restrict penetration of the piles and large-scale
injection of nutrients to support a biological barrier was judged to pose a
risk for mobilization of contaminants.

* Hydraulic control - An additional technology unique to the containment
of groundwater. Hydraulic control may involve the use of extraction wells
or trenches to impact the hydraulic gradient at the site in the most
desirable configuration (i.e., to direct flow away from the contaminated
site). Both extraction wells and trenches were retained.

Removal/Disposal Actions. All of the removal and disposal actions considered
for groundwater are identified as being technically implementable. Technologies for
groundwater removal/disposal include:

* Groundwater Extraction Wells - Extraction wells, drains/trenches, aquifer
mining and lixiviant extraction (for inorganic contamination) were
evaluated. All options were retained.

* Wastewater Disposal - Tank storage, pond evaporation, or reinjection into
other suitable underlying aquifers. The technologies for wastewater
disposal are well understood and were thus retained.

In Situ Treatment Actions. The following technologies were considered for in situ
tiotreatmntctions:

* Biological Treatment - Enhanced groundwater bioremediation is used to
destroy organic contaminants; biodenitirification is specific to reduction of
nitrates. Spray irrigation is a special application of biodenitrification where
extracted groundwater is sprayed on growing plants for reduction of
nitrates. All may have application in the 100 Area and were thus retained.

* In Situ Physical Treatment - Air stripping and vapor extraction, which both
remove volatile organic compounds (VOC), were retained. Permeable
treatment beds used to remove organics, metals, and radionuclides, and
electro-kinetic separation used to remove ionic constituents, were also
retained.

* In Situ Chemical Treatment - Used to form insoluble precipitates of
inorganic species (in situ chemical precipitation). This option was retained.

Removal/Treatment/Disposal Actions. Technology types included in this category
are:
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* Groundwater Extraction - Extraction wells, drains, and trenches, aquifer
mining, and lixiviant extraction.

* Biological Treatment - Bioreactors, biodenitrification, and biosorption.

* Physical treatment - Ion exchange, evaporation, media filtration,
flocculation, carbon adsorption, air stripping, reverse osmosis,
ultrafiltration, electrodialysis, dissolved air flotation, sedimentation, steam
stripping, freeze crystallization, and supported liquid membrane process
options.

* Chemical treatment - Chemical oxidation, precipitation, tritium treatment,
wet air oxidation and- chemical reduction.

* Surface and subsurface disposal - Deep well injection, reinjection into
aquifer, and crib disposal.

Numerous process options in these technology categories are available for
contaminant removal from groundwater. All of the options were considered potentially
applicableat thisstage based upontechnical implementability and were thus retained.
Refer to Figure 4-2 and the discussion in Appendix C.

4.5.1.3 Initial Screening for Soils and Riverbank Sediments. All of the GRAs presented
in Section 4.3 are considered applicable for this medium. Figure 4-3 summarizes the
results of the initial screening of the soils and riverbank sediments remedial options.
Shaded boxes in Figure 4-3 represent technologies and process options which have been
eliminated at this screening stage, and the unshaded boxes represent the potential pool
of options to be evaluated for assembly into remedial alternatives. The following
discussion summarizes the technical implementability screening process for the soils and
riverbank sediments medium:

No Action. A no-action alternative, similar to that posed for solid waste and
groundwater,-is-retainedas a baseline for evaluation of other remedial measures. Refer
to Section 4.5.1.1 for additional discussion.

Institutional Actions. The institutional actions considered applicable for soils and
riverbank sediments include the use of access restrictions and monitoring. These options
are the same as presented for the solid waste medium. All process options were
retained at this stage of the screening.

Containment Actions. These actions consist primarily of physical measures to
restrict mobilization of the contaminated soils and riverbank sediments. These
technologies and process options are similar to those presented previously for solid waste
and groundwater. Containment technologies provide control of waters that may become
contaminated through contact with soils and riverbank sediments. The technologies for
containment actions include the following:
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Capping - Contains the soils and riverbank sediments or surface structures;
could also be constructed to control and divert surface water flows. All
types of caps are retained at this initial screening stage with the exception
of the vitrified cap. This cap was eliminated due to uncertainties
associated with installation of a seamless cap.

* Horizontal Barriers - Grout injection was retained because it is an
established technology that may have suitability to the 100 Area site
conditions. Vitrification was eliminated because it has not been
demonstrated to the depths required for containment. Cryogenic barriers
were screened out for the same reasons as discussed under solid waste (See
Section 4.5.1.1).

* Vertical-Barriers -Slurry-walls and grout curtains were retained as being
potentially applicable at the 100 Area. Sheet pilings were eliminated
because-of the installation-difficulty-posed by rocky soils. Cryogenic walls
were screened out for the same reasons as discussed undersolid waste (see
Section 4.5.1.1). Large-scale injection of nutrients to support a biological
barrier pose a risk of potential mobilization of contaminants, and thus, the
biological barrier was eliminated.

Removal/Disposal Actions. Removal of contaminated material prevents
migration of contaminants at the site. Excavation was identified as the only process
option for removal of contaminated soils and riverbank sediments. On-site and off-site
disposal options are comprised of engineered structures or facilities and would be
implementable for the given site conditions. All these process options were retained for

In Situ-Treatment Aetion--In-siu-treatment actions are comprised of
technologies tostabilize and-slidify, or to biologically, chemically, or-physically treat the
waste.

* Stabilization/solidification - accomplished by application of process options
that encapsulate loose waste to form a monolithic block. The monolithic
block is not prone to leaching and subsequent migration of contaminants

-- fremike-waste; A-pcess opti ll this -ategory wem ratVained at this
screening stage.

* Biological treatment - primarily limited to removal or destruction of the
organic or nitrate constituents. Land farming was retained for special
applications involving petroleum contaminated soils, such as leaks from
underground fuel storage tanks or-other petroleum fuel spiiis.

* Chemical treatment - soil flushing using chemically reactive reagents may
be used to remove organics and inorganic constituents. This option was
retained as implementable.
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Physical treatment - processes to withdraw or drive the contaminant from
the matrix. The process options include: vapor extraction, steam stripping,
physical soil flushing (non-reactive reagents), RF heating, and electrical soil
heating. All were retained at this stage.

Removai/Treatment/Disposai Actions. Several types of technologies and process
options are represented-in this GR. and are similar to those given for the solid waste
medium. These technologies include removal, thermal treatment, stabilization/
solidification- physical -treatment-chemical ireatment, biolugical treatment and on-site
and off-site- disposal. The-process options-representing-these technologies are listed in
Figure 4-3 and are described in Appendix C. All of the process options were retained in
this screening step.

4.5.2 Evaluation of Technologies and Selection of Representative Technologies

This section documents the further evaluation and screening of the process
options that were retained in the initial screening step (Section 4.5.1). Only those
options remaining after the initial screening continue through the process for a more
thorough review based on effectiveness, implementability, and relative cost. This second
screening evaluation leads to the selection of representative process options for each type
of technology to be assembled into a group of remedial alternatives for the 100 Area.
The results of the second screening are summarized in Figures 4-4 through 4-6 and are
discussed below.

In the selection of representative technologies, CERCLA guidance (EPA 1988a,
Section 4.2.5) suggests that only one process option be selected to represent a technology
type. This simplifies the subsequent development and evaluation of alternatives without
limiting flexibility during remedial design. That is, while the representative process
provides a basis for developing performance specifications during preliminary design, the
specific process actually used to implement the remedial action may not be selected until
the remedial design phase. In some cases, more than one process option may be
selected for a technology type, if two or more processes are sufficiently different in their
performance that one would not adequately represent the other. The criteria used to
evaluate technologies in the second screening step are described as follows:

Effectiveness Evaluation. This evaluation focuses on the potential effectiveness of
each process option in remediating the volume of waste media and in meeting the RAOs
with regard to protection of human health and -the-environment. Specific information
considered includes types of contamination and concentration volume of congmnimted
media, and rates of collection/removal of liquids or solids. Each process option was
classified as being either highly effective, moderately effective, limited, or not effective.

Implementability Evaluation. During this screening step, implementability was
not weighted as heavily as the effectiveness of the process option in accordance with
CERCLA guidance (EPA 1988a). The initial screening, described in Section 4.5.1,
considered technical implementability more on a pass-fail basis, whereas this second
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screening rates therelative degree oftechnical implementability In addition, in this
second screening, implementability also includes the institutional feasibility (e.g.,
regulatory acceptability, public perception) of implementing the technology or option.
These aspects may include necessary permits or issues such as capacities of treatment,
storage, and disposal facilities. The implementability of options were classified as easy,
mnderte, difficult nr nnt implementable.

Cost Evaluation. In accordance with CERCLA guidancecost play&-a limited role
a.hidicceng~SagThe..costnalysits-.made, on the bai of engineering iridnemant
and each process is evaluated in relation to other process options of the same technology
-type; -Both-capital costs-and operating costs are considered. The cost of options were
classified as very high, high, medium, or low in relation to other process options in the
same technology grouping for each medium of concern.

4.5.2.1 Evaluation of Process Options for Solid Waste. Solid waste remedial options
were evaluated based on the criteria defined above. Figure 4-4 summarizes the results
of the second screening step. A more detailed discussion of how each options meets the
criteria is given in Appendix C. Results of the second screening step are discussed
below.

No ActioaResponse for-Solid Waste:

- Action. This option may-be-useful for some sites provided that risk assessment
indicates acceptability -of leaving solid wastes in-place with no additional remediation or
monitoring. However, for broad application, administrative implementability is
questionable because of likely resistance to this solution by the public and the regulatory
agencies. The effectiveness of a no action response may not satisfy the RAOs if
contamination is left in-place. The alternative is not eliminated at this stage because this
option is required by the NCP as a baseline and because it may be an appropriate
response jur some sites.

Institutional Controls Response for Solid Waste:

Access Restriction Options. Both fencing and deed restrictions were retained at
this screening stage. Their effectiveness, particularly in environmental protection is
1imited Out Lhey are easily implementable at low cost.

Monitoring Options. Leachate monitoring was eliminated as a potential option
because current solid waste burial grounds cannot be monitored for leachate without
construction of a leachate collection system beneath the contaminated sites.

-HpldemttlLIun---eacate collection systems necessItates some technique to
concentrate or sample the leachate that may be migrating below a waste source. The
leachate collection system requires either a natural clay barrier or a constructed barrier.
Placement of such a barrier beneath a disposal site is not considered practical without
waste removal. Therefore, this option is screened out.
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Containment Response for Solid Waste:

Capping Options. Capping involves the installation of a barrier over the surface
of the contaminated area to control erosion and-to-prevent the generation of leachate
caused -by surface water infiltration. The-asphalt-and concrete capping options were
eliminated at this stage based on the need for extensive long-term maintenance to ensure
the integrity of the cap. Without such maintenance, the effectiveness of these caps
would be reduced considerably in a relatively short time due to surface degradation.
The synthetic cover was also eliminated. The expected design life of this option is
uncertain and was judged as having limited effectiveness at best and medium to very high
costs.

Soil/clay caps are retained for potential application to those sites where
contaminated solid waste is removed but contamination below a certain depth (e.g. 15 ft
as addressed in MTCA) is left in place. Soil/clay caps are retained for this application
as representative of this technology type because they offer the best implementability and
lowest-cost relative to-the asphalt, cement, and synthetic Lovers.

The three options retained were the RCRA multi-media cap, the Hanford Barrier,
and the soil/clay cover. These options were selected as representative process options
for the solid waste medium. The Hanford Barrier is a special design of the RCRA
multi-media cap option. The Hanford Barrier is particularly well suited to the 100 Area
site conditions and is being specifically designed for isolation of radioactive wastes or
mixed wastes for up to 1,000 years. These two retained options incorporate similar
features and include the best characteristics of several capping designs. The Hanford
Barrier would be constructed of natural materials which should 1) minimize the need for
long-term maintenance (provided that measures are taken to control subsidence), 2)
resist erosion, and 3) provide features adaptable to a range of site conditions. The
RCRA multi-media cap is considered applicable for hazardous only wastes or other
-applicationssuch-as-verysmall sites, where the RCA cap would be technically
adequate and/or more economical. The soil/clay cover would be considered for
applications-where solid waste cites are partially excavated while some deep residual
contamination is left in place.

Horizontal Barrier Option. Grout injection as a horizontal barrier was eliminated
because of its limited effectiveness and difficult implementability. It has not been
demonstrated in a field application at the Hanford Site. The emplaced lateral continuity
of the barrier is uncertain and was the major factor in eliminating this process option.
The horizontal barrier technology type was thus completely eliminated as a result of the
two screening steps.

Vertical Barrier Options. The grout curtain was determined to be ineffective as a
vertical barrier due to the expected uncontrollable nature of emplacing grout in the
coarse Hanford soils. The soils would require viscous grout mixtures and a close pattern
of injection boreholes to achieve adequate overlap of the grout columns.
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The slurry wall was the only option retained for vertical barriers. Better control
of construction is provided over grout curtains because slurry walls are continuously
excavated and emplaced- structures - The- barrier is considered to be moderately effective,
but for the distances and depths required at the 100 Area, the implementation would be
difficult and highly costly. Slurry walls, however, were retained as a representative
technology for further development of alternatives.

SW R -On/REn-OContr-LF The three process options for run-on/run-off control
include diversion/collection, grading, and revegetation. At some point in the remedial
process, each-of these process options may be used to control surface water flow at the
site. These process options may be employed to prevent flooding, control erosion, or
direct surface runoff. All of the options were retained for development of alternatives.
A representative process option was not chosen since each of the options differs
significantly from the others in its application and performance.

-Removal/Disposal Responre for Solid WXaste:

Removal Options. The process options of excavation and demolition of larger
structural components were retained as being highly effective, moderately
implementable, and relatively low cost. Both options are representative of the removal
technologv and both would he needed to handle the range of waste forms.

On-Site Disposal Options. On-site disposal in a tumulus was judged to have
limited effectiveness relative to other options and was eliminated. A tumulus is an
above grade structure that is considered to be more susceptible to surface degradation
and also to have higher maintenance requirements relative-to-options- where waste is
buried below grade. The remaining-process options-trenches/pits -for low activity mixed
waste, vaults for high activity-waste, and RCRA-type landfills for hazardous-only wastes--
are representative of the technology and are considered to be more effective as solid
waste disposal options.

Off-Site Disposal Options. Off-site disposal in a geologic repository was
-determined to be highly effective but not implementable in a time frame necessary to
meet-the RAOs because a reno itory is currently not available and one is not likely to be
available-in the foreseeable future -The-RGRA-A-landfill -and DOE facilities options were
retained as being representative of the technology type-requiredforthe dispnsal of the
variety of wastes to be encountered, i.e, a RCRA landfill could handle hazardous wastes
and mixed and/or radioactive only wastes would have to be disposed at a DOE facility.

In Situ Treatment Response for Solid Waste:

Stabiwizron/nolldiflcation Ojtions. Grout injection was eliminated as an in situ
stabilization/solidification process option for the same reasons discussed under
horizontal barrier options. The high porosity of site soils could allow the grout to flow
treely-around the site and reduce the possibility- for -an -effective solidified matrix in the
solid waste areas. Vibration aided grout injection was retained because the function of
vibration rplied during grout injection was assumed to provide better control of grout
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migration to the desired -locations. Vibration aided grout injection was classified as
moderately effective and is the only technology option retained as representative of in
situ stabilization treatment.

Dynamic compaction was retained as process option of limited effectiveness. The
process would reduce the interstitial pore space and thereby reduce the potential for
contamination migration through groundwater transport or leachate development from
surface water infiltration in the short-term. However, its greatest benefit is in controlling
subsidence, an important aspect to the effectiveness of surface barriers.

RemovaI/Treatment/Disnosal Resnonse for Solid Waste:

Removal Options. Refer to discussion above for Removal/Disposal GRA for
solid waste. Both excavation and demolition were retained.

Thermal Treatment. The thermal treatment technology options retained include
thermal desorption, incineration, and pyrolysis. These options were judged to be highly
effective. The options eliminated included metal melting and molten solids processing.
These options were screened out for the following reasons:

* A highly segregated waste stream would be needed (e.g., metal melting
would require sorting into metal types such-as lead,_aluminum, and
iron/steels)

* Cost associated with segregation activities would be very high.

* Using the processes for decontamination purposes is uncertain.

* The option is not considered to offer significant advantages over other
process options (e.g., incineration followed by solidification).

Stabilization/Solidification. The stabilization technologies are intended to create
a solid monolith of waste with low permeability and reduced leaching potential. All four
process options were retained. Cement is the most commonly used material although
difficulties associated with formulation are typical. Bitumen is a thermodynamically
stable material and highly resistant to moisture penetration; however, it is not as widely
used as cement. Polymers are innovative materials which are most suitable for high
waste loading applications. Vitrification provides the most robust waste form (glass),
although the process is complex.

Physical Treatment. Segregation/sorting was judged to be technically difficult to
implement to achieve a high degree of separation of solid waste by type of waste and/or
waste form. This degree of sorting could probably only be accomplished with a slow
item-by-item manual sorting, which would be very costly and could pose unnecessary risk
to workers unless done remotely. Therefore, this manual item-by-item
segregation/sorting was eliminated as a general process option. Basic waste segregation,
such as separating out intact drums, compressed gas cylinders, other special hazard
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materials, or highly radioactive waste, will be conducted during excavation. Metal
decontamnation (as metal melting) also requires a highly segregated waste stream and
was eliminated.

The options retained included size reduction and repackaging, Some limited size
reduction may be accomplished with the compactible or loose materials in the solid
waste. Repackaging of damaged, deteriorated, or inappropriate containers may be
incorporated.

Chemical Treatment. Chemical oxidation and acid digestion process options were
judged as having limited effectiveness, difficult implementability, and very high costs.
These limitations did not warrant any further consideration of these process options.

Hydrolysis was-identified as having limited effectiveness (it is effective for reactive
metals only), difficult implementability, and high cost. However, it was retained as a
potentially useful approach to remediate reactive metals should they be encountered
during ernvntinn nnd removal operations.

On-Site Disposal Option. The trenches/pits, vaults, and RCRA-type landfills are
the same process options asproposed for on-site disposal in the removal/disposal
gener2I resnioe Ctlfn. All were retained.

Off-Site Disposal Option. Off-site disposal options for the removal/treatment/
disposal GRA are the same as discussed previously for the removal/disposal GRA. The
RCRA landfill and the DOE disposal facilities were retained for use in developing
alternatives.

4.5.2.2 Evaluation of Process Options for Groundwater. The results of the second
screening step for groundwater technologies/process options are summarized in Figure 4-
5 Tlreatment-options- are well known for most of -the contaminants of concern in -the 100
Area; however, no technology exists that could economically remediate tritium
contamination. Natural attenuation appears to be the most viable alternative for the
treatment of tritium.

No Action Response for Groundwater:

No Action. This option for groundwater is retained to serve as the baseline for
comparative evaluations of active remedial response actions. The viability of a no action
respOnse is higUly dpUndent upon the results of future baseline risk assessments and
cost/benefit studies.

Institutional Controls Response for Groundwater:

Access Restriction Options. The analysis of this option assumed that both water
rights restrictions and deed restriction options coudhe _maintained in the short-term and
possibly in the long-term. Both process options were retained for alternatives
development.
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Monitoring Options. Groundwater monitoring is the only process option
remaining from the first screening step. Monitoring is considered a highly effective
method for detecting migration of contaminants. Monitoring wilL likely be required as
part of the remediation and post-closure activities and thus was retained for development
of alternatives.

Alternate Water Supply Options. The alternate water supply options consist of
Columbia River-water and-development of nearby sources such as wells in unaffected
areas. It was assumed that the necessary water rights could be obtained to make this a
viable option. Both process options were retained for alternatives development.

Cnntainment Response for Grnindwater:

Horizontal Barrier Options. The two remaining horizontal barrier options were
judged to be ineffective due to the existing natura-l-aquitard in the area. There is an
upward hydraulic gradient from the underlying aquifer, preventing a contaminant plume
from migrating downward into the unaffected groundwater. The natural hydraulic
conditions tend to bring clean water into the contaminated zones, No better control
could be achieved with an additional barrier installation. The horizontal barrier
technology was eliminated at this stage of screening.

Vertical Barrier Options. The three vertical barrier options remaining include
slurry walls, cryogenic walls, and grout curtains. Slurry walls are highly effective in
controlling the lateral migration of contamination in a geologic medium. Slurry walls
would be very expensive to install in the 100 Area because of the depth required to
reach the natural aquitard; however, slurry walls were retained.

Cryogenic walls could have the same effect on limiting lateral contaminant
migration but at very high cost due to the expenditure of energy to r Aintain cryogenic
temperatures over the long-term, (perhaps hundreds or thousands of years). It is also
considered to be highly uncertain whether the effectiveness could be maintained in the
long-term. For this reason, cryogenic walls were eliminated in favor of slurry walls which
would not require long-term maintenance.

Grout curtains were eliminated as a process option based on the limited control
of grout emplacement and the need for a very close pattern of injection boreholes.

Hydraulic Control Options. Extraction wells and extraction drains/trenches are
two process options that can be utilized to provide the hydraulic control of the
groundwater medium (in conjunction with injection wells). Extraction wells and trenches
are highly-effect-ive- in controlling th lateral diffusion and flow of a contaminated
groundwater plume by controlling flow around or away from a site. Injection wells may
be incorporated to modify the hydraulic gradient around a contaminated site and contain
the plume for withdrawal and treatment. Both options have been retained for
alternatives development.
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Removal/Disposal Response for Groundwater:

Grniundwater Extraction Options. Aniifer mining was eliminated because
implementability would be very difficult and the cost would be extremely high. The
quantities of sediments removed would be massive. Aquifer mining, while theoretically
possible, unctcdented on this scale. Laxi rtinn a iminated because of
its unknown effectiveness (workable lixiviants for many Hanford contaminants have not

_yettben dcvclopcd), potential uncontrollable mobilization of contaminants, and difficulty
in recovering solutions. The retained process options for alternatives development in
this category include extraction wells and extraction drains/trenches.

Wastewater Disposal Options. Deep-well injection into the aquifer was retained
although implementability is difficult due to permitting restrictions. Above/below-
ground storage tanks-were eliminated-because -the-very-large of volumes of water would
make this option impractical due to prohibitive costs. Evaporation ponds were
eliminated because of the potential for release of contaminants such as tritium into the
atmosphere and because of the potential exposure to biota.

In Situ Treatment Response for Groundwater:

Biological Treatment Options. Enhanced groundwater bioremediation and
biodenitrification process options were judged to be moderately and highly effective,
respectively. Both options were retained for further development of alternatives
although their applications are limited to organic contaminants and nitrates.

Physical Treatment Options. Four physical treatment process options include
permeable treatment beds, electro-kinetic separation, air stripping, and vapor extraction.
The permeable treatment bed process option would require periodic replacement of the
treatment beM and excessively large quantities of the treatment bed material; the option
was thus eliminated on the basis of limited effectiveness, difficult implementability, and
high cost.

Electro-kinetic separation was judged to _have limited effectiveness and an
uncertain implementability_(technology has not been demonstrated) and was eliminated,

-- - Air stripping and vapor extraction were both retained as suitable, specifically for
removing volatile organic compounds from groundwater. Vapor extraction is commonly
used for soil remediation, but both process options have also been shown to remediate
groundwater effectively.

Chemical Treatment Options. A single innovative in situ chemical treatment
option was evaluated for treatment of heavy metal -and radionuclide contamInation of
groundwater. Injection of chemical reagents into the groundwater to reduce hexavalent
chromium and/or precipitate other heavy metals and radionuclides may potentially offer
significant technical and cost advantages relative to ex situ treatment options. This
technology needs-considerable-development to-prove-t -viable for in situ application and,
therefore, its implementability and effectiveness are highly uncertain at this time. For
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these reasons, the option is eliminated at this screening stage. See Section 5.3.5.4 for
additional discussion of this innovative technology.

Removal/Treatment/Disposal Response for Groundwater:

Groundwater Extraction Options. For the same reasons as given in the
removal/disposal response, aquifer mining and lixiviant extraction were eliminated.
Extraction wells and extraction drains/trenches were retained for alternatives
development.

Biological Treatment Options. Biosorption was eliminated as an option due to
uncertain effectiveness (technology has not been demonstrated). Bioreactors and
biodenitrification were retained as options for selected contaminants due to
demonstrated effectiveness in similar applications.

Physical Treatment Options. Numerous physical treatment options were
evaluated in this screening step. The retained options include: ion exchange, media
filtration, flocculation, carbon adsorption, air stripping, reverse osmosis, ultrafiltration,
steam stripping, and forced evaporation. All process options in this group are proven
and widely used in-the remediation of both organic and inorganic contaminants. These
-options are effectivend provide a wide range of treatment choices for all the
contaminants of concern except tritim.

Those options eliminated-because they are ineffective-or of-limited/uncertain
effectiveness include passive evaporation, electrodialysis, dissolved air flotation,
sedimentation, freeze crystallization, and supported liquid membrane separation.

Chemical Treatment Options. Tritium separation, while theoretically possible, is
not practical for groundwater remediation treatment, would be extremely costly, and was
therefore eliminated.

Wet air oxidation would not be effective because the level of contaminants is too
dilute. The chemical treatment options retained include chemical oxidation,
precipitation, and chemical reduction.

Surface Disposal Options. Surface discharge is retained as a well proven,
implementable option for groundwater disposal. The soil column acts as an additional
level of treatment, especially for tritium. Columbia River discharge is eliminated
because of tritium contamination, which is not removed from the groundwater. Tritium
-contaminated water discharge to surface water is not a viable disposal consideration.
Storage tanks are not practical for storage of very large volumes over a long period of
time and were eliminated as a process option.

Subsurface Disposal Options. Crib disposal was retained as a process ontion due
to its high effectiveness and ease of implementation at a low cost. Deep-well injection
and reinjection into the aquifer were also retained but are considered more difficult and
expensive to implement than the other process options.
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4.5.2.3 Evaluation of Process Options for Soil and Riverbank Sediments. The results of
the second screening evaluation for this medium are summarized in Figure 4-6. The
evaluations performed for soil and riverbank sediments are similar to those given for the
solid-waste medium in ACaion A . 1

No Action Resoonse for Soil and Riverbank Sediments:

No Action. This option may be useful for some sites provided that risk assessment
indicates the acceptability of leaving soils and/or riverbank sediments as-is with no
additional remediation or monitoring. However, for broad applications, administrative
imple-mentability is questionable because of likely resistance to this solution by the public
and the-regulatory agencies. The effectiveness of a no action response may not satisfy
the RAOs if contamination remains in place. The alternative is not eliminated at this
stage because this option is required by the NCP as a baseline and because it may be an
appropriate response for some sites.

Institutional Controls Response for Soil and Riverbank Sediments:

- Access Restriction Options. Options of fencing and deed restrictions are effective,
implementable, low cost, and were retained for development of alternatives for reasons

-similar to the other media.

- Monitoring Options. Leachate monitoring was eliminated as a potential option
because current soil and riverbank sediment sites cannot be monitored for leachate
wthou-construction of a horizontal barrier beneath the contaminated sites. - Leachate
collection systems require some method to concentrate or sample the leachate that may
be migrating below a waste source. This would require either a natural clay barrier or a
constructed barrier. Placement of such a barrier beneath a disposal site is not
considered-practicaf without waste removal. Therefore, this option was eliminated.

Containment Response for Soil and Riverbank Sediments:

Capping Options. The three options retained were the RCRA multi-media cap,
the Hanford Barrier, and the soil/clay cover for the same reasons as discussed above for
the solid waste medium (refer to Section 4.5.2.1).

For similar reasons as given for solid waste (Section 4.5.2.1), the other process
options were eliminated based of the need for significant maintenance to ensure the
Ilong-m111 iittvgi t)y Ui LIIC cap.

Horizontal Barrier Options. Grout injection was the only horizontal barrier
evaluated at this screening-stage. The horizontal barrier option was eliminated because
of limited effectiveness and difficulty in implementation. The porous soils at the 100
Area would inhibit accurate grout placement.

Vertical Barrier Options.-- The grout curtain option as a vertical barrier was
judged to be ineffective due to the expected uncontrollable nature of grout in the porous
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Hanford soils. It was therefore deleted. The slurry wall option is moderately effective,
but would be costly to construct and difficult to implement at the required depths. It
was retained as a representative process option of this technology category.

Run-on/Run-off Control Options. The three process options for run-on/run-off
control include diversion/collection, grading, and revegetation. All three are effective
for their intended applications, i.e., to control or direct surface water run-on/run-off, to
prevent flooding, or to control erosion. All options were retained.

Removal/Disposal Response for Soil and Riverbank Sediments:

Removal Options. Excavation is the only process option considered for this
medium. Numerous methods may be available to accomplish this objective. Excavation
was retained because it is highly effective,_moderately-implementable, and relatively low
in cost.

On-Site Disposal Options. On-site disposal in a tumulus was judged to have
limited effectiveness and was eliminated. A tumulus is an above grade structure that is
more susceptible to surface degradation and maintenance requirements relative to
options where waste is buried below grade. The remaining process options, i.e.,
trenches/pits, vaults, and RCRA-type landfills, were retained as representative of the
technology and are considered to be more effective as soil waste disposal options.

Off-Site Disposal Options. Off-site disposal in a geologic repository was
determined to be highly effective but not implementable in the time frame necessary to
meet the RAOs because a repository is currently-not available and one is not likely to be
available- ir the foreseeable future. The RCRA landfill and DOE facilities options were
retained as being representative of the technology required for the disposal of the variety
of wastes to be encountered, i.e, a RCRA-type landfill could only handle hazardous
wastes but mixed wastes would have to be disposed of at a DOE facility.

In Situ Treatment Response for Soil and Riverbank Sediments :

Stabilization/Solidification Options. Grout injection as an in situ stabilization/
solidification technology process option was eliminated for the same reasons discussed
for the solid waste medium (Section 4.5.2.1). It would be very difficult to control the
grout flow and direction in soils to ensure complete encapsulation. The course grain
nature of site soils would allow the grout to flow freely around the site. Vibration aided
grout injection was retained for specific applications such as cribs because the function of
vibration during grout injection was to provide a method to control grout migration to
the desired locations.

Shallow soil mixing and fixants were eliminated due to depth limitations.
However, either of these might be of limited use where contamination was known to be
near-surface. Ground freezing was eliminated because of uncertain effectiveness factors:
L4LJk of adeQuaLe sun moisture and the need for maintaining a frozen state in perpetuity.
Because of the latter; Iong-term -operating- costs are judged to be excessive.
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Vitrification was retained because it would be highly to moderately effective for
soils and unsaturated riverbank sediments although ithas not been demonstrated for
deeper contamination.

Dynamic compaction was retained as a process option for limited applications
where subsidence control is desirable, such as in combination with surface barriers.

In Situ Biological Treatment Options. Enhanced soil bioremediation was
eliminated. Effectiveness is uncertain because of the depth of contamination and

-because of the potential for mobilizing those contaminants which are not biodegraded.
Land farming was retained for special applications involving petroleum contaminated
soils, such as leaks from underground fuel storage tanks or other petroleum fuel spills.

Biodenitrification was retained as the representative option for treatment of
nitrates. It was judged -to- be-highly effective and has been successfully demonstrated in
both in situ and ex situ applications.

In Situ Chemical Treatment Options. Soil flushing is the only representative in
situ chemical treatment option evaluated in this screening step. It requires introduction
of chemical solutions to the soil matrix to strip contaminants from the soil. The
effectiveness is dependent upon recovery of the flushing solutions. A high potential
exists for escape of some mobilized contaminants. For these reasons, soil flushing was
judged to be difficult to implement and only of limited effectiveness, and was therefore
eliminated.

- - fi-Situ-Physical-Treatment Option. Vapor extraction and steam stripping were
retained as representative process options due to their moderate to high effectiveness.
Soil flushing, RF heating, and electrical soil heating were eliminated due to limited
effectiveness, high cost and/or difficult implementability.

Removal/Treatment/Disposal Response for Soil-andRiverbank Sediments:

Removal Options. The process option of excavation is the only removal option
considered forthe medium. It was retained as being highly effective, moderately
implementable, and relatively low cost.

Thermal Treatment. Thermal desorption was the only thermal treatment
technology retained. This option was judged to have the potential for being highly
effective with moderate costs (relative to incineration and pyrolysis) for soils application.
The options eliminated included incineration, pyrolysis, and -moltenr solids processing all

-based on economics relative to thermal desorption. These options were ranked as
moderately to highly effective but were determined to have much higher capital and
operating costs relative to -thermal desorption, due- to the- need -for-higher temperatures
(which increases fuel costs). Incineration requires raising the temperature of the soil to
a level high enough to-ensure destruction of organic contaminants. The thermal
desorber, on the other hand,only volatilizes organics (at relatively low temperatures)
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which are then combusted in a secondary chamber (other options are also available for
off-gas treatment).

Ctah4Ihian/nnIohidification. -Bitumen-based, cement-based, and polymer-based
options were eliminated because they would all result in a significant increase in the
waste volume as a result of treatment. Stabilization/solidification of bulk soils is not
practical nor desirable on an aggregate basis because of potential large waste volume
increases. Stabilization/solidification may be considered for limited special and small-
scale applications in the FFS for each site or OU.

Vitrification was retained as an option as an innovative technology for soil and
riverbank sediments and shows promise as being highly effective although costly for largevlI--- f I-soI -/ "cartly high-r -"ss than incineration due to the need for melting,

as opposed to merely destroying organics).

Physical Treatment. The three physical treatment options evaluated include
-vapor-extraction,-soil washing,--and steam stripping.- Vapor extractio and-steam stripping
are proven techniques for removing volatile organic compounds from soil and riverbank
sediments and are therefore retained.

Ihe effectiveness of soil washing is uncertain due to limited test data and the
diversity of 100 Area contaminants. However, if it can be successfully proven, the
technology shows promise as an innovative approach which-could substantially reduce the
volumes of waste required for disposal. It is therefore retained.

Chemical Treatment. Two of the process options, chemical oxidation and alkali
metal dechlorination were eliminated due to limited effectiveness. Soil washing with
chemicals was selected as the representative process option for similar reasons as given
above for physical treatment.

Biological Treatment Options. Land treatment was classified as having limited
effectiveness because of the potential for mobilization of contaminants. Bioreactors and
biodenitrification were retained as representative process options. Both options are
highly effective in treatment of organics and nitrates.

On-Site Disposal Option. On-site disposal technology to satisfy the
-remova LJILf/ disposal action includes the same process options that are discussed
for on-site disposal under the removal/disposal response. The tumulus as an above
ground facility was eliminated due to its limited long-term effectiveness. The options
retained in this category were trenches/pits, vaults, and RCRA-type landfills.

Off-Site Disposal Option. Off-site disposal options for the
removal/treatment/disposal action are the same as discussed under the removal/disposal
response. The RCRA landfiilI&and the DOE disprs: facilities were retained for
development of alternatives. A geologic repository was eliminated because it is not
implementable in the time frame necessary to meet the RAOs.
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4.6 SECONDARY TREATMENT PROCESS OPTIONS

Section 4.5 provides screening of technologies and process options which are
applied as primary response actions for remediation of contaminated sites. Several of
these primary options generate secondary waste streams which require secondary
treatment to meet remediation goals. Evaluation and selection of appropriate secondary
treatment options needs to consider site-specific and action-specific conditions. This
evaluation process is reserved for focused feasibility studies. To provide a starting point
for these evaluations, this section provides a listing of candidate secondary treatment
options as follows:

Application Secondary Treatment Ontion

Off-gas treatment for removal of
volatile organics, products of
incomplete combustion, metal vapors,
ornparticulates (dusts)

Liquid and/or solid residues from
primary processes containing
chemicals and/or radionuclides
requiring further processing to meet
disposal requirements

" Incineration (organics)
" Water quench_ (hightemperature

gases)
" Scrubbing (acid gases, metal

vapors, particulates)
* Catalytic oxidation (organics)
* Carbon adsorption (organics)
* Filtration (particulates)

' Stabilization/solidification for
liquids and/or immobilization of
contaminants

* Evaporation for volume reduction
of liquids

* Filtration for separation of liquids
and solids
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Figure 4-1. Technical Implementability Screening of Process Options
for Solid Waste (Page 1 of 3)
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Figure 4-1. Technical Implementability Screening of Process Options
for-Solid Waste (Page 2 of 3)
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Figure 4-1. Technical Implementability Screening of Process Options
for Solid Waste (Page 3 of 3)
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Figure 4-2. Technical Implementability Screening of Process Options
for Groundwater (Page 1 of 4)
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Figure 4-2. -Technical mplenmentabilv yScreening of Process Options
for Groundwater (Page 2 of 4)
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Figure 4-2 Technica-Implernentabiliy Screeniag-Of-Process Options
for Groundwater (Page 3 of 4)
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Figure 4-2. Technical Implementability Screening of
for Groundwater (Page 4 of 4)
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Figure 4-3. Technical Implementability Screening of Process Options
for-Soil and Riverbank-e-des Pagel
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Figure 4-3. Technical Implementability Screening of Process Options
for Soil and Riverbank Sediments (Page 2 of 4)
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Figure 4-3. Technical Implementability Screening of Process Options
for Soiland Riverbank Sediments (Page I of A)
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-Figure 4-3. Technical lIuplementalility Screening or Process- Options

for Soil and Riverbank Sediments (Page 4 of 4)
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Figure 4-4. Implementability, Effectiveness, and Cost Screening of
Process Options for Solid Waste (Page 1 of 3)
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EM~~eesatCs Screening of
Process Options for Solid Waste (Page 2 or 3)
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Figure 4-4. Implementability, Effectiveness, and Cost Screening of
-Process-Options for-Solid Wste (Pag 3n of 3)
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Figure 4-5. Implementability, Effectiveness, and Cost Screening of
Process Options for Groundwater (Page 1 of 4)
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Figure 4-5. Implementability, Effectiveness,
Process Options for Groundwater

and Cost Screening of
(Page 2 of 4)
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Figure 4-5. Implementability, Effectiveness, and Cost Screening of
Process Options for Groundwater (Page 3 of 4)
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Figure 4-5. Implementability, Effectiveness, and Cost Screening of
Process Options-for-Groundwater (Page 4 or 4)
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Figure 4-6. Implementability, Effectiveness, and Cost Screening of Process
Options for Soil and Riverbank Sediments (Page I of' 4)
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Figure 4.6. Implementability, Effectiveness, and Cost Screening of Process
Options for Soil and Riverbank Sediments (Page 2 of 4)

01 IN

I 11~0
I)

Ii
I'.
I

I aa

II
I
I
I

3I

I
I,
I
I
i:

a H1

IN a

iI~ illlie

HR-N-i H-N
II~ jli

A huh
w'P-- ~i;Li -I-

WW W

I U

IL

1PM .111
JMIfl.I41~ I

TTT

ii

,~eF

"-I

ad

r!II-flip

!77
liii
ji~

VT

h

4F-6b

S
0

C)

I!
ti
A

I
I
aI.

I

II

ii
1.1,

Iir

i Pip?



DOE/RL-92-1 1, Rev. 0

-Figure-4-6. Impleiertabilty;-Eftectiveness, and Cost Screening of Process
Options for Soil and Riverbank Sediments (Page 3 or 4)
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Figure 4-6. Implementability, Effectiveness, and Cost Screening of Process
-Options for Soil and Riverbank Sediments (Page 4 of 4)
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Table 4-1. Hanford 100 Area Media of Interest. Exposure Pathways, and Receptors

MEDIUM- EXPOSURE PATHWAY RECEPTORS

Sods Direct contact Humans
External exposure Terrestrial flora and
Ingestion fauna
Consumption of plants grown on the land Aquatic flora and
Water and wind erosion of contaminated fauna
soil particles Aerial fauna

I Bioaccumulation in the food chain

Groundwater Consumptive use Humans
Irrigation and bioaccumulation in the food Terrestrial flora and
chain fauna
Baseflow-contributions te th1 Columbia Aquatic flora and
River fauna

Aerial fauna

Riverbank Direct contact Humans
Sediments Ingestion Aquatic flora and

Bioaccumulation in the food chain fauna
Water and wind erosion of contaminated Aerial fauna
particles Terrestrial flora and

fauna

Solid Wastes Direct contact Humans
Ingestion Terrestrial flora and

IaConsumptLon of plants grown on the land fauna
Water and wind erosion of contaminated Aerial fauna
soil particles
Bioaccumulation in the food chain
Aerial dispersion
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MEDIUM* REMEDIAL ACMION OBJECTIVES GjCENERAL RESPONSE ACTIONS

Soils .

G ud tlt

No Action I

Institutional Controls

Containment

in Situ Trealiment

Removal/Disposal

Remnsoval/DisposalfTreatment

For HIman Health:
Prevent ingestion/direct contact with soil having an excess cancer risk of 10 to
10 , or radionuclide,concentrations resulting in annual whole body radiation dose
in excess of 25 iremiyear, or annual critical organ radiation dose in excess of 75
mren/year (see Table IA, Appendix B).

Prevent inhalation of all contaminants of concern posing an excess cancer risk of
l0I' to 10, or radionuclides in concentrations resulting in doses greater than
10 mem/year (see Table IA, Appendix B).

For Environnitital Protection:
Pr:vent ernsion of sol that would contribute to surface water concentrations
grcater than the standards for the contaminants of concern in surface water listed
in Table IB, Appendix B.

Pr.vent release l cotaminants of concern to groundwater that would result in
cotncentrations in ecess ot the concentrations listed in Tables 2A and 2B,
Appendix B, or above background concentrations listed in Tables AB-I through
AEk-10, Appendix A

For Human Heahh
Pre vent ingestion of Water with carcinogen concentrations in excess of MCLs
(Tible 2B, Appendix B) and a total excess cancer risk for all contaminants of
concern greater 'than IO" to 10 .

Pre vent ingestion of water with contaminant concentrations in excess of MCLs
(ser Tables I B. 'IC, 2A, and 2B, Appendix B), or background concentrations, as
presented in Tables AB-A through AB-10, Appendix A.

Prevent ingestion of water with total radionuclide concentrations that would result
in u radioactive :xposure dose in excess of 4 mrem/year.

Fot Environmental Protection:
Prevent baseflow contributions to the Columbia River of all contaminants at
cou centrations that would exceed chronic aquatic concentrations presented in Table
28, Appendix B.

Res-tore groundwater quality to background concentrations for all contaminants
presented in Tables AB-A through AB-10, Appendix A.

No Action I

Institutional Controls

Containment

In Situ Treatment

Removal/Disposal

Removal/Disposal/Tresturent

I-i

0
m

'-C
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MEDIUM* REMEDIAL ACTION OBJECUIVES GONERAL RESPONSE ACTfONS
Riverbank Scdirents For Human Healh: No Action

Prevent ingestion/direct contact with soil having an excess cancer risk of 0 to
10*, or raddionuclide concentrations resulting in annual whole body radiation dose Institutional Controls
in excess of 25 mrem/year, or antual critical organ radiation dose in, excess of 75
m'rem/year (see Table IA, Appendix B). Containment

Plevent inhalation of all contaminants of concern posing an excess cancer risk of It Situ Treatment
10t to 10, or radionuclides L concentrations resulting in doses greater than
10 mrem/year (see Table IA, Appendix B). Remnoval/Disposal

For Environimental Protection: Removal/Disposal/Trealment
Prevent erosion of soil that woTad contribute to surface water concentrations
greater than the standards for the contaminants of concern in surface water listed
in Table 1B, Appendix B.

Prevent release of contaminants of concern to groundwater that would result in
concentrations in excess of the concentrations listed in Tables 2A and 2B
Appendix 13. or above background concentrations listed in Tables AR-1 through
AB-10, Appendix A.

Solid Waste For Human Health: No Action
Prevent ingestion/direct contact with solid waste having an excess cancer risk of
lW" to 10', or radionuclide concentrations resulting in annual whole body Institutional Controls
radiation dosac in excess of 25 .nrem/year, or annual critical organ radiation dose
in excess of 75 mirenyear (see Table I A, Appendix I. C"otainitt

Prevent i n..on .f all contaminants of concern posing an excess cancer risk of In Situ Treatnent
W to 10_ or radionuclides in concentrations resulting in doses greater than

10 trex/ycar (see Table I A, Appendix B). Reowal/Disposal

For Environamental Protection: Removal/Disposal/Treatment
Prevent erosion of solid waste that would contribute to surface water
concentrations greater than the standards for the contaminants of concern in
surface wate'r listed in Table I i, Appendix B.

Prevent release of contaminants of concern to groundwater that would result in
concentrations in excess of the concentrations listed in Tables 2A and 2B,
Appendix B or above background concentrations listed in Tables AB-1 through
AB-10, Appendix A.

Note: The 100-N Area is not specified as a medium of interest since it is similar in nalure to the other sites in the 100 Area such that the other media listed also apply to the 100-N Area.
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Table 4-3. Hanford 100 Area Volumes or Areas of Affected Media

MEDIUM VOLUME, Loose Cubic Feet

Low Activity"' Soil 420,116,000
(grain size <12 inches)

High Activity( Soil 13,495.000
(grain size <12 inches)

Low Activity" Soil 22,112,000
(grain size > 12 inches)

-High Activity ' ' Soil -7ioo-
(grain size > 12 inches)

-Groundwater. U low activi- -_ _- -4x10
9 gallons

_Rbnk Sedint ,-a-I low activity"

Low Activity"' Solid Waste
(except pipe >24 inches, diameter)

High Activity' Solid Waste 7,581,000
(except pipe)

Low Activity(" Pipe 31,935,000
(diameter >24 inches)

High Activity(" Pipe 394,000

13,790,000

109,614,000

(1) <200 mR/hr
(2) >200 mR/hr

surface, <100 pCi/gram TRU
surface and/or >100 pCi/gram TRU

'All volumes are taken from WHC (1991e) except for Groundwater and
Riverbank Sediments which are derived in Appendix D.
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5.0 DEVELOPMENT AND SCREENING OF ALTERNATIVES

51 INTRODUCTION

Following identification and screening of technologies and process options,
remedial alternatives-are-assembled,- developed, and screened, -following the guidance
provided by CERCLA (EPA 1988a).

This section of the FS is divided into the following topics:

a Development of alternatives (Section 5.2)
* Screening of alternatives (Section 5.3)
a introduction to alternative screening (Section 5.3.1)
0 Solid waste alternatives (Section 5.3.2)
* Groundwater alternatives (Section 5.3.3)
* Soil and riverbank sediment alternatives (Section 5.3.4)
a Summary of the alternatives evaluation (Section 5.3.5).

Section 5.3.5 provides a comparative analysis of the alternatives including the
rationale for retention or elimination of specific alternatives.

5.2 DEVELOPMENT OF ALTERNATIVES

Remedial alternatives are developed by combining representative screened
technologies and process options to provide integrated solutions for remediation of
contaminated waste sites. In Section 4.0 of this report, the universe of potentially
applicable technologies was screened twice: initially for technical implementability (refer
to Figures 4-1, 4-2, and 4-3) and then for effectiveness, institutional implementability,
and cost (refer to Figures 4-4, 4-5, and 4-6). Based on the results of these two screening
steps, alternatives have been developed which span the range of GRAs and which
combine technologies from different GRAs. if necessary to provide an integrated
solution. For example, capping (a containment general response action) is combined
with removal and disposal general response actions, so as to provide a complete solution
for placing removed waste in a configuration which is most protective of human health
and the environment.

The alternatives development process for this FS is shown graphically in Figure
5-1 for the solid waste-media; in Figure- 5-Z for groundwater,- and -in Figure 5-3 for soils/
riverbank sediments. A total of 27 alternatives have been assembled; however, only 18
of these are unique as some of the alternatives apply to both solid waste and soil media.
Technologies and process options have been combined in such a way that representative
groups of technologies can be compared- For example. some alternatives are established
which differ only by the type of disposal. e.g. on-site vs. off-site. This is done so that the
Impacts disposal method can beevaluatedstand-a one without involving parallel
consideration of factors not relating to disposal.
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Each of these alternatives is described in sufficient detail such that they can be
evaluated in the alternatives screening step. Descriptions are based upon the general
process information given for each technology/process option in Appendix C. In
addition, each alternative is described in view of knownsitexconditions, contaminant
ranges, volumes of contaminated media, remediation times, etc. These descriptions are
given in Sections 5.3.2 through 5.3.4 for each media.

CERCLA guidance (EPA 1988a) suggests a maximum of ten alternatives (from no
action to removal, treatment, and disposal) be developed for detailed analysis. However,
because this is an area-wide FS, encompassing many types of contaminants, media, and
waste forms, more alternatives were developed overall to provide greater flexibility in
subsequent detailed analysis phases to be performed as part of the focused feasibility
studies for IRM or OU final remedy decisions.

Other considerations and assumptions used to develop alternatives are listed as
follows:

* No attempt was made to formulate alternatives for groundwater in
combination with other media. Such combinations will be considered in
future focused feasibility study phases following completion of risk
assessments indicating that combinations are required to eliminate source
to receptor pathways.

* Soils and riverbank sediments are sufficiently similar to be considered a
single media.

* 100-N Area media (groundwater, soils, riverbank sediments, and solid
waste) are sufficiently similar to those of the other operable units and,
therefore, are not considered separately for alternatives development
purposes.

Alternative combinations which consider multiple media might be developed
which combine source removal (e.g., contaminated soil) and containment of groundwater.
The risk assessment provides specific information on the source to receptor pathway. It
is important that multiple media transport of contaminants be defined which in turn
suggests how the source/receptor pathway can be manipulated to control or eliminate
contaminant migration.

5.3 EVALUATION AND SCREENING OF ALTERNATIVES

In accordance with the CERCLA FS process (EPA 1988a), each alternative is
evaluated against established criteria. The criteria are essentially the same as used for
technology screening, i.e.. implementabilitv, effectiveness, and cost. However, in the
alternatives evaluation stage, the criteria are now viewed in more detail, considering
more site-specific-conditions, and as applied to the integrated remedial solution rather
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than to just a portion of the solution. The CERCLA evaluation criteria are listed as
follows:

Effectiveness:

0 Short-term protection of human health
- Assesses protection of the community during remedial action,

including risks from dusts, transportation, air-quality impacts, etc.
Also, assesses protection of workers during remedial action and the
threats which may be posed to workers.

Short-term protection of the environment
- Addresses potential adverse environmental impacts resulting from

construction and implementation and evaluates the reliability of the
available mitigation measures in preventing or reducing the
potential impacts

* Long-term protection of human health
- Assesses the residual human risk remaining from untreated waste or

treatment residuals at the conclusion of remedial activities; assesses
the adequacy and reliability of controls if any that are used to
manage- treatment residuals or untreated wastes.

* Long-term protection of the environment
- Same as long-term -human health protection, but with applicability to

impacts on the environment

* Reduction of mobility, toxicity, or volume reduction.
- Assesses the extent to which the alternative achieves destruction or

reduction of the total mass of toxic contaminants, irreversible
reduction in contaminant mobility, or reduction of total volume of

-- ontaminated-media.

impiementability - technical feasibility:

* Constructability
Relates to the technical difficulties and unknowns associated with a
technology

* Operational reliability
-- Focuses on the likelihood that technical problems associated with

implementation will lead to schedule delays

* Maintenance
- Assesses the degree and difficulty of maintenance of the remedial

s.stem during the im-lemeni period; also considers the time-
frame for which maintenance is required.
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Implementability - administrative feasibility:

a Agency approvals
- Assesses the likelihood of gaining public and regulatory acceptance

of the proposed remedial action including all necessary permits

Availability of services
- Assesses the availability of adequate off-site treatment, storage

capacity, and disposal services; assesses the potential for obtaining
competitive bids, which may be particularly important for innovative
technologies; assesses availability of prospective technologies

* Specialized equipment and personnel
- Assesses the availability of necessary equipment and specialists and

provisions to ensure any necessary additional resources for
accomplishing the remedial activities.

Cost relative cost:

S---Assesses the relative magnitude of both capital and operating cost over the
period of the remediation.

Detailed descriptions of each of these-criteria are given in CERCLA guidance
(EPA 1988a, Section 6.0).

5.3.1 Alternative Screening Process

The alternative evaluation step culminated in-a formal scoring process to-provide
a numerical qualification of how each alternative meets the evaluation criteria. The
scoring process recognizes that how alternatives rate against a specific criterion is not a
pass/fail situation, rather it is a matter of degree. This degree, which considers the
balance of pros and cons for each factor, is represented by a simple 1 to 5 scale, whereby
"1" (poor) suggests that the criterion is not met at all while "5" (excellent) suggests that
the criterion is met very well.

The scoring was performed independently by multiple individuals who made up
the FS project team. Multiple scoring was done so as 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. Following this initial scoring step, discussions
among project team members were held to resolve discrepancies between individuals.
For example, should one team member have scored an alternative as a "5" and another
team member scored the same alternative as a "I", a discussion ensued to resolve the
-difference of opinion. Following these-discussions. each indfviduaLwas given-he
opportunity to change his/her score(s), although changing of a score was not mandatory.
The scores were then composited and averaged to arrive at final rankings which could
then be compared.
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To aid in defending the alternative evaluation scoring, each team member was
asked to document the rationale for his/her scoring, providing both the pros and cons of
each alternative and any additional comments as relating to the criteria. These
comments were then composited and formed the basis for the evaluation of each
alternative, the results of which are summarized for each alternative in the sections
below immediately following the description for that alternative.

--- Section 5.3.5 provides an overall summary of the alternatives evaluation and
screening process.

5.3.2 Solid Waste Alternatives

Z5.3.2.1 Alt ArnIva n-1:-N Action for flIfd Waste.

5.3.2.1.1 Description. As explained in Section 4.0, the no action alternative is
required by the NCP to serve as a baseline for evaluation of other alternatives. The no
action alternative can also be applied to sites where contamination does not exceed the
level of unacceptable risk and/or is in _compliance with ARARs. This alternative
represents a situation where no restrictions, controls, or active remedial measures are
applied to the site and thus the contamination is allowed to dissipate through natural
attenuation processes. The acceptability of this alternative would depend on a risk
assessment.

-- &32-4Z -Evaluation. This alternative involves no monitoring and no controls. In
effect,_the Hanford 100 Area would be administratively transferred for general or
indistriw use. This alternative must be evaluated from the-risk assessment standpoint
prior to incorporation.

Short-term effects are scored considering potential exposures to the populace and
worker exposure. Since there would be no worker exposure, and the solid waste sites
represent only amoderatt exposure problem in- the undisturbed state, short-term effects
are given an intermediate score. Risk assessment results would make scoring much more
meaningful. In the absence of risk assessment, it must be assumed that the long-term
effects are very poor and the constituents are released into the environment. This
aiternative provides no benefits to reducing waste mobility.

The obvious factors related to construction and reliability are all given high
scores, +k-e--i-g 1e availability and relriabil*ty f the equipment-required for no action.
Similarly, the alternative was given a high score for cost because there is essentially no
cost associated with this alternative.

This alternative was given low scores for agency approval because the RAOs
would not likely be mt
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5.3.2.2 Alternative SW-2; Institutional Actions for Solid Waste

5.3.2.2.1 Description. This alternative involves access restriction to areas within
the Hanford 100 Area which contain contaminated solid waste. Volume, toxicity, and
mobility of contaminants associated with solid wastes are not reduced by institutional
actions. However, access restriction to solid waste sites such as burial grounds or
retention basis does reduce the potential for human exposure. Two types of institutional
actions are considered for this alternative as follows:

Access restriction- to-solid-waste-sites may be accomplished by erecting
fences around the Hanford 100 Area. Multiple fences could be placed
around individual sites for additional security. Fences ensure that
sufficient distance exists between waste sites and potential receptors to
ensure that RAOs are satisfied. The height of the fences must be high
enough to prevent larger animals such as deer from entering contaminated
zones. Fences should be constructed of materials which are least
susceptible tacorrosion and degradation due to weathering. As an
additional measure of protection, fences should include symbolic
placarding which indicates potential hazards associated with the location.
Periodic inspection and repair would be required to maintain the integrity
of fences.

* Deed restrictions would be used to institute restrictions to land use in and
around solid waste sites. Restrictions specify acceptable land use practices
and may take the form of covenants which limit activities involving human
contact with solid waste sites. Deed restrictions may include prohibition of
groundwateruse, excavation, and land-use limitations restricting farming
and grazing.

In addition to the institutional restrictions, this alternative also includes
continuation of monitoring and surveillance programs to track the migration of
contamination.

5.3.2.2.2 Evaluation. This alternative involves the use of institutional controls
over solid waste in perpetuity. The associated monitoring systems are assumed to be
necessary for the same time period. Again, assumptions were made concerning the
actual-health-effects of this alternative in the absen'ie of a risk assessment which would
assign the effects.

The- short-term effects are -assumed to be acceptable,- based on molitoring, and no
worker exposure is associated with retrieval. Therefore, an intermediate score is
assigned. Long-term effects are again assumed to be undesirable and are scored low.

Constructabilitv, reliability, availability of services, and special equipment all get
high scores because fencing, monitormng and legal instruments are all readily available.

5-6



DOE\RL-92-1 1, Rev. 0

A medium score was assigned for maintenance because of the need for perpetual
care. The low cost of the institutional actions results in a high score for cost on this
alternative. A low score was given for agency approval because it is unlikely that RAOs
can be met with institutional actions.

5.3.2.3 Alternative SW-3: Containment Actions for Solid Waste

5.321.3.1 Description. A single alternative has been developed for containment of
solid waste.

* Run-On/Run-Off Control:
-Grading

- fiversion/Collection
- Revegetation

* Capping:
, aford Barriers-radioactive buried watocto cite)

RCRA Multi-media aps (hazardous-only buried waste sites)

Monitoring: 100 Area groundwater.

Size and Configuration. This containment action is intended to take advantage of
low-cost surface modifications to protect the integrity of solid wastes buried below
ground surface. The Hanford Barrier would be installed over buried wastes to prevent
erosion, breaching by burrowing animals, and contact with precipitation. Other areas of
the site would be contoured (by grading) to aid in channeling precipitation away from
the wastes, thus ensuring adequate protection from erosion. Diversion and collection
would also be used to prevent runoff from ponding over the solid wastes thereby
reducing the potential for mobilization of contaminants by leaching. Native species
vegetation would be planted over capped areas and adjacent areas of disturbed soil for
erosion control.

Containment Objective. The objective-of solid waste containment is to minimize
mobilization of contaminants by erosion or leaching.

Disposal Method and Distance. Containment implies in situ disposal which
avoids the need for disposal facilities. Solid wastes and associated contamination are
isolated in situ without waste treatment.

5..2.32__EvaIuation.T-he -Hanford Barrier -is considered to be well -developed
and effective, although it has not yet been employed in a full scale application. Because
there are no long-term performance data available, uncertainty remains over the
potential for failure from waste subsidence since this alternative makes no provisions to
stabilize wastes. The potential for subsidence will necessitate perpetual care of a very
large number of sites if the alternative is to remain effective.
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RCRA caps are effective and have been applied at many hazardous waste sites
nationwide, although numerous cap failures have occurred.

Short-term effects were scored slightly lower than for Alternatives SW-1 and SW-2
due to the need to work directly over the waste while installing the cap. The short-term
environmental effects are worse due to disturbances associated with grading for run-
on/run-off control. The long-term effects are given low to medium scores because the
waste has not been modified 'or immobilized and the potential for contaminant
mobilization effects remains. The alternative is superior to Alternative SW-1 or SW-2
because the Hanford Barrier and/or RCRA cap will inhibit leaching and intrusion.

Constructability was given high scores, reflecting the simplicity of the alternative.
Similarly, services and equipment are readily available. This alternative was downgraded
on maintenance due to the potential problem of subsidence and the associated need for
perpetual care.

Medium to high scores were given to cost, reflecting a low capital cost and
potentially high costs of perpetual care.

Low scores were assigned to agency approvals because the contaminants would
not be immobilized and a multiplicity of sites exists.

5.3.2.4 Alternatives SW-4, SW-5, and SW-6: Removal and Disposal Alternatives for
Solid Waste.

5.3.2.4.1 Descriptions. Three alternatives have been developed for the removal
and disposal general response action for solid waste.

Alternative SW-4:

Removal: Excavation/demolition (Includes sorting by activity level, size
reduction to accommodate packaging, and packaging for transport to
disposal site)

e fln-.Sitp fspncnl:

- Vaults (high-activity radioactive and mixed waste)
(high-activity waste = greater than 100 nCi TRU/gm or 200
mrem/hr; see Section 4.4)

- Trenches/pits (hazardous-only, low-activity radioactive and mixed
waste)
(low-activity waste = less than 100 nCi TRU/gm or 200 mrem/hr;
see Section 4.4)

* Capping:
n anford Barriers (radioactive waste disposal sites)

- RCRA Multi-media Caps (hazardous-only waste disposal sites)
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Alternatives SW-5 and SW-6 are variations of Alternative SW-4 and differ only by
the method of disposal.

Alternative SW-5:

* Removal: Excavation/demolition (Includes same sorting, size reduction,

and packaging as Alternative SW-4)

- DOE farilities (all radioactive mixed)
- RCRA landfills (hazardous-only materials).

Alternative SW-6:

* Removal: Excavation/demolition (Includes same sorting, size reduction,
and packaging as Alternative SW-4)

* On-Site Disposal:
- Vaults (high activity radioactive and mixed)
- RCRA-type Landfills (hazardous and low-activity radioactive wastes)

* Capping:
- Hanford Barriers (radioactive waste disposal sites)
- RCRA Multi-media Caps (hazardous-only waste disposal sites)

Size and Configuration. The 100 Area Past Practice Site Cleanup and Restoration
Conceptual Study (WHC- 199ie, Appendix A.4.0) presented an estimate of approximately
46 million loose (expanded after excavation) cubic feet (LCF) of buried waste in the 100
Area past practice sites. The referenced report also provided estimates on the
AIsriuion of wastes as [ lows:

* Forty percent of the buried waste consists of combustible materials such as
wood, paper, rubber, and plastic.

* The remaining buried waste consists of 60 percent buried metal and 40
percent buried demolition wastes.

* In addition to buried waste, the study estimated that approximately 46
million LCF of discrete metal (e.g., from existing-equipment, pipelines,
reactor components)

* Approximately 57 million LCF of demolition wastes (from the demolition
of existing structures consisting primarily of concrete rubble) in other than
burial grounds.
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Table 1-7 and Section 1.0 of this FS report provide more detailed information on
solid waste forms and contaminants. A total of approximately 150 million LCF (See
Table -5-1 below) would require removal from the combined 100 Area past practice sites.

The excavatioaand derolirion systemaconsists of leavy- equipment, suciras front-
end loaders, excavators, and bulldozers. Approximately 2,500 loose cubic feet per hour
(refer to Table 5-3 of the Flow Rate and Composition section below for a derivation of
this value) must be excavated/demolished beginning in the year 1999 to complete
remediation by the year 2018, the TPA Milestone for completion of site remediation.
-Conceptual -details- of this-system- are given in the 100 Area Past Practice Site Cleanup and
Restoration Conceptual Study (WHC 1991e).

The disposal systems defined for Alternatives SW-4, SW-5, and SW-6 provide the
opportunity to examine and compare the use of both on-site and off-site disposal
strategies. Major unit operations and the objectives of their use for each alternative are
discussed below:

Alternatives SW-4, SW-5, and SW-6 Removal:

The objectives of Alternatives SW-4, SW-5, and SW-6 are common, i.e., removal
of solid waste by excavation and demolition followed by disposal.

Commercially available, large scale mining/construction equipment would
be used to excavate solid waste and demolish structures (for ease of
handling, packaging and transporting). The solid waste and demolition
debris would be sorted by activity level and packaged in bulk containers
for transport to the disposal site. Sorting would be accomplished by
specialized excavator attachments (e.g. grapples). Sorting by activity level
would be based on field screening instrument measurements of
radioactivity using either hand-held instruments or instruments attached to
excavator booms.

Size of waste forms would be reduced only to the extent necessary to fit
bulk containers. Size reduction would be accomplished by excavator
attachments such as shears, hammers, and pulverizers. Large diameter
pipe would not be containerized but would be cut (with mobile shears),
wrapped in plastic sheeting, and transported on racks. Dust control
measures including containment structures, if necessary, would be provided
to assure worker and environmental protection during remediation.

Alternative SW-4 Disposal:

* On-site vaults located at the -atford 200 Area are defined for disposal of
high-activity radioactive and mixed wastes. Low-activity radioactive and
mixed wastes would be placed -in disposal trenches or pits at the 200 Area.
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* The Hanford Barrier would be used for final capping of the 200 Area
radioactive (and mixed) waste disposal sites. The RCRA multi-media cap
would be used to close the 200 Area sites containing only hazardous
wastes.

Alternative SW-5 Disposal:

e Off-site disposal is specified for all wastes. High and low activity
radioactive and mixed wastes would be sent to disposal sites at other DOE
facilities. Hazardous waste would be shipped to RCRA landfills, in
accordance with current practice. A facility located in Arlington, Oregon,
is currently used for this purpose, since no active RCRA landfills are
currently operating in the State of Washington.

Alternative SW-6 Disposal:

* On-site vaults located at the Hanford 200 Area are specified for disposal
of high-activity radioactive-and mixed wastes. AlLother wastes would be
shipped to new on-site RCRA permitted landfills for disposal.

* The Hanford Barrier and the RCRA multi-media cap would be used as
necessary for capping the 200 Area disposal sites.

Flow Rates and Composition. Solid waste consists of combustibles, metal, and
demolition debris contaminated primarily with low to moderate levels of radionuclides.
Table 5-2 lists total volumes of solid wastes that would require excavation/demolition.
Composition data are provided in Section 1.0. An excavation/demolition rate of
approximately 2,500 LCF per hour must be achieved in order to meet the TPA
milestones, assuming a 20 year remediation period. This cumulative flow rate consists of
the components liited in Table 5-3.

Disposal Distances and Methods. The proposed disposal methods for these
--aternatwesincludt both on-site and off-site disposal op s. - Vaults and trenches/pits
are proposed for use at the Hanford 200 Area. The Hanford Barrier and RCRA multi-
media cap are specified for use, where appropriate, to cap these disposal sites. One
RCRA landfill 1 L- tILC OU Oregon is currently being used for disposal of Hanford
Site hazardous wastes. The Nevada Test Site (NTS), which is approximately 1,000
highway miles awayfromi the _HanfordSite,_is one potential location-for a mixed waste
disposal facility.

5.3.2.4.2 Evaluation. Alternatives SW-4, SW-5, and SW-6 all involve excavation
of buried wastes, demolition of structures, and removal of the waste. No waste
treatment is specified. In general. reduction in the number of disposal sites is
advantageous. However, the waste remains untreated so these alternatives are less
desirable than alternatives involving waste treatment.
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The short-term effects are given medium scores reflecting significant exposures to
operations personnel during excavation, demolition, and removal. The long-term effects
are definite improvements over Alternative SW-3 due to the greatly improved disposition
of buried wastes. Subsidence of the waste is not expected to be a problem for these
alternatives.

Although the cap provides some improvement, the waste is not modified in form.
Therefore the reduction of mobility factor was scored in the low to medium range.

The Alternative SW-4 systern-is relatively easy to construct using available
equipment; availability of services and specialized equipment factors were generally
scored high. Constructability was scored somewhat lower due to the large volumes to be
moved and the problems of excavation in a radioactive environment. Reliability was
downgraded for the same reasons. However, the alternative requires no long-term
maintenance, so it scored in the medium to high range for this factor.

AIternativeSW-4 is better than Alternative SW-3 for agency approval and was
given medium scores. However, alL waste remains on-site and untreated (potentially not
in compliance with the RCRA Land Disposal Restrictions) so public and agency
acceptance could be limited.

In Alternative SW-5, the excavation, demolition, and removal phases present
similar hazards to workers as the previous alternative. However, transport of large waste

-volumes-off-site would have a substantial impact on safety. Acceptance of an off-site
disposal site by the public is an additionai concern.

This alternative is the least desirable for short-term effects and is scored
substantially below Alternative SW-4. Waste is retrieved and shipped the greatest
distance. The alternative also assumes that an identified disposal site would have
favorable geology and that the long-term effects would be acceptable at that location.
An intermediate score was assigned to reduction in mobility because the waste is merely
-removed with no change in the waste form.

Constructability, operational reliability, and maintenance were scored similar to
Alternative -SW-4-, with a minor reduction for the transportation factor. The unlikelihood
of identifying an off-site disposal facility resulted in low scores for availability of services.
Specialized equipment was given a medium score because of the problems of
transporting the large volume of material.

Agency approval was scored low because of public resistance expected at potential
disposal sites and along the transport routes. The low score for cost reflects the high
cost of transport to a remote location.

Alternative SW-6 is essentially the same as Alternative SW-4, modified with
RCRA-type landfills for the low-activity waste-:- Most-of the-scoring is-very similar to
Alternative SW-4. Problems associated with the limited lifetime of the RCRA liners
cause some scoring differences from Alternative SW-4.
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The liner is expected to improve the reduction in mobility factor over that of
Alternative SW-4 so some improvement was noted there. The maintenance factor was
lower due to the potential for routine maintenance on the liner. The cost factor is lower
for this reason and for the increased transportation risk.

5.3.2.5 Alternatives SW-7 and SW-8: In situ Treatment for Solid Waste.

5.3.2.5.1 Description. Two alternatives have been developed for the in situ
treatment general response action for solid waste.

Alternative SW-7:

* Physical Treatment: Dynamic Compaction

e Stabilization/Solidification: Vibration Aided Grout Injection

* Capping:
Hanford Barriers (radioactive waste disposal sites)

- _RCRA Multi-media Caps (hazardous waste disposal sites)

* Monitoring: 100 Area groundwater.

Alternative SW-8 is a variation of Alternative SW-7, where dynamic compaction is
not used:

Alternative SW-8:

* Stabilization/Solidification: Vibration Aided Grout Injection

* Capping:
- Hanford Barriers (radioactive waste disposal sites)
- RCRA Multi-media Caps (hazardous waste disposal sites)

0 Monitoring: 100 Area groundwater.

Size and Configuration. Refer to Section 5.3.2.4.1 for a discussion of the solid
waste volumes and components. Figure 5-4 provides a conceptualization of the
onerntinnt required for Altsrnative SW-7.

Alternatives SW-7 and SW-8 Unit Operations.

* The initial operation for Alternative SW-7 involves solid waste site
stabilization by dynamically compacting the soils (above buried waste) and
the solid wastes. This operation reduces bulk waste volume and reduces
permeability relative to the surrounding soil. Dynamic compaction is
aCCOMplighei by repeated lifting and dropping of a large weight, via a
crane, onto the soif above a buried waste site.
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* The second operation for Alternative SW-7 (and the initial operation for
Alternative SW-8) is vibration aided grout injection. I-beams are driven
through the soil around the perimeter of the site. A pipe running the
length of the I-beam is used to transport grout to an injection nozzle.
Grout is injected while simultaneously extracting and vibrating the I-beam.
Grout is thus forced into the solid waste void spaces and cavities, where it
solidifies and encapsulates contaminants into a monolithic concrete block.

* The final operation for both Alternative SW-7 and Alternative SW-8 is site
closure by installation of either the Hanford Barrier or the RCRA multi-
media cap depending upon the type of waste. The Hanford Barrier
consists of a series of layers of natural material that act synergistically to
seal the site. The initial layer consists of large rocks and boulders (rip-
rap).- Layers of coarse stone, sand, and soil are then added in progression
to form a mounded cap. Native vegetation is then planted on the cap to
control erosion and to control infiltration of moisture through
evapotranspiration. The RCRA cap is similar to the Hanford Barrier in
that the design relies on multiple layers to prevent water infiltration.

* Not all solid wastes in the 100 Area are directly amenable to the in situ
treatment methods proposed in these alternatives. Pipelines and
stctures, for example, would not be dynamically-compacted, -Ad s

conceivable that pipelines would be capped in-place with the Hanford
Barrier. Some limited demolition of above ground structures and pipeline
systems would be required for such structures.

Composition. Treatment is in situ, therefore, flow rates for waste treatment are
not applicable. The in situ treatment rate, however, must be specified to complete
activities by 2018. The total buried waste inventory which is subject to remediation by
Alternatives SW-7 and SW-8, as shown in Table 5-2, is approximately 46 million LCF.
The quantity of non-buried waste (e.g., pipelines and structures) amounts to about 104
-million LCF; such would require-some demolition prior to application of in situ
stabilization methods. No assumption is made as to the amount of surrounding media,
which would also be stabilized and solidified as part of this action.

Disposai Distances and Methods. -The disposal method for both Alternatives
SW-7 and SW-8 is in situ. Solid wastes are encapsulated in grout, and the environment
is further protected from exposure by either the Hanford Barrier or RCRA multi-media
cap. Limited demolition and excavation is required by necessity to prepare some solid
wastes (i.e., structures and pipelines) for in situ stabilization and solidification. Such
waste could be buried adjacent to the waste sites. The excavated waste or demolition
debris handled in this manner would require stabilization by dynamic compaction and/or
grouting and capping in the same manner as waste which was never moved. Sites
stabilized in accordance with Alternatives SW-7 and SW-8 also offer the added benefit of
protection from long-term subsidence. This would ensure the long-term effectiveness of
the Hanford Barrier or RCRA cap by preventing ponding of precipitation -which could
potentially mobilize contaminants by leaching.
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5.3.2.5.2 Evaluation. The dynamic compaction step of Alternative SW-7 is
intended to reduce the potential for subsidence and the subsequent impact on the
Hanford Barrier or RCRA multi-media cap. Grout injection filk voids in the waste,
again reducing the possibility of subsidence. Both compaction and grouting are assumed
to be imperfect, but would still be-an improvement over Alternative SW-3. The
disadvantage of the large number of sites which must be treated remains.

Short-term effects are relatively good and scored medium to high because the
exposure to workers is limited during operation on the unexcavated solid waste. Short-
term protection of the environment is better than Alternative SW-3 primarily because
extensive run-on control is not required. Long-term effects were judged to be medium
because, -although-the-waste-is protected, it has not changed form. The compaction and
grouting were judged to radnad Mcbility and scored higher than Alternative SW-3,
which only involved capping.

The combination of the and grout injection was given a medium score for
reduction in mobility, a significant improvement over Alternative SW-3 which uses only
he arner.

The constructability scored lower than Alternative SW-3 due to the anticipated
problems and specialized nature of the grout injection. Similarly, scores for operational
reliability, services, and specialized equipment are reduced_ from-thescores of
A I COX2I

ALtrC I4LIVC 3 V -3.

Agency acceptability was coredslightly-higher than for Adternative SW-3, but the
large number -of-waste-sites and -the minimal change in waste form keep the score at
medium Although the caps are not expected to require routine maintenance in this
application, the- expense of the compaction-and grouting services--are expected to keep
costs high, resulting in an overall assessment of a medium score.

Since the value of the compaction step was judged to be limited, most
Alternative SW-8 scores were very similar to those of Alternative SW-7. Limited credit
was taken for the value of the -out-which-ehanged the scores only minor amounts.

5.3.2.6 Alternatives SW-9 and SW-10: Removal, Treatment, and Disposal Alternatives
for Solid Waste

5.3.2.6.l--Descriptions. Two alternatives have been developed for this general
response action.

Alternative SW-9:

e Removal: Excavation and Demolition
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* Thermal Treatment:
- Thermal desorption (treatment for hazardous organically

contaminated wastes only; this unit operation might require a
shredder for feed preparation)

* Physical Treatment:
- Size reduction by compaction (non-organically contaminated

combustibles and other compactible materials only)

* Stabilization/Solidification:
-Cement-based (non-organically contaminated non-compactible
materials and thermal desorber residues only)

* On-Site Disposal:
- Vaults (high-activity radioactive and mixed waste)
- Trenches/pits (low-activity radioactive and mixed waste)

- Hanford Barriers (radioactive and mixed waste disposal sites)

Alternative SW-10:

up Removal: Excavation and Demolition

e -- Thermal Treatment:
- Incineration (treatment for hazardous organically contaminated

materials and combustible wastes. This unit operation requires a
shredder for feed preparation)

* Stabilization/Solidification:
- Bitumen-based (inert materials and ash only - no hazardous

organically contaminated materials)

* On-Site Disposal:
- Vaults (high-activity radioactive and mixed waste)
- Trenches/pits (low-activity radioactive and mixed waste)

* Capping:
- Hanford Barriers (radioactive and mixed waste disposal sites)

Size and Configuration. Size and configuration are the same as discussed in
Section 5.3.2.4.1 for Alternatives SW-4, SW-5, and SW-6. Alternatives SW-9 and SW-10
require remediation facilities capable of treating approximately 2,500 LCF/hr (on
average) of solid wastes contaminated with radionuclides, heavy metals, and potentially
organic contaminants. Process flow diagrams for the remediation processes of
Alternatives SW-9 and SW-10 are presented in Figures 5-5 and 5-6. Major unit
operations for each alternative are discussed below.

5-16



DOE\RL-92-l1. Rev. 0

Alternative SW-9 Unit Operations. Figure 5-5 is a conceptual process flow
diagram representing the removal, treatment, and disposal unit operations of Alternative
SW-9. A description of each unit operation and its function is presented below.

* The excavation/demolition system proposed for removal of solid waste is
common to both Alternatives SW-9 and SW-10 and is basically the same as
described for Alternatives SW-4, SW-5, and SW-6. Refer to Section
5.3.2.4.1 for the description.

* The initial unit operation for volume reduction of combustible waste and
miscellaneous material with large amounts of void volume such as pipe is
supercompaction. Packaged waste (from excavation/demolition
operations)-of a-composition amenable to supercompaction would be
processed in this step; all other heterogeneous waste mixes would be
processed by stabilization/solidification, as described below.

* Organically contaminated solid wastes would be treated in a two-stage
thermal desorber. The initial stage consists of an externally fired chamber
in-which organic compounds are vaporized. The vapors are then oxidized
in a secondary combustion chamber, and off-gases are scrubbed to remove
acid gases such as HCI, and vented to the atmosphere. Residues
generated from the off-gas treatment process would be prepared for
disposal by stabilization and solidification. The thermal desorber would
also be designed to accept liquid wastes by injection into the secondary
combustion chamber as a contingency should drums of organic liquids such
as paints and solvents be encountered.

* Upon excavation, intact drums are set aside from the main excavation
operation. These are subsequently opened, sampled, and analyzed for
volatile organics and radioactivity. Drums not containing volatile organics
are shipped to the 200 Area disposal site. Drums containing volatile
organics are treated by low-temperature thermal desorption in the same
manner as described above tor other organically contaminated wastes.

* Residues from the thermal desorption process and all other solid wastes
including off-gas treatment residues would then be stabilized for disposal
by solidification in a cement-based matrix. The stabilization and
solidification process might be accomplished, for example, in a batch-
operated mixer, which discharges a mixture of waste components and grout
(consisting of cement and additives as appropriate)-into disposal
containers.

The previous unit operations result in compacted and solidified forms of
treated waste requiring disposal. On-site vaults located at the Hanford 200
Area would be used for disposal of high-activity radioactive and mixed
wastes. Low-activity radioactive and mixed wastes would be placed in
trenches or pits which would also be located in the 200 Area.
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The Hanford Barrier would be used as required for closure of disposal
sites.

Alternative SW-10 Unit Operations. Figure 5-6 provides a conceptual process
-flow diagram of the removaltreatment, and disposal unit operations of Alternative SW-
10. A description of unit operations and their functions which are unique to this
remediation concept are presented below:

* The incineration unit operation of Alternative SW-10 replaces both the
supercompaction and thermal desorption unit operations of Alternative
SW-9. Combustibles, organically contaminated solids, and organically
contaminated materials from--intact-drums would be incixnerated in a two-
stage rotary kiln. The fe-ed material must be prepared by size reduction in
a shredder prior to combustion. The initial stage of the rotary kin may be
operated in either an oxygen rich or oxygen deficient atmosphere. The
secondary combustion chamber operates oxygen rich to complete the
oxidation of kiln gases and may be equipped with liquid-feed spray nozzles
for-liquid wastes.- Residues-generated from the off-gas treatment process
would be prepared for disposal by stabilization and solidification. The
rotary kiln as selected at this level of definition because it is the most
flexible design for heterogenous solid waste forms. Waste characterization
may result in design requirements for an incineration system consisting of
more than one incineration device that is designed to thermally treat
different types of waste forms.

* Incineration residues and all other solid wastes (including off-gas treatment
residues) would then be stabilized for disposal by solidification in a
bitumen-based matrix. The stabilization and solidification process may be
accomplished in a batch-operated mixer that discharges a mixture of waste
components and heated bitumen into disposal containers.

Alternative SW1 treatment operations result in a bitumen-encapsulated
waste form requiring disposal. On-site vaults located at the Hanford 200
Area are specified for disposal of high-activity radioactive and mixed
wastes Low-activity radioactive and mixed wastes would be placed in 200
Area trenches or pits.

* TheHanford Barrier would be used for clnvsre nf disposai sites.

Flow Rates and Composition. See the discussion given for Alternatives SW-4,
--! ,..A C117 4

-VVJ, andU a fW-U.

Disposal Distances and Methods. The disposal method for both alternatives is
on-site -disposal-at the Hanford 200 Area. Wastes that must be sent to the Hanford 200
Area result from solidification of solid wastes and thermal treatment residues. The
disposal method selected for stabilized and solidified waste -forms is dependent on the
activity of the waste; vaults are used for high-activity radioactive and mixed waste, and

5-18



DOE\RL-92-l1, Rev. 0

trenches/pits-are used for low-activity radioactive and mixed waste. The Hanford
Barrier is specified for use, where appropriate, to seal disposal sites.

5.3.2.6.2 Evaluation. Alternative SW-9 is one of the alternatives providing waste
forinmodification. -Although tisaternative results in a much improved waste form, the
scale of required operations is large and costs will be high.

The short-term effects require demolition and retrieval followed by extensive
-treatment, so these swores are low to medium. However, the short-term effects are still
judged to be better than for Alternative SW-5, which called for off-site shipment. Long-
term effects and reduction in waste mobility factors are given high scores.

Constructability, reliability, availability of services, and specialized equipment all
rated average scores, reflecting the complexity and special nature of the large-scale
processing equipment.

Maintenance needs were scored in the average range for this alternative due to
the stage of development for process options in this application.

The cost of processing-wil-be-very high and is reflected in low scores.

- Alternative SW-10 differsifrom Alternative SW-9 in that combustible and
organically contaminated wastes are incinerated, and residues are stabilized in bitumen
instead of cement. Incineration leads to a more stable waste form than Alternative SW-
9, but the regulatory approvals are expected to be more difficult. Bitumen is assumed to
be a stable waste form.

In general, the scores were very similar to those of Alternative SW-9, except for
agency approval. The incinerator was thought to be more difficult to permit than the
thermal desorber of Alternative SW-9.

5.3.3 Groundwater Alternatives

.33.i Atsrnktive GW-i: -N" Art'nn far Crnmindwater

5.3.3.1.1 Description. As explained in Section 4.0, the no action alternative is
required by the NCP to serve as a baseline for evaluation of other alternatives. The no
action alternative can also be-applied to sites where contamination does not exceed the
level of unacceptable risk and/or is in compliance with ARARs. This alternative
represents a situation where no restrictions, controls, or active remedial measures are
applied to the site and thus the contamination is allowed to dissipate through natural
attenuation processes. The acceptability of this alternative would depend on a risk
assessment.

5.3.3.1.2 Evaluation. This alternative involves no monitoring and no controls and
is evaluated as a requirement of the NCP for the feasibility study process. As in the case
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of Alternative SW-1, a risk assessment would make the evaluation of such an alternative
mfra niontitnti,.

-Short-term effects are scored in the low to mediu-m range since there would be nO
worker exposure, and the groundwater is not readily accessible in the undisturbed state.
In the absence of a risk assessment, the long-term effects are assumed to be very poor
and the release of contaminants to the environment are presumed to continue. This
alternative provides no benefits to reduction of contaminant mobility.

The three factors related to construction and reliability are all given high scores
because no equipment of any sort is required. Similarly, the alternative was given a high
score for cost because, essentially no costs are associated with this alternative.

This alternative was given low scores for agency approval; the alternative is
unlikely to actually meet the RAOs.

5.312 A erative GW-2: Institutional Actions for Groundwater

5.3.3.2.1 Description. The institutional action alternative (designated Alternative
GW-2) for groundwater involves restricting access to contaminated sites within the
Hanford 100 Area, but restrictions are unique to the media. Types of restrictions are
defined as follows:

Water-rights restrictions limit access to contaminated groundwater. The
water-rights restrictions could be imposed by deed restrictions, as discussed
below, or by designated use should the title to the 100 Area remain with
the federal government. Water-rights restrictions merely designate to what
degree (if at all) 100 Area groundwater could be used for irrigation,
drinking water, or for industrial activities. This action may require an
additional change in water-rights administrators to make it effective. At
this time no water-right is necessary if consumptive use is less than 5,000
gal/day.

* Deed restrictions are used to institute restrictions to groundwater use.
Restrictions specify acceptable groundwater uses and may take the form of
covenants that limit activities resulting in human contact. Deed
restrictions may include prohibition of groundwater use and limitations to
farming, grazing, and industrial activity.

* Water takenu frm the Coiumhia River or from wells in innffected areas
would be used to replace groundwater for industrial, domestic, and
agricultural purposes.

In addition to restricting groundwater use and access to groundwater, the
institutional-action alternative also includes groundwater and environmental monitoring.
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5.3.3.2- Evaluation. Institutional controls and the use of an alternative water
supply provide an improvement over the no action alternative. Continued monitoring is
assumed and would probably be required in perpetuity.

The short-term effects are assumed to be acceptable based on the monitoring, and
no worker exposure is associated with groundwater retrieval. Therefore, an intermediate
to high score is assigned. Long-term effects, such as release of the contaminants to the
river, result in low scores. Since no reduction in mobility is achieved with this
alternative, a score of "1" was given by all project team members.

Constructability, maintainability, availability of services, and special equipment
were all given high scores because the replacement water supplies and legal instruments
necessary for this alternative are all readily available. Medium to high scores were
assigned for maintenance because of the need for perpetual care. This alternative was
given low to medium scores for agency approvals due to the potential for not meeting
RAOs. The monitoring and institutional controls, however, are considered an
improvement over no action.

A high score was givenifor cost due to the low costs associated with
implementation of the institutional controls.

5.3.3.3 Alternative GW-3: Containment Actions for Groundwater.

5.3.3.3.1 Description. A single alternative has been developed for containment of
contaminated groundwater.

Alternative GW-3:

* Vertical barrier: Slurry walls
* Hydraulic control: Extraction wells (also used for injection purposes).
* Monitoring: 100 Area igroundwater.

Size and Configuration. The cnntainmentresponse action could be implemented
in a number of different ways. Vertical barriers could be built around the perimeters of
known plumes or around specific groundwater operable units. Similarly, the
extraction/injection well hydraulic control system could be designed only to prevent
influx to operable units or to prevent influx to the entire site. Modeling and economics
aySti woud _ U LIULCH1iied ueterme uptimum containment characteristics such as
slurry wall location and the number and location of extraction/injection wells. It is
assumed for the purposes of this feasibility study that the containment alternative is
implemented as follows: slurry walls would be built to prevent migration of contaminant
plumes to the depth of a confining member, such as basalt or clay; groundwater
extraction wells would be placed to intercept clean groundwater upgradient from
contaminant plumes. The clean groundwater would be reinjected in a suitable location,
preventing contact with contaminated groundwater. Slurry walls would be constructed of
the most durable material pOWibLin Order to retain ong-term effectivenes. A cement-
based slurry would form a low-strength concrete barrier when combined with the cobbles
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and gravel present in 100 Area soils, which would exhibit better long-term performance
than a clay-based slurry. The depth of slurry walls would vary; for example, Figure 1-4
(in Section 1.0) indicates that at the 100-B/C Area; depth to the upper aquitard blue-clay
layer (part of the Ringold Formation) is approximately 160 feet. The concept of
Alternative GW-3 is presented graphically in Figure 5-7.

Containment Objective. The objective of containment is to prevent migration of
contaminated groundwater to environmental resources, such as the Columbia River and
to uncontaminated aquifers. Thus the intent is to prevent introduction of contaminants
to sources of drinking (or irrigation) water. Groundwater would be isolated by
extraction of clean groundwater upgradient of contaminated plumes and reinjected
elsewhere.

Disposal Distances and Location. Waste disposal is not applicable to Alternative
GW-3. Hydraulic control (extraction) wells would remove uncontaminated groundwater
from around -the-perimeter of the contaminant plumes. This water would be utilized in
downgradient hydraulic control (injection) wells. While utilization of hydraulic control
wells would require management of the extracted water, injection of this water does not
constitute disposal or removeu contamination.

5.3.3.3.2 Evaluation. Construction of slurry walls to depth and hydraulic controls
have been demonstrated,-but the depth and overall dimensions of slurry walls required at
the Hanford 100 Area are unusual. A large volume of clean groundwater would be
required for hydraulic control.

The moderate score for short-term protection reflects the general inaccessibility of
the groundwater. Long-term effects are only slightly lower due to the uncertainty of the
actual risks involved when the groundwater reaches the river in dilute state. The low to
medium score for reduction of mobility is an indication of the uncertainty of the actual
effectiveness of the alternative.

The alternative was also given relatively low scores for constructability and
maintainability due to the problems associated with installation and maintenance of the
deep slurry walls. The services and specialized personnel factors were scored somewhat
higher, indicating a belief that the technology is available. The alternative was given a
low score for maintenance because maintenance of the slurry walls and pumping system

VU& LJ ~ All jV L JtU1L7.

A medium to low score for agency approval reflects a poor probability that
regulatory agencies would approve an alternative requiring perpetual care. Similarly, the
cost of perpetual care resulted in the assignment of low to medium scores for the cost
factor.

5.3.3.4 Alternative GW-4: In Situ Treatment for Groundwater.

5.3.3.4.1 Description. A single alternative has been developed for the general
response acLiun of in situ treatment of groundwater.
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A Itnrnotin GW-A.

* Biological Treatment: Biodenitrification (nitrates)

- Physical Treatment: -- Air stripping (folowed by-venting of organics to the
atmosphere).

* Monitoring: 100 Area groundwater.

Figure 5-8 conceptualizes the in situ treatment processes of Alternative GW-4.

-Size and Configuration. Alternative GW-4 is specified to treat nitrate plumes,
isolated areas of organic contamination, and dissolved heavy metals/radionulcides in situ.
The Hanford Ground Water Cleanup and Restoration Conceptual Study (WHC 1991d)
indicates that nitrate plumes of significant size are present at each of the reactor sites
(WHC 1991d, Appendix A, Figures A-6 through A-11). Maximum concentration of
nitrates ranges from 48,400 gg/L at the B/C Area up to 524,000 pg/L at the H Area
(refer to Table 1-17 in Section 1.0 of this report). Also refer to Tables 1-16 and 1-17 for
information on heavy metals and radionuclides.

The location of organic contamination in 100 Area groundwater is not as well
defined as nitrate. Information presented in Table 1-18 indicates the presence of some
-balogenated-compounds in groundwater at-both the- Hand N Areas. In addition to the
halogenated compounds, the N Area groundwater also contains Arochlor 1016,
Arochlor 1221, and benzene in concentrations greater than drinking water standards
(Table 1-19).

Alternative GW-4 Unit Operations. The treatment objectives of Alternative
GW-4 include in situ remediation of nitrates and VOCs. Process operations required
for remediation are described below. Note that air stripping is not effective in stripping
Arochlors from groundwater.

* Nitric acid has been used extensively for decontamination of reactor
components. In situ biodenitrification would reduce nitrates to elemental
nitrogen (which would then be released from groundwater for venting to
the atmosphere). The denitrification process takes place according to the
following simplified reaction:

BareaI Mekzbohc Process
No'- +. N t

Nutrients and bacteria culture must be injected into the nitrate
contaminated aquifer. The bacterial life cycle metabolic processes require
oxygen which is stripped from nitrate.
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Air stripping followed by venting of volatile organic compounds (VOC) to
the atmosphere is proposed for removal of organic contamination. Wells
(trenches would also be appropriate) would be constructed in
contaminated areas-such as at the H and N Areas. Air would be bubbled
through the groundwater, and VOCs would be subsequently stripped from
the aqueous phase into the gas phase.

Flow Rates and Composition. Contamination is treated in place for Alternative
GW-4. Nitrogen resulting from biodenitrification and hydrocarbon contaminants
mobilized by air stripping would be vented to the atmosphere. If ARARs prohibit
venting to the atmosphere, other process options such as vacuum extraction would be
required. Engineering and treatability studies would be required to determine well (or
trench) locations and quantity, injection rate of air, and effectiveness in removing VOCs.
Similarly, injection rate, type of nutrients, bacteria culture, and location of injection wells
must be determined by groundwater modeling and treatability studies for
biodenitrification. Development work for in situ chemical precipitation is needed to
determine the most appropriate reagents and the means of assuring adequate mixing of
the reagent(s) with the groundwater.

Disposal Distances and Methods. In situ processes do not require waste disposal.

-- 5.3.3.4.2 -Evaluation. Alternative GW-4 provides nitrate and VOC stripping but
--does-not-remediate-metals or radionuclides. Although the in situ alternative has some
favorable features, the partial treatment makes it an incomplete solution.

Medium effectiveness scores were given for both long- and short-term
effectiveness. Venting of VOCs to the atmosphere was considered a negative factors
keeping the short-term effectiveness scores from being higher. Similarly, long-term
effectiveness and reduction of mobility factors were only given medium scores because of
the limited applicability of the alternative.

Constructability, reliability, and specialized equipment were also given medium
scores because of the uncertainty of biological treatment effectiveness for such
contaminants as chlorinated organics and because of the large number of relatively deep
stripper wells potentially required.

Permitting agencies were judged to favor the in situ alternative (as applied to
nitrates and organics) and the scoring was in the medium to high range. The cost was
judged to be high due to the number and depth of stripper wells.

5.33.5 -Alternatives GW-5 and GW-6: Removal, Treatment, and Disposal Alternatives
for Groundwater.

5.3.3.5.1 Descriptions. Two alternatives have been developed for this general
response action.
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Alternative GW-5:

* Removal: Extraction wells

* Biological Treatment:
- Biodenitrification (nitrates)

* Chemical Treatment:
- Chemical oxidation (organics)
- Precipitation (heavy metals and radionuclides)
- Chemical reduction (hexavalent chromium)

* Physical Treatment:
Media filtration- (remove -precipitates)

- Ion exchange (polishing and any remaining inorganic contaminants)

* Stabilization/Solidification:
- -LCmeL-UdbCU soiidifcation of secondary waste streams

* Disposal:
- - -Reinjection into the -aquifer -(Disposal for S/S residues:-Vauits-high-

activity radioactive and mixed waste; trenches/pits - low-activity
radioactive and mixed waste; trenches/pits to be capped with the
Hanford Barrier

* Monitoring: 100 Area groundwater-

Alternative GW-6:

* Removal: Extraction wells

-* Biological Treatment:
- Biodenitrification (nitrates)

* Physical Treatment:
- Air stripping/carbon adsorption (organics)
- Forced evaporation (for volume reduction)
- Media filtration (remove concentrated solids)
- Reverse osmosis (polishing and any remaining inorganic

contaminants)

* Stabilization/Solidification:
-- Cement-based solidification of secondary waste streams
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Disposal:
- Crib disposal (Disposal for S/S residues: Vaults-high-activity

radioactive and mixed waste: trenches/pits - low-activity radioactive
and mixed waste: capped with Hanford Barrier).

* Monitoring: 100 Area groundwater.

-Size and Configuration. The volume of contaminated groundwater potentially
requiring treatment has been estimated as 4.8 billion gallons (refer to Appendix D). The
extraction system design (for Hanford 100 Area contaminated groundwater plumes)
presented in the Hanford Ground Water Cleanup and Conceptual Study (WHC 1991d)
proposes a line of 255 extraction wells-(TableC-& of the report), located approximately
300 feet from the Columbia River. A 50-gpm pump was specified for each well.
Modeling of the groundwater hydrology in this study resulted in a requirement for a
cumulative extraction rate of 5,760 gpm (see Table 5-4 for derivation), in order to
intercept contaminated plumes before contact with the Columbia River.

Alternatives GW-5 and GW-6 would require remediation facilities designed to
treat 5760 gpm of groundwater contaminated with nitrates, hexavalent chromium,
radionuclides, and potentially, other contaminants such as organics and heavy metals.
Primary components of the unit operations required for both alternatives are presented
schematically in Figures 5-9 and 5-10.

Alternative GW-5 Unit Operations. Figure 5-9 is a conceptual flow diagram of
the unit operations proposed for Alternative GW-5. Each unit operation and its function
is described below:

* The extraction system consists of 255 extraction wells equipped with 50-
gpm pumps throttled -to achieve a cumulative extraction r te of 5760 gpm.

* Groundwater is pumped to a storage tank to allow flow equalization and
to allow particles-that may interfere with the efficiency of subsequent unit
operations-to settle.

* A chemical oxidation system for organic contamination is the initial unit
operation in the treatment system. Groundwater and reagents, such as
combinations of hydrogen peroxide and ozone, are pumped into a process
vessel where organic contaminants are oxidized (the reaction is enhanced
by ultra violet light). Simplified reaction (for a hydrocarbon) of this
process is:

C H HO 0 r xC0,t - rHo
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Following chemical oxidation, a source of carbonate ion (other reagents
such as phosphates could also be used), and pH adjustment would be
required depending on the chemical species which require treatment).
The reagent is added to the process stream in a continuously stirred
continuous flow (CSCF) reactor vessel. Addition of carbonate (at slightly
elevated pH) or phosphates causes precipitation of reagent-specific
radionuclides. An example of a precipitation reaction for strontium-90 as a
carbonate salt, occurs as described by the following simplified reaction:

9Sr + CO 3 -2 SrCO3 4

Lariners are used to concentrate precipitates by dewatering. Clear-water
overflows from the clarifier and a concentrated stream containing
suspended solids then flows to a rotary drum filter unit. A material such
as diatomaceous earth is added to the waste stream to aid in the filtration
process. The rotary drum filter is specified because it requires less hands-
on operation than do other filter types (such as plate and frame filter
presses).

* The next unit operation is specified for chemical reduction of hexavalent
chromium (which is very soluble) to the trivalent oxidation state (which is
highly insoluble). An acidic solution of ferrous sulfate is added to the
p cestsr amjaCSCF renctnr vessel The Axxavalent rhrnmiiim
precipitates as a sulfate salt, according to the following redox reaction:

Cr2O7 -+ 6Fe- 6S0[-+ 14H*-. 2Cr3'(SO4 3-)3 + 6Fe3

* Biodenitrification is proposed for reduction of nitrates to elemental
nitrogen which may then be vented to the atmosphere. Clarified effluent
from the hexavalent chromium reduction process flows to a
biodenitrification reactor vessel where the denitrification occurs according
to the following reaction:

VO - N, tI --

* Some radionuclide species such as cesium-137 and technetium-99 are not
readily precipitated (either by pH adjustment or by redox). Ion exchange
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is the final unit operation applied to treat this type of contaminant. Both
cation and anion exchange resins are specified to remove primary -

contaminants and also to polish the water prior to discharge. Ion exchange
resins require regeneration by stripping with high-concentration salt, acid,
or other reagent solutions. The regeneration loop results in a large
amount of secondary waste that must be treated and solidified prior to
disposal.

* Residues are generated from filtration and ion-exchange regeneration steps
described above. Prior to disposal, all residues would be solidified with
cement.

* At this point, two waste streams are ready for disposal. The treated
groundwater still contains tritium and would be reinjected into a 200 Area
aquifer to allow sufficient travel time for natural attenuation of the tritium
before it reaches the river. Solidified waste residues would also be sent to
the 200 Area for disposal. Vaults would be used for high-level radioactive
and mixed waste, and trenches or pits are specified for low-level
radioactive and mixed waste. The Hanford Barrier would be used to cap
all trenches/pits used for waste disposal.

Alternative GW-6 Unit Operations. Alternative GW-6 unit operations are all
physical treatment options with the exception of biodenitrification. Figure 5-10 provides
a conceptual flow diagram of the unit operations proposed for Alternative GW-6. This
alternative differs from Alternative GW-5 in that physical treatment unit operations are
not-as-contaminant-specific-as-chemical treatment unit operations. Unit operations not
described previously and their function in the remediation strategy are described below.

* -- Air stpng foow-el y..carbon adsorptionunit operations is proposed for
remediation of VOCs. Groundwater and air are fed counter-current to
each other in a packed bed (or tray) stripping column. Organic
constituents are stripped from the aqueous phase into the gas phase which
is then treated with organic carbon to prevent VOC emissions to the
atmosphere. Organics other than VOCs are not treated by this alternative.

* The initial unit operation is forced evaporation to reduce the volume of
water requiring treatment in subsequent unit operations. Enough water
may be evaporated in commercial power plant evaporator-dryers to
achieve 30 to 50 percent total solids. The vapor is then condensed and is
pumped to a disposal line.

-* A rotary drum filter is used to remove concentrates from the evaporation-
dryer bottom waste stream. The concentrate would be solidified prior to
disposal.
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* Reverse osmosis would then be used on the filtered liquid effluent for
removal of remaining soluble inorganic contaminants, especially those of
highe molecular weigh t.

* Biodenitrification is specified for remediation of nitrates.

* Ion exchange is the final unit operation required, and both cation and
anion exchange resins are specified to polish the water prior to discharge.
Note that resin regeneration would result in a large amount of secondary
waste, requiring solidification prior to disposal.

* Cement-based solidification is proposed for residues from incineration (if
required), media filtration, reverse osmosis, and ion exchange.

Two waste streams are ready for-disposal. Treated groundwaterst
contains tritium and would be released to the soil via a crib in the
Hanford 200 Area to provide sufficient travel time to the river to allow
natural attenuation of the tritium. Solidified waste residues would also be
sent to the 200 Arcm-for disposal. -Vaults would be used for high-activity
radioactive and mixed waste and trenches or pits are specified for low-
activity radioactive and mixed waste. The Hanford Barrier would be used
to close all trenches/pits used for waste disposal.

Flow Rates and Composition. Tables 1-17 through 1-19 in Section 1.0 of this
report provide the most recent analytical results for contaminants in groundwater.
Section 1.3.1.6.2 discusses contaminants which exceed the EPA's maximum contaminant
levels.

The Hanford Ground Water Cleanup and Restoration Conceptual Study (WHC
1991d), lists the estimated extraction-rates and major contaminants by 100 Area plume
(refer to Table 2-2 of the referenced report), -The extraction flow rates vary according to
the hydrology of the particular plume and the extent of contamination; for example, an
extraction rate of 800 gpm is required for the- 100-DR-I plume. which-is -contaminated
with strontium-90, tritium, chromium, and nitrates as primary contaminants. The
estimated extraction rate for all 100 Area plumes is summarized in Table 5-4 below.
Unit operations for Alternatives GW-5 and GW-6 may be specified with parallel trains
to avoid cross contamination, especially for waste streams containing tritium and waste
streams which are not radioactive.

Disposal Distances and Methods. The proposed disposal method for both
alternatives is on-site disposal at the 200 Area. The treated groundwater would be
reinjected into the aquifer for Alternative GW-5 and would be disposed into the soil via
a crib for Alternative GW-67- Both disposat methods would result in introduction of
tritium into the environment, and natural attenuation of this contaminant is considered
part of the remediation strategy since no practical treatment technology exists for tritium.
Residues resulting from secondary waste stream treatment, such a- media filtration (both
alternatives), ion exchange (both alternatives), and reverse osmosis (Alternative GW-6),
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would be solidified and disposed of in the 200 Area. The method selected for waste
disposal is dependent on the activity of the waste. Vaults are specified for disposal of
high-activity radioactive and mixed waste. and trenches/pits are used for low-activity
radioactive and mixed waste. The Hanford Barrier is used to close the trenches or pits.

5.3.3.5.2 Evaluation. Groundwater would be remediated with a complex system
involving extraction wells and chemical, biological, and physical treatment followed by
solidification of secondary wastes. The solidified wastes would be disposed on-site and
treated water would be reinjected into a suitable aquifer.

-- Due to the dilute contamination in the groundwater, worker exposure would be
low in this treatment, and there would be only limited environmental disturbance.
Medium to high short-term protection scores result. The long-term protection and
reduction of mobility factors were all scored uniformly high as the contamination is
removed and concentrated in disposal facilities. Concern over reinjection of untreated
tritium kept the scores from being higher.

The alternative was judged to be relatively easy to construct using known
processing systems and was, therefore, scored medium to high. Services were scored
similarly, with only the scale of the problem inhibiting high scores. Due to the
substantial complexity of the processing system, only medium scores were assigned for
reliability and specialized equipment.

The problem of-tritiated-watert reinjectionkept the agency approval score only in
the medium to high range, even though the treatment system is thorough. The cost
factor score is very low, reflecting the high cost of this complex system.

In Alternative GW-6 a different treatment system is proposed to address all but
tntmm in the -groundwater. The alternative was given scores very similar to Alternative
GW-5 in all but two factors. Slightly lower scores for agency approval were assigned to
reflect concern over the impact of the very large evanorator systems. This same concern
kept the availability of services factor somewhat lower than for Alternative GW-5.

5.3.4 Soil and Riverbank Sediment Alternatives

5.3.4.1 Alternative SS-1: No Action.

5.3.4.1.1 Description. As explained in Section 4.0, the no action alternative is
required by the NCP to serve as a baseline for evaluation of other alternatives. The no
action alternative can also be applied to sites where contamination does not exceed the
level of unacceptable risk and/or is in compliance with ARARs. This alternative
represents a situation where no restrictions, controls, or active remedial measures are
applied to the site and thus the contamination is allowed to dissipate through natural
attenuation processes. -The acceptability of this lt. aI..e would depend on a risk
assessment.
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5.3.4.1.2 Evaluation. This no action alternative for soils and riverbank sediments
was scored in a similar fashion to the two previous no action alternatives (Alternative

-SW4I-for-solid waste and Alternative GW-1 for groundwater). A major concern was
again raised in relation to the need for a risk assessment to confirm or override thej 114gernents Ad the n.

JU~ILU IUI4UV III LIJV bl UI L1%.

Short-term effects are scored considering potential exposures to the populace and
worker exposure. Since there would be no worker exposure, and these sites represent
-nly a moderate exposure problem in the undisturbed state, short-term effects-are given
an intermediate score. It is conservatively assumed that the long-term effectiveness is
very poor and that the potential for releasing contaminants into the environment is high,
although this may not be true for all sites. This alternative provides no benefits to
reduction of waste mobility.

The factors related to construction, reliability, availability of services, and
specialized equipment are all given high scores, which reflects the lack of requirement
for any special equipment. Similarly, the alternative was given a high score for cost
because essentially no costs are associated with this alternative.

This alternative was given low scores for agency approval because it is unlikely to
actually meet the RAOs.

5.3.4.2 Alternative SS-2: Institutional Actions for Soil and Riverbank Sediment.

5.3.4.2.1 Description. This alternative involves restricting access to contaminated
areas of soils and riverbank sediments within the Hanford 100 Area. Volume, toxicity,
and mobility of contaminants associated with soils and riverbank sediments are not
reduced by institutional actions. Access restriction to areas containing contaminated
soils and riverbank sediments (for example, cribs, disposal trenches, and drains) reduces
the potential for human exposure. The institutional actions include fences, deed
restrictions, and monitoring, the same as described for Alternative SW-2, in Section
5.3.2.2, Institutional Actions for Solid Wastes.

5.3.4.2.2 Evaluation. The limited effectiveness of institutional controls, even with
perpetual monitoring, generally results in a low composite score. As in the previous
alternative, a risk assessment is needed to confirm or refute the opinions indicated by
these scores. The scores for this alternative are very similar to those for Alternative
SW-2 using institutional controls for solid waste.

The- short-term effects are assumed-to-be acceptable, based on monitoring, and
there is no worker exposure associated with retrieval. Therefore, intermediate scores are
assigned to these factors. -tiszconseva-tively assumed that the long-term effectiveness is
very poor and that the- potential for releasing contammans-into-the environment is high,
although this may not he tnie fnr all siteh

Constructability, reliability, availability of services, and special equipment all get
high scores because fencing, monitoring, and legal instruments are all readily available.
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An average score was assigned for maintenance because of the need for perpetual
care. Cost of this alternative is low, so the cost score is high. This alternative, similar to
Alternative SS-1, was given a low score for-agency approval due to the potential for not
meeting RAOs.

5.3.4.3 Alternative SS-3: Containment Actions for Soil and Riverbank Sediment.

5.3.4.3.1 Description. A single alternative has been developed for containment of
soils and riverbank sediments.

- This alternative is similar to Alternative SW-3, which applies to solid wastes.

Alternative SS-3:

* Run-On/Run-Off Control:
rt..A:--.- iraduling

- Diversion/collection
- Revegetation

* Capping:
- Hanford Barriers (radioactive waste disposal sites)
rRCRA Multi-media Caps (hazardous-only waste disposal sites)

* Monitoring: 100 Area groundwater.

Size -and- Configuration. This containment action is intended to take advantage of
low-cost surface modifications to protect the integrity of contaminated soils and
riverbank sediments. The Hanford Barrier would be installed over buried wastes to
prevent erosion, breaching by burrowing animals and contact with precipitation. Other
areas of the site would be contoured (by grading) to aid in channeling precipitation away
from the wastes, thus ensuring adequate protection from erosion. Diversion and
collection would also be used to prevent runoff from ponding over the solid wastes
thereby reducing the potential for mobilization of contaminants by leaching. Native
species vegetation would be planted over capped areas and adjacent areas of disturbed
soil for erosion control.

Containment Objective. The objective of containment is to prevent mobilization
of contaminants that are adsorbed on soil particles as a result of erosion or leaching
mechanisms.

Disposal Distance and Methods. Containment implies in situ disposal, which
avoids the need for disposal facilities. Contaminated soils and riverbank sediments are
solated-in situ wifhout waste-treatment and are prmtected -from mobilization with the
Hanford Barrier or RCRA Multi-media Cap. as required for the type of waste.

5.3.4.3.2 Evaluation. Run-on/run-off control, when coupled with the installation
of Hanford Barriers or RCRA_ caps. leadsto a relatively "low tech" alternative. Without
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the potential for subsidence (as in the case of solid waste), there should be little to no
perpetual care for the Hanford Barrier for this application. It is anticipated that the
number of individual sites where Hanford Barriers or RCRA caps would be required is
very high. Multiple sites in close proximity may be more efficiently covered by one
Hanford Barrier or RCRA cap. The large number of sites/caps is a negative factor
when considering this containment alternative because individual, separately negotiated
permits might be required for each site,

Short-term effects were scored slightly higher than the previous two alternatives
because of the limited exposure of the workers to the low hazard problem and the
effectiveness of the Hanford Barrier. The short-term environmental effects are worse
than the-short-term human health effects-due to the-disturbance associated with grading
for run-on/run-off control. The long-term effects are given low to medium scores
because the waste has not been modified or immobilized and the potential for
contaminant release remains. The alternative scores higher than either Alternatives SS-1
or SS-2 on reduction of mobility, because the Hanford Barrier and RCRA multi-media
cap will inhibit leaching and intrusion- into contaminated zones.

The constructability factor was given high scores, reflecting the simplicity of the
alternative. Similarly, services and equipment are readily available and scored high.

Medium to high scores were- given-to-cost,- reflecting moderate capital costs to
handle the large number of sites.

Low scores were assigned to agency approvals. The alternative is better than the
previous ones, but since the constituents have not been immobilized and due to the
milU~tplticULy f siatsL 1 sUnL lateU 11giIly.

5.14.4- Alternatives SS-4, SS-5, and SS-6: Removal and Disposal Alternatives for Soil
and Riverbank Sediments.

5.3.4.4.1 Descriptions. Three alternatives have been developed for the removal
and disposal general response action for soils and riverbank sediments. These three are
similar to the soiid waste Alternatives SW-4; SW-5, and SW-6.

Alternative SS-4:

* Removal: Excavation

* On-Site Disposal:
- Vaults (high activity radioactive and mixed waste)
- Trenches/pits (hazardous-only and low activity radioactive and

mixd wsnctp)

* Capping:
- Hanford Barriers (radioactive waste disposal sites)
- RCRA Multi-media Caps (hazardous-only waste disposal sites)
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Alternatives SS-5 and 3S-6 are variations of Alternative SS-4 and differ only by
the method of disposal.

Alternative SS-5:

* Removal: Excavation

* Off-Site Disposal:
- DOE facilities (all radioactive and mixed wastes)
- RCRA-type landfills (hazardous materials).

Alternative SS-6:

* On-Site Disposal:
- Vaults (high activity radioactive and mixed waste)
- RCRA-type Landfills (low activity radioactive and mixed waste and

hazardous materials).

* Capping:
- Hanford Barriers (radioactive waste disposal sites)
- RCRA Multi-media Caps (hazardous-only waste disposal sites).

Size and Configuration. The total volume of contaminated soil in the 100 Area
has been estimated at about 456 million loose cubic feet in the 100 Area Past Practice
Site Cleanup and Restoration ConceptuaLStudy (W HC 1991e). This volume includes one
third of the total overburden that must be removed to excavate soil; i.e., this volume of
overburden must be treated or disposed of along with the contaminated soil hec it
would potentially be contaminated during excavation operations. The volume of
contaminated riverbank sediments has been estimated at about 300 million LCF (refer to
Appendix D).

--The-soil-and riverbank sediments of the 100 Area are contaminated with a variety
of toxic compounds including: radionuclides, heavy metals, nitrates, and to a lesser
degree, organic compound&. Refer to Tables 1-5, 1-6,- 1-7;- and 1-8-and-the-discussion in
SectionM L-i for detailed information pertaining-tocontaminants-concentration in soil,
and waste generation processes. Major unit operations- for-Alternatives SS-4, SS-5, and
5-6 Are discussed below.

Alternatives SS-4, 55-5, and SS-6 Removal. The objectives of Alternatives SS-4,
SS-5, and SS-6 are common: removal of soils and riverbank sediments by excavation
followed by disposal.

Commercially available, large scale mining/construction equipment would
be used to excavate soils and riverbank sediments. The excavated soils
would be sorted by activity level and packaged in bulk containers for
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transport to the disposal site. Dust control measures, including
containment structures if necessary, would be provided to assure worker
and environmental protection during remediation.

The system specifiedwauld be capabieof-remiving approximately 8,000
LCF/hour of soils and riverbank sediments to meet the 2018 TPA
milestone for completion of remediation.

Tb 4ispnsal-systems defined for Lternative SS4 SS-5, and SS-6 nrnvide the
opportunity to examine and compare the use of both onsite and offsite disposal
strategies. Major unit operations and the objectives of their use for each alternative are
discussed below:

Alternative SS-4 Disposal:

- On-site vaults located-at the Hanford 200 Area are specified for disposal
of high-activity radioactive and mixed wastes. Hazardous-only and low-
activity radioactive and mixed wastes would be placed in disposal
trenches/pits at the 200 Area.

0 Closure of the trenches/pits would be accomplished with the Hanford
Barrier or RCRA multi-media cap, depending upon the type of waste.

Alternative SS-5 Disposal:

e' Off-site disposal is specified for high-activity radioactive and mixed wastes,
low-activity radioactive and mixed wastes, and hazardous wastes. All
radioactive and mixed wastes are would be shipped to disposal areas at
other DOE facilities. Hazardous waste would be shipped to an off-site
RCRA landfill in accordance with current practice.

Alternative SS-6 Disposal:

On-site vaults located -at the Hanford 200 Area are specified for disposal
of-high-activity radioactive and mixed wastes. All other wastes would be
shipped to new -on-site-RCRA-tvpe landfills for disposal.

* The Hanford Barrier and RCRA multi-media cap would be used as
reauired for closure of all waste disposal sites.

Flow Rates and Composition. The 100 Area Past Practice Site Cleanup and
Restoration Conceptual Study (WHC 1991e) developed estimated excavation rates
necessary to remediate contaminated soils by year 2018 assuming a 20 year remediation
period. Sediment excavation rates were developed using the same assumptions.
Contaminated soil and sediment volumes and excavation rates are presented in
Table 5-5.
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Hanford 100 Area soils and riverbank sediments (exclusive of contaminants)
consist of Pasco gravels with small amounts of clay and humus materials. The mixture is
very coarse with a small fraction of fines, approximately 20% < 0,125 mm. There is a
significant-concentration of carbonaceous-minerals-in Hanford 100 Area soils.

Disposal Distances- and Methods - The proposed disposal methods for
Alternatives SS-4, SS-5, and SS-6 include both on-site and off-site disposal options.
Vaults and trenches or pits are proposed for use at the Hanford 200 Area. The Hanford
Barrier and RCRA multi-media cap are specified for use where appropriate to cap
disposal sites. One RCRA landfill in the state of Oregon is currently being used for
disposal of Hanford Site hazardous wastes. The NTS, which is approximately 1,000
hi*ghway mile& away from. the Hanfor- Si te, is one potential L otti 0t-fOt U a ,,jE xd
waste disposal facility.

5.3.4.4.2 Evaluation. Alternatives SS-4, SS-5, and SS-6 all involve excavation and
removal of the soils and riverbank sediments. No waste treatment is specified. In
generaLreduction in-the number of-contaminated-sites was-advantageous. -However, the
waste remains untreated so the alternatives are less desirable than alternatives involving
treatment.

For Alternative SS-4, the short-term effects are given medium scores, reflecting
-significant exposures to-operations-personnel during excavation. The long-term effects
are definite improvements over those of Alternatives SS-2 and SS-3 due to the improved
disposal practices--The long-term effects are not scored high because there is no
treatment to remove hazards associated with mobility and toxicity of contaminants.

The waste is not modified in form, but because the cap provides some
improvement in mobility, the reduction of mobility factor was scored in the low to

The Alternative SS-4 system is relatively easy to construct using available
equipment, so availability of services and specialized equipment factors were generally
scored high. Constructability was scored somewhat lower due to the large volumes to be
removed and problems associated with excavation in a radioactive environment.
Reliability was-scored in the medium to high range because of the low activity
environment and the relatively simple excavation medium. However, the alternative
requires no long-term maintenance,-so it scored in-the medium tn high range on that
factor.

Agency approval was given medium scores as it is better than Alternative SS-3,
but all waste remains on-site and untreated (potentially not in compliance with the
RRA- and Disposal -Restrictionsso -public and agency acceptance may be difficult to
acquire.

The use of off-site disposal in Alternative SS-5 results in the removal of soils and
riverbank sediments from the Hanford Site, but the scoring generally considered the
extra transportation to be a negative factor.
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Due to the transportation requirements, this alternative is scored in the low range
for short-term effects. All soil and riverbank sediments are removed and shipped great
distances, The-alternative also assumes that an identified disposal site would have
acceptable long-term effectiveness. An intermediate score was assigned to reduction in
mobility because the waste is not changed in-form but merely removed from the Hanford
Site.

Constructability, operational reliability, and maintenance were scored similarly to
Alternative SS-4,- with-a minor reduction fnr the transportation factor. The improbability
of identifying an off-site disposal area resulted in low scores for availability of services.
Specialized equipment was given a medium score because of the problems associated
with transporting the large volume of material.

Agency approval was also scored low because of -the-public-resistance- expected at
potential disposal sites and along the transport routes. The low score for cost reflects
the cost of retrieval and transport to a remote location.

Alternative SS-6 is similar to Alternative SS-4, except for the use of RCRA-type
landfills at the Hanford Site. The addition of the RCRA permit, the associated landfill
liners,and controls -had a-slight negative-effect on the scores for maintenance and
availability of services. All other scores are similar to, and explained in, the evaluation
for Alternative SS-4.

5.3.4.5 Alternatives SS-7, SS-8, and SS-9: In situ Treatment for Soil and Riverbank
Sediments.

5.3.4.5.1 Descriptions. Three alternatives are presented for the in situ treatment
of soils and riverbank sediments general response action.

Alternative SS-7:

* Biological: Biodenitrification
* Stabilization/Solidification: Vitrification
* Physical Treatment: Steam stripping
* Monitoring: 100 Area roundaer.

Alternative-SS-8 consists of a single treatment-operation imtended-primarily for
areas containing significant quantities of radioactive contamination:

Alternative SS-8:

e Stabilization/Solidification: Vitrification.
e Monitoring: 100 Area groundwater.

Alternative SS-9 closely resembles Alternative SS-7; however, vapor extraction is
used for remediation of organic contamination instead of steam stripping.
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* Biological: Biodenitrification
* Stabilization/Solidification: Vitrification
* Physical Treatment: Vapor extraction.
* Monitoring: 100 Area groundwater.

Size-and Configuration. A discussion of soil/sediment volumes is given in Section
5.3.4.4.1.

Alternatives SS-8, SS-9, SS-10 Unit Operations. Major unit operations required
for in situ treatment of soils and riverbank sediments alternatives are discussed below.

0 In situ biodenitrification (discussed previously for Alternative GW-4)
reduces nitrates to elemental nitrogen. The denitrification process for
contaminated soil follows the same reaction as for groundwater:

Bacleral mAmbOdiC Process

3O -3 N2?

The process requires injection of nutrients or bacteria culture into
contaminated soils and riverbank sediments in order to enhance the
denitrification process.

* In situ vitrification is proposed in Alternatives SS-7, SS-8, and SS-9 for
stabilization and solidification of areas containing high amounts of
radionuclide contamination. The in cin, vitrification technique is well-
tuitednrL his alUILLLLUAI due to the homogenous (from a chemical

perspective) nature of soils. Electrodes channel current to the soil which
is resistively heated to temperatures in excess of the soil's melting point.
The soil melts and retains contaminants, such as radionuclides (although
lower molecular weight radionuclides may be volatile, and secondary
treatment in the form of off-gas treatment is necessary) and heavy metals
(some like mercury are volatile) within the melt zone. Residues generated
from the off-gas treatment process would be prepared for disposal by
stabilization and solidification. Backfilling of the site would be necessary
due to subsidence during vitrification.

* Alternative SS-7 would remediate soils and riverbank sediments
contaminated with volatile and some semivolatile organics by in situ steam
stripning. Steam is injected into the soils to volatilize organic
contaminants which then percolate upward through the soil and are
released to the atmosphere.
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Alternative SS-9 would use vapor extraction for the remediation of volatile
organic contamination in soils. A vacuum is drawn on the soil inducing
the volatilization of organic compounds which may be adsorbed on the
surface of soil particles.

Vapor extraction is commonly used in conjunction with carbon adsorption
or incineration to treat the off-gas; direct venting to the atmosphere may
also meet AAARs, depending on the contaminants and concentrations in
the extracted vapor.

Composition. The 100 Area Past Practice Site Cleanup and Restoration Conceptual
Study (WHC 1991e) developed an approximation of the volume of contaminated soil at
the Hanford 100 Area. The volume of riverbank sediments associated with the 100 Area
operable units has been approximated for the purposes of this feasibility study. While
significant effort has been made to quantify the volume of soil and riverbank sediments
potentially contaminated with radionuclides (refer to Table 5-5), there is not sufficient
information to quantify the volume of organically contaminated material. However, it is

-expected that only a small fraction of the volume presented in Table 5-5 is contaminated
with organic materials, as Hanford records did _notndicA thandling-or disposal of large
quantities of organic materials. As is the case for Alternatives SW-7 and SW-8, waste
treatment flow rates are not applicable for in situ treatment.

Disposal Distances and Methods. The proposed disposal method for Alternatives
SS-7, SS-8, and SS-9 is in situ with varying degrees-of treatment for organic and nitrate
contamination. Radioactive waste sites would be stabilized by vitrification to ensure that
the potential for mobilization of this type of contamination is reduced.

5.3.4.5.2 Evaluation. Alternative SS-7 proposed the use of three in situ treatment
process options in order to provide long-term protectionfrom the contaminants treated.
However, the-overl1 effectiveness is limited due-to the-limited-application of the three
OptlOns.

The short-term effects of steam stripping organics into the environment limits the
short-term protection factor evaluations to a medium score. Because the alternatives do
not address all contaminants, the long-term protection scores are in the medium to high
range. The reduction of mobility score is in this same range.

The development status of these technologies results in medium scores for
constructability, reliability, and maintenance. The same issue resulted in low to medium
scores for availability of services and specialized equipment.

Agency approval was given average scores, based on the development status and
_the possible release of organics to the environment. -The- -cost for this process option is
expected to be high and the resulting score is low.
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The extensive use of in situ vitrification as part of Alternative SS-8 for areas of
radioactive contamination is considered effective at destroying organic contamination
while immobilizing most radionuclides and heavy metals.

It scores only in the-medium-range for short-term protection because of concern
over potential problems with off-gas control. It scores in the high range for long-term
protection because of its permanence in reducing contaminant mobility.

The developmental stage and complexity of in situ vitrification systems result in
low to medium scores for constructability, reliability, service availability, and specialized
equipment. It was assigned a medium score for agency approval, largely because of the
uncertain development results. Costs are expected to be high.

The use of vapor extraction in Alternative SS-9 to replace steam stripping of
Alternative SS-7 has the benefit of capturing the organics instead of releasing them to
the environment. Vapor extraction however, cannot remove semivolatiles, such as PCBs.

The effectiveness factors, protection of health and the environment, and reduction
of mobility, were all scored higher in Alternative SS-9 than in Alternative SS-7 based on
the release of organics. The constructability and reliability factors were scored lower for
this alternative because of the extensive collection system required for vapor extraction.

Agency approval was thought to be somewhat more difficult for this alternative,
due to the failure to address semivolatiles.

5.3.4.6 Alternatives SS-10 and SS-11: Removal, Treatment, and Disposal Alternatives
for Soil and Riverbank Sediments.

5.3.4.6.1 Descriptions. Two alternatives have been developed for this general
response action.

AIternative SS-10:

* Removal: Excavation

* Thermal Treatment:
Thermal deAsorptiOn (OrgaLnL LULILcaJmIlIaLIUon)

* Physical Treatment:
- Soil washing by attrition scrubbing (radionuclides adsorbed on soil

particles)

* Stabilization/Solidification:
- Vitrification (residues from soil washing and off-gas treatment)

(Stabilizatio-n/sUlidification of bulk soils is not practical nor
desirable on an aggregate basis because of potentially large waste
volume increases. It will only be considered for applications
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involving LDR constituents, but such considerations are appropriate
for the focused feasibility studies.)

* On-Site Disposal:
- Vaults (high-activity radioactive and mixed waste)

Tre-nches/pits-(low-activity radioactive and m xd waste)

* Capping:
- Hanford Barriers (radioactive and mixed waste disposal sites).

Alternative SS-11:

-a Removal: Excavation

* Thermal Treatment:
- Thermal desorption (organic contamination)

* Chemical Treatment:
- Soil washing by chemical leaching (radionuclides adsorbed on soil

particles)

* NronI ,.,nzann ,on/lidiA tion:

- Vitrification (soil washing and off-gas treatment residues)

* On-Site Disposal:
- Vaults (high-activity radioactive and mixed waste)

* Off-Site Disposal:
- - - RCRA Landfills-(hazardous-only-waste)
- DOE Facilities (low-activity radioactive and mixed waste).

Size and Configuration. A discussion of soil/riverbank sediment volumes is given
in Section 5.3.4.4.1. Process flow diagrams of Alternatives SS-10 and SS-11 are presented
in Figures 5-11 and 5-12. Major unit operations for each alternative are discussed below.

Alternative SS-10 Unit Operations.

* Organically contaminated soils and riverbank sediments would be treated
in a two-stage thermal desorber. The initial stage consists of an externally
fired chamber in which organic compounds are vaporized. The vapors are
then oxidized in a secondary combustion chamber, and off-gases are
treated and vented to the atmosphere. Residues generated from the off-
gas treatment process would be prepared for disposal by stabilization and
solidification.

* Physical soil washing consists of a series of treatment operations. Initially,
soils are classified by particle size using a power screen (other types of
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equipment may also be appropriate). The purpose of this initial
classification is to separate large particles (such as coarse sand, gravel, and
rocks) from the finer-sized material (finer than about 200 mesh
(0.075 mm))(DOE-RL 1992a). Because of higher cation exchange
capacity~he-buik (S radionnride and heavy metal contaminatinn is
preferentially adsorbed on the surfaces of smaller-sized soil particles.
Larger soil particles are removed from the waste stream at this stage
(provided that it is clean enough to meet remedial goals) and may be used
as fill material. Physical soil washing is particularly suited to soils which
are predominantly sand and gravel. This is the case for Hanford soils
which are predominantlycoarsegranitic-sands and gravels, with less than
10% silts and clays. A high percentage of Hanford 100 Area material is of
large particle size, therefore, physical soil washing is considered an
effective volume reduction process (WHC 1990).

* Next, the smaller-sized fraction of particles is taken from the power screen
to a soil washing unit similar to a ball mill (conceptual). The mill tumbles
soil in the presence of a scrubber solution (any of a number of solutions
that enhance separation of contaminants from the bulk soil; surfactants are
an example). The tumbling action causes particles to abrade the surfaces
of other particles, stripping away surface contamination. This process is
referred to as attrition scrubbing.

* A centrifuge (other types of equipment may also be appropriate) is then
used to separate contaminants, fines (resulting from attrition scrubbing),
and scrubber solution from the relatively larger abraded soil particles. The
rleanaAed soil wold be used as backfill material.

* Contaminated scriuber solution and fines are pumped to a rotating disk
spray dryer for drying. A rotating disk spray dryer is best suited for this
application, due to the high maintenance anticipated for other dryers
(spray dryers using nozzles would require frequent replacement due to the
nature-of the feed; rotay -dryers, for-instance, -tend to cake which leads to
difficulties in removing the material). Vapor from the dryer is condensed
and recycled back to the attrition scrubbing process.

* The final unit operation is stabilization and solidification of dewatered
fines in a vitrification unit. Glass frit or glass formers are added to the
fines and melted in a joule-heated vitrification unit to form a dense,
glassified waste form (other reactors using other sources of heat, such as
plasma torches, may also be appropriate).

* Alternative SS-10_operations resultin a glassified waste form requiring
disposal. On-site vaults located at the Hanford 200 Area are specified for
disposal of high-activity radioactive and mixed wastes. The resulting
low-activity radioactive and mixed wastes would be placed in pits or
trenches, wncn are also e t e 200 A.ea
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0 The Hanford Barrier would be used for closure of trenches and pits.

Alternative SS-11 Unit Operations. Figure 5-12 is a conceptual process flow
diagram-representing major unit-operations-of-Alternative SS-11. Each unit operation
unique to the Altrnative SS-11 remediation process is discussed below.

* A thermal desorber is specified for treatment of organically contaminated
soils and riverbank sediments. See discussion under Alternative SS-10.

0 Chemical soil washing consists of a series of operations designed to
chemically dissolve contaminants adsorbed on the surfaces of soil particles.
The fnllowing discussion presents a simplified csries of unit operations that
may be used to chemically remove virfnre Cnntmination.

0 A lixiviant (or mixture of lixiviants) is added to the soil in a stirred tank
reactor. Lixiviants are compounds that facilitate dissolution of
contaminants,-including chelatnrs, by chemically bonding to species such as
radionuclides, thus forming soluble complexes. Lixiviation is intended to
strip adsorbed contaminants from soils into solution. Lixiviants such as
ethylenediaminetetraacetic acid (EDTA), which is a common chelator, may
be used for this purpose, but it should be noted that lixiviants are
contaminant-specific, and more than one would be required to remove
multiple contaminants. Additional stirred tank reactors may be necessary
for removal of multiple contaminants. If multiple reactors are required,
washing steps would be necessary between reactors.

* Following lixiviant treatment, a clarifier is used to separate soils from the
treatment liquid. The liquid is pumped to an evaporator where
contaminants are concentrated prior to drying (discussed below), and the
soil is sent to another stirred tank reactor.

* Acid solution is added to the soil in the second stirred tank reactor. Most
radionuclides and heavy metals would go into solution at low pH-. At this
stage of-the process all remaining contaminants- are-dissolved- leaving
rlenn cnt

* The second clarifier separates clean (but acidified) soil from the acid
solution containing contaminants. The clean soil may be discharged for
use as backfill (following neutralization). The liquid solution is first
neutraizedinza stirred xanlcreactor and then concentrated in an
evaporator.

* A fluidized bed dryer is used to remove water from evaporator
concentrates in preparation for stabilization and solidification. The
fluidized bed consists of dry concentrates. Effluent from the evaporation is
introduced into the fluidized bed dryer where all moisture is removed.
The-fluidized-bed-dryer is preferred for this application because of its
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reliability in a similar application at Idaho Chemical Waste Processing
Plant.

The final unit operation is stabilization and solidification of dry
concentrates in a vitrification unit. Glass frit and glass formers are added
to the fines and melted in a joule-heated vitrification unit to form a dense,
glassified waste form (other reactors using other sources of heat, such as
plasma torches may also be appropriate).

Alternative SS-11 operations result in a glassified waste form requiring
disposal. On-site vaults located at the Hanford 200 Area are specified for
disposal of high-activity radioactive and mixed wastes. Low-activity
radioactive-and-mixed wastes would be sent to other DOE facilities for

-disposal. Wastes which have been identified as hazardous-only at the
excavation phase would be sent off-site for disposal at a RCRA landfill.

Flow Rates and Composition. Refer to the discussion in Section 5.3.4.4.1.

Disposal Distances and Methods. The proposed disposal method for any high-
activity radioactive and mixed waste in both alternatives is on-site disposal in vaults at
the 200 Area. Wastes result from vitrification of soil washing and off-gas treatment
residues. On-site trenches or pits are proposed for low-activity radioactive and mixed
waste in Alternative SS-10; an off-site disposal option has been specified for low-activity
radioactive and mixed waste (disposal at a DOE facility) and hazardous-only wastes
(RCRA landfill) in Alternative SS-11. The NTS is one potential location for a low level
mixed waste disposal facility. NTS- is approximately t000zbighway mi--w---y--the
Hanford Site. A facility in the State of Oregon currently accepts Hanford hazardous
wastes.

The Hanford Barrier is specified for use where appropriate to close trenches and
pits in the 200 Area.

5.3.4.6.2 Evaluation. In Alternative SS-10, excavation and complex treatment for
all contaminants, and disposal on-site in vaults, pits, and trenches provides a total
solution to the contaminated soils and riverbank sediments problems. It does so at the
expense of needs for high amounts of material handling and high cost.

The short-term effectiveness of these alternatives is similar to the solid waste
excavation alternatives. Average scores were assigned to account for the risks of
handling and processing. The long-term effectiveness is scored high because of the
stable waste form in a single disposal facility.

Since the systems are reasonably well developed. but very large systems would be
required, only medium scores were assigned to constructability and reliability. Similar
scores apply to availability of services and specialized equipment for the same reason.
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Average- scores were assigned to agency- approval to narnnt for the excellent
-waste form-and-also-for the difficulty-in-permitting the -complex processes. Obviously,
--the complex system is costly.

Alternative SS-11, like Alternative SS-10, is a complex ex situ processing system
for soils and riverbank sediments. This alternative differs from Alternative SS-10
primarily-in thearva related-to_ disposal and in the use of chemical soil washing as
opposed to physical soil washing. The on-site disposal of Alternative SS-10 was
responsible for its higher score relative to Alternative SS-11 which relies on off-site
disposal for the low-activity radioactive and mixed waste, The transportation of large
volumes of waste over many miles to off-site disposal facilities raises issues of safety,
questionable- public acceptance, and potentially very high costs.

5.3.5 Summary of Alternatives Evaluation

The scoring rationale for each alternative (by general response action) is
discussed in evaluation sections presented previously. Figures 5-13, 5-14, and 5-15
present average project team scores for each evaluation factor and weighted, normalized
scores fnr effectiveness, implementability, and cost criteria. The sum of weighted,
normalized scores represents the composite evaluation score of each alternative. The
standard deviation of each composite score is also presented as a relative indication of
the uncertainty associated with scoring a particular alternative: a large standard
deviation is indicative of varied opinions by the nine member project team concerning
how the alternative should be scored. A small standard deviation, on the other hand,
reflects a better consensus among the nine project team members.

The guidance document (EPA 1988a) directs that the effectiveness criterion
should be weighted more heavily than implementability and cost criteria. 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" is possible for the
five factors (See Figure 5-13) considered for evaluating effectiveness; the effectiveness
score is normalized by multiplying the new score by 4), and then by weighting

--(multiplying by a weighting factor- The project team weighted evaluation criteria are as
follows:

Weight

* Effectiveness 0.6
* Implementability 0.3
* Cost 0.1

Total .0

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-ecause protection of human health and the environment is the principal goal of
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remedial actions, the major focus of the screening is on the effectiveness of an
alternative to meet RAOs. Therefore, effectiveness is given a high weighting factor in
comparison 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.

The decision to discard alternatives at this point is made on the basis of retaining
a broad range of GRAs for detailed analysis. This is deemed necessary for this
particular feasibility study due to an incomplete set of input parameters that are
specified in the guidance document for traditional feasibility studies. Alternatives
recommended for consideration at the detailed analysis/focused feasibility study levels
cover the spectrum of all potential remedial actions from "no action" (which would be

Oapplicabieonly 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, the following alternatives are considered
representative of various GRAs for future evaluations that will be made during Hanford
100 Area operable unit focused feasibility studies. Note that "no action" Alternatives
SW-1, GW-1, and SS-1 are retained at this point to serve as a baseline (per the NCP) for
comparative purposes and for evaluation from the risk assessment standpoint at some
future timd. The retained alternatives may serve as a baseline from which to evaluate
the future impact of site characterization data and risk assessment results. It should also
be stressed that alternatives (and technologies) that are not retained may be revisited as
new information warrants, in accordance with FS guidance.

While the CERCLA Phase I/1I FS process provides a rational basis for
developing and screening remedial alternatives, it is very 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/HT process also does not allow much consideration of cost.
Thus, the true cost/risk reduction benefit of each alternative has not been evaluated or
even cLulidered. iis 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 found to be cost effective in view of their benefit to true risk
reUcti.

5.3.5.1 Solid Waste. Composite scores for Alternatives SW-i through SW-10 range from
54.6 (no action) to 65.4 for Alternative SW-9 (a removal, treatment, and disposal
alternative). Table 5-6 presents the solid waste alternatives retained for future analysis
and the rationale for dropping alternatives from consideration at this time
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The-alternatives retained represent all-GRAs;- One representative alternative for
each-general response action-has been-retained for future evaluation.

5.3.5.2 Groundwater. Composite scores for groundwater alternatives range from a low
of 52.2 for Alternative GW-1 to a high of 71.9 for Alternative GW-6 (a removal,
treatment, and disposal action). Table 5-7 presents the groundwater alternatives
recommended for future analysis and the rationale for not considering other alternatives
further.

The spread in scores indicates that project team members were better able to
make assessments concerning groundwater alternatives than had been the case for solid
waste. Both removal, treatment, and disposal alternatives are recommended for detailed
analysis due to the unique treatment approach taken in each case. An in situ treatment
approach is also
retained t-maintaina range nf different leveLs-of remedial action and potentially for use
in combination with alternatives for other media.

5.3.5.3 Soils and Riverbank Sediments. Composite scores for soils and riverbank
sediments alternatives range from a low of 55.4 for Alternative SS-1 (no action) to a high

-of 67.4-for Alternative SS-10 (aemovaLtreatmeiu, and disposal-alternative). Table 5-8
presents the soil and riverbank sediments alternatives recommended for future analysis,
and a rationale for a recommendation of not considering other alternatives is discussed
below.

The alternatives retained include the entire range of possible GRAs that may be
taken for Hanford 100 Area soils and riverbank sediments. All alternatives retained
represent technologies and process options considered the best choices as a result of
screening activities.

5.3.5.4 Potential Future Innovative Technology Applications. In Phase I (Section 4.0) of
this FS, a number of innovative technologies were screened out for lack of demonstrated
implementability and/or effectiveness. CERCIA FSguidanctspecifies-thatinnovative
remedia approaches be considered where use of such technologies offer cost or
performance (effectiveness) advantages over more traditional approaches. However,
many of these technologies which were screened out, while promising in theory, have not
yet undergone sufficient development to prove their overall viability in site remediation
applications. Many of these technologies are currently in some stage of development
and most of these are probably some years away before development efforts come to
fruition. The purpose of this section is to provide recommendations of specific
innovative technologies whose development progress should be monitored. Performance
data obtained from the development efforts may be then used in future feasibility studies
in or, -r'ivP fashion to assess the conclusions arrived at during Phase I of this FS.

The technologies discussed below are specifically identified for monitoring of
development progress based in part on technical comments received from reviewers to
this document. This list is not necessarily all inclusive and others may be added as
additional evaluations are performed.
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Electro-kinetic Separation. (See Appendix C, Section 2.10.4) Electro-kinetic
separation is an in situ physical treatment method used to enhance separation of
adsorbed contaminants on saturated sediments using charged electrodes placed within
the contaminated aquifer. Development on a laboratory scale has shown promising
results. Significant research work is being conducted at Sandia National Laboratories
and elsewhere.

-- n-Situ-Chemical Precipitation. -(See Appendix C, Section 2.11.1) Tne application
of precipitation reagents in situ may be applied to immobilize contaminants in
groundwater and saturated sediments as an alternative to pump and treat technologies.
Limited ex situ laboratory and bench studies have been performed. Much development
work would be needed to demonstrate in situ application. The principal difficulties of in
situ application are attaining-adequate mixing and distribution of chemical reagents.

Lixiviant Extraction. (See Appendix C, Section 2.7.4) Lixiviant extraction
involves the introduction of chemical reagents to contaminated saturated sediments for
removal of adsorbed contaminants so as to enhance the effectiveness of pump and treat
systems. Lixiviants have been developed for solution mining of uranium. Lixiviants for
site remediation applications require all phases of development and demonstration.

- In Situ Vitrification/Grouting of Compacted Waste Forms. (See Appendix C,
Section 1.10.3 and Section 1.10.1) These technologies are potentially applicable for use in
stabilizing compacted waste for subsidence control in 200 Area burial trenches, an
important aspect for the Hanford Barrier application. Development work and field
demonstrations are-needed t-prove viability and-generate-performance -data.

Supported Liquid- Membranes. (See Appendix C; Section 2.13.15) Supported
liquid membrane filtration is a process option similar in many respects to reverse
osmosis and ultrafiltration. The key difference involves the use of carrier molecules in
the supported liquid membrane for transport of contaminants out of groundwater into a
concentrated liquor. The process has potential cost advantages relative to reverse
-osmosis-Some- laboratory and -bench scale testing has been done on TLnfnrd

groundwater for uranium, technetium, and chromium removal. Pilot scale demonstration
is scheduled for FY 1994.

Biological Barriers. (See Appendix C, Section 1.5.5) Biological barriers are
created by the accumulation of biomass to provide a barrier against migration of
contamination. Maintaining stable barriers has not been demonstrated. The biological
barrier is in the conceptual stage with much development work needed to prove its
viability.

Biosorption. (See Appendix CSection_2.12.3), The biosorption process is similar
to ion exchange. Resins containing treated algae have been tested for removal of
uranium. Additional testing may identify resins which are capable of removing
additional contaminants.
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Figure-5-1. Development of Alternatives for Solid Waste (Page i or 3)
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Figure 5-1. Development of Alternatives for Solid Waste (Page 2 of 3)
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Figure 5-1.
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Figure 5-2. Development of Alternatives for Groundwater (Page 1 of 4)
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Figure 5-2. -Development of Alternatives for Groundwater (Page 2 of 4)
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Figure 5-2. Development of Alternatives for Groundwater (Page 3 of 4)
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-- igurte 5-2 Development of Alternatives for Groundwater (Page 4 of 4)
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Figure 5-3. Development of Alternatives for
(Page I of'4)

Soil and Riverbank Sediments
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Figure 5-3.
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Figure SM4 Development of Alternatives for Soil and Riverbank Sediments
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Figure 5-3. Development of Alternatives for Soil and Riverbank Sediments
(Page 4 of 4)
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Figure 5-4. Alternative SW-7: Solid Waste Stabilization and Solidification
by Dynamic Compaction and Vibration Aided Grout Injection
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Figure 5-6. Alternative SW-10 Process Flow Diagram
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Figure 5-7. Alternative GW-3: Conceptual Model for Containment of
Groundwater (Slurry Wall) and Hydraulic Control

(Extraction and Injection Wells)

'I C
EE

a

0

517-7



Tin n~63 -QLSi

4
0

Phase Separated
Organic

Contamination

Contaminated
Groundwater
Containing

Nitrates

Nutrient and Bacterial
Cultur Supply Tanks

Blower

~~ ,

12

Or c Laden Vapor
Atmosphere

II
njected

Air

Nitrogen to
Atmosphere

I
I0

CL

j injected
' Nutrients/Culture

for Denitrification

NitIrate

Groundwater
Bearing

Formation

e0

C

~ioE



4>l r

dwalr ORaGAMIC CONTAMINATION PROCESS LOOP- AS REOD
Extraction -- Hydrogen Peroxide

IN Wr.- - - Ozone
5/60,G'

CHEMICAL OXIDATION
RAGE

TCSTANK

I.C aE
-1

N.I1 K:(,

PRiECIPITATION

CLAHI

a,
~11
'0

Filratiot t eid
Medie Efluen'l

CAollerillle

ROTARY
DRUM
FILTER CLAI

Solid
Residue

Fl

FeSO4jAcid

HEXAVALENT CIIROMIIJM
REDUCTION

Overflow

EH I Liquid
Filtration Efluenti
Media

Chromium
Reduction
Concentrate ROTARY

DRUM
FILTER Solid

Residue

200 AREA

Disposal of Solidified
Residues:

Vaults High Activity
Hadoactive, id

- ~ Mired Wash,

Trenches/Pits Loe Actlivity
Racioacdive
and Mixed
Wal.le

Hanford Darieis
as Required

Rijcin i. Aquile,Trealed '

Grourndwalt'r
with Trntiurn

Coment
Additives

Waste
Residue MIXER

BIODENITRIFICATION
REACTOR A ason

ION EXCHANGE

t

l
On'

0

0
fr-i



fls~zfl!4. 37 -

O0110MAI CO1NTAIAMITION DROCESS LOOP AS RE0-

Organbc Rich Air

STORAGE TANJ PACKD
BED
COLUMN

-r
L _ _ _ _

-

EVAPORATOR

ROTARY
Concentrale DRUM

FILTER

Eir ation
Med a -

Soled
S Rsd

4 ONDEINSER

Lquid Efluent

UB

C
CARBON ADSORPTION UNITS

E IERSE OSb$OSIS

C cenMa11

S

-11

Cement
Additives I
Waste
Residue

geiefstion MIXER
Op

BIODENITIRIFICATION
REACTOR

Nutrients & 
Bacteria
Culture

CaiwVAnian
ION EXCHANGE

1k

260 AREA

Crb Disposal
Treated

IN (iGoundwate ]
I W6h Tritium

Disposal of
Solidillied Residues

Vaults.
High Acthvily
Radioactive and
MixedWasto

TMlIxeds/Pits
Low Acivdty
Radioactive aiin0
Mixed Waste

-lan ford Barriers
as Required

Groundlwalte 
1

Extraction Wells
S7M0 GPM
57-_ GP

U
0
r

'c

[T-Amsh

-

I



DOE\RL-92-11, Rev. 0

Figure 5-11. Alternative SS-10 Process Flow Diagram
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Table 5-1. Solid Waste Inventory

Component Volume
(in Loose Cubic Feet)

Buried waste:
Combustible material 18,512,000
Metal 16,661,000
Demolition waste 11,107,000

Total 46,281,000

Discrete met--]* 46,281,000

D__-"tinon waste 56,962,000

qnlid wnstp tntni 149,524,000
Includes excavated pipelines and other demolition metals.

Reference: A00 Area Past Practice Site Cleanup and Restoration Conceptual Study
(WHC 1991e)
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Table 5-2. Solid Waste Volume By Component'

aAdapted from Table 5-1.

5T-2

Component Volume
(Loose Cubic Feet)

ICombustibles 18,512,000

Metal 62,942,000

Demolition waste 68,069,000
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Tobla Li3. Solid Waste Removal Rate by Componenta

Component Rate',
C o m p o n e n to i o s e C u b ic F e e t P e r H o u r

IBuried waste:
ICombustile rMateriai 309
Metal 277
Demolition waste 185

Total 771

Discrete metal 771

f nemnlition waste 949

Total 2491

a Adapted from 100 Area Past Practice Site Cleanup and Restoration Conceptual Study
(WHC 1991e).
'Assumes a 20-year remediation period ending 2018 (TPA milestone).
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Table 5-4. Estimated Groundwater Extraction Rates by 100 Area Plume

Area Plume Identification Extraction Rate, GPM

B/C 100BC-1 200
_____________iOBC-2 2 -nf

K 100K-1 500
100K-2 500
100K-3 1000

N 1OON-I 700

D 100D-1 800
100D-2 1000

H 100H-1 200
100H-2 60

F 100F-I 300
10OF-2 300

Total 5760

Adapted from Table 2-2 of "Thanford Ground Water Cleanup and Restoration
Conceptual Study," (WHC 1991d Draft).
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Table 5-5. Contaminated Soil and Sediment Volume for Excavation Purposes

Excavation Rate
il Tank Cubic Feet Loose Cubic Feet (loose ft3/hr)

Contaminated Soil 249,209,000 284,098,000 4,735

Contaminated 151,170,000 172,334,000 2,872
Overburden

Total 400,379,000 456,432,000 7,607

RliverbankSediments 293,S2tGO 337.901,000 5,632

Soils, 100 Area Past Practice Site Cleanup
(WHC 1991c).
bRefer to Appendix D.

and Restoration Conceptual Study
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Alternative Description Score Recommendation

SW-I No Action Alternative 54.7 Retain for detailed analysis and risk assessment data.

SW-2 Institutional: Fencing and Deed Restrictions 55.9 Retain so prese rve range of GRAs.

SW-5 Removal & Excavjtion and Demolition 57.8 Screend based on retaining Alternative SW-4.
Disposal: RlRA Landfills and DOE Disposal Facilities

SW-3 Containment: Grading, Diversion/Collection, and Revegetation 62.5 Retain as a containment action.
Hanfopi Barriers and RCRA Multi-media Caps

SW-8 In Situ Vibration Aided Grout Injection 62.9 Screened based- on retaining Alternative SW-7.
Treatment: Hanford Barriers and RCRA Muiti-media Cap. 

SW 7 In Situ Dynan'ic Compaction 63.4 Retain as an in situ treatment action.
Treatment: Vibraton Aided Grout injection

Hanford Barriers and RCRA Multi-media Caps

SW-6 Re moval & Excavation and Demolition 63.4 Screened based on retaining Alternative SW-4.
Disposal: Vaults and RCRA Landfills

Hanford Barriers and RCRA Multi-media Caps

SW It Removal, Excavation and Demolition 64.0 Screened based on retaining Alternative SW-9.
Treatment, Incineration (hazardous organics)
& Disposal: Bitumen-based Stabilization/Solid:ificaLion

Vaults and Trenches/Pit.
Hanford Barriers

SW 4 Removal & Excavation and Demolition 64.4 Retain as a removal and disposal action.
Disposal: Vaults and Trenches/Pits a

Hanford Bariers and RCRA Multi-media Caps

SW-9 Removal, Excavation and Demolition 65.4 Retain as a removal, treatment, and disposal action.
Treatment. Thernal Desorption (Qazardous organics)
& Disposal: Compaction -

Cement-based Stabilization/Solidification
Vaults and Trenches/Pits
Hanford Barriers
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Alternative Description Score Recommendation

GW-I No Action Alternative 52.2 Retain for detailed analysis and risk assessment
data.

GW-3 Containment: Slurry Wals 53.9 Retain to preserve range of GRAs.
Extraction Wells

GW-2 Institutional: Water-right's and Deed Restrictions 57.2 Retain to preserve range of GRAs.
Groundwater Monitoring
Columbia River as Alternate Water Supply

GW 4 In Situ Bi odetnit rcation 61.6 Retain as an in situ treatment action.
Treatment: Air Stripping

GW 5 Removal, Extractin Wells 71.6 Retain as a removal, treatment, and disposal
Treatment, Biodenit rification action based on chemical treatment processes.
& Disposal: Chemical Oxidation, Precipitation, and Chemical

Reduction
Media Filtration and Ion Exchange
Cement- based Solidification
Reinjection into Aquifer, Vaults, and Trenches/Pits

GW6 Removal, Extraction Wells 71.9 Retain as a removal, treatment, and disposal
Treatment, Biodenitrification action based on physical treatment processes.
& Disposal: Air Stripping, Forced Evaporation, Media

Filtration, and Reverse Osmosis
Cement-based Solidification
Crib Dis.posal, Vaults, and Trenches/Pits
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Alternative Description Score Recommendation

SS-I No Action Alternative 55.4 Retain for detailed analysis and risk assessment data.

SS-2 In AiLulional: Fencing and Deed Restrictions 56.5 Retain to preserve range of GRAs.

SS-5 Removal & Excavation 58.8 Screened based on retaining Alternative SS-4.
Disposal: RCRA Landfills and DOE Disposal Facilities

SS 6 Removal & Excavation 62.2 S.rcened based on retaining Alternative SS-A
Disposal: Vaults and RCRA Landfills

Hanford Barriers and RCRA Multi-media Caps

SS II Removal, Excavation 62.4 Screened based on retaining Alternative SS-10.
Treatment, Thermal Desorption (hazanious organics)
& Disposal: Soil Washing

Vitrification

Vaults
RCRA handills and DOE Disposal Facilities

SS 4 Rqnoval & Excavation 63.2 Retain as a removal and disposal action.
Disposal: Vaults and Trenches/Pits

Hanford Barnen and RCRA Multi-media Caps

SS 3 Ctptainment: Grading. Divcrsion/Collection, Revegetation 63.5 Retain as a containment action.
Hanford Barriers and RCRA Multi-media Caps

SS-7 tn Situ Biodenitrification 64.5 Screened based on retaining Alternative SS-8.
Treatment: Vitrification

Steam Stripping

SS 9 In situ Biodenitritirion 65.5 Screened based on retaining Alternative SS-8.
Trcatient: Vilrificai 1

Vapor Extraction

SS-8 In Situ Vitrification 66.6 Retain as an in situ treatment action.

Treatment:

SS-10 Removal, Excavation 67.4 Retain as a removal, treatment, and disposal action.
Treatment, Thermal Desorption (hazarlous organics)
& Disposal: Soil Washing

Vitrification
Vaults and Trenches/Pits
Hanford Barriers
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6.0 FUTURE STUDY PHASES

While the scope of this document is limited to alternatives development and
screening for the 100 Area, future study phases will include:

* Treatability studies for support of remedy screening, selection, and design

* Focused feasibility studies (detailed analysis) for IRM remedy selection
and for final OU remedy selection.

This section provides an overview discussion of these future study phases,
explaining the needs and annroach for development of a treatability study program plan
and explaining the general approach to conducting future focused FSs to bring 100 Area
operable units through remedy selection and Record of Decision.

6.1 TREATABILITY STUDIES AND TECHNOLOGY DEMONSTRATIONS

In this Phase I/II FS, alternatives are developed and screened for remediating 100
Area contaminated media. The technologies and process options selected for the
alternatives combine those that are conventional in the sense that they have been widely
applied elsewhere in actual site remediations and those that are innovative in the sense

-that, while they may not have yet been applied, the technologies are promising and have
been developed to some degree, but lack sufficient cost and performance data to validate
their application to Hanford remediation. In either case, treatability data will be needed
to support both the detailed analyses of alternatives-and the remedial design efforts, In
the case of conventional technologies, treatability data are needed to more thoroughly
evaluate them for Hanford site-specific contaminants and conditions. In the case of
innovative technologies, treatability data are needed to determine their fundamental
viability as technology options.

Treatability studies are conducted for two purposes:

* Provide sufficient data to allow treatment alternatives to be fully
developed and evaluated during the detailed analysis and to support the
remedial design of a selected alternative

e Reduce cost and performance uncertainties for treatment alternatives to
-acceptable levels so--that a-remedy can- be selected

The decision process for treatability investigations consists of:

* Determining data needs

* Reviewing existing data on tbe site and available literature on technologies
to determine if existing data are sufficient to evaluate alternatives

6-1
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* Performing treatability tests, as appropriate, to determine performance,
operating parameters, and relative costs of potential remedial technologies

* Evaluating the data to ensure that data quality objectives (DQOs) are met.

Treatability studies usually consist of a combination of information research,
evaluation, and testing. Treatability testing is performed on different scales depending
upon the DQOs which must be met. The three levels of testing are:

* Laboratory screening
* Bench scale testing
* Pilot scale testing.

Treatability tests may initially be conducted on a laboratory scale to determine
the suitability of a technology quickly and inexpensively. Laboratory screening provides
qualitative data that would be used to determine the validity of the technology for
remediating the site. No cost or design information is provided from these tests.

Bench scale testing is usually performed using comparatively small volumes of
waste. These tests are generally used to determine if the "chemistry" of the process
works. Because small volumes and inexpensive equipment are used, bench tests can be
used economically to test a relatively large number of both performance and waste-
composition variables. Bench scale tests are performed to determine if a technology can
meet the performance goals of the remediation. The bench-scale tests provide
quantitative data which would permit more accurate cost, performance, and schedule
estimation for the full-scale remediation. Most FS detailed analysis phases require
testing on-at least the bench scale.

Pilot scale studies are intended to simulate the physical as well as chemical
parameters of a full-scale process. Therefore, the treatment unit sizes and the volume of
waste to be processed in pilot systems greatly increase over those of bench scale. As
such, pilot tests are intended to bridge the gap between bench scale testing and full scale
operation, and are intended to more accurately simulate the performance of the full
scale process. Pilot scale testing is expensive and time consuming relative to bench scale
4stint- Pilot scale-testing may generally -be-warranted-in the following situations:

* Where the nature of the process is such that the physical and geometric
effects of the test equipment are important to simulate full-scale
performance- - That-is, in such cases, bench scale equipment is too small to
simulate critical-performance parameters. An example is rotary kiln
incineration where it is difficult to evaluate the ability to handle a new
waste using a bench scale test.

* For innovative technologies which are not well developed or have not been
applied commercially or where scale-up information may be totally lacking

6-2
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* When there is a need to investigate secondary effects of the process, such
as air emissions, or when treatment residues are needed to test secondary
treatment processes

To determine the need-for pilot testing, the potential for improved performance
or savings in time-or-money durig the remedial implementation should be balanced
against the additional time and cost for pilot testing. Technologies requiring pilot testing
should also be compared to technologies that can be implemented without pilot testing.
Innovative technologies should be considered if they offer the potential for more efficient
treatment, waste destruction, or significant savings in time or money required to
complete the remedial action.

It is anticipated that the multiplicity of data needs will need to be filled, where
appropriate, by a combination of literature research, laboratory screening, bench scale
testing, pilot scale testing, and field demonstrations. Specific implementation work plans
will-be-requireds define-the-specific scope-aid-scheduie of each study, test program, or
demonstration.

The starting point for identifying treatability study data needs will be the list of
screening alternatives developed in this Phase I/II FS. The number and scope of
treatability studies does not necessarily correlate with the number of alternatives, as
some alternatives may not need tests to support either detailed analysis or design.
Further, once the list of treatability study data needs are identified, all the candidate
studies need to be prioritized, focusing on the near-term needs associated with potential
lOG Area IRMs. Th- initial -focus-also-needs-to-be on those remedial alternatives which
show the highest potential for meeting remedial action objectives as indicated by their
relative evaluation scores.

The plan for treatability testing also needs to consider the need for engineering
development and subsequent technology demonstrations to support design and operation
of specialized equipment systems. As is the case with treatability studies which focus on
the workability -of a specific-physical or chemical process, the remedial programs will also
need development and demonstration of systems, hardware, and techniques associated
with remedial activities. Examples of such activities which may need support include
excavation, demolition, dust control, real-time instrumentation and analysis, remote
operations, waste containerizing and transport, and systems integration.

Also important for treatability study planning is the identification of development
needs for those promising innovative technologies and process options which were
screened out in the FS because of a lack of sufficient development or operational data to
validate their viability for Hanford remedial applications. While such development and
testing needs may be of considerably lower priority in the overall program, it is
important to the long-range program that oromising technologies are given some share of
attention, particularly if it is apparent that they offer significant technical or cost
advantage. Limited additional treatability studies of these innovative technologies would
be considered on a case-by-case basis. For example, considerable benefit might result

6-3
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from merely performing a comprehensive literature search and discussions with the
inventors or developers of the technology.

The specific elements of treatability testing and technology demonstrations will be
defined in-the 100 Area Treatability Study Program Plan. This plan will be developed to
meet the following objectives:

* Identify the list of technologies requiring treatability studies or technology
demonstrations for the 100 Area contaminated media. This information
_i11 Ie extractA primarily from this F rpnnrt.

-Will -ViCA; -t~--------------

* Identify general data needs and test objectives to support detailed analysis
of alternatives and remedial design efforts.

* Define the specific studies and/or tests which will meet those objectives,
including defining the scale of the testing needed; include identification of
existing development programs and describe their progress to date and
future development plans; also identify treatability study programs being
conducted for other Hanford areas (or other DOE sites) and discuss
coordination needs.

* Prioritize the studies and/or tests focusing on near-term needs associated
LAit flf -ra ID *s.

* Identify order-of-magnitude costs and schedules associated with each study
or test program.

* Specify the methodology to be followed in conducting the studies and test
nrflgramc.

The program plan will be prepared in accordance with the Guide for Conducting
Treatability Studies Under CERCLA (Interim Final) (EPA 1989b) and the Guidance for
Conducting Remedial Investigations and Feasibility Studies Under CERCLA (Interim Final)
(EPA 1988a).

Since prioritization of the treatability studies is linked to the near-term needs of
the 100 AreaiRMs, the development of the Treatability Study Program Plan will be
closely coordinated with development of a companion document, the 100 Area IRM
Program PInn

6.2 -FUTURE-FEASIBILITY STUDY-PHASES-FOR 100-AREA-OPERABLE- UNITS

This 100 Area Feasibility Study provides alternatives development and screening
for the entire 100 Area. The scope of this effort is thus limited to that portion of a
CERCLA FS which is commonly referred to as Phases I and II. The detailed analysis
phase of a CERCLA FS, which is referred to as Phase III, will not be conducted on an

6-4
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aggregate area basis as was the case for this Phase I/II effort. Instead, detailed analysis
will take the form of individual Focused Feasibility Studies (FFS) to be performed either
on a waste site or site-group basis for purposes of selecting Interim Remedial Measures
(IRMs). To support the final ROD for the operable unit, the final FS will be performed
which will consist of a detailed analysis for the entire OU to select the OU remedy. The
IRM FFSs will be performed as further data become available from the Limited Field
Investigations (LF11) being performed for each 100 Area OU and from the 100 Area-wide
-Studies.- The RIM FFSs- and the final QU ES will thus consist of waste site-specific
analyses of the alternatives developed in the Phase I/II effort using a combination of
site-specific and area-wide data generated by current and future investigation efforts. In
addition, all of the FFSs and the final FS for the OU will utilize information obtained
from snecific technolouy treatability =tdies and technology demrnstration projects (See
Section 6.1).

The IRM FFSs and the final OU FS will include the following steps:

* Identify contaminants of concern for specific waste units
* Det.mne volumes or areas for specific waste units
* Determine the complexity of the site(s)
* Develop RAOs specific to the waste sites or OU
* Update and refine the list of ARARs
* Perform waste-site specific detailed analysis of alternatives.

While the IRM FFSs will generally follow the guidance prescribed by CERCLA
for conducting a detailed analysis (EPA 1988a, Section 6.0), the FFSs will be focused in
that tme level 0. detail will be tailored to the level of complexity of a site(s). That is,
uncomplex sites, e.g., those involving few contaminants, limited contamination volume,
and/or low risk would require a less comprehensive evaluation. Conversely, complex
sites, e.g., those involving multiple contaminants, extensive contamination volume, and/or
substantial risk would require more comprehensive analysis, possibly including substantial
fate and transport modeling and alternative risk assessment.

The detailed analysis steps will include an evaluation of each remedial alternative
against the nine EPA evaluation criteria as required by CERCLA Section 121(b)(1).
These are listed as follows:

Overall-protection -of human-health and the environment
* Compliance with ARARs
* Long-term effectiveness and permanence
- Reduction of toxicity, mobility, or volume
* Short-term effectiveness
SImpiementabillty

L ost
* State acceptance
* Community acceptance.
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Additional work beyond the IRM FFSs or final OU FS includes the preparation
of reports leading to either an interim Record of Decision (ROD), in the case of the
IRM, or a final ROD for the OU. The details of the RI/FS steps for the 100 Area
operable units are discussed below.

Figure 6-1 depicts the interrelationships and sequencing of steps and activities
which must be integrated to bring an operable unit from field investigation through
ROD. The diagram is consistent with the approach outlined in the Hanford Site Past
Practice Strategy (DOE-RL 1991d). This chart provides a graphical description of the
entire process of characterization activities, risk assessments (RA), treatability studies,
and feasibility studies for the high and low priority sites within an operable unit and for
the operable unit as a whole.

To aid in understanding each of the figure activity elements and their
interrelationships, each element is described in the steps below.

STEP 1: 100 AREA AGGREGATE AND HANFORD SITE STUDIES

The 100 Area and Hanford Site studies consist of a series of investigations
being conducted on a 100 Area or Hanford-wide basis. These investigations

-- include the river ixnpact-studythe-shoreline-studiesthe ecologicaI study, the
cultural resources study, and the Hanford background study. These studies
provide data to be used in the LFi Report and in all phases of risk assessment.
The 100 Area-wide and Hanford Site Studies are conducted in parallel with the
OU LFIs and the 100 Area Phase I/lI FS.

The studies in this category also include development of a baseline risk
assessment methodology. This document serves as the basis for all risk
assessments to be performed at Hanford and ensures consistent application of risk
assessment methodology in the 1 00 Area. - The levels of risk assessment include:

* Risk assessment for IRM decisions
* Qualitative risk assessments for remedial alternatives assessments as

part of focused feasibility studies
* Cumulative baseline risk assessment for final OU remedy selection.

STEP 2: LIMITED FIELD INVESTIGATIONS (LFI) AND REPORTS

The LFI is a-data-collection/characterization activity for the high priority
sites in each 100 Area operable unit and consists of data compilation, non-
intrusive investigations, intrusive investigations, and data evaluation subtasks
based upon the 100 Area OU rescoped work plans.

The LFI includes qualitative risk assessments for purposes of determining
the need for and/or selecting IRMs. This risk assessments utilize existing
information, data collected during the LFIs for the high priority sites, and data
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from the aggregate and Hanford Site studies for use in IRM decisions prior to
conducting the IRM focused FS.

The LFI reports are secondary documents summarizing data collection and
analysis activities of the LFIs and the qualitative risk assessments.

STEP 3: 100 AREA FEASIBILITY STUDY (PHASES I/II) AND REPORT

The 100 Area Feasibility Study, Phases I and II, consists of four subtasks:
contaminants of concern identification, ARARs identification, alternatives
development, and alternatives screening. These subtasks are performed on an 100
Area-wide basis and provide screened alternatives as the starting point for
subsequent focused FSs for IRM selection and for final feasibility studies for
selection of the operable unit remedy. This Phase I/Il study does not include
detailed analysis of alternatives. Each focused FS (FFS) performs a detailed
analysis using site-specific data.

STEP 4: TREATABILITY STUDIES AND TECHNOLOGY DEMONSTRATIONS

Needs for treatability studies and technology demonstrations to support
-ture dtailed analyses of ' media! aterawives are based pon screened

alternatives develoned in the 100 Area Phase I/II FS. Specific
treatability/demonstration recommendations and schedules are developed in a
Treatability Study Program Plan. Information collected in these studies and
demonstrations is used in the FFSs for IRM selection and in the final FSs for
final OU remedy selection.

STEP 5: FOCUSED FEASIBILITY STUDIES

Each focused FS consists of a detailed analysis of the alternatives
developed in the 100 Area FS for selection of the alternatives to be implemented
for each 100 Area IRM. Modeling is performed as part of each detailed analysis,
if required, and alternative risk analysis is performed at the same level as the
IRM risk assessment discussed in Step 2. Information from the treatability studies
and technology demonstration projects (See Step 4) is used in the analysis of
remedial alternatives. The FFSs are documented in LFI/FFS Reports.

STEP 6: LFI/FFS- REPORTS

The LFI/FFS Reports are primary documents summarizing information
and data obtained from the 100 Area Phase I/I1 FS, the treatability studies and
demonstration projects, and the detailed analyses conducted during the focused
FS for each IRM. The LFI/FFS Reports are summarized in Proposed IRM Plans
and IRM RODs for the respective IRMs.
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STEP 7: PROPOSED IRM PLANS

The Proposed IRM Plans are primary documents describing the plans to
implement each IRM. The Proposed IRM Plans, which are essentially the same

- --as conventional CERCLA Proposed Plans, serve as the primary means of public
notification-for-solicitation-of comment on the propose' actions. These
documents are prepared following the issuance of the LFI/FFS Reports.

STEP 8: IRM RODS

The IRM RODs are primary documents which summarize all information
contained in each LFI/FFS Report and its associated IRM Plan. The IRM ROD
is defined as the CERCLA document used to select the method of remedial
action to be implemented at a site or group of sites after the FS/proposed plan
process has been completed. For the 100 Area, the IRM ROD covers the high
priority site(s) and the specific remedial actions implemented as IRMs,

For a given OU, the final operable unit RODs is issued after all the low
priority sites within the OU have been characterized, if necessary, and the
cumulative risk assessment and final FS for OU remedy selection have been
completed for the operable unit as a whole (See Step 12).

STEP 9: IRM DESIGN REPORTS

The IRM Design Reports are secondary documents and provide
engineering and technical specifications for implementing each IRM identified in
the IRM ROD.

STEP 10: IRM IMPLEMENTATION

Implementatiorr of each 100 Area IRM consists of construction and
operations phases. These phases vary in scope and complexity among IRMs with
respect to manpower needs, equipment expenditures, durations, etc. These
activities can run concurrently-with other activities such as final remedial
investigations. Any data-collected as a result-of the-iRM implementation are
used in the cumulative risk baseline assessment and the final remedy selection for
the operable unit (See Step 12).

STEP 11: FINAL RI AND REPORT

The final RI for each OU provides any additional data and
characterization needed to support the final remedy selection process for the
operable unit. Characterization activities are conducted, as agreed by the unit
managers, on the remaining low priority sites and at high priority sites where final
cleanup criteria were not achieved during the IRM.
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A final RI may consist of data compilation, non-intrusive investigations,
lntrusive investigations, and data evaluation. Analyses conducted during the final
RI use data collected during the LFI, during IRM implementation, and in
previoU. Investigations.

The final RI for each OU includes performance of the cumulative baseline
risk assessment for the OU. This risk assessment is a quantitative evaluation of
residual risk at the operable unit after completion of the IRMs and is conducted
according to the Hanford Baseline Risk Assessment Methodology. The results
are then used in the final feasibility study to evaluate alternatives for the final
remediation of the operable unit.

STEP 12: FINAL FS FOR THE OU

The final FS for each OU is performed using the alternatives developed
and screened in the 100 Area Phase 1/I FS, information from the focused
feasibility studies for IRMs, results of the IRMs, results of the treatability studies
and technology demonstrations, and the cumulative baseline risk assessment.
Modeling, if required, is performed as part of the detailed analysis. The studies
are documented in the RI/FS Reports (Step 13).

STEP 13: RI/FS REPORT

Tre RI/FS Report for each OU is a primary document which summarizes
all data collection and study activities conducted during the final RI and FS
phases for the OU. The report supports development of the Proposed Remedial
Action Plan (Step 14) and the Operable Unit ROD (Step 15).

STEP 14: PROPOSED REMEDIAL ACTION PLAN

The Proposed Remedial Action Plan for each OU presents a summary of
all information contained in the OU RI/FS Report and identifies the remedial
action-selected for the OU._ The Proposed-Remedial ALtion Plan is brief and is
written in simple layman's terms, since it is used primarily to inform members of
the public. The primary reports generated during the process are referenced and
a preferred final remedy for operable unit remediation is recommended for the
OU.

STEP 15: OPERABLE UNIT ROD

The OU ROD summarizes the RI/FS report as well as any changes to the
selected remedial action as a result nf public comment on the proposedsremedial
action plan. The OU ROD is a primary legal document certifying that the
remedial action selection process was carried out in accordance with the
governing authority, i.e. CERCLA or RCRA, and committing the three parties to
perform the remedial action in accordance with its specifications. The OU ROD
presents a technical description of the--remedial action; the final engineering,
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institutional, and remedial goals; and site information. The OU ROD is written
and issued by the regulators.

STEP 16: REMEDIAL ACTION DESIGN REPORT

The remedial action design report for the OU is a secondary document
and provides engineering and technical specifications for implementing the
remedial action identified in the OU ROD.

STEP 17: REMEDIAL ACTION IMPLEMENTATION

The remedial action for the OU is implemented in a construction and
operations phase. Depending upon the timing of individual OU RODs and the
remedies selected for final remediation, the remedial action implementation
phases for two or more OUs may be aggregated.
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Figure 6-1. RI/FS Steps for 100 Area Operable Units
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Background Concentration - The concentration of a regulated substance (and/or its
discninted rnnstitnt) tht:

" Is consistently present in the environment in the vicinity of a site; and

" Is either naturally occurring or the result of human activities unrelated to releases
from that site.

Half-Life - The time required for an unstable element or nuclide to decay to or lose one-half
of its radioactive intensity.

Operable Unit - A discrete portion of the Hanford Site, as identified in Section 3.0 of the
Hanford Federal Facility Agreement and Consent Order, First Amendment (Ecology, 1990).

Potential Cnntaminant of Concern - A regulated substance (and/or its dissociated
constituents) which:

* Was potentially released in the 100 Area,

* Has been detected in the environment at a concentration above the background
concentration,

" Has been detected at a concentration equal to or greater than a regulatory limit, and

* is of toxicological significance.

Potential Release - The possibility for any spilling, leaking, pumping, pouring, emitting,
emptying, discharging, injecting, escaping, leaching, dumping, or disposing of a radionuclide
and/or chemical substance to the environment. All potentially released substances (and their
dissociated constituents) are assumed to be contaminants.

Radiological inventory - An estimate of radiological materials and concentrations potentially
remaining in or released to a given source area.

Regulated Substance - All radiological substances, and those chemical substances (or
constituents) which may be subject to the regulatory requirements of any one of the
following:

* 40 CFR §302.4
* 40 CFR Part 761
* 40 CFR Part 300
* 40 CFR §§141.61 and 141.62
* WAC 173-340
* WAC 173-200.
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Regulatory Contaminant of Concern - A regulated substance (and/or its dissociated
constituents) which:

" Was potentially released in the 1 WA Are

* Has been detected in the environment at a concentration above the background
nnnnoentn , anA

* Has been detected at a concentration equal to or greater than a regulatory limit.

Source - The contaminated soils, sediments, or sludges in the immediate area of a release of
a radionuclide and/or chemical substance.

Suspect Contaminant - A regulated substance (and/or its dissociated constituents) which:

" Was potentially released in the 100 Area, and

* Has been detected in the environment either in concentrations below background
concentrationx or less than regulatory limits, or

* Is not toxicologically significant.
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1.0 PURPOSE

This report has been prepared to support the Phase I/II Feasibility Study (FS) being
conducted for the Hanford 100 Area. An essential element of the FS is to determine which
contaminant must be remediated-as part of the environmental restoration program in the 100
Area. The purpose of this report is to present a consistent methodology for determining
potential contaminants of concern for use in evaluating remedial alternatives.

Contaminants of concern were identified in each of the draft 100 Area operable unit
work plans. However, the approach for determining contaminants of concern was not
consistent among the work plans. Therefore, one objective of this study was to provide a
uniform decisioa-making process for the entire a.geaa- so as to amve at a defensible
list of contaminants to be considered in the FS.

The results of this study are not intended to provide a final determination of
contaminants of concern. That determination will_bermade as a result of collecting additional
field data and conducting operable unit baseline risk assessments. Such risk assessments are
not within the scope of this Phase I/I FS.
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2.0 ORGANIZATION AND SCOPE

The determination of contaminants of concern for the 100 Area was conducted in two
-phases._The flrst phase entailed: 1)identification ofsadiingiAl and/or chemical substances
potentially released in the 100 Area and 2) comparison of concentration data with background
concentrations and established regulatory limits. The end-product of the first phase is a list
which is referred to as "regulatory contaminants of concern" (Table 1). Chapter 3.0 of this
report addresses this first phase of the effort.

The second phase, utilizing the results of the first phase, performed a qualitative
toxicity assessment. The purpose of this assessment in the second phase was to determine
which of the regulatory contaminants of concern were of toxicological significance. The
end-product of the second phase is a list of potential contaminants of concern to be used for
evaluating remedial alternatives (Section 5.0, Table 2). Chapter 4.0 of this report provides
the methodology and rationale for this second phase of the effort.

The following considerations form the fundamental bases upon which the decision
logic was derived. The first three items pertain to the first phase and the last item pertains
to the second phase.

" Radioactive half-life (radionuclides which have undergone ten half-lives were
assumed to have decayed sufficiently to be of little concern (Gloyna and Ledbetter
1969);

* Comparison of sample concentration versus background concentration;

" Comparison of sample concentration versus the most stringent, established
regulatory limit, if any; and

* Toxicological characteristics.

Appendices AA through AD of this report provide data and rationale as backup to the
determination of the regulatory contaminants of concern. The contents of each of the
appendices are as follows.

" Appendix AA provides the resultant lists of regulatory contaminants of concern,
suspect contaminants, and contaminants eliminated from further consideration.

* Appendix AB compares the most stringent numerical regulatory limits with the
environmental sampling data for the regulatory contaminants of concern which
pass the decision logic.

* Appendix AC indicates which of the nonradiological, chemical contaminants are
regulated, and the regulatory authority for each.
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* Appendix AD provides tables depicting how each contaminant passed through the
decision logic diagrams (Figures 1 and 2) and the critical decision point where it
was classified as a regulatory contaminant of concern, suspect contaminant, or
eliminated from further considPrmtinn

Appendix AE of this report pertains to the qualitative toxicity assessment. The tables
in Appendix AE outline how each of the regulatory contaminants of concern passed through
the decision logic diagram (Figure 3).

2.1 SCOPE OF IDENTIFICATION OF POTENTIALLY RELEASED SUBSTANCES

Identification of potentially released substances was confined to a review and
evaluation of environmental data pertaining to the following two types of units.

* 100 Area Resource Conservation and Recovery Act (RCRA) Past-Practice WP)
units as detailed in RCRA Facility Investigation/ Corrective Measures Study
(RFI/CMS) draft work plans for the 100 Area

* Comnrehensive Environmental Resonse. Compensation. and Liability Act
(CERCLA) Past-Practice (CPP) units as detailed in Remedial Investigation/
Feasibility Study (RI/FS) draft work plans for the 100 Area.

Eleven RI/FS and RFI/CMS draft work plans were-written for the priority liquid
waste operable units in the 100 Area (DOE 1990a-e; 199la-f). Data were obtained from
these work plans to identify substances potentially released. For the remaining 14 operable
-itsforwich- no work plans have yet been drafted (primarily lower priority solid waste
units) the following sources of information were used:

- "-adioiog-ca--haaceizatio eRetred Areas" (Dorian and Rich-ardS,
1978);

* "Estimates of Solid Waste Buried in the 100 Area Burial Grounds" (Miller and
Wahlen, 1987); and

-Facility al (HISS Data Base)-Stenner et a., 1788a).

Information on other units (e.g., RCRA treatment, storage, or disposal (TSD) units
and currently undesignated units) was not reviewed or included in the identification of
potentially released substances.

Cey oauMpuuins WrV ited as follows:

The-list of pntinlly releiced substances was derived from existing site data.
Any new sampling or monitoring data produced after the initiation of this task
were not considered.
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* Sampling and monitoring data used were assumed to be of adequate quality to
support this effort. Data were not evaluated for adequacy. The 100 Area
documentation and environmental data reviewed for this report were compiled by
many different companies and organizations over a period of several decades.
Because of limitations on the scope of this project, no attempt was made to
determine the adequacy of the sampling methodology, monitoring well locations,
or laboratory quality assurance information.

* Only soils and groundwater data were evaluated. It is assumed that any
contaminants released as air emissions are present in surface soils through
deposition. Therefore, soils sampling data are assumed to account for past
atmospheric contaminant releases.

2.2 SCOPE OF REGULATORY CONTAMINANTS OF CONCERN
DETERMINATION

The determination of regulatory contaminants of concern is based upon five key
elements:

- Data which show that a chemical or radionuclide was used or generated within an
operable unit and subsequently was released or potentially released to the
environment

* Regulatory status of radionuclides or chemicals and their constituents

* Sample concentration data

* Background concentration data

- Comparison ofisample concentration data with background and regulatory limits.

Section 3.0 describes the details of the methodology used to determine which of the
contaminants potentially present at the site are of concern with respect to background
concentrations and regulatory limits.

-. - . nr IrrrV A C crosE rpETq'

-The qualitative toxicity assessment further refines the contaminant of concern
determination by evaluating the toxicological significance of each regulatory contaminant of
concern. The toxicity assessment is based upon five key elements:

* Review of supplemental Environmental Protection Agency (EPA) guidance which
eliminates certain metallic contaminants based upon previous determinations of
low or negligible toxicity
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* Determination of the carcinogenicity of each contaminant

* Determination of reference doses for each non-carcinogen

Calculann o a tazard quotient for non-carcinogens based on an ingestion
exposure route

* Assessment of calculation results based upon EPA guidance on contaminant
screening.

Details of the -methodology for the qualitative toxicity assessment are given in Section
4.0.
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3.0 REGULATORY CONTAMINANTS OF CONCERN

Decision logic diagrams were used to determine the regulatory contaminants of
-concer-and suspectcontaminants. Figures -and- -provide the decision logic diagrams for
nonradiological, chemical substances and radiological substances, respectively. Inputs used
in the decision diagrams include:

* Chemical and radiological substances used and/or released;
- Environmental sampling data;
* Regulatory limits and background concentrations; and
0 Inventory and disposal records.

Suspect contaminants are contaminants that have been detected in environmental
samples in the 100 Area at concentration levels below background concentrations or below
regulatory limits. The suspect contaminant list identifies those contaminants for which
subsequent data collection can confirm whether or not the contaminants are present in
concentrations below regulatory concern. When subsequent data become available, the
suspect contaminants would be re-evaluated via the decision logic at the input box entitled
"Compile Environmental Sample Records" (see Figures 1 and 2).

Since the Phase I/II FS is divided by source, groundwater and N Area, the
contaminants were differentiated on the basis of groundwater versus source (e.g., soil)

-operable -unitcontaminants.--N Area-contaminants were idlentified separately. Non-
radiological (chemical) contaminants were identified separately from radiological
contaminants.

Nonradiological contaminants were further categorized as:

* Metals;
* Nonmetallic inorganic ions and compounds;
* Volatile organic compounds; and
* Other organic compounds.

3.1 DECISION LOGIC DIAGRAM - NONRADIOLOGICAL, CHEMICAL
SUBSTANCES

Figure 1 provides the decision logic diagram for nonradiological, chemical substances
(and their respective dissociation constituents, if any). The following sections explain each
of the sequential steps and/or decision points in the diagram. Each of these points is
numbered on the diagram and listed as follows:
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Ch c Diagram Description Diagram Identifler
IChemical potentially released to the environment. I
Is contaminant regulated? f 2
Are environmental data available? 3
Does contaminant exceed background? 4
Are reuliatory limits estahliehnl? 5
Does contaminant exceed regulatory limit?

The final step, "Is contaminant of toxicological significance", -is addressed in
Chot., A A nf thic ronr.

Each step of Figure 1 is explained in more detail in the following subsections.

3.1.1 "Chemical Potentially Released to the Environment."

AlL onradiologicalchenical substance koIwn to have been used in the 100 Area
were considered as potentially released to the environment. That is, all chemical substances
and constituents identified in the draft 100 Area work plans and the documents listed in
Section 2.1 passed this step in the decisionilogic diagram.

JA. -- Is Cuhunimnant xeguiatedr

A chemical substance and/or its respective dissociation constituents was considered
regulated if it is subject to or listed under any one of the following:

* Listed as a CERCLA hazardous substance (40 CFR §302.4). The statutory
sources for the designation of a substance as hazardous under CERCLA include:

- Clean Air Act and Amendments, Section 112
- Clean Water Act Sections 307(a) and 31i(b)(4)

Resource-Consevation-and-Recovery AtL (RCRA), CtIUn 3001

* Subject to Toxic Substances Control Act regulation (40 CFR Part 761)

- Subject to National Oil and Hazardous Substances Pollution Contingency Plan
9ilidelinet (4 CPr1 Prt 3m)

- Listed as having a Primary Drinking Water Standard maximum contaminant level
(MCL) (40 CFR §§141.61 and 141.62) under the Safe Drinking Water Act
(SDWA) (42 U.S.C. 300f et seq.)

* Regulated under the State of Washington Model Toxics Control Act (MTCA)
Cleanup Regulation (Chapter 173-340 Washington Administrative Code [WACI])
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* Regulated under the State of Washington Ground Water Quality Standards (WAC
173-200).

Table AC-1, Appendix AC, lists all nonradiological, chemical contaminants known or
suspected to have been released in the 100 Area. All substances used in the 100 Area have
been assumed to have also been released and are, therefore, considered to be contaminants.
The purpose of the table is to indicate pertinent federal and state environmental regulations
applicable to the chemical substances.

In addition to substances used in the 100 Area, Table AC-1 also lists dissociation
constituents for those substances that readily dissociate in the environment, e.g., acids and
soluble salts.

For example, nitrate originating from nitric acid is considered as a distinct
contaminant, as is chromium originating from sodium dichromate.

If the chemical substance or its dissociation constituent is regulated, it passes to the
next decision point ("Are environmental data available?"). If not regulated, the contaminant
is eliminated from further consideration as a regulatory contaminant of concern. Table AA-
4, Appendix AA lists those contaminants which have been eliminated from further
consideration on this basis.

3.1.3 "Are Environmental Data Available?"

If a contaminant is regulated, the next decision point utilizes information contained in
the 100 Area work plans to determine whether or not environmental data exist for the
contaminant. - If environmentaldata for the contanlinant do notappear in the wnrk plans, the
contaminant was considered a regulatory contaminant of concern because the concentration of
that contaminant in the environment cannot be shown to be below background concentrations
(diagram step 4) or regulatory limits (diagram step 5). if environmental data for the
contaminant appear in the work plans, the contaminant passed to the next step in the logic
diagram where environmental data were compared to established background concentration
values.

3.1.4 "Does Contaminant Concentration Exceed Background?"

This step compares environmental sample concentration data to established
background concentrations. If any sample concentration exceeded an established background
concentration value, the contaminant was passed on to the next decision point (Are regulatory
limits established?). if the contaminant concentration did not exceed an established
background concentration value, the contaminant was classified as a suspect contaminant.
Suspect contaminants are identified by the letter 'S' in the Appendix AA tables. Section 3.7
provides a discussion of background data.
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The purpose of the suspect contaminant list is to retain the contaminants for re-
evaluation pending future field data collection. The additional data would be incorporated

-into -the-input box-entitl-ed--Compile Environmental Sampling Records". The re-evaluation
would be used to confirm whether or not the contaminant concentrations are of regulatory
significance.

3.1.5 "Are Regulatory Limits Established?"

If the contaminant concentration exceeded an established background value or if the
background level was not known, then a check was made to determine whether there are
federal or state numerical limits established in the regulations. If there are no established
regulatory limits, the contaminant was entered as a regulatory contaminant of concern. If
there are established regulatory limits, contaminant concentrations were compared to those
limits in the next step of the decision logic. Section 3.6 lists the regulations from which the
numerical, regulatory limits were obtained.

3.1.6 "Does Contaminant Concentration Exceed Regulatory Limit?"

If there are numerical limits established in the regulations and the contaminant
concentration exceeds the most restrictive of those limits, the contaminant was entered as a
regulatory contaminant of concern. If there are established regulatory limits and the
containant concentration is lower than the most restrictive regulatory limit, the contaminant
was classified as a suspect contaminant. See Section 3.6 for further discussion of regulatory
limits and Appendix AB for comparisons between contaminant concentrations and regulatory
ullluta.

3.2DECISIOW LOGIC DIAGRAM - RADIOLOGICAL CONTAMINANTS

All radiological wntaminants known to have been generated in the 100 Area were
potentially released to the environment and were subjected to the decision logic diagram for
radiological constituents (Figure 2). The following subsections explain the sequential steps
and decision points in the logic diagram for radionuclides.

3.2.1 "Is the Half-Life More than Two Years?"

Radioactive half4ife-was-used-as a decision criterion for all reactor areas except the
N Area. Because operations in the N Area are more recent, half-lives were not used to
eliminate radionuclides from further considertion for t't area.

For the other reactor areas in the 100 Area, s -lived radionuclides (i.e.,
radionuclides withvhalf-livesiess than two years) are assumed to have decayed to
concentrations well below the level of concern (Gloyna and Ledbetter 1969). That is, since
it has been more than 20 years since the last reactor was shut down, the radionuclides would
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have undergone decay for at least 10 half-lives, which is sufficient to reduce concentration to
insignificant values. Therefore, these radionuclides are no longer considered in the
contaminant of concern determination and were placed on Table A-4, Contaminants

-Eliminated frorn-Further-Consideration (see Appendix AA).

- -For N Area,-all radionuclides- were retained, since -sufficient time has not yet elapsed
for the short-lived radionuclides to have decayed.

3.2.2 "Are Environmental Data Available?"

This step follows the same approach as for chemical constituents.

3.2.3 "Does Radionuclide Concentration Exceed Background?"

This step follows the same approach as for chemical constituents.

3.2.4 "Are Regulatory Limits Established?"

This step follows the same approach as for chemical constituents, except that the
federal regulations used for this step consist of the primary drinking water standards (40 CFR
-14) -and-the-environmentai radiation-protection standards-for-management and disposal U
spent nuclear fuel, high-level and transuranic radioactive wastes (40 CFR 191, Radiation
Protection Standards), as excerpted in the Westinghouse Hanford Company *Environmental
Compliance Manual" (WHC-CM-7-5).

3.2.5 "Does Contaminant Concentration Exceed Regulatory Limit?"

This step follows the same approach as for the chemical constituents.

3.3 ESTIMATED RADIOLOGICAL INVENTORIES

Estimated operable unit radiological inventories are presented in Tables AB-l and
AB-6 (Appendix AB). These inventories are only presented for informational purposes,

-since the-inventories were not used as a criterion for identifying regulatory radionuclide
contaminants of concern. The radiological inventories were obtained from:

* Operable unit draft work plans (DOE 1990a-e; 199 1a-f)

* "Radionuclide Inventory and Source Terms for the Surplus Production Reactors at
Hanford" (.iller and Steffes. 1987)
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" "Estimates of Solid Waste Buried in 100 Area Burial Grounds" (Miller and
Wahlen, 1987)

- a "Engineered-Facility Sites (HISS Data Base)" (Stenner et al., 1988a)

* "Unplanned-Release Sites (HISS Data Base)" (Stenner et al., 1988b)

* "Radiological Characterization of the Retired 100 Areas" (Dorian and Richards,
I fl-O'IY7).

The estimated radiological inventories indicated in the Appendix AB tables represent
-data- conl1etM frn__1978 through 1986._ The-adionuclide inventories used in this report
were taken directlylfrom-the above listed sources of informatio -and were not updated to
account for radiological decay occurring since the inventories were last documented.

Radiological inventories are not available for all waste units within each operable unit
and no attempt was made to estimate unavailable inventories. The inventories for each of the
waste units were totaled to yield a single inventory value for an individual operable unit.

3.4 POTENTIAL RELEASES

otenti release or disposal data are presented in Tables AB-I through AB-10
(Appendix AB) and are only provided for -informational-purposes. The potential release data
were not used as a criterion for identifying regulatory contaminants of concern. That is, the
decision logic assumed that all chemicals and radionuclides known to have been used in the
100 Area were considered as potentially released to the environment. The release and
disposal information was obtained from:

* Operable unit draft work plans (DOE 1990a-e; 1991a-f)

* "Radionuclide Inventory and Source Terms for the Surplus Production Reactors at
Hanford" (Miller and Steffes, 1987)

"Estimates of Solid Waste Buried in 100 Area Burial Grounds" (viller and
Wahlen, 1987)

* "Engineered-Facility Sites (HISS Data Base)" (Stenner et al., 1988a)

* "Unplanned-Release Sites (HISS Data Base)" (Stenner et al., 1988b).

3.5 SAMPLE CONCENTRATION

A sample concentration column is included in the regulatory contaminants of concern
tables (Tables AB-1 through AB-10, Appendix AB). This column contains a range of
concentrations observed in groundwater or soil samples from the 100 Area for each listed
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contaminant, if such data exist. The range consists of a minimum and a maximum
concentration -and was derived from sampling data for all the listed operable units found to
contain that contaminant.

Some of the concentrations shown did not exceed the regulatory limits or background
levels. Additionally, environmental data are not available for many of the constituents. The
environmental data were obtained from:

" Operable unit draft work plans (DOE 1990a-e; 1991a-f)

* "Treatability Investigation Work Plan for the 1l6-B-6A Crib ISV Demonstration
Project" (Campbell et al., 1990)

" "Soil Sampling Test Results for 1324-N Pond" (Chou, 1989)

* "Radiological Status of the Ground Water Beneath the Hanford Site: January-
December, 1981" (Eddy, et al., 1982)

* "Hanford Site Ground-Water Monitoring for January Through June 1988" (Evans,
et al., 1989)

" "UNC Environmental Surveillance Report for the 100 Areas -- FY 1981"
(Greager, 1981)

" "UNC Environmental Surveillance Report for the 100 Areas FY 1886" (Jacques,
1987)

* "Hanford Site Environmental Report for Calendar Year 1988" (Jacquish and
fln' fA., 1 10201

* "Estimates of Solid Waste Buried in 100 Area Burial Grounds" (Miller and
Wahlen, 1987).

3.6 REGULATORY LIMITS

Concentrations of contaminants from both groundwater and soil samples were
compared-to the most restrictive state or federal regulatory limit to identify regulatory
contaminants of concern or suspect contaminants. Federal limits are available for a limited
number of groundwater contaminants. State and federal regulatory limits were obtained
from:

* "Washington Ground Water Quality Standards" (WAC 173-200)

" "The Model Toxics Control Act Cleanup Regulation" (WAC 173-340)
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o Westinghouse Hanford Company "Environmental Compliance Manual"
(limits taken from 40 CFR 191) (WHC-CM-7-5)

* Safe Drinking Water Act "Primary Drinking Water Rule" (maximum
contaminants levels) (40 CFR 141).

The Model Toxies Control Act Cleanup Regulation (MTCA) was used to derive state
regulatory limits for groundwater and soils for chemical constituents. Because the 100 Area
s considered-as- n-environmentally complex site, the Method B formulae were used to

derive the state limits under MTCA.

In addition to limits derived by MTCA Method B, MTCA also may require
consideration of the federal SDWA Secondary Drinking Water Standards (40 CFR 143) and
the federal SDWA Drinking Waterstandard msximum contaminant level goals (MCLs) (40
CFR §141.50).

Maximum contaminant levels established by the Washington State Board of Health
(Capter_24&-54 Washington Administrative Code IWACI) are also required under MTCA,
but are equal to or less stringent than the other regulatory limits required under MTCA.

If more than one state limit exists for a contaminant, the most restrictive state limit is
presented in Appendix B tables. For example, arsenic has a more restrictive state
groundwater limit (Washington Ground Water Quality Standards) (0.05 pg/L) than the
MTCA Method B limit of 50 pg/L. Therefore, the Washington Ground Water Quality
Standard-for arsenic -is -given in the appropriate Appendix AB table.

In addition to currently codified SDWA MCLs, pending SDWA MCLs were utilized
as federal regulatory limits in this report. The effective dates for the revised MCLs are as
follows:~

* Revised MCLs for cadmium, chromium, mercury, nitrate, and selenium will
become effective on July 30, 1992

* The revised MCL for lead will become effective on December 7, 1991

- The revised MCL for barium will become effective on January 1, 1993.

If a numerical regulatory limit does not exist for the contaminant, then the
contaminant was included by default as a regulatory contaminant of concern.

-2 lA r'-rr1r'nr-ms Ansnr
a.,~~~~~~~ on-nJ'Jtfh LJLF 1% IIJ13

Established background concentrations given in the draft 100 Area work plans were
compared to sample concentrations. Background concentration values are presented in
Tables AB-1 through AB-10, Appendix AB and were obtained from:
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* Operable unit draft work plans (DOE 1990a-e; 1991a-f)

" "Soil Sampling Test Results for 1324-N Pond" (Chou, 1989)

* "Status Report of Remedial Investigation of the Area 300 Process Ponds"
(Dennison, et al., 1988)

" "Hanford Site Ground-Water Monitoring for April Through June 1987" (Evans, et
al., 1988)

* "Hanford Site Ground-Water Monitoring for January through June 1988" (Evans
et al., 1989)

* "Hanford Site Environmental Report for Calendar Year 1988" (Jacquish and
Bryce (eds.), 1989)

* "Ground-Water Monitoring at the Hanford Site January-June 1988" (Pacific
Northwest Laboratory, 1989)

_ "Characterizatira and _Useof Soil-and Groundwater Background for the Hanford
Site" (WHC 1991a).

3.8 DETECTION LIMITS

Detection limits vary- over"-me due to-the-development-of increasingly sensitive
instruments and analytical methods. Detection limits for the groundwater and soil quality
data reviewed in this report, if available, are shown in the detection limit column of the
regulatory contaminants of concern tables. Detection limits are provided for information to
help qualify data which are shown to be non-detect. The detection limits were obtained
from:

* Operable unit draft work plans (DOE 1990a-e; 199la-f)

* "Hanford Site Ground-Water Monitoring April through June 1987" (Evans et al.,
1988)

* "Hanford Site Ground-Water Monitoring for January through June 1988"
(Evans et al., 1989)

* "Hanford Site Ground Water Surveillance 1989" (Evans et al., 1990).
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3.9 RESULTS AND CONCLUSIONS FOR REGULATORY CONTAMINANTS OF
CONCERN

Table I provides a summary listing of the regulatory contaminants of concern and
suspect contaminants. All contaminants listed as regulatory contaminants of concern are
further evaluated for toxicological significance in Chapter 4.0, Qualitative Toxicity
Assessment. The tables in Appendix AA provid_additional detail-regarding the regulatory
Colndunna an Mluiuws;

e Table AA-1 presents the regulatory contaminants of concern and suspect
-ontaminants,-sorted by-operable unit-for aM-source operable unit in LhC 100
Area, excluding N Area.

* Table AA-2 shows the regulatory contaminants of concern and suspect
contaminants, sorted by operable unit, for all groundwater operable units in the

X100Area, excluding N Area.

* Table AA-3 gives the regulatory contaminants of concern and suspect
contaminants-for each of tht NArea-operable-units.

* Table AA-4 lists the contaminants eliminated from further consideration based
upon the regulatory analysis.

Tables AA-I through AA-3 indicate the specific operable units for which a
contaminant is either of concern or is suspect. However, care must be taken not to draw too
many conclusions from these tables. Important qualifiers should be considered when
evaluating these tables:

- Even though the tables indicate regulatory contaminants of concern and suspect
contaminants by OU, the actual determination of these was not performed on an

U- -- lnr example-a contaminant may have
qualified as a regulatory contaminant of concern because it exceeded background
or the regulatory limit based on the highest concentration found in the 100 Area.
In this case, the contaminant was listed as a regulatory contaminant of concern for
each OU which reported that contaminant, even though the contaminant may not
have exceeded background or regulatory limits in that OU. Thus, if a
contaminant was listed as a regulatory contaminant of concern for a specific OU,
itdoes not necessarily mean-that this contaminant was-actually found to be present
in that OU in concentrations exceeding the levels of regulatory concern.

" The tables should be used for illustrative purposes to indicate the relative
frequency of occurrence of a contaminant.

* The tables do not indicate which operable units must be remediated.

The first phase of the effort determined which of the radionuclide and chemical
substances used in the 100 Area are of regulatory significance. However, while a
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contaminant may be of regulatory significance (such as based on CERCLA reportable
quantities), it may not necessarily be of concern if the contaminant is not toxicologically
significant as it exists in the environment. In the RI/FS process, contaminants are evaluated
-for toxicological-significance-by performing a toxicity assessment as part O fOClinp risk

assessment.- Since this reliminary-FS have the benefit of a completed
baseline risk assessment, a second step is needed to at least qualitatively assess a
contaminant's toxicity so-as to arrive at a more realistic contaminant list for purposes of
remedy assessment. This qualitative toxicity assessment step is the subject of Section 4.0
below.
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4.0 QUALITATIVE TOXICITY ASSESSMENT

The qualitative toxicity assessment was performed on the regulatory contaminants
identified in Section 3.0 of this report. Assumptions, methodology and results are described
in ie SuDSctuOnS below.

4.1 ASSUMPTIONS AND LIMITATIONS

-- The key assumptions and limitations regarding the qualitative toxicity assessment are
listed as follows:

The assessment only considered risk-based factors; compliance with applicable or
relevant and-appropnat requrements-(ARARs) was not considered.

* Only regulatory contaminants of concern were assessed in the qualitative toxicity
assessment; suspect contaminants were not assessed.

* Contaminants dropped as a result of the toxicity assessment are placed on the
suspect list.

* Assumptions on carcinogenicity:

- All radionuclides were assumed to be carcinogenic,

-Carcinogens are defined Iy -HEA T, TI l .3, or by IRIS as a Group A, B1, or
B2 carcinogen,

- Petroleum products are assumed to be carcinogenic because of benzene,

- All carcinogens are assumed to be of toxicological significance and thus are
potential contaminants of concern.

* Assumptions for toxicity screening hazard quotient calculation (noncarcinogens):

- The ingestion exposure route was assumed for all calculations (Equations 9 and
15 in EPA guidance).

- A hazard quotient of 0. 1 was assumed for screening as recommended by EPA
guidance.

- The equations utilized combine ingestion by both children and adults.

- Individual hazard quotients were calculated for each contaminant; cumulative
effects were not considered.
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- if an oral reference dose has not been established then the contaminant was
placed on the suspect contaminants list.

- For noncarcinogens with an established oral reference dose: if no sampling
data are available then the contaminant was assumed to be a potential
contaminant of concern as the hazard quotient could not be computed.

4.2 DECISION LOGIC

The purpose of the decision logic for the qualitative toxicity assessment is to
determine if the regulatory contaminants of concern are of toxicological significance. The
decision logic for the qualitative toxicity assessment is diagrammed in Figure 3. The
following sections explain each of the sequential steps and/or decision points in the diagram.
Each of these points is numbered on the diagram and listed as follows:

Diagram Decription Diagram Identifier
"Known or suspected carcinogen?" 7

" afor elimination per guidance?" 
NO RMin [EAST or IRIS?" .9

"Hazard Quotient greater than 0.1?" 1

4.2.1 "Known or suspected carcinogen?"

Regulatory contaminants of concern are initially sorted on the basis of carcinogenicity
(see Step 7 of Figure 3). All radionuclides and Groups A, Bi, and B2 carcinogens are
assumed to be known or suspected carcinogens. Therefore, per step 7 of Figure 3, these
contaminants are included in the list of potential contaminants of concern. Noncarcinogens
are further assessed in Step 8 of the decision logic.

Information on the carcinogenicity of the regulatory contaminants of concern was
obtained from the Health Effects Assessment Summary Tables (HEAST)(EPA 1991) and
from the Integrated Risk Information System (IRIS) on-line database. The following are
descriptions of-the-groups-of carcinogens as provided in HEAST (EPA 1991):

" Group A - Human Carcinogen (sufficient evidence of carcinogenicity in humans).

* Group B - Probable Human Carcinogen (BI - limited evidence of carcinogenicity
in humans; B2 - sufficient evidence of carcinogenicity in animals with inadequate
or lack of evidence in humans).
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4.2.2 "Candidate for elimination per guidance?"

Region X of the EPA has issued supplemental guidance for Superfund risk
assessments. This guidance was also incorporated into the Hanford Site Baseline Risk
Assessment Methodology document (DOE-RL 1991c). The guidance states:

"Six inorganic-constituents which are often analyzed for but which are not associated
with toxicity to humans under normal circumstances are aluminum, calcium,
magnesium, potassium, iron and sodium. No quantitative toxicity information is
available for these elements from EPA sources. These six elements can generally be
eliminated from the human health risk assessment at the screening stage based on
qualitative judgement." (EPA Region X 1991)

-- -Noncarcinogenic, regulatsry contaminants of concern were compared to this list of
sx to determi which -are candidates for elimination from further consideration in the
qualitative toxicity assessment. Contaminants thus eliminated were placed on the suspect
contaminants list.

4.2.3 "Oral RfD in HEAST or IRIS?"

The next step in the qualitative toxicity assessment (Step 9) is to determine whether
an oral reference dose (RfD) has been established for the contaminant. The IRIS database
and HEAST were utilized as information sources for the reference doses. If an oral RfD has
not been established, then the contaminant was placed on the suspect contaminants list. The
supplemental -guidance -defines-the RfD as "an estimate (with--uncertainty-spanning- perhaps an
order-or-magnitude) of a daily exposure to the human population (including sensitive
subgroups) that is likely to be without an appreciable risk of deleterious effects during a
lifetime" (EPA Region X 1991).

4.2.4 "Hazard Quotient greater than 0.1?"

The final step-in-the qualitative toxicity assessment was to compute a hazard quotient
(HQ) for each of the remaining contaminants and to compare the HQ to a screening value.
Standard default exposure factors, as established in the supplemental guidance, were utilized
in the calculations._An ingestion route of exposure was assumed,-therefore E .uations 9 and
15 from the guidance were utilized for the calculations (EPA Region X 1991).

-The supplemental guidance states that contaminants can be eliminated from further
consideration in a risk assessment if the HQ is less than or equal to a screening value of 0.1
(EPA Region X 1991). The screening value has been conservatively set at 0.1 to account for
the possibility of multiple pathways and multiple contaminants which might result in
cumulative effects. As shown in Figure 3. contaminants with a HQ less than or equal to 0.1
were placed on the suspect contaminants list.
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An HQ could not be computed for contaminants which do not have available sampling
data. These contaminants were conservatively assumed to be potential contaminants of
concern in this report. Subsequently obtained sampling data will require a re-evaluation at

-the input step labelled "Compile Environmental Sample-Records" in Figures 1 and 2.

4.3 RESULTS OF THE QUALITATIVE TOXICiTY ASSESSMENT

The tables in Appendix AE of this report outline how each of the regulatory
contaminants of concern passed through the qualitative toxicity assessment decision logic.
Table 2 in Section 5.0 below, presents the composite results after both the regulatory analysis
and the toxicity assessment, i.e., the final list of potential contaminants of concern and
tUtrwrt rnnt~inmnnttq

As indicated in Appendix AE, the following regulatory contaminants of concern were
determined ng to be of toxicological significance. That is, on Table 1 the contaminant is
adendfied-as aTG"(Rteg'"ry onitamn01 t of Con-rn) bif on Table 2 the contaminant is

identified as a "S" (Suspect Contaminant) as a result of the toxicity assessment.

Soils. Sludges. and Sediments (Sources)
aluminum
iron
sodium
cioriue
sulfate
ethylenediamine tetraacetic acid (EDTA).

Groundwatr
cobalt
sodium
chloride
hydrochloric acid
sulfate
EDTA.

NAre
aluminum
sulfate
tetraethylpyrophosphate
tetrahydrofuran.
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5.0 RESULTS AND CONCLUSIONS FOR POTENTIAL
CONTAMINANTS OF CONCERN

The final list of potential contaminants of concern represents a composite of those that
are both of regulatory and of toxicological significance. The final listing is given in Table 2
below. This list is generated for the purpose of assembling possible remedial alternatives.
That is, the contaminants identified are those which are most likely to require remediation if
subsequent field sampling programs and risk assessments show their concentrations in the
environment to result in unacceptable risk and/or are not in compliance with ARARs. The
list provided here should not be construed as representing any final determination or basis for
decision-making regarding selection of final remedies.
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Figure -"-.Logic gram - Nonradiological. CbemicalSubstancr
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Figure A-2. Decision Logic Diagram - Radiological Substances
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Table A-1. Regulatory Contaminants of Concern and Suspect Contaminants
(Page 1 of 3)

Environmental Medium
I T1

Potential Sources Groundwater N-Area
Contaminant (e.g., soils)

RADIONUCUDES
Tdtlim C C C

Carbo-14 C C

Calcium-41 C C

Cobatt-60 C C C

Nickes-63 C C

Selenium-79 C C

Krypton-86 C C

Strontium-90 C C C

ZIrconium-93 C C

Niobium-94 C C

Technetum-99 C S C

Polledium-107 C C

Cadmium-113 C C

Antimony-1 25 S C

iodn.-t129 C C C

Cesium-134 C C

Cesium-137 C S C

Samerum-151 C C

Europium-152 C C

Europium-154 C S

Radium-226/228 C

Uranhum-235/238
I, I"''t

lutonium-238

C

C

C

C C

Pktonium-239/240 C C C

Plutonium-241 C C

Americium-241 C C

METALS

Aluminum -C 1 G

Arsenic S CC

Barum S C C

Berydklm S C C

BEron C S
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Table A-1. Regulatory Contaminants of Concern and Suspect Contaminants
(Paa.7 nf 1)(age - of 3)

Environmental Medium

Potential Sources Groundwater N-Area
Contaminant (e.g., soils)

Cadmium S C C

Chromium S C C

Cobat C

CoppWr S S

Iron C

Load C C C

Manqies C C C

Morcury S C

NiCkW S S S

Sodium C C

Vanadium C S C

Zinc S _ s
OTHER INORGANIC
COMPOUN S/IONS

Ammonium/ C S
A mmoia

Asbeftos C C

Chloide C C

-hloin, C

Cyanide C C C

Fluorido C C C

Hydrochloric Acid C

Nitrat. C C C

Nita C C

Phosphoric Acid_ __ _

Sulfoup C C C -

VOC.

AcetonC S S

Benasne C
C

Chlor benzne C

Chloroform S C C

Ethytbonzene C

Methylmns S C
CmioII
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Table A-1. Regulatory Contaminants of Concern and Suspect Contaminants
(Page 3 of 3)

C = POTENTIAL CONTAMINANT OF CONCERN

S = SUSPECT CONTAMINANT

A-35

Environmental Medium

Potential Sources Groundwater N-Area
Contamninant (e.g., soils)

MedhVI Ieobuty C

PwrchloO- C C C
ethylenm

Toluna S

Trans -1,2- C
Dichlrothern

1.1.1-Trichlom- S S
ethmno

Tdchborbethn. S C

Xykmg__ C

OTHER ORGANICS

Acefic Acid -C

Bis (2-ethylhexyll) C
phthlani

Ethy1@rediffin C C

Ethyknodin. C C
teameic acid
IEDTAI

Fomic Acid C C

Hydrauri C C C

PCBs C C

PetrohIum C C
Products/Oiesel oil

Tetr.ethylpyro- C
phosphe

Tetrahydrftn C

Thiows C C C



cc

0

ca
E

aen

C

Qo
.--

0
UPr

1=I=T=T=i=r-I--ii Ir I I F I I I 1 - _______

u u u OH ol u u U

. . I I I I I I . I C t U U

---
I.
S

It

'a

e
0

IiB uI 1ul oI1 *1 uJ u 0 (1 l o1 u1 oI u 0- u u, u

Q

I'I

U u3 U,

L-

N --. - to

s - - E

I E

=~~~~I -In=-=---==n--------------------------

I
:I
a

p5'- ft ~ /
-~ - 4.>---Wi

%0

C

U

0
0

0

u



DOE\RL-92-11, Rev. 0

Table A-2. Potential Contaminants of Concern and Suspect Contaminants
(Page 2 of 3)

Environmental Medium

Potential Sources Groundwater N-Area
Contaminant (e.g., soils)

CadiuM S C C

ChOwiun S C C

Cobalt C

Copes, S S

1on C
Lad C C C

Manganese C C C

M=Wr S C

Nicke S S S

SodM_ C C

Vanselkn" C S C

Zinc- S $

OTHER INORGANIC
COMP'OUNOS1IONS

AnmmonwumW C S

Awbeamos C C

ChM*d C C

Chlorine C

Cyanide C C C

Fluoride C C C

HYdochiornc Acid -- C

Nitate C C C

Nitric, C C

Ph,080h1ric Aci C

sullis C C C

VOC.

IAcetcne C S S

Benzene C

Chlcrobenz.n. C

Chloroform S C C

Ethylblnene C

Modhylano S C
Chiande

LI t
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Table A-2. Potential Contaminants of Concern and Suspect Contaminants
(Page 3 of 3)

Environmental Medium

Potential Sources Groundwater N-Area
Cnntef-"nn*"* (e.g., soils)

MathyI Iobutyl C
Ketone

jPrchloy- C C C
ethyiene

_ Tokuen.

Tr. -1,2- C
Dichlomcthene

1.1.1-Trichloro- S S
*thene

Trichlmoethene S C

xylenes C

OTHER ORGANICS

Acetic Acid C C

Bin (2-ethylhexy) C
phthlate

Ethylendiamiw C C

Ethyl..di nn. C C
tetrafcetic acid
(EDTA}

Formic Acid C C

Hydranm C C C

PCS C C C

Petrcleu C C
Product./Diee od

Phosphate

Tetrshydrofure" C

C C
- Ia______________________ ".1

C

C = POTENTIAL CONTAMINANT OF CONCERN
. ..... EC --- -- -------
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TABLE AA-1:
REGULATORY

AND St

REFERENCES:
DORIM

R9 ZD.~~

SOURCE OPERABLE UNITS:
CONTAMINANTS OF CONCERN
ISPECT CONTAMINANTS

k 100-AREA DRAFT WORK PLANS;
IN AND RICHARDS, 1978

OPERABLE UNIT

CONTAMINANT BC2 C-3 BC-4 h A- HR-2 KR-2 KR-3 DR-I DR-2 (R-3 FI- FR-2

RADIONUCLIDES

Tritium C C C C C' C C C C C C

Carbon-14 C C

Cakcium-41 C

Cobalt-60 C C C C C C C C C C C C

Nickel-63 C C C C C C C C

Solenium-79 C

Krypton-85 C

strontium-90 C C C C C C C

Zirconium-93 C

Niobium-94 C

Technatium-99 C C C C C

Palladium-107 C

Cadmium-1 13 C

Iodine-129 C

Cesium-134 C C

Cesm-137 C C C C C C C C C

Samarium-151 C

Europiwn-152 C C C C C C C C C C C

Eumpium-154 C C C C C C C C C C
-~~~~ I C = =- -=,L =t=

C = REGULATORY CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT

e

'0



TA
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AN[

BLE -1: SOURCE OPERABLE UNITS:
AULA ORY CONTA INANTS OF CONCERN

SUSPECT CONTAMINANTS (CONTINUED)

OPERABLE UNIT

CONTAiM N IT BC-I BC-2 BC-3 BC-4 HR-11 MR-2 KR- KR-2 KR-3 R- DR-2 DR-3 FR- FR-2

rRADIONUCLDES

Uranistm-235/238 C C C

lutoniu..-238 C C

Plutonium-239M240 C C C C C C

Plutonium-241 C

Americium-241 C C

METALS

Aluminum C

Arsenic S S

Barur, S S

Beryllium S

Boron C

Csdmium S S S S S $

Chromiu. S S S S S S S

Copper S S

Iro.n C

Lead C C C C C ( C C C

Mang.se C C

Mercury S S S S

Nickel S S S

Sodium C C

C = REGULATORY CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT

(SI

t0
C)

C



TABLE AA-1: SOURCE OPERABLE UNITS:
REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS COVT/M[/ED)

-_OPERABLE UNIT

CONTAMINANT BC- I BC-2 BC- 3 BC-4 1R-1 HR-2 KRI KR-- R3 OR1 [DR OR 3 FR-I FR2

Vanadium C C

Zim s_ s

OTHER INORGANIC
COMPOUNDS/IONS

Airnmonium/Ammonia C C

Aibestos C

Chloride C

Cyanide C C

Fluoride C C C C C

Nitrate C C C I C C C C

Nitrite C

SwLfate C C C

VOC.

Pmahloroethylenm C

-,1,-'--Td- - - I - - = - -

ethnC

TMhethen. S

I
C - REGULATORY CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT

0
0

CD



TABLE AA-1: SOURCE OPERABLE UNITS:
REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS (CONINUED)

OPERASE Ufll

CONTAMINANT BC-BC C-.3 1  BC-4 HR-1 HR-2 KR-1 KR-2 KR-3 OR-I DR-2 DR-3 FR-1 FR-2

OTHER ORGANICS

co I--- .. CiEthylionodiam~ine C

Ethylonediamine C
tetrancetic acid
(ED TAI

Formic Acid C

Hydrazina C

PCos C C C

P.trolaum C C
Poductroie. oil

Thioumea I C

C = REGULATORY CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT

-J

t:
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TABLE AA-2: GROUNDWATER OPERABLE UNITS:
REGULATORY CONTAMINANTS OF CONCERN

AND SUSPECT CONTAMINANTS

REFERENCES: 100-AREA DRAFT WORK PLANS;
DORIAN AND RICHARDS, 1978

CONTAINNANT .PEAjE UNIT
fi I - * - S -

RADIONUCUDES BC-5 HR-3 KR-4

Trtium C C C

Carbon-14 C C

Calciu-41 C

Cobalt-60 C C C

Nickel-63 C C C

Slenium-79 C

Krypto8rr5 C

Strontium-90 C C C

Zirconium-93C

Niobium-94

Technetium-99 s s s

Palladium-107 C

Cadmium-113 C

Antimony-1 25 s

lodine-129 C

Casium-137 s s s

Smrium-151 C

Europjum-152 C C C

Europium- 154

Urantum-235/238

s

C

s

Urenium-238 C

Putonium-238 C

Plutonium-239/240 C C

Plutonium-241 C

Americium-241 C C

C = REGULATORY CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT
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TABLE AA-2: GROUNDWATER OPERABLE UNITS:
REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS (CONTINUED)

CONT ANT

METALS BC-5

OPERABLE UNIT

- HR-3 I KR-4

Arsernic C

Barium C

Beryllium C

Boron S S S

Cadmium C C

Chromium C C C

Cobalt C

Copper S S

Lead C C C

Manganese C

Mercury C C C

Nickel S

Sodium C C

Vanadium S

Zinc S S

OTHER INORGANIC BC-5 HR-3 KR-4
COMPOUNOS/IONS

Ammonium/Ammonia S

Asbestos C

Chloride C

Chlorine C C

Cyanide __ - I
Fluoride C

Hydrochloric Acid C

Nitrate C C C

Nitrite C

C = REGULATORY CONTAMINANT OF CONCERN
S . SUSPECT CONTAMINANT
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TABLE AA-2: GROUNDWATER OPERABLE UNITS:
REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS (CONTINUED)

Sulfate C C C

- _QL. .,,U-R ... - -8C0-5 -]R-3 -KR-4
COMPOUNDS

Acetone S

Chloroform C

Percholethlyans C
_(TatracNoroothens,

TortacNoroothlyene)

1,1,1 -Tri i -r-stha-, S
Trichioroethene C C

OTHER ORGANICS BC-5 HR-3 KR-4

Acetic Acid C

Ethylenediamvine C

E.WilNwidirmins tatrancatic C
Acid

Formic Acid C

Hydrazine C

PCBs C C

Thiourea C

C = REGULATORY CONTAMINANT OF CONCERN
S - SUSPECT CONTAMINANT
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TABLE AA-3: 100-N AREA: REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS

REFERENCES: 100-AREA DRAFT WORK PLANS;
DORIAN AND RICHARDS, 1978.

CONTAMIANT OPERALE UNIT

RADmoNucLDES NR-1 NR-2

--Titium- -- --

Cobalt-60 C

Strontium-90C

ITchnetium-99 C

Antimony-125 C

Iodine- 129 C________ If ______ I ________ I-.-.. -

Cesum-137 C S

Radium-226/228 C

Plutonium-238 C

PRutonium-2391240 C

METAL JS NR-1i NR-2

Aluminum C

Arsenic C

Barium C

Beryllium C

Cadmium C

Chromium C

Lead C

Manganese C C

Nickel s

Vanadium C C

NORGANIC COMPOUNOS/loNs NR- 1  NR-2

CVansde C

FluorideC

C = REGULATORY CONTAMINANT OF CONCERN
S - SUSPECT CONTAMINANT

A-S1

lodins,-129 C

Caswum-134 C
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TABLE-AA-3: 100-N AREA: REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS (CONTINUED)

C = REGULATORY CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT

A-52

CONTAMUEANT OPERABLE UNIT

Nitrate C

Phosphoric Acid C

Sulfate C

VOLATILE ORGANIC COMPOUNDS NR-1 NR-2

Acetone S

Benzene C

Chiorobenzene C

Chloroform C C

T ar -,ioroethen. C

Ethylbenzene C

M:th: isobuy ketone C

Methylene Chloride C C

PIrchioro thyens (TetracNoroethene, C
Tetrachloroethy:neI)

Ioiu neo1 - _ -

XylesIn C

OTHER ORGANICS NR-I NR-2

is(2-ethylhexyl) phthalate C C

Hydrazine C

Petroleum Products, Diesel Oil, etc. C

ITatraethylpyrnphosph.8to r

Tetrehydrofuran C

Thiourea C
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TAB-E-AA.4: CONTAMINANTS EUIWNATED OM UIRTER CONSIDERATION

Radionucildes Volatile Organic Compounds
Chromium-51 Hexane
Manganese-54
Zinc-65
RuthenIum-103
Ruthenium-106
Iodine-131

Europium-1 55

:E:iui 5Nonvolatile Organic Compounds
Calcium Choline Chloride
Lithium Citric Acid
Magnesium Citric Acid Solutions, Ammoniated
Molybdenum Cyclotetrasiloxane, octomethyl
Palladium Deoxylcholic Acid
Potassium Diethanalamine
Silicon Diethylthiourea
Strontium Mercantoacetic Acid
Titanium Morpholine
Zirconium Oxalic Acid

Sodium Acetate
Sodium Cikrale
Sodium EDTA
Sodium Formate
Sodium Oxalate
Trichloroacetic Acid

I Urea

Inorganic Compounds Hydrogen Peroxide Sodium Aluminate
Ammoniugm Monohydrogen Hydrophnsphnrnus Sodium Carbonate

Orthophosphate Acid Sodium Chloride
Ammonium Ceric Sulfate Lithium Fluorie Sodium lydrosulfite

Ammonium Hydrogen Fluorde- - Monohydrogen. Sodium Hydroxide
Ammonium Persulfate Orthoarsenate Sodium Hydrophosphite
Boric Acid Perchloric Acid Sodium Nitrate
Ferric Oxide Peroxide Sodium Sulfamate
Graphite Phosphomolybdic Acid Sodium Sulfate
H ydmbramic Phosphorous Pentoxide Sodium Sulfite
Hydroiodic Acid Potassium Borate Sulfamic Acid

Potassium Chloride
Potassium Nitrate
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APPENDIX AB
REGULATORY CONTAMINANTS OF CONCERN

ENVIRONMENTAL SAMPLING DATA
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TABLE AB-1: GRO INDWATER RADIONUCLIDE DATA

CONTAMINANT OPERABLE ESTIMATED BA NJI QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE-
UNITS IINVENTORY BACKGROULM

RANGE5-' 0  CONCEN-
(Curial SAMPLE: SAMPLE DETECTION STATE FEDERAL, TRATION"' RANGE

TYPE CONCENTRA. LImrrw" LIMIT" LIMITO (pCjIj
TION RANGE" RANGE (pCIt IpCI/L)

IpCI/L) IPCI/LI

Tritium BC-Il- Tritium Wel. Seep 500 - 459.000 500 20.000 20,000" 200 1,3,4
BC-2", [0,208 - (Washingtor iPrImary
BC-31-, 11.0001 State Drinking

4' Ground Water Limitli
BC-5"t {BC-1. BC-2. Water

DR--1. DR-3 BC-3. BC-4, BC-5, uality
FR-1, FR-2, DR-i. DR-3, FR-1. Standard.}
HR-1, HA-3, FR-2; HR-i. HR-3.
KR-1, KR-2, KA-1 KR-i KR-4.
KR-4, NA-i i NR-11

1DR-2 Operable
Unit contains an

inventory less
than one Curiel

Carbon-14 BC-4, SC-5, Carbon-i4 Well NA' NA NA 2800 NA 1,2
KR- 2, KR-4 0-966 - 2201 (DOE Order

5400.51
(BC-4, BC-S
KR-2, KR-41

DR-1, HR-1. KR-I
Operable Units

contain
inventories less
the,. one Curiel

Falcium-4i KR-i. KR-4 Used in Operable NA NA NA NA 4000 NA 1.3,4
Unit KR-I. KR-4 (DOE Order

F - J5400.5

LIN

00

See footnote key at end of table.
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TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA (CONTINUED],

See footnote key at end of table.

141
0'

CONTAMINANT OPERABLE ESTIMATED SAMPLE QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE'
UNITS INVENTORY ' BACKGROUM

RANGE"-c--' CONCER-
lCuricI SAMPLE SAMPLE DETECTION STATE FEDERAL TRATION' RANGE

TYPE CONCENTRA- LIAT"" LIIT" LiMIT' (pCVLI
TION IRANGES" RANGE (pCi/LI (pCiUL)

(pCi/L) (prUL)
Cobalt-60 BC-1 BC-2, Cobalt-GO WeN, Seeps 22.5 - 554 22.5 NA 200 NA 1,2,3

BC-3. BC-4. (1.01121 - (DOE Order
BC:-5, FR-I, 767.3 6400.5
FR-2. DR-1,
DR-2, DR-3. (BC-1. BC-2,
HR-1. HR-3. 8C-3, BC-4, BC-6
KR-i. KR-2. FR-1, FR-2. OR-1.

KR-4, )R-2, DR-3. HR-I
NR-1" HR-3, KR-1, KR-2.

KA-4. NR-1)

Nickel-63 BC-1, BC-2. Nkk.I-63 NA NA NA NA 12.000 NA 1.2
BC-4, BC-5. 116 - 144-21 (DOE Order
DR-1, DR- 3, 6400.i
FR-2, HR-1. IBC-1, BC-2,
HR-3. KR-I, BC-4, BC-5, DR-1,

KR-4 DR-a. FR-2. HR-1
HR-3, KR-i. KR-4

Selenium ,9 HR -1 HR-3 Used in Operable NA NA NA NA 800 NA 1.3.4
Unit HR-1. HR-3 (DOE Order

- ~ Used _______ _______ ________ 5400.51 _______ -

Krypton-85 HR-I. HR-3 Used in Operable NA NA NA NA 1,3,4
Unit HR-I. HR-3

0

0

la



TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA (CONTINUED)

^ONTAMINANT OPERABLE ESTIMATED SAMPLE QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCEs"
UNITS INVENTORY ISACKGROUND

RANGOEw CONCEN-
ICurial SAMPLE SAMPLE DETECTIO STATE FEDERAL TIITIOrs RANGE

TYPE CONCENTRA- LIMIr" LIMIT" LiMIT* (pCi/LJ)
TION RANGE" RANGE (pCi/L IpCI/LI

(pai/Li (pI/LI -

Strontiurn-90 BC-1, BC-2, Strintium-90 W.ll. Seep, 5- 6 -8 8 0" 236 ± 102 1,2,3
BC-6. FR-,. 10.3584 - 2211 23,400 (Washingtor (Primary
FR-2, Hn-1. State Drinking
HR-2. HA-31, BC-1, BC-2, Ground Water

KR-1, BC-5. FR-1. FR-2. Water Standard)
KR-2'"', A-1 HR-2, HR-3 Quality
KA-40-, KR-i, KR-41 Standardal
NR-1I"

(BC-4, BC-5
DA-1, DR- 2

Operable Units
contain

inventories lee.
than one Curie)

irconium-93 HR-1. HR 3 Used in Operable NA NA NA NA 3600 NA 11.3.4
Unit HR-I, HR-3 (DOE Order

5400.51

Niobgum-94 HR-i HR-3 Used in Operable NA NA NA NA 1200 NA 1.3.4
Unit HR-i, HR-3 (DOE Order

5400.51

Palladium- 107 HR-1, HIR-3 Used in Operable NA NA NA NA 40,000 NA 1,3.4
Unit iHR-1, HR-3 (DOE Order

5400.51

Cadmium-113 HR-i. HR-3 Used in Operable NA NA NA NA 32 NA 1.3,4
Unit HR-i, HR-3 (DOE Order

6400.5

Iodine-129 KR-1. KFI-4, Used in Operable NA NA NA NA 20 NA 1,3,4
NR-i Unit. KR-i, NH-i (DOE Order

5400.51

L/'
-'-

0

0

See footnote key at end of table.
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TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA (CONTINUED)

See footnote key at end of table.

00

CONTAMINANT OPERABLE ESTIMATED SAMPLE QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE' 0

UNITS INVENTORY BACKGROUND
RANGE-'"- | CONCEN-

ICLwi SAMPLE SAMPLE DETECTION STATE FEDERAL TRATIOr RANGE
TYPE CONCENTRA- LMir' LIMIT" LIM"Ir IpCi/U

TION RANGE" RANGE (pCi/LI (pC/UL
IpCI/Li (pCi/LI

Cnsium-134 NR-1 Cesium-134 NA NA NA NA 80 NA 1,34
10 00001 - 141 IDOE Order

5400.51
INR-I)

(BC-1. DR-1,
DR-2, HR-i. KR-i

Operable Units
contain

invantores les
than one Curiel

Semanum-151 HR-i. HR-3 Used in Operable NA NA NA NA 16,000 NA 1,3,4
Unit HR-1. HR-3 (DOE Order

_______ ______ _________1 6401351

Europium-152 BC-I Europium-152 WeIll 8.7 X 101 NA NA 800 NA 1.2,3
BC-2", 10.02285 - - 1.3 X I D (DOE Order
BC-4. 729.571 5400.51

BC-5.
DR-1. DR-3, (BC-1, BC-2.

FR-", BC-4. DR-1, DR-3
FR-2, HR-1. FR-I, FR-2, HR-I,
HR-2,. HR-3, HR-2. HR-3, KR-I,
KR-1. KR-2. KR-2, KR-4)

KR-4
(DR- 2 Operable
Unit contains
inventory less

than one Curial

0

IQ



TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA (CONTINUED)

CONTAMINANT OPERABLE ESTIMATED SAMPLE QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE"
UNITS INVENTORY BACKGROUND

RANGE" 0c' - CONCEN-
ICwi6s) SAMPLE SAMPLE DETECTION STATE FEDERAL TUATIONW RANGE

TYPE CONCENTRA7 .rMI'' LIMIT" LMTO (pCILI
TION RANGEE. RANGE IpCi/LI (pCi1LI

IpCi/L) (pCI/Li .

Radium-226/228 NR-1 Used in Operable NA NA 0.2 5 4 0.2 1.3.4
Unit NR-I IWashingtor (DOE Order

State 5400.5)
Ground
Water
Quality

Standard.)

ranium-235/238 DR-I" Uranium Well 0.156 -414 NA NA 24 NA 1,3
HR-3 (Unspe.lified) (DOE Order

10.04343 - 5400.51
0.321991,1

(BC-I. BC-2,
FR-i. KR-1, HR-I

Operable Units
contain inventory
ranges lesas than

one Curiel

Uranium-238 HR-3- Uranium-238 Well 3.1 x10' 0.5 NA 24 NA 1.3
10.024 - - 66 (DOE Order
0.09051 5400.5

(BC-1. BC-5
Operable Units

contain inventory
ranges less than

one Curiel

C

C
rn

'C
1%)

lb

-C

0

See footnote key at end of table.



TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA (CONTINUED)

CONTAMINANT, OPERABLE ESTIMATED SAMPLE QUALITY DATA REGULATORY CRITERIA PRELIMINAIY SOURCEM
UNITS INVENTORY BACKGROUND

RANGEI-.a CONCEN-
(Curia) SAMPLE SAMPLE DETECTION STATE FEDERAL TRATIOW RANGE

TYPE CONCENTRA- LIMITr LMIT LIMIT IpCi/L
TIG0N RANGE.n RANGE (pCi/L) IPCI/LI

________ pCi/L) IPCI/U

Plutonium-238 IBC-2", Ptutonlum-238 Well. Seep 2.3 x 10 NA NA 1.6 NA 1.3
BC-5, NR-1 [0.005 - - I.Sx 10 (DOE Order

420,1961 5400.6)

(BC-2, NA-1)

IBC-i. BC-S.
DR-1, HR- . KR-I

Operable Units
contain inventory
range. less than

one Curie)

Plutonium-2391240 BC-1, BC- 2. Plutonium- Well, Seeps 5.8 x 10 NA NA 1 2 NA 1.3
BC-5. 239/240 - 110 (DOE Order
FR-i [3.4 xJ 10 - 2061 5400.51

KR 1, KR 4,
NR-I 18C5 1, BC-2,

BC-5, KR-1, KR-4,
NR-I)

IBC-5, DR-1,
DR-2. FR-I, FR-2.
HR-i. KR-2, KR-4

Ope abie Units
contain inventory
range. less than

on. Curie)

Plutonium-241 HR-I. HR-3 Used in Operable NA NA NA NA 80 NA 1,3,4
Unit HR-1. HR-3 (DOE Order

________5400-6)

Americium-241 HR-1, HR-3, Used in Operable NA NA NA NA 1.2 NA 1,3.4
KR-i. KR-4 Unit HR-i, HR-3. (DOE Order

KR-i 5400.5)

ON>

00

See footnote key at end of table.
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TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA
FOOTNOTE KEY

Only indicates inventory in greater than Curie quantities.

B Inventory range (in brackets) includes the minimum and maximum inventories for the
listed operable units (in parentheses). For a single operable unit, the inventories for each
waste unit within that operable unit were totaled to generate a single value.

C Inventories-are -nWt av lae fr a -+ ni ts.at nuz. LUX an4 L1I W401. UlU a.

D Radionuclide concentration has not been decayed to the present.

Range -includes-- the--minimum--and maximum concentrations in picoCuries per liter
(pCi/L) found in water samples for the listed operable unit(s). Evaluated groundwater
data collected between 1978 and 1986.

F Concentration based on both filtered and unfiltered samples.

U A single value indicates the minimum detection limit in picoCuries per liter (pCi/L) for
all the groundwater quality detection limit concentrations in pCi/L for all the
groundwater quality data reviewed.

" Most restrictive concentration in picoCuries per liter (pCi/L) which was obtained from
the Washington Ground Water Quality Standards.

Most restrictive concentration, in picoCuries per liter (pCi/L), which was obtained from
the federal water quality standards 40 CFR 141 or DOE Order 5400.5 (DOE, 1990).
Enforcement limits may exceed these values when the natural groundwater quality
exceeds the criteria or when other exceptions contained in WAC 173-200-050(3)(b) apply.

Backgroundconcentration in picoCuries peruliter (pCi/t) from Pacific Northwest
Laboratory, 1989; and Evans et al., 1989.

KyI
Information source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988ab 4. Miller and Wahlen, 1987

L Present in concentrations above state and/or federal limits.

M Present in concentrations above Hanford site background concentrations.

N The average annual concentration assumed to produce a total body or organ dose of 4
mrem/year.

XN = INot Available

A-61



TABLE AB-2: GROUNDWATER METALS DATA

See footnote key at end of table.

0'
'-4

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE
UNITS RELEAESIM BACKGROUND

(Kilogram . SAMPLE SAMPLE DETECTION STATE FEDERAL CONCENTRATION
Quantities) TYPE CONCEN- LIMIT" LIMIT'Q LI"T' fJ9/lJ

TRATION' 0  d1/L1 (pg/LI (pg/ll
RANGE

Arsenic FR-iA, Arsenic Well 5- 10 0.2 0.05 5o 3.9 1 2.4 1
HR- 1. HR-3, (HR-1. HR-3 (Washington Primnnry

NH-i Used in Operable State Ground Drining
unit. FR-Il. NR-1 Water Water Limiti

Standards)

Beryllium HR-I. HA-3 Beryllium NAK NA 0.3 80 NA 0.3 1
NR-I INR- 11l IModel Toxic.

Control Act -
Beryllium' Sulfate Method B)

(HR-1, HR-31

Barium FR-1. HA-1, Barium IFR-I, Well 11-1010 5 800 2000 42 ± 20 1
HR-3, NA-i. H-1. HR-3, . (Model Toxic. (Primary

NR-2 NR-1. NR-2) Control Act - Dd0nIng
Barium Method S) Water Limit)

Perchlorate
HO1101ili1HR-I1I

Cadmiumn BC-2, BC-4 Cadmium Wall 2- 103 0 2 0.5 5 < 0.2 1,3
BC-5. DR-3 (BC-2, BC-4. (Model Toxic. (Primary
FR1. FR-2 BC-5, DR-3, FR-i, Control Act - Driniung
HR-1. HR-2 FR-2. HR-1,. HR-2. Method S, Water Limit)

HR-3 HR-3, NR-i, MCLG)
NR-1" NR-21

NR-2

0
Mr



?*UiZr r

TABLE AB-2: GROUNDWATER METALS DATA (CONTINUED

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUA .iT DATAL REGULATORY CRITERIA PRELIMINARY SOURCE
UNITS RELEASES" BACKGROUND

(Kilogram SAMPLE SAMPLE DETECTION STATE FEIDERAL CONCENTRATION
Quentitisl TYPE CONCEN- LIMr"' LIMIT" LIMIT"

TRATIO" Ug/tl Ig/LL 0g/L)
RANGE

Cl.r..ium BC-, BC-2 Chromium Well < 10 - 1690 2- 10 50 100 4.0 ± 2.0 1,3
BC-5'" IBC-2, BC-6, IWashington (Primary
DR-1." DR-1. FR-1, HR-1, State Ground Drinking

DR-2 HR-3, KR-4. Water Water Limit}
FR-I' NR-i Standardal
HR-I

HR-3"' Chromic Acid
KR-I IBC-l, BC-2

KR-4" Used in BC-5.
NR-I DR-i. HR-11

Sodium
D.chromate

-BC-1, BC-2.
BC-5, DR-1.

DR-2. FR-1, HR-1,
KR-li

Potassium
Dichromet. was

used in HR-I

bobat HR-1. HR-3 Cobalt (HR-1. NA NA NA NA NA NA I
HR- 3

lead BC-2, BC-4 Lead IBC-2. BC-4, Well 26 0-5 22.4 60 < 0.6 1.3.4
BC5. DR-3 BC-S. DR-3, FR2, (Model Toxic,
FR-2. HR-I HR-1, HR-2. Control Act -
HR-2, KR-4 HR-3, KR-4, Method lu

HR-3'" NR-11

Lead Acetate
Battery Fluid

(NR-l)

Lead Cadmium
Poison Slugs
IBC-4, DR-3,
FR-2. HR-21

U.)

0

0

See footnote key at end of table.
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TABLE AB-2: GROUNDWATER METALS DAT A ('CONTINUED)

Sq- footnote key at end of table.

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE
UNITS RELEASES. BACKGROUND l

(Kilogram SAMPLE SAMPLE DETECTION STATE FEDERAL CONCENTRATION
QuantitiesI TYPE CONCEN- LIMIT' LIMIT" LUMIT-

TRATION 0"'' (/LI "/LI (mg/LI
RANGE

{pM/LI

Manganese FR-1. 1R-1 Manganese Weli 6-4300 5 50 NA 7.0 ± 5.0 l,3,4
HR-3, NR-11 (HR-I. HR-31 (Washington

NR- 2 State Ground
Used in FR-1, Water
NR-i. NR-2 Standardal

Mercury BC-2. 8C-4 Mercury IBC-2. NA NA 0.1 2 2 < 0.1 1.3
BC-5, HR-1 BC-4. BC-5, KR-4) IW.shington lPrimiasy
HR-3, KR-4 State Ground Drinking

Mercury Chloride Water Water Limit)
IHA-1. HR-3) Standards)

Mercuric Nitrate
used in HR-I

a'

0

n
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TABLE AB- GROUNDWATER METALS DATA
FOOTNOTE KEY

A Operable unit(s) where contaminant is considered a contaminant of concern. Information
in parentheses indicates the operable units(s) which received the waste constituent in
greater than one kilogram quantities. Also given are operable unit(s) in which the
contaminant was used in unknown quantities.

B Range includes the minimum and maximun concentrations in micrograms per liter
(pg/L) for the listed operable units. Evaluated ground water data was collected between
1978 and 1986.

C Concentration based on filtered samples.

Range includes the minimum and maximum detection limit concentrations in micrograms
per liter (pg/L) for all the groundwater quality data reviewed.

Most restrictive concentration, in micrograms per liter (Ag/L), which was obtained from
the Washington Ground Water Quality Standards or was obtained in the Model Toxics
Control Act Cleanup Regulation using Method B. Where the Washington Groundwater
Quality Standards are the most restrictive, enforcement limits may exceed these values
when the natural groundwater quality exceeds the criteria or when other exceptions
contained in WAC 173-200-050(3)(b) apply.

" Concentration, in micrograms per liter (pg/L), which was obtained from drinking water
regulation 40 Crr 1A1

Background concentration for the Hanford site, in micrograms per liter (yg/L), from
Pacific Northwest Laboratory, 1989, and Evans et al., 1989.

H Information source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988ab 4. Miller and Wahlen, 1987

Present in groundwater above state and federal standards.

Present in groundwater above Hanford site background concentrations.

Not available.
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TABLE AB-3: GROUNDWATER NONMETALLIC IONS/COMPOUNDS DATA

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA PRELININARY SOURCE0
UNITS RELEASES BACKGI IOIID

(Kilogram CONCENTRA-
Quantities} SAMPLE SAMPLE DETECTION STATE FEDERAL TION*

TYPE CONCENTRA- LIMIT" LIMIT" LIMIT (pg/L)
TION RANGE" (c"g/L) lpgi LI {g/L}

pM/L)

Asbestos BC-2. BC-5 Asbestos used NA" NA NA NA 70 NA I
in (BC-2. BC-5) (Primay

Drnking
Water LImitl

Chloride FR-i, HR-I, Aluminum NA NA E00 250,000 NA 10,300 1
HR-3, FR-2 Chloride (HR-1) jWashington 6.500

State Ground
Mercuric Wat.r Quality
C:hlrnde Standard.)

IHR-1, HR-31

Nickel Chloride
(HR-1, HR-3)

PC tassium
Chlride IFR-2)

Sodijm Chloride
(HR-1, HR-3

Chlorine 1HR-1)
Used in BC-2

Pcrc lorsc Acid
(HR-1, KR-3

Hydrochloric
Acid

(HR-1. HR-3}
Used in BC-2.

DR-i

Chlorine BC-2, Chloain (HR-i, NA NA NA NA NA NA I
BC-5, HR-3)

HR-I, HR-3 Used in BC-2

See footnote key at end of table.
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TABLE AB-3: GROUNDWATEI NONMETALLIC IONS/ OMPOUNDS DATA (CONTINUED)

CONTAMINANT OPERABLE POTENTIAL. GROUNIDWATIR QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCEi'
UNITS RELEASES" BACKGROUND'

(Kilogram CONCENTRA-
I Quantities) SAMPLE SAMPLE DETECTION STATE FEDERAL TIONI

TYPE CONCENTRA- LIN1" LIMIT" LIMIT p/Lj
TiON RANGE" (pg/LI (pg/L) pg/LI

(ug/L)

Cyanide HR 1, FIR-3 Cuprac Cyanidle NA NA 10 320 NA < 10 1
Used in HR-I (Model Txics

Control Act -

Cyanide (HR- 11, Method B)
HA-3)

Potassium
Cyanide Used in

FIR-I

Sodium Cyanide
Used in HA-I

f.Jju.da DR-1. FIR- 1, Fluoride Well 1300-2960 500 2,000 4000 370 t 100 1
FIR-I, (DR 1, FR-,. (Model Toxic. (Primary

HR-3" HR-31 Control Act - Drinking
NR- 1 Method 0I Water Lmiti

Floride Test (Secondiary
Sollution Drinking

(N R-1) Water Limit)

Ammonium
Fluoride
(HR-11

Ammonium
. Hydrogen

Fluoride (HR-1)

Sodium Fluoride
. (HIR-1)

Hydrochloric HR-1. FIR-3 Hydrochloric NA NA NA NA NA NA 1
Acid Acid

(HR-1, HR-3)

See footnote key at end of table.
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TABLE AB-3: GROUNDWATER NONMETALLIC IONS/COMPOUNDS DATA (CONTINUED)

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER .UALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE'
UNITS RELEASES"' BACKGROUND

Kilogram C ON0ENTRA-
Quantities) SAMPLE SAMPLE DETECTION STATE FEDERAL TIONe

TYPE CONCENTRA- LIMTe" LIMIT" LIMIT (jpgILl
TION RANGE- W/LI W/LI WIg/L)

Wp/L)

Nitrate SC-1. Aluminum Well 86- 500 10,000 10,000 NA 1
BC-50i Nitrate (HR-1 11,020,00D lWashington Primary

DR-1. FR-I, St'ate Ground Drinking
HR-1. Nitric Acid Witer Quality Watter Limit)
HR-3, IHR-1) Standards)
KR 1.

KR-4"', Nitrate
NR-i SBC-1, DR-1.

FR-1, HR-3,
KR-1. NR-1}

Sodium Nitrate
IHR-11

Nate HA-RI HR-3 Nitrite NA NA NA 1,000 (Model 1i000 NA I
JHR-i. HR 31 'Toxic. (Primary

C~ntrol Act - Drinking
Method B, Water Limit)

MCLG)

Piusphoric Acid FR-2. NR-1 Phosphoric Acid NA NA NA NA NA NA I
(FR 2 N-i)

See footnote key at end of table.
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TABLE AB-3: GROUNDWATER NONMETALLIC IONS/COMPOUNDS DATA (CONTINUED)

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA PRIELMNARY 8OURCE"
UNITS RELEASES' BACKLfOtsD

(Kilogram CONCIENTRA.
Guantitisa) SAMPLE SAMPLE DETECTION STATE FEDERAL TIN"

TYPE CONCENTRA- LIMI' LIMIT' LIMIT (Jg/L}
TION RANGE" (p/L) (pg/L} (Jug/L

Sulfate BC-1, BC-2 Sulfate Wall 14- 500 250,000 NA 34.300 t
BC-5. JFR-1, NR-iI 2,180.000 (Modal Toxic, 16,900
HR-1, Control Act -
HR-3. Aluminum Method B,
KR-1, Sulfate Secondary

KR-4, NR-I (FR-1. HR-1} Drinking
Water Limit}

Ammonium
Sulfate OiR- 1)

Cyplic Sulfate
HR 1. KR-I)

Farric Sulfate
Used in HR- I

Amnmonium
Coric Sulfate

(HR 1)

Nickel Sulfate
JHR-1)

Sodium Sulfate
(HR-1}

Sulfuric Acid
IBC-i, BC-2.

NR 1)
Used in FR-1,

KR-I

See footnote key at end of table,
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TABLE AB-3: GROUNDWATER NONMETALLIC
IONS/COMPOUNDS DATA - FOOTNOTE KEY

A Operable unit(s) where contaminant is considered a contaminant of concern.
Information in parentheses indicates the operable units(s) which received waste
constituent in greater the one kilogram quantities. Also given are the operable units
where the contaminants were used in unknown quantities.

B Range includes the minimum and maximum concentrations in micrograms per liter
(yg/L) for the listed operable units. Evaluated groundwater data was collected between
1978 and 1986.

C Concentration based on both filtered and unfiltered samples.

-Detection limit-concentration in micrograms per liter (Ag/L) for all the groundwater data
reviewed, if available.

-E --Most trictive concentration, in micrograms per liter (pg/L), which was obtained from
the Washington Ground Water Quality Standards or was obtained in the Model Toxics
Control Act Cleanup Regulation using Method B. Federal standards do not exist.
Where the Washington Groundwater Quality Standards are the most restrictive,
enforcement limits may exceed these values when the natural groundwater quality
exceeds the criteria or when other exceptions contained in WAC 173-200-050(3)(b) apply.

Background concentration for the Hanford site, in micrograms per liter (yg/L), from
Pacific Northwestern Laboratory, 1989, and Evans et al., 1989.

o Informtatinn source c-ndes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et nl 1988a~b 4. Miller and Wahlen, 1987

H Not available.

Units are in MFL (million fibers per liter longer than micro molar).

Present in groundwater above state and federal limits.

K Present in groundwater above Hanford site background concentrations.
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TABLE AB-1: GROUNDNATER VOLATILE ORGANIC COMPOUNDS DATA

CONTAMINANT OPERABILE POTENTIAL' GROUNDWATER QUALITY DATA REGULATORY CRITERIA SOURCEt

UNITS RELEASESIAI
(Kilogram Quantities)

SAMPLE SAMPLE DETECTION STATE FEDERAL
TYPE CONCENTRA- LIMIT LIMIT LIMIT

TIONIeScl W/O (Mg/U W/O
RANGE
(pg/L)

Benzene NR-i I Benzene NAF NA NA .3 (Model Toxics 5 1
Used in Operable Control Act - I (Primary

Unit NR-i Method B) Drinking
Water Limiti

Chilorobenzene NR-1 Chlorobenzene NA NA NA 160 (Model NA 1
Used in Operable Toxics Control

Unit NR-i Act - Method B)

Chloroform HR-34"G, NR-i Used in HR-3, NR-1 Well 15 - 35 NA 7 (Washington 100 1
State Ground (Primary
Water Quality Drinking

. Standards) Water Limit}

Trans-1,2- NH-1 itrans-1,2- NA NA NA 100 (Model 100 1
dichloroethene - di hloroethene Toxics Control I (Primary

Used in Operable Act - Method B, Drinking
Unit NR-1 MCLG) Water Limit)

Ethylbenzene NR-1 Ethylbenzene NA NA NA 700 (Model 700 1
Used in Operable Toxics Control (Primary

Unit NR-1 Act - Method B, Drinking
MCLG) Water Limit)

Methylene FR-1iG, NR-i Methylene Chloride Well 34 NA 5 5 1
Chloride Used in FR-1, NR-I (Washington (Primary

State Ground Drinking
Water Quality Water Limit)

Standards)

See footnote key at end of table.
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TABLE AB-4: GROUNDWATER VOLATILE ORGANIC COMPOUNDS DATA
(CONTINUED)

See footnote key at end of table.

-4
t'J

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA SOURCE"'
UNITS RELIEASESIAF

(Kilogirarn Quantities) - _____

SAMPLE SAMPLE DETECTION STATE FEDERAL
TYPE CONCENTRA- LIMIT LIMIT"" LNIT

TION'80G' (Wg/L) Lpg/L) (ug/L)
RANGE
(wg/L)

Methyl Isobutyl NR-1 Methyl Isobutyl NA NA NA Soo NA I
Ketone (MIBK) Ketone Used in (Model Toxics

Operable Unit NH-1 Control Act -
Method B)

Perchlorethlyene HR-3, NR-i Tetrachloroethene Well 13 NA 0.8 5 1
(Tetrachloro- Used in Operable (Washington (Primary
ethene, Units HR-3, NR-i State Ground Drinking
Tetrachloroethy- Water Quality Water Limit)
lene Standards)

Trichloroethene BC-1, BC-2, Trichloroethene Well 14 - 35 NA 3 5
BC-5, FR- 1 16, (FR-1, HR-3) used in (Washington (Primary

HA-3 BC-1, BC-2, BC-5 State Ground Drinking
Water Quality Water Limit)

Standards)

Xylenes NR-1 Xylene NA NA NA 1,000 10,000 1
(Model Toxics (Primary
Control Act - Drinking
Method B, Water Limit)

MCGL)

0
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TABLE AB4: GROUNDWATER VOLATILE ORGANIC COMPOUNDS
DATA FOOTNOTE KEY

Operable unit(s) where contaminant is considered a contaminant of concern. Information
in parentheses indicates the operable units(s) which received contaminant in greater than
one kilogram quantities. Also given are operable units in which the contaminant was used
in unknown quantities.

B Range includes the minimum and maximum concentrations in micrograms per liter (pg/L)
forntheised operable units. Evaluated groundwater data was collected between 1978 and
I 9O.

C Concentration based on both filtered and unfiltered samples.

D Most restrictive concentration, in micrograms per liter (pg/L), which was obtained from
the Washington Ground Water Quality Standards or was obtained in the Model Toxics
Control Act Cleanup Regulation using Method B. Where the Washington Groundwater
Quality Standards are the most restrictive, enforcement limits may exceed these values
when the natural groundwater quality exceeds the criteria or when other exceptions
contained in WAC 173-200-050(3)(b) apply.

E Information source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Ctannnr et . 1988ab 4. Miller and Wahlen, 1987

F NA = Not available

4 Present in concentrations above state or federal limits.
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TABLE AB-5: GROUNDWATER NONVOLATILE ORGANIC COMPOUNDS DATA

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUA LITY DATA REGULATORY CRITERIA SOURCE"
UNITS RELEASE Al -

(Kilogram SAMPLE SAMPLE DETECTION STATE FEDERAL
Quantities) TYPE CONCEN- LIMIT LIMITic' . WIT

TRATION"'8  (pg/L) (p/L) (pg/L)
________ _________ ug/L ______

Acetic Acid HR-1, HR-3 Acetic Acid NA1 NA NA NA NA 1
(HR-1, HR-3)

Bis( 2- NR-1, NR-2 Bis-(2-ethylhexyll Well 16-26 NA 6 . NA 1
ethylhexyl) phthalate (Washington
phthalate Used in Operable State Water

Unit NR-1 Quality
Standards)

Ethylenediamine HR-1, HR-3 Ethylenediamine NA NA NA NA! NA I
(HR-1, HR-3)

Ethyleriediamine HR-1, HR-3 EDTA NA NA NA NA NA 1
tenraacetic Acid (HR-1, HR-3)
(EDTA)

Formic Acid HR-1, HR-3 Formic acid used NA NA NA NA NA 1
in HR-b HR-3

Hydrazine HR-1, HR-3, Hydrazine NA NA NA .03 NA 1
NR-1 (HR-1, HR-3) (Washington

Used in NR-1 State
Ground
Water

Quality
Standards)

See footnote key at end of table.
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TABLE AB-5: GROUNDWATER NONVOLATILE ORGANIC COMPOUNDS DATA (CONTINUED)

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA SOURCE""
UNITS RELEASEA1 -- -

Q(ilogram SAMPLE SAMPLE DETECTION STATE FEDERAL
Quantities) 'TYPE CONCEN- LIMIT LwMlT'c' LIMIT

TRATION 8' ( (pg/L) (pg/L) (pg/L)
(jug/L) I

PCBs BC-2, BC-5, PCBs NA NA NA 0.01 0.5 1
Arochlor 1016 KR-4, NR-1 Used in Operable (Washington (Primary
Arochlor 1221 Units BC-2, BC-5 State Drinking

KR-4, NR-1 Ground Water
Water Limit)
Quality

Standards)

Tetraethyl NR-I Tetraethyl NA NA NA NA NA 1
pyrophosphate pyrophosphate

Used in NR-i

Tetrahydrofuran NR-1, NR-2 Tetrahydrofuran Well 60 NA NA NA I
Used in NR-1,

NR-2

Thioure I HR-1, HR-3, Thiourea NA NA NA NA NA1
NR-1 (HR-1, HR-3)

See footnote key at end of table.
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TABLE AB-S: GROUNDWATER NONVOLATILE ORGANIC
COMPOUNDS DATA - FOOTNOTE KEY

A Operable unit(s) where contaminant is considered a contaminant of concern. Information
in parentheses indicates the operable units(s) which received the contaminant in greater
than one kilogram quantities. Also given are operable units in which contaminant was
used in unknown quantities.

-Evaluated groundwater-data-was collected between 1978 and 1986; however, no data is
available for the associated contaminants, except his (-2-ethylhexyl) phthalate.

C Most restrictive concentration, in micrograms per liter (pg/L), which was obtained from
the Washington Groundwater Quality Standards or was obtained in the Model Toxics
Control Act Cleanup Regulation using Method B. Where the Washington Groundwater
Quality Standards are the most restrictive, enforcement limits may exceed these values
when the natural groundwater quality exceeds the criteria or when other exceptions
contained in WAC 173-200-050(3)(b) apply.

o Information source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988ab 4. Miller and Wahlen, 1987

E NA = Not Available.
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TABLE AB-6: SOURCES - RADIONUCLIDE DATA

CONTAMINANT OPERABLE ESTIMATED SOIL QUALITY DATA PRELIMINARY SOURCE"
UNITS INVENTORY BACKGROUND

RANGE'"' CONCENTRATION'
(Curele ' SAMPLE SAMPLE DETECTION RANGE

TYPE CONCEN- LIMT-'' (pCi/g
TRATION' (PCi/el

RANGE
______ ____________________ ______ (PCI/aI

Tritium BC-I"' Tritium Soils. 2.7 x 10' NA" 2200 -2400
BC-2"', BC-3" [0.208 - 11.0001 Sludges -7.3 x ,10'

BC-4. DR- 1,
DR- 3 FRi I . IBC-i, 8C-2.-
FR-2, HR-I", BC-3. BC-4, i
KR-I. KR-2, DR-1. DR-3,

NR-I FR-i, FR-2.
HR-1. KR-,
KR-2. NR-l1

(DR-2 operable
unit contains an
inventory less

than one Curie I

Carbon114 BC-4. KR 2 Carbon+14 Soil. 4.1 x 10' NA NA 1.3.4
10.066 -2201 -4.3 x 10

(BC-4, KR-21

(DR-1. HR-I;
KR-1 operabi.
units contain

inventories le.
than one Curiel

Calcium-41 KR 1 Calcium-41 used NA NA NA NA 1.3,4
in operable unit

KR-I

Cobalt-60 BC-i". M Cobat-60 Soils. 3.5 x 10 NA 0.00457 - 0.03550 1.3,4
BC- 2", 11.01128- Sludges - 1.3 x 107

BC-3, BC-4, 767.31
DR- 1 .

DR-2, DR-3. (BC-i, BC-2.
FR- I , BC-3. BC-4,

FR-2. HR-i1-" FR-1. FR-2,
KR-i... DR-i, DR-2.

KR-2. NR-i DR-3, HR-1,
KR-1. KR-2,

NA-1

See footnote key at end of table.

-I

a
0



I -RDIOUIEAAC

TABLE AB-6: SOURCES - RADIONUCLIDE DATA (CONTINUED)

CONTAMINANT OPERABLE ESTIMATED SOIL QUALITY DATA PRELIMINARY SOURCE"
UNITS INVENTORY BACKGROUND

RANGE"-" CONCENTRATION"
ICUris) SAMPLE SAMPLE DETECTION RANGE

TYPE CONCEN- .IMIT"-' (pClg)
TRATION (pCiigI

RANGE

Nickel 63 BC-1, BC-2. Nicke1T63 Soils. 1.2 x 10' NA NA 1,3.4
BC-4. DR-i, 116 - t44.21 Sludges 6.9 x 10
DR-3. FR-2.
HR-i, KR I (BC-1, BC-2,

BC-4, DR-1.
OR-3. FR-2,
HR-1. KR-1)

Setanium-79 HR-i SeIeniium-79 NA NA NA NA 1,3,4
used in operable

unit HR-I

Krypton-85 HA I Krypton-85 used NA NA NA NA 1 3,4
in operabll, unit

HPF-li

Strontium-90 BC-1. BC-2 Strontum-90 Soils 2.2 x 102 NA 0.18 - 0 59 G 0-5 1 3.4
FR-.i (0,35884 - 22.11 Sludges - i.3x i0 -

FR-2, HR-' ,
HA-2. KR-1 (BC-1, BC-2,

FR-I. FIR-2,
HR-i. HR-2,

KR-i) -

(BC-4, DR-I,
DR-2 operable
units contain .

inventoria les
than one Curie)

Zirconium-93 HR-I Zirconium-93 , NA NA NA NA 1,3.4
used In operable

unit HR-I

Niolbium-94 HR-1 Niobiurn-94 used NA NA NA NA 1,3.4
in operable unit

HR-i

00

0
0
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See footnote key at end of table.



TABLE AB-6: SOURCES - RADIONUCLIDE DATA (CONTINUED)

CONTAMINANT OPERABLE ESTIMATED , SOIL QUALITY DATA PRELMINARY SOURCE"
UNITS INVENTORY BACKGROUND

RANGE-A.' CONCENTRATION'
Icons) SAMPLE SAMPLE DETECTION RANGE

TYPE CONCEN- LIMIT"' (pClsi
TRATION {pCldg)

RANGE
(pCiVg 1

Technstium-99 1BC-1, BC-2. Technetium-99 NA NA NA NA 1,3.4
HR-1. KR-I, used in operable
'FR 1, NR 1 units BC-i,

BC-2. HR-I,
KR-i. FR-1,

________NA-i

Palladiun-107 ]-OR I Palladium-107 NA NA NA NA 1,3.4
used in operable

unit HR-I

Cadmium-113 HR- I Cadmium-113 NA NA NA NA 1.3,4
used in operable

unit HR-I

Antirnony-125 NR-1 Antimony-125 NA NA NA NA 1,34
used in operable

units NR-i

Iodine-129 KR-1, NA-I lodine-129 used NA NA NA NA 1,3,4
in operable units

KR-i. NR-1

Cesjum-134 DR-2", Cesium-134 Soils,. 1.8 x 10' NA 0 00429 - 0.6780 1,3,4
H R-'I ', NR-1 [0.00001 - 141 Sludges - 1.2 x 10

(NA-I)

IBC-i, OR-1.
DR-2. HR-I,

KR-I operable
units contain

invwntories less
than one Curil)

'C

1k

See footnote key at end of table.



TABLE AB-6: SOURCES - RADIONUCLIDE DATA (CONTINUED)

CONTAMINANT OPERABLE ESTIMATED SOIL QUALITY DATA PRELIMINARY SOURCE"
UNITS INVENTORY , BACKGROUND

RAIGE -*'" CONCENTRATION"
I j'uri.l SAMPLE SAMPLE DETECTION RANGE

TYPE CONCEN- LIT'o' (pCiuel
TRATION"' (pClg)

RANGE
(pCi/qI

Cesium-137 BC-1, BC-2. Cesium-13j Soils. 2.7 x 102 0.15-0.6 0,00140 - 2.9 t 1.3.4BC-40". DR-I 11 3501 ' Sludges -6.3 x 10' 3.2
FR-U"', FR-2
HR-i"'. HR-2 {BC-1, BC-2,
KR-1"e, NR-i DR-1. FR-I.

NR-3 K FR-2. HR-I.
HR- 2. KR-1,

Nil-11

1BC-4, BC-b.
HR-3 op.rmble
units contain

inventori. le.
than one Curiel

Sam.ium-151 HR 1 Samadum-Ifl NA NA NA NA 1,3.4
used in operable

unit HR-I

Europium-152 BC-i". BC-2", Europium-162 Soils. 10 X 10 NA NA 1,3.4
BC-4"'. DR-1". [002285 - Sludge. - 6.4 X 10'
DR-3, FR-1". 729. 571
FR-2, HR-1'
HR-2, KR-I", {BC-1, BC-2,.

KR-2 BC-4,. DR-1.
DR-3. FR-1.
FR-2, HR-1.
HR-2. KR-.

KR-2)

IDR-2 operable
unit contains
inventory less

than on.Curi}

QC

0

C

See footnote key at end of table.
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TABLE AB-6: SOURCES - RADIONUCLIDE DATA (CONTINUED)

CONTAMINANT OPERABLE ESTIMATED SOIL QUALITY DATA PRELIMINARY SOURCE
UNITS INVENTORY BACKGROUND

RANGE"c"' - CONCENTR$TION."
lCuri.1 SAMPLE SAMPLE DETECTION RANGE

TYPE CONCEN- LIMI" IpCira
TRATISHO (pOi/g)

RANGE
(pCi,'g)

Europium- 164 BC-i"", Europium-154 Soils. 9.5 x 10 NA 0.00197 - 0.07820 1.3,4
BC-2"', 10.00309 - Sludges - 2.9 x 10'
BC-", 213.111
DR-I ""

DR-3, FR-,' IBC-2. BC-3.
FR-2, HR-1'u, BC-4. DR-1.
HR-2. KR -u DR-3, FR-I,

FR-2. HR-I.
HR-2, KR-I)

(BC-1, DR-2
operable units

contain
inventories asi,
than one Curiel .

Radium- NR-1 Radium used in NA NA NA NA 1,3.4
226/228 operable unit

NR- I

Uranium DR-1u Uranium Soils, 4.2 x 10' 0.6- 06 0.74 0.16 1.3,4(Unspecified) HR-I", (Unspecified) Sludges - 1,4 x 104
KR- I U KI [0.04343 -

0,3219911

BC-i, BC-2.
FR-1. KR-1.

HR-I operable
units contain

inventory ranges
le. then one

Curi.}

See footnote key at end of table.
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TABLE AD-fl: SOURCES - RADIONUCLIDE D0ATA (CONTINUIED)

CONTAMINANT OPERABLE ESTIMATED SOILJQUALITY DATA PRELIMINARY SOURCES
UNITS INVENTORY BACKGROUND

-RANGE-- . CONCENTRA1ION"
Icons) SAMPLE SAMPLE DETECTION RANGE

TYPE: CONCEN- LIWT"F pCg'
TRATION" lpCiig)

RANGE
(pCI/g)

Plutonium-238 BC- 2. DR-1, Plutonium-233 'Soils. RA x 10' NA NA 1.3,4
NR-I 10.005 - Sludges - 1.6 x 1 3

420.195)

(BC-2. NR-1I.

I8C-1, DR-I,
HR-i. KR-1, I
operable units

contain
inventory ranges

les. than one
C,:urio)

Plutonium BC-i. BC-2"'. Plutonium- Soil. 3.2 x 0- NA 4.2 x 102 1.3.4
239/240 DR-I""., 239/240 Sludge - - 1.5 x 10

FR-1"1. 3.41x 103 -
HR-i"', 20,61

KR-1'". NR-I I
(BC-1, BC-2.
KR-I, NR-iI

(DR-t. DR-2,
, FR-1, FR-2.

HR-1. KR-2.
KR-4 operable
units contain

, inventory range.
Ies than one

Curia)

Plutonium- 241 HR-I Plutonium-241 NA NA NA NA 1.3,4
used in operable

unit HR-I

Americiurm-241 HR-I. KR-I Americium-241 NA NA NA NA 1.3.4
used in operable
unit HR-1, KR-A

cc
tJ

0
0

S-e footnote key at and of table.
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TABLE AB-6: SOURCES - RADIONUCLIDE DATA
FOOT N O TE KEY

Indicates inventory in greater than Curie quantities, unless otherwise specified.

'-Inventory-range- (in-brackets)-includes the minimum -and maximum inventories for the
listedoperable units (in parentheses). For a single operable unit, the inventories for each
waste unit within that operable unit were totaled to generate a single value.

C Complete inventories are not available for all of the operable units.

'-Radionuclide concentration has not been decayed to the present.

Range includes the minimum and maximum concentrations in picoCuries per gram
(pCi/g) found in samples for the listed operable unit(s). Evaluated data was collected
between 1978 and 1986.

Range includes the minimum and maximum detection limit concentrations in picoCuries
per gram (pCi/g) for all data reviewed.

o No state or federal limit is available.

H Range includes background concentrations in picoCuries per gram (pCi/g) from 100-Area
Work Plans.

Tnfnrmntinn tnirn rnce:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988ab 4. Miller and Wahlen, 1987

Present in soils/sediments/sludges above state and federal limits.

Present in soils/sediments/sludges above Hanford Site bkgrund concentrations.

L NA = Not Available.
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TABLE AB-7: SOURCES - METALS DATA

CONTAMINANT OPERABLE POTENTIAL SOIL QUALITY DATA REGULATORY PRELIMINARY SOURCE"
UNITS RELEASESSW CRITERIA BACKGROUND

(Kilogram CONCENTRATIO'"
Quantities) SAMPLE SAMPLE DETECTION STATE RANGE

TYPE CONCEN- LIMITEd LIMIT" (pg/kg)
TRATION'"' Wug/kg) (pg/kgI

RANGE
Wpg/kg)

Aluminum HR-1, HR-1, NA-i NA NA NA 5,000 NA I
NR-1 (Model Toxics

Control Act -
-_ Method B)

Boron BC-4 Boron splines NA'" NA NA 7,200,000 NA 1
(BC -41 (Model Toxics

Control Act -
___ Method B)

Iron BC-2 Iron used in NA NA NA NA NA 1
BC-2

Lead BC-1", Lead (BC-3, Soil 94,000- 500 112,000 2,580 - 12,700 1,3
BC-2, BC-4, DR-3, 250,000 (Model Toxics
BC-3, FR-2, HRI-1, Control Act -
BC-4, HR-2, N-i) Method B)
DR-3, Used in BC-2
FR-1,
FR-2, Lead Acetate
HR-1, Battery Fluid
HR-2, (NR- I
NR-1

Lead
Cadmium

Poison Slugs
(BC-4, D 3,
FR-2, HR-2)

Manganese H-1, Used in NA NA NA 8,000,000 NA 1,3,4
DR-1, operable units (Model Toxics
NR-1 HR-1, DR-1, Control Act -

NR-1 Method B)

See footnote key at end of table.
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TABLE AB-7:

'SI

SOURCES - METAILS DATA (CONTINUED)

CONTAMINANT OPERABLE POTENTIAL SOIL QUALITY DATA REGULATORY PRELINARY SOURC
UNITS RELEASESIA CRITERILA BACkGROUND

(Kilogram CONCENTRAtION'
Quantitiesi SAMPLE SAMPLE DETECTION STATE RANGETYPE CONCEN- LIMIT'" LUIcIT

TRATION '5  LWg/kgl (,eg/kgI
RANGE
(Mg/kg

Sodium BC-1, Sodium NA NA NA NA NA 1
BC-2 Dichromate

used in BC-1,
BC-2

'Fluoride
(BC 2)

Oxalate used
in BC-1

Sulfamate
used in BC-2

Vanadium DR-1, Used in NA NA NA 560,000 NA 1,3,4
FR-1, operable units (Model Toxics
NR-1 DR-1, FR-1, Corftroi Act -

NR 1 Method l)

See footnote key at end of table.
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TABLE AB-7: SOURCES - METALS DATA
FOOTNOTE KEY

Operable unit(s) where contaminant is considered a contaminant of concern. Information
in parentheses indicates the operable units(s) which received contaminant in greater than
one kilogram quantities, Also givenmare operable-units where the contaminant was used
in unknown quantities.

BRange includes aheminimumand maximum concentrations in micrograms per kilgram
(jig/kg) found in soil, sediment, or sludge samples for the listed operable units. Evaluated
data were collected between 1978 and 1986 and were obtained from DOE-RL, 1991a.

C Detection limit concentration in micrograms per kilogram (pg/kg) for all data reviewed,
if available.

I Concentration, in micrograms per kilogram (pg/kg), which was obtained in the Model
Toxics Control Act cleanup regulation usinE Method-B. -There are-no federaliinits.

Background concentration range for
-(g/kg), from Chou, -1989, and WHC,
values have not been verified.

the Hanford Site, in micrograms per kilogram
1991. Because of the limited data available, these

F Information source codes:

1. 100-Area Work Plans,
in progress

3. Stenner et al., 1988a,b

2. Dorian and Richards, 1978

4. Miller and Wahlen, 1987

4 NA = Not-Available

"Present in concentrations within-or-above HLL.Srd Site background concentrations.
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TABLE AB-8: SOURCES - NONMETAILLIC IONS/C

-J

)MPOUNDS DATA

CONTAMINANT OPERABLE POTENTIAL SOILQUALITY DATA REGULATORY CRITERA SOURCE"
UNITS RELEASES'

IKilogram Quantitie.l SAMPLE SAMPLE DETECTION STATE I'SEL.IMNARY
TYPE CONC4EN- LIMIT" LIMITr' BACORIJOUND

TRATION' ljg/kg) tpg/kgl COI4CINTRATION"
RANGE RANGE

____________ ________ (M/kg) ______ _______ jug/lial______

Ammonium/ FR-1. HR-i Anmonium NAO NA NA NA Below, Detection I
Ammonia IFR-1) L imit" - 3000

Ammonia/Amnionium
Citrate/Amrnonlum Ceac

Sultate/Ammonium
Fluoride/Amnionlum
Hydrogen Fluoride/

Ammonium
Monohydrogen

Orthophorphste/
Ammonium Persulate

(HR- )

Asbestos BC-2 Asbestos used in NA NA NA NA NA I
operable unit BC-2

Chloride BC-2 Hydrochloric Acid used NA NA NA NA NA I
in BC-2

Cyanide HR-I. NFR-I Cupric Cyanide used in NA NA NA 1,600,000 NA I
HR-I f Model

Toxics
Cyanide Control Act

(HR-i. NR-il - Method 8)

Potassium Cyanide used
in HR-i

Sodium Cyanide used in
HR-i

See footnote key at end of table.

0
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TAIBLE AB-8: SOUIRCES - NONMETALLIC IONS/COMPOUNDS DATA (CONTINUED)

CONTAMINANT OPERABLE POTENTIAL .OIL QUALITY DATA REGULATORY CRITERIA SOURCE"
UNITS RELEASEr"

(Kilogram Quantities) SAMPLE SAMPLE DETECTION STATE PFIELI"INARY
TYPE COAICEN. LIMITC LWiVr' BACKGROUND

TRAlriON Igl/kg) fgiki CONCENTRATioN"
RANGE RANGE

__________ Itph/kQI (ngcki}

Fluoride BC-I. BC-2. Fluoride NA P1A 1.000 NA Below Detction 1
DR-1, FR-1, 1DR-1, BC-2. Limit - 5
HR-. NR-I FR-1i

Fluoride Test Solution
INR-11

Ammonium Fluoride
(HR-II

Ammonium Hydrogen
Fluoride tHR-1}

Sodium Fluoride;
(HR-1)-

Used in BC-1, BC-2
Nitrate BC-1, BC-2, Aluminum Nitrate (HR-1) NA lA ,000 NA Below Detection

BC-3, DR-1. Limit
FR-1, HR-1. Nitric Acid
KR-1, NR-I (HR-1)

Ued in BC-1, BC

Nitrate
BC-1, BC-2, BC-3.

DR-1. FA-1. KR-I. NR-l)

S.-dium Nitrate HR--II

Ntrite HI-I Nitrite NA NA NA NA Below Detecion T
(HR-1) Limit

Sulfate BC-1, BC-2, Sulfuric Acid NA NA NA NA NA
KR-2 used in BC-1, BC-2.

KR-3

0

See footnote key at end of table.
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TABLE AB-8: SOURCES - NONMETALLIC IONS/COMPOUNDS
DATA

FOOTNOTE KEY

A Operable unit(s) where contaminant is considered a contaminant of concern, based on
potential releases and/or associated soil quality data. Information in parentheses indicates
the operable unit(s) which reportedly received the waste constituent.

B Range includes the minimum and maximum concentrations in micrograms per kilogram
(ag/kg) found in soil, sediment, or sludge samples for the listed operable units. Evaluated
data were collected between 1978 and 1986.

c Range includes the minimum and maximum detection limit concentrations in micrograms
-per kilogram (.g/kg) for all data reviewed, if available.

D Concentration, in- micrograms per kilogram-(pg/kg)a which was obtained in the Model
Toxics Control Act Cleanup Regulation using Method B. Federal limits do not exist.

Background concentration for the Hanford site, in micrograms per kilogram (Ag/kg), from
Pacific Northwestern Laboratory, 1989.

F

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988ab 4. Miller and Wahlen, 1987

NA = Not Available

H BDL = Below Detection Limit

A-89
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TABLE AB-9: SOURCES - NONVOLAjILE ORGANIC COMPOUNDS IDATA

CONTAMINANT OPERABLE POTENTIAL SDIL QUALITY DATA REGULATORY SOURCE
UNITS RELEASESA) CRITERIA

(Kilogram
Quantities) SAMPLE SAMPLE DETECTION STATE

TYPE CONCEN- LIMIVTIC LnIT
TRATION'"' (pg/kg) 1g/kg)

(pg/kg)

Acetic Acid HR-1 Acetic Aci'd NAI NA NA NA 1
(HR-i)

Bis (2- NR-1 Bis (2-ethylhexyl) NA NA NA 71,400 1
ethylhexyl) phthalate (Model Toxics
phthalate Used in Operable Control Act -

I Unit N-i Method B)
Ethylenediamine HR-1 Ethylenediarnine NA NA NA NA 1

(HR-1)

Ethlenediamine HR-i EDTA NA NA NA NA 1
Tetraacetic (HR-i)
Acid tEDTA)

Formic Acid HR-I Formic Acid NA NA NA NA 1
___ (HR-

Hydrazine HR-1, N-i Hydrazine NA NA NA NA 1
(HR-1, NR-1)

PCBS BC-1, BC-2. PCBs NA NA 0 130 1
Arochlor 1016 KR-i Used in Operable (Model Toxics
Arochior 1221 Units BC-i, BC-2, Control Act -

- KR-1 Method BI

See footnote key at end of table.

'C
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TABLE AB-9: SOURCES - NONVOL ATILE ORGANIC COMPOUNDS DATA (CONTINUED)

See footnote key at end of table.

CONTAMINANT OPERABLE POTENTIAL SOIL QUALITY DATA REeULATORY SIoURCE (E
UNITS RELEASES'^ CRITERIA

(Kilogram
Quantities) SAMPLE SAMPLE DETECTION STATE

TYPE CONCEN- LIMITc LIMIT'
TRATION"I (pg/kg) (pg/kgl
. (pg/kg)

Petroleum BC-1, KR-1, Diesel Oil NA NA NA NA I
Products/Diesel N-1 (NR-1)
Oil

Petroleum
Products

(BC-1, KR-4)

Tetraethyl- NR-1 Tetraethyl- NA NA NA NA I
pyrophosphate pyrophosphate

Used in Operable
Unit NR-1

Tetrahydrofuran N R-1 Tetrahydrofuran NA NA NA NA 1
Used in Operable

Unit NR-i

Thiourea HR-1, NR-1 Thiourea NA NA NA NA 1
(HR-1)

Diethylthiourea
(NR-1)

0

0
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TABLE AB-9: SOURCES - NONVOLATILE ORGANIC
COMPOUNDS DATA - FOOTNOTE KEY

AOperable-unit(s) where contaminant is considered a contaminant of concern, based on
potential-releases and/or associated soil quality data. Operable units in parentheses
are those which received the contaminant in greater than one kiolgram quantities. Also
given are operable units in which the contaminant was used in unknown quantities.

B Evaluated data were collected between 1978 and 1986; however, no data are available
for the associated contaminants.

-Detfction-lim4-cncentration -iri-mikilrams pi ogram (g/kg) for ail data reviewed,
if available.

D Concentration, in micrograms per kilogram (Wg/kg), which was obtained in the Model
Toxics Control Act Cleanup Regulation using Method B.

E Infomation source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., t988a,b - 4. Miller and Wahlen, 1987

F NA= Not Available
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I - E r IA-- U, A

sontvgr - V411 _flILE9 OftGANIC' COMPOUNDS DATA

CONTAMINANT OPERABLE POTENTIAL SOIL QUALITY DATA REGULATORY SOURCE"'
UNITSAI RELEASES"B1  i .CRITERIA

(Kilograim
Quantities) SAMPLE SAMPLE DETECTION STATE

TYPE CONCEAlTRA- LIMIT LIMIT 0'
TIONI'"' (pg/kg) (p;/kg)
RANGE
(pg/kg)

Acetone FR-11 Acetone (F R-11 NA' NA NA 8,000,000 1,2,l
(Model Toxics
Control Act -

Method B)
Benzene NR- 1 Benzene NA NA NA 34,482 1,2

Used in Operable (Model Toxics
Unit NR Control Act -

Method B)
Chlorobenzene NR-1 Chlorobenzene NA NA NA 1,600,000 i,2 3

Used in Operable (Model Toxics
Unit NR 1 Control Act -

i Method B)

Trans-1,2- NR 1 Trans-1,2- NA NA NA 1,600,000 1,2,3
dichloroethene dichloroethene (Model Toxics

Used in Operable Control Act -
Unit NR-1 Method B)

Ethylbenzene NR-i Ethylbenzene NA NA NA 8,000,000 1,2,3
Used in Operable (Model Toxics

Unit NR-I Control Act -

Method B)
Methyl Isobutyl NR-i Methyl Isobutyl NA NA NA 4,000,000 1,2,3
Ketone Ketone Used in (Model Toxics

Operable Unit Control Act
NR- I Method B)

Perchioroethylene HR-1, Perchloroethene NA NA NA 19,607 1,2,3
NA-i Used in Operable (Model Toxics

Units HR-1, NR-1 Control Act-
It_ _Method 8I

See footnote key at end of table.
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TABLE AB-10: SOURCES - VOLATILE ORGANIC COMPOUNDS DATA
FOOTNOTE KEY

A Operable unit(s) where contaminant is considered a contaminant of concern.

B-Information in parentheses indicates the operable units(s) which reportedly received the
waste constituent. Also given are operable units in which the contaminant was used in
unknown quantites.

c Range includes the minimum and maximum concentrations in micrograms per kilogram
(pg/kg) for the listed operable units. Evaluated data were collected between 1978 and
1986.

"Concentration, in micrograms per kilogram (pg/kg), which was obtained in the Model
-Toxics Control Act Cleanup Regulation using Method B.

E Information source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988ab 4. Miller and Wahlen, 1987

F NA = Not available
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APPENDIX AC
REGULATED CHEMICAL CONTAMINANTS
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TABLE AC-1: R

9 i ja.u9
GULATORY DETERMINATION

COMPREHENSIVE
ENVIRONMENTAL

RESPONSE, NATIONAL OIl TOXIC PRIMARY STATE OF
COMPIENSATION, AND HAZARDOUS SUBSTANCES DRINCING WASINGTON

AN) SUBSTANCES CONTROL WATER RULES MODEL. TOXICS
CONTAMINANTS LIASILITY ACT POLLUTION ACT 140 CFR WASHINGTON CONTROL ACT
RELEASED IN THE ICIERCLAI CONTINGENCY PLAN ITSCA) 611141.61 GROUNDWATER CLEANUP NbT

100-AREA (40 CFR 6302.4) (40 CFR 1300.3h1(I (40 CFR 6741) AND 141.62. STANDARDS REGULATIONS REGULATED

11 -TIchioroethane X X X X

Acetic Acid X

Acetone x X

Aluminum x

Aluminum Chloride x

Alumn.um Fluoride x

Aljmnum Nitrate x

Aluminum Sulfate x

Ammronium K
Monohydrogon
Qrthophosphate

Ammonium Caro X
SuIl te

Ammonium Fluoride X

Ammonium Hydrogen X
Fluoride -

Ammonium Parsulsts -

Arsenic X x X x

Asbestos x X

Berum x x X X

Beriun Perchlorate X

Benzens X x x X

Beryllium x X

Beryllium Suifate X

'C
ON

0
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TABLE AC-1: REGULATORY DETERMINATION (CONTINIUED)

COMPREHENSIVE
ENVIRONMENTAL

RESPONSE. NATIONAL OIL TOXIC PRIMARY STATE OF
COMPENSATION, AND HAZARDOUS SUBSTANCES DRAAMWI WASI4NOTON

AND SUBSTANCES CONTROL WATER RULES MODEL TOXICS
CONTAMINANTS LIABiliTY ACT POLLUTION ACT 1(40 CFR WASHINGTON COITIRIL ACT

RELEASEI IN THE (CERCLA) CONTINGENCY PLAN ITSCA) 1141.81 GROUNDWATER CL$ANUP NOT
100-AREA (40 CFR £302.4) 140 CFR 1300.3I.111) 140 CFR 6761 AND 1141.62) STANDARDS REGULATIONS REGULATED

Blia 12 ethylhexyll X X
p4thalat.

Boric AcId X

Caidmium ,3( X

Ccliumn X

C -loride (including X
cloride ion I om
cloase s of Aluminum
Chloride. Hydrochloric
Acid, Mercuric
Chionde. Nickel
Chloride, Potassium
Chloride, and Sodium
Chloride -

Chlorobenzene X X

Chlorolurm x X X

Choline Chloride x

Ctomic Acid X

Ciromium. H axavalent x x x x
lir'.cluding chromium
ion from relases of
Clromic Acid
Po tassium Dichromate,
Sodium Chromate, and
Sodium Dichromatsl

Citric Acid X

Citric Acid Solutions. X
Arnmoniated

0
C
rYl
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TABLE AC-1: REGULATORY DETEI MINATION (CONTINUED)

COMPREHENSIVE
ENVIRONMENTAL

RESPONSE, NATIONAL OIL TOXIC PRIMARY STATE OF
COMPENSATION. AND HAZARDOUS SUBSTANCES DRINNUdO WASHINGTON

AND SUBSTANCES CONTROL WATER RULES MODEL TOXICS
CONTAMINANTS LIABILITY ACT POLLUTION ACT 440 CFR WASHINGTON CONTROL ACT
RELEASED IN THE ICERCLA) CONTINGENCY PLAN ITSCA) 1141.61 GROUNDWATER CLEANUP NOT100-AREA 140 CFR £302.4) 140 CFR 1300.3al1I) 140 CFR 71) AND 141.621 STANDARDS REGULATIONS REGULATED

Cobalt X

Coppe X X X

Cupric Cyanide X

Cuprc Oxide X

Cupric Sulfate X

Cyande (including X X X
cyanide ion from
release, of Cupric
Cyanide. Potassium
Cyanide, and Sodium
Cyanid6)

Cyclotatrasiloxanm. Xoctomthyl

Deoxycholic Acid X

Dies el O il X

DIathaolamine X

D.ethyl:hiour.* x

Elhylbenzen. X X X

Ethylenediamine x

Ethylenediarine x
tetracstic Acid
(EDTA)

Farric Cixide K

Ferric Sulfate x

'C

0
0
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AC-i: REGULATORY DETERMINATION (CONTINUED)

COMPIEHENSIVE1
ENVIRONMENTAL

RIESPONSE, NATIONAL OIL TOXIC PRIMARY STATE OF
COMPENSATION, AND HAZARDOUS SUBSTANCES DRINKING WASHIGTON

AND SUBSTANCES CONTROL WATER RULES MODEL TOXICS
CONTAMINANTS LIABILITY ACT POLLUTION ACT (40 CFR WASHINGITON CONTROL ACT

RELEASED IN THE (CERCLA) CONTINGENCY PLAN ITSCA) 141141.61 GROUNDWATER CLEkNUP NOT
100-AREA (40 CFR 5302.4) 140 CFR 1300.3Ial[1)) (40 CFR £761) AND 141.62) STANDARDS REIIULTIONS REGULATED

Fluoride lincluding X X
fluonde ion from
relaa.ee of Aluminum
Fluoride. Ammonium
Fluorid., Ammonium
Hydrogen Fluoride,
Lithium Fluoride, and
Sodium Fluoride)

Fo .... Acid X

Graptm- X

H yd reline X

Hydrobromic Acid X

Hydrochloric Acid X

Hydrogen Peroxide X

Hydrojodic Acid X

Hypophosphorus Acid X

Iron (including iron ion X X
from raleases of Ferric
Oxide' and Ferric
Sulfate)

Lead X X X X

Lithium X

Lithium Fluoride X

Magnesium X

Monganesa X X

Mercaptoacetic Acid X

'C
'C

00n



, RE

TABLE AC-i: REGULATORY DETERMINATION ICONTINUED)

COMPBEHENSIVE I
ENVIRONMENTAL

RESPONSE, NATIONAL OIL TOXIC PRIMARY STATE OF
COMPENSATION, AND HAZARDOUS SUBSTANCES DRINK0iG WASHNGTON

AND SUBSTANCES CONTROL WATER RULES MODEL TOXICS
CONTAMINANTS LIABILIr ACT POLLUTION ACT 140 CFR WASHINGTON CONTROL ACT

RELEASED II THE (CERCLA) CONTiNOESICY PLAN ITSCAI 16141.S1 GROUNDWATER CLIEANUP NOT
100-AREA 440 CFR 1302.41 140 CFR 1300.3a1111) 140 CFR I741i AND 141.621 STANDARDS REGULATIONS REGULATED

Idercuric Chloride X

Mercumc Nitrate X

Mercury X X X

Methyl iobutyl Ketone X X
(MIBK) (4-methy-2-
pentanone)

Methylene Chloride X X X

Molybdenum - - X
Morpholine K

Nickel X X

Nickel Chloride x

Nickel Oxide x

Nickel Sulfate x

Nitrate (as Nitrogen) x x
lincluding nitrate ion
from releases of
Aluminum Nitrate,
Mercuric Nitrate.
Potassium Nitrate,
Sodium Nitrate. and
Nitric Acidl

Nitric Acid X

Nitrite las Nitrogen) x
lincluding nitrite ion
from releases of
Sodium Nitrite)

Oxalic Acid x
Palladium x

0

C
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TABLE AC-i: REGULATORY DrEERMINATION (CONTINUED)

COMPREHENSIVE
EIIVIRONMENTAL

RESPONSE,. NATIONAL OIL TOXIC PRIMARY STATE OF
COMPENSATION, AND HAZARDOUS SUBSTANCES DREUING WASHINGTON

AND SUBSTANCES CONTROL WATER RULES MODEL TOaXCS
CONTAMINANTS LIABILIITY ACT POLLUTIION ACT 140 CFR WASHINGTON CONTROL ACT

RELEASED'IN THE (CERCLAI CONTINGENCY PLAN ITSCAJ 15141.61 GROUNDWATER CLEANUP NOT
100-AREA 140 CFR 302.4) 1410 C$R 1300.3s13) 140 CFR 6761) AND 141.621 STANDARDS, REGULATIONS REGIJLATED

Perchloric Acid X

Parchloroethylena X X X X
fTetrachiorciwthense,
Tat rachloro.toylene-

Petroleum Products X

Phosphate i _______X

Phosphomolybdic Acid X

Phosphoric Acid X

Phosphoru. Pintoxid. X

Polychlorinatad X X X X X
Biphenyls (PCIBs)

Potassium x

Potassium Borate X

Potassium Chloride x

Potassium Cyanide X

Potassium Dichromat. X

Potassium Nitrate X

Silicon 
X_________

Sodium X

Sodium Acetate X

Sodium Aluminate x
Sodium Borat X

Sodium Catonat. x

Sodium Chloride X

-a
0
-A
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TABLE AC-i: REGULATORY DETERMINATION (CONTINUED)

COMPREHENSIVE
ENVIRONMENTAL

RESPONSE, NATIONAL OIL TOXIC PRIMARY STATE OF
COMPENSATION, AND HAZARDOUS SUBSTANCES DRIMUNG WASINGTON

AND SUBSTANCES CONTROL WATER RULES MODEL TOXICS
CONTAMINANTS LIABILITY ACT POLLUTION ACT 140 CFR WASHINGTON CONTROL ACT
RELEASED IN THE (CERCLA) CONTINGENCY PLAN ITSCA) 11141.61 GROUNDWATER CLEANUP NOT

100-AREA 140 CFR 0302.4) 140 CER I3O.3a]I133 140 CM 1761) AND 141.62) STANDARDS REGULATIONS REGULATED

Sodium Chromat. X

Sodi um Citrate X

Sodium Cyanide X

Sodium Dichromate X

Sodium EDTA X

Sodium Fluoride X

Sodiumr Formate x

Sodium Hydrosulfite X

Sodium Hydroxd.e X

Sodium Hypophosphite X

Sodium Monohydrogen X
Orthocisenate

Sodium Nitrate X

Sodium Nitrite X

Sodium Oxalate X

Sodium Phosphate X

Sodium Sulfamaete X

Sodium Sulfate X

Sodium Sulfite X

Strontium X

Sultamic Acid X

IQJ

t
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TABLE AC-1: REGULATORY DETERMINATION (CONTINUED)

COMPREHENSIVE
ENVIRONMENTAL

RESPONSE, NATIONAL OIL TOXiC PRIMARY STATE OF
COMPENSATION, AND HAZARDOUS SUBSTANCES DRINIdG WASINGTON

AND SUBSTANCES CONTROL WATER RULES MODEL TOXICS
CONTAMINANTS LIABILITY ACT POLLUTION ACT (40 CFR WASHINGTON CONTROL ACT

RELEASED IN THE ICERCLA) CONTINGENCY PLAN (TSCA) 11141.61 GROUNDWATER CLEANUP NOT
100-AREA 140 CFR 1302.41 140 CFR 6300.31a[1I) (40 CFR 17611 AND 141.62) STANDARDS REGULATIONS REGULATED

Sulfate (including X
sulfate from roleas.,
of Aluminum Sulfate.
Ammonium Ceric
Sulfate, Ammoniui
Perauilat.. Cupric
Sulfate, Forric Sulfaite,
Nickel Sulfate, Sodium
Sulfate. and Sulfuric
Auidi

Sufuric: Acid X

letraethyl X
pyrophoaphate

Tetrahydrofuran X

Thiourea x

Titaniurm X

Tou.n. X X

trans-V 2- X
dichlo..then.

TIchloroacetic Acid X

Trichloroethene, X x A X
Tri.lo roethylen.

Urea x

Vanadium X

Vanadium Pentoxide K

Xylenes X x X

Zinc x X K

Zirconium X

-A

C
"A

0
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APPEfNflhV A f

REGULATORY CONTAMINANTS OF CONCERN
DECISION LOGIC TABLES
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TABLE AD-1: GROUNDNATER RADIONUCLIDES - DECISION LOGIC
(Also see Table AB-i)

EXCEED
HALF-LIFE RECORDS EXCEED LIMITS REGULATORY

RADIONUCLIDE = >2 YEARS? =I AVAILABLE? = BACKGROUND? = AVAILABLE? = LIMIT7

Tritium Y y y Y--ICOCI
Carbon-14 Y Y-COC

Calcium-41 Y N-ICOCI

Chromium-51 N-ID-

Manganese-54 N--IDI

Cobalt-60 y y y Y--[COC
Nickel-63 Y N-COCI

Zinc-65 N-IDI

Selenium-79 Y N-ICOCI
Krypton-85 Y N-[COC

Strontium-90 Y y y Y-.ICOCj
Zirconium-93 Y N-ICOCi

Niobium-94 Y N-ICOCI

Technetium-99 Y y y N--ISI
Ruthenium-103 N-DI

Ruthenium-106 N--D]

Palladium-107 Y N--ICPCI

Cadmium-113 Y N-ICOCJ

Antimony-125 Y y y Y NASI
Iodine-129 Y N--ICOCI
Iodine-131 N--[D

Cesium-134 Y N-.ICOCI!

Y = Yes
N = No
NS == Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

a
In

0

0
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TABLE AD-2: GROUNDWATER METALS - DECISION
(Also see Table AB-2)

EXCEED

RELEASED TO RECORDS EXCEED LIMITS REGULATORY
CONTAMINANT =0 ENVIRONMENT? = REGULATED? =4 AVAILABLE? = BACKGROUND? 4 AVAILABLE? = LIMIT?

Aluminum y N-+D!

Arsenic y Y Y y Y Y-.[COC

Barium Y Y Y Y Y Y-.[COCI

Beryllium Y Y +P[COCl

Boron y Y Y Y Y N-[SI

Cadritum y Y Y Y Y Y-(COC

Calcium Y N-IjDI

Chromium y Y Y y Y Y-[COCj

Cobalt y Y INI--[COCI

Copoer Y Y Y Y Y N-iSI

Iron Y Y Y N-.ISI

Lead Y y y Y Y Y-+[COCl

Lithium Y N--Dj
Magnesium Y N-DI

Manganese Y Y Y Y Y--[COCI

Mercury . Y N--[COCI

Molybdenurn y N-.ID

Nickel Y Y Y Y Y N-[SI

Y - Yes
N = No
NS = Not Sure
0 = Deleted as a contaminant
S = Suspect contaminaint
COC = Regulatory Contaminant of Concern

LOGIC

0
0'

0
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TABLE AD-2:: GROUNDWATER METALS - DEC ISION LOGIC (Continued)

Y - Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

EXCEED

RELEASED TO REC:ORDS EXCEED LIMITS REGJLATORY
CONTAMINANT =4 ENVIRONMENT? = REGULATED? =4 AVAILABLE? = BACKGROUND? 4 AVAILABLE= LiMIT7

Potassium Y N-ID)

Silicon Y N-ID]

Strontium Y N-+AD

Titanium Y IN-IDJ

Vanadium Y Y Y Y Y N--IS

Zinc Y Y Y Y Y N-IS]

Zirconium Y fN-ID I

-D
I

0

0
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TABLE AD-3:

00

GROUNDWATER NONMETALLIC IONS/COMPOUNDS - DECISION LOGIC
(Also see Table AB-3)

RELEASED TO_ EXCEED
REESE ORECORDS EXCEED LIMITS REGULATORY

CONTAMINANT = ENVIRONMENT? =Ip REGULATED? = AVAILABLE? 4 BACKGROUND? 4 AVAILABLE7 IJMIT?
Ammonium/
Ammonia y y y Y Y N-iSI
Asbestos V Y N-ICOCI

Chloride Y Y N--ICOCI
Chlorine y y N-ICOCI
Cyanide Y y N-ICOCI
Fluoride y y y y Y Y-ICOCI
Hydrochloric Acid Y Y N--ICOCI
Hydrogen Peroxide y N-DI

Hydroiodic Acid Y N-(DI
Hypophos- Y N--DI
phourous Acid

Nitrate y y y NS Y Y--ICOC
Nitrite Y Y N-.(COCI
Perchloric Acid Y N--IDI
Phosphate Y N-DI

Phosphoric Acid Y Y N-ICOCI
Sulfate y y y y Y Y-'ICOCI
Sulfumic Acid V N--I

Y = Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

0

0

C,



TABLE AD-4: GROUNDWATER VOLATILE ORGANIC COMPOUNDS DECISION LOGIC
(Also see Table AB-4)

EXCEED
RELEASED TO RECORDS EXCEED LIMIrs REGULATORY

CONTAMINANT * ENVIRONMENT? >4 REGULATED? = AVAILABLE? = BACKGROUND? 4 AVAILABILE? Lni

Acetone Y y Y NS Y N-[SI

Benzene Y Y N--lCOCl

Chlorobenzene Y Y N--[COCl

Chloroform Y y Y Y Y-+COCI

Ethylbenzone Y Y N-.COC

Hexane Y N-IDJ

Muthyl isobutyl Y Y N-[COCl
Ketone

Methylene chloride y y Y Y Y Y-COCI

Perchloroethylene Y y y Y Y Y-.[COCl

Toluene Y y y NS Y N-ISJ

Tians-1,2- Y Y N-(COCI
dichloroethane

Trichloroethene Y Y Y NS Y Y-COCI

Xylenes Y Y N--COCI

Y = Yes
N = No
NS = Not ure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

C
'C

e
0



TABLE AD-5: GROUNDWATER NONVOLATILE ORGA IC COMPOUNDS DECISION LOQIC
(Also see Table AP-5)

EXCEED

RELEASED TO RECORDS EXCEED LIMITS REGULATORY
CONTAMINANT 4 ENVIRONMENT? = REGULATED? 4 AVAILABLE7 4 IACKGROUND? =4 AVAILAILE7 = LIMIT?

4-Methyl-2
Pentanone Y N-[D!

Acetic acid Y Y N-NCOCI

Ammoniated citric Y N--iD]
acid solutions

Bis-(2-ethyl hexyl) Y Y Y NS Y Y--ICOCl
phthalate

Citric acid Y N-Dl

Cyclotetrasiloxans, Y N-NO!
octamathyl

Deoxycholic acid Y N-DI

Dinthanolamine Y N-DI

Diethylthiourea Y N-ND!

Ethylene diamine Y Y N-ICOCI

Ethylene diamine Y y N-ICOCI
tatraacetic acid

Formic acid Y Y N-.ICOCI

Graphite I Y N-.IDI

Hydrazine Y Y N--ICOCI

Mercaptacetic acid Y N-ID

Morpholine Y N-.IDI

Y = Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

C

0
0

-C:
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TABLE AD-5: GROUNDWATER NONVOLATILE OFIGANIC COMPOUNDS - DECISION LOGIC
(Continued)

EXCEED
RELEASED TO RECORDS EXCEED LIMITS REGULATORY

CONAMNAN 4 ENVIRONMENT7 4 REGULATED? = AVAILABLE7 =11 BCG UN7= AVAILABLE7 =4 LIMIT?

Oxalic acid Y N-.[DI

PCBs Y Y N-+ICOCI

Petroleum products/ Y Y Y NS N-[COCI
diesel oil

Tatraethyl Y Y N-.[COCI
pyrophosphate

Tetrahydroturan y Y N--ICOCI

Thiourea y Y N-ICOCI

Trichloroacetic acid y N-[DI

Urea y N-IDI

Y = Yes
N = No I
NS = Not Suke
D = Deleted as a contaminant
S = Suspect contaminant
CCC = Regulatory Contaminant of Concern

0

'0



TABLE AD-6: SOURCES - RADIONUCLIDES - DECISION LOGIC
(Also see Table AB-6)

- IEXCEED
HA.F-LIFE RECORDS EXCEED LIMITS REGULATORY

RADOPIUCLIDE = > 2 YEARS? AVAILABLE? 4 MACKGROIID? =' AVAILABLE? = LIMl7

Trtimy y Y--qC C,
Carbon-14 y Vy Y Y-4COCI
Calcium,-41 Y N-ICOCI
Chrornium-51 N-.IDI

Manganese-54 N-IDj

Cobal;-60 y Y y V Y-ICOCI
Nickel63 Y Y V Y-.ICOC
,Zinc-65 N-[D

Selenium 79 y N-(COCI

Krypton-85 y N-ICOCI

Strontium-SO Y V Y Y Y-_.COCJ
Zirconium-93 Y N-lCOC
Niobium-94 Y N-ICOC1

Technetium-99 Y N--ICOCl
Ruthenium--103 N-IDl

Ruthenium-106 N-IDI

Palladium-107 Y N-COCl
Cadmium-113 Y N-ICOCl
Antimony-125 Y N-ICOCI
Iodine-129 Y N-ICOCI
Iodine-131 N--I0I

Cesium-134 Y y Y Y Y-.ICOCI

Y = Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
CDC = Regulatory Contarninant of Concern

-A

-A
N

0

IL



TABLE AD-6: SOURCES

tX4 ;"it

- RADIONUCLIDES - DECISION ILOGIC (Continued)

Y = Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Conteminamt of Concern

. EXCEED
HALF-LIFE RECORDS EXCEED LIMITS REGULATORY

RADIONUCLIDE = >2 YEARS? => AVAILABLEP =, BACKGROUND? =1 AVAILABLE7 =LIMITI

Cesium-137 Y V V Y-4COC
Cemiurn-144 N-IDI

Samarium-151 y N-+ICOC1

Eurom52 y Y y Y Y--COCI
Europium- 1154 y y Y Y Y-.4COCI
Europium-1155 N-0D-

Radium-"2 /n,. Y N-lCOC

Uranium-"', y Y Y y Y-lCOC
Plutonium-238 y y y Y-COCI
Uranium-238 y y V Y-(COCI
Plutonium-2 ./, V Y Y Y-qlCOCI
Americium-241 Y N-COC

Plutonium-241 y N-ICOCI

Cz)

0



TABLE AD-7: SOURCES - METALS -DECISION LOGIC
(Also see Table AB-7)

EXCEED
RELEASED TO RECORDS EXCEED LIMITS REGULATORY

CONTAMIlNANT =0 ENVIRONMENT? =11 REGULATEDr => AVAILABLE? BACKGROUND? =4 AVAILABLE? =41 LIMIT?

Aluminum Y Y N-ICOCI

Arsenic Y y y Y Y N-ISI

Barium y y y Y Y N-S

Beryllium y y Y N-i1S]
Boron y Y N-[COCI

Cadmium y y y V Y N-IS

Calcium Y N-101

Chromium y Y y Y N--ISI

Copper y y y V Y N--SI

Iron y Y N--ICOCI

Lead y y y V Y Y-qCOCI

Lithium y N--D

Magnesiurh y N--Dl

Manganes y Y N-ICOCI

Mercury y Y Y Y Y N-ISI

Molybdenum Y N-IDI

Nickel y y Y Y Y N-SI

Palladium y N--IDI

Potassium y N--4DI

Y = Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

-a
-a
4..

0
0("i
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TABLE AD-7: SOURCES - METALS - DECISION LOCIIIC (Continued)

EXCEED

RELEASED TO RECORDS EXCEED LIMITS REGULATORY
CONTAMINANT = J ENVIRONMENT? REGULATED? = AVALABLE7_= BACKGROUNO =j AVAILABLE? := LIMIT

Silicon Y N-ID0

Sodium Y Y N-COCI

Titanium Y N-ID

Vanadium Y Y N-ICOCI

Zinc Y Y Y Y Y N-IS]

Zirconium Y N+ADI

Y = Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

C/b

0

'0



TABLE AD-8: SOURCES - NONMETALILIC IONS/COMIPOUNDS - DECISION LOGIC
(Also see Table AB-8)

EXCEED
RELEASED TO RECORDS EXCEED UMITS REGULATORY

CONTAMINANT = ENVIRONMAENT? 4 REGULATED? = AVAILABLE? RACKGROUND7 = AVAILE? 4 LIMIT7

Ammonium/ NO y N--ICOCI
Ammonia

Asbestos y N N-ACOCI

Chloride Y N N-COC[

Cyanide Y Y N-COCl

Fiuoride V Y N-ICOCI

Nitrate y Y N-ACOCl

Nitrite y Y N-ICOCl

Sulfate I Y N-ICOCI

-A

ON

Y = Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

ft

0



TABLE AD-9: SOURCES - NONVOLATILE ORGANIC COMPOUNDS - DECISION LOGIC
(Also see Table AB-9)

EXCEED

RELEASED TO RECORDS EXCEED LIMITS REGULATORY
CONTAMINANT =0 ENVIRONMENT? REGULATED AVAILABLE? B ACKGROUND? = AVAILABLE? =1 LWIT7

Acetic acid Y Y N-ICOCI

Ammoniated citric N-IDI
acid solutions

Bist(2-ethylhexyl) Y N-COCI
phthalate

Cittic acid y N-IDI

Cycdiotetrasil, Oxane, N-DI
Octornethyl

Deoxycholic acid Y N-ID]

Dieithanolamine V N-IDI

Diethylthiourea Y N--IDI

Ethylenediamine Y V N-ICOCI

Ethylenediamine Y Y N-lCOCI
Tetraacetic acid

Formic acid Y Y N-ICOCl

Graphite Y N-IDI

Hydrazine Y N-COC)

Mercaptoacetic acid Y N-Dl

Mo-pholine y N--IDI

Oxalic acid Y N-IDi

Y = Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

-A
-A

-4

U
n
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TABLE AD-9: SOURCES .. NONVOLATILE ORGANIC COMPOUNDS - DECISION LOGIC (Continued)

EXCEED
RELEASE:[) TO RECORDS EXCEED LIMITS REGULATORY

CONTAMINANT -t ENIVIRONMENT? =I REGUILATED? => AVAILABLE? => BACKGROUND? => AVAILABLE? =11 LIMIT?

PCBs Y Y N-.ICOCI
Arochlor 1016
Arochlor 1221

Petroleum Y Y N--ICOC
products/Diesel oil

Sodium EDTA Y N--IDI

Tatraethyl Y Y N-lCOC
pyrophosphate

Tetrahydrofuran Y Y N--iCOCI

Thiourea Y Y N-ICOCI

Trichloroacetic acid Y N--IDI

Urea Y N-- DI

y = Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

C
C
n.j

C

0



TABLE AD-10: SOURCES - VOLATILE ORGANIC COMPOUNDS - DECISION LOGIC'
(Also see Table AIB-10)

EXCEED
RELEASED TO RECORDS EXCEED LIMITS REGUlATORY

CONTAMINANIT ENVIRONMENT? =I . REGULATED7 =:I AVAILABLE? =I- BACKGROUND? =I AVAILABLE? =:J WAMIT?

Y Y Y NS Y N-IS
Trichloroethane

Acetone Y Y N-COCI

Benzene Y Y N-ICOCI

Chlorobenzene Y Y N-ICOCI

Chloroform Y Y Y NISI Y N-lS

Ethylloenzene Y Y N-ICOCI

Hexae - Y N-+D-

Moth!l Isobutyl Y Y N--ICOCI
Ketone

Methylene chloride Y Y Y NS Y N--Sl

Perchlorethene Y Y N--ICOCl

Trans-1,2- Y Y N-ICOCI
dichloroethane

Tochloroethene Y Y Y NS Y N-.ISI

Y = Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contarninant
COC = Regulatory Contaminant of Concern

'C

0
0l
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APPENIX AE
QUALITATIVE TOXTCrTY ASSESSMENT

DECISION LOGIC TABLES
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TABLE AE-1: SOURCE CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE

DECISION LOGIC

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamininant for elimination dose in IRIS or Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

ingestion? significance?

-RADIONUCLODES-

Y= .
TritiumV Y

Carbon-14 Y y

Calcium-41 Y Y

Cobalt 60 Y Y

Nickel 63 Y Y

Selenium-79 Y y

Krypton-S0 Y Y

Strontium-90 Y Y

Ztrconium 93 Y Y

Niobium-94 Y Y

Technetium-99 Y Y

Palladium 107 Y Y

Cadmium-113 Y Y

lodine-129 Y Y

Cesium-137 Y Y

Samnium-2 Y Y

Europium-152 V

Europium-1564 V

Uranium-236/2311 V V

I'-)
-a

a

t'3

-a

eXt
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TAIBLE AE-1: SOURCE CONTAMINANTS OF
TOXICOLOGICAL. SIGNIFICANCE
DECISION LOGIC (CONTINUED)

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant cointamininant for elimination dose in IRIS or Quotient greater of
of Conlcern a carcinogen? per guidance? HEAST? than 0. 1 for toi joical

ingestion? significance?
Plutniu- 2 Y 1
Plutonium239/ 2 4 j0 Y

Plutonium . 241 Y
Am icum241 Y -

METALS-11_ 
_ _ __ _ _ _ _ _ _ _ _ _ _

Aluminum N Y N

Bfoin N N no data Y

Irog N Y N

Lead Y V

Anganeee N N Y no data Y

Sodium N Y N

Vanadium N N Y no data Y

t.J

0
0

1-04



TABLE AE-1: SOURCE CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE
DECISION LOGIC (CONTINUED)

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamininant for eliminatiion; dose in IRIS or 5 Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

ingestion? significance?

OTHER INORGANIC
COMPOUNDS/IONS

Ammonium/ N N Y no data Y
Ammonia

Chloride N N N N

yaiido N N Y no data Y

Nitrate N N Y no data Y

NiMte N N Y no data V

Sulfate N N N N

VOCS

Acetone N NI V no d ata V

Parchloro- Y Y

ethylene

L THER ORGANICS

Acetic Acid N N V no data Y

Ethylenediamine N N V no data V

Ethylanadiamine N N N N
totaac.tic acid
(EDTA}

Formic Acid N N V no data V

Hydrazine Y V

PCBs y Y

-4

t'J
(4

'0

0
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TABLE AE-1: SOURCE CONTAMINANTS OF
TOXiCOLOGICAL SIGNIFICANCE
DECISION LOGIC (CONTNIED)

HEAST = Health Etficts Assearnmenlt Summary Tables IEPA 19911
IRIS = Integrated Risk Information System (EPA on-line databasal
Y = Yes
N= 11o

a As sumevid 1' contain benzene

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
oConceinat contaminnant for elimination dose in IRIS or Quotient greater of

SCaon rn carcinogen? per guidance? HeAST? than 0.1 for toxicological
ingestion? significance?

Petroleum Y a Y
ou..cts/Dissel .i

ThoraN N Y no data Y

IQ)

0

0



TABLE AE-2: GROUN
TOXICOLOCI

DEC

DWATER CONTAMINANTS OF
ICAL SIGNIFICANCE
ISION LOGIC

Regulatory 7: Is the 8: Candidate 9: Oral reference 10. Is the Hazard Contaminant
Contaminant contarnininant for elimination dose in IRIS or Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

,ingestion? significance?

RADIONUCLUDES

Tritium, V

Carbon-14 Y Y

Caicium-41 Y

Cobalt-60 Y Y

Nickel- 63 v

Selniunm-79 Y V

Krypton-G5 v Y

Strontium-SO V Y
Ziiconium-93 Y Y

Niobium-94 Y

Pall.dium-107 Y

Cadmium-113 Y Y

lodgn.-129 Y Y

Samarium-151 Y Y

Europium-152 Y Y

Uanium-235/238 Y Y

Plutonium-238 Y V

Plutonium-2391240 Y Y

Plutonium-241 Y Y

Americium-241 Y Y

METALS

'NJ

U

IT.)

-4



TABLE AE-2 GIROUNDWATER CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE
DECISION LOGIC (CONTNUED)

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamininant for ellimination dose in IRIS or Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

ingestion? significance?

Arsenic Y Y

Barium N N Y Y Y

Beryllium V Y

Cadmium N N Y Y Y

Chr....uoY Y

Cobalt N N N N

Lead . Y

MaaN N Y Y Y

Mercury N N Y no data Y

Sodium N Y N

OTHER INORGANIC I
COMPOUNDSAlONSF

Asbestos Y V

Chloride N N N N

Chlorine N N Y vo data Y

Cyanide N N Y no date Y

Fluoride N N Y Y Y

Hydrochlo.ic Acid N N N N

Nirta'N N V Y V

Nitrite N N Y no data Y

Sulfate N N N N

ON

C
C
eli

r
'C

rb

0
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TABLE AE-2: GROUNDWATER CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE
DECISION LOGIC (CONTINUED)

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: is the Hazard Contaminant
Contaminant contamininant for elimination dose in IRIS or Quotient greater of
of Concer.n a carcinogen? per guidance? HEAST7 than 0. 1 for toxicological

ingestion? significance?

Chloroform. _ _ _ __ L_
Parchloro- Y Y
athylen.____________

Trichioroethene Y Y

OTHER ORGANICS

Acetic Acid N N Y no data Y

LthylenediamI. N N Y no data Y

Ethylenediamine N N N N
totraacatic acid
EDTAl

Fornmc Acid N N V no data Y

H~ydrazina Y Y

PC~y y Y

Thioursa N N Y no data Y

HEAST z Health Effect. Asasa, ment. Summary Tables (EPA 1991)
IRIS = Integrated Risk information System (EPA on-line database)
Y = Y..
N No

".3
-3

C
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TABLE AE-2: GROUNDWATER CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE

DECISION LOGIC

Regulatory 7: Is the 8; Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamilninant for efirnination dose in IRIS or Ouotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

RADIONUCLOES 

ingestion? significance?

TIIti'im Y ____V

Carbn-14 y V

Calcaum-41 Y Y

Cobalt-60 Y y

Nsckcl-63 y V

Selenium-79 y V

Krypton-85 Y V

Strontium-90 Y y

Zirconium-93 Y V

Naobium-94 y V

Palladium-107 y -

Cadmium-113 y V

Iodine-129 y V

Sma.rium-1S1 y V

Europium-152 y

Uranium-2361238 y

Plutonium-238 y V

Plutonium-239/240 y V

Plutonium-241 V V

Amricum-241 y

METALS

00

0

'0

C)



TABLE AE-2: GROUNDWATIER CONTAM
TOXICOLOGICAL SIGNIFICANC
DECISION LOGIC CONTiNUE

INANTS OF
:E
P1

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contarnininant for elimination dose in IRIS or Quotient greater of
of Concern ;a carcinogen? per guidance? HEAST? than 0.1 for toxicological

1 1 1 1- ingestion? significance?

ArstnicY Y

N, N Y Y: Y

BeryllYum Y Y

Cad ium N N Y Y Y

Chromium - Y

Cobalt -N N N N

l ad Y Y

Mrganese ,N N Y Y Y

Mercury N N Y no data Y

Sodium N Y N

OTHER INORGANIC
COMPOUNDS/IONS

Chloride N N N N

hld.NNYno data V

Cyanide N N Y no data Y

A"oide N N V

Hydrochloric Acid N N N N

Nirte N N V Y V

Nit rite KN V no date V

Sulfate N N N

VOCS _ _ _ 1

'0

0

'0

i ]310 OR



TABLE AE-2: GROUNDWATER CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE
DECISION LOGIC (CONTINUED)

HEAST = Health Effects Assessments Summary Tables (EPA 1991
IRIS = Integrated Risk Information System (EPA on-line databasel
Y = Yes
N = No

-5

(A
C

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamininant for elimination dose in IRIS or Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

ingestion? significance?

Y Y

Perchloro- Y Y
ethylene

Trichloro.thene y Y

OTHERORGANIICS

Acetic Acid N N no date Y

Ethyleaiediamine N N no date Y

Ethyleiediamine N N N N
tatreacetic acid
(EDTA)

Formic Acid N N V no data Y

Hydrazine Y Y

PCB. Y

Thiourca N N Y no data Y

0
C



TABLE AE-3: N-AREA CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE

DECISION LOGIC

Regulatory 7: 1I the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant

of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological
ngestion? significance?

RADIONUCLIDES

TiimY Y

Technetium 99 Y Y

mdu,.-129 Y Y

Cesium-137 Y

Radium-226/228 Y

Plutonium-238 y Y

Plutonium-239/240 y Y

METALS

Al uminum 
N 

V 

N

BaimN N V V V

Beryllium Y Y

Cadmium N N V V

Chromium V Y

Lead V Y

00



TABLE AE-3: N-AREA CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE
DECISION LOGIC (CONTINUED)

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant

Contaminant cointamininant for elimination dose in IRIS or Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

L j ingestion? significance?

~Manuan... N N Y Y Y

Vanadium N N Y no data Y

OTHER INORGANIC
COMPOUNDS/IONS

Cyanide N N Y no data Y

Flu-d N N Y Y 

Nitrato N N Y Y y

Phosphoric Acid y y

ufate 'N N N N

VOC,

ChIo..btzen. N N Y no data V

Chlooform Y V

Ethylbanzana N N Y no data V

Methylene Y Y

Adlathyl Icobutyl N N Y no data Y

Parchloro- Y Y
ethylene

Trans-1,2- N N Y no data y
(ichloroe then.

U3
"3j

0

'0
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TABLE AE-3: N-AREA CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE
DECISION LOGIC (CONTINUED)

HLAS I - lealth Lffects Assessnents Summary tables IE Pa 19911
IRIS = integrated Risk Information System (EPA on-line detabese)
y = Yes
N = No

a Assumed to contain beozen.

(a
(4

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamininant for elimination dose in IRIS or Quotient greater of,
of Concern a carcinogen? per guidance? HEAST? than 0. 1 for toxicological

ingestion? significance?

Xylinm, N Y mo data Y

OTHER ORGANICS

Oi. 12 atthhxl YY

PCB. YY

Petroleum Product.. Y a' Y

Diesel Oil, etc.

letriethylpyro- N N N N
phosphate.

Tetrahydrofuran N N N N

Thiourea N N y no data Y

C
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APPENDIX B

POTENTIAL APPLICABLE OR RELEVANT
AND APPROPRIATE REQUIREMENTS
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Alternatives
A/ Potentially

Description Citation IR&A* Requirements Remarks Affected

Atomic Energy Act of 1954, as 42 U.S.C. 2011. Authorzes DOE to ait standards and
ameaded at seq. restrictions govcerning facilities used for 0

reseagch, development, and utilization of
atomic energy.

Radiation Protection 40 CFR Pan 191 Establishes standard. for management and
Standards diposal of highylevel and trmnmuranic

waste and spentnuclear fuel.

Standards for 40 CFR 9191.03 A Requires that mAnagenent and storage of Applicable to waste a disposed of after SW-4, SW-5,
Management and spent nuclear fsml or high-level or November 18, 1985. SW-6, SW-9,
Storage tranauranic (TRU) radioactive wastes at SW-10, GW-5,

all facilities for the disposal of auch fuel GW-6, SS-4,
or waste that a": operated by the DOE SS-5, SS-6,
and that are not regulated by the SS-10, SS-1I
Commission or Agreement States shall be
conducted in such a manner as to povide

to reasonable assurance that the combined ;r

annual dose equivalent to any member of
the public in the general environment -.

resulting from discharges of radioactive
material and direct radiation from such
management and storage shall not exceed
25 millirems to the whole body and 75
millirerna to any critical organ, 0

Nuclear Regulatory 10 CFR Pan 20
Commission Standards for
Protection Against
Radiation

Radiation Dose 10 CFIR R&A Sets specific radiation doses, levels, and May be relevant and appropriate, as All
Standards 420.k01- concentrations for restricted and radioactive materiala in the 100 Area

20.105 unrestricted areas. can contribute radiation doses, levels, fl
and concentrations which could exceed
the limits; however, Hanford is not an
NRC-licensed facility.



I 4913200.05 I

Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Clean Air Act, as amended 42 U.S.C. 7401 A compnrehensive environmental law
t seq. designed to regulate any lactivities that 10

affect air quality, providing the national
framework for controlling air pollution. I

National Primary and 40 CFR Part 50 Setu National Ambient Air Quality
Secondary Ambient Air Standards for ambient pollutants which are
Quality Standards regulated within a region. i

Standards for Sulfur 40 CPR 950.4 A The primary ambient air quality standard Applicable if remediation includes SW-9, SW-10, SS-10,
Oxides (Sulfur for sulfur oxides measured as sulfur incineration of waste. SS-l1
Dioxide) dioxide is 80 micrograms per cubic meter

(0.03 ppm), annual arithmetic mean; 365
micrograms per cubic meter (0.14 ppm)
maximum 24-hour concentration not to be C
exceeded more than once per year 1.

A, Standards for 40 CFR 150 6 A Prohibits average concentrations of A potential for particulate emissions SW-4, SW-5, SW.6, r
Pailic ulates particulate emissions in e xces, of 50 exist, during material handling or SW-9, SW-10, y0

micragrait/m, aneualy or 150 treatment, including incineration. GW-5, GW-6, SS-4,
micrograms/m' per 24-hour period. SS-5, SS-6, SS-10,

SS-11

Air Standards for 40 CFR 950,8 A The national pimary ambient air quality Applicable if remediation includes SW-9, SW-10, SS-t0,
Carbon Monoxide standards for carbon monoxide ate: incineration of waste. SS-11

(1) 9 parts per million (10 milligrams per
cubic meter) for an 8"hour average
concentration not to be exceeded more
than once per year and
(2) 35 pats per million (40 milligram.
per cubic meter) for a I-hour average
concentration not to be exceeded more N
than once per year.

Standards for 40 CFR 150. 11 A The level of the national primary and Applicable if remediation includes SW-9, SW-10, SS-10,
Nitrogen Dioxide secondary ambient air quality standard for incineration. SS-1 I

nitrogen dioxide is 0.053 parts per million
(100 micrograms per cubic meter), ansual
arithmetic mean concentration.



Alternatives
A Potentially

Description Citation R&A* Requirenanas Remarks Affected

Air Standards for 40 CFR 150.12 A The national primary and secondary Applicable if paniculaites suspended SW-4, SW-S, SW-6,
Lead ambient air quality standard for lead and during remedial actsvities are SW-9, SW-10,

its compounds measured'as eleniewal lead contaminated wiith lead, or if OW-5, OW-6, 55-4,
are .5, microgrsims per cubic meter, remediation includes incineration. SS-5, SS-6, SS- 10,
mrnxsnm aithmetic mean averaged over SS-Il
a calendar quarter.

Standards for New 40 CFR Pan 6( so
Stationary Sources

incinerator Particulate 40 CFR 460 52 A Prohibits diach.arge of gases containing Applicable to incinerators of more than SW-9, SW-10, SS-10,
Standards particulate@ extceding 0.18 g/dry cubic 45 metric tons per day (50 tons per day) SS-1I

meter at standard conditions corrected to charging rate.
12 percent C0. on or after the date of the
performnance test

National Emissions 40 CFR Pan 61 Establishes numerical standards for
Standards for Hazardous hazardous air pollutants. a"
Air Pollutants (NESHAP)

n Emossiwn Standard 40 CFR 161,32 A Prohibi'taemi.sions of beryllium from Beryllium is a poten ia contaminant of SW-9, SW-10, SS-10,
for Bry6lium stationary sources including incinerators concern at the 100 Area. Remedial SS-11

in excess of IID grms/day unless incineration of waste' may result in
otherwise approved. emissions of beryllium.

Emission Standard 40 CFR §61 52 A Prohibitis eni sions of mercury from Applicable to drying of wastewater SW-9, SW-10, C)
for Mercury sludge incinerationplants or sludge drying treatment plant sludge. Mercury is a GW-6, SS-10, SS-ll

plants exceeding 3200 grams/day. potential conraminank of concern in the
100 Area.

Radionuclide 40 CFR 461.92 A Prohibits emissions of radionuclidesto the Applicable to incineraton and other SW-4, SW-S, SW-6,
Emissions from DOE ambie air exceeding an effective dose remedial technollogies where air SW-7, SW-8, SW-9,
Facilities (except equivalen of 110 mrem per year. emission may ccur. SWIO, OW-5, GW-6,
Airborne Radon-222) SS-4 SS-5, SS-6,

SS-10, SS-lI

Emission Standards 40 CFR 461.150 A States there mst either be no visible Applicable to recovery and handling of SW-4, SW-5, SW-6,
for Asbestos for emissions to the outside air during the asbestos wastes. SW-9, SW-10
Waste Disposal collection, processing (including
Operations for incine ration), packaging, or transporting
Demolition and of any .sbesto.-containing waste material
Renovation generated by bhe source, or specified

wase Ireatmena methods must be used.



Alljsrnative.
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Asbestos Standard for 40 CFR 161.154 A States there mat either be no visible Applicable to landfill disposal of SW-4, SW-5, SW-6,
Active Waste emisaions to the outside air during the asbestos. SW-9, SW-10
Disposal Sites collection, processing (including

incineration), packaging, or transporting
of any asbeusos-conaining waste muterial
generated by the source, or specified
waste trealment methods must be used.

CO
Safe Drinking Wa'ter Act 42 U.S.C. 300f Creates a comprehensive national R

cl seq. framework to enaum the quality and 01
safety of drinking water. Ir

Nationl Prim.ary 40 CFR Pail 141 R&A Establishes maximumn contaminant levels Applicable to public water systems. All
Drinking Water (MCL) and maximum contaminant level Potential chemicals and radionuclides of
Regulatlons goals (MCLG) for organic, inorganic, and concern may migrate to the drinking

radioactive constituents. Ihe MCL for i water supply as a result of remedial
combined radium-226 and radium-228 is activities. Although federal MCLGs are
5 pCi/L. The MCL for gross alpha not enforceable slandards, they are
particle activity (including rsdium-226 but potential ARARs under the Washington,
excluding radon and uranium) is State Model Toxics Control Act when
IS pCi/L. The average annual more stringent than other standards.
concentration of beta particle and photon See state ARARs.
radioactivity from manmade radionuclides
in drinking water shall not produce an
annual dose equivalent to total body or l C
any internal organ in excess of 4
millirem/year. See Tables B4 and 85 for
other MCLs.

National Secondary 40 CFR Part 143 R&A Controls contaminants in drinking water Although federal secondary drinking All
Drinking Waler that primarily affect the aesthetic qualities water standards are not enforceable,
Regulations relating to the public acceptance of they are potential ARARs under the

drinking water. Washington State Model Toxics Control 9Q
Act when rooe stringent than other
standards. See state ARARs



Alternatives
A/ Potentially

Description Citation R&A* 1 Requirements Remarks Affected

Solid Waste Disposal Act, as 42 U.S.C. 6901 Establishes the basie framework for
atended by the Resourte et seq. federal regulation of solid and hazardous 0
Conservation and Recovery waste.
Act (RCRA) t

Groundwater 40 CFR §264.92 A A facility shall not contaminate the Groundwater concentration limits in this SW-4, SW-5, SW-6,
Protection Standards IWAC 173-303-6 uppernost aquifer underlying the waste section do not exceed 40 CFR 141, SW-7, SW-8, SW-9,

451' management area beyond the point of except for chromium which has a limit SW-10, GW-4,
compliance, which is a vertical surface of 50 pgL. GW-5, GW-6, S3-4,
located at the hydratulically dowqgradient SS-5, SS-6, SS-7,
limit of the waste man~gement area that SS-8, SS-9, SS-10,
extends down into the 6ppermnt aquifer SS-11
underlying the regulated area. The
concentration of certain chemicals shall
not exceed backgropmnd levels, certain
specified ma ximurn concentrations, or
alternate concentration limits, whichever
is higher.

Uranium MW tailings Public Law I
Radiation Control Act of 1978 95-604, as

amnended

Standsrd for Uranium 40 CFR 192 Establishes standards for control, cleanup,
and Thorium Mill and managemrent of radioactive materials
Tailings from inactive uranium processing sites.

'These are State of Washington regulatory citations which are equivalent to Title 40 Code of Federal ]Regulations, Parts 264 and 268 as stated in Washington
Administrative Code 173-303.



- Alternatives
Al I Potentially

Description Citation R&A* Requireme ns Remarks Affected

Land Cleanup Standards 40 CFR R&A Requires remedial actions to provide May be relevant and appropriate, as any All
11192.10- reasonable assurance that, as a resut of radium-226 encountered during I
192,12 residual radioactive materials from any ramediation did not result from urnium W

designated processing site, the processing.
concentration of radium-226 in land
averaged over any area of 100 square
meters shall not exceed the background
level by more than 5 pCi/g, avenged over
the firt 15 cm of soil below the surface,
and 15 pCi/g. averaged over IS-cm-thick
layers of soil more than 15 cm below the
surface. In ay habitable building, a
reasonable effort shall be made during
remediation to achieve an annual avenge S
(or equivalent) radon decay product e
concentration (including backgSound) not
to exceed 0.02 Working evel (WL). In
any can, the radon decay product
concentration (including background) shall
not exceed 0.03 WL and the level of
gamma radiation shall not exceed the
background level by mom than 20
microroentegena per hour.

Implernentation 40 CFR R&A Requires that when radionuclides other May be relevant and appropriate, as any All
f§192.20 - than radium-226 and its decay products rsdium-226 encountered during
192.23 are pmaent in sufficient quantity and remediation did not result from uranium

concentration to constitute a significant processing.
radiation hazard from residual radioactive
materials, remedial action &hall reduce
other residual radioactivity to levels as
low as reasonably achievable (ALARA).

*NOTE: A = Applicable, R&A = Relevant and Appropriate
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Alternatives
A/ POtetaily

Description Citation R&A* I Rtquirament. Remarks Affected
a~ssmi is

Departseut of Social adI 43.20A RCW
Health Servica (Drinisqij
Wider) C'

Public Water Supplies WAC 248-54 Estabiishes riequircrments to protect user of
public drinking water supplies.

Maximum WAC 248-54- 15 A The MCL for radium-226 is 3 pCi/L. The level for radium-226 exceeds the All
Contaminant Levels ' federal MCL in 40 CFR 192.
(MCL)

Model Toxics Control Act 70.105D RCW Requires rrnediil actions to attain a degree
(MTCA) of cleanup protective of human health and

the envirmnment. I

Cleanup Regulations WAC 173-340 Establishes cleanup levels and prescribes
methods to calculate cleanup levels for soils,
groundwater, surf4ce water, and air.

Groundwater Cleanup WAC 173 -340-720 A Requires that whren the groundwater is a Federal MCLG for drinking water All
t Standards potential aOurce of drinking water, cleanup (40 CFR Part 141) and federal

levels under Method B must he at least an secondary drinking water regulation
stringent as con Crdrations established under standards (40 CFR Pan 143) are
applicable state a ?d federal laws, including potential ARARs under MTCA when
the foLLowing: they are more stringent than other E
(A) MCL established under the Safe standards. Method B cleanup levels
Drinking Water ict and published in 40 are levels applicable to remediation at
CFR 141, as amended; Haaford unless a demonstration can
(B) MCLG for noncarcinogensestablishad be made that method C (alernate
underite Safe DtI-inking Water Act and cleanup levels) is valid.
published in 40 CFR 141, as amended;
(C) Secondary MCL established under the
Safe Drinking Waiter Act and published in 40
CFR 143,.. aamended; and
(D) MCL established by the state board of
health and published in Chapter 248-54
WAC, as amen ded-.

See Tables B4 an B5 for cleanup levels for
groundwater.



Alternatives
A/ Potentially

Description Citation R.&A* Requiwmezts Remarks Affected

Soil Cleanup WAC 173-340-740 A MTCA Mediod B concentration limits in SS-1, SS-2,
Standards micrograms per kilogram for potential SS-3, SS-4,

wcanmianta in soils, sediments, and sludges SS-5, SS-6, 0C.
sI: SS-7, SS-., f"

3S-9, SS-10, w
Horon 7,200,000 SS-il
Lead 112,000
Manganese 8,000,000
Vanadium 560,000
Cyanide 1,600,000
Eis (2-ethylhexyl) phthalate 71,400
PCBs 130
Acetone 8,000,000
Enzone 34,482
Chlorobenzene I,600,000
Trans -1,2-dichlorovahcne 1,600,000
E-hylbcnnne 8,000,000
HMethyl Isobutyl Ketone 400,000
Perchlorocehylene 19,607

I'd-

a 0



Aitarntivea
Ad Potentially

Deswinption Citation R RIA* Requirements Remarks Affected

Solid Waste Mnagaseint 70.95 RCW
Recovery and Recycling Act

Minimuni Functional WAC 173-304 Establishes requirem-nua to be met statewide
Standaris for Solid Waste for the handling of all solid waste. w
Handling

Landfilling Standards WAC 173-304460 A Prohibits ain operator/owner from violating SW4, SW-,
Chapter 90.48 RCW (Water Pollution SW-6, SW-9,
Control) or any receiving water quality SW-10,
standards from discharges of surface run-off, GW-5, GW-6,
eachate, or any other liquid associated with SS-4, SS-5,
a landfill. Prohibits violation of any ambient SS-6, SS-10,
air quality standard at the property boundary SS-11
or emission standard firom any emission of
landfill gases, combustion, or any other
emission associated with a landfill. Prohibits C'
explosive gases whose concentration exceeds
100 ppm by volume of hydrocarbons -
(expressed as methane) in off-site structures.

ra
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Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Water Pollution Contnd 90.48 RCW

Surface Water Quality WAC 173-201 Sets surfate water quality standards for die
Standards state.

Water Criteria WAC 173-201-045 A Standards for surface water designated The Hanford reach of the Columbia SW-4, SW-5,
Classes "Class A" include: freshwater temperature River is classified 'Clan A." SW-6, SW-7,

shall not exceed 18.09C due to human SW-8, SW-9,
activities. Temperature increases shall not at SW-10, C
any time exceed t = 28/T+7 where 6t" GW-5, GW-6,
represents the maximrnum permissible SS-4, SS-5,
tsemrstsre increase measured at a dilution SSi, 8-10, 
zone boundary and 1T" r=presents the SS-1 I
background temperature as measured at a
point or points unaffected by lhe disc a Se O
and representative of the highest ambient
water temperature in the vicinity of tle U"
discharge.,

t~j When natural conditions exceed 18.0"
(freshwater) and 16.0* (marine waterl, no
temperature increase will be allowed which

will raise the receiving water temperalure by
greater than 0.3*C.

Provided that temperature increase resulting
from noqpoint source activities shall not
exceed 2.I*C, and the niaxinnm watr
temperature shall not exceed 18.30C
(freshwater).

pH shall be within the range of 6.5 to 8.5
(freshwater) with a man-caused variation
within a range of less than 0.5 units.



Alernatives
A/ Fi:seftially

Description Ciatnion R&A* Requirements Remarks Affected

Toxic Substances WAC 173-201-047 A Sets aurface water limits for toxic All
aubstancet. Freashwater limits in micrograma
per liter for 100 Area contaminans are:

'admium (acute): 'C e" iltk.," 

W

Cadmium (chronic): < e-"o *

Lead (acute):: < 11 "73 EN 4)]J"

Lead (chronic): <& r" "' j*'

Nickel (acute): .< 0 O "s m*4*"" " a'.

Nickel (chronic): < : I "**

(adute) (chronic)
Chlorine 19.01 11.01
Chromium 16.0, 11.1
Cyanide 22.0' 5.2'
lMercury 2.4' 0.012'
PCB 2,0 0.014'

-A one-hour average concentration not to be a
exceeded more than once every three years.
'A four-day average concentration not to be
exceeded more than once every three years.
'A 24-hour avenge not to be exceeded.
NOTE: Hardness is a measure of the
calcium and magnesium salts present in
water, measured in uIligrams per liter as
calcium carbonate.

Radiation Protection -- Air WAC 246-247 Estabilishes procedures for monitoring,
]Emist~ons control, and reporting of airborne t

radionuclide emissions .

New and Modified Sources WAC 246-247-070 A Requires the use of best available
radionuclide control technology (BARCT),
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Alernatives
AU Potentially

Description Citation R&A* Requirements Rennrks Affected

Radiation Protection Standards IWAC 246-221 Establish siandards for protection against
radiation hazards.

17
Radiation dose to WVAC 246-221-010 A Specifies do.e fimits to individuals in All
individuals in restricted restricted amas for hands and wrists, ankle
areas and feet of 18.75 renl/quarter and for skin of

7.5 rein/quarter.

*NOTE A - Applicable, R&A = Relevant and Appropriate

E
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Alternatives
-l PotentiallyDescriplion Citation Requirements i Remvrks Alected

Belos-Frakin-Wala Wails General
Counties Air Pollutica Control Regulation 80-7
Authority

Maximum Permissible Section 400-040 Prohibits emission of air contaminants for Emote than 3 SW-4, SW-5,
Emissions minutes/hour when emissions at or near the emission SW-6, SW-9,

source exceed 20 percent opacity, except under special SW-10, GW-5,
circumstances. GW-6, SSA, C'

SS-5, SS-t
SS-10, SS-Il

Maxutmm AJllowable Section 400-050 Prohibits emissions exceeding 100 ppm of total SW-9, Sw 10
Emissions for Combustion carbtonyls. S-10, SS -Iand Incineration Sources

.Maimm Emissions for Section 400-060 Prohibits emissions of particulates from general Peininent to slources that result in a physical SW-9, SW-1.C
General Process Sources process souNces exceeding 0.10 grain (.0065 gram) or chemical change in material (excluding GW-5, GW-6,

per standard cubic foot of dry exhaust gas. combustion). SS-10, SS II

City oir RKihlad Ordinance No Prohibits discharges which may interfer with the city's All
35-84 water treatment facility. Alsoprohibit.dischargesof

toxic pollutants in sufficien quantity to constitute a
hazard to human, or animals. Establishes limits for
pH, temperature, and chensical constituents. C

A Guide on Remedial Actions EPA Directive Provides a general framework for determining cleanup SW-9, SW- 10 0
at Superfund Sites with PCB 9355-.4-OIFS levels, identifying treatment options, and assessing Gw-i, GW4
Contamination necessary management controls for residuals. 58-lO, 88-It

Model Toxics Control Act 70.I.05D RCW All

Cleanup Regulations WAC 173-340 The State Department of Ecology is currently adapting
the calculations in MTCA to be applicable to -
radioactive contaminants. These cleanup standards
may become available prior to or during resnediation.
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Alternatives
Potentially

Dc.aription Citation Requirements Remnarks Affected

Safe Drinkiig Water Ad 42 U.S.C. 300f
r seq.

National Pfimary 40 CFR 141 Proposed maximum contaminant level goals (MCLG.) Federal MCLGs are ARLAR under MTCA All
Drinking Water (Federal Register, July 19, 1991) are: when they are mov stringent than other state
Regulations standards.

Radiumn-226 zero
Radiumm-228 zero
Uranium zero
Gross alpha enittern zero
BEcta and photon emitters zeM

Natiomal Priumary FR. Vol. 56, Provides numerical standards for radionuclides When promulgated, these proposed rules All
Drinking Water No. 138, July corresponding to 4 nmnm/yr dose through drinking will replace sections in 40 CFR 141 and 142
Regulatitn; 18, 1991 water as follows (pCi/L):
Radi ...u t ides - Proposed Tritium 69,040
Rules Carbon-14 3,200

Cobalt-60 218
Nickel-63 9,910
Strontium-90 42
Zirconium-93 5,090
Niobium-94 707
Technitium-99 3,790
Palladium-107 36,600
Antimony-125 1,940
lodine-J29 21
Cesium-134 8k
Cesium-137 119
Samarium-15I 14,100
Europiunm-152 841
Europiumn-154 573
Radium-228 7.85
Urnnium-235 14.5
Uranium-236 14.6
Plutonium-238 7.02
Plutonium-239 62.1
Plutonium-240 62.2
Plutonium-241 62.6
Anwricium-241 6.34
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Alternatives
Potentially

Description Citation Requierents Remarks Alf'cted

Solid Waste Disposal Act, as 42 U.S.C. 6901
amended by RCRA at seq.

Criteria for Classification 40 CFR 1257.3- A facility or practice shall not contaminate an The courts or the state may establish SW-4. SW-5,
of Solid Waste Diisposal 4 underground drinkiing water source beyond the solid alternate boundaries. SW-6, SW-7,
Facilties and IPractice waste boundary. SW-8, SW-9,

SW-10, GW4,
GW-5, GW-6,
SS-4, SS-5,
SS-6, SS-7,
SS-8, SS-9,
SS-10, SS-lI

Correctivc Action for 40 CFR 264 Estabilishes requirements for investigation and SW-6, SW-7, c
Solid Waste Management Subpart S, comective action for releases of hazardous waste from SW-8, SW-9,
Units proposed solid waste manage ment units. SW-10, GW-4,

GW-5, GW-6, -
0 SS-4, SS-5,

SS-6, SS-7,
SS-8, SS-9,
SS-10, SS-1 I

U.S. Detpartmwnt of Energy
Orde n -

to
Radiation Protection of DOE 5400.5 Establishes radiation protection standards for the
the Public and the public and environment.
Environnict so

Radiation Dose Limit (All DOE 5400.5, The exposure of the public to radiation sources as a Pertinent if remedial activities am "routine All
Pathways) Chapter II, consequence of all routine DOE activities shall not DOE activities.' is

Section Ia cause, in a year, an. effective dose equivalent greater
than 100 mirem frun all exposure pathways, except
under specified circumstances.



Aiteruntives
Potentially

Description Citation Requirements Remarks Affected

Radiation Dose Limit DOE 5400.5. Provides a level of protection for persons consuming Pertinent if radionuclides may be released All
(Drinking Water Pathway) Chapter ii, water from a public drinking water supply operated by during remediation.

Se'ction Id DOE so that persons consuming water from the supply
shall not receive an effective dose equivalent greater
than 4 mrern per year. Combined radiujn-226 and
radium-228 shall not exceed 5 x 10pCii rnL and gross
alpha activity (including radium-226 but excluding
radon and uranium) shall 0M4 exceed 1.5 x 10
ACi/mL. 

M

Residual Radionuclides in DOE 5400.5 Generic guidelines for radium-226 and radium-228 Residual concentrations of radioactive SS-I, SS-2,
Soil Chapter IV, are: material in soil are defined as those in SS-3, SS-4,

Section4a excess of background concentrations 8)-5, 3-6,
* 5 pCi/g averaged over the first 15iicm of soil averaged over an area of 100 n9 . SS-7, SS-8,

below the surface; and SS-9, SS-10.
SS-lI

* 15 pCi/g averaged over 15-cm-thick layers of
soil more than 15 cm below the surface.

Guidelines for residual concentrations of other
radionuclides must be derived from the basic dose
limits by means of an environmental pathway analysis
using specific property data where available.
Procedures for these deviations are given in "A
Manual for Implementing Residual Radioactive
Material Guidelines' (DOE/CH-8901). Procedures
for determination of 'hot spots,' "hot-spot cleanup
limits,' and residual concentration guidelines for
mixtures are in DOE/CH-8901. Residual radioactive
materials above the guidelines must be controlled to
the required levels in 5400.5, Chapter II and Chapter
IV.
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Radiation Protection Safe Drini water Act State Limit for Columbia River
Standards Primary MCL Groundwater DOE Order 54100.5 Concentration

Contami uant (pCi/L . . (p(,i/L) . (pCi/L)* (pCi/L)4 00 (pCi/L)*
Tritium 2.0 E+04 2.0 E+04 1.0+04 330.0
Carbon-14 8.0 E+06 2.8 E+03
Calcium-41 4.0 E+03
Cobalt-60 5.0 E+05 . 2.0 E+02

Nickd-63 3.0 E+05 I '2 E+04

Sclenium-79 8.0 E+02
Krypton-85

Strontiumn-90 8 8 4.0 E+01

Zirconiunm-93 8.0 E +06 3.6 E+03
Niobium 94 1.2 E+03

Palladium 107 4.0 E+04
Cadmium-113 3.2 E+01 C
Iodine- 129 3.0 E+0 10 E+01

Cesium -134 9.0 E+04 80 E+01
Samarum-151 6.0 E+05 1.6 E+0-4

Europium- 52 8.0 E+0$ 8.0 E+02

Radium-226/228 5 5 5 4.0 E+00

Uranium-235/238 2.4 E+01

Uranium-238 4.0 E+05 2.4 E+01

Plulonium-238 5.0 E+04 1.6 E+00

Plutonium-239/240 1.:2 E+00

Plutonium-241 2.0 E+06 8.0 E+01 -I

Americium-241 4.0 E+04 .2 E+00

See footnote key at end of table.

wH
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Table B4. Potential Water Quality Criteria and Limits for
Radionuclides (Page 2 of 2)

a Source: 40 CFR 191.
b Source: 40 CFR §141.16.

Source: Washington Ground Water Quality Standards. Enforcement limits may exceed
these values when the natural ground water quality exceeds the r r wn other
exceptions contained in WAC 173-200-050(3)(b) apply.

d Four percent of the derived concentration guide values are shown because the DOE limit
for each contaminant in drinking water is 4 mrem/year; the total of all contaminants is not
to exceed the DOE exnpsura limit of Inn mram/yar.
Source: Ebasco Services Incorporated, 1991, "Engineering Evaluation of Containment
Alternatives for N-Springs Releases," WHC-SD-EN-EE-003, Rev. 0, Richland,
Washington.

NOTE: Limits for gross alpha and beta particle and photon radioactivity are listed in Table
IA (40 CFR Part 141).

BT-4b
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Safe Drinking Water
Water Quality Criteria (s-g/L) Act

Columbia River Pr~tection of Protection of Stae Lmi. for
Contaminant Concentration Protection of Freshwater Aquatic Fre.hwater Aquatic Primary MCL RCRA Subpart F Grounwater

(Metal) (sIL)a Human Healthb Species (Chronic)' Spcies (Acute) (p/L)' (pg/L) (pg/LY

Anreni 0018 190 360 40 50 0.135

Berylliun 0.0005 0.0077 5.3 130 4 80

Barium 0.0430 1 mg 2,000 1,00) 200

Cadmium <0.001 16 1.1 3.9 5 8.5

Chromium <0.001 170 11 16 109 50 543

Cobalt

Lcad 0.0020 50 3.2 82 !So 50 22.4

Manganese 0.0050 50 50

Mercury 0.0001 0.14 0.012 2.4 2 2 2

Nickel 0.0020 610 160 1,400 1(X 320
1

0
0

0
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Safe Drinking
Water Quality Criteria (pg/L) Water Act

Contaminant Protection of Fmahwater Protection of State Limit for
(Nortnetallic Ion or Colurbi River Picaetion of Human Aquatic Species Freshwater Aquatic Primary MCL Groundwater

Compound) Concentration (pg/L) Hcalthb (Chronic)' Species (Acutef (g/L)' (sg/L)p

Asbestos 7 x 10t fibern/L 7 x I fibera/L

Chloride 6.0 250,000

Chlorive

Cyanide . 700 5.2 22.0 200 320

Fluoride 0.20 4,000 2,000

Hydrochloric Acid

Nitrate 0.30 10,000 10,000

Nitrite 1,000 1,000

Phosphoric Acid

Sulfate 14.0 _______________. 250,000 "'

ft
N0w

(it
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0

0
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Safe Drinking Water
Water Quality Criteria ';.g/L) Act

Protection of Protection of
Containant Freshwater Frembwoer State Limit for

(Volatile Organic Columbia River Protection of Aquatic Species Aquatic Species Primary MCL Groundwater
Compound) Concentra.ion (u/Lt Human Heahh (Chronic)t  (Acute) (WAgL (Pu/LY

Bcnzene 1.2 . 5,30) 5 1.0
Chlorobenzene 680 160

Chloroform 5.7 10 7

Trans-1,2-dichloroethene
700 100 100

Ethylbenzene 3,100 700 700

Methylene Chloride 4.7 5 5

Methyl Isobutyl Ketone
(MIBK) 800

Perchlorethlyene

(Tetrachloroethene,
Tcirachloroethylene 0.8 840 5,280 5 0-8
Trichlomethene 2.7 21,900 45,00N 5 3

Xylenes (Total) 10,000 1,000
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Safe Drinking Water
Water Quality Criteria (pg/L) Act

Contaminant Columbia River Protection of Protection of
(Nonvojatile Organic Concentration Protection of Freshwater Aquatic Freshwater Aquatic Primary MCL State Limit for

Compound) (pg/LY Human ealthb Species (Chronic)' Species (Acute)' (Pg/L4 Groundwater (pg/Lr

Acetic Acid

Anmnoriiated citric acid
solutions

Bia(-2-cthylhexyi)
phthalate 6

Ethyllenediamine

Ethyllenc diamine IcIraacete
Acid (EDTA)

Formic Acid

Oxalic Acid

Hydrazine 0.03

PCBs 0.079 ng 0.014 2 0.5 0.01

Tetracthyl
pyrophoiphate

Tetrahyd rofuran

Thiourea

w
(it
0.

S
CL

S

0
0

t~)

C,

0



DOE/RL-92-11, Rev. 0

Table B5. Potential Water Quality Criteria and Limits for Nonradionuclides
(Page 5 of 5)

£ Source: Ebasco Services Incorporated, 1991, "Engineering Evaluation of Containment
Alternatives for N-Springs Releases," WHC-SD-EN-EE-003, Rev. 0, Richland,
Washington.
Human health values shown are for consumption of water and organisms. The values are
from the November 19, 1991, EPA-proposed toxics rule-the most current values available
from the EPA as of this writing.
Source: EPA "Quality Criteria for Water 1986" and EPA "Update #2 to Quality Criteria
for Water 1986."

d Source: 40 CFR §§141.61-141.62 for all MCLs except lead and arsenic (40 CFR
§141.11).

* The most restrictive concentration from the Washington Ground Water Quality Standards or
the Model Toxics Control Act (MTCA) (Method B) is shown. In accordance with MTCA,
statelimts include-federal -maximum contaminant level goals (MCLG) from 40 CFR 141
and federal secondary drinking water standards (40 CFR 143), if these values are more
stringent than state standards. Where the Washington Ground Water Quality Standards are
the most restrictive, enforcement limits may exceed these values when the natural ground
water quality exceeds the criteria or when other exceptions contained in WAC 173-200-050
(3)(b) apply.
The MCL for lead (40 CFR §141.11) is in effect until December 7, 1992; no revised MCL
for lead after that date is available.

BT-5e
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Alternatives
A/ potentially

Description Citation R&A Requirements Remarks Affected

Atomic Energy Act of 1954 42 U.S.C. 20111 Authorizes DOE to set standards and
it 544. restrictions governing the design,

location, and operation of facilities used
for research, development, and
utilization of atomic energy

Radiatii Protection Standards 40 CFR Part 191 A Requires monitoriing of spen nuclear Applicable to waste disposed of after SW-4, SW-5,
Subpart B fuel, high-level, or TRU disposal Nc-vcmber 18, 1985. SW-6, SW-9,

systems after disposal; specifies controls SW-b0,
for disposal sites; requires barriers for GW-5, GW-6,
disposal systems; sets criteria for SS-4, is-5,
selecting disposal sites and systems. S-6, SS-10,

SS-ll
Licensing Requirements for Land 10 CFR Part 61 Establishes criteri for the land disposal ")
Disposal of Radioactive Waste I of radioactive waste.

lkrformance Objectives 10 CFR §61.40- A Land disposal facilities must be sited, Applicable to on-site disposal of SW-4, SW-5,
61.44 designed, operated, closed, and radioactive materials. SW-9, SW-10,

controlled after closure to assure that OW-5, GW-6,
exposure to humans is within established SS-4, SS-5, -
limit.. SS-6, SS-10,

SS-li
Technical Requirements I'D CFR §16150- A Establishes design criteria for land SW-4, SW-5,

61.59 disposal sites and other requirements for SW-9, SW-10,
site suitability, operation, closure, GW-5, GW-6,
monitoring, wage classification, and SS-4, SS-5,
waste characteristics. SS-6, SS-10,

SS-1-

so



I ~ ~ I 7300.05n

Alternatives
Al Pote ntially

Descriptioa Citation R&A* Requirements Remarks Afkected

Clean Air Act 42 U.S.C. 7401
at "'ll.

National Emission Standards for 40 CIFR Part 61
Haardous Air Pollutants

Asbestos Standard for 40 CFR §6 .1 0 A Prolibits visible emissions to the outside Applicable if asbestos-containing wagte SW-4, SW-5,
Waste Disposal air during incineration, packaging, or will be incinerated, packaged or SW-6, SW-9,

ura~onig of any asbeasoa-containing transported. SW-10,
w'ase material generated by the source GW-5 GW-6,
unlhs a specified emission control and SS-4, SS-5,
wanae treatment method is used. SS-6, SS-10,

SS- 11

Asbcstos Standard for 40 CFR b61.15-4 A Sets requirernents for covering of Applicable if waste sites receive SW-9, SW-10,
Active Waste Disposal asbewos-conaining waste, if asbestos-cbnsaining raterials. GW-4, GW-5,

site ' nqitomsta for no visible emissions ane GW46, SS-4,
ao met at sites where such waste is SS-5, SS-6,
deposited. Requires a natural banier or SS-7,SS- ,
warning signs and fencing to deter SS-9, SS-10,

__public access to the site. SS-11

Departnent of Transportation 49 CFR Subpart A Egablishes requirements for Applicable when hazardous wages tws SW-4, SW-S,
C minrntion of hazardous waste be transported off-site or on public SW-6, SW-9,

including labeling, marking, and roadways. SW-10', SS-4,
placarding for shipmen. SS-5, SS-6,

SS-10, SS-I I

Federal Water Pollution Control Act 33 U.S.C. 1251 Creates the basic national framework for Applicable to discharges of pollutants to
(FWPCA), as amended by the Clean el seq. water pollution control and water quality navigable waters.
Water Act of 1977 (CWA) management in the United States.

The. National Pollutant 40 CF R Part 122 A Part 122 coven establishing Lechnology- Applicable if remediation includes SW-4, SW-5,
Discharge Elimination based limitations and standards, control wastewater discharge; also applies to SW-6, SW-7,
System (NPDES) of toxic pollutants, and monitoring of son, water runoff associated with SW-8, SW-9,

effluent to assure limits am not industrial activities. Effluent limitations SW-10
exceeded. established by EPA and included in GW-5, GW-6,

NPDES permit. SS-4, SS-5,
SS-6, SS-10,
SS-l



Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

NPDES 40 CFR Best management practices program
Criteria and J125.104 shall be developed in accordance with -3
Standards good engineering practice. N

Discharge of Oil 40 CFR Pan 110 A Prohibits discharge of oil that violates iRup.ff from site will need control for Al
applicable water quality standards or oily waste discharge to waters of the
causes a sheen of oil on water surface. IUnited States.

Safe Drinking Water Act (SOWA), is 42 U.S.C. 300f Creates a comprehensive national Applicable to public water systems.
amended et seq. framework designed to ensure the

quality and safety of drinking water
supplies. E

Underground Injection 40 CFR Parn 144 A Identifies the minimum requirements for Apptiicable for remedial action involving GW-5
Control (UIC) Program UIC programs. Requires all UI wells to reinjection of groundwater.

be permited and describes permitting
procedures. -

Cmtcria and Standards for 40 CFR Pan 146 A Establishes siting, construction, Applicable for remedial action involving GW-5 0
thc Underground Injection operating, monitoring, and clostare reinjection of groundwater.
Control (UIC) Program requirements for all classes of injection

wells. (Criteria and standards for class
IV wells am reserved at this time.)

Solid Waste Disposal Act as amndel 42 US.C.6901 ct Establishes the basic framework for Hazardous waste generated by site
by the Resource Conservatioe and seq. federal regulation of solid waste. remediation activities must meet RCILA
Recovery Act (RCRA) Subpart C of RCRA controls the generator and treatment, storage, or

generation, transportation, treatment, disposal (TSD) requirements.
storage, and disposal of hazardous waste
through a comprehensive "cradle to
grave" system of hazardous waste
management techniques and
requirements.

Guidelines for Thermal 40 CFR Part 240 Sets guidelines for thermal processing of Applicable only to nonhazardous solid
Processing tof Solid Wastes solid wastes waste .

Solid Waste Excluded 40 CFR R&A Provision for storing, handling, and SW-9, SW-,10
1240.201 removing hazardous or excluded wastes 5S-10, Ss-lI

left inadvertently at the facility should be
considered in design.



Allernatives
A/ Potntilaly

Description Citation R&A* Requiremelnts Remarks Afirected

Site Selection 40 CFR R&A Accessibility by permanent roaos, and SW-9, SW-10,
1240.202 environmental, clinipological, and SS-10, ss-II

socioeconomic criteria should be 10
considered when siting a facility.

General Design 40 CFR R&A A plan for a new or modified facility, SW-9, SW-10,
1240.203 including a list of considerations and Ss- 10, Ss- *

rationale for the decisions on the 0
considerations, must be aipproved prior
to construction.

Identification and Listing of 40 CFR Pan 261 A Identifies by both linig and Applicable if renediation techniques SW-4, SW-5,
Ilazardous Waste [WAC 173-303- characterization, those solid wates result in generation of hazardous wades. SW-6, SW-9,

0161 subject to regulation as hazardous wastes SW-10,
under Parts 261-265, 215, and 270. GW-5, GW-6,

SS-4, SS-5,
SS-6, SS-10,
SS-11

Silandards Applicable to 40 CFR Pan 262 Describes regulatory reqirements Applicable if remediatio techniques
Gencratora of Hazardous Waste (WAC 173-303] imposed on generators of hazarous result in generation of hszardous waste.

wages who treat, store,. or dispose of the
waste on-aite.

General Requirerments 40 CFR §26220 A Generatons who transport hazardous Applicable if hazardous waste is SW-5, SS-5, .
[WAC 173-303- waste for off-site treatment, storage, or transported off-site for treatment, SS-11
ISO] disposal must originate and follow-up storage, or disposal. I

the manifest for off-site shipmetm. t
Packaging, Labeling, 40 CFR §26230- A Before transporting a hazardous waste, Applicable if hazardous waste is SW-5, SS-5,
Marking, and Placarding 33 the generator must package, label, mark, transported off-site for treatment, SS-11

[WAC 173-303- and placard the shipment in accordance storage, or disposal.
190] with DOT regulations.

Accumulation Tirne 40 CFR §262.34 A Allows a generator to accumulate Hazardous waste renoved from the 100- SW-4, SW-i,
[WAC 173-303- hazuardous waste an-se for 90 dtays or Area operable units, and waste treatment SW-6, SW-9,
2001 less without a permit, provided that all residues, are subject to the 90-day' SW-10,

waste is containerized and labeled. generator accumulation requiments if OW-5, GW-6,
the wane is stored on site for 90 days or SS-4, SS-5,
less. If hazardous wasge. is stored for SS-6, SS-10,
soe than 90 days, the fialI permitting SS-11
standards for TSD facilities must be
met.



Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Standards for Owners and 40 CFR Part 264 Esnablishsb requirements for operating Applies to facilities put in operation
Operators of Hazardous Waste [WAC '173-303j hazardous waste traiment, storage, and since November 19, 1980. Facilitie in
Treatment, Storage, and Disposal disposal facilities. operation befom that date asid existing
Facilities fac ilities handling newly rejulated

wastes usat mneet similar requirements
in 40 CFR Part 265. Appliea if
remnediation technique results in on-isite
treatment, storage, or disposal of
hazardous waste.

General Facility Standards 40 CFR A Security fences, EPA ID munber, SW-4, SW-5,
91264.10- 264.18 inspection records, personnel training, SW-6, SW-9,
[WAC 173-303- geologic location standards. SW-10,
060; 113-303- GW-i, OW-6,
310; 173-303- SS-4, SS-5,
320; 173-303- SS-6, SS- ,
3301 SS-1l

Preparedness and 40 CFR A Facility design; required equipment; SW-4, SW-i,
Prevention *g264.30- 264.37 testing an$ maiztetance of equipment; SW-6, SW-9,

[WAC 173-303- alarms awl access to communications; SW-10,
340] required aisle space; agreements with GW-5, GW-6,

Sate emergency response team., SS-4, SS-5,
equipneni suppliers; facility tours for SS-6, SS-10
fire and police depatirment. SS-Il

Contingency Plan and 40 CFR A Written plans for emergency procedures Applicable for active sites, reduced or SW-4, SW-i,
Emergency Procedures 11264.50- 264.56 and named coordinator. eliminated for closed sites- SW4, SW 9

[WAC 173-303- SW-10,
350; 173-303- GW-i, GW-6
3601 SS-4, SS-5,

SS-6, SS-10,
SS-Il

tA



Alteirnatives
AtN PotentiallyDescription Citation JR&A* Requimrme&s Remarks Aflected

Ground-water 40 CFR A Owners and operators of new hazardous Applicable to those alternatives where SW-4, SW-5,
Monitoring *5264.92- 264.99 waste disposal facilities masl conduct a wasrce an to be removed and placed in SW-6, SW-9, H

[WAC 173-303- groundwater momitoridq program in new, Meplacement, or expanded SW-10,
645] accordance with 40 CFR 24.97. fuis hazardous waste disposal facilities to GW-5, GW-6,

must include, if necessary, a detection enssrc hazardous waste constituents are SS-4, SS-5,
monitoring program unde r 40 CFR not leaching out to the soil or SS-6, SS-10,
264.99 and a corrective action, program groundwater SS-1I
under 40 CFR 264.100 if a groundwater
protection standard is exceeded or if the
concentration limits established under 40 9
CFR 264.94 am exceeded between the is
compliance point and the ciowngradient E
facility property boundary.

Ulnure 40 CFR A Performance standard which controls, SW-4, SW-6,
15264.111 minimizes, or eliminates, to the extent SW-9, SW-10,
264.116 necessary to protect humn health and OW-5, GW-6,
[WAC 173-303- the environment, postclossm escape of SS-4, SS-6, -

6N 6101 chemicals; closure plan; time limits; SS-10, ss- I
h% disposal or decontamination of

equipment, structures, soils; certification
of closure survey plat. Al contaminated
equipment, stnictures, andi soil must be
property disposed. :

oldt.lo.ure 40 CFR A Postclosure car must begin after Appli able to waste remaining in place SW-4, SW-6,
1§264.117- completion of closure and continue for after Qlosure. Requires posiclosure care SW-9, SW-10,
264.120 30 years. During this period, the owner and ntonitoring to onre elimination of GW-5. GW-6,
[WAC 173-303- or operator mus comply with all escape of hazardous constituents, SS-4, SS-6,
6101 posncosure requirements, including lemitate, and contaminated rnoff. SS-10, SS-1 I

maintenance of cover, leachate
monitoring, and groundwater
monitoring.

Container 40 CFR A Condition of containers; compatibility of May hge applicable if container storage is SW-4, SW-6,
Storage §1264.170- wase with containers; container to occur. Inspection requirements may SW-9, SW-10,

264.178 management; inspections; containment; be in potential conflict with ALARA OW-5, GW-6,
(WAC 173-303- special requirements for ignitable or requirements. SS-4, SS-6,
160-173-303-161 j reactive wastes. SS-10, SS-1I



Alternatives
A/ potentially

Description Citation R&A, Requirements Remarks Alfected

Tank Systems 40 CFR A Assessment of tank integrity; design and Applicable if remediation technique GW-5, GW-6
11264.190 - installation of new tank systems or includes tank systems for storage or
264.199 componeao containment and detection treatnejNt.
IWAC 172V303- of releases; inspections;
6401 closure/posttlosure care:; special

requirement's for ignitable or reactive
wastes.

Landfills 40 CFR A pesign and operating reouirements, Applicable if remedistion technique SW-4, SW-5,
11264.300- including liner systems And control of includes disposal in landfill.. Land SW-6, SW-9,
264.317 rainfall nn-'on and runoff; monitoring Disposal Restrictions (40 CFR Part 268) SW-10, "
[WAC 173 -303- pnd inspection; surveying and record apply. G -5, GW-6, E
665] keeping; closure/postclosure care, SSA, SS-5,

including final cover, special SS-6, SS-10,
requirements for ignitablic or reactive Ss-I
wastes incompatible wastes, bulk or
containerized liquids and. containers;
disposal of amall containers.

Incineration 40 CFR A Waste analysis; perfonance standards; Applicabile if renediation technique SW-9, SW-10,
11264340- specified priicipal organic hazardous includes incineration in hazardous waste Ss 0, SS-11
264.351 constituents; incinerator permit; lnmioert.rs, boilem, or industrial
[WAC 173-303- monitoring and inspections; closure. furnaces. See state ARARs for
6701 additional requirements.

Corrective Ation for 40 CFR 264.552 A Establishes provisions for corrective SW-A, SW-5,
Solid Waste Management action management units (CAMU). A SW-46, SW-9,
[hUts CAMU is an area within a facility that is SW- 10,

designated by the Regional GW-5, GW-6,
Administutor for the purpose of ss , SS-5,
implementing corrective action SS-6, SS-10,
riequiremenu. A CAMU is used to SS-1;
manage remedial wastes from corrective
actions.

Miscellaneous 40 CFR A Environmental performance standards; Applicable if rentediation technique SW-4, SW-4,
Units §1264.600- rinonitoring; analysis; inspection; includes treatment, storage, and/or SW-9, SW-l10,

264.603 response; reporting; and corrective disposal in a unit not specified in 40 GW-5, GW-6,
[WAC 173-303- action. CFR I5264.190-264.351. Vaults may SS4,SS-6,
6801 be deteruined to be miscellaneous units. SS-10



Alternatives
A/ potentially

Description Citation R&A* Requirements IRieaarks Affetted

Land Disposal Restrictions 40 CFR Pan 268 A Generally prohibits placemnent of Applicable unless wastes have been SW-4,1 SW-S,
(LDR) &'AC 173-303- restricted RCRA hazardous wasts in treated, treatment has been waived, a SW-6, SW-9, 0-3

140- land-based units such as landfills., treatment variance has been set for the sW-10, (GW-
WAC 173-303- surface impoundments, and wae piles. waste, an equiivallent tmaament method 5,
1411 Prohibits storage of restricted waste for petition. has been approved, a no- GW-6, SS-4,

longer than one year unless the migration petition has been approved, or ss-5, ss-6 ,
owner/operutorcan prove storage is the waste has been delisted. SS-10, S-l I
necessary to facilitate proper recovery,
treatment, or disposal.

Treatment 49 CFR A Establishes treatment standards that must Applicable if wastes contain RCRA SW-4, SW-5,
Standards J§268.40- 268.44 be met prior to land disposal. hazardous constituents. SW-6, SW -9,

(WAC 173-303- SW-10,
140) QW-S, G -6M

$SS4, 85-5, fC

S-6, SS-10,
I SS-Il

Pohibitions 40 CFR §268.50 A The storage of hazardous waste SW-4, SW-5,
mn Storage [WAC 173-303- restricted from land disposal under SW4, SW-9,

l4 RCRA Section 3004 and 40 CFR 268, SW-10,
Subpart C, is prohibited unless wastes GW-5, GW-6
are stored in lanks and containers, by a SS.4, SS-,
generator or the on-site operator of a SS-6, SS- 10,
TSD facility solely for the purpose of SS-Il C
accunulation of such quantities as to
facilitate proper treatment or disposal.
TSD facility operators may store wastes
for up to one year under these
circumstances.

Technical Standards for 40 CFR Part 280 A Establishes design, construction, Applicablc if USTs am removed or SW-3, SW-4,
Underground Storage [WAC 173-3601 operating, release reporting, and closum closed during the remedial action. Not SW-5, SW-6,
Tanks (UST) requirements for USTs. applicable to Usr systems holding SW-7, SW-8, 00

hazardouswastes identified underthe SW-9, SW-10,
Solid Waste Disposal Act. See ate GW-3, GW-4,

ARARs for additional requirement. GW-5, GW-6,
SS-3, S-4,
SS-5, SS-6,
SS-7, SS-8,
SS-9, SS-10,
SS-Il



Alternatives
A/ Potentially

Dcriptiwi Citation R&A* Requirements Remarks Affected
I

Ton Substances Control Act 15 U.S.C. 2601
(TSCA), as amended ci scq.

Regulation o 40 CFR Pan 761 A For spile occurring after May 4, 1987, PCBs may have been disposed of in the SW-9, SW- 10,
Polychlonnated Biphenyls spillage or disposal must be reported to landfill sites in electrical capscitons or GW-5, GW-6,
(PCBs) EPA. 'Unless otherwise approved, PCBs transformers. SS-10, SS-I I

at concentrations of 50 ppm or greater
must be treated in an incinerator. Spills 0
that occurred before May 4, 19:7 am to
be decontauninted to requirments -t

established at the discretion of the EPA. +

Uraniu Mill Taitings Radiation Pub. L. 95-604, Establishes controls of residual
Control Act of 1978 as amended radioactive material at processing and

depository sites.

Hcalth and Environmental 40 CFR Pan 192 R&A Requires remedial action of residual Although Hanford is not a sIe All >
Poteatin Standards for Inactive Subpart A radioaclive material to be effective for at designated by the Act, requirements of M
Urannum Processing Sites least 200 years. the Act are relevant and appropriate to

the site.

*NOTE, A Applicable, R&A = Relevant and Appropriate

WQ
Ma
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Aternatives
A/ Ipotentially

Description Citation R&A* Requirements Remarks Affected

Departnent of Ecollsgy 43.21 A RCW Vests the Washington Department of
Ecology with the authority to undeimake the
state air regulation and management
program. 1'

Air Pollution Regulalions WAC 173-400 Establishes requirements for the control Applicable if emission sources ar:
and/or prevention of the emission or air created during remedial action. .4
contaminanl

Sgandards for WAC 173-400-040 A Require be#" afailable control technology Applicable to dust emissions from SW-2, SW-3,
Maximum Emissions be used to control fugitive emissions of cutting of concrte and metal and SW-4, SW-5, M

dust from materials handling, construction, vehicular traffic during mzediation. SW-6, SW-7,
demolition, dr any other activities that are SW-8, SW-9,
sources of fugitive emissions. Restricts SW-10,
emitted particulates from being deposited GW-2, GW-3,
beyond Hanford. Requires control of odors GW-4, GW-S,
emitted from the source. Prohibits ryasking GW4, SS-2,
or concealing prohibited emissions. SS-3,SS-4,
Requires meassres to prevent fugitive dust SS-5,SS-6,
from becomipig airbome. SS-7,SS-8,

SS-9 , SS-10.V
SS-11

Emissio Standards W/AC 173-400-050 A Restricts operation of incinerators to Applicable if incineration is part of the SW-9, SW-10,5<
lIi Combustion and daylight hours unless otherwise authorized remedial action. SS-10, SS-1 I M
lincrsie:ion

Ennissini Limils for WAC 173-480 Controls air emissions of radionuclides Applicable to remedial activities that
Radionuclides I from specific sources. result in air emissions.

New and Modified WAC 173-480a060 A Requires the beat available radionuclide Applicable to remedial actions that result SW-4, SW-5,
Emission Units control technology be utilized in planning in air emissions. SW-6, SW-9, a

constructing, installating, or establishing a SW-10,
new emission unit. GW-3, GW-4,

GW-S, OW-6,
SS-4,SS-5,
SS-6, SS-7,
SS-9, SS-10,
85-11



Alternatives
A/ Potentially

Deacription Citation R&A* Requirements Remarks Affected

Washington Clean Air Act RCW 70.94

Controls for New Sources WAC 173-460 Establishes systematic control of new
of Toxic Air Pollutants sources emitting toxic air pollutants.

Demonstrating WAC 173-460-080 A Requires the owner or operator of a new Applicable to remedial alternative with SW-4, SW-5,
Ambient Impact source to complete an accepiable source the potential to telease toxic air SW-6, SW-9,
Cm...pliatce impact level analysis sing dispersion pollutants. SW-10, *

nabeling to estimate maximum incremental GW-3, GW-4,
ampbient impact of each Class A or B toxic GW-5, GW-6,
air pollutant. Establishes numerical limits SSA, SS-5,
for small quantity emi'ssion rates. SS4, SS-7,

SS-9, SS-10,
SS-Il V")

hazardous Wasie Nlanagement 70.105 RCW Establishes a statewide framework for the
Act of 1976 as amended in 1980 planning, regulation, control, and
and 1983' mnagement of hazardous waste.

Dangcrou Waste WAC 173-303 Establishes the design,. operation, and Includes requirements for generators of
Regulatiwna motitoring requirements for management of dangerous waste. Dangerous waste

hazardous waste. includes the fall universe of wastes
regulated by WAC 173-303 including
extremely hazardous waste.

sing WAC 173-303-242 A Prehibits location of a dangerous waste Exceeds requirenents of 40 CFR SW-5, SW-6,
Cnteria mnagement facility within a 100-year §264.18. SW-9, SWli),

floodplain or a land-amsed facility within a GW-5, GW,
500-year floodplain. Prohibits locating SS-4, SS-5,
facilities within 500 feet of a fault with SS-6, SS-10,
displacemet during the Holocene. SS-11
Establishes further siting criteria that
supplement federal requirements.

The Hazardous Waste Management Act and regulations pursuant to the Act provide the statutory and regulatory basis for state authorization to implement RCRA. State of Washingiton regulations
that are equivalent to RCRA regulations are cited in brackets in the federal ARARs. The WAC 173-303 regulations cited in thi. section arn those judged to be more stringent than RCRA regulations.
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Alternatives
A/ Potentially

Description Citation A* Requireiments Remarks Affected

incinerators WAC 173-303 A670 A Requires inicinerators burning dangerous Exceeds requirements in 40 CFR SW-9, SW-10,
wase to destroy designated byproducts so 264.343. SS-10, SS-I I
that The total mass einission rate of the
byproducts is no iamr than .01 percent of E
the total mass feed rate of principal organic Ft
dangerous constituents fed into the t
incinerator. 1 -

Model losis Control Act 70.105D RCW Authorizes the state to investigate releases
of hazardous atbatances, conduct remedial
actions, carry out state programs; authorized
by federal cleanup laws, and take other
actions.

Haaedous Waste Cleanup WAC 173 .340 Addresses releases of hazardous substances Applicable to Facilities where hazardous 0
Rgeulations caused by past activities, and potential and substances have been released, or there

ongoing releases fron current activities, is a threatened release that may pose a
threat to hurnan health or the
environmentI

Sclction of Cleanup WAC 173 340 360 R&A Establishes cleanup equirements to include All
Aciions in cleanup plais. Identifies technologies to

be considered for remediation of hazardous
substances.

Cleanup Actions WAC 173-340-400 R&A Ensures that the cleanup action is designed, All
constructed, and operated in accordance
with the cleanup plan and other specified
requirements.

Institutional Controls WAC 173-34U-440 R&A Requires physic al measures such as fences SW-2, SW 3,
and signs to limit interference with cleanup, SW-4, SW-5, a
and legal and administrative mechanisms to SW-6, SW-7,
enforce them. SW-8, SW-9,

SW- 10,
GW-2, GW 3, at
GW-4, GW-S,
GW-6, SS-2,
SS-3, SS-4,
SS-5, SS-6,
SS-7, SS-8,
SS-9, SS-10,
SS-11



Alternatives
A/ Potentially

Decription Citation R&A* Requirements Remarks Affected

Rcleses from WAC 173-340-450 A Requires interm actions to be performed These requirements supplement those in SW-3, SW-4,
Undcrgnnnd Storage wiithin 20 days of confirmation of a UST WAC 173-360. SW-!, SW-6,
Tanks release. SW-7, SW-i,

SW-9, SW-jo, E
GW-3, GW-4,
GW-5, GW-6,
5s-3, ss-4,
St-5, SS-6,
S$-7, SS-a,
SS-9, SS-10, 
SS-11

Regulation of Public 90.44 RCW R&A Sets requirements for withdrawal and Applicable if remnediation includes GW-3, GW-5,
Ground water ma nagement of state groundwater. gr)mndwater withdrawal. GW-6

Solid Waste Mansgement Act 70.95 RCW Establishes a statewide program for solid Applicable if management of solid waste
waste handling, recovery, andl/or recycling. occur, during remediation. Solid waste

00 controlled by this Act includes garbage, -
indu.trial waste, construction waste, ti
ashes., and swill.

Mktinimum Functional WAC 173 304 Establishes requirements to be met
Silandards [or Solid Waste stallewide for the handling of all solid
H andling waste.

0n-site WAC 173-304-200 R&A Sees requirements for containers and All
Containerized vehicles to be used on site; requires
Storage, Collection, monthly inspections and retention of
and Transportation inspection records for at least two years.
Standards

94M.

On
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Alternatives
D i Potentially

Descriptiion Citation R&A* Requirement. Remarks Affected

Soliid Waste Incinerator WAC 173-434 Establishes emInissions standards, design
Facilities mquinmets and performance standards

for solid waste incinerator facilities

Erniniis Standards WAC 173-434-130 A Limits particulate emissions from each Applicable to remedial actions involving SW-9, SW-It0,
stack to <0.046 g/dry Cu for systems incineration. S-10,SS-11
greater than 250 ton/day and <0.069 g/dry
m' for systems under 250 tea/day. Limits
both bydrogen chloride and sul fur dioxide
to less than 50 ppm each per st'ack. Visual
opacity shall not exceed 5% average for
mor than 6 minutes in 60 minutes. Limits

transmissometer opacity to 10% and
requires resonable precautions 1.0 limit
fugitive emissions.

Undergromd Storage Tanks Act 90.76 RCW Establishes an. administrative and Applicable if UST9 am or will be
enforcement program for underground associated with rermedial activities.
storage tanks (UST).

Undrgtuid Storage Tank WAC 173-360 Sets implemeting requirements for Not applicable to LIST systems holding
Regulions underground storage tanks, hazardous waste, subject to Subtitle C of

the Federal Solid Waste Disposal Act,
or a UST system that contains a de
minimis coscenaration of regulated
substances. See WAC 173-340 for
additional requirement.

Rclcesc Detection fir WAC 173-360-34 A Requires all methods of release detection Exceeds requirement. in 40 CFR SW-3, SW-4,
Tanks used after December 22, 1990, except for 9280.43 SW-5, SW-6,

methods in place prior to that date, to be SW-7, SW-A,
capable of detecting a leak rate or quantity SW-9, SW-to,
with a probability of detection of 0.95, and GW-3, GW-4,
a probability of a false alarm of 0.05. GW-5, GW-6,

SS-3, SS-4,
SS-5,SS-6,
SS-7, SS-8,
SS-9, Ss-10.
SS-Il

w
.4
Cb

0
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Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Release Detection for WAC 173-360-350 A Requires all methods of release detection Exceeds requirements in 40 CFR SW-3, SW-4,
Piping used afer December 22, 1990, except for 11280.44. SW-S, SW-6,

methods in place prior to that date, to be SW-7, SW-8,
capable or detecting a leak rate or quantity SW-9, SW-0,
with a probability of detection of 0.95, and GW-3, GW-4, r
a probability of a false alarm of 0.05. GW-5, GW-6,

SS-3, SS-4, $
SS-5,SS-6,
SS-7, SS-8,
SS-9, SS-10,
SS-11

Rcic se lnvcstigation WAC 173-360 370 A Requires leak-testing of any tanks and Exceeds requirements in 40 CFR SW-3, SW-4,
piping that may or may not be in use but 3280.52. SW-S, SW-6,
are connected to a UST system that SW-7, SW-8,
routinely contains a regulated substance. SW-9, SW-b0,

GW-3, GW-4,
GW-5, GW-6,
SS-3, SS-4,
SS-5, SS-6,
SS-7, SS-8,
SS-9, ss-30,
SS-1il

mlpl.ornry Closure VAC 173-360-380 A Any UST system temporarily closed for Exceeds requirements of 40 CFR SW-3, SW-4, C
UST systems three months or more must be tighItness- 12070. SW-5, SW-6,

tested prior to being put back in service. SW-7, SW-1,
SW-9, SW-10,
GW-3, GW-4,
GW-5, GW-6,
SS-3, ;S-4,
SS-5, SS-6, t
SS-7, SS-8, 0,
SS-9, ss-10, 0
SS-11 ss-u 00



Alternatives
A/ Potentially

Description Citation R&A* Requirenment Remarks ALIhcted

Permanena Closure WA1C 173-360-385 A Permanent closure must be completed Exceeds requirements of 40 CFR SW-3, SW-4,
within 60 days after expiration of the 30- 1280.71 SW-5, SW-6,
day notification of closure. If sthe tank SW-7, SW-I,
system is permanently closed, piping must SW-9, SW-10,
be removed or capped. GW3, GW-4,

GW-5, GW-6,
SS-3, 5S-4,
SS-5, SS-6,
SS-7, SS- ,
ss-9, SS-10,
58-Il
Ss__ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ - 1 1:3

Water Il.,tiun Control Act 90.48 RCW Prohibits discharge of polluting patter in
waters.

Unde Igiouid Injection WAC 173-218 A Establishes permitting requiements for Federal Criteria and Standards for the OW-5
Cons Il Program injection of fluids through wells. Prohibits Underground Injection Control Program ;

injection of any dangerous or radioactive (40 CFR 146) are reserved at this time.
waste fluids. Prohibits injection of
industrial or commsnrcial waste fluids Y-
beneath the lowermost formation I
containing, within 1/4 mile of the well, an
underground source of drinking water.

State Wste Discharge WAC 173-216 Implements a sate permit program',
Permit Program applicable to the discharge of waste

materials from industrial, cornmerdial, and
municipal operations into the grouAd and
surface waters of the state. Excltudes
discharges under NPDES and underground
injection control programs.

Permia Terms and WAC 173-216-1 10 R&A Requires the use of all known, avai.lable, SW-4, SW-S,
Condhions and reasonable methods of prevention, SW-6, SW-7,

control, and treatment. SW-I, SW-9, "
SW-O,
GW-5, GW-6,
SS-4, SS-5,
SS-6, SS-10,
SS-Il
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*NOTE: A - Applicable, R&A = Relevant and Appropriate

0

*0

r4--I

AjllArnatives
A/ Pcientially

Description Citation R&AI equirements Remarks Afected

Water Wel Coustructioa Act 18.104 RCW

Standards for WAC 173-160 A Establisbes ainiautum standards for design, Applicable if water supply wells, SW-2, SW-3,
Construction ,nd ostrcton, capping, and sealing of all enonitoring wells, or other wells are SW-1', SW-8,
Maintenance of wells; ast additional requirements utilized during remnediation. GW-2, GW-3,
Wellb including disinfection of equipment, OW-4, GW-5,

abandonmen of wells, and quality of GW4, SS-2,
drilling water. SS-3, SS-7,

SS-8, SS-9



Alernatives
Potentially

Desciription Citation Requiirements Remarks Affected

BeU4FranklinTWala Walls General ]Regulation Establishesa regional program cf air polosion These county regulations are authorized by
Counties Air PoLlatie Control 80-7 preventios and control. The state Clean Air Act.
Authority

Monitoring and Section 400-120 Monitoring of any source may be required. A I
Special Reporting

Residual Radiow:five Material as U.S. NRC Sets conlaanination guidelines for release of All
Surface Cuonamination Regulatory Guide &quipment' and building componenas for C

1.86 unrestcted ue, and if buildings are demolished,
shall not be exceeded for contarnination in the
ground.

U.S. Departiesaw of Energy
Orders O

kadsiti.n Protection of the DOE 5400.5, Establishes standards and requirements for All
Publi, and the Environment operations of DOE and DOE contractors

W respecting protection of the public and tse
8 environment against undue rsk of radiation.

4)-
isclage ol Treatment DOE 5440.xy rreatmetn systems shall be designed to allow Required of all DOE-controlled facilities SW-9, SW- 10

System Eifl uent I operators to detect and quantify unplanned where radionuclides might be released as a oW-4, GW-5,

releases of radionuclides, consistent wilh the consequence of an unplanned event. GW-6, SS-7,
potential for off-property impact. SS-8, SS-9,

ss-10, Ss- i I

Radiation Protection for DOE 5480.1 Establishes radiation protection standards and All IC
Occupational Workers Section 9a program requiremnas to protect workers from

ionizing radiation.

Safety Reqtkiremnents for the DOE 5480.3 Establishes requirements for packaging and S.W-4, SW-5,
Packaging of Fissile and Sections 7 and 8 transportation of radioactive materials for DOE SW-6, SW-9,
Other Radioactive Materials facilities SW-b, SS-4,

SS-5, SS-6,
SS-10, SS-lI
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Alternatives
Potentially

Description Citation Requirements Remarks Affected

Radioactive Waste DOE 5820.2A Entablishes policies and guidelines by which DOE All
Management Chapters III and manages radioactive waste, waste by-products,

IV and radioactive contaminated surplus facilities.
Diisposal shall be on the site at which it was
generated, if practical, or at another DOE facility.
DOE waste containing byproduct material shall be
stored, stabilized in place, and/or disposed of
consistent with the requirements of the residual 0
radioactive material guidelines contained in 40
CiFR 192. W

Departalen of Ecology Liquid DE 91NM-177 Requires discharges of liquid effluent to the soil SW-9, SWre,
Effluast Cuasent Order column to be eliminated, treated, or otherwise GW-3, GW-5,

minimized. GW-6, SS-10,
sS-11

CD

<
)
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Description Citation Ad Requirements Remarks Alternatives
R&.A* Potentially

_________ ________Affected

Archaeological and Historical 16 U.S.C. 469 A Requires actioC to recover and preserve Applicable when remedial action threatens SW-2, SW-3,Preaeration Act of 1974 artifacts in artis where activity may cause significant scientific, prehistorical, historical, SW-4, SW-5.,
irreparable hapm, loss, or destruction of or archeological data SW-6, SW-7.
significant artifaict. SIW4, SW-9.

SW-10, GW-2,
- GW-3, GW-4,

OW-5, GW-6
SS-2,SS-3, 0
SS-4, SS-5,
SS-6, SS-7, a
SS-8, SS-9,

.... . .._ _SS-10, SS-I
Endanwered Sprxie Act of 19731 16 USC. 1531 et Prohibit. federal agencies from I

seq. jeopardizing threatened oF endangered 0
species or adversely modifying habitats
essential to their survival

Fish and Wildilite Services 50 C R Parts J , A Requires identificaeion of activities tbat Requires consultation with the Fish and AllList of Endangered and 222, 225, 226, 227. my affect listed species. Actions taust WildlifSevctodennefthaeedr
lreatcned Wildilife and Plants 402, 424 not threaten the continued existence of a endangered species could be impacted by

listed species or destroy critical habitat. activity.

Historic Sites, Buildings, and 16 U.S.C. 461 A Establishes reqinuiments for preservation SW-2, SW-3,
Antiquities Act of historic site., buildings, or objects of SWA, SW-5, C

national signifiicance. Undesirable SW-6, SW 7,
impacts to such rnsources must be Sw-a, SW-9,
mitigated. SW-b, GW-:2,

GW-3, GW-i,
GW-i, GW-,
58-2, SS-3,

- 88-6, 55-7.
58-4, SS-9,

SS-10, S-l f



Description Citation A/ Requirements Remarks Allinatvt a
R&A* Pocntinally

Affected

Naliosal Historic Preseration Act 16 U.S.C. 470 ct A Prohibits impacts on cultural resources. Applicable to properties listed in the National SW-2, SW-3
of 1966, as amended. seq. Where impacts are unavoidable, requires Register of Historic Places, or eligible for SW-4, SW-5 p

impact mitigation through design and data such listing. SW-6, SW-7,
tcoveryk S:W-1, SW-9,

SW-10, Gw-, W
GW-3, GW-4,
GW-5, GW61
SS-2, SS-3, C
SS-4, SS-i,
SS-6, SS-i,
SS-8, S5-9,
SS-10, SS-lI

Solid Waste Disposal Act, as 42 U.S.C. 6901 et Establishes the basic framework for
amended by the Resourte seq. federal regulation of solid and hazardous to
Conservation and Rkcovery Act waste.
(RCRA)

Critera tir Classification of 40 CFR 257 Sets criteria for deter-mining which solid
Solid Wasic Disposal waste disposal facilities and practices pose:
Facilies and Practices a reasonable probability of adverse effects

on health or the environment.

Fluudplaans 40 CFR 1257.3-1 A Prohibits facilities or practices in SW-3, SW-4,
floodplain. from restricting the flow of SW-5, SW-6, CD
the base flood, reduc ing the temporary SW-7, SW-8,
water storage capacity of the floodplain, SW-9, SW-li,
or causing washout of solid waste, so as GW-5, GW-6,
to pose a hazard to human life, wildlife, S-3, SS-4,
or land or water resources. SS-5, SS-6,

£5-IG, 55-I

Endangered Species 40 CFR 12573-2 A Prohibits facilities or practices from All I
causing r contributing to the taking of
any endangered or threatened species of
plants, fish, or wildlife. Prohibits
destruction or adverse modification of
habitat of endangered or threatened
species.
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Dvscription Citation A/ R.quirements Remarks Alternatives
R&A* Potentially

Affected

Hazardous Waste Treatment, 40 CFR Part 264 Establishes standards, for mnanagement of Applicable to owners and operators of all
Storage, and Disposal hazardous waste. hazardous waste facilities.

Locnin Standards 40 CFR 1264.18 A Prohibits new TSD facilities from being SN4, SW-S.
located within 61 meters (200 feet) of a SW-6, SW-9,
fault displaced during the Holocene. SW-I, GW-5.
Requires a facility located in a 100-year GW-6, SS-4,
floodplain to be designed,. conatnacted, SS-5, SS-6,
operated, and maintained to prevent SS-10, SS-1I
washout or release of any hazardous waste
by a 100-year flood.

Wild and Scenic Riven Act 16 U.S.C 1271 A Prohibits federal agencies from The Hanford Reach of the Columbia River is SW-3, SW4,
recommending authorization of any water under study for inclusion as a wild and scenic SW-5, SW-6,
resource project that would have a direct river. SW-7, SW-8,
and adverse effect on the values for which SW-9, SW-10,
a river was designated as a wild and GW-3, GW-4,
scenic river or included as a study area. GW-5, GW-6,

SS-3, SS-4.
05-5, SS-6,
S-7, SS-8,
5S-9, 5S-10,
SS-Il

*NOTE: A = Ap.,able, R&A = Relevant and Appropriate

'0
0
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Alternatives
A/ Potentially

Dscription Citation R&A* Requirements Remarks Affected

Solid Waste Minagementi Act 70.95 RCW

Minimum Functional WAC 173-304 Establishes functional perfora- nce
Standards for Solid Waste standards for solid wastes
Handling

Iatitnl Standards for WAC 173-304-130 A Prohibits facilities from being located SW-4, SW-5,
Disposal Sites on a holocene fault, in subsidence SW-6, SW-9 5'

areas, on unstable slopes, adjacent to SW-,
geological features which could OW-5, GW-6,
compromise the structural integrity of SS-4, SS-5,
the facility, or in areas designated by SS-6, SS-tO,
the U.S. Fish and Game as critical SS-1I
habitat. Requires that the bottom of
the lowest liner be at least 10ft above O
the seasonal high of the groundwater in
the uppermost aquifer. Requires that

w the facility be no closer than 1000 ft to
- a downgradient drinking water well and

no closer than 200 ft to surface water

labitat Buffer Zone for Bald RCW 77 12.655
Eagle Rules

Bald Eagle Protection Rules WAC 232-12-292 A Prescribes action to protect bald eagle Applicable if the areas of remedial All
habitat, such as nesting or roost sites. activities includes bald eagle habitat. C
through the development of a site
management plan. I

Regulating the Taking or RCW 77 12 040
Possessing of Game

Endangered, Threatened, or WAC 23.2 12-297 A Prescribes action to protect wildlife Applicable if wildlife classified as All
Sensitive Wildlife Species classified as endangered, threatened, or endangered, threatened, or sensitive are
Classification sensitive, through development of a site present in areas impacted by remedial

managenient plan. activities.

-NOTE: A = Applicable, R&A = Relevant and Appropriate



Alternatives
Potentially

Description Citation Req'iremetns Remarks Affected

Floodplains/Wetiands 10 CFR Part 1022 Requires federal agenciies to avoid, to the extent Pertinent if remedial activities take place in All
Environmental Review possible, adverse effects associated with the a floodp lain or wetiands.

development of a floodplain or the destruction or
loss of wetlands.

Protection and Enhancement Executive Order Provides direction to federal agencies to preserve, Pertains to sites, structures, and objects of All
4 tlie Cultural Environment 11593 restore, and maintain cultural resources. historical, archeological, or architectural

significance.

Hanord Reach Study Act P.L. 100-605 Provides for a comprehensive river conservation This law was enacted November 4, 1988. SW-3, SW-4,
Atudy. Prohibits the construction of any dam, SW-5, SW-6,
channel, or navigation project by a federal agency SW-7, SW-9,
for 8 yean after enactrent. New federal and SW-9, SW-10,
non-federal projects antI activities are required, to GW-3, GW-4.
the extent practicable, to minimiz. direct and GW-5, GW-6,
adverse effect, on the values for which the river is SS-3, SS 4,
under study and to utili;em existing structures. SS-5, SS6

SS-7, SS 8,
SS-9, SS 10, t

SS-11.

- 88-i C0
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APPENDIX C

DESCRIPTIONS OF SOLID WASTE, GROUNDWATER,
AND SOILS/RIVERBANK SEDIMENTS

REMEDIATION TECHNOLOGIES
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APPENDIX C

DESCRIPTIONS OF SOLID WASTE, GROUNDWATER, AND SOILS/
RIVERBANK SEDIMENTS REMEDIATION TECHNOLOGIES

The information in this Appendix includes descriptions of technologies which are
_potentiallyapplicable for remediation- of the Hanford-10-Area solid waste, grondwater,
and soils/riverbank sediments. In accordance with CERCLA FS guidance, a broad range
of technologies representing relatively simple responses, such as institutional actions, to
more complex remediation approaches involving treatment is discussed.

The technology descriptions contain five general sections:

* Applicability (potential): The media or type of contamination which may
be remediated by the specific technology.

* General Description: A brief discussion of technical characteristics.

-- ---- -Implementability:- Discussion and qualitative rating pertaining to both
technical and institutional implementability of the technology.

* - Effectiveness: A brief overview of the type of waste for which the
technology is intended and a qualitative rating of its effectiveness in
providing a remediation for this type of waste.

* Cost: Cost of the technology on a low, moderate, high, or very high scale.
Cost is relative to other process option costs within the same technology
group.

Tables 1, 2, and 3 present the technologies and process options which were
analyzed in this feasibility study.

The order of presentation for technology descriptions in this Appendix coincides
with the screening discussions in Chapter 4.0. The technologies are organized initially by
applicable media and subsequently by general response action. The grouping of
technologies is best illustrated by referring to Figures 4-1 through 4-6 which illustrate
technology screening graphically.
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10 SOLID WASTE TECHNOLOGY DESCRIPTIONS

1.1 ACCESS RESTRICTIONS

Two methods of access restriction are discussed below:

* fencing
0 deed restrictions.

1.1.1 Fencinu

Applicability. Contaminated soils, riverbank sediments, and solid waste.

General Description. Fencing is the constructinn nf a physical barrier around a
contaminated area with the intention of limiting access to the area (Merritt 1983). Note
that monitoring of the site is also necessary if this option is used.

Implementability. Fencing is commonly used for limiting access to restricted
areas such as private properties (Merritt 1983). Fencing would be easily implementable
at the Hanford 100 Area operable units containing contaminated soil, riverbank
sediments, and solid wastes.

Effectiveness. Fencing has limited effectiveness in preventing access to
contaminated areas. A fence cannot prevent animals or humans from entering restricted
areas, but does provide a barrier that would have to be crossed to gain access to an area.

Cost. The costs for erecting fences and monitoring a site in and around the
Hanford 100 Area are low due to the relatively low cost of materials and the ease of
installation.

1.12 Deed Romtrictinn

Applicability. All Media

General Description. Deed restrictions specify acceptable land uses and may take
several forms, such as providing covenants against activities that may bring humans in
contact with contaminants. Deed restrictions may include: provisions that prevent the
use of groundwater (e.g., water right restrictions); requirements for approval of
excavations beyond a specified depth: or limitations on land use by prohibiting activities
such as grazing and farming.

implementability. Implementation of deed restrictions requires only
administrative resources and visual monitoring to ensure that covenants are being
obeyed. Deed restrictions are therefore considered to be easily implementable.
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Effectiveness. Deed restrictions may be effective in preventing short-term human
contact with contaminated areas; however, the long-term effectiveness of deed
restrictions is uncertain. In general, deed restrictions are considered to have limited
effectiveness.

Cost. Deed restrictions involve only administrative resources in combination with
visual monitoring and are considered to be low-cost methods for preventing human
contact with contaminated regions of the Hanford 100 Area.

1.2 MONITORING

1.2.1 Leachate Monitoring

Applicability. Contaminated soils, riverbank sediments, and buried solid waste.

General Description. A leachate collection and removal system is required by the
Resource Conservation and Recovery Act (RCRA) for all hazardous waste landfills. The
collection and removal system could also be used to collect samples of leachate for
monitoring purposes. Use of this approach avoids the use of more intrusive methods of
monitoring contaminant migration from soil or solid waste disposal sites. The system
consists of perforated pipe networks backfilled with gravel. The pipe network is sloped
toward collection points located away from the contaminated media of concern. Other
leachate detection systems besides the RCRA system may be used on a limited basis to
indicate migration of contamination from solid waste burial sites.

Implementability. Leachate monitoring is a well developed technology and is
considered to be easily implementable for new waste burial sites. However, a monitoring
system for existing sites may be difficult or impossible to install without excavating
through contaminated materials. In addition, evapotranspiration prevents formation of
any significant quantity of-leachate, thereby eliminating the -need-for-leachate monitoring.
Leachate monitoring is considered difficult to implement at existing contaminated areas
such as solid waste hurial sites.

Effectiveness. Leachate monitoring is considered to be an effective method for
determining if contaminants are being mobilized in a leachate form if the system can be
installed dectly beneath- a-Contaninated-site. -flowever due to the difficulty of
installing leachate monitoring systems beneath existing contaminated sites, the technology
is ineffective for such cases.

Cost. The cost of installing leachate monitoring systems beneath existing
contaminated sites within the 100 Area is judged to be high. Excavation through
contaminated areas would require significant safety measures to protect workers and
containment and packaging of any contaminated materials that are removed would be
necessary. These requirements would increase both the cost and the time required for
installing the system.
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1.3 CAPPING

Capping involves the installation of a barrier over the surface of the contaminated
area to control erosion and prevent contact between infiltrating precipitation and
contaminated wastes. Capping is an applicable technology for the non-removal general
response actions and has been used in combination with other technologies. The
following capping techniques are discussed below:

0 asphalt-based covers
0 concrete-based covers
0 --- soil/clay-based co-er-
* RCRA multi-media caps
* Hanford barriers
0 synthetic covers
0 vitrification.

1.3.1 Asphalt-Based Covers

Annlirbhil. All MedIa.

General Description. Asphalt caps are single-layered caps composed of
bituminous -asphalt.- The thickness of the cap is dependent on design parameters that
consider settling and weathering effects. The cap must be sloped for runoff in order to
minimize infiltration into the contaminated zone. Surface treatments are often required
during the long-term maintenance of asphalt-based caps in order to provide a lasting
seal.

Implementability. The technology required for asphalt cap construction is
commercially available (Merritt 1983). No specialized equipment is required and
bituminous asphalt is a common construction material. However, in comparison to
certain other capping techniques that employ naturally occurring materials, asphalt-based
caps are-considered to-be moderately- implementable -Asphat-based caps are only
implementable for localized areas and are not considered practical on a sitewide basis.

Effectiveness. Asphalt caps are considered an effective means of providing short-
term, single-layer containment for vertical migration in contaminated areas. Asphalt-
based caps are not effective in reducing lateral migration of contaminants in groundwater
without the use of vertical barriers. Periodic maintenance of an asphalt cap is required
to reduce the effects of weathering and cracking. The plastic properties of asphalt may
be engineered to provide protection from subsidence. Overall, asphalt caps are
considered to have limited effectiveness due to inadequate long-term performance.

Cost. The costs associated with the construction of an asphalt cap are high
relative to other capping techniques. Although materials and equipment are inexpensive,
periodic maintenance that would be essential throughout the life of the cap increases the
total cost.
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1.3.2 Concrete-Based Covers

Applicability. All Media.

General Description. Concrete caps are single-layered caps consisting of
aggregate and cementitious material mixtures. Similar to asphalt covers, concrete caps
must also be designed with adequate strength to resist collapse should subsidence occur,
and must be sloped to promote drainage of infiltrating precipitation and surface water.
These caps also require periodic maintenance to extend the life of the cover.

Implementability. The materials required to construct a concrete cap are locally
available._ Construction equipment may be used for concrete mixing and placement.
Concrete caps are considered moderately implementable in comparison to other capping
techniques due to the requirement of cementitious materials and installation equipment.

I s CIO ncrete caps are-effective in mwintaining a short-term barrier
against precipitation and surface water intrusion into a contaminated area. However,
they are susceptible to cracking, subsidence, and weathering over the long term. Thus,
concrete caps are considered to have limited effectiveness.

Cost. The cost of implementing concrete caps at the Hanford 100 Area is judged
to be high relative to other capping techniques. Although materials and equipment are
relatively inexpensive, nen nir inaintena........crease life cycle costs.

L3JLSoiI/C 2v Cover

Applicability. All Media.

General Description. Clay and soil caps are constructed by spreading soil/clay
admixes over the contaminated area then compacting the soil/clay layer to achieve a
specified permeability. The specified permeability of the compacted soil/clay layer is
lower than that of the underlying soils. To achieve the design permeability, the soil/clay
admixture may be modified with bentonite, lime, cement, or other material. The amount
of the added material is determined through analysis of soil characteristics, compaction
studies, and permeability tests. Soil/clay covers are usually not acceptable as a surface
barrier due to uncertainties associated with long-term performance and the need for
routine maintenance throughout the life of the cap.

Impleaentability. Soil/clay covers are considered to be easily implementable.
General construction equipment may be used to place and compact the soil/clay mixture.
Commercially available clay materials such as bentonite and soils from the site can be
used to build the cap.

Effectiveness. Soil/clay covers may be used as- interirnr measures for short-term
protection and would be effective in temporarily inhibiting- the inflOw of surface water to
a contaminated area. Soil/clay covers are not effective in reducing lateral groundwater
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flow and contaminant mobility unless a vertical barrier is used in conjunction with the
cover. The long-term effectiveness of a soil/clay cover is limited because of its
susceptibility to weathering and- breaching by burrowing-ammals-and vegetation. Clay-
based covers are considered unsuitable for use as an impermeable barrier in the arid
environment- of the Hanford Site due to drying and subsequent cracking (Anderson et al.,
1991) 7Therefore, -the overall effectiveness of sOil/clay Caps is limited.

Cost. Costs associated with the construction of a soil/clay cap are low relative to
other caps. Clay material and construction equipment are both readily available and
inexpensive. As is the case with other caps, periodic maintenance increases life cycle
costs.

1.3.4 RCRA Multi-Media Caps

Applicability. All Media.

-General Description. A RCRA-multi-media cover refers to a three-layer cap
system recommended by EPA guidance under RCRA. The RCRA multi-media cap is
often referred to as a "RCRA cap." The cap consists of an upper vegetation layer, a
drainage-iayer,-and a LOW permeability layer. Infiltrating liquids are diverted away from
the underlying waste materials through the drainage layer. The vegetation layer is
usually a grass layer which binds the drainage layer and provides a "self-healing" effect to
minimize the impact of cracking and weathering. Sand is a common ingredient for the
drainage layer followed by fine grain soil and clay admixes for the low permeability layer.
Synthetic materials are also used for the low permeability layer and are recommended
for use in combination with a natural admix of low permeability material.

-- Implementability. - RCRA multi-media cap construction is a well developed
technology and commonly used to cover nonradioactive hazardous waste disposal sites.
RCRA multi-media caps consist primarily of natural materials that may be present on
site. Application of a RCRA multi-media cap is readily implementable. However, if
synthetic materials are used in the low permeability layer, specialized installation
methods are necessary (see synthetic covers).

Effectiveness. The combined effects of low permeability, drainage, and a
vegetation layer provide a highly impenetrable barrier that is weather resistant and
impervious to freeze/thaw and shrink/swell cycles. The drainage layer is effective in
removing standing water from the surface of the cap, thereby preventing infiltration. A
RCRA multi-media cap is considered effective for reducing surface water infiltration
through contaminated zones. However, RCRA multi-media caps are not effective for
preventing lateraLmigration of -contaminated groundwater. The iong=term performance
of RCRA multi-media caps is uncertain. Thus, RCRA multi-media caps are considered
moderately effective.

Cost. In comparison with other capping technologies, RCRA multi-media cap
costs are expected to be low due to the predominant use of natural materials that are
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available on site. Installation costs may be higher than concrete or asphalt due to
construction techniques. However, should a synthetic layer be used, costs will increase.

1.3.5 Hanford Barrier

Applicability. All Media.

GeneralDescription. The Hanford Barrier is an innovative concept currently
being developed for use at the Hanford Site. The barrier is constructed of natural
materials and consists of a soil layer overlying other layers of relatively coarse material
such as sand, gravel, and riprap. The soil layer stores moisture until evaporation and
transpiration recycle it back to the atmosphere. Soil also provides a place to grow plants
that are necessary for preventingscrosionx-The-coarse materials -placed-below the soil
layer create a capillary break. This break inhibits downward percolation of water
through the barrier. The coarse materials also act as deterrents to burrowing animals,
deep-rooting plants, and potential human intruders. Low-permeability layers, placed in
the barrier profile below the capillary break, are also being considered for use. Low
permeability layers provide two benefits: any percolating moisture that passes through
the capillary break is diverted away from the waste and the upward migration of gases
from- the waste- is also mimn ized. Solution grouts are being evaluated for use as a
construction aid and to provide additional structural stability to the barrier. The goals of
the barrier design are to:

Funttiun i 41 arIIU LU semarid climate.

* Limit the infiltration and percolation of water through the waste zone to
near-zero rates; the performance objective is 1.6 x 10 cm/sec, which is
about two orders of magnitude lower than the RCRA cap infiltration
objective of 1.0 x 10 cm/sec.

* Eliminate the necessity for maintenance (s..mn.g loss of institutional
controL 100 years after disonn. 0i f the ,wa )

* Provide waste isolation for a minimum of 1,000 years with a potential life
of up to 10,000 years.

Implementability. The technology and materials required for barrier construction
are readily available on site. Therefore, no specialized equipment or materials are
required. The Hanford Barrier is considered to be moderately implementable relative to
other caps due to method of construction and the need to establish a vegetative layer.
The Hanford Barrier would be an unconventional method of closure for a land disposal
unit receiving RCRA-regulated wastes and regulatory approval must be obtained. A
RCRA cap must be of equal or less permeability than a bottom liner system (by
regulation); therefore, the acceptability of the Hanford Barrier as a RCRA landfill cap
will depend upon the acceptability of an unlined land disposal unit (see Technology
Description of Trenches/Pits).
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- -Effectivenes. -While it has been based on sound design principles, this technology
has not been field tested. This barrier is specifically designed for application at Hanford.
The use of natural materials in construction of a Hanford Barrier eliminates the need for
maintenance and therefore offers a high degree of effectiveness against infiltrating
moisture and surface waters over the long term. However, as with all other caps, the
Hanford Barrier is not effective for preventing lateral migration of contaminated
groundwater.

S Cost. Tbe_cost of implementing Hanford Barriers at the 100 Area is expected to
be moderate in comparison to other capping technologies. The equipment and natural
materials required for construction are readily available and maintenance is not required.

1.3.6 Synthetic Covers

Applicability. All Media.

General Description. Flexible synthetic membranes (e.g., polyvinyl chloride, high
density polyethylene, and neoprene) have been used as landfill liners and may be used as
caps (Daniel and Estornell 1991). The synthetic barrier cover consists of a synthetic
membrane liner covering a sloped soil base. The synthetic liner is installed in the field
by splicing thin sheets together with the help of adhesives or heat.

Implementability.__Sheets of synthetic membranes are commercially available and
are manufactured in a range of thicknesses and widths. They can be reinforced, have
-UV protection, and have-smooth or roughened surfaces. The method of joining the
sheets (and the verification sampling requirements) are specific to the manufacturer and
the type of liner material employed. Specialized installation methods are required for
cap construction. This technology is considered to be easily implementable.

Effectiveness. Synthetic membrane barriers are effective in preventing surface
water intrusion into contaminated areas for short-term applications (30 year design life)
assuming proper installation. Synthetic membrane caps are not effective for preventing
lateral migration of contaminated groundwater.--Maintenance is difficult and
deterioration is likely to require the replacement of the membrane. The chemical and
weather resistance properties of synthetic materials must be evaluated to determine long-
term-effectiveness (Daniel and Estornell 1991). The thickness and flexibility of a
synthetic liner are critical to barrier performance.

Cost. Synthetic liners are generally more expensive than other capping materials
and thus material costs are considered to be high. Installation is labor intensive but
large areas may be covered quickly using special field installation methods and sealing
materials. Overall costs-are moderate relative to other capping technologies due to
speed of installation.
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1.37 Vitrification

Applicability. All Media.

General Description. Refer to the in situ stabilization/solidification technology
descriptions for solid waste for a discussion of this technology. Vitrification for capping
involves the same process as in situ vitrification but not to the depth required for
incorporating contaminants into the melt. The vitrification technique proposed here is
simply used as a cap and is not intended for waste treatment as is the traditional use of
this technology.

Implementability. Cap construction by in situ vitrification is an innovative
concept. Installation of a vitrified cap over contaminated areas is considered not
implementable because formation of a continuous and homogeneous cap of uniform
thickness is not practical.

Effectiveness. Vitrification of soils would form a virtually impenetrable barrier to
vertical migration of either precipitation or surface water. Lateral migration of
contaminated groundwater would not be prevented. Difficulties in creating a continuous
and homogeneous cap of uniform thickness suggest that this technique would have
limited effectiveness for application to solid waste, soils, and riverbank sediments.

be --- Cost. -The costs associated with the installation of a vitrified cap are expected to
be comparable to in situ waste vitrification costs. In comparison with other capping
technologies, vitrification costs would likely be extremely high.

1.4 HORIZONTAL BARRIERS

The following types of horizontal barriers are discussed below:

-grout injvctiun
* cryogenic walls
* vitrification.

Applicability. All Media

General Description. Grout injection provides a barrier to vertical migration of
contaminants by forming an impermeable "floor" of cement-based material beneath a
contaminated zone.

Grout injection uses a jet nozzle to force grout into soils. Boreholes are drilled at
regular intervals through the waste site or around its perimeter to a specified depth

LeneaL1 the contaminated zone. Horizontal drilling techniques may be used to form the
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boreholes required for grout injection without disturbing the contaminated site. Grout is
injected through the jet nozzle to form a lateral circular pattern. The nozzle is rotated
to insure that the grout is spread evenly in all directions and the process is repeated at
each drilling location until a uniform "floor" layer is installed.

Block displacement, which is a variation of grout injection, is intended to displace
waste and make it easy to retrieve. A slurry trench is constructed around the
contaminated zone to serve as horizontal containment. Grout injection wells are bored
through the contaminated zone. The injected grout displaces a block of contaminated
soil._(Note:_The displacement of blocks in the 100 Area is impossible due to the porosity
of soil. Therefore, this variation has not been evaluated further.)

Implementability. The formation of horizontal barriers by grout injection is an
innovative technology-which, although tested, bas not been implemented on a large scale.
This technology relies on forced grout injection to form a uniform, continuous layer
beneath a contaminated zone. Formation of this continuous layer is dependent on the
porosity of the soil at the site. The coarseness of Hanford 100 Area soils makes control
of the grout flow path difficult. In addition, the potential for drilling through radioactive
waste in order to install the barrier must be considered. This practice may not be
consistent with As Low As Reasonably Achievable (ALARA) principles.

Effectiveness. The effectiveness of this barrier is dependent on the formation of a
uniform, continuous grout layer beneath the contaminated zone. The long-term
effectiveness of grout injection has not been determined. Tests in Hanford 100 Area
soils would be required in order to determine the effectiveness of grout injection. The
difficulties involved with controlling flow direction and the formation of a uniform
barrier in highly permeable soils suggests that this technology will have limited
effectiveness for application to solid waste, soils, and sediment. Grout injection is not
considered effective as a horizontal barrier for groundwater at the Hanford 100 Area
due to the existence of natural claybarriers (i.e., Blue Clay of the upper Ringold
Formation).

Cost. Quantitative cost information is not readily available for implementation of
-grout injection. However, in comparison to other-horizontal barrier technologies, the
cost is expected to be moderate if the process is implementable.

1.4.2 Cryogenic Walls

Applicability. All Media

General Description. A horizontal cryogenic wall may be constructed by freezing
interstitial water within the soil beneath the contaminated zone, forming a barrier to
contaminant migration. Frozen soil is substantially less permeable than unfrozen soil
and possesses more shear strength. The ground is frozen by installing steel pipes
uniformly along a horizontal freeze line. A smaller diameter pipe placed within the steel
pipe is used for coolant circulation. The outer pipe serves as a return line in this closed-
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loop system. The installation of a cryogenic horizontal barrier is similar to the vertical
barrier with the exception that pipes are installed at an angle from the perimeter of the
area to be contained. The pipes are angled to intersect beneath the waste site forming a
continuous barrier to vertical migration.

Implementability. The formation of cryogenic barriers is an innovative
technology. Cryogenic walls are not considered implementable for soils, riverbank
sediments and solid waste sites for two reasons. One, the vadose zone soils of Hanford
do not have sufficient interstitial moisture to form a cryogenic wall, and two, any

-addition of moisture is considered infeasible due to the potential for contaminant
mobilization. Implementability of cryogenic walls beneath contaminated groundwater is
judged to be difficult.

--Effectiveness.- The-effectiveness-of-a cryogenic-barrier is dependent on the ability
-ta-maintain a continuous frozen barrier around a contaminated zone. The process is
considered ineffective for the same reasons that limit implementability. Furthermore,
maintaining the cryogenic barrier requires continuous circulation of coolant. This
continuous operating requirement for cryogenic walls makes the process ineffective for
long-term containment. A horizontal cryogenic wall is not considered effective as a
horizontal barrier for groundwater due to the existence of natural clay barriers.

Cost. The time required for the soil to freeze strongly influences the cost of
constructing a cryogenic barrier. The energy costs for initial freezing is high, but
maintenance of the frozen layer is less energy intensive. Circulation of coolant to
maintain frozen conditions requires continuous energy consumption. Costs to construct
and maintain a cryogenic barrier are very high relative to other horizontal barriers.

1.4.3 Vitrification

Applicability. All Media

General Description. Refer to the in situ stabilization/solidification technology
descriptions for solid waste for a discussion of this technology. The application for
horizontal barriers involves the same process of vitrification, except that the melt zone is
beneath the contaminant source. The vitrification technique proposed here is simply
used as a barrier and is not intended for waste immobilization.

Implementability. The formation of a horizontal barrier by in situ vitrification is
an innovative concept. Installing a horizontal barrier beneath contaminated
groundwater, soils, sediments, or solid waste sites using in situ vitrification requires
electrode placement at depths dependent on the particular site. The maximum
demonstrated melt depth of in situ vitrification is 19 feet (RAAS 1991). The depth of
horizontal barriers required beneath some contaminated zones at the Hanford 100 Area
would be in excess of 30 feet. In situ vitrification technology would require substantial
modification to melt the zone below this level. Thus, application of in situ vitrification
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as a horizontal barrier below contaminated zones is not considered implementable in the
Hanford 100 Area at this time.

-Effectiveness. Vitrification of soils would form a virtually impenetrable barrier
against-vertical migration of contaninants--However, the ability to form a continuous
vitrified layer with current processes is uncertain. Failure to form a continuous layer
wouLu renuar tnc ramer ineaccuve.

Cost. The costs associated with the installation of a vitrified horizontal barrier
>asecomparabie to- te .. s..u-waste .r... t t iLu que. In comparison to other
horizontal barrier technologies, vitrification costs would be extremely high.

1.5 VERTICAL BARRIERS

The following types of vertical barriers are discussed below:

* slurry walls
* grout curtains
* sheet pilings
* cryogenic walls
* biological barriers.

1.5.1 Slurry Walls

AnnliLahilly All laA

General Description. Slurry walls are the most common form of vertical
subsurface barrier. Slurry walls are formed by excavation of a vertical trench using the
slurry as a drilling fluid and to shore the trench to prevent collapse. The slurry reduces
fluid losses into the surrounding soils through formation of a filter cake on the trench
walls. Materials which have been used to construct slurry walls include soil-bentonite
and cement-bentonite mixes.

Implementability. Slurry wall construction is a developed technology. The
controlling factors for construction of a slurry wall include soil characteristics, such as
grain size, uniformity, mineralogy, porosity, and permeability, and depth to the bottom
confining layer. The sediments under the Hanford 100 Area are very coarse-grained and
highly permeable. Installation of a slurry wall in this material would be very difficult due
to the presence of large boulders (up to a few feet in diameter) in the formation. The
physical removal of material of this nature would produce a wall with a highly variable
cross sectional thickness. The depth of the slurry wall will affect the implementability of
this technology. Typically, slurry walls are constructed from 100 to 140 feet deep in
sandy-or silty soils. -At certain-locations in-the -100 Area, excavation-depths of up to
about 160 feet, in highly variable grain size material, would be required. The
implementability of a standard slurry wall is highly suspect at these depths and under
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these conditions. Also, the coarse-grained nature of the Hanford Formation would result
in significant losses of slurry from the excavation, thereby threatening wall stability
during construction and requiring large slurry volumes with resultant increases in costs.

- Effectiveness. Factors affecting performance of slurry walls include soil
characteristics, contaminant compatibility, wall uniformity, and wall strength. The slurry
wall should be of uniform thickness in order to provide a more effective barrier.
Construction of a relatively uniformly thick wall in the riverbank sediments of the
Hanford Formation is suspect, primarily due to the wide range of grain sizes in the
formation material. To provide a core area of uniformity, the width of the slurry wall
would nave to be increased to accommodate variations in the wall excavation width.
Soil-bentonite slurry walls are generally considered mnre effective in reducing
contaminant migration than cement-bentonite slurry walls because of their wider range
of chemical compatibility and lower permeability. The soil-bentonite slurry wall has high
compressibility (low strength) and elasticity which would be a disadvantage if applied at
the Hanford 100 Area. The cement-bentonite slurry would be more effective under
these conditions. For these reasons, slurry walls are judged to be moderately effective in
reducing groundwater flow in unconsolidated materials.

Cost. The cost of installing a slurry wall is dependent on the depth, length, and
composition of the excavation trench. Cement-bentonite slurry wall construction costs
are, on the-average--30 percent-higher than those for soil-bentonite slurry walls. The
cost of installing slurry walls at the Hanford 100 Area is considered to be high relative to
other vertical barriers due to the depth of wall required, i.e., the wall must penetrate to
confining layers such as the Blue Clay layer of the Ringold Formation.

1.5.2 Grout Curtains

Applicability. All Media

General Description. Grout curtains are vertical barriers used to reduce or
contain groundwater flow. Grout curtains are formed by pressure injection of grout
through pipes, augers, or beams that are inserted into the ground using a crane and
hammer or a drill rig. The curtain is developed one "post" at a time along the
containment boundary. A secondary line of grout posts are arranged behind the primary
curtain to fill any gaps that may have been left during the first pass.

Implementability. Grout curtains are considered implementable at most sites.
Soil characteristics such as grain size and uniformity will affect implementation of grout
curtains. The presence of very coarse-grained or nonuniform materials in the Hanford
Formation increases uncertainty in the proper positioning of the grout posts during
installation and in the integrity of the grout coverage. Another consideration is the
depth required to contain contaminants; this technology could be used with other
barriers to contain contaminants with more certainty. High permeability soils in the 100
Area would inhibit formation of a grout curtain by reducing the ability to control
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continuity of grout placement. Thus, grout curtains are considered to be moderately
impimentauin t 0LIIU i A rI-Ua.

Effectiveness. Grout curtains- are not considered as effective in controlling
migration flow as other forms of subsurface barriers. Gaps may form in the curtain as a
result of grout shrinkage during setting. The permeable nature of the soils will require
significant quantities of grout to form a barrier and may also affect the overall
performance of the grout curtain. The difficulties in forming a continuous curtain in the
-soils at-the Hanford -100-Arez suggest-that this method would be-ineffective-as a- vertical
barrier.

Cost. The costs associated with the installation of grout curtains are dependent
on the depth and length of the curtain. A significant amount of material would be
required to contain contamination in the 100 Area operable units. Consistent other
cement-based barrier technologies, the cost of grout curtains is considered to be high.

1.5.3 Sheet Pilings

Applicability. All Media

General Description. Sheet pilings are another type of vertical barrier used to
limitilateral flow of groundwater.-A sheetpiling-barrier can be made from an
assortment of materials including wood, precast concrete, or steel. Steel is most
commonly used since wood deteriorates and concrete is bulkier and more costly. The
sheet piling forms a continuous barrier which reduces or eliminates subsurface water
flow. The walls are typically assembled at the surface prior to installation and the piles
are then driven -a few feet-into -the- ground over the -length of the wall. The process is
repeated until the entire wall is deep enough to contain contamination. Sheets are
usually driven into the ground with either a drop hammer or a vibratory hammer. When
the waklis initially installed, the interlocking posts are quite permeable. However, with
the passage of time, fin silt and sand particles usually fill the void spaces between piles
and the wall becomes impermeable.

Implementability. The applicability of sheet piling is limited to areas where soil
type is conducive to use of the technology. Rocky areas will render installation nearly
impossible by causing damage or deflection of the sheets. For this reason, sheet piling is
not considered implementable at the Hanford 100 Area.

Effectiveness. The difficulty noted above for installing sheet pilings in the rocky
soils of the 100 Area would result in unpredictable wall integrity. Therefore, sheet piling
is considered to be ineffective.

Cost. The costs associated with installing sheet piling barriers are considered high
relative to other vertical barriers due to implementation difficulties caused by the rocky
soils of the -anford 100 Area.
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1.5.4 Cryogenic Walls

Refer to the discussion presented previously under Horizontal Barriers.

1-S Rialoicai Rarriarc

Applicability. All Media

General Description. Accumulation of a biomass around nutrient injection wells
during in situ bioremediation is a widely recognized phenomenon. In situ
bioremediation systems are designed to maximize microbial growth and thereby reduce
the local hydraulic conductivity. However, extensive biomass accumulation could be
made useful by establishing an impermeable barrier around a contaminated region.
Conceptually, this barrier could be achieved by continuously introducing high
concentrations of microbial nutrients into wells that surround the contaminated area.
The integrity of the barrier can be maintained as long as nutrients are supplied to the
bacteria. Bacteria indigenous to the Hanford Site may
b- used to form a biological barrier. Bacteria possess a surface layer that serves to
aggregate individual microbes into large masses.

Implementability. Implementation of biological barriers has not been
demonstrated. Maintaining a stable biological barrier is difficult. Injection of nutrients
and organisms has potential to mobilize contaminants. Thus, biological barriers are not
considered implementable.

Effectiveness. The technology is at the conceptual stage of development and only
a few laboratory experiments have been completed. The effectiveness of a biological
barrieranfo due to the experimental nature of the technology,

Cost. The cost of implementing and maintaining biological barriers is also
unknown. However, the process-is-expected to-have low capital costs but high operating
costs for nutrient addition.

1.6 RUN-ON/RUNOFF CONTROL

The following methods of run-on/runoff controls are discussed below:

* diversion/collection
* grading
* revegetation.

1.6.1 Diversion/Collection

Applicability. Contaminated soils, riverbank sediments, and solid waste.
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General Description. Surface water diversion and collection are an essential part
of surface water management and may include dams, dikes, berms, channels, waterways,
terraces, benches, chutes, downpipes, seepage ditches, basins, levees, or floodwalls.
Diversion/collection systems are commonly used during site work and can be effective in
preventing the contact between surface runoff and contaminated material. These
techniques can be used as either temporary or permanent measures to control surface
water,- to prevent recharge-of-contaminated-zones,-and-to cunirul erosion.

Implementability. The surface water diversion and collection techniques listed
-above are well developed and can be easily implemented.

Effectiveness. Surface water diversion and collection techniques are only
moderately effective in preventing recharge and erosion control and in stabilizing sloped
surfaces. Frequent maintenance is required to maintain effectiveness.

-CoSL Ihe-construction costs of -diversion1c1lVetion-systems are low,-but frequent
maintenance to repair the effects of erosion and removal of settled materials would be
required. The cost of diversion/collection systems is expected to be moderate in
comparison with other run-on/runoff control technologies.

1.6.2 Grading

Applicability. Contaminated soils, riverbank sediments, and solid waste.

General Description. Grading modifies site topography to prevent infiltration and
control erosion (Merritt 1983). This technology is often used in combination with
surface sealing and revegetation.

Implementability. Grading is widely used for erosion control, road building and
repair, and construction site leveling (Merritt 1983). Thus, grading can be easily

Effectiveness. Graded surfaces aid in reducing potential leachate formation by
minimizing infiltration and promoting erosion-free drainage of surface run-on/runoff.
Depressions and slumped or badly eroded slopes must be removed or repaired for
grading-to be-effective. _Compared to other run-on/runoff techniques, grading is
considered to have limited effectiveness because it does not divert or collect run-
on/runoff, but is only intended to prevent ponding.

Cost. Frequent maintenance is required on graded surfaces. However, due to the
ease of implementation and minimal resource requirements, the cost of grading is low
relative to other techniques.
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1.6.3 Revegetation

Applicability. Contaminated soils, riverbank sediments, and solid waste.

General DesCripLorn. Revegetation provides a cover which reduces erosion and
-helps in developing a stable surface environment; Revegetation may be applied for both
short-term stabilization, including intermediate covers at waste disposal sites, and long-
term site reclamation.

Implementability. Revegetation is commonly used for site reclamation.
Implementation of a revegetation scheme for run-on/runoff control involves the selection
of suitable plant species, site preparation, and planting. Some irrigation may be required
to establish plants. Revegetation with native plants should be easy to implement at the
Hanford 100 Area.

Effectiveness. Revegetation can effectively stabilize the surface of a disposal site
and prevent erosion. The selection of suitable native plants including grasses, legumes,
shrubs, -and-possibly-trees is critical to the effectiveness of revegetation. Revegetation is
important to the integrity and performance of diversion/collection systems, sedimentation

acins, capping, and grading. The effectiveness of native vegetation to control erosion
and stabilize surface soils is expected to be moderate.

Cost. The cost of establishing a vegetation cover at the Hanford 100 Area is
considered low. Once established, such a cover is not expected to require maintenance.

1.7 REMOVAL

The following removal techniques are discussed below:

* demolition.

1.7.1 Excavation

Applicability. Contaminated soils, riverbank sediments, and buried solid waste.

General Description. Excavation refers to the process of removing contaminated
materials with specially modified construction equipment. Refer to 100 Area Hanford
Past Practice Site Cleanup and Restoration Conceptual Study (WHC 1991e) for a complete
description of a conceptual excavation system.

implementability. Excavation is a well developed technology commonly used in
the mining and construction industry (Merritt 1983). Excavation equipment is
commercially available with optional equipment for unique applications, for example a
telescopic excavator boom for long-reach (Merritt 1983). Shielding and supplied air
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would be required for excavation equipment to protect workers. The need for
equipment modifications and possibly large mobile dust containment structures makes
excavation a moderately implementable technology for the Hanford 100 Area.

Effectiveness. Excavation would be a highly effective method for removal of solid
waste, soils, and riverbank sediments in the Hanford 100 Area. Standard excavation
equipment such as front end loaders are capable of handling a wide range of materials
including rock, gravel, and bulk materials, such as solid waste, at relatively high
capacities (Merritt- 1983).- Furthermore, excavation equipment modified to provide
shielding and supplied air will protect workers during operations near radioactive or
hazardous materials.

Cost. Excavation equipment and accessories are commercially available. Capital
costs will depend on equipment modifications such as shielding and supplied air required
for worker protection. Maintenance and operating costs are a function of fuel
requirements, operation schedules, and decontamination procedures. Excavation would
be a relatively low cost approach to removal of soils, riverbank sediments, and solid
waste.

1.7.2 Demolition

Applicability. Solid Waste (Large Objects)

General Description -Demolition is-a removal process involving On-site size
reduction-of large,_oversized bjctsAhat-cannot otherwise-be packaged for removal or
transported using standard equipment. Demolition equipment applicable to the Hanford
100 Area include excavator mounted hydraulic hammers, grapples, shears, and concrete

-crackers. --The -particular de tion tool required would depend on the specific waste
form. For example, concrete retention basins would require hydraulic hammers and
concrete crackers for size reduction.

Implementability. Demolition tools are standard equipment used in commercial
demolition. These tools are typically boom-mounted attachments for crawler-type
excavators. Excavators would require modification to provide for operator safety in the
presence of radioactive materials. This technology option is considered moderately
implementable due to the need for equipment modification and the need to conduct
work beneath a mobile containment structure.

Effectiveness. Demolition tools are highly effective in commercial applications
and can be equally effective for demolition operations at the Hanford 100 Area.

Cost. Demolition tools are commercially available and are relatively inexpensive.
The most significant cost for this removal -technique would be excavators and safety
modifications. Operation and maintenance costs would be moderate. The overall cost
for demolition is exmerted to he low.
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1.8 ON-SITE DISPOSAL

The following on-site disposal methods are discussed below:

0 trenches/pits
* vaults
0 tumulus

* DC'D A I.,.AflhI..ixtC land.fls.

1.8.1 Trenches/Pits

Applicability. Contaminated soils, riverbank sediments, and solid waste.

General Description. Pits or trenches are unlined below grade excavations for
waste disposal. This disposal approach, equivalent to past practice waste disposal at
Hanford, is intended to be used in combination with other technologies such as capping
and waste stabilization to avoid contaminant migration.

implementability. Technically, disposal in trenches or pits would be easily
implementable and has been frequently used in past waste management practices. As
applied to disposal of hazardous or mixed wastes regulated by RCRA, an exemption to
the liner requirements would be needed to implement disposal in trenches or pits
Provided that wastes meet the RCRA Land Disposal Restriction treatment requirements
[40 CFR Part 268] or an exemption has been made to allow land disposal.

Effectiveness. Trench or pit disposal of solid wastes can be moderately effective
for isolating contaminants from the accessible environment when used in combination
with other technologies such as the Hanford Barrier or waste treatment.

Cost. The cost of trench/pit disposal of 100 Area wastes is expected to be low.
Construction requires standard earth moving equipment. Trenches and pits require
mimmmal mamnanLeV 4IU Ua periting resources.

1.8.2 Vaults

Applicability. Contaminated soils, riverbank sediments, and solid waste.

General Description. The greater confinement disposal (GCD) vault is an on-site,
permanent waste disposal facility. The GCD is constructed of reinforced concrete that
provides unlimited disposal duration due to extremely conservative design criteria.
These-vaults are designed to accept bulk and/or containerized-waste -forms that-are dry
or solidified. No untreated, wet, or raw waste, or free liquids can be accepted for
disposal in such a vault.
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The GCD vault is designed as a maximum resistance structure with the ability to
withstand earthquakes tornados, explosions, and rainwater intrusion.

Implementability. Implementability of the GCD vault concept is dependent on
regulatory acceptance. The permanent disposal of hazardous and radioactive waste
requires compliance with the performance criteria outlined in several regulations
including RCRA (mixed waste) and 10 CFR 61 (NRC 1990). The general objective of
these regulations is to ensure that the facility is designed, operated, maintained, and
closed such that the risk of human exposure is minimized. The performance objectives
of 10 CFR 61 are to protect groundwater, protect against inadvertent intrusion, and
include safety provisions-for workers during operation._Therefore, disposal in GCD
vaults is considered implementable assuming approval by regulatory agencies. The
discussion concerning land disposal restrictions (see Implementability of Trenches/Pits)
applies to disposal of mixed wastes in vaults also.

Effectiveness. The GCD vault concept isolates waste from groundwater and
prevents human contact. The conservative design criteria provides a high level of
isolation confidence. On-site disposal in GCD vaults is expected to be highly effective
for disposal of Hanford 100 Area waste.

Cost. Construction costs of GCD vaults would be high relative to other disposal
techniques due to conservative design safety features.

1.8.3 Tumulus

Applicability. Contaminated soils, riverbank sediments, and solid waste.

General Description. A tumulus is an above-grade structure for either permanent
or temporary disposal. On-site tumulus disposal refers to mounding over waste that has
been placed on a stable structural pad. A tumulus may be designed to accept solidified,
-bulk, or containerized waste forms for disposal.

The structural pad may consist of multiple layers of concrete, geotextile material,
clay, drainage layers of sand, or coarse gravel. The structural pad is also equipped with
a leachate collection/detection system. A tumulus would be closed with a RCRA multi-
media cap (described previously) and high berms around the perimeter.

Implementability. Similar to the GCD vault, the implementability of the tumulus
disposal concept is dependent on regulatory acceptance under the objectives and criteria
defined in- 10 CFR 61 (NRC 1990). Assuming approval by regulatory agencies, disposal
within tumulus facilities is considered to be moderately implementable at the Hanford
100 Area. The discussion concerning land disposal restrictions (see Implementability of
Trenches/Pits) applies to disposal of mixed and hazardous wastes in a tumulus also.

Effectiveness. The tumulus disposal concept offers isolation from groundwater,
human contact, and the surface environment. In addition, the concept provides for
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-shielding from radiation emissions and allows waste retrieval in the event that improved
disposal techniques become available in the future. On the other hand, the tumulus
disposal concept requires maintenance and monitoring throughout the lifetime of the
facility. Long-term isolation cannot be ensured within tumulus facilities. Therefore, on-
site disposal in tumulus facilities would have limited effectiveness for isolating
radioactive wastes.

Cost Construction costs for tunaulus facilities are expected to be low. The
potential for frequent maintenance is high. Overall, the total cost of tumulus disposal is
judged to belowlin-comparison to other on site disposal techniques.

1.8.4 RCRA Landfills

Applicability. Hazardous or radioactive contaminated soils, riverbank sediments,
and solid waste.

General Description. A RCRA landfill is an EPA permitted disposal facility for
RCRA-regulated hazardous and mixed wastes. The design and operation of such a
landfill is defined in 40 CFR 264 (EPA 1990a). In general, a RCRA landfill must be
designed to prevent migration of hazardous constituents out of the landfill to adjacent
soils, groundwater, or surface water at any time during the operation and closure period
of the facility. Facility design considerations include a suitable geologic location, liner
system, and a leachate collection and removal system.

Implementability. Landfill disposal of nonradioactive hazardous waste is a well
developed technology-and commonly practiced in the commercial hazardous waste
disposal industry. Landfill disposal sites for nonradioactive hazardous waste are located
throughout the U.S. A significant permitting effort may be required for EPA approval of
an on-site RCRA landfill. In addition, waste must meet the RCRA land disposal
restriction treatmentrequirements (41 CFR Part 268) or an exemption- must be received
before disposal can occur. In general, implementation of on-site RCRA landfill disposal
is considered moderately implementable.

Effectiveness. On-site disposal of 100 Area nonradioactive hazardous waste in
RCRA landfills is judged to be moderately effective in preventing migration of hazardous
constituents-to-hL aCessible environment. This method of disposal is generally accepted
by the EPA and is commonly used in industry,

- Cost. The-cost-ofimplementing RCRA landfills for on-site disposal of 100 Area
nonradioactive hazardous waste is considered moderate relative to other on-site disposal
options. Design, construction, operation, and maintenance of an on-site RCRA disposal
facility may be based on existing commercial facilities. Specialized designs, equipment,
and operating requirements are not required. However, postclosure monitoring and
leachate collection will be required and will add to the cost of this disposal option.
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1.9 OFF-SITE DISPOSAL

The following off-site disposal methods are discussed below:

* RCRA landfills
* DOE disposal facilities
* geologic repositories.

1.9.1 RCRA Landfills

Applicability. Nonradioactive contaminated soils, riverbank sediments, and solid
waste.

General Description. Hazardous waste landfills are commercially operated off-
site facilities for disposal of hazardous wastes. At the present time, no RCRA landfills
are available in the State of Washington. One RCRA landfill located in Arlington,
Oregon, has been used for Hanford Site waste disposal.

Implementability. Hazardous waste landfills are permitted to accept specific
wastes. Land disposal restrictions (EPA 1990b) limit the type and form of wastes that
can be disposed in landfills. Disposal in hazardous waste landfills is applicable to
hazardous and mixed wastes. Off-site disposal of hazardous waste from the 100 Area is
easily implementable at existing hazardous waste landfill facilities.

Effectiveness. Landfills are considered a highly effective method of disposal for
nonradioactive-hazardous waste forms because -the- design, -operation,-maintenance, and
closure specifications of such facilities are required to comply with EPA regulations.

Cost. Disposal costs at off=site RCRA landfills are low for small volumes of
hazardous waste in comparison to construction, operation, and maintenance of on-site
disposal facilities.

1.9.2 DOE Disposal Facilities

Applicability. Radioactively contaminated soils, riverbank sediments, and solid
waste.

General Description. Low-level waste (LLW) disposal facilities either exist or are
planned at six DOE sites (DOE 1991a). These facilities potentially could also be used
for disposal of Hanford 100 Area LLW. These sites include facilities at: Los Alamos
National Laboratory, Savannah River Site, Idaho National Engineering Laboratory, Oak
Ridge National Laboratory, Nevada Test Site, and the Hanford Site. These six sites
would collectively provide LLW disposal capacity for approximately 68,000 m3/yr, which
is far less than the potential disposal needs of approximately 200,000 m3/yr for solid
waste assuming macroengineering study volume estimates and 20-year disposal phase.
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Implementability. Off-site disposal for Hanford 100 Area wastes is considered
implementable for limited volumes of waste. These facilities exist and accept LLW from
other DOE generators. However, host state governments and local residents are
becoming increasingly opposed to receiving off-site LLW for disposal (DOE 1991a).
Tbis-opposition would make off-site disposal-of Hanford 100 Area wastes at-other-DOE
-faciliiUes UiICUIc LU jIMCIUJL.

Effectiveness. Off-site disposal of Hanford 100 Area wastes at other DOE sites is
considered to be moderately effective.

Cost. The cost of disposal at DOE facilities is considered to be high relative to
other disposal options. Some disposal facilities exist and others are planned, but
maintenance, monitoring, and closure of disposal facilities would increase costs.

19.3 Geologic Repositories

Applicability. Radioactively contaminated soils, riverbank sediments, and solid
waste.

General Description. Two geologic repositories are currently under development
by DOE. Yucca Mountain, Nevada, is the proposed site for disposal of defense high-
level waste (HLW) and is in the conceptual stage of development. The Waste Isolation
Pilot Plant (WIPP), near Carlsbad, New Mexico, is the proposed disposal site for defense
transuranic (TRU) waste. Portions of the WIPP have been constructed and the project
is awaiting congressional land withdrawal to begin a 5-year test phase prior to initiating
operations.

Implementability. Implementability of off-site geologic disposal of 100 Area
waste is dependent on the availability of facilities similar to the WIPP facility. WIPP
would likely be -in its-operational phase by the-time -the 100 Area waste is ready for
disposal. However, WIPP's mission only applies to TRU waste generated between 1970
and_201.Yucca Mountain is many-years-away-frm operation-and-is-not-expected to be
available in time for disposal of Hanford 100 Area waste. Therefore, geologic disposal is
considered to be non-impiementable.

Effectiveness. The objective of geologic disposal is to isolate waste within a stable
geologic formation. Geologic disposal is judged to be a highly effective method of
containment and isolation of radioactive wastes from groundwater, the surface
environment, and human contact.

Cost. In comparison to other disposal options, the costs for the development and
implementation of a geologic repository are extremely high based on costs associated
with the WIPP and Yucca Mountain Projects.
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1.10 IN SITU STABILIZATION/SOLIDIFICATION

The following in situ stabilization/solidification techniques are discussed below.

* grout injection
* vibration-aided grout injection
* vitrification
* dynamic compaction.

1.10.1 Grout Injection

Applicability. Contaminated soils, riverbank sediments, and buried solid waste.

General Description. Grout injection is an in situ stabilization/solidification
technique involving the injection of a cement grout into a contaminated zone. Hollow-
stem augers are used to inject and blend grout with contaminated materials. The end
product of this process is a monolithic block of contaminated material encapsulated in
grout.

Implementability. Grout injetion is a developed technology. This technique has
been usedfor aver _18years in-applications such as cutoff walls and qnil stabilization
(EPA 1989a). The augers used for grout injection are usually mounted on crawler-type
drill rigs which make the system easily implementable in virtually any terrain.

Effectiveness. The technology is applicable to soils and buried wastes
contaminated with-heavy metals,-semi-volatdle orgaic compounds, and radionuclides.
Typically a single system can mix 90 to 140 cubic yards of soil per 8-hour shift (EPA
1989a). This rate is achievable to depths up to 100 feet (EPA 1989a). However, the
characteristics of the Hanford Formation would inhibit successful implementation of this
technique and may produce a solidified/stabilized block that is not monolithic.
Furthermore,-grout coverage may not be as uniform as necessary to ensure containment.
Thu grout iniertion is considered to have limited effectiveness

Cost. Based on the availability of materials and standard equipment, the cost to
implement this technology would be moderate in comparison with other in situ
-M4UUlIZ4UU-MUIHA/sLIUIcaiL tcnnflgIfves.

1.10.2 VibrationAided Grout Injection

Applicability. Contaminated soils, riverbank sediments, and buried solid waste.

General Description. This technology is similar to grout injection with added
vibration to enhance the effectiveness of the treatment to fill void space. The vibratory
energy is transmitted through a vertical array of I-beams driven into the contaminated
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zone. A vibrating hammer-extractor system transmits vibratory energy to the array of I-
beams. The vibration aids the penetration of grout into the soil or buried waste.

Implementability. Vibration-aided grout injection is an innovative technology.
However, the technology would be moderately implementabie due to difficulties involved
with driving I-beams into the rocky soils of the Hanford 100 Area.

Effectiveness. The presence of vibration during grout injection provides increased
control of grout placement and thus increased effectiveness over grout injection without
vibration. This process should increase the ability to stabilize/solidify contaminated zones
into uniform monolithic blocks. Thus, vibration-aided grout injection is considered to be
moderately effective for stabilization/solidification of Hanford 100 Area contaminated
sites.

Cost. The costs associated with vibration-aided grout injection are partially
dependent- -pon the type of grout selected. The cost to imnlamnt this technology is
expected to be high in comparison to other in situ stabilization/solidification
technologies. For example, in cnmnparison to grout injection alone, pile driving I-beams
combined with vibration operations would result in increased costs.

111 Vituiflnatinn

Applicability. Contaminated soils, riverbank sediments, and buried solid waste.

General Description. In situ vitrification is an innovative process of melting
wastes and soils in place to encapsulate inorganic contaminants into a glassy solid matrix,
The glass is resistant to leaching and potentially more durable than other stabilization
materials- Vitrification-is accomplishedby joule-heautigo-melt- cntaminated material.
Melt temperatures, in thesrange of 1600 to_200(r C, are high enough to pyrolyze organic
pollutants. Although the process was initially developed to provide enhanced isolation
for buried radioactive wastes, destruction or removal by volatilization of organic
hazardous wastes may also be-accomplished. This technology is commercially available
for hazardous chemical wastes and has been full-scale tested at actual mixed waste and
radioactive waste sites at Hanford.

The in situ vitrification process requires insertion of electrodes into the
contaminated soil. A conductive mixture of flaked graphite and glass frit is placed on
the surface between the electrodes to provide a conductive starter path for electrical
energy. Heat is generated from the resistance to electrical current passing between
electrodes thereby creating a melt pool. The starter path material is eventually
consumed by oxidation, and the current is transferred directly to the molten soil which is
electrically conductive. As the melt grows downward and outward, nonvolatile elements
are incorporated and organic components are pyrolyzed. The pyrolyzed byproducts
migrate to the surface of the vitrified zone where oxidation may occur. Convective
currents within the melt uniformly mix materials that are present in the soil. The molten
pool cools and solidifies upon the _termination of power input. A hood placed over the
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processing area provides confinement for the combustion gases, drawing the gases into
an off-gas treatment system.

Implementability. In situ vitrification has been demonstrated on hazardous and
radioactive contaminated sites. Specific site characteristics must be considered in
determining the impiementability of vitrification. The presence of groundwater severely
limits the practicality of in situ vitrification. High concentrations of flammable liquids or
solids have produced excessive amounts of gases that have overcome the capacity of the
off-gas treatment system in tests. In situ vitrification is considered implementable for
homogeneously contaminated materials such as soils and riverbank sediments. However,
the process is not considered to be presently implementable for sealed containers that
may be present in solid waste burial sites.

Effectiveness. In situ vitrification is an innovative process potentially applicable to
Hanford soils- and solid wastes.- The radionuclides and heavy-metals would be
encapsulated in a glass matrix that has extremely high resistance to leaching and also has
god merhanied integrity. The vitrified product should be stable for long periods of
time. Vitrification of radioactive soils has been tested in a demonstration project at a
crib in the 100-B area (report in preparation). However, additional development is
required to determine whether off-gas problems can be resolved and adequate depth of
melt can be achieved for the process to be effective at the Hanford 100 Area. In situ
vitrification is considered to be highly effective for immobilizing contaminants in

--homogeneous -waste materials such as sils.

Cost. The major factors affecting costs for in situ vitrification of Hanford 100
Area soils, riverbank sediments, and solid waste are the moisture content and resistivity
of the material. Energy costs would the highest and most variable cost item for in situ
vitrification. The cost of vitrification is expected to be very high in comparison with
other in situ stabilization/solidification technologies.

1.10.4 Dynamic Compaction

Applicability. Contaminated soils, riverbank sediments, and buried solid waste.

- General Description. Dynamic-compaction-is-an in situ stabilization technique for
consolidating contaminatedsoils,sriverbank-sediments,-and solid-waste burial sites. The
process involves dropping- a weight from a predetermined height on the area to be
compacted. The impact of the weight causes shock waves within the underlying media
thereby consolidating soil particles (Schexnayder and Lukas 1992). The equipment
required to-perform dynamic compaction consists primarily of-a steel or nncet' we''ight
suspended from a crane.--The weight, ranging from 10 to 40 tons, would be dropped
.Voig IUp to 100 feet (WFIC 1991e).

Impleinentability. Dynamic compaction is a developed technology with extensive
use in the construction- industry- (Schexnayder-and Lukas 1992). Equipment required to
perform dynamic compaction is commercially available and mobile. Crawler mounted
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cranes should be capable of accessing all areas within the Hanford 100 Area. Dynamic
compaction is therefore considered an easily implementable technology.

Effectiveness. In the construction of dam foundations, dynamic compaction has
achieved consolidation depths of 30 feet or more in clay and silty soils (WHC 1991e).
Although Hanford soils are porous and should be amenable to dynamic compaction, the
technique has not been demonstrated on solid waste burial sites or soils within the 100
Area. Therefore, dynamic compaction is considered to have limited effectiveness.

Cost. Commercially-available dynamic compaction equipment would have low
capital costs. The process is neither labor nor maintenance intensive. In addition, the

-separation between-operators and contaminated materials eliminates the need for high-
cost safety equipment. Dynamic compaction is considered a low cost in situ
stabilization/solidification technology.

1.11 THERMAL TREATMENT

The following thermal treatment methods are discussed below:

* thermal desorption
9 - nrtinn

* pyrolysis
* metal melting
* molten solids processing.

I. 11 T Vs-..rITma..ne: .

Applicability. Organic contamination destruction in soils, riverbank sediments,
and solid waste.

General Description. Thermal desorption is a relatively low temperature thermal
treatment for separating-water-and rganicxontaminants from soils and solid waste.
Organic constituents removed by thermal desorption are generally incinerated in a
second stage combustion chamber (condensation and separation is also an option). The
process has little effect on inorganic contaminants (EPA 1989a). The basic components
of a thermal desorber are the dryer furnace, second stage incinerator, and off-gas
collection/treatment system.

Implementability. The process is applicable to remediation of organic
contamination only. Soils or solid wastes having moisture content above 60 percent may
require dewatering prior to thermal desorption (RAAS 1991). The capacity of existing
thermal desorption systems ranges from 3 to 50 tons/hour of soil type media (RAAS
1991). The technology is considered moderately implementable at Hanford 100 Area
sites containing organic contamination.
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Effectiveness. Pilot tests have shown the extraction efficiency of thermal
desorption to be over 90 percent for polychlorinated biphenyls (PCBs) and 99 percent
for phenols (RAAS 1991). However, full-scale remediation with this technology has not
been demonstrated (RAAS 1991). The efficiency of thermal desorption is inversely
affected by the-moisture content of the feed waste stream. Treatability tests would be
required to ensure the effectiveness of this process on Hanford soils and solid wastes.
Due to the low moisture and organic content of Hanford soils and solid waste, thermal
desorption has the potential to be highly effective for organic contaminant removal and
destruction.

Costs.- -Thermal treatment technologies are generally high-cost options; - However,
the low temperatures involved with thermal desorption reduce the off-gas
collection/treatment requirements as well as the fuel requirements of the system. Thus,
the cost of a thermal desorption process with a secondary combustion chamber is
expected to be moderate in comparison to other thermal treatment technologies.

1.11.2 Incineration

Applicability. Organic contamination destruction and volume reduction of
conbustible materials in solid waste, soils, and riverbank sediments.

General Description. Incineration is an ex situ, high-temperature-oxidation
process in which organic materials are oxidized to carbon dioxide, water, and oxides of
other elements in the waste. Examples of incineration technologies applied to
radioactive waste include multiple hearth, rotary kiln, fluidized bed, and controlled air
incinerators. Incineration systems may be designed for waste forms such as liquids,

-solids, sludges, soils, and containerized wastes. The advantages of incineration include
maximum volume reduction, destruction of organics, and residuals that may be stabilized
for disposal (RAAS 1991). The components of an incineration system include the feed
system, primary and secondary combustion chambers, ash removal system, and an off-gas
treatment system.

Irnplementability -Incineration is a well developed technology. Incineration
systems are commercially available and can be either mobile or permanent installations.
The process is applicable to the treatment of organic contaminants only. Stationary
incinerators hav. been designed for up to 21,000 pounds/hour and transportable
incinerators up to 20,000 pounds/hour. Although a significant permitting effort would be
required for implementation of an incineration system, the technology is considered
moderately implementable at the Hanford 100 Area.

Effectiveness. Incineration-is a highly effective method for treating organir
contamination. Destructive and removal efficiencies greater than 99.9999 percent have
been achieved (RAAS i991). As -is the-case with- aikthermal-treatment technologies, the
melting point of inert components in the waste can present potential problems. For
example, certain compounds containing phosphorus make high viscosity ash. Similarly,
lead may vaporize and then re-solidify in the off-gas treatment system. Therefore,
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characterization of the feed material is essential for design. Reliable and
environmentally safe systems are possible with proper design.

Cost. Thermal treatment technologies are typically high cost options.
Incineration systems generally have high permitting costs with moderate operating costs
in comparison-to other-thermal treatments. Maintenance-costs are high due to the
complexity of the system. The overall cost of incineration is expected to be high in
comparison- to other thermal-treatment technologies.

1.11.3 Pyrolysis

Applicability. Organic contamination destruction and volume reduction of
combustible materials in solid waste, soils, and riverbank sediments.

General Description. Pyrolysis is an ex situ, high temperature thermal treatment
process in which organic compounds are thermally decomposed in the absence of
sufficient oxygen for complete oxidation. Off-gases resulting from pyrolysis are usually
oxidized with excess air in a secondary combustion chamber. Pyrolysis technologies in
use today include conventional pyrolytic reactors, rotary hearth pyrolyzers, and starved-
air combustion (RAAS 1991). Pyrolysis technology-is flexible-and may-beapplied to
liquids, solids, sludges, and soils. Pyrolysis benefits are similar to incineration and
include maximum volume reduction, destruction of organics, and residuals that may be
stabilized for disposal (RAAS 1991).

Implementability. Pyrolysis is a well-developed technology and is commercially
available (RAAS 1991). The process is applicable only to the treatment of organic
contaminants. A significant permitting effort would be required (RAAS 1991), but the
technology is considered mouderately implementabie at the Hanford 100 Area.

Effectiveness. Pyrolysis is a highly effective method for treating liquid and solid
wastes contaminated with hazardous organic constituents. The process requires careful
control of combustion air and feed material to ensure starved-air combustion.
Heterogeneous waste forms at the Hanford 100 Area could present process control
difficutIes. As IS the case with all thermal treatment options, the melting point of inert
constituents in the waste is a concern (refer to the section on incineration for further
discussion).

- Cost. Thermal treatment technologies are-generally-more-expensive than other
treatment technologies-due -to- the-complexity of the-systems-and-energy-ant maintenance
requirements. Pyrolysis technology requires an extensive off-gas treatment system. Thus,
the overall cost of pyrolysis is expected to be high.

1.11.4 MDta oftetIn

Applicability. Decontamination of metal waste.
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General Description. Metal melting is an ex situ treatment for decontaminating
metal waste. Melting under an oxidizing slag has been shown to effectively remove
transuranic contamination from metal wastes (Heshmatpour and Copeland 1981). With
this treatment, metals are decontaminated and the radionuclides are partitioned into a
much smaller volume of slag. The resulting waste form, or solidified slag, is a stable
glass monolith.

Implementability. Metal melting as a decontamination process is an innovative
technology. The process has been demonstrated on a laboratory scale. Additional
development and testing would be required to demonstrate implementability of the
process in treating the contaminated metal wastes at the Hanford 100 Area. At the
present stage of development, the implementability of decontamination by metal melting
is-considered difficult because this process requires segregated waste streams of different
types of metal. Such segregation efforts are expected to be difficult to implement, are
manpower intensive, and could potentially conflict with ALARA principles.

Effectiveness. The metal melting decontamination process has been shown to
effectively remove transuranic contamination from many metals (Heshmatpour and
Copeland 1981). However, the effectiveness of this technique for removing other
contaminants is uncertain. Additional testing would be required to demonstrate the
effectiveness of the partitioning process in removing fission and activation products that
are present in wastes at the Hanford 100 Area. Due to the variations in melting
temperatures of dissimilar metals, the -process requires a highly segregated feed stream.
Therefore, the effectiveness of melting Hanford 100 Area metals is judged to be
uncertain.

Cost. The cost of implementing a metal melting decontamination process is
unknown due to the experimental status of the technology. However, thermal treatment
technologies are generally expensive, as discussed in the incineration and pyrolysis
descriptions-. - Additional costs are incurred by the requirement for a segregated feed
stream. The overall cost of metal melting decontamination is estimated to be high in
comparison to other thermal treatment technologies.

1.11.4 Molten Solids Processing

Applicability. Destruction of organic contaminants and immobilization of solid
waste, soils, and riverbank sediments.

Seneral Description. Molten solids processes are x- situ, -thermal treatment
technologies designed to destroy organic contaminants and immobilize any remaining
constituents. Examples of this technology include molten glass processes (vitrification),
slagging incineration (pyrolysis), molten salt incineration, and plasma incineration
(RAAS 1991).

Implementability. Molten solids processes are in the development and
demonstration phase. Additional work is required to demonstrate full-scale capabilities
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for these processes. At the current stage of development, molten solids processes are
judged to be difficult to implement at the Hanford 100 Area.

Effectiveness. Thermal treatments are generally highly effective for the
destruction of organic contaminants, and molten solids processing provide the additional
feature-of-immobilizing any remaining hazardous-constituents in a vitrified mauiX.
However, technical constraints can limit the effectiveness of these processes for treating
100 Area solid wastes, soils, and riverbank sediments. Molten salt incineration requires
low moisture and ash content feed waste, as well as preshredding of solids. Plasma
incineration is generally limited to treatment of liquids (RAAS 1991). Slagging
incineration process rates are slow (RAAS 1991). Molten solids processes may not
entrain certain contaminants due to volatilization. Therefore, the technologies are
'aoudered' - be only moderately effective for Hanford 100 Area wastes.

Cost. The cost of molten solids processing is judged to be very high in
comparison with other thermal treatment technologies. Molten solids processing
requires excessive energy for melting.

1.12 STABILIZATION/SOLIDIFICATION

The following stabilization/solidification techniques are discussed below:

* cement-based
* polymer-based
* vitrification.

1.12.1 Bitumen-Based

--Applicability. Elimination of free liquids, immobilization of organic and inorganic
contaminants in solid waste, soils, and riverbank sediments.

General Description. Bitumen-based stabilization/solidification is an ex situ
treatment process of mixing waste materials with a bitumen (or asphalt) binder to
immobilize contaminants, eliminatefree liquids, and produce a solid monolithic waste
form for disposal. Initially waste and bitumen are mixed together; any water present is
evaporated by contact with hot liquid bitumen (DOE 1988). The mixing process coats
the remaining waste materials with -bitumen. The mixture it then allowed to cool and
harden, thereby immobilizing the contaminants within the bitumen matrix.
Stabilization/solidification processes for mixing waste with bitumen can be in-line or in-
container as weil as stationary or mobile (Moghissi et al., 1986).

Bitumen-based solidification is generally applicable to treatment of liquid wastes,
such as evaporator concentrates, decontamination liquids, and contaminated oils; wet
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waste, such as spent resins and sludges; and dry solid wastes, such as shredded trash,
soils and riverbank sediments, incinerator ash, dryer residues, and other dried materials.

Implementability. Bitumen-based stabilization/solidification is a well developed
technology and is used in the U.S. and European commercial nuclear power industries
(DOE 1988). Bitumen has been accepted as a radioactive waste solidification agent at
the three operating commercialradioactive waste burial sites in the U.S. (Moghissi et al.,
1986). Bitumen-based stabilization/solidification is considered to be moderately
implementable for treatment of Hanford 100 Area wastes.

Effectiveness. Bitumen-based stabilization/solidification techniques have been
effectively used for treatment of low-level radioactive wastes from the commercial
nuclear power industry (DOE 1988). However, the combustibility of asphalt must be
considered during handling, storage, and disposal. In addition, concentrations of certain
salts in excess of 40 weight percent may increase leaching rates of contaminants from
bitumenized waste forms (Moghissi et al., 1986). Treatability tests to determine the
-sensitivity-of the-bitumen stabilization/solidification process to multiple contaminants
and certain chemicals would be required. Thus, bitumen-based stabilization/
solidification is judged to be moderately effective for immobilizing contaminants in
Hanford 100 Area solid wastes. The technique is judged not effective for
stabilization/solidification of soils due to a large increase in waste volume.

Cost. Bitumen is a reasonably inexpensive binding agent and is readily available
(Moghissi et al., 1986). The equipment required for bitumen-based stabilization/
solidification is commercially available (DOE 1988). Energy consumption of the
processes may be significant because bitumen must be maintained at a temperature of
150*C-to maintain-fluid properties. Bitumenization processes are moderately labor and
maintenance intensive. The overall cost of bitumen-based stabilization/solidification is
expected to be low in comparison with other stabilization/solidification technologies.

112.2- Cement-Based

Applicability. Elimination of free liquids, immobilization of organic and inorganic
contaminants in solid waste, soils, and riverbank sediments.

General Description. Cement-based stabilization/solidification is an ex situ
treatment process of mixing waste materials with cement to immobilize contaminants,
eliminate free liquids, and produce a solid monolithic waste form for disposal. Many
formulations of cement, admixtures, such as plasticizers and hardeners, and waste have
been developed for stabilization/solidification of radioactive wastes.' Inorganic
contaminants such as heavy metals and radionuclides are readily amenable to cement-
based stabilization/solidification (Freeman 1989). Organic wastes containing solvents,
grease, or oils interfere with hydration reactions, which in turn inhibit cement-based
stabilization/solidification (Freeman 1989). Proprietary bonding agents that increase the
effectiveness of treating organic contaminants have been developed to eliminate this
problem (EPA 1989a).
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Implementability. Cement-based stabilization/solidification is a developed
technology and is commonly used for a variety of radioactive wastes. Cement-based
treatment-may be considered standard for -the stabilization/solidification of many
radioactive wastes (Freeman 1989). Proprietary bonding agents are currently being
developed and demonstrated by commercial operations (EPA 1989a). Cement-based
stabilization/solidification is considered to be easily implementable at the Hanford 100
Area for soils and waste byproducts.

Effectiveness. Cement-based stabilization/solidification techniques have been
effectively used for treatment of radioactive and hazardous wastes. However, the
sensitivity of the cementation process to multiple contaminants and certain chemicals
would require treatability tests to ensure effectiveness and to select appropriate bonding
agents and mix ratios. Therefore, cement-based stabilization/solidification is considered
to be moderately effective for treating 100 Area solid wastes. The method is considered
not effective for stabilization/solidification of soils due to a large increase in waste
volume.

Cost. Stabilization/solidification equipment is commercially available. Portland
cement is readily available and -relatively inexpensive (Roggenthen 1989). Additives, if
required, may be expensive. Cementation processes are neither labor nor maintenance
intensive (Roggenthen 1989). Thus, the overall cost of cement-based
stabilization/solidification is expected to be low in comparison with other
stabilization/solidification technologies.

1.12.3 Polymer-Based

-- ApplicabilityW. -Elimination- of free liquids, immnobilization of organic and inorganic
contaminants in solid waste, soils, and riverbank sediments.

General Description. Polymer-based stabilization/solidification is an ex situ
treatment process of encapsulating waste materials with polymeric materials such as
polyethylene, polybutadiene, or other thermosetting resins.

Implementability. Polymer-based stabilization/solidification is a developed
technology and is commercially available for hazardous and radioactive applications
(DOE 1988). Polymer encapsulation processes using polybutadiene and polyethylene
have been developed and demonstrated for low-level radioactive waste (Freeman 1989).
However, macroencapsulation has not generally been used for stabilization/solidification
of waste materials. Polymer-based stabilization/solidification is considered moderately
implementable for Hanford -100-Area -solid waste due -to- the stage of development-and
availability of processes.

Effectiveness. Polymer-based stabilization/solidification is generally effective for
treating most inorganic waste streams. Organic materials in the waste may retard
polymriza on (Feeman-1989). The process offers increased waste loading ratios and
improved contaminant containment over other stabilization/solidification processes
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(Freeman 1989). Treatability tests to determine the effects of organic constituents in the
Hanford soils on the polymerization would be required. In the absence of
polymerization retarding organic constituents, polymer-based stabilization/solidification is
considered moderately effective for treating Hanford 100 Area solid wastes. The method
is considered not effective for stabilization/solidification of soils due to a large increase
in waste volume.

Cost- Polymer-processing-requires tomplex metering and mixing equipment. The
capital cost of such equipment is high. The raw materials required for polymer
stabilization/solidification are also expensive. Furthermore, maintenance costs would be
high. Thus, the overall cost of polymer-based solidification/stabilization is expected to
be high in comparison with other stabilization/solidification technologies.

1 1. A Vitrifatin..

Applicability. Destruction of organic contaminants and immobilization of solid
waste, soils, and riverbank sediments.

General- Description.- Vitrification is an x situ stabiliztion/ solidification
treatment process of melting waste materials in a glass matrix. The high temperature
molten glass (1000 to 2000"C) volatilizes or destroys the organic constituents as well as
the nitrate components in the waste. The inorganic contaminants, such as heavy metals
and radionuclides, are immobilized in a stable glass form that has mechanical and
chemical properties similar to granite. Vitrification is a variation of molten solids
proccssing.

iunlementability. Vitrification is an innovative process that has been
demonstrated on a pilot scale. The vitrification process is applicable to solid waste and
soils (Freeman 1989). Vitrification technology has been selected for treatment of high-
leveLnuclearwaste at the Hanford Waste-Vitrification-Plant 4WVP), the Defense
Waste Processing Facility (DWPF) at Savannah River, and the West Valley
Demonstration Project (WVDP) (Gurley et al., 1988). A significant development effort
would be required before implementation of a vitrification system on the range of wastes
at the 100 Area. Vitrification is considered difficult to implement.

Effectiveness. Vitrification is a highly effective treatment option for removal and
destruction of organic and nitrate contaminants and stabilization/solidification of
inorganic contaminants found in soils. Vitrification is considered moderately effective
for solid waste at the Hanford 100 Area. The resulting waste form is very stable and
non-leachable (Roggenthen 1989).

Cost. Vitrification systems are complex and have not been demonstrated on a
large scale. The system would require large amounts of electrical energy to maintain
melt temperatures. The operating and maintenance requirements would be extensive.
Hence the cost of vitrification is expected to be very high in comparison with other
stabilization/ solidification technologies and with other-thermial treatment echnologies.
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1.13 PHYSICAL TREATMENT

The following methods of physical treatment are discussed below:

* size reduction
* segregation/sorting
* repackaging
40 metal decontamination.

1.13.1 Size Reduction

Applicability. Solid waste.

General Description. Size reduction refers to ex situ physical treatment processes
used to reduce volume, to make large objects amenable to handling, and as a
preparatory step for treatment processes. Size reduction processes include shredding,
cutting, and compacting.

Implementability. Size reduction- processes are -well develope -and are used in
nuclear power plants (EPRI 1988) for volume reduction of low-level dry-active wastes
(DAW). Mobile or stationary shredding and compaction systems are available (EPRI,

-1988; Kennerly et a.,-1988)- Size -reduction-of solid-waste-at the 100-Area is-considered
an easily implementable treatment option, although some segregation may be required.

Effectiveness. Size reduction does not affect the toxicity, mobility, or hazards of
contaminants. The presence of free liquids complicates size reduction systems and thick
metal would be difficult to process. Overall, due to the need for additional processing,
size reduction is judged to have limited effectiveness as a treatment process.

Cost. Size reduction equipment is commercially available from many commercial
vendors (EPRI 1988). Size reduction is typically a maintenance intensive process. The
overall cost of size reduction technologies is expected to be low.

1.13.2 Segregation/Sorting

Applicability. Solid waste.

General Description. Segregation and sorting is an cx situ process of separating
solid waste materials by physical or chemical attributes to facilitate additional treatment.
Implementation of a metal melting process, for example, would require that metallic

waste be segregated/sorted into categories such as steels, lead, and aluminum, prior to
melting (see Section 1.11.4). Sorting can be done manually, automatically, or by some
combination of these depending on waste characteristics.---Manual sorting might simply
consist -of an operator sorting waste-with a robotic-manipulator-in a-hot cell or by hand
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in a glove box. Air classification or magnetic separation are examples of automated
sorting operations.

Implementability. The implementability of segregation/sorting processes for
radioactive wastes would depend on-site-specific parameters. Segregating and sorting
retrieved buried waste would be very difficult to implement at the Hanford 100 Area.
The age and condition of the waste may not be amenable to segregation and sorting and
-implementability woulddepend on the degree of sorting required for subsequent
processes. Manual sorting is labor intensive and not considered consistent with ALARA
principles.

Effectiveness. Sorting is only effective when used in conjunction with other waste
treatment processes. The effectiveness of a segregation/sorting process at the Hanford
100 Area would be dependent on the degree of sorting required. A coarse
segregation/sorting process that separates large items of waste during the excavation
process would be very effective. However, more specific sorting processes, such as
segregation by metal type, may not be practical. In general, segregation and sorting of
solid waste materials is considered to have limited effectiveness and would be highly
dependent on the type of sorting required for other operations.

Cost. Segregation and sorting processes for Hanford 100 Area solid waste are
potentially complex. Manual processes would be labor intensive, whereas automated
processes would be maintenance intensive. Therefore, segregation and sorting are
expected to be very high cost processes in comparison to other physical treatment
technologies.

1.13.3 Repackaging

Applicability. Solid waste.

General Description. Repackaging is the process of overpacking or replacing
-damaged-or-deteriorated waste containers. Overpacking involves placing a damaged or
deteriorated waste container into a new oversized container. Repackaging is generally a
manual operation, but lifting equipment may be required to handle heavy or oversized
waste materials and containers.

Inplementability. Repackaging can be accomplished, but may require size
reduction-or-speciathandling for deteriorated containers. Demolition wastes were
buried without packaging; reactor components and "soft" wastes were buried in packages
intended to provide short-term containment (DOE 1991b; DOE 1991c). Repackaging of
excavated or demolished solid wastes is considered a moderately implementable process
option.

Effectiveness. Repackaging waste is oniy a moderately effective process because
contaminants could disperse into the environment if the container is not adequately
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protected and because most containers have- a limited lifetime. Repackaging is a
necessary component of most disposal options.

Cost. Repackaging costs are primarily a function of labor and container
requirements. Labor requirements are moderate and maintenance requirements are low.
The cost for this process option is expected to be moderate in comparison with other
physical treatment technologies for solid waste.

1.13.4 Metal Decontamination

Applicability. Metal wastes.

General Description. Metal decontamination is an ex situ physical treatment
process for removing radioactive materials from contaminated metal surfaces such as
reactor components and process equipment. Examples of metal decontamination
processes are (Moghissi et al., 1986):

* hone and brush abrasion
- uauu wiping/scruoIng
* high-pressure water jetting
* steam cleaning
* ultrasonic cleaninR

* electrochemical polishing
* solvent cleaning
* chemical cleaning
* vibratory finishing.

The-primary-objective-of metal decontamination is to reduce contamination levels
to bo release limits. By reducing the contamination levels, restrictions that would
otherwise apply due to thepresence of radioactivity would be hvnamsed (Moghissi et al.,
1986). If contamination levels cannotbe reduced to below release limits, the objective
of metal decontamination becomes the reduction of contamination to a level such that
the item can be-disposed under less stringent requirements. For example, removal of
TRU contaminants to a level that allows disposal of the metal as a low-level waste.

Implementability. Several decontamination techniques are available and used
routinely-for-surfact decontamination of tools and equipment from nuclear facilities
(Moghissi et al., 1986). The methods are based on the nature and extent of the
contamination and the characteristics of the material to be treated. Metal
decontamination is judged to be difficult to implement at the Hanford 100 Area due to
the types and concentration of radionuclide contamination, condition of buried metal
waste, and the required segregation.

Effectiveness. High-pressure water jets and hone and brush abrasion have been
shOwn tO be eetive in -cconraminatg- inner surfaces of piping (Moghissi et al., 1986).
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Vibratory finishing, ultrasonic cleaning with acidic solutions, and solvent cleaning are
also considered to be effective processes of decontamination (Moghissi et al., 1986).
Other effective techniques include abrasive blasting and electro-polishing, but these
produce large quantities of secondary wastes (Moghissi et al., 1986). The effectiveness of
metal decontamination in treating Hanford 100 Area metal waste is dependent on the
level of contamination and physical condition of the waste. Treatability tests would be
required to determine the effectiveness of metal decontamination. The effectiveness of
metal decontamination is judged to be high provided that little or no oxidation has
occurred.

Cost. The capital- cost of such decontamination- equipment is expected to be high.
The processes may or may not be labor intensive depending on the specific procedure.
Waste from pretreatment, maintenance requirements and generation, collection, and
treatment of secondary waste forms are additional cost considerations. The overall cost
of metal decontamination is expected to be high in comparison to other physical
treatments for solid waste.

--14--CHEMICAL TREATMENT

The following methods of chemical treatment-are discussed below:

* chemical oxidation
* acid digestion
* hydrolysis.

I IA I L:. .a.±.J4.A uChmitat tIJUUMtIU

Applicability. Organic contamination in groundwater, soils, riverbank sediments,
and solid wastes.

General Description. Chemical oxidation is an ex situ chemical treatment for
destroying organic contaminants. Commonly used oxidizing agents include ozone,
chlorine, potassium permanganate, and hydrogen peroxide. Chemical oxidation is most
efficient for dilute aqueous wastes and gases with limited application for slurries, tars,
and sludges. Treatment chemicals are typically added in excess of stoichiometric
requirements. -Ultraviolet light-has been found-t increase-the oxidizing power of
peroxide-and ozone- (Min et al., 1991).

Implementability. Chemical oxidation processes are well developed and,
commercially-available- -Photolysis,-one form of-chemical oxidation, uses a light source
to catalyze the oxidation reaction and is dependent on waste material and fluid clarity.
Chemical- xti;n-is inpiementable in the liquid and gaseous phases (Min et al.; 1991).
Oxidation of solid wastes is difficult because the contamination must be extracted from
the solid into a liquid or gaseous form prior to the oxidation. Chemical oxidation would
be considered moderately implementable for groundwater.
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Effectiveness. Chemical oxidation, including photolysis, is moderately effective for
the destruction of organic contaminants in liquid waste streams. These processes are
judged to-have limitedeffectiveness in treating solid waste soils, and riverbank
sediments due to the need for extracting the organics.

Cost Chemical oxidation and photolysis require high cost chemical reagents and
treatment of secondary wastes. Electrical and equipment costs for UV-photolysis can be

-very-expensive.;--Therefore,chemical-oxidation is-judged to have very high
imnlementation and operating costs.

1.14.2 Acid Digestion

Applicability. Solid waste.

General Description. Acid digestion is an ex situ chemical treatment process
which oxidizes organic materials and partially oxidizes metals by chemical reaction with
acid (Lerch et al., 1981). Waste is digested in a heated bath of sulfuric acid. The
sulfuric acid carbonizes and partially oxidizes organics (Lerch et al., 1981). Complete
oxidation is accomplished by the addition of nitric acid to the reactor vessel at a rate
proportional to waste feed requirements. The resulting residue must be separated from
the acid bath by filtration or distillation (Lerch et al., 1981). These residues would
require additional treatment such as solidification/stabilization by cementation or
vitrification. Acid digestion is similar to a combustion process and requires off-gas
collection and treatment.

Implementability. Acid digestion of contaminated combustible waste has been
tested and demonstrated at the Hanford Engineering Development Laboratory (Allen
and Lerch 1982). Immobilization of acid digestion residue has also been demonstrated
(Greenhalgh and Allen 1983). The current status of development and the hazards
associated with hot acid processing of this process suggests that implementation for
treatment of 100 Area combustible waste would be difficult.

Effectiveness. The process can treat combustible wastes including PVC,
polyethylene, paper, ion exchange resin, all types of rubber, and other cellulosic materials
(Ltercb et al., 1981). Process rates are very low (Lerch et al., 1981). Slow processing
rates indicate limited effectiveness for acid digestion of wastes from the Hanford 100
Area.

Cost. -Acid- digestion-systems are-not fully developed or commerciaily available.
The process is-not-abor intensive, although extensive process control is required.
Sulfic-acid-.can be-recycled- iThe processbureatment of secondaiy-Wastci
expensive. The complexity of such a-system implies costly maintenance. The overall cost
of implementing an acid digestion system would be very high in comparison with other
chemical treatment technologies for solid waste.
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1.14.3 Hydrolysis

Applicability. Solid reactive materials and insoluble solid organics.

General Description. Hydrolysis is an ex situ chemical treatment process.
Hydrolysis is a fragmentation/substitution reaction which may occur in pure water for

-reactivr-compounds such as alkali metals or in acidic or basic -conditions for insoluble
organics._Thefragmentation/substitutionreaction decomposes organic contaminants or
reduces reactive materials into significantly less hazardous aqueous solutions. Hydrolysis
as a waste treatment is most effective when applied to high concentrations of reactive
materials or insoluble organics. This treatment is not intended for low concentrations of
contaminants that may be present in groundwater, soils, or riverbank sediments.

inplementability. Hydrolysis is a well developed technology that has traditionally
been used to synthesize organic chemicals such as alkyl halides and hydrogen sulfates
(RAAS 1991). Hydrolysis is considered difficult to implement at the Hanford 100 Area
because reactive materials and insoluble organics are not present in a relatively pure
form.

Effectiveness. Hydrolysis is an effective method of partial reduction of insoluble
organic-materials IALU more soluble components and in decreasing the dangers associated
with reactive materials. Hydrolysis is effective for a limited portion of the contaminants
of concern. The effectiveness of hydrolysis in treating solid waste is limited due to
unknown amounts of pure reactive and insoluble organic materials present in the

anId 100 Area.

Cost. The capital costs for hydrolysis are considered to be high. Reagent
solutions for acidic and/or basic solutions may significantly increase operating costs.
Overall, the cost for implementing hydrolysis for treatment of Hanford 100 Area solid
wastes is judged to be high relative to other chemical treatment technologies due to
dangerous operating conditions.

2.0 GROUNDWATER TECHNOLOGY DESCRIPTIONS

2.1 ACCESS RESTRICTIONS

2.1.1 Water Rights Restrictions

Refer to "echnical-Descriptions--for -Solid-Waste" under Deed Restrictions,
discussed in Section 1.1.2.
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2.1.2 Deed Restrictions

Refer to "Technical Descriptions for Solid Waste" under Deed Restrictions,
discussed in Section 1.1.2.

2.2 MONITORING

The following monitoring techniques are discussed below:

* wellpoint monitoring

* groundwater monitoring.

2.2.1 Wellpoint Monitoring

Applicability. Groundwater

General Description. A wellpoint consists of a series of connected lengths of pipe
driven by repeated impacts into the ground-to below the water table. Water enters the
well through a-drive point at the lower -end of-the well; This-consists of a
cylindrical section protected during driving by a steel cone at the bottom. Samples are
withdrawn from the wellpoint with a small suction pump. The wellpoint monitoring
system is installed in an aquifer on the downgradient side of a point source to collect
samples of potentially contaminated groundwater.

Implementability. Wellpoint monitoring is a common technique for collecting
groundwater samples. The presence of gravel and cobbles in Hanford 100 Area soils
limits the installation of wellpoints. Wellpoints are installed by driving small diameter
pipe through soil- rocks -encountered would prevent proper -installation or -may- damage
the screen configuration. Cone penetrometer tests were performed at Hanford in 1992
(WHC 1992) to demonstrate the use of driven samplers for vadose zone sampling. The
testing did not involve installation of wellpoints below the water table. The tests
confirmed the difficulty of driving penetrometers in Hanford soils, although overall the
technique was shown to be moderately implementable for limited applications. Since the
Lesting did not involve groundwater wellpoints, the implementability of wellpoint
installation at Hanford is considered uncertain.

Effectiveness.- The weilpoint monitoring system is most suitable for applications
where depth to groundwater is low and soils are sandy. A key disadvantage of driven
wellpoints is that the resulting wells are not RCRA/CERCLA compliant, i.e. the wells
are not sealed and could potentially cause a contamination conduit to groundwater.
Wellpoint monitoring is therefore considered to be ineffective for the Hanford 100 Area.

Cost. The cost of implementing wellpoint monitoring systems is considered to be
low relative to other monitoring technologies due to the availability and use of standard
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well installation equipment. However, costs would be higher at Hanford due to the
difficulties of driving wellpoints in rocky soils.

-2.2.2 Groundwater Monitoring

Applicability. Groundwater

General Description. Groundwater monitoring systems consist of a network of
monitoring wells placed upgradient and downgradient of potential contaminant sources.
The exact number, construction, depth, and locations of the wells is dependent upon site-
specific hydrogeological characteristics and the potential contaminants of concern.
Groundwater samples are collected from the well(s) using suction or submersible pumps
or bailers, and analyzed for the parameters of interest. Upgradient wells are routinely
installed to provide baseline groundwater quality for comparison purposes. Sidegradient
wells are installed to assist in plume delineation.

Implementability. Groundwater monitoring networks are routinely installed at
waste management facilities. Installation techniques are readily available and are well
suited for use in the Hanford 100 Area.

Effectiveness. Properly designed, constructed, maintained, and operated
groundwater monitoring networks are highly effective in assessing existence and extent of
contamination in the groundwater. These networks can also be used to gauge the
success of groundwater remediation activities. Monitoring alone is not effective in
protecting health and environment.

Cost. The cost of installing a groundwater monitoring network at the Hanford
100 Area is considered to be moderate in comparison to other monitoring techniques.
Operating and maintenance costs depend on the analytical parameters to be determined,
the monitoring frequency, and the data interpretation activities associated with the
monitoring program.

2.3 ALTERNATE WATER SUPPLY

2.3.1 Columbia River and Development of Nearby Sources

Applicability. Replacement of groundwater for domestic, industrial, or
agricultural uses.

General Description. The purpose of this option is to provide alternative water
sources to locally contaminated groundwater. Two options are considered here: the use
of Columbia River water by direct pumping from uncontaminated areas or by
constructing-a reservoir exclusively far this purpose; -or the development of nearby
uncontaminated groundwater sources.
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Implementability. Direct diversion of river water would be easily implementable.
Water rights could be purchased from nearby sources if future land use options include
agricultural activities or grazing. Pipelines would be required for development of nearby
sources. Therefore this option is considered moderately implementabie.

Effectiveness. The options presented above provide effective replacements for
groundwater. Prior to allowing practices, such as irrigation, that may recharge the
aquifer, the possible mobilization of contaminants through the use of replacement water
would require consideration.

Cost. The cost of implementing water replacement practices is a function of the
amount of water required, irrespective of whether water rights must be purchased and
dams and pipelines constructed. On this basis, the diversion of Columbia River water is
considered a moderate cost option and development of other nearby sources is
considered a relatively high cost option.

2.4 HORIZONTAL BARRIERS

Refer to "Solid Waste Technology Descriptions." under Horizontal Barriers,
discussed in Section 1.4.

2.5 VERTICAL BARRIERS

Refer to "Solid Waste Technology Descriptions" under Vertical Barriers, discussed
in Section 1.5.

2.6 HYDRAULIC CONTROL

The following methods of hydraulic control of groundwater are discussed below:

- eXtractin 
e extraction drains/trenches.

2.6.1 Extraction Wells

Applicability. Groundwater

General Description. _Groundwater extraction wells are used to withdraw, and
occasionally isolate- cont-aminated groundwater by manipulation of-the hydraulic gradient
(RAAS_1991). The extraction system design -ay include a single well for the withdrawal
or containment of an isolated plume or multiple well to control a larger or more
dispersed plume. The complexity of the design depends on the nature of the
transporting medium, the depth of penetration of the contaminant, and the complexity of
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the geologic stratigraphy. The extraction process is the precursor to groundwater
treatment or disposal alternatives. Injection wells work in a manner opposite to
extraction wells but employ similar design and construction.

Implementability. -Groundwater wells for injection or extraction are considered
conventional technology. The extraction/injection methods and technologies are well
established in the remediation industry (RAAS 1991). The coarse nature and high
transmissivity of Hanford 100 Area soils and the shallow depths to groundwater make
extraction wells easily imnlementable.

Effectiveness. The geology and the nature of soils in the Hanford 100 Area lend
themselves to installation and operation of extraction wells. The technology is
considered zhighly-effective method of extracting groundwawr.

Cost. The capital costs for extraction wells is expected to be moderate relative to
other extraction systems. The major expenditures would be the well construction, the
piping, and pump installation. Operating costs for extraction wells are expected to be
low.

2.6.2 Extraction Drains/Trenches

Applicability. Groundwater

General Description. Extraction drains/trenches include any type of buried
conduit, equipped with pumps, or below-grade trench used to direct and collect
contaminated groundwater by gravity flow (Freeman 1989). A subsurface drainage
system may consist of a single extraction point or a series of extraction points, depending
on the extent of contamination, to collect leachate for treatment or monitoring.
Drains/trenches can be used as barriers to prevent contamination or to intercept a
contamination plume downgradient from a source. The method can be utilized in
conjunction with other groundwater treatment or disposal technologies.

Implementability. Subsurface drainage systems are generally limited to shallow
contamination. Installation may require excavation into contaminated materials. Due to
the depth of contamination in the Hanford 100 Area, extraction drains/trenches may
have limited application for intercepting contaminant plumes. Extraction drains/trenches
are difficult-to implement beneath existing solid waste burial sites and contaminated soil
areas. Extraction drains/trenches would be moderately implementable for directing and
collecting groundwater, but would require excavation of large volumes of soil.

Effectiveness. Extraction drains/trenches would be highly effective when used for
shallow groundwater contamination. Little or no infiltration would be expected for solid
waste or soils; therefore, the technology would be ineffective for these applications.

Cost. The cost of installing extraction drains/trenches is expected to be high
relative to other subsurface flow control technologies. Implementation costs are
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primarily a function of the amount of excavation required. Excavation through
contaminated materials may require equipment modifications and additional safety
precautions to protect workers which would increase costs.

2.7 GROUNDWATER EXTRACTION

The following methods of groundwater extraction are discussed below:

* extraction wells
* extraction drains/trenches
* anhifir nining

2.7.1 -Extraction Wells

Refer to "Extraction Wells" under Hydraulic Control, discussed in Section 2.6.1.

2.7.2 Extraction Drains/Trenches

Refer to "Extraction Drains/Trenches" under Hydraulic Control, discussed in
Section 2.6.2.

2.7.3 Aquifer Mining

Applicability. Groundwater

General Description. Aquifer mining is a groundwater extraction technique that
involves removal of an entire contaminated groundwater formation. Application of the
technique in the 100 Area would involve the removal of uncontaminated overburden,
contaminated soil, sediment, and solid waste, and the mining of the water bearing strata.

Implementability. Aquifer mining is very similar to strip mining, a well developed
technology. This technique-is-considered a drastic appiach that wuid be used in
conjunction with removal of contaminated soil, sediment, and solid waste. The materials
that must be removed include all soils, riverbank sediments, and solid waste above and
within contaminated groundwater plumes. While earth removal is not considered a
technical challenge, removal of such a large vnlume of material would be more difficult.
The depth to confining layers beneath the unconfined aquifer may exceed 150 feet in
certain areas. For these reasons, aquifer mining would be difficult to implement in the
100 Area.

Effectiveness. Aquifer mining involves simultaneous removal of contaminated
groundwater and the Soil in which it is present. The sources of groundwater
contamination include trenches, cribs, and drains that must be removed prior to aquifer
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mining. Aquifer mining would be highly effective in eliminating groundwater
contamination and the potential for contaminant leaching from aquifer material.

- Cost. -The cost of aquifer-mining is very high relative to other groundwater
removal technologies and is directly proportional to the volume of material to be
removed and the depth of excavation required.-In -addition,-protection-of workers and
containment of the excavation site are significant factors that would influence the cost.

-2-.74--Lixiviant Extraction for Groundwater Saturated Sediments

Applicability. Inorganic contamination in groundwater saturated sediments.

General Description. Lixiviant extraction is a combination in situ/ex situ
treatment method. Lixiviant extraction involves injection of chemical reagents to
contaminated aquifers to leach adsorbed contaminants from the sediments into the

-groundwater.- Contaminated grnundw ter containing the leached constituents is
recovered downgradient through conventional extraction wells. Recovered groundwater
is subsequently treated ex situ to remove contaminants and the lixiviant solutions may
then be recycled.

The lixiviant extraction process is similar to in situ leaching operations in the
mining in industry where a chemical solution is allowed to percolate through the soil by

-gravity flow or forced injection. Lixiviants (e.g., sodium carbonate/bicarbonate) have
been developed for extraction of uranium and commercial in situ uranium mines
currently exist.

Implementability. Lixiviant extraction is considered an innovative technology for
this application. Successful implementation of a lixiviant sediment flushing process in the
100 Area is dependent on the aquifer characteristics and the ability to recover lixiviated
contaminants. Also, considerable R&D would be required to develop suitable lixiviants

-for-many of the Hanford contaminants. Soil and groundwater characteristics must be
conducive to injection and extraction of flushing solutions. Lixiviant extraction is
considered difficult to implement due to the need for injecting flushing agents and the
potential for mobilization of contamination in groundwater system.

Effectiveness. The effectiveness of lixiviant extraction depends on the aquifer
characteristics, the ability to recover the contaminated groundwater, and the
development of suitable chemical reagents. Difficulties involved with lixiviant extraction
inludeimi ingseactionso-contaminantsnmonitoring and controlling progress,-directing
treatment through the soil, preventing soil pore plugging, and meeting nrrent
requirements for residual contaminant levels in the aquifer. R&D and treatability tests
would be required to prove the effectiveness of lixiviant extraction for removing 100
Area contaminants from aquifer sediments. Thus the effectiveness of lixiviant extraction
is rated as uncertain.
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Cost. The large volume of contaminated sediments in the Hanford 100 Area
would require multiple lixiviant extraction systems operating in parallel. The capital
costs involved with lixiviant extraction are expected to be moderate in comparison with
other groundwater extraction technologies. Costs associated with secondary treatment
equipment for contaminated flushing solutions are also significant.

Operating costs for soil flushing are also expected to be high in comparison with
other groundwater extraction technologies._ Continuous operation of iniection/extraction
wells and continuous wastewater treatment would require frequent equipment
maintenance, significant energy usage, and potentially large quantities of chemicals.

2. WARTEWATEiR bI.PfQAT.

The following methods of wastewnter disnnsal are discussed below:

* deep-well injection
* above-/below-ground tanks
* evaporation ponds.

2.8.1 Deep-Well Injection

Applicability. Contaminated groundwater and treated effluent.

General Description. Deep-well injection involvesa the- reinjection-of waste water
into the underlying geology-for -permanent disposal. This- form of disposal is -applicable
to both treated -and untreated-waste waters.-- Waste-water injection wens a-- constructed
with the injection point in porous, permeable, saline-water-bearing rock stratum that is
vertically confined by relatively impermeable beds (Freeman 1989). In general, the
injection point is at a sufficient distance-under the regionaLaquifer to minimize the
potential of groundwater contamination.

Implementation. The implementability of deep-well injection for disposal of
contaminated 100 Area groundwater is dependent on the local geology of the area. The
geologic requirements for deep-well injection are:

* -Confining layers that are sufficiently thick, extensive, and impermeable to
n,tein- t-k -arae- tULJ3WasltL III 13soltl

* Stable regions that do not have any boreholes or other wells that may
provide pathways for migration of contaminated groundwater.

Assessment of the local geology indicates that the Grand Ronde Formation would
satisfy the geologic requirements for deep-well injection. This region lies within the
basalt formations at approximately 3000 to 4000 feet beneath the surface of the Hanford
Site. Deep-well injection of hazardous, radioactive, and mixed waste waters would
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require compliance with applicable regulations. Regulatory compliance would require a
significant effort involving groundwater modeling, site characterization, permitting, and
public acceptance. Therefore, deep-well injection is considered difficult to implement.

Effectiveness. Deep-well injection has been used for disposal of RCRA hazardous
wastes-(Freeman-1989). Disposal of contaminated 100 Area groundwater by deep-well
injection is considered a highly effective method for isolating radioactive groundwater
from uncontaminated groundwater, the surface environment, and human contact. Such
isolation would allow time for decay of isotopes, such as tritium, and dilution of other
contaminants.

Cost. The cost of deep-well injection is high in comparison with other
groundwater disposal methods. Factors affecting the cost of deep-well injection include
A-titiai well drilling, pumping requirements, monitoring, and the process of securing
disposal permits which would potentially contribute greatly to cost.

2.8.2 Above-/Below-Ground Tanks

Applicability. Contaminated groundwater and treated effluent.

General Description. Above- or below-grade tanks can be used for temporary
storage of contaminated liquid waste. These tanks can be of single- or double-shell
design -depending on the containment requirements of the waste. Above-ground tanks
are applicable to short-term storage, whereas below-ground tanks are more applicable to
long-term storage- -Tank-storage can- be used- to -allow natural attenuation of relatively
short-lived contaminants or to provide temporary storage in anticipation of future
LiraLmenlt.

Implementation. Above- and below-ground tanks are currently used at Hanford
for storage of high-level liquid wastes. The technology and resources for implementing
liquid waste-storage in above- and below-ground tanks are readily available. This
method of storage and disposal is considered moderately implementable at the Hanford
100 Area.

Effectiveness. Past history indicates difficulty in maintaining the integrity of tanks.
Thetotal volumeitfcontaminated groundwater present in the -Hanford 100 Area is
estimated at 4.8 billion gallons (1 pore volume). Effectively containing this volume in
above- and below-ground tanks for long periods of time is improbable.

Cost. The cost of waste water tank storage is very high in comparison with other
disposal technologies._- Underground tanks would require additional excavation and are
more expensive to install than above-ground tanks. Operating costs are low and consist
primarily of continuous monitoring to ensure containment integrity. Periodic
man;ITe 1 .o Ie.reqed depending-on the period of storage.teLj..t. wu56 th p4nru
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td vaioA U6n Kod US(Ev~aporatIoun: dassRVC)

Applicability. Nonvolatile inorganically and organically contaminated
groundwater, effluents from other treatment processes.

General Description. Evaporation ponds refer to the disposal of wastewater by
solar evaporation. This process is identical to passive evaporation which is described
below. Passive evaporation is aphysical treatment for volume reduction~of groundwater.
The-processinvoives-vapurinuion by solar-energy to separate the volatile solvent or
water, from. nonvatile ontaminants such as heavy metals, suspended solids, and
radionuclides. The evaporation process -reduces the volume of contaminated fluids and
releases the volatile constituents as purified vapors. The contaminants are concentrated
in a residue which may be solidified, dried, or calcined. Passive evaporation could be
used for disposal of contaminated grmlndwnter

Implementability. Passive evaporation is a conventional technology. The process
uses ponds to maximize the surface area of a given fluid volume and increase
evaporation. Passive evaporation is best suited for small or moderate volumes of
contaminated water. The process is considered easily implementable at the Hanford 100
Area.

Effectiveness. Passive evaporation is an effective volume reduction technology in
arid regions such as the Hanford Site. However, tritium is a contaminant in groundwater
which would also evaporate with water. Such a release is not desirable and thus passive
evaporation is considered not effective in protecting health and environment.

- Cost, A passive-evaporation system would be a low-cost treatment or disposal
Lcniquc. Capital, operating, and maintenance costs are low in comparison to other
physical treatment or disposal options for groundwater.- However, secondary treatment
requirements may increase costs.

2.9 IN SITU BIOLOGICAL TREATMENT

The following methods of in situ biological treatment are discussed below:

* enhanced groundwater bioremediation
* biodenitrification.

2.9.1 Enhanced Groundwater Bioremediation

Applicability. Organic contamination in groundwater.

General Description. Enhanced groundwater bioremediation is an in situ
biological treatment process for destruction of organic contaminants in groundwater, The
treatment may use bacteria indigenous to the particular environment or bacteria that
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have been cultured to degrade particular contaminants. Adding nutrients to the
groundwater enhances degradation by stimulating growth of indigenous bacteria.
Bacteria that are specially cultured to degrade a particular contaminant can be added to
the groundwater.

Enhanced groundwater bioremediation involves circulation of a treatment fluid
containing nutrients or cultured bacteria through the area of contamination. The process
may be conducted under aerobic or anaerobic conditions. Aerobic processes (e.g.,
hydrogen peroxide providing oxygen) are preferred because processing rates are
increased. The treatment fluid is injected directly into the groundwater. Residual
products are then extracted for surface treatment or recirculation into the site.
Circulation is continued until the site is determined to be "clean." Collection of this
water can be the most difficult aspect of the treatment. Another difficulty with this
technology is ensuring that the contaminated area is contained during treatment.

- Implementability. Bioremediation requires a site hydrology where injection and
extraction can be performed without spreading contamination or leaving residual
products. Due to the high permeability of Hanford 100 Area aquifers, circulation of the
treatment fluid without mobilizing contamination would be difficult. Enhanced
groundwater bioremediation treatability tests would be required to ensure process
control and containment of inorganic and radioactive contaminants.

Effectiveness.m- Athough enhanced groundwater bioremediation is a developed
remediation technology, the process is complex and variables such as bacterial
concentration, temperature, pH, nutrient concentration, and oxygen availability must be
,.ntroled. Xblayanced-groundwa- n-n-M.d1nan+ion-wou d be nsridnrd nnderately
effective if the process variables listed above can be maintained within acceptable
tolerances.

Cost. The cost of enhanced groundwater bioremediation is high relative to other
in situ -organic contaminant treatment processes.The Capita costs include an extensive
injection/extraction well system and treatment fluid storage tanks. Operating costs
include utilities, secondary waste treatment, and process materials such as nutrients,
bacteria cultures, and hydrogen peroxide.

2.9.2 Biodenitrification

Applicability. Nitrate contamination in groundwater, soils, and riverbank
sediments

General Description. Biological denitrification is an anaerobic process where
microbial metrdouie action reduces nitrates to nitrogen gas.-Bacteria use nitrate anions
as a source of oxygen for metabolizing organic materials. Denitrification occurs as
bacteria consume carbon (food source) supplied by organic material present in the
contaminated media or waste stream or by introduction of compounds such as methanol
or acetic acid. In situ biodenitrification is accomplished by injection of oxygen and
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nutrient sources directly into the affected media. Spray irrigation is a special application
of biodenitrification where extracted groundwater containing nitrates is sprayed on
growing plants. Nitrates are reduced biologically in the roots of the plants in the same
manner as nitrate-containing fertilizers.

Implementability. In situ and ex situ biological denitrification are developed
technologies. Hydrocarbon contamination plumes have been biologically degraded under
denitrifying conditions in groundwater (Hutchins and Wilson 1991; Mikesell et al., 1991).
Tests of an ex situ denitrification process have been conducted at the Hanford Site
where concentrations of nitrate were reduced from approximately 400 milligrams per
liter to less than one milligram per liter (Brouns et al., 1991). Based on the results of
these tests, an in situ process for treating contaminated groundwater is being developed
(Brouns et al., 1991). In situ and ex situ biological denitrification processes are
considered moderately implementable based on previous success. The special
application, spray irrigation, is considered easily implementable.

Effectiveness. Results of the Hanford ex situ denitrification tests show that nitrate
concentrations are reduced to levels that are within acceptable drinking water standards
(Brouns t al., 1991). Factors influencing the effectiveness of denitrification include
organic carbon availability, presence of dissolved solids, and concentration of nitrates.

-The-organic- carbon-source is critical to the effectiveness of nitrogen removal. Typically,
the ratio of organic carbon to nitrogen is maintained at 1.3 to 1. High levels of dissolved
solids inhibit the biodenitrification process. The rate at which denitrification occurs is
inversely proportional to the concentration of nitrates in the waste stream. In situ and ex
situ biological denitrification processes are considered highly effective based on test
results and previous remediation experience.

Spray irrigation is considered highly effective but limited to groundwater which
contains only nitrates and no concentrations of toxic metals or radionuclides.

Cost. The large volume of nitrnte contaminated groundwater in the Hanford 100
Area may require parallel operation of multiple ex situ denitrification systems. The
capital costs for ex situ biodenitrification are expected to be high in comparison with
other ex situ biological groundwater and soil treatment technologies. The capital costs
for in situ biodenitrification are expected to be moderate in comparison with other in
situ groundwater and soil treatment technologies. Capital costs for spray irrigation are
expected to be low.

Operating costs for ex situ biodenitrification are expected to be high in
comparison with other groundwater-and soil treatment-technologies. Primary operating
costs are incurred for nutrients, organic carbon additives, and maintenance. Operating
costs for in situ denitrification are expected to be moderate in comparison with other in
situ groundwater and soil treatment technologies. The primary operating costs for in situ
denitrification result-from injection of nutrients, organic -carbon sources, and monitoring.
Operating costs for spray irrigation are expected to be low.
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2.10 IN SITU PISICAL TREAMIvIENT

The following in situ physical treatment methods are discussed below:

-0 - air stripping
* permeable treatment beds
* vapor extraction
* electro-kinetic separation.

2.10.1 Air Stripping

Applicability. VOC contaminated groundwater.

General-Description. in situ air stripping is a variation of conventional air
stripping which occurs in a tray or packed tower. The mass transfer operation from
liquid to gas occurs in a subsurface trench excavated to a level below the water table or
in a horizontal well containing a perforated pipe or tube backfilled with gravel. The
gravel allows groundwater to percolate to the perforated pipe making contact with air
bubbles that strip VOCs from solution. The VOCs and air migrate to the surface where
they are venLed Lu the 4tMosipiIVerVe.

Implementability. The implementability of in situ air stripping technology is
limited by three factors; the variation in depth of excavation to groundwater at the
Hanford 100 Area; the potential for organic material adsorption in vadose zone soils;
and the acceptability of venting VOCs to the atmosphere. Engineering design can
overcome problems associated with depth. The technology is considered moderately
implementable due to potential regulatory impacts on venting to the atmosphere.

Effectiveness.in situ air stripping is considered highly effective for removal of
VOCs from groundwater. The effectiveness of the technology is complicated by the
depth to groundwater. Compressors must be sized to overcome both the groundwater
head and friction loss as air moves through the soil to the surface. The primary soil
characteristic influencing the effectiveness of in situ air stripping is gas permeability. A
gas permeability differential (i.e, clay barrier) above the air injection zone can reduce
the effectiveness of this technique by causing lateral instead of vertical migration of
contaminants (Angell 1992). The depth to groundwater is also a concern due to the
decreasing control of-air-migration-in- the soil with increasing depth to groundwater.
However, the actual effects of soil characteristics and depth to groundwater will be site-
specific and requires treatability testing to define.

Cost. Cost for in situ air stripping is considered to be moderate relative to other
in situ physical treatments for groundwater.
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2.10.2 Permeable Treatment Beds

Applicable Media. Contaminated groundwater.

General Description. A permeable treatment bed is constructed by excavating a
trench to a natural confining layer such as bedrock. The trench is then backfilled with a
porous treatment media that intercepts contaminants in the groundwater. Examples of
treatment media selected may include activated carbon for organic contamination,
limestone,-or sndiim mrbonate which alters the solubility of contaminants such as heavy
metals and radionuclides. The permeable treatment bed is placed downgradient of
contamination and adsorbs contaminants as the groundwater flows through the treatment
media.

Implementability. Permeable treatment beds are most applicable where
contaminated groundwater is shallow and contaminant concentrations are low.
Implementability is difficult at the Hanford 100 Area because the large quantity of
contamination would require treatment media replacement and the treatment media
must adsorb, or form complexes with, a large range of contaminants.

Effectiveness. Effectiveness of this technology is limited due to the need for
contaminant specific media. Precipitation of insoluble contaminant salts may also cause
loss of the engineered permeability of the bed which could limit the effectiveness of this
treatment.

Cost. This treatment has the potential of being very expensive due to the need
for large quantities of treatment materials, extensive excavation, and removal of spent
material. Based on this, the cost of using permeable +re-tment 'eds is considered high
relative to other in situ physical groundwater treatment options.

2.10.1 Vnapr Ftrartinn

Applicability. VOC contaminated solid waste, groundwater, soils, and riverbank
sediments.

General Description. Vapor extraction is an in situ treatment option for
remediation of VOC contamination. A vacuum drawn on the vadose zone or buried
solid waste-induces vaporization of VOCs. These contaminants are then drawn o an
extraction well and ultimately to secondary treatment such as venting, carbon adsorption,
nr incineration (Kent et al, 1990). Refer to sections on steam stripping an air strining
(also in situ air stripping) for variations of this technology. The technology may also be
applied on an ex situ basis to remove contaminants from containerized waste.

implementability. Vapor extraction is considered a conventional technology with
broad application. The technology has been successfully applied as an interim action for
remediation of the carbon tetrachloride plume in the 200 Area of Hanford. The
extraction process may be adapted to a wide range of site conditions at the Hanford 100
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Area operable units where VOC contamination requires remediation. The technology is
considered easily implementable.

Effectiveness. The physical properties of the contaminants that influence the
effectiveness of vapor extraction include vapor pressure, vapor density, liquid specific
gravity, vadose zone permeability, and contaminant solubility in water. The thickness of
the contaminated zone could influence the success of vapor extraction as the
effectiveness of the vacuum is inversely proportional to the contaminated zone thickness.
The effectiveness of this technology is considered moderate for groundwater in situ
application and highly effective for the porous soils at the Hanford 100 Area. The
effectivenest of in situ applicationwto- huried_ waste is uncertain.Volatile organic
compounds may be removed if the waste is porous and if the VOCs are not trapped in
containers.

Cost. -The cost per cubicyard of contaminated-soil remediated is generally I-ss
than for excavation technology, but the cost per pound of organics removed can be high.

-Thercapital costs for the -initial systen setup should be similar to that for air stripping
technology. Extraction wells are required and certain capital equipment in the form of
blowers, surface piping, and secondary treatment equipment are also needed. Depth of
wells-is difficult to-estimate without pilot testing. The costs are low relative to other in

-situ physical -treatments for organic contamination remediation.

-2. 10. 4 E 1ectro= -K.; -- "c S ep 2r a # Jo n

Applicability. Organic and inorganic ion contamination in groundwater.

General Description. Electro-kinetic separation is an in situ physical treatment
method of separating contaminants and/or water from saturated soils. The process
induces water and contaminant flow by passing a direct current through a soil mass
between positive (anodes) and negative (cathodes) electrodes (Ctae mnd Tuk 1991).
This direct current induces movement of electricity (current flow), ions (ionic drift),
charged particles (electrophoresis), and water (electro-osmosis) (RAAS 1991). Remedial
applications of electro-kinetics rely on ionic drift and electro-osmosis. Through the use
of extraction-wells, water and-ionic-contamninans are extracted at the anodes and anionic
contaminants are extracted at the cathodes.

Implementability. Remedial applications of electro-kinetics are in the
demonstration phase of development. The technology has been used for over fifty years
for industrial applications such as dewatering soils and sludges, removing salts from
agricultural soils, and increasing petroleum production (Stuede and Tucker 1991). This
method is considered applicable to saturated soils with a hydraulic conductivity less than
1x10-5 cm/sec (RAAS 1991). The implementability of electro-kinetic separation at the
Hanford 400 Area is considered-to be uncertain due--to-the-relatively high hydraulic
conductivity of the unconfined aquifer (approximately 10' cm/sec).
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Effectiveness. Laboratory experiments have shown that the technology effectively
mobilizes certain ionic species, such as acetic acid, while being ineffective for others,
such as sodium chloride (Stuede and Tucker 1991). The technology can potentially have
adverse -effects on soil chemistry including mineral dissolution, precipitation-of secondary
minerals, and an increase in soil pH (RAAS 1991). In addition, electrolysis of water
would generate hydrogen gas (RAAS 1991). The effectiveness of electro-kinetic
separation for treating Hanford 100 Area groundwater is uncertain due to limited
application and demonstration.

-Cost. A situ electro-kinetic separation requires additional processes such as
extraction wells and treatment systems, to perform groundwater remediation. Power
consumption is based on contaminant concentrations and the remedial time frame. The
cost of electro-kinetic separation is considered high due to additional processing and high
energy requirements.

2.11 IN SITU CHEMICAL TREATMENT

2.11.1 In Situ Chemical Precipitation

Applicability. Groundwater contaminated with heavy metals and radionuclides

General Description. - In situ chemical precipitation is an innovative groundwater
treatment technique. The chemical precipitation reactions discussed here include any
technique which results in the production of insoluble precipitates by processes such as -
chemical reduction and pH modification. Soluble contaminants such as heavy metals (in
particular hexavalent chromium) and possibly radionuclides may be treated in situ
(Thornton et al, 1991). Reagents- are used which react with the metals to form relatively
immobile precipitates. The reagents have been used commercially to treat plating wastes
ex situ and include sodium sulfide and ferrous sulfate in a near neutral pH base. This
combination of reagents has been used successfully at Tinker Air Force Base, Oklahoma
(Beller et al.,-1989) to-treat plating shop wave. -Such-an approach extrapolated for in

-Vt ~ rn~ma" nnc----------- r---------.aUis C Ii u as an innovative process option.

A series of injection wells would be required to introduce the reagent(s) into the
groundwater in such a manner that the reagents become well mixed within the
contaminated plume.

mpleinenfabllty. -ampiementabilitvof this process optxon would be difficult with
regard to achieving adequate mixing of the reagents in-situ. In situ injection and flow
areprimarily plug flow processes and as such mixing wnnld he difficult to achieve.
Adequate mixing would likely have to be accomplished by a recirculating
extraction/injection scheme. However, this poses difficultyvoftreiniecting water
containing precipitates, i.e., aquifer plugging problems may occur. Further development
and testing are required to prove the viability of the technique for in situ application.
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Effectiveness. The approach described above has been validated by actual
application to plating shop wastes containing heavy metals such as hexavalent chromium,
cadmiun. copoerard-pnikel (Bdller-et aL, 1989. The effectivess of this approach for
treatment of groundwater contaminated with both heavy metals and radionuclides is
uncertairatthis-timeduet toihelack of specific in-situ_ data. However, if it could be
demonstrated viable, the technical and cost benefits relative to conventional pump and
treat approaches are potentially very large. Therefore, in accordance with CERCLA FS
guidelines regarding consideration of innovative technologies, this approach is retained
for further consideration in the FS process.

Cost. The cost of this in situ treatment option using the sodium sulfide/ferrous
sulfate reagent-is considered-ta ab low relative to similar ex situ techniques (refer to
chemical reduction in Section 2.14.5) due to elimination of the need for a groundwater
treatment plant.

2.12 BIOLOGICAL TREATMENT

The following biological treatment methods are discussed below:

S

S

bioreactors
biodenitrification
biosorption.

2.12.1 Bioreactors

Applicability. Organically contamination in soils, riverbank sediments, and
groundwater.

General Description. Bioreactor technology refers to ex situ- degradation of
organie-ccnamnants-by microbial-metabolic-processes.- Bioreactors used for processing
solids are mixing vessels that blend cultured bacteria, nutrients, oxygen (if reactor
conditions are aerobic), and contaminated waste under controlled temperature, pH, and
moisture conditions-Aqueous waste bioreactors consist of reactor vessels containing an
active bacteria population in suspension. Studies using porous materials have been
conducted; the bacteria-adhere-ta-the porous -materials thereby increasing their activity
and available surface area. As the contaminated water flows through the reactor,
contaminants are consumed by bacteria. Effluent from bioreactors may be discharged or
removed for additional treatment.

Bioreactors enhance degradation by increasing the availability of contaminants
and nutrients to bacteria. Bioreactors maximize the rate at which bacteria can degrade
organic contaminants.

Implementability. Bioreactor technology is developed and commercially available
for remediation of organic contamination in the wastewater treatment industry (Busch
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1971). Bioreactors may be used to treat groundwater, soils, and riverbank sediments;
however, residence time in reactors may be long. Bioreactor technology is considered
moderately implementable for treatment of Hanford 100 Area groundwater, soils, and
riverahnk sediments.

Effectiveness. Bioreactors are highly effective in treating organic contaminants
including halogenated materials, aromatics,andPCBs_ Different types of soils (e.g. sand,
loam, clay) may be remediated in bioreactors. In addition, bioreactors may also be used
to treat fines, providing an-advantage over otherttreatments-such as soil washing.

The effectiveness of this technology is determined by the efficiency of mixing
components (bacteria, contaminants, and nutrients) and control of process variables (e.g.
temperature, pH, moisture content) (Bhattacharya 1992). Bioreactors are considered to
be highly effective for treatment of organically contaminated Hanfd 100 Area soils,
riverbank sediments, and groundwater.

Cost. The cost of implementing bioreactor technology is considered high in
comparison to other ex situ biological treatment techniques. The number of reactors
required would depend on the number of different waste streams to be treated and the

-process-rate-of-each waste stream. Maintenance and operating costs are high and consist
of utility and monitoring requirements.

2.12.2 Biodenitrification

Refer to "biodenitrification" under In Situ Biological Treatment, discussed in
Section 2.9.2.

2.12.3 Biosorption

-Applicability. Heavy-metal ionic contamination in groundwater.

General Description. Biosorption is an ex situ biological treatment process for
the removal of heavy metals from aqueous waste streams. The process is based on the
natural affinity of microorganisms, such as algae cells, for heavy metal ions (EPA 1990c).
The system functions on the same principle as ion exchange, except that the ion
exchange resin is composed of algae-silica material. As with typical ion exchange resins,
the biological exchange resin can be recycled (EPA 1990c). In contrast to present ion
exchange technology, hard water constituents and monovalent cations do not significantly
reduce the efficiency of binding heavy metal ions to the algae-silica material (EPA
1990c).

The process is generally applicable to removal of metallic ions from aqueous
waste streams that are "hard" or contain high concentrations of solids in solution.
Specifically, the process can remove heavy metals such as aluminum, cadmium,
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chromium, cobalt, copper, gold, iron, lead, manganese, mercury, molybdenum, nickel,
platinum, silver, uraiium, vanadium, and zinc (EPA 1990c).

Implementability. Biosorption is an innovative treatment, but process treatment
systems are commercially available (EPA 1990c). Mobile and stationary treatment
equipment has been designed and manufactured with treatment capacities ranging from
1-to 100 gallons per minute (gpm). limplementability of biosorption for treatment of
Hanford 100 Area groundwater is considered difficult due to the limited operating
history and low demonstrated capacity.

Effectiveness. Biosorption technology is relatively new and performance
information is limited. The process has been successfully tested for remediation of
mercury contaminated groundwate- (EPA 1990c). Treatability tests would be required to
establish the effectiveness of this process in removing heavy metal ions from Hanford
100 Area groundwater.

Cost. The cost of biosorption treatment of Hanford 100 Area groundwater is
expected to be moderate in comparison with other biological treatment technologies.
The capital cost for such a treatment system is expected to be moderate; however,
operating and maintenance costs are expected to be high due to the unproven status of
the technology. Spent biological exchange resins would require additional treatment that
would increase the cost of this treatment technology.

2.13 PHYSICAL TREATMENT

The following methods of physical treatment are discussed below:

0 ion exchange
* evaporation: Passive
* media filtration
0 flocculation
0 carbon adsorption
* air stripping
* reverse osmosis
0 ultrafiltration
* electrodialysis
a dissolved air flotation
* sedimentation
* steam stripping
0 evaporation: Forced
0 freeze crystallization
* supported liquid membrane.
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2.13.1 Ion Exchange

Applicability. Inorganic contamination, such as heavy metals and radionuclides, in
groundwater.

General Description. The ion exchange process binds ionic contaminants in
exchange for mobile ions of similar charge that are contained on organic resin beads or
powders, such as polystyrene, or on inorganic materials, such as zeolites. Both anions
(e.g., nitrate) and cations (e.g., heavy metals, radionuclides) can be removed from
solution by use of appropriate ion exchange media. The process involves pumping the
contaminated solution through vessels containing ion exchange resins. Configurations
and combinations of ion exchangers containing either cation or anion resins (or mixes)
may be specified to operate either in series or parallel based on the volume of
contaminated water to be treated. Resins are chemically regenerated using concentrated
salt or acid solutions which result in a secondary waste requiring treatment.

Implementability. Ion exchange is commercially available and proven for
radioactive wastewater treatment (RAAS 1991). The technology is used extensively at
the Hanford Site for radionuclide separation in nuclear material processing operations.
Pretreatment of the waste stream might be necessary to remove materials such as oils,
suspensions, colloids, and bacteria_(Moghissi et al, I96). Thus for aqueous waste
streams with many contaminants such as those present at the Hanford 100 Area, ion
exchange is considered easily implementable as a unit operation in wastewater and
groundwater treatment systems.

Effectiveness. Ion exchange is highly effective for removal of low concentrations
of ionic species (up to approximately 2,500 ppm) (RAAS 1991). Contaminants such as
iron and manganese can precipitate and foul the resin beds. Based on the information
reported in Section 2.0 of this report (Table B-1), ion exchange technology is considered
to-be a-highly-effective- unit -operation in groundwater and wastewater treatment systems.

Cost. Cost of ion exchange is considered to be high relative to other physical
treatment technologies applicable to groundwater. Cost is influenced by the exchange
media required, the regeneration process required for the exchange media, as well as the
volume and condition of the stream requiring treatment. The key drawback of ion
exchange is the large quantity of waste from the regeneration process that would require
additional -treatment-or-volume-reduction and disposal. If the regeneration process is
not used high costs associated with disposal and replacement are incurred.

2.13.2 Evaporation: Passive

Refer to "Evaporation Ponds" under Wastewater Disposal, discussed in
Section 2.8.3.
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2.13.3 Media Filtration

Applicability. Suspended solids in groundwater.

General Description. Media filtration removes solids from suspension by using
media, such as diatomaceous earth, to prevent clogging of porous filtration membranes
by fine particulates and suspended solids. Filtration is a common pretreatment step for
most other technologies such as ion exchange, membrane separation processes (e.g.,
reverse osmosis, ultrafiltration), and carbon adsorption (EPA 1987). Media filtration
may also be used to dewater slurry or sludge byproducts from processes such as
evaporation.

Implementability. Media filtration is commonly used in water treatment plants
for-solids rernovaL-This-technology is considered easily implementable as either a
pretreatment operation or a concentration process.

Effectiveness. Media filtration is a highly effective method for removal of solids
from a liquid. The technology has broad application in a range of wastewater treatment

Cost. The cost of implementing this technology is low relative to other
wastewater treatment technologies. Media filtration is neither maintenance nor labor
intensive.

2.13.4 Flocculation

Applicability. Inorganic contamination, such as heavy metals and radionuclides, in
groundwater.

General Description. Flocculation is a physical process where inorganic
contaminants are coagulated by the addition of chemicals such as ferric chloride,
aluminum sulfate, and high molecular weight polymers into particles large enough to
facilitate removal (Freeman 1989). Flocculation is effective in removing suspended
solids and has been used at LANL as a unit operation for concentration of alpha-
emitting radionuclides (DOE 1990f). The process may be used in conjunction with other
technologies such as precipitation and filtration. Residue from this process requires
secondary sludge treatment to reduce volume and eliminate liquids for disposal.

Implementability, Flocculation systems are commonly used in the wastewater
treatment industry and have been installed for treatment of radioactive wastewater. The
process is moderately implementable due to the need for additional treatment processes
and significant characterization of the waste stream.

Effectiveness. Flocculation-is-considered to be a moderately effective technology
for use as a unit operation in a Hanford 100 Area groundwater treatment system. The
process is typically used in conjunction with other processes as noted above.
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Cost. The cost of this process is moderate relative-to other physical treatment
technologies for groundwater due to the need for coagulating reagents. Treatability tests
wouldbe-required to -determine types and dosages of flocculants, and both of these
factors directly influence cost.

1 11 C r.In A..-.-n

Applicability. Organic contamination in groundwater and VOC contaminated
vapors.

General Description. Carbon adsorption is a treatment process used to remove
organic contamination from aqueous wastes and extracted vapors. Activated carbon
(processed to increase surface to volume ratio) possesses a natural-affinity-foradsorbing
organic constituents (EPA 1987). The activated carbon is "spent" when its adsorptive
capacity is -depleted -and-can be regenerated or replaced. The process equipment consists
of granular activated carbon-beds housed in cylindrical columns or disposable nnnistrs.
The contaminated gas or liquid is fed through the media allowing adequate residence
time to strip contaminants (Corbitt 1990).

Implementability. Carbon adsorption is commercially available and is easily
implementable for organically contaminated groundwater and secondary gaseous effluent

-,-trom vapor exLaction or air-stripping processes. The process could be implemented at
the Hanford Site 100 Area as a treatment for dissolved product in groundwater and as a
secondary treatment step for vapor extraction.

Effectiveness. Literature indicatesithat _he process-is best applied to VOC and
organic contaminants with the following physical properties: high boiling point, low
solubility, and low polarity (EPA 1987). Contaminants in the Hanford 100 Area media
that meet these characteristics include VOCs in soil and groundwater, and non-volatiles
such as tetrahydofuran. -Overall carbon adsorption -is-onsidered- moderately effective for
removing organic contaminants of concern at the Hanford 100 Area.

Cost. The capital cost of carbon adsorption is considered moderate relative to
other physical treatments options. A significant factor that influences cost is the
regeneration of spent carbon that requires steam-stripping and secondary treatment of
contaminants. Activated carbon replacement costs are incurred if regeneration is not

.- eseosts are high and include disposal of the spent carbon. Overall, the
cost of carbon adsorption for treatment of Hanford 100 Area groundwater is considered
moderate relative to other physical treatment options.

2.13.6 Air Stripping

Applicability. VOC contamination in groundwater

General Description. Air stripping is a technique used to remove VOCs from
water by transferring the contaminants to an air stream. A stripping tower consists of a
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cylindrical shell filled with either packing material or a series of perforated plates which
promote contact between the air and water streams and- enhance the mass transfer of
VOCs. The waste stream flow is directed downward from the top of the tower, counter-
current to the air flow. The dissolved compounds diffuse out of the water into the air
and exit-from the top of the tower. Depending on air emission requirements, the air
leaving the system may need to be treated with carbon adsorption or thermal treatment
units.

Implementability. Air stripping is considered an easily implementable,
conventional technology The process is well understood and has been implemented at
many remediation sites. Implementation of air stripping at the 100 Area would be suited
uto several of te oerable units where VOCs are contaminants of concern.

Effectiveness. Air stripping is highly effective for VOCs that have low water
solubility and high vapor pressure, but has limited effectiveness for other hydrocarbons.
Factors affecting design include: flow rate, contaminant versus effluent concentration
stripping ratio, contaminant type, and concentration. The extent of secondary treatment
processes required for the system would be dependent on water and air emission
standards.

Cost. The cost of air stripping is influenced by the need for secondary treatment
of effluents to meet emission requirements. Costs for the secondary treatment would be
dependent on the replacement and handling of carbon units or costs for a thermal
treatment unit. Capital and operating costs of the stripping unit are expected to be low.
Many manufacturers produce the equipment in modular components for easy transport
and assembly. Minor costs would be experienced in maintaining the packing material
through acid cleaning or replacement. Operating costs of the unit consist primarily of
power costs for the air blower.

2.13.7 Reverse Osmosis

-- - ---Applicability. Low concentrations of inorganic contamination in groundwater and
wastewater streams.

General Description. The reverse osmosis process is the application of high
pressure to a concentrated solution, thereby fbUCIng sU-vent (water) through a
semipermeable membrane (EPA 1987) that filters contaminants from the waste stream.
This separation process is used to remove all suspended solids and most dissolved
minerals in the solution (Moghissi et al., 1986).

Implementability. The technique is commercially available and implementable as
a unit operation in a Hanford 100 Area groundwater treatment system. The technology
has been applied in the nuclear power industry as a pretreatment step prior to
evaporation and solidification and could be used to concentrate Hanford 100 Area
groundwater contaminants. The process is moderately implementable due to the need
for secondary treatment of both concentrates and effluent.
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Effectiveness. Reverse osmosis is a highly effective process for heavy metal and
mineral concentrations. The membrane can be fouled by some suspended solids or
organics and certain low solubility salts. Pretreatment would be required in such

-instances-to effectively operate this technology. The reverse osmosis concentrate, and
potentially the effluent, would require solidification prior to disposal.

Cost. The cost of reverse osmosis is considered high relative to other physical
treatment technologies for aqueous waste. Costs are determined by factors such as
secondary treatment of concentrate effluent (e.g., solidification, drying/calcination,
vitrification), down time associated with membrane fouling, and system capacity
requirements.

2.13.8 Ultrafiltration

Applicability. Contaminated groundwater (high molecular weight contaminants,
greater than 100 grams/mole), and effluent from other treatment processes.

--General-Description.--The ultrafiltration process is similar to reverse osmosis
where contaminated aqueous waste is forced through a membrane under pressure,
trapping colloids, suspended solids (Moghissi et al., 1986), and high molecular weight
organic molecules. In contrast to reverse osmosis, this process uses a lower operating
pressure and a more porous membrane, and is therefore less sensitive to fouling.

Implementability. The ultrafiltration process is commercially available and
implementable for aqueous waste streams as described above. Like reverse osmosis, the
process is moderately implementable due to the need for secondary treatment of both
concentrates and effluent.

Effectiveness. Ultrafiltration is more effective than reverse osmosis for the
removal of colloids, suspended solids, and high molecular weight organic contaminants.

-Ultrafiltration would not capture soluble species with molecular weights less than 100
grams/mole, thus the effluent would still contain contaminants such as cobalt-60,
-. '*a -- A mnkILtLGt, an du tUIU-97U.

Cost. The-cost of ultrafiltration is--high -relative -to other physical waste treatment
technologies for groundwater, due to the need for secondary treatment for both
concentrate and effluent prior to disposal.

2.13.9 Flectrndinlysis

Applkcabilityow.oncentratuons of inorganic contamination in groundwater.

General Description. The electrodialysis process was first used to desalinize salt
water for potable purposes. Salts and minerals, in ionic form, are removed by a direct
current which induces ion migration through a plastic membrane (Corbitt 1990). The
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electrodialysis process concentrates inorganic contaminants into a brine which may then
be treated further by evaporation and solidification.

Implementability. In principle, this technique would be applicable to Hanford
100 Area groundwater as an innovative application of a conventional technology. The
technique is not proven in complex systems containing radionuclides, and treatability
tests would be necessary to determine whether or not the technology is applicable to
Hanford 100 Area groundwater.

Effectiveness. Effectiveness of this treatment has not been determined for the
types of applications expected at the Hanford 100 Area. Treatability tests would be
required to determine effectiveness.

Cost. Assuming that the treatment is both implementable and effective, costs for
this treatment are of the same magnitude as other membrane filtration technologies,
such as reverse osmosis, although operating costs for electrodialysis are higher due to
power requirements.

2.13.10 Dissolved Air Flotation

Applicability. Fine solids or suspended solids in groundwater or other wastewater
streams.

General Description. Dissolved air flotation involves saturating an aqueous waste
with air then introducing the waste stream into a pressure reducing vessel. The reduced
pressure atmosphere forces air out of solution forming bubbles. Fine solids adhere to
the bubbles, (an action that can be enhanced with froth forming agents), rise through the
solution, and are skimmed off to concentrate the contaminant fines.

Implementability. The process described above is actually a variation of a
common mining process in which metals are concentrated by froth flotation. The
process is readily implementable on waste streams containing entrained fine solids with
densities close to that of water (EPA 1987). Dissolved air flotation has limited
application to Hanford 100 Area groundwater because fines and suspended solids are not
the primary contaminants. If another treatment process produces such a waste stream,
dissolved air flotation would become implementabie.

Effectiveness. The technology is effective, under limited circumstances, to
aqueous waste streams contaminated with fines or suspended solids having densities
close to that of water.

Cost. The cost of implementation is considered moderate due to the availability
of this technology in the mining industry. Operating and maintenance costs are also
considered low due to the capability of automating such a system.
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2.13.I Sedin-entation

Applicability. Pretreatment of groundwater or process waste streams containing
large particles in suspension.

General Description. Sedimentation is a physical separation of particles entrained
Im aiiquid&by inducing-settlingwiiagravitational or inertial-forces INRC 1981).
Entrained particles -may include particulates- colloidal solids,-and -flocculent suspensions
(Corbitt 1990).

Implementability. The sedimentation process is readily implementable and is
commercially available. This technology has limited applicability for the primary waste
streams at the Hanford Site.

Effectiveness. The sedimentation process is highly effective on waste streams
containing relatively large particles. However, the effectiveness for the contaminants of
concern in the waste streams, such as groundwater, at the Hanford 100 Area is limited.

Cost. The cost of sedimentation is low relative to other treatment technologies.
Sedimentation requires minimal energy, labor, maintenance, and capital costs.

2.13.12 Steam Stripping

- Applicability. -Organic contamination-in-groundwater,-soils, and riverbank
sediments.

General Description. Steam stripping is an enhancement to air stripping (refer to
previous discussion -under "Air stripping")-where-steam is used to-increase the efficiency
of organic-transfer from contaminated aqueous waste to a vapor phase. The liquid-vapor
extraction process occurs in a conventional air stripping packed or tray column using
steam instead of air as the extraction media. The contaminated liquid feed and steam
travel counter-current to each other resulting in an organic rich vapor and stripped liquid
effluent. The vapor may then be condensed to separate organics from water. Steam
stripping may also be used to strip adsorbed organics in media such as soil.

Impiementability. Steam stripping is commercially available and would be an
implementable technology for Hanford 100 Area groundwater and soil contaminated
with organics. Other treatments would be required in conjunction with steam stripping,
such as incineration or carbon adsorption of the organic-rich vapors.

Effectiveness. Steam stripping is considered to be highly effective in the removal
of all contaminants that can be treated by air stripping and in addition, can also be used
to remove more soluble and less volatile contaminants.

Cost. The cost for steam stripping is much higher than air stripping due to
additional energy costs associated with steam and the energy required to heat the
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contaminated media. As is the case with air stripping, this unit operation requires
secondary treatment before residues are in a final waste form. Such additional treatment
also influences the cost for this technology.

2.13.13 Evaporation: Forced

Applicability. Nonvolatile inorganic and organic contamination in groundwater,
and effluents from other treatment processes.

General Description. Forced evaporation is a volume reduction technique that
results in either a sludge or a concentrated solution of nonvolatile contaminants. The
process involves vaporization to separate the volatile solvent (water) from nonvolatile
contaminants such as heavy metals, suspended solids, and radionuclides (Moghissi et al.,
1986). Vaporization is induced by raising the temperature of the waste stream
mechanically by vapor recompression or in an evaporator. Vapor may then be
separated, condensed, and discharged. The sludge or concentrate can be solidified,
dried, or calcined. Forced evaporation is used extensively at Hanford in radioactive
waste management.

implementability. Forced evaporation is a moderately implementable,
commercially available technology that has been applied in the nuclear power industry
(Moghissi et al., 1986). Forced circulation evaporators in particular have been used
successfully to concentrate low purity liquid wastes with conductivity higher than 100
ksmho/cm (Moghissi et al., 1986).

Effectiveness. Forced-evaporation is highly effective in concentrating nonvolatile
contaminants into sludges or concentrated liquors. Contaminants such as tritium, iodine,
and krypton isotopes as well as volatile organics would vaporize and thus may require
additional treatment or pretreatment.

Cost. The cost of forced evaporation is considered high relative to other physical
treatment technologies for groundwater. Key cost factors for application of this
technology include energy, materials for reactor vessels, and secondary treatment systems
required for disposal of sludges and concentrated liquors.

2.13.14 Freeze Crystallization

Applicability. Dissolved inorganic and organic contamination in groundwater.

General Description. Freeze crystallization concentrates solutes such as heavy
metals and partially soluble organics by selectively freezing contaminated water into pure
ice crystals. The ice crystals are mechanically separated, washed, and melted to produce
clean water. The remaining concentrate requires additional treatment prior to disposal
(RAAS 1991). Processes such as evaporation followed by solidification for inorganics
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and phase separation followed by incineration for organic contamination are examples of
remediation technologies used in conjunction with freeze crystallization.

-- Implementability. Freeze crystallization is an innovative approach for reducing
the volume of contaminated groundwater. The technology has not been applied to
groundwater remediation where contaminant concentrations are very dilute. Based on
these considerations freeze crystallization would be difficult to implement.

Effectiveness. The process may be capable of producing up to 99.9 percent
removal efficiencies from different types of waste water. The process has been tested for
metal-refinishing wastes, pickle liquors, acidic and basic solutions (Freeman 1989), paper
mill bleach solutions, organically contaminated wastewater (examples of contaminants:
acetic acid, methanol, aromatic compounds), arsenal redwater, and ammonium nitrate
wastewater. Tests on Hanford 100 Area groundwater would be required to determine
the effectiveness of freeze crystallization. The technology is considered to have limited
effectiveness because contaminants could re-main in solution and be frozen and because
of the difficulties associated with eutectic mixtures.

Cost. The implementation of the freeze crystallization process would require
freezingithousands of gallons of water per minute in order to treat all the groundwater.
Secondary treatments such as incineration and solidification would be required. The cost
of this treatment is considered to be high relative to other groundwater treatment
technologies based on energy consumption and the need for secondary treatment
systems.

2.13.15 Supported Liquid Membrane

Applicability. Dissolved inorganic contamination in groundwater.

General Description. Supported liquid membrane filtration is a variation of other
membrane separation processes such as reverse osmosis and ultrafiltration. A supported
liquid membrane consists of a micro-porous membrane containing a carrier (an organic
phase)_held in-place by capillary forces. Liquid membranes typically have higher
diffusion coefficients than do solid polymer-based membranes; therefore, higher flux
rates can be obtained. Carriers are used to increase membrane selectivity and currently,
experimental work is in progress to design carriers for specific applications.

Implementability. Supported liquid membrane implementability is uncertain at
the present stage of development. The technology has been used for desalinization and
hydrogen concentration. Work on more general classes of chemicals is still in the
laboratory stage. Field testing would be required to determine implementability.

-Efectiveness. Due to the current level of development, the effectiveness of this
process as applied to--the Hanford- 10-Area-contaminated groundwater is uncertain.
Treatability studies would be necessary to determine effectiveness.
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Cost. The cost of implementing supported liquid membrane processes at the
Hanford 100 Area is uncertain due to the current level of development.

2.14 CHEMICAL TREATMENT (GROUNDWATER)

The following methods of chemical treatment are discussed below:

0 chemical oxidation
* precipitation
0 tritium treatment
0 alkali metal dechlorination
0 wet-air oxidation
* chemical reduction.

± 2.14.1 Chemical Oxidation

Refer to "Solid Waste Technology Descriptions" under Chemical Treatment,
discussed in Section 1.14.1.

2.14.2 Precipitation

Applicability. Inorganic contamination in groundwater.

General Description. Precipitation is an ex situ chemical treatment that reduces
the solubility of inorganic contaminants by pH adjustment and chemical reaction to
produce insoluble salts (EPA 1987). Such salts may then be concentrated by filtration
technologies (refer to various filtration processes described previously under Physical
Treatment). In general, heavy metals in ionic form, including radionuclides, are readily
precipitated as either sulfides (under acidic conditions) or hydroxides (under alkaline
conditions) (Corbitt 1990). Precipitation is typically used in conjunction with other
treatment processes such as filtration, ion exchange, or flocculation.

Implementability. Precipitation is a readily implementable, commercially
available treatment technology for removal of certain heavy metals and radionuclides
from contaminated groundwater and other secondary wastewater streams. The process is
considered moderately implementable at the Hanford Site for use in aqueous waste
trentment cycts.

Effectiveness. Precipitation is an effective method of removing inorganic
contaminants that farm insoluble salts (typically as hydroxides and sulfides); however,
-other -contaminants -of concern in Hanford aqueous-wastes-such as-tritiumn and isotopes of
odine do not form precipitates. Also, lixiviating (chelating and complexing) agents can
interfere with the precipitation process (EPA 1987). Therefore, precipitation is
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considered to be moderately effective in-removing inorganiccantaminants from Hanford
100 Area aqueous waste streams.

Cost. The cost of precipitation is considered moderate relative to other chemical
treatment technologies for groundwater due to the need for additional treatment
processes. Contaminants that do not readily form precipitates would require other
treatment options. Also, removal and solidification of precipitate residues would be
required.

2.14.3 Tritium Treatment

Applicability. Tritium contamination in groundwater.

General Description. A number of tritium enrichment techniques have been used
-in-the production of thermonuclear materials. These processes have been used to enrich
and concentrate tritium (Jacobs 1968). Examples include: electrolysis which involves
dissolution of water resulting in gaseous hydrogen, oxygen, and a concentrate containing
tritium; thermal diffusion where partial demixing of gases occurs due to a temperature
gradient and tritium migrates toward the cold region; and distillation, which is based on
the principle that the rate of escape of an atom from a liquid is inversely proportional to
its mass.

Implementability. The volume of groundwater requiring treatment in relation to
the capacity of the tritium treatment systems make these process very difficult to
implement.

Effectiveness. Very dilute tritium could possibly be concentrated by the processes
d.e.ribed above; however, sufficient enrichment of the tritium-to allow unlimited general
use of the groundwater is uncertain. Therefore, the effectiveness of tritium separation is
judged uncertain for groundwater cleanup applications.

Cost. The groundwater macroengineering report indicates that disposal of tritium
in the PUREX Plant results in costs that are three orders of magnitude greater than
NRC guidelines for cost effectiveness (WHC 1991d). On this basis, tritium treatment
costs are judged to be extremely high relative to all other chemical treatment processes
applicable to groundwater.

2.14.4 Wet-Air Oxidation (Supercritical Water Oxidation)

Applicability. Organic contamination in groundwater.

-ral Description. Organic contaminants may be oxidized to produce carbon
dioxide and water under conditions of elevated temperature and pressure. Two
variations of this technology are wet-air oxidation and supercritical water oxidation
(presented in order of increasing temperature and pressure). Operating conditions of
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temperatures up to 600'F and pressures up to 200 atmospheres are necessary for wet-air
oxidation (Min et al., 1991). Organic contaminants may be partially oxidized to lower
molecular weight compounds or completely oxidized under these conditions.
Supercritical water oxidation is similar to wet-air oxidation, but uses a temperature and
pressure above the critical point of water (705.5*F and 218.3 atmospheres) (RAAS
1991). Most organic compounds are completely miscible in the water fluid above the
critical point, and this ensures thorough mixing for more complete oxidation.

Implementability. Both wet-air (commercially available) and supercritical water
(innovative process) oxidation techniques are best used for heavily contaminated non-
halogenated aqueous waste streams that ensure self-sustaining reactions. Limited
information concerning organic contamination exists. Should characterization efforts
indicate organic contamination is present, this technology would be difficult to
implement.

Effectiveness. Supercritical water oxidation is highly effective, yielding 99.99
percent oxidation efficiency for heavily contaminated waste streams (EPA 1987). Wet-
air oxidation is not as effective, but offers cost savings. The technology would not be
effective for the low concentrations such as those present at the Hanford 100 Area.

Cost. Wet-air and supercritical oxidation require reactor vessels capable of
withstanding elevated temperatures and pressures. The reactor must be constructed of
noncorroding material to prevent degradation by chemical attack. Both processes
require large amounts of energy to maintain operating conditions. Capital and operating
costs are considered high relative to other chemical treatment options.

2.14.5 Chemical Reduction

Applicability. Hexavalent chromium ion contamination in groundwater.

General Description. The hexavalent chromium species chromate and dichromate
are prevalent in Hanford 100 Area groundwater. Chemical reduction of hexavalent
chromium results in highly insoluble trivalent chromium compounds (Thornton et al.,
1991; Thornton 1991). Reagents such as ferrous sulfate under acidic conditions have
been tested successfully for hexavalent chromium reduction. The work cited above
proposed chromium reduction as an in situ treatment. The work done to this point also
indicates that competing reactions in the presence of Hanford soils can be expected. For
this reason, and due to the innovative nature of this process, the evaluation of this
technology is based on using the process ex situ for groundwater under more controlled
tA UiLIUILVI.

Implementability. Due to its similarity to other chemical treatments, chemical
reduction of hexavalent chromium is considered moderately implementable as an ex situ
process, but tests would be required to ascertain effects of other chemical species in
groundwater.
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Effectiveness. The chemical reduction process is innovative. Significant
laboratory work has resulted in identification of several potentially useful reagents and
operational conditions. This technique is considered moderately effective due to limited
work and the lack of a large scale demonstration.

Cost. The costs for hexavalent chromium chemical reduction are considered
moderate relative to other chemical treatment technologies for groundwater, due to the
need for additional treatment processes, such as removal (by filtration) and solidification
of the resulting s-ended solids.

2.15 SURFACE DISPOSAL

The following methnds nf surface disposal are discussed below:

* surface discharge
* columbia River
* above-/below-ground tanks.

2.15.1 Surface Discharge

Applicability. Groundwater

General Description. Surface discharge refers to the disposal of groundwater into
a soil column. Historically, contaminated aqueous wastes were disposed to the soil
column which theoretically acted as an absorptive filter for organic contaminants. This
past practice has resulted in extensive soil and groundwater contamination and thus
precludes its application for disposal of contaminated liquids. However, surface
discharge would be applicable for the disposal of treated waste waters and waters
containing tritium.

Implementability. Surface discharge of treated aqueous wastes is implementable
at Hanford. This form of disposal has been used extensively in past waste disposal
practices d is we," developed. Compliance with applicable regulatory standards or

-ARAR- waivers -would -be required for implementation of surface discharge disposal for
treated waste water.

Effectiveness. Surface discharge is not an effective method of disposal for
contaminated groundwater since it does not protect the environment. Discharge of
treated groundwater may be acceptable if tritium concentrations above MCLs are
acceptable.

Cost. The cost of surface discharge is low. Excavation would be required for
construction of disposal facilities such as infiltration ponds. Inoperable disposal facilities
would typically be decommissioned and replaced by a new facility. Gravity operated flow
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systems- would-not require operating resources and standard pumping systems would be
required on other flow systems.

2.52 Columbia River

Annlienhility. Groundwater

General Description. Discharge to the Columbia River is another disposal
method applicable only to treated groundwater. Historically, this method of disposal has
been used for discharge of reactor coolant water. This past practice disposal method has
resulted in the spread of contamination and thus precludes its application for the
disposal of contaminated liquids. However, discharge to the Columbia River would be
applicable for the disposal of treated waste waters which meet regulatory discharge
standards.

Implementability. Discharge to the Columbia River of treated aqueous wastes
which meet regulatory standards-is implementable at -the Hanford 100 Area. This form
of disposal has been used extensively in past waste disposal practices and is well
-developed. Compliance with applicable regulatory standards, such as the National
Pollutant Discharge Elimination System (NPDES) under the Clean Water Act (CWA),
are required for discharge of treated waste water to the Columbia River. Discharge of
contaminated groundwater to the Columbia River would not be acceptable since the
practice would not protect the environment.

Effectiveness. Discharge to the Columbia River would be an effective method of
disposal for treated waste water. The technique has been used effectively for disposal of
contaminated aqueous wastes in past waste disposal practices at the Hanford 100 Area.
As noted above, the practice would not be effective for disposal of contaminated
groundwater.

Cost. The cost to discharge treated waste water to the Columbia River is low.
This disposal technique-may _require constructionOf outfall-structures., similar to those
used in past disposal practices, or installation of a pipeline to the river. In either case,
-im1pementation nf cub a dp system is relatively inexpensive.

2.1i.3 Above-/Below-Ground Tanks

Refer to "Above-/Below-Ground_ Tanks"_under.Wastewater Disposal, discussed in
Section 2.8.2.

2.16 SUBSURFACE DISCHARGE

The following subsurface discharge methods are discussed below:
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0 deep-well injection
* reinjection into aquifer
* crib disposal.

2.16.1 Deep-Well Injection

Refer to "Deep-Well Injection" under Wastewater Disposal, discussed in Section
I n .

2.16.2 Reinjection into Aquifer

Applicability. Groundwater

General Description. Reinjection into the aquifer refers to the disposal of treated
groundwater in an aquifer, or as proposed in the groundwater macroengineering study
(WHC 1991d), injection of contaminated groundwater into a 200 Area aquifer to allow
natural attenuation and dilution of contaminants. In this FS, groundwater-is assumed to
be returned to the unconfined aquifer beneath the 100 Area using injection wells or
cribs.

Impleinentability. Injection well technology is well developed and considered to
be technically implementable. Institutional implementability would depend on adequate
removal of contaminants, acceptability of natural attenuationTof tritium, and in the case
of untreated groundwater, the acceptability of groundwater disposal in an aquifer that
may-not be isolated from receptors. Institutional implementability is considered difficult
based on the acceptance by regulatory agencies.

Effectiveness. Benefits of reinjection include control of the hydraulic gradient.
,Groundwater could -be-effectively-isolated iranother aquifer.

Cost. The cost of reinjecting into the unconfined aquifer is moderate in
comparison to other groundwater disposal techniques, Injection well construction and
pumping requirements are the primary capital rosts. Operating costs involve utility and
labor requirements for continuous operation. Periodic maintenance of injection wells
and pump replacement may also be required.

2.16.3 Crib Disposal

Applicability. Treated groundwater.

General Description. Crib disposal is a subsurface liquid discharge technique
which allows wastewater to percolate through the soil column to the groundwater. The
particles of the soil column essentially act as filters by adsorbing contaminants. A crib is
generally a large width, shallow concrete box, open at the-bottom and typically filled with
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rocks, sand, and/or gravel. Liquid is dispersed over the large area of rocks and allowed
to percolate down to groundwater.

Implementability. Crib disposal is a well developed technology that has been
Usd4L aamoru since the 1940s. Regulatory acceptance of this disposal technique is
questionable; however, crib disposal at Hanford would be easily implementable based on
past experience with the method.

EftIctiveness. The effectiveness of crib disposal in protecting human health and
the environment is dependent on the contaminant concentrations present in the treated
groundwater. In general, crib disposal is considered to be highly effective for disposal of
treated groundwater.

Cost. The cost of implementing crib disposal for treated groundwater is judged to
be low in comparison to other subsurface discharge techniques. Construction of crib
disposal facilities involves excavation, concrete construction, rock emplacement, and
installation of a liquid dispersion system. Each of these activities is standard practice in
the construction and earth moving industry.

3.0 SOILS AND RIVERBANK SEDIMENTS TECHNOLOGY DESCRIPTIONS

_31_ ACCESS RESTRICTIONS

Refer to "Solid Waste Technology Descriptions" under Access Restrictions,
discussed in Section 1.1.

3.2 MONITORING

Refer to "Solid Waste Technology Descriptions" under Monitoring, discussed in
Section 1.2.

3.3 CAPPING

Refer to "Solid Waste Technology Descriptions" under Capping, discussed in
iettfJIn 1.3.

3.4 HORIZONTAL BARRIERS

Refer to "Solid Waste Technology Descriptions" under Horizontal Barriers,
discussed in Section 1.4.
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3.5 VERTICAL BARRIERS

Refer to "Solid Waste Technology Descriptions" under Vertical Barriers, discussed
in Section 1.5.

3.6 RUN-ON/RUNOFF CONTROL

Refer to "Solid Waste Technology Descriptions" under Run-On/Runoff Control,

3.7 REMOVAL

Refer to "Solid Waste Technology Descriptions" under Removal, discussed in
Section 1.7.

3.8 ON-SITE DISPOSAL

Refer to "Solid Waste Technology Descriptions" under On-Site Disposal, discussed
in Section 1.8.

3.9 OFF-SITE DISPOSAL

Refer to "Solid Waste Technology Descriptions" under Off-Site Disposal, discussed
in Sectinn 19.

3.10 IN SITU STABILIZATION/SOLIDIFICATION

The following methods of in situ stabilization/solidification are discussed below:

S grout injection
e vibration-aided grout injection
* shallow soil mixing
* fivnntc

* vitrification
* ground freezing
* dynamic compaction.

2.10.1 Grnou* Inject+nn

Refer to "Solid Wastes Technology Descriptions" under Grout Injection, discussed
in Section 1.10.1.
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3.10.2 Vibration-Aided Grout Injection

Refer to "Solid Wastes Technical Descriptions" under Vibration-Aided Grout
Injection, discussed in Section 1.10.2.

3.10.3 Shallow Soil Mixing

Applicability. Contaminated soils and riverbank sediments.

General Description. Shallow soil mixing (SSM) is an in situ method of mixing
soils and riverbank sediments with chemical compounds to produce a solidified mass.

-SSM -has been designed for applications up to 30 feet deep using a crane-mounted
mixing head. The mixing head blades are enclosed within a cylinder that opens to
introduce soil. The cylinder is closed, solidification additives are introduced, and the
mixing head blades blend the materials into a uniform mixture. The mixture is then
discharged and the process is repeated at an adjacent location until the entire site is
treated. Negative pressure is maintained in the mixing head cylinder to induce flow of
dust and vapor into an air treatment system.

Implenentability. SSM technology is considered moderately implementable at
the Hanford 100 Area. The technology may prove especially useful for preparing an
area for a cover (refer to "capping" descriptions in Section 1.3) or for temporary
stabilization of soils prior to removal. The SSM process has been demonstrated to
-depths-of 30 feet or more, but may require site specific pilot testing to verify actual
penetration-depth at the Hanford 1( Area.

Effectiveness. The SSM process may not effectively contain contamination at
depths required at the Hanford 100 Area, but may be suited to shallow containment or
in conjunction with other capping technologies. The potential for weathering of the
exposed surfaces of the solidified mass should be considered. SSM could be used in
conjunction with other technologies such as caps to effectively contain contamination.

Cost. The cost of SSM is considered high relative to other in situ stabilization
technologies. SSM uses solidification compounds similar to other in situ techniques.
Operational costs would be a function of the size of contaminated sites to be stabilized.

3.10.4 Fixants

Applicability. Contaminated surface soils and riverbank sediments.

General Description. Fixants are in situ treatment methods to control fugitive
dust from contaminated areas. They may be applied to the surface of soils and
riverbank sediments to prevent airborne contamination and to suppress dust during
operations, such as excavation. Many types of resins, polymers, foams, and bituminous
materials are available for use as fixants. Application of fixants is a simple process
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utilizing readily available equipment such as water trucks equipped with spray heads.
These trucks are commonly used for highway construction projects or for large scale
construction operations where dust control is required.

Implementability. Application of fixants is a common dust control method and
can be accomplished with readily available construction equipment. Fixants can be
applied to large areas and would be considered easily implementable at the Hanford 100
Area.

Effectiveness. Fixants are effective for short periods of time and are affected by
weather conditions, amount of traffic, and vegetation growth. The use of fixants is
considered effective for short-term applications such as dust control during excavation.
The benefits of long-term contaminant control would not be satisfied and other
containment methods would be required. Fixants are considered to be ineffective for the
Hanford 100 Area.

Cost. -The cost of using fixants is considered low relative to other technologies.
The cost is dependent on the type of fixant selected with polymer fixants generally the
most expensive.

3.10.5 Vitrification

Refer to "Solid Wastes Technology Descriptions" under Vitrification, discussed in
4zprtinn 1 10'

3.10.6 Ground Freezing

Applicability. Contaminated soils and riverbank sediments.

General Description. Ground freezing is an in situ stabilization/solidification
technique for contaminated soils and riverbank sediments. The process can also be
employed to create a subsurface barrier in saturated soils or riverbank sediments (refer
to "cryogenic barriers" discussed previously). - Moisture in soils and riverbank sediments
may be frozen to trap contaminants within the frozen zone. The frozen ground is
significantly less permeable to infiltration and also reduces the mobility of toxic
contaminants.

Implementability. Ground freezing is an innovative technology. Hanford 100
Area soils do not have sufficient moisture to stabilize contaminated areas and addition of
water could potentially mobilize contaminants. Therefore, ground freezing is judged not
implementable.

Effectiveness Ground freezing for stabilization/solidification is a new application
of the technology. Based on experimental work, the approach is judged to be generally
ineffective for application at-the Hanford 100 Area but may potentially be effective
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where the contamination depth is shallow. Long-term effectiveness (even for shallow
contamination),however, is-highly questionable and this application is Judged not
effective for application at the Hanford 100 Area.

Cost. Ground freezing for stabilization/solidification purposes would be very
expensive. Capital costs for an extensive coolant circulation system are high. Operating
costs for maintaining soils and riverbank sediments in a cryogenic state for the entire
Hanford 100 Area would be moderate. The overall cost of ground freezing is judged to
be high for these reasons.

3.10.7 Dynamic Compaction

Refer to "Solid Waste Technology Descriptions" under Dynamic Compaction,
discussed in Section 1.10.4.

3.11 IN SITU BIOLOGICAL TREATMENT

The following methods of in situ biological treatment are discussed below:

0 enhanced soil bioremediation
* biodenitrification
* land farming.

3.11.1 Enhanced Soil Bioremediation

~App1cabaI1ty. Or-gnic contamila1iun ii soils and riverbank sediments,

- - -- l encraJnAriptionrEnhancedrA il hirenmediation is an in situ biological
treatment process to remove organic contaminants from soils and riverbank sediments.
The treatment utilizes bacteria indigenous to the soil or bacteria that have been
specifically cultured to degrade particular contaminants. Nutrients added to the soil can
stimulate growth of indigenous bacteria and enhanced degradation capabilities. Bacteria
specially cultured to degrade a particular contaminant can be added to the soil in
controlled quantities.

Enhanced soil bioremediation involves circulating water that carries nutrients or
cultured bacteria through the area of contamination. This water is typically allowed to
percolate into the contaminated site from the surface. Hydrogen peroxide may also be
injected as an oxygen source to sustain aerobic conditions. Residual products and
additives are then recovered for recirculation into the site and the process is continued
until contaminant concentrations at the site satisfy cleanup goals. The applicability of

-the treatment would be controlled by the effective circulation of the nutrient or cultured
bacteria solutions. Barriers may be used to collect the percolated water for removal by
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extraction wells. Otherwise, construction of infiltration trenches or subsurface drains
may be required.

Implementability. Enhanced soil bioremediation is an innovative technology.
The process depends on the geologic and hydrologic characteristics of the site. These
characteristics must be favorable to the recirculation of nutrient or cultured bacteria
solutions. Ideal conditions include highly permeable soils and a relatively shallow
groundwater table.

Implementation of enhanced soil bioremediation would ultimately depend on the
presence of other contaminants within the soil. Inorganic contaminants such as heavy
metals and radionuclides could be leached from the soil during injection and introduced
into the groundwater. Regulatory acceptance of the methodology would need to be
_considered -Enhanced soil- bioremediation is considered difficult to implement n t the
Hanford 100 Area due to the potential for spreading contamination into the
groundwater.

Effectiveness. Enhanced soil bioremediation has been demonstrated for
remediation of petroleum contaminated sites in California (Molnaa and Grubbs, no
-date). The process is corplicated-andsequirtIcontrni of parameters including bacteria
stimulation or augmentation, temperature, pH, nutrient concentration, moisture content,
and oxygen availability. Treatability tests would be necessary to determine the
effectiveness of this treatment at the Hanford 100 Area. The method is most effective
when the subsurface soils are highly permeable, the soil to be treated is within 20 to 30
feet of the surface, and the groundwater table is within 30 feet of ground surface
(Molnaa and-Grubbs;-no-date)- -The effectiveness o this treatment technology is
uncertain due to the depths of contamination and groundwater at the Hanford 100 Area.

Cost. The cost of soil bioremediation is high relative to other in situ degradation
processes for soils-and riverbank sediments. The capital costs for soil bioremediation
system include an extensive injection/extraction well system with pumps, filters, and
solution holding tanks. Operating costs result from utility requirements, continuous
monitoring, and water additives such as nutrients, bacteria, and hydrogen peroxide.

3.11.2 Biodenitrification

Refer to "Groundwater Technology Descriptions" under Biodenitrification,
-discussed under Section 2.9.2.

3.11.3 Land Farming

Applicability. Petroleum fuels contamination in soils.

General Description. Land farming is an in situ biological treatment using
bacteria to degrade organic contaminants in soils. Bacteria indigenous to the sil 01
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specially cultured can be used depending on the soil characteristics. Nutrients added to
the soil can enhance degradation by indigenous bacteria. Cultured bacteria can be
added to the soil in specified quantities.

Land farming involves the aeration of soils by tilling while simultaneously adding
constituents required to induce and control biodegradation. These additives may include
nutrients such as nitrogen and phosphorus, bacteria (if necessary), moisture, and pH

-modifiers. In situ-land farming is limited to shallow contamination applications. Ex situ
land farming requires excavation and spreading of the contaminated soil in shallow lifts
for remediation.

Implementability. Land farming has been applied successfully at sites involving
releases of petroleum fuels to soils. The process involves tilling contaminated soils to
inrnrporate additives and ensure the presence of sufficient oxygen. Tnus, land farming is
only applicable to shallow contamination depths. In addition, land farming in the
presence of inorganic contaminants such as heavy metals and radionuclides could
potentially spread contamination to the groundwater or surface environment. Land
farming is considered implementable at the Hanford 100 Area for special applications
involving petroleum fuel contaminated soils.

Effectiveness. Land farming is a complicated process and requires control of
parameters such as bacteria stimulation or augmentation, temperature, pH, nutrient
concentration, moisture content, and oxygen availability. Land farming is considered
effeaive for petroleum fuel contaminated soils which do not involve other contaminants
such as metals or radionuclides.

Cost. The cost of land farming is low in comparison with other in situ biological
treatment technologies. The process requires only occasional monitoring, tilling, and
incorporation of additives. Land farming is neither maintenance nor labor intensive.

3.12 IN SITU CHEMICAL TREATMENT

3.12.1 Soil Flushing

Applicability. Organic and inorganic contamination in soils and riverbank
sediments.

General Description. Soil-flushing-is-an-in situ-treatment method similar to soil
washing. Soil flushing uses extractant agents to remove contaminants from soils or
riverbank sedines. Flushing agents may inc..de water, surfactants, solvents, or
detergents which dissolve contaminants physically or agents which remove contaminants
chemically such as lixiviating agents, acidic/basic solutions, or reducing/oxidizing agents,
whose efrectiveness may be enhanced by heat.
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The soil flushing process is similar to leaching operations in the mining industry
where a solution is allowed to percolate through soil by gravity or forced injection.
Contaminants are released from the soil and carried in the flushing solution to the
groundwater. Contaminated flushing solution and groundwater are then recovered
downgradient through extraction wells. Recovered wastewater is treated to separate
contaminated flushing agents from clean water. Contaminated flushing agents can be
treated for reuse in the process or treated for disposal while clean water may be injected
back into the aquifer.

-----Implementability.- Soil flushing is considered an innovative technology. Bench
scale, pilot plant, and field tests have been conducted for removal of organic and heavy
metal contaminants (Steude and Tucker 1991). Implementation of a soil flushing process
at the Hanford 100 Area is dependent on the characteristics of the soil and the
underlying aquifer. Soil and groundwater characteristics must be conducive to injection
and extraction of flushing solutions. Soil flushing has not received widespread regulatory
acceptance because of the need for injecting flushing agents and the potential for
mobilization of contamination to the groundwater. The process requires that mobilized
contaminants be withdrawn from the groundwater surface by extraction wells or galleries.
Soil flushing is considered difficult to implement based on these factors.

Effectiveness. The effectiveness of soil flushing depends on the characteristics of
the soil and contaminants. Soil flushing is most effective for a single contaminant or
multiple contaminants with similar solubility characteristics. Difficulties involved with
soil flushing include limiting reactions to contaminants, monitoring and controlling
progress, directing treatment through the soil, preventing soil pore plugging, and meeting
current requiklVllLan 'or residual contaminant levels in treated soils. Treatability tests
would be required to determine the effectiveness of soil flushing for removing
contaminants of concern at the Hanford 100 Area. Due to the process difficulties
described above, the effectiveness of soil flushing is limited.

Cost. The large volume of contaminated soils and riverbank sediments in the
Hanford 100 Area may require multiple soil flushing systems operating in parallel. The
capital costs involved with soil flushing are expected to be moderate in comparison with
other in situ soil treatment technologies. However, costs associated with secondary
treatment equipment for contaminated flushing solutions would be significant.

Operating costs for soil flushing are expected to be moderate in comparison with
other in situ soil/sediment treatment technologies with the exception of flushing solution
costs. Continuous operation of injection/extraction wells and continuous wastewater
treatment would require frequent equipment maintenance, significant energy usage, and
a large supply of flushing agents.

113 IN SITU PHYSICAL ThEAflIENr

The following methods of in situ physical treatment are discussed below:
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* vapor extraction
* steam stripping
0 soil flushing
0 RF heating
* electrical soil heating.

3.13.1 Vapor Extraction

Refer to "Groundwater Technology Descriptions" under Vapor Extraction,
discussed in Section 2.10.3.

3.13.2 Steam Stripping

Refer to "Groundwater Technology Descriptions" under Steam Stripping,
discussed in Section 2.12.12.

3.13.3 Soil Fiushing

Refer to "Soil Flushing" under In Situ Chemical Treatment, discussed in Section
3.12.1.

3.13.4 RF Heating

Applicable Media. Organic contamination in soils and riverbank sediments.

General Description. --Radio frequency (RF)-heating is an in situ treatment
process where organic compounds are volatilized by radio frequency energy transmissions
to -the soils or riverbank sediments. The technology is used to enhance the efficiency of
contaminant removal by other technologies such as vapor extraction. The energy flux
supplied by RF may be scaled from 2 to 45 megahertz depending on the application. A
large energy flux is required for thermal decomposition of semi-volatile compounds,
moderate energy flux to vaporize liquids, and low energy flux to provide a thermal driver
for VOCs. The gases driven out of the ground are collected on the surface with a vapor
barrier or collection system.

Implementability. RF heating is an innovative technology where electrodes
nlaced norAIzotLly on the surface above a contaminated zone transmit radio waves
through the soil to contaminants. The technology is an unobtrusive method for
enhancing migration of organic contaminants to the surface. Implementation of RF
heating requires other technologies, such as vapor extraction, carbon adsorption, or vapor
incineration, for collecting and processing the volatilized organic contaminants. RF
heating is considered easy to implement at the Hanford 100 Area.
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Effectiveness. This technology has not been tested for applications similar to the
Hanford_ 100_Area. -The maximum-depth of radio- frequency penetration that would
effectively volatilize organic contaminants is unknown. Moisture in the soil increases
energy flux requirements to volatilize both the moisture and contaminants. At this stage
of development, no definitive statement can be made concerning the effectiveness of RF
heating at the Hanford 100 Area. Treatability studies would be required to assess the
effectiveness of the process. However, RF heating is considered to have limited
effectiveness because of the depth of soil contamination in the 100 Area.

Cost. Cost for RF heating is considered to be high relative to other in situ
physical treatment opttons based on high energy needs and the necessity for separate
collection and treatment processes. Type of contaminants, soil moisture, and
contamination depth all influence the energy requirements of the process. RF heating is
not a complete treatment method and would require a collection system such as vapor
extraction-and a treatment-system such as carbon adsorption.

3.13.5 Electrical Soil Heating

Applicability. Organic contamination in soils and riverbank sediments.

General Description. Electrical soil heating is an in situ soil treatment to extract
and destroy organic contaminants. The process is under development at Battelle Pacific
Northwest y (Stuede and Tucker 1991). The process occurs in two phases:
soils are first heated to remove moisture and volatilize organic contaminants; then the
organic compounds are decomposed by reaction with superoxide radicals and ozone
(created by an axr=ion system). Surface containment and subsurface vapor control are
provided by an above grade off-gas system.

lmplerentation. Electric soil heating is an innovative treatment process which
has been laboratory and bench-scale tested, with pilot-scale tests planned for 1992
(Stuede and Tucker 1991). Bench-scale tests were performed using sands, clays, and
loams, with moisture contents ranging from 10 to 55 weight percent (Steude and Tucker
1991). Hanford 100 Area soils are mostly sand and cobbles with approximately 10
percent moisture by weight. The results of these tests suggest electrical soil heating may
be applicable to Hanford 100 Area soils; however, treatability tests would be required to
determine implementability. The process is considered to be difficult to implement due
to limited operational experience.

Effectiveness. Laboratory and bench-scale tests have shown electrical soil heating
to be effective in removing and destroying organic contaminants such as trichloroethane
in sand. The maximum depth of contamination at which electric soil heating can be
effectively- applied is unknown- Because of-the limited operational experience,
treatability tests would be necessary to establish the effectiveness of the process. The
technology is judged to have limited effectiveness due to the depth of contamination in
soils at the Hanford 100 Area.
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Cost. Electrical soil heating systems require high capital output for power
generators (50-KW represents pilot-scale), off-gas collection systems, and off-gas
treatment systems. The operating costs are very high due to energy consumption
requirements. Overall, electrical soil heating is considered to be a very high cost process
option in comparison to other in situ physical treatment methods.

3.14 THERMAL TREATMENT

Refer to "Solid Waste Technology Descriptions" under Thermal Treatment,
discussed in Section 1.11.

3.15 STABILIZATION/SOLIDIFICATION

Refer to "Solid Waste -Technology Descriptions" under Stabilization/Solidification,
discussed in Section 1.12.

3.16 PHYSICAL TREATMENT

The following methods of physical treatment are discussed below:

* vapor extraction
* soil washing

s team' strinning.

3.16.1 Vapor Extraction

Refer to "Groundwater Technology Descriptions" under Vapor Extraction,
Aiscnused in eCrtinn 2.1l.3.

3.16.2 Soil Washing

Applicability. Organic and inorganic contamination in soils and riverbank
sediments.

General Description. Soil washing is an ex situ treatment process that involves
the removal of contaminants from soils or riverbank sediments using combinations of
classification, mechanical scouring, and cleaning agents such as water, surfactants, and
detergents (EPA 1990c; RAAS 1991). The soil washing process is most effective when
contamination is concentrated in the fine fraction of soils. The fine fraction is separated
for secondary treatment or disposal while coarse materials are washed. The coarse
fraction may be rinsed, monitored for residual contamination, and returned to the site or
recirculated through the washing process. Contaminated soil fines may be separated
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from the cleaning solution and treated for disposal by processes such as solidification or
vitrification. The contaminated cleaning solution may be treated for reuse in the process
or treated for disposal using processes such as ion exchange or precipitation. Physical
washing of soil would use water only. Physical soil washing may be enhanced chemically
using lixiviants, acidic/basic solutions, or reducing/oxidizing agents which promote
dissolution of adsorbed contaminants. If chemicals are used the process is referred to as
chemical soil washing.

Implementability. Soil washing is considered an innovative technology.- Soil
washing systems are currently being developed and tested for removal of organic and
heavy metal contaminants (EPA 1989a; EPA 1990c). A smaller fraction of fines would
remain for disposal or secondary treatment. A soil washing process at the Hanford 100
Area is considered moderately implementable but subject to treatability tests.

Effectiveness. The effectiveness of soil washing is dependent on the
charactensics of the soil and contaminants. Radionuclides, organics, heavy metals, and
inorganic ion contamination may be found-in the- Hanford 100 Area soils. Treatability
tests would be required to determine the effectiveness of soil washing for removal of the
contaminants of concern. -The-buffering-capacity-of soils-carr reduce the effectiveness or
_chemicalsoil-washing. Limited information on Hanford soils indicates a fairy hig
buffering capacity. Although chemicals-caw-be added to overcome this buffering
capacity, the effectiveness of the process is considered uncertain in the absence of
treatability test results.

Cost. The large volume of contaminated soils and riverbank sediments at the
Hanford 100 Area may require multiple soil washing units operating in parallel. Soil
washing system capacities range from 6 to 40 tons of soil per hour (RAAS 1991). The
capital costs involved with soil washing are expected to be moderate in comparison with
other ex situ soil treatment technologies. However, additional treatment equipment for
contaminated cleaning solutions may significantly increase system costs.

Operating costs for soil washing are expected to be moderate to high in
comparison with other ex situ soil treatment technologies. The large scale equipment
required for this process would be automated and therefore require a smaller labor
force. The majority of operating costs would result from utility requirements and
replenishment of cleaning agents. Maintenance costs would be a function of the
operating requirements and life expectancy of the system as well as the corrosivity of the
contaminants and cleaning agents.

3.16.3 Steam Stripping

Refer to "Groundwater Technology Descriptions" under Steam Stripping,
discussed in Section 2.12.12.
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3.17 CHEMICAL TREATMENT

The following methods of chemical treatment are discussed below:

* chemical oxidation
* soil washing
* alkali metal dechlorination.

3.17.1 Chemical Oxidation

Refer to "Solid Waste Technology Descriptions" under Chemical Oxidation,
discussed in Section 1.14.1

3.17.2 Soil Washing

Refer to "Soii Washing" under-Physical Treatment, discussed in Section 3.16.2.

3.17.3 Alkali Metal Dechlorination

Applicability. Halogenated contaminants in soils and riverbank sediments.

General Description. Chemical dechlorination strips chlorine from organic
compounds by reaction with alkali metals or in the presence of a catalyst. Alkali metals
possess great affinity for chlorine or any halide. A new dechlorination reagent is
referred to as alkali metal/polyethylene glycols (A/PEG). A/PEG reacts rapidly to
dehalogenate compounds.

Catalysts may also be used under ambient conditions to substitute hydrogen for
chlorine but the process does not completely dechlorinate most organic chemicals.
Catalysts include nickel chloride in alcohol and platinum-based catalysts. Catalytic
processes occur at elevated temperatures and pressures (up to 375*C and 50

Implementability. The technology for alkali metal dechlorination is commercially
available for small applications_ Theltecbnology is innovative and is considered
moderately implementable for soils and riverbank sediments.

Effectiveness. Dechlorination with an alkali metal is considered an effective
method for dehalogenating organic materials. The effectiveness is limited because most
reagents are reactive with water.

Cost. The costs associated with this technology are high due to safety and
packaging requirements- Capital costs for equipment-and operating costs for reagents
and safety considerations are high.
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3.18 BIOLOGICAL TREATMENT

The following methods of biological treatment are discussed below:

* bioreactors
* land treatment
* biodenitrification.

3.18.1 Bioreactors

Refer to "Groundwater Technology Descriptions" under Bioreactors, discussed in
Section 2.11.1.

3.18.2 Land Treatment

Applicability. Organic contamination in soils and riverbank sediments.

General Description. Land treatment is an ex situ biological treatment of organic
contaminants in soils. The treatment involves the use of bacteria to degrade organic
contaminants. Bacteria indigenous to the soil or specially cultured bacteria can be used
depending on the soil characteristics. Added soil nutrients promote the growth of
indigenous bacteria which enhances degradation. Cultured bacteria can be added to the
soil in specified quantities.

Land treatment involves excavating contaminated soils and placing the soil on a
lined treatment cell. This technique allows better control of treatment parameters such
as depth of soil and exposed surface area, temperature, nutrient concentration, moisture
-content, and- oxygen availability. The-liner-provides -a-barrier to-contaminant-tigration,
thereby protecting the groundwater.

Implementability. Land treatment is an innovative technology that has been
demonstrated for remediation of petroleum-contaminated sites (Molinaa and Grubbs, no
date). Implementability of land treatment for degradation of organic contaminants is
based on the depth of contamination and available space; the depth of contamination
must be compatible with standard excavation practices and sufficient space must be
available for placement on the lined cell. Land treatment is considered moderately
implementable at the Hanford 100 Area due to the availability of excavation techniques
and treatment space.

- Effectiveness. Land treatment is a complicated process that requires control of
parameters such as bacteria stimulation or augmentation, temperature, pH, nutrient
concentration, moisture content, and oxygen availability. Treatability studies to
determine effectiveness of land farming at the Hanford 100 Area would be required.
Containment of the treatment area is essential to prevent airborne mobilization of
contaminants such as heavy metals and radionuclides. Land treatment is therefore
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considered to have limited effectiveness for treatment of Hanford 100 Area soils and
riverbank sediments.

Cost._ The cost of land treatment is low in comparison with other biological
treatment technologies. Lined treatment cells and process control additives are
inexpensive. Land treatment requires occasional tilling to incorporate nutrients and
monitoring to ensure process control and determine contamination concentrations. The
process is neither maintenance nor labor intensive.

3.18.3 Biodenitriflcation

- Refer to "Groundwater Technology Descriptions" under Biodenitrification,
discussed in Section 2.11.2.
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Table C-1. Solid Waste Technologies and Process Options
(Page 1 of 2)

Technology Process Option

Access Restrictions Fencing
17_ Deed Restrictions

Monitoring Leachate Monitoring

Capping Asphalt Based Covers
Concrete-Based Covers
snil/C/ C ers
RCRA Multi-media Caps
Hanford Barriers

iSynle1IC Cuvers
Vitrification

Horizontal Barriers Grout injection
Cryogenic Walls
Vitrification

Vertical Barriers Slurry Wals
Grout Curtains
Sheet Pilings
Cryogenic Walls
Biological Barriers

Run-On/Run-Off Control Diversion/Collection
Grading
Revegetation

Removal Demolition
Excavation

On-Site Disposal Trenches/Pits
Vaults
Tumulus
RCRA Landfills

Off-Site Disposal RCRA Landfills
DOE Disposal Facilities
Geologic Repositories

in Situ Stabilization/Solidification I Grout injection
Vibration-Aided Grout Injection
Vitrification

Dynamic Compaction
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Table C-1. Solid Waste Technologies and Process Options
(Page 2 of 2)

CT-lb

I Technology Process Option

I Thermal Treatment Thermal Desorption
Incineration

Metal Melting
Molten Solids Processing

Stabilization/Solidification Bitumen-Based
Cement-Based
Polymer-Based
Vitrification

Physical Treatment Size Reduction
Segregation/Sorting
Repackaging
Metal Decontamination

ChemicaLTreatment Chemical Oxidation
I Acid Digestion

If 1Hydrolysis
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Groundwater Technologies and Process Options
(Page 1 of 2)

-i~,,--------------- Ii
Technology

Access Restrictions

L

Process Option

Water Rights Restrictions
Deed Restrictions

ii Mnnitnrino Wl.Pnint Monitorinuf
Groundwater Monitoring

Alternate Water Supply Columbia River
Extension of Nearby Sources

Horizontal Barriers Same as Solid Waste

Vertical Barriers Same as Solid Waste

Hydraulic Control Extraction Wells
Extraction Drains/Trenches

Groundwater Extractiontrtn W.11.
ExLracLion Drains/Trenches
Aquifer Mining

Wastewater Disposal Deep-Well Injection
Above-/Below-Ground Tanks
Evaporation Ponds

In Situ Biological Treatment Enhanced Groundwater Bioremediation
Biodenitrification

I 1 iU Khysical.. TeatMent Air Stripping
Permeable Treatment Beds
Vapor Extraction
Electrokinetic Separation

Biological TreAtmant Bi-------rs
IJLULC4LLUfL

Biodenitrification
ii BiOSurpui I

CT-2L
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Table C-2. Groundwater Technologies and Process Options
(Page 2 of 2)

CT-2b

Technology Process Option

Physical Treatment Ion Exchange
Evaporation: Passive
Media Filtration
Flocculation
Carbon Adsorption
Air Stripping
Reverse Osmosis
Ultrafiltration
Electrodialysis
Dissolved Air Flotation
Sedimentation
Steam Stripping
Evaporation: Forced
Freeze Crystallization
Supported Liquid Membrane

Chemical Treatment (Groundwater) Chemical Oxidation
Precipitation
Tritium Treatment
Wet-Air Oxidation
Chemical Reduction

Surface Disposal Surface Discharge
Columbia River
Above-/Below-Ground Tanks

Subsurface Discharge Deep-Well Injection
Reinjection into Aquifer
Crib Disposal
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Table C-3. Soils and Riverbank Sediments Technologies and Process Options
(Page 1 of 2)

Technoloy
I

Process Option

Access Restrictions Same as Solid Waste

Mlnnitnrina aea oi atI' igSame as Solid Waste

Horizontal Barriers Same as Solid Waste

Vertical Barriers Same as Solid Wasteif m-On/Run-Off Control Same as Solid Waste

Remo val Excavation

On-Site Disposal Same as Solid Waste

Off-Site Disposal Same as Solid Waste

-h Situ-StabiLization/Solidification Grout injection
Vibration-Aided Groutinjecion
Shallow Soil Mixing
Fixants
Vitrification
Ground Freezing

I Dynamic Compaction

In Situ Biological Treatment Enhanced Soil Bioremediation
Biodenitrification
Land Farming

In Situ Chemical Treatment Soil Flushing

11 In Situ Physical I ran t  Vapor Extraction
Steam Stripping
Soil Flushing
Ir Heating
Electrical Soil Heating

Thermal Treatment Thermal Desorption
Incineration
Pyrolysis

-Molten Solid Processing

Stabiizaon/Solidification Same as Solid Waste
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Table C-3. Soils and Riverbank Sediments Technologies and Process Options
(Page 2 of 2)

Cr-3b

Technology Process Option

Physical Treatment Vapor Extraction
Soil Washing
Steam Stripping

Chemical Treatment Chemical Oxidation
Soil Washing
Alkali Metal Dechlorination

Biological Treatment Bioreactors
Land Treatment
Biodenitrification
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APPENDIX D

100 AREA CONTAMINATED GROUNDWATER VOLUME ESTIMATES AND
CONTAM NATERJVERBANK SEDIMENT VOLUME ESTIMATES
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APPENDIX D
100 AREA CONTAMINATED GROUNDWATER VOLUME ESTIMATES

Objective

To estimate the volume of contaminated groundwater in the 100 Area.

Sur~ces

1. Jacquish, R. E. and R. W. Bryce, May 1990, "Environmental Monitoring at
Hanford for 1989," Pacific Northwest Laboratory, Richland, Washington,
Tritium and Nitrate plume maps, pp. 5.7 through 5.17.

- --- 2.AmmernawJw,;"Scaied-Map of the 100 Area," 1991;Westinghouse Hanford
Company (WHC).

3. Personal communication with Pacific Northwest Laboratory. Top of Ringold
Middle Member and water table contour maps were obtained from an
unpublished report.

Assumpltions

1. Only groundwater above the top of the Middle Ringold Member is potentially
contaminated (the groundwater in the unconfined aquifer).

2. The tritium and nitrate plumes (due to their mobility) encompass all other
-contaminant plumes.

3. The porosity of the Hanford Formation is 20%.

Conclusion

It is estimated that approximately 4.8 billion gallons of contaminated groundwater
lie beneath the 100 Area.

Methodology

The plume maps for both tritium-and nitrate-were-projected -onto -a map of the
100 Area (Figure D-1). The degree of matching was very good; however, there was
some deviation near the southern end. This deviation was minimized by obtaining a best
fit of the shoreline for each reactor area prior to tracing the plume on the map.

Once the maps were properly aligned, each contaminant plume was traced onto
the map. The result combines individual contaminant plumes into a single composite
plume. The horizontal extent could then be estimated.
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An overlay-grid with- 1/4- kilometer sparing was used to calculate the horizontal
extent of each plume in Figure 1. The results for each reactor area are listed below.

Area Area Estimate (kM2)

100 B/C 1.0
Northeast of 100 B/C 2.3
100 N and 100 D/DR 8.8
100 H 1.2
100 F 16.5

Total 100 Area 29.8

Finally, the thickness of the contaminated groundwater was estimated. Figure D-2
is a contour map of -the Top Surface of the Middle Member of the Ringold Formation.
Figure D-3 is a contour map of the water table. The potentially contaminated aquifer
lies between the top of Ringold Middle Member and the water table (Assumption 1).
By subtracting these surfaces, an aquifer thickness of approximately 10 feet was derived
throughout the 100 Area and along the Columbia River to the 300 Area. The two maps
have different scales (10 feet for the water table versus 100 feet for the Ringold
Member) and this difference may have introduced some error in the estimate of the
grnlndw ter thickness.

Assuming a porosity of 20% for the Hanford Formation (Assumption 3), the
contaminated groundwater volume can be estimated from the following equation.

VOLUME (gallons) = AREA (ft 2) * 10 ft * 7.48 gal/ft3 *0.20

The result is 4.800,0W,"_ -gallons (641,000000 ft3 or 2.3,700,000 yd 3) of

CONTAMINATED RIVERBANK SEDIMENT VOLUME ESTIMATES

Objective

To estimate the volume of contaminated riverbank sediments in the 100 Area.

Sources

L- Jacquish, R. E. and R. W. Bryce, -May, 1990 "Environmental Mnnitoring at
Hanford for 1989," Pacific Northwest Laboratory, Richland, Washington,
-Tritium and Nitrate -plume -maps, pp.-5.7 through-5.17.

2. Drawing H-1-52166, "100 Area Topographic Mapping," sheets 1 through 55.
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3. River stage information from conversations with Greg Rupert of the United
States Geological Survey, Water Resources Division, Pasco, Washington.

4. Ammerman, J., "Scaled Map of the 100 Area," 1991, Westinghouse Hanford
-Company,_(WHC). Richland. Washington.

Accnrmptin

1. Groundwater contaminants were distributed vertically through the soil as bank
storage increased (as the river flooded).

2. Since the beginning of Hanford operations, no groundwater-contaminated soil
has existed above the highest flood level.

3. No groundwater-contaminated soil exists below the minimum river level due to
dilution of contaminants.

Ine difference between maximum flood and minimum river level is constant
throughout the 100 Area, and equal to that at the recording station 2.6 miles
down-stream of Priest Rapids Dam.

5, Tbe ae"rage ank slope calculated is correct for the extent of each
contamination plume.

6. Contamination exists where ever a contaminant plume intersects the Columbia
River.

7. The tritium and nitrate plumes encompass all other contaminant plumes due
to their mobility.

Conclusion

- Itis estiated-that-approximately 8;320,0O bank cubicmeters of 100 Area
riverbank sediments are contaminated. Using a swell factor of 15%, this is 9,568,000
loose cubic meters or 12.5 million loose cubic yards.

Methodology

The plume maps for both tritium and nitrate were projected onto a map of the
100 Area (Figure D-4). The degree of matching was very good; however, there was
some deviation near the southern end. This deviation was minimized by obtaining a best
fit of the shoreline for each area prior to tracing the plume on the map.

Once the maps were properly aligned, each contaminant plume was traced onto
the map. The result combines individual tritium and nitrate plumes into composite
plumes of contaminated groundwater. A single composite plume runs from the 100-N
Area to the 1 (V-fl/DR Area. From these composite plumes, the face length of
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contamination was then estimated.

The face length was estimated by marking off fractions of a kilometer along the
shoreline. A division of 100 meters (0.1 km) accurately matched the shoreline contour.
Points chosen along each plume near obvious landmarks (fence line intersections,
islands, etc.) were used for reference to the topographic maps (Reference 2). The 100
Area topographic mapping drawing (H-1-52166) was used to estimate the slope of the
beach near the river at each point. At least three slopes were calculated for each
composite plume (see Figure D-5). The slopes were then averaged for the composite
plume.

River stage -information-was-obtained from the United States Geological Survey,
Pasco, Washington, for the maximum and minimum river elevations. The extremes are
local and occurred after the reactors began operation (circa 1943). The difference in
river stage is used as a basis for estimating the vertical extent of contamination in the
riverbank (see Assumptions 1, 2 and 3). The maximum river level occurred on June 12,
1948 at 432 feet, national geodetic vertical datum (ngvd). The minimum river level
occurred on November 3, 1985 at 396.53 feet (ngvd). The difference between the two
levels is 35.5 feet or 10.8 meters.

The cross sectional area of potentially contaminated riverbank sediments was
calculated as the area of a right triangle which has a height equal to the maximum flood
stage minus the minimum flow stage and a base calculated using the average bank slope
determined for each contaminant plume. A conservative five meters of additional
horizontal extent was applied to all areas except 100-K. An exception was made at 100-
K for two reasons: 1) the K-reactors were not in operation at the time of the 1948
maximum -flood; and-2) the bankslope issufficiently shallow at 100-K that the resulting
estimate would be excessive. Data for these calculations are presented in Table D-1.

The volume of potentially -contaminated sediments was estimated by multiplying
the area of the above triangular cross section, Figure D-5, by the riverbank distance
determined through the mapping exercise. The resulting volume is 8,320,000 cubic
meters.
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Figure D-1. 100 Area Map: Contaminated Groundwater Calculations
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Figure D-2. Structural Top Surface of the Middle Ringold
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Figure D-3. Geology of the Water Table
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Figure D-4. 100 Area Map: Contaminated Riverbank Sediments Calculations
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Figure D-5. Riverbank Volume Calculation
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POINT RISE RIJN

- (ml (m)
A 5 21
B 9 137
C / 5 145
0 1 5 70

SLOPE AY

0.238
0066
0 072
0.107

JERAGE ANGLE LENGTH HEIGHT DEPTH ADD-DEPTH ADDHEGHT
SLOPE (deg) (m) (i) (M) (M}n (M)

0.1121 688 5950 10.82 894562 0.603

TOTAL HEIGHT TOTAL DEPTH
Im) (ml

11.423

VOLUME
(m'31

0.122 6,98 1200 10.82 88.342

0225 1269 6030, 1082 48.056

0034 1.96 2050. 10.82 ISO.

0.186 10.56 1500. 10.82 58.058

3. 0.61?

5. 1.126

0. 4.

5. 0.932

11.432

11.946

10.82

11.752

93.342 640,276

53,056 1,910,907

180 1.996,290

61.058 555.782

8,320,299

Ia

0

1. Due to the shallow slope, the calculated depth was 315.9 m. This distance overlapped two source units and was therefore reduced to remove the overlap.
2. Zero additional depth added to ensure no overlap with existing source units.
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0038
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0192
0071

0 026
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0.256
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APPENDIX E

100 AREA WASTE UNITS
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WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH
NUMBER UNIT DATES (feet) PRIORITY

_____ __ISITE
RETENTION BASINS

116-B-11 107-B retention basin 100-BC-1 1944-1968 450 x 230 x 24 Yes F

116-C-5 107-C retention basin 100-BC-L 1952-1969 16 x 330 (diameter) Yes

I16-D-7 197-D retention basin; 100-DR-1 1944-1947 467 x 230 x 24 Yes
107-D

116-DR-9 107-DR retention basin; 100-DR- I 1950-1965 600 x 273 x -20 Yes
107-DR

I16-F-14 107-F retention basin; 107-F 100-FR-1 1945-1965 450 x 230 x 24 Yes

116-H-6* 183-H solar evaporation 100-HR- 1973-1985 26,400 sq. ft. Yes
basins

I16-H-7 107-H retention basin; 100--HR-I 1949-196.5 600 x 273 x 20 Yes
107-H

1 16-KE-4 107-KE retention basin; 100-KR-1 1955-1971 25 x 250 (diameter) Yes
107-KE

116-KW-3 107-KW retention basin; 100-KR-1 1944-1970 29 x 250 (diameter) Yes
107-KW

OUTFALL STRUCTURES

116-B-7 1904-B1 outfall structure 100-BC-1 1944-1968 27 x 14

116-B-8 1904-B2 outfall structure 100-BC-1 1944-1968 27 x 14

132-C-2 1904-C outfall; 116-C-4 100-BC-1 1952-1969 Unknown

t
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WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH
NUMBER UNIT DATES (feet) PRIORITY

SITE

116-D-5 1904-D outfall structure 100-DR-1 1944-1967 60 x 24 Yes

I 16-DR-5 1904-DR outfall structure; 100-DR-I 1950-1965 27 x 14 Yes
1904-DR

116-F-8 1904-F outfall structure 100-FR-1 1945-1965 27 x 14

PNL outfall 100-FR-1 ?-1963 Unknown

116-H-5 116-H-5 outfall structure; 100-HR-I 1949-1965 27 x 14
1904-H outfall structure

116-K-3 1904-K outfall structure; 100-KR- 1 1955-present 32 x 32
1908-K outfall structure

ource: DOE-RL. 1991a; DOE 1990a-f; DOE 1991a-f
Exact service dates unknown.

* RCRA TSD Unit

in
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WII)S ALIAS OPERABLE SERVICE FACILITY SIZE HIGH PRIORITY
NUMBER __[UNIT DATES (feet) SITE

-_ PLUTO CRIBS

116-1-3 105-B pluto crib 100-BC-1 1951-1952 10 x tI x II Yes

I 16-C-2A 105-C pluto crib; I 16-C-2 100-BC-2 1952-1968? 140 x 100 x 20

116-C-2B 105-C pluto crib pump station; 100-BC-2 1952-1969 1) x 8
116-C-2-1

116-C-2C 105-C pluto crib sand filter; 100-BC-2 1952-1969 23 x 16 x 6
116-C-2-2 I

116-D-2 105-D pluto crib 100-DR-1 1950-1952 10 x 0 x 10 Yes

I 16-DR-4 105-DR pluto crib 100-DR-2 1952-1953 10 x I0 x 15

116-F-4 105-F pluto crib 100-FR-I 1950-1956? 10 x 10 x 10

116-H-4 105-H pluto crib, 100-HR-I 1950-1952 4 x 4 x 2 Yes

DLMMY/PERF DECONTAMINATION CRIBS

116-B-4 105-B dummy decontamination 100-BC-1 1957-1968 20 x 4 (diameter)
french drain; 105-B dummy
decontamination disposal crib

I 16-B-6A Ill-B crib No. 1; I16-B-6-1 10d-BC-1 1951-1968 12 x 9 x 15 Yes

116-B-6B 11l-B crib No. 2;,116-B-6-2 100-BC-1 1950-1953 4 x 8 x 8 Yes

116-F-10 105-F dummy decontamination 100-FR-1 1948-1965 20 x 3 (diameter)
french drain; 105-F dummy/perf
decontamination crib

116-H-3 105-H dummy decontamination 100-HR-1 1950-1965 IS x 3 (diameter) Yes
french drain; perf decontamination
drain

m
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'WIDS ALIAS OPERABLE SERVICE FACILITY SIZE I HIGH PRIORITY
NUMBER UNIT DATES (feet) SITE

108 IUILDING CRIBS

1!6-B-5 108-B crib 100-BC-1 1950-1968 84 x 16 x 10 Yes

116-B-10 108-B dry well; quench tank 100-Be'-i 1950-1968 7 x 3 (diameter)

I16-D-3 108-D crib #I 100-DR-1 1951-1967 5 x 3 (diameter) Yes

116-D-4 108- D crib #2 100-Dit-1 1956-1957 5 x 3 (diameter) Yes

115 BUILDING CRIBS

116-KE - 115-KE condensate crib 100-KR-2 1955-1971 40 x 40 x 26

II6-KW- I115-KW condensate crib 100-KR-2 1955-1970 40 x 40 x 26

117 BUILDING CRIBS

116-B-12 117-B crib 100-BC-1 1961-1968 10 x 10 x 10

116-D-9 117-D crib; 117-D 100-DR-1 1960-1967 10 x 10 x 10 Yes

116-DR-8 117-DR crib 100-DR-2 1960-1964 10 x 10 x 10

116-F-7 117-F crib 100-FR-1 1960-1965 10 x 4 (diameter)

116-H-9 117-1- crib 100-HR-1 1960-1965 10 x 10 x 10 Yes

MISCELLANEOUS CRIBS

116-DR-7 105-DR inkwell crib 100-DR-2 1953 5 x 5 x1 0

116-F-5 Ball washer crib 100-FR-1 1953-1964? 10 x 10 x 10

116-KE-2 1706-KER waste crib 100-KR-2 1955-1971 16 x 16 x 32

q
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WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH PRIORITY
NUMBER UNiT DATES (feet) jSITE

FRENCH DRAINS

116-B-9 104-B-2 French drain 100-BC-1 1952-1954 3 x 4 (diameter)

I 16-D-6 1P5-D cushion corridor French 100-DR-1 1961-1907 3 x 3 (diameter) Yes
drain

1l6-F-l I 105-F cushion corridor French 100-FR-1 953-1965 3 x 3 (diameter)
drain

1 16-F-12 148-F French drain 100-FR-I 1944-1964 6 x 3 (diameter)

I 16-F-13 1705-F experimental garden 100-FR-1 1952-1976 3 x 3 (diameter)
French drain

108-F French drain 100-FR-1 Unknown Unknown Yes

116-KE-3 105-KE storage basin French 100-KR-2 1955-1971 78 x 20 (diameter)
drain; 105-kE basin reverse well

116-KW-2 105-KW storage basin French 100-KR-2 1955-1970 78 x 20 (diameter)
drain, 105-1KW basin reverse well

120-KE-1 i83-KE filter waste facility dry 100-KR-3 1955-1971 4 x 4 x 4
well; 100-KE-1; 183-KE filter
water facility

120-KE-2 183-KE filter waste facility 100-KR-3 1955-1971 3 x 3 (diameter)
French drain; 100-KE-2; 183 KE
filter water facility

120-KW-I 183-KW filter water facility dry 100-KR-3 1955-1970 4 x 4 x 4
well; 100-KW-1

120-KW-2 183-KW filter water facility 100-KR-3 1955-1970 3 x 3 (diameter)
French drain; 100-KW-2

t-2*
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WIDS ALIAS OPERABLE SERVICE FACILiTY SIZE HIGH PRIORITY
NUMIBER UNIT DATES, (feet) SITE

LIQUID WASTE DISPOSAL TRENCHES

116-B-1 107-B liquid waste disposal trench 100-BC-I 1946-1955 200 x 30 x 1I Yes

116-C-1 107-C liquid waste disposal trench 100-BC-1 1952-1968 500 x 50 x 25 Yes

116-DR-1 107-DR liquid waste disposal 100-DR-1 1950-1967? 300 x 15 x 20 Yes C
trench #1 .

116-DR-2 107-DR liquid waste disposal 100-DR-1 1952-1967 150 x 10 x 20 Yes
trench #2

116-F-2 107-F liquid waste disposal trench 100-FR-1 1950-1965 300 x 50 x lI Yes

11641-1 107-H liquid waste disposal trench 100-HR-1 1952-1965 200 x 25 x 15 Yes;

116-K- I 100-K crib; o-K pond; 116-K-1 100-KR-I 1955 400 x 40b x ? at Yes
trench; 107-K pond; 107-K(E) top
sump

105 STORAGE BASIN TRENCHES

116-q-2 105-B storage basin trench 100-BC-1 1946-1946 75 x 10 x 15 Yesf

116-D-1A 105-D storage basinjtrench #1 100-DR-1 1947-1952 130 x 10 x 6 Yes

116-El-lB 105-D storage- basin trench #2 100-DR-1 1953-1967 100 x 10 x 15 Yes

I 16-DR-3 105-DR storage basin trench 100-DR-2 1955 60 x 40 x 10

116-F-3 105-F storage basin trench 100-FR-I 1947-1951 100 x (10 to 20) x Yes
05(8to Y)?s

q
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IDS ALIASOPERABLE SERVICE FACILITY SIZE HIGH PRIORITY
NUMBER UNIT DATES (feet) SITE

1608 TRENCHES

116-DR-6 1608-DPk liquid disposal trench 100-DR-2 1953-1965 50 x 10 x 10

I 16-F-6 1608-F liquid waste disposal 100-FR-1 1952-1965 300 x 100 x 10 Yes
trench; 105-F cooling water
trench

116-11-2 1608-H liquid waste disposal 100-HR-I 1953-1965 275 x 100 x 6 Yes
trench, 1608-H crib and trench

SLUDGE TRENCHES

11613-13 107-B suth sludge trench 100-BC-l 1952 50 x 50 x 10

116-13-14 107-B north sludge trench 100-BC-1 1948 120 x 10 x 10

107-D, 1107-DR sludge disposal 100-DR-1 1953-unkpown 5 trenches
trenches

MISCELLANEOUS TRENCHES

116-h-I Lewis Canal . 10-FR-I l953-l96 ~ 3000 x 40 x 10 Yes

I16-F-9 Animal waste leaching trench 100-FR-1 1963-1976 -500 x 15 x WO Yes

EM bypass ditch 100-FR-1 1954-unknown 350 x unknown.

Basin leak ditch 100-FR-1 1955-unknown 500 x unknown

116-K-2 100-K mile long trench; K trench; 100-KR-1 1955-1971 4000 x 45 x 15 Yes
I 16-K-2 trench

120-KE-3 100-KE-3; 183-KE filter water 100-KR-3 1955-1970 40 x 3 x 3
facility trench .

rm
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WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH ]PRIORITY
NUMBER - UNIT DATES (feet) SITE

MISCELLANEOUS LIQUID WASTE DISPOSAL UNITS

120-B-1 105-B battery acid sump 100-BC-I 1944-1969

120-D-I* 100-D ponds 100-DR-1 1977-present Yes

132-D-3 1608-D waste water pumping 100-DR-1 1944-1965 20 x 20 x 36 Yes
station; 1608-D effluent pumping
station

132-H-3 1608-H waste water pumping 100-HR-1 1949-1965 36 x 34' Yes
station; I16-H-8; 1608-H effluent
pumping station

120-KE-8 165-KE brine pit 100-KR-2 1955-1971 16 x 10 x 10

120-KE-9 183-KE brine pit 100-KR-3 1955-1971 23 x 17 x 10

120-KW-6 165-KW brine pit 100-KR-2 1955-1970 16 x 10 x 10

120-KW-7 183-KW brine pit 100-KR-3 1955-1970 23 x 17 x 10

Source: DOE-RL 1991a; DOE 1990a-f; DOE 1991a-f
? Exact information is unknown.
* RCRA TSD Unit
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WIDS ALIAS(ES) OPERABL SERVICE FACILITY SIZE HIGH PRIORITY
NUMBER UNIT DATES (feet) SITE

105 BURIAL GROUNDS

118-B-1 105-B burial ground 100-BC-4 1944-1973 1000 x 321 x 20

118-C-I 105-C burial ground 100-BC-4 1953-1969 510 x 400 x 15

118-D-2 ICO-D burial ground #2 100-DR-3 1949-1970 1000 x 360 x 20

118-D-3 100-D burial ground #3 100-DR-3 1956-1973 1000 x 250 x 20

118-F-i Minor construction burial ground #2; 100-FR-2 1954-1965 600 x 500 x 20
burial ground #1; solid waste burial
ground No.2 

118--1 100-H burial ground No'. I 100-HR-2 1949-1965 700 x 350 x 20

118-K-1 100-K burial ground; 118-K 100-KR-2 1953-1975? 1200 x 600 x 20

TRITIUM SEPARATIONS PROJECT BURIAL GROUND

118-B-6 108-B solid wast4 burial ground 100-BC-3 1952-1953 40 x 40 x 20

BIOLOGICAL BURIAL GROUNDS

118-F~5 PNL sawdust repository 100-FR-2 1954-1975 500 x 150 x 15

118-F-6 PNL solid waste burial ground 100-FR-2 1965-1973 400 x 200 x 20

ASI PITS

126-B-I 184-B power house ash pit; 188-B ash 100-BC-1 1944-1969 Unknown
disposal area

126-D-I 184-D powerhouse ash pit; 188-D ash 100-DR-1 1950-1960 Unknown
disposal area; 100-D ash disposal
basin

126-F-I 184-F powerhouse ash pit; 188-F ash 100-FR-2 1944-1965 Unknown
disposal area

I'
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WIDS ALIAS(ES) OPERABLE SERVIICE FACILITY SIZE HIGH PRIORITY
NUMBER UNIT DATIES (feet) SITE

126-H- I 184-H powerhouse ash pit; 188-H ash 100-HR-2 1948-1965 Unknown
disposal area

BURN PITS

128-B-1 100 B/C burning pit; 100-B 1burning 100-BC-1 1943-195D 100 x 100 x 10
pit

128-B-3 100-B dump site 100-BC-1 1944-1968 450 x 60

128-C-1 100-C burning pit 100-BC-I unknown 225 x 125

128-D-1 100 D/DR burning pit 100-DR-3 1944-1967 100 x 100 x 10

128-F-1 100-F burning pit; 100-F burning pit 100-FR-2 1945-1965 100 x 100 x 10
No.1

128-r-2 Burning pit 100-FR-1 1945-1965 150 x 60

128-H-1 100-H burning pit; 100-H burning pit 100-HR-2 1949-1965 100 x 100 x 10
No.1

128-H-2 100-H burning ground #2 100-HR-2 Unknown-1965 120 x 80

128-H-3 100-H burning ground P3 100-HR-2 Unknown Unknown

128-K-I 100-K burning pit 100-KR-3 1955-1971 100 x 100 x 10

128-K-2 100-K construction dump 100-KR-3 unknown 800 x 280

STORAGE VAULTS/CAVES

118-C-4 105-C horizontal control rod storage 100-BC-2 1950-1969 1000 x 40 x 25
cave

118-F-7 100-F miscellaneous hardware storage 100-FR-2 1945-1965 16 x 8 x 8
vault

Ci
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WIDS ALIAS(ES) OPERABLE SERVICE FACILITY SIZE HIGH PRIORITY
NUMBER UNIT DA S j(@eet) SITE

118-KE-2 105-KE horizontal control rod storage 100-KR-2 1955-1971 1000 x 40 x 25
cave

118 KW-2 105-K.W horizontal control rod storage 100-KR-J 1955-1971 1000 x 40 x 25
cave

BALL 3X BURIAL I ROUNDS
118-B-5 Ball 3X burial ground 10-BC 1 19$3 50 x 50 x 20

118-Y-5 Ball 3X burial ground 100-DR-2 11954 2 - 20 x 40 x 10
each

118-11-4 Ball 3X burial ground 100-HR-2 1953 150 x 30) x 10

DEMOLITION SITES AND LANDFILLS

126-L-2 183-B' clearwells 100-BC-1 never used 751 x 135

126-8-3 184-B coal pit 100-BC-1 1970's-present 400 x 225

126-D-2 184-D coal pit 100-DR-1 1979's-1.986

126-DR-1 190-CR cleawell tank pit 100-DR-2 1970's-present 42 x 525

126-1"-2 183-Hl clearwells 100-HR-1 1970's-present 751 x 135

126-K-1 100-K gravel pit IOC-KR-2 1970's-present

MISCELLANEOUS SOLID WASTE DISPOSAL SITES

118-B-2 CoUstructionburial ground No. I 100-BC-3 1952-1956 60 x 30 x 10

118-B-3 Construction burial ground No. 2 100-BC-3 )956-1960 350 x 275 x 20

118-8-4 105-B spacer burial ground 100-BC.-3 1956-1958 50 x 30 x 15

118-B-6 108-B solid waste burial ground 100-BC-3 1952-1953 440 x 40 x 20

118-B-7 IlI-B solid waste burial site 100-BC-1 t951-1968 8 x 8 x B

0
0
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WIDS ALIAS(ES) OPERABLE SERVICE FACILITY SIZE HIGH PRIORITY
NUMBER UNIT DATES (feet) SITE

I18-B-10 Pit 100-BC-1 unknown 48 x 18

128-B-2 Sand blast disposal site 100-BC-1 unknown unknown

1!18-D-1 100-D burial ground No. I 100-DR-3 1944-1967 450 x 375 x 20

118-D-4 Construction burial ground 100-DR-3 1953-1967 600 x 200 x 20

I 1I-DR-1 105-DR gas loop burial ground l00-DIt-3 1963-1964 125 x 75 x 15

1 18-F-2 Burial ground No. 2; solid waste 100-FF,-2 1945-1965 368 x 326 x 20
burial ground No. I I

i18-F-3 Minor construction burial ground No. I00-FFR-2 1952 175 x 50 x 15
1; burial ground No. 3

118-F-4 115-F pit; 115-F crib 100-FR-2 1949 10 x 10 X 10

120-F-I Glass Dump 100-FR-2 ? 30 x 8 x 4 0

118-H1-2 H-1 loop burial ground; 100-H burial I00-HR-2 1955-1965 140 x 50 x 15 5"
ground No. 2

118-H-3 Construction burial ground 100-HR-2 1953-1957 300 x 200 x 20

118-H-5 105-H thimble pit I00-HR-2 1953-1960 30 x 10 x 2

Source: DOE-RL 199 1a; DOE 1990a-f; DOE 1991a-f
? Exact information unknown.

Ila
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WIDS - ALIAS OPERABLE SERVICE FACILITY HIGH PRIORITY
NUMBER. UNIT DATES SIZE SITE

(felet)

l16-N-l* 1301-N liquid waste disposal facility; 100-NR--1 1964-1985 125 x 20 x 12
1301-N crib and trench w/ 1600
__ _extension trench

I16-N-2 1310-N chemical waste storage tank; 100-NR-l 1964-present 900,000 gallons Yes
he golf ball; 1310-N waste storage
area

116-N-3* 1325-N liquid waste disposal facility; 100-NR- I 1983-present 250 x 240 w/
1325-N crib and trench 3000 x 10 x 7

extension trench

l16-N-4 1300-N emergency dump basin 100-NR-1 1963-1973 130 x 80 x 15
1963-1987 (1) (I)

I16-N-8 163-N mixed waste and hazardous 100-NR- I 19'86-present 152 x 60
Waste container storage pad; 116-N-8
storage pad

118-N-1 100-N Area silos; 100-N Area spacer 100-NR-l 1963-present 20 x 16
silos; 118-N (diameter)

120-N-1 1324-NA percolation pond 100-NR-l 1977-present 29,000 sq. ft. Yes

120-N-2 1324-N surface impoundment 100-NR- 1986-1988 140 x 75 x 15 Yes

120-N-3 163-N neutralization pit and French 100-NR-1 1963-1988 8 x 25 x 8
drain 1963-present vault; 4-6

(1) diameter drain
(1)

120-N-4 13 10-N hazardous waste staging area; 100-NR-I 1985-present 100 x 75
1310-N waste oil storage pad; 1310-N
non-hazardous waste pad

m>
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WIDS ALIAS OPERABLE SERVICE FACILITY HIGH PRIORITY
NUMBER UNIT DATES SIZE SITE

(feet)

120-N-5 108-N/163-N transfer line 100-NR-1 1963-present 2- 6 x 6 x 10
neutralization pit vaults (1)

120-N-6 108-N acid tank vent French drains 100-NR-1 1963-1988 5- 2 ft diameter
drains

120-N-7 100-N acid unloading facility French 100-NR-1 1963-1987 4 x 3 (diameter)
drain (I)

120-N-8 163-N sulfuric acid tank vent French 100-NR-1 1963-1988 4-6 (diameter);
drain ' depth unknown

124-N-1 124-N-1 septic tank; 100-N sanitary 100-NR-1 1963-present 2300 gal/day;
sewer syst:emNo. I 200 sq. ft.

infiltration area

124-N-2 124-N-2 septic tank; 100-N sanitary 100-NR-1 1963-present 2300 gal/day;
sewer system No. 2 200 sq. ft.

infiltration area

124-N-3 124-N-3 septic tank; 100-N sanitary 100-NR-1 1982-present 45 gal/day; 500
sewer system No. 3 gallon cess pool

124-N-4 100-N sanitary sewer system No. 4; 100-NR-1 1963-1987 14,000 gallon;
124-N-4 septic tank 8900 sq. ft.

I _infiltration area

124-N-5 100-N sanitary sewer system No. 5; 100-NR-1 1981-1987 3700 gallon;
124-N-5 septic tank 960 sq. ft.

I_ infiltration area

eli
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WIDS ALIAS OPERABLE SERVICE FACILITY HIGH PRIORITY
NUMBER UNIT DATES SIZE SITE

(feet)

124-N-6 100-N sanitary sewer system No. 6; 100-NR-1 1979-1984 2000 gallon;
124-N-6 septic lank 600 sq. ft.

infiltration area
(800 sq. ft. in
()

124-N-7 1(XW-N sanitary sewer system No. 7; 100-NR-l 1984-1087 7500 gallon;
124-NL7 septic tank 5500 sq. ft.

infiltration area

124-N-8 l(X)-N sanitary sewer system No. 8; 100-NR-1 1983-1987 5000 gallon;
124-N-8 septic tank 1650 sq. ft.

infiltration area

124 N -9 124-N-9 septic tank; 100-N sanitary 100-NR-l 1985-present 3000 gallon;
sewer system No. 9 3500 sq. ft.

infiltration area

124-N-10 124-N- 10 sanitary sewer system; 100- 100-NR-1 1987-present 50,000 gal/day
N central sewer system No. 10

128-N I 1IO-N burning pit; 128-N-1 burning lCO-NR-l 1963-1989 unknown
pit 1962-1986 (1)

130-N-1 183-N backwash discharge pond; 183- 100-NR-1 19 83-present
N filter backwash pond; 126-N-1

South settling pond 100-NR-1 1977-1983 110 x 50 x 15 Yes

Source: DOE-RL 1991a; DOE 1990d,e
* RCRA TSD unit
(1) Information from DOE-RL 1991a and DOE 1990d,e differs.
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DOE\RL-92-11, Rev. 0

Table E-5. 100 Area Sanitary Sewer Systems (Page 1 of 2)

U I.

WIDS NUMBER OPERABLE UNIT SERVICE DATES

1607-BI 100-BC-1 1944-1960

1607-B2 100-BC-1 1944-present

1607-B3 100-BC-1 1944-1974

1607-B4 100-BC-1 1944-present

1607-B5 100-BC-1 1944-1988

1607-B6 100-BC-1 1944-present

1607-B7 100-BC-i 1951-1969

1607-B8 100-BC-2 1951-1969

1607-B9 100-BC-4 unknown

1607-Dl 100-DR-3 1944-1965

1607-D2 100-DR-1 1944-present

Ii i U7..fl~ 1AA - - -Q44A-n-r-es-e-

1607-D4 100-DR-1 1944-1968

1607-D5 100-DR-1 1944-present

1607-Fl 100-FR-2 1944-1960

1607-F2 100-FR-1 1944-1988

1607-F3 100-FR-1 1944-1965

1607-74 100-FR-1 1944-1965

1607-;5 f 100-FR-i 1944-1965

607-F6 - I-F - 1945-1975

1607-HI 100-HR-2 1948-present

1607-H2 100-HR-1 1949-1965

7-H3 00-HR-2 1948-1968

1607-H4 100-HR-1 1948-1965

ET-5a



DOE\RL-92-11, Rev. 0

Table E-5. 100 Area Sanitary Sewer Systems (Page 2 of 2)

ET-5b

WIDS NUMBER OPERABLE UNIT SERVICE DATES

1607-KI 100-KR-3 1955-present

1607-K2 100-KR-3 1955-present

1607-K3 100-KR-3 1955-1970

1607-K4 100-KR-2 1955-present

1607-K5 100-KR-3 1955-present

I9-K16 100-KR-2 1955-present

JUrce U-L9
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WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH
NUMBER UNIT DATES (feet) PRIORITY

SITE

116-C-3 105-C chemical waste tanks 100-BC-2 Never used 27,000 gal

118-C-2 105-C bIll storage tank 100-BC-2 1969 5 x 6 (diameter)

130-D-1 1716-D gasoline storage tank 100-DR-1 1944-1968 1,000 - 4,999 gallon Yes

130-K-1 1717-K gasoline storage tank 100-KR-2 1955-1972 Unknown

130-K-2 1717-K waste oil storage tank 100-KR-2 1955-1972 Unkrown

130-K-3 182-K emergency diesel oil 100-KR-3 1955-1971 17,500, gallons (2
storage tank; 182-K emergency tanks)
cooling flow diesel tank

116 K 6A 1706-KE condensate collection 100-KR-2 1986-present 96 gallon
tank; 1706-KE waste treatment
system

l16-KE-6B 1706-KE waste treatment 100-KR-2 1986-present 30 gallon
system; 1706-KE evaporation
tank

116-KE-6C 1706-KE waste accumulation 100-KR-2 1986-present 550 gallon
tank; 1706-KE waste treatment
system

I16-KE-6D 1705-KE waste treatment 100-KR-2 1986-present 5 cu. ft.
system; 1706-KE ion exchange
column

120-KE-4 183-KE] sulfuric acid storage 100-KR-3 1955-1971 10,109 gallon
tank

120-KE-5 183-KE2 sulfuric acid storage 100-KR-3 1955-1971 10,109 gallon
tank s m k K

120-KE-6 183-KE sodium dichromate tank 100-KR-3 1955-1971 Unknown

m

ON

0

'0

C)



*9913200.D7!6

WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH
NUMBER UNIT DATES (feet) PRIORITY

1- SITE

126-KE-2 183-KE liquid alum storage tank 100-KR-3 1955-19711 180,000 gallon
#2

126-KE-3 183-KE liquid alum storage tank 100-KR-3 1955-19711 Unknown
#1 -

130-KE-l 105-KE emegency diesel oil 100-KR-2 1955-19711 2,000 gallon
storage tank; 105-KE emergency
diesel fuel tank

130-KE-2 166-KE oil storage tank 100-KR-2 1955-1971 1,650,000 gallon

120-KW-3 183-KWI sulfuric acid storage 100-KR-3 1955-1970 10, 109 gallon
tank

120-K W-4 183-KW2 sulfuric acid storage 100-KR-3 1955-1970 10,109 gallon
tank

120-KW-5 183-KW sodium dichromate 100-KR-3 1955-1971 Unknown
storage tank

130-KW-l 105-KW emergency diesel oil 100-KR-2 1955-1970 2,000 gallon
storage tank; 105-KW
emergency diesel fuel tank

130-KW-2 166-KW oil storage tank 100-KR-2 1955-1970 1,650,000 gallon

Source: DOE-RL 19 91a; DOE 1990a-f, DOE 1991a-f
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UNPLANNED ]DATE RELEASE AR EA NATURE AND QUANTITY REMFDIAL ACTIONS
RELEASE OF WA'STE RELEASED
NUMBER 1-

UN-100-F-I 3/13/71 Main sewer lines froxn 141-C 4.0E-5 Ci Sr-90, 1.062-6 Ci Pu- Area stabilized with clean gravel
to 141-M buildings became 239
plugged i

UlN-100-K-1 4/79 105-KE picklup chute area; no 450 gal/h for unknown period of None
surface contaminatiosk fuel storage: basin effluent; soil

beneath baslin estimated total
activity of 2,530 Ci with 1.3 Ci
of Pu-239

UN-100 N- I 3/27/74 Line leak resiAted in release 0.2 Ci of radioactive constituents Contaminated soil reading greater
of radioactive water to than 1,000 ct/min was removed;
ground near i304-N remainder covered with clean fill
emergency dump tank

UN-IlX)-N-2 2/19/80 Leak in relief drain line from Primary coolant water containing Line repaired groundwater
FLV858 valve; area ;7 x 17 less than I Ci beta/gamma; 10 monitored; accessible contaminated
x 10 feet was contaminated gal/min leak rate soil removed and coveredwith clean

I I_ fill

UN- l00-N-3 3/8/78 Leak in dummy fuel spacer Storage basin water; released Line repaired; contaminated soil
transfer line from fuel estimated 0.07 Ci Co-60, 0.8 Ci removed and area covered with clean
storage basin contaminated Sr-90, 0.25 Ci Cs-137, 0.14 Ci fill
area 2.5 feet by 4 foot CePr-144, 0.0004 Ci Pu-239, I
diameter Ci of H-3; rate of 25 gal/min for

about a week

UN-100-N-4 5/7/77 Overflow of radioactive Total activity of 0.5 mCi Most of the contaminated soil
water from 1322-A sump; removed and replaced with clean fill
contaminated about 1,500 sq.
ft.

UN-100-N-5 6/27/72 Leak in piping at radioactive 35 Ci total activity released Contaminated soil reading greater
chemical waste handling including 26 Ci of Co-60 than 1,000 ct/min removed;
facility remainder covered with clean fill

-.3
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UNPLANNED DATE RELEASE AREA NATURE AND QUANTITY REMEDIAL ACTIONS
RELEASE OF WASTE RELEASED
NUMBER

UN-100-N-6 9/10/85 Leak in 1.5-in line between An estimated 0.2 Ci Co-60, 0.04 Line repaired; -590 cu. ft.
105-N and 1310-N resulted in Ci Mn-54, 0.003 Ci Ru-103, and contaminated soil reading 7,000 to1
release of radiologically 0.003 Ci Cs-137 25,600 ct/min removed; excavation
contaminated water backfilled with clean soil

UN-100-N-7 4/29/85 Leak in buried 10-in drain Radioactive effluent containing I Adjacent groundwater wells had
line between 105-N and Ci Na-24, 0.5 Ci Co-60, 0.09 increased levels of 1-131; - 1,130
1304-N Ru-103, 0.4 Ci Cr-51, 0.2 Ci cu. ft. contaminated aoil removed;

Zr-95, 0.3 Ci Te-132, 0.3 Ci area. backfilled with clean soil
Mn-14, 0.1 Ci Nb-95, 0.5 'Ci I-
131, 1.2 Ci Fe-59, 0.2 Ci
Ce-141, 0.2 Ci Ce-144, 0.8 Ci
Tc-9$ -

UN-100-N-8 S/ 11/75 Radioactive water was Total activity was 0.5 mCi Most of contaminated soil removed CL
released from overflow at and replaced with clean fill
1322-A sump contaminating
25 sq. ft.

UN-100-N-9 10/14/74 Leak in 119-N cooling water -500,000 pCi Valve and line repaired;
drain line and valve contaminated soils removed and area

baclkfilled with clean soil

UN-100-N-10 5113/75 Contaminated water leaked to 0.001 Ci of mixed fission and Small dirt dam built to confine water
ground during removal of activation products within existing radiation zone
105-N check valve

UN-100-N-1 I 10/2/75 East side of Highway 4 1,000 mR where the bonnet hit 8 cut. yd. of soil and 0.5 cu. yd. of
North; contaminated .500 lb the road; 5,000 to 20,000 ct/min blacktop removed
valve bonnet fell onto the on 200 sq. ft. of road; 25,000 to
road, 8 cu. yd. of soil and a 50,000 on surface of field
30 x 1 foot strip of blacktop adjacent to valve bonnet
contaminated

eli
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UNPLANNED DATE RELEAS AREA NATURE AND QUANTITY REMEDIAL ACTIONS
RELEA$E OF WASTE RELEASED
NUMBER

UN-100-N-12 2/27/79 Leak in spacer transport line; Readings of 50 to 100 mR/h; Line repaired; sink hole filled with
same location as'UN-100-N-3 basin water released contained clean soil

0.19 Ci Co-60, 0.4 Ci Cs-137,
___0.00057 Ci Pu-239/240

UN-100-N- 13 9/24/73 Overflow of spent 100 gallor containing -0.011 Ci Contaminated soil packaged for
decontamination solution at removal or covered with clean fill
1314-N loading station
contaminated 20 sq. ft.

UN-100-N-14 8/5/74 Leak in 119-N driain system; 0.0008 Ci beta/gamma Soil reading greater than 1,000
contaminated 800 sq. ft. ct/min removed; remaining soil

covered with clean fill
UN-lOO-N-15 3/20/81 108-N neutralization sump Sulfuric acid Acid neutralized with soda ash

transfer line leak;
contamnmated less than 50 cu.

ft.

UN-100-N-17 8/66 166-N diesel oil supply line Diesel oil Line repaired; oil near the rivei
leak collected in interceptor trench and

periodically burned

UN-100-N-18 8/73 Leak in diesel oil supply line Diesel oil Line excavated and repaired
between 166-N tank farm and
184-N day tank

UN-100-N-19 4/84 Overflow of 184-N day tank No. 6 fuel oil Oil removed from ground surface
and tank impoundment area cleaned
up

UN-100-N-20 6/85 Leak in 166-N diesel oil No. 2 diesel oil Line repaired; oil-contammated soil
return line removed; groundwater monitored

Zn
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UNPLANNED DATE RELEASE AREA NATURE AND QUANTITY REMEDIAL ACTIONS
RELEASE OF WASTE RELEASED
NUMBER

UN-100-N-21 4/25/86 Overflow at 184-N day tank No. 2 diesel oil Level annunciator repaired; 650
gallon of oil removed; no oil

_____ _detected in groundwater

UN-100-N-22 6/23/86 ,ak in 184-N diesel oil No. 2 diesel oil Line rerouted; contaminated soil
supply line removed; oil detected in groundwater

UN-100-N-23 1/10/87 Leak in 184-N diesel oil No. 2 diesel oil Line excavated; oil detected in
Ssupply line groundwater

UN-100-N-24 2/1/87 166-N fuel oil supply line No. 6 fuel oil None
leak

UN-100-N-25 5/15/75 1310-N tank vented and Primary loop water and Localized contamination covered
rleased reactor decontamination solution with 6 inches of soil
decontamination solution to containing phosphoric acid and
the ground diethylthiourea

UN-100-N-26 12/7/78 Reactor decontamination Decontamination solution Remaining solution absorbed and
iolution backflowed during containing phosphoric acid and sent to 200 Area burial ground
pumping at the 1314-N load- diethylthiourea
out facility

UN-100-N-29 4/23/74 Leaking check valve at 1304- Primary coolant water containing Contaminated soil removed; area
N dump tank released radioactive fission and activation covered with clean fill
radioactive water to ground products, mostly Mn-56 and Na-

24

UN-100-N-30 7/22/74 Overflow at the 1304-N Primary coolant water containing Contaminated soil stabilized in place
dump tank contaminated radioactive fission and activation with sand and fines
2,500 sq. ft. products; maximum of 500

I ct/min

H~
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UNPLANNED DATE RELEASE AREA 'NATURE AND QUANTITY REMIEDIAL ACTIONS
RELEASE OF WASTE RELEASED
NUMBER j-

UN-100-N-31 7/22/74 Spill of radioactive effluent at Radioactive effluent containing Conitamimjated soil removed; area
1301-N crib; contaminated fissi6n and activation products; covered with clean fill
area -2,025 sq. ft. gross beta/gamma concentration

was 700 dis/min/mL

UN-100-N-32 9/16/74 Leaking check valve at 1304- Radioactive effluent containing Costaminated soil removed or
N dump tank fission and activation products; covered with clean fill

tnud sample read 20,000 ct/min;
estimate of less than 10 mCi of
activity remaining on ground

UN-100-N-33 11/9/81 Acid spilled during transfer 97% sulfuric acid; exceeded Ac9d was neutralized with sodium
at 108-N CERCLA requirement of 1,000 hydroxide and soda ash

3lb for sulfuric acid

UN-100-N-34 5/12/80 Release of sulfuric acid 94% sulfuric acid Acid in encasement neutralized with
during: transfer at 108-N 50% sodium hydroxide and pumped

to clearwell overflow; acid in
surrounding area neutralized with
soda ash and liquid sodium
hydroxide

UN-100-N-35 11/86 Leakage from sub-basin (fuel Radioactively contaminated water Basin weir and drain line grouted
storage) drain line containing 1.6 Ci Mn-56, 0.4 Ci and sealed off

Co-60, 0.3 Ci Nb-95, 0.h Ci I-
131, 0.4 Ci Cs-137, 0.3 Ci Ce-
144; rate of 3 gal/min only
during feed and bleed of the fuel
basin

Source: DOE-RL 1991a; DOE 1990d,e
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APPENDIX F
DESCRIPTIONS OF REMEDIAL TECHNOLOGIES AND PROCESS OPTIONS FOR

RIVER PIPELINES AND SEDIMENTS
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1.0 INTRODUCTION

The purpose of the 100 Area Feasibility Study Phases 1 and 2 is to develop a baseline
of remedial alternatives which can be used in focused feasibility studies for individual sites or
OUs. The purpose of this appendix is to identify technologies which potentially apply to
remediatiomof-river sediments-and outfall pipeines for use in future feasibility studies. A
joint assessment of the Columbia River involving DOE-RL, EPA, and Ecology was initiated
in FY93. This comprehensive assessment will evaluate human health and environmental
risks from the cumulative impacts of Hanford-derived contaminants. The resulting
information will be used to determine the need for any appropriate remedial actions.

2.0 SUMMARY OF DISCHARGES TO THE RIVER

-Aeaehf4he--racter-areas-,- except- -lf N Area, pipelina were -used to carry COOling
water from the Columbia River to the reactor and ultimately back to the river. The cooling
water, contaminated with fission products and additives, was released from the reactor and
discharged to the retention basins. After a brief hold-time in the basins, the water was
diverted to the outfall structure, through thetiverpipelines,-then discharged to the river in an
area of high flow. Overflow from the basins was diverted through concrete overflow
spilway(s)-(DOE4991a. These practices- may have impacted sediments in the river. In
addition, cooling water contaminated as the result of a fuel cladding failure was discharged
directly to the ground in the 100 Area through liquid waste disposal facilities such as cribs.
Some of these contaminants have migrated to groundwater. Flow of this contaminated
groundwater to the river may be affecting sediments along the shoreline. Contaminants in
cooling water have been sorbed onto the interior of the river discharge pipelines. In
addition, the river pipelines may present physical hazards in the river should the pipelines
become dislodged.

3.0 TECHNOLOGY AND PROCESS OPTION DESCRIPTIONS

The following technologies and process options may apply to remediation of river
sediments. Only those options specific to the river media have been identified. Once the
sediments-or pipelines are-removed,-they would be treated the same as riverbank sediments
and pipelines identified in the main body of the FS and in Appendix C. For instance, the
solidification/stabilization options identified for soils and riverbank sediments in Appendix C,
Section 3.15 would alsoapply to river sediments. Likewise, treatment technologies for
outfall pipelines would he the same as those identified for the land-based pipelines in Section
1.0 of Appendix C. Water removed by dewatering processes would be treated by
technologies identified in Section 2.0 of Appendix C

The cooling water system is explained more fully in Section 1.0 of the main body of this FS.
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3.1 ACCESS RESTRICTIONS

3.1.1 Use Restrictions

Because the Columbia river is a public resource, deed restrictions cannot be applied;
however, use restrictions may be applied to control commercial and recreational use of the
river. Use restrictions prevent entry to areas where exposure to contamination could result
and prevent activities that could mobilize contaminants.

Use restrictions require only administrative resources and visual monitoring to ensure -
they are obeyed. Use restrictions may be effective in preventing short-term human contact
with contaminated areas; however, the long-term effectiveness of use restrictions is
uncertain.

3.2 MONITORING

Monitoring is performed by continuously or periodically sampling environmental
media and analyzing for contaminants of interest. Surface water can be monitored by
continuous reading and recording probes or meters installed in the river flow path; sediment
and ecologic samples can be periodically collected. Sampling can be performed easily with
little preparation and minimal specialized equipment.

Environmental monitoring along the river, including background monitoring, is
-routinely-performed at-the Hanford Site. Monitoring programs aid in assessing the existence
of contamination in the river environment and can be used to gauge the success of remedial
activities. Monitoring alone is not effective in protecting human health and environment;
however, monitoring can be an effective tool to evaluate the natural attenuation of
contaminants. Any remedial actions taken on the river will likely include a monitoring
program- such as the environmental-monitoring-programs currently in place.

3.3 COVERS/REVETMENTS

The following covers/revetments for contaminated river sediments and outfall
pipelines are discussed below:

* silt/clay/sand
* grout
* riprap
* mattresses.

F-6
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3.3.1 Silt/Clay/Sand Covers

Silt/clay/sand covers are constructed by spreading clean sand, clay, silt, or
uncontaminated, dredged river bottom sediments over an area of contamination. The cover
helps minimize the leaching of contaminants and erosive transport of the contaminated
sediments. Cover materials have application for temporary or permanent containment of
hazardous waste constituents. Their-use-is-generaily-limited-to-protected open waters where
bottom-currents and flow velocity are not sufficient-to- er.e Lh- I=D A 1085).
Silt/dlay/sand covers may be used as interim measures for short-term control o8ontaminant
mobility due to erosion.

The materials necessary to construct the cover can be obtained by dredging other
areas of the river or by excavating uncontaminated surface soils from the Hanford Site.
General-construction equipment can be used- to-excavate surface soils; dredges can be used to
remove the sediments and to place the cover material. Placement methods include point
dumping, pumpdown, or submerged diffuser systems (EPA 1985).

In the point dumping method, the cover material is dumped from barges, scows, or
hopper dredges. This method results in a high degree of turbidity and dispersion of both the

-cover material-and the-contaminated sediments. The barges or hopper dredges require deep
drafts; application of cover materials may be very difficult in shallow waters (EPA 1985).

The pumpdown method uses a pumpdown barge to pump the cover material from a
scow, barge, or land-based storage area down a discharge nine whose termination point is set
close to the bottom of the river. This method is limited to relatively calm waters and is not

-feasible in-shallow waters -due to the deep draft required by the barges. This method is much
lower flfn the polnt timn methn iEPA 1995).

The submerged diffuser system is similar to the pumpdown method in that the cover
material is pumped through a pipe from a barge, scow, hydraulic dredge, or land-based
storage area to the river bottom where it is spread over the contaminated area by a
submerged sediment diffuser. Like the pumpdown method, this method is not feasible in
shallow water and is much slower than the point dump method. The diffuser system
provides the most controlled placement of cover material and results in the least amount of
turbidity and resuspension of contaminated sediments (EPA 1985).

Silt/cilay/sand covers may be used as interim measures for short-term control of
contaminant mobility due to erosion. The high flow velocities of the Columbia River,
especially during peak runoffs (DOE 1991c), could lead to rapid erosion and ineffectiveness
of the cover. The effectiveness and durability of the silt/clay/sand covers can be increased if
used in conjunction with isolation process options such as dikes or berms so that the river
flow velocity is reduced in the area of the cover. While cover materials are readily available
and inexpensive,-continual- maintenance of the- cover-would likely be necessary. Placement
of the covers may result in remobilization of contaminants resulting in further contaminant
spread and potentially impacting salmon spawning grounds.
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3.3.2 Grout

Cement or other grouting materials are applied to the surface of or mixed with bottom
sediments to create a cover or seal which minimizes erosive transport of contaminated
sediments. A groutcover -may be emplaced with or without river diversion away from the
area (i.e., using cofferdams or diversion channels).

- Two empa-ement methods are available for use with river diversion techniques (EPA
1985). The first is pneumatic application of a layer of concrete (shotcrete) or grout to form
a surface seal. The second is in situ mixing of concrete, quicklime, or a grout material with
the top layer of the contaminated sediments (similar to shallow soil mixing; see Section
3.10.3 of Appendix C). These two methods for placing grout covers are largely dependent
on -the implementabili4y and effectiveness of -the river-diversion techniques (see Sections
3.4.1 and 3.4.3). Grout materials and the equipment necessary for placement of the grout or
shotcrete are readily available. Soil mixing of the top layer of the contaminated sediments
has been performed in very soft sediments using a soft ground crawler vehicle called the Soil
Limer (Yamanouchi et al. 1978; Nissan Hodo, Co. Ltd. undated).

If the river is not diverted, grout can be applied underwater with concrete pumps or
aggregates can be grouted in place. Mobile concrete pumps, which may be barge-mounted
or used on shore, are widely used for placing concrete underwater (EPA 1985). Grouting of
preplaced aggregate is a method that has been used in flowing streams and rivers. A course
aggregate or combination of several types of-aggregate are preplaced in forms. Grout made
of cement, sand, and water can then be forced through pipes to fill the voids in the aggregate
(Portland Cement Association 1979). Following the emplacement of the grout cover/seal, the
sediment bottom can be restored to an acceptable grade and composition with clean sediment
to reestablish the river bottom habitat (EPA 1985).

Grout covers may be used as interim measures for short-term control of contaminant
mobility due to erosion. Grout covers are not as susceptible to erosion as silt/clay/sand
covers but may require periodic maintenance. The effectiveness and durability of the grout
covers can be increased if used in conjunction with isolation process options, such as dikes
or berms, so that the river flow velocity is reduced in the area of the cover. High velocity
flow over grout covers can create a lifting effect which may result in cracks and undermining
of the cover. Grout covers, like silt/clay/sand covers may resuspend contaminants during
implementation and have a similar potential to affect spawning grounds.

3.3.3 Riprap

Riprap is a protective stone cover placed on river sediments to prevent erosion.
Riprap generally consists of quarry stones that are well graded from large to small. The
small size stones are required to ensure that large voids do not exist in the cover after
placement. The angularity of quarry stones result in a well-packed, stable cover (Petersen
1986). The largest stone size required is generally a function of the river velocity, i.e., the
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stone size should be selected so the cover remains stable against river flow velocities. Less
expensive cobbles canbe used-im place-of expensive quarry stonesin-situations where the
grade of the river bank is relatively flat (Petersen 1986).

Riprap as a cover for erosion control in rivers is a well developed technology.
Riprap blankets are currently in use for erosion control in the Arkansas and Red Rivers.
Riprap covers can be mass produced; construction is fast and economical (Petersen 1986).
However, placement of the riprap cover will likely cause resuspension of some contaminated
sediments (EPA 1985) and may impact fish spawning beds.

3.3.4 Mattresses

Mattresses are protective covers placed on river sediments to prevent erosion. These
mattresses are generally placed on underwater banks extending from the water's edge at low
water out onto the river bed (Petersen 1986). Mattresses can be constructed of lumber,
reinforced asphalt, or articulated concrete (Petersen 1986). Large sections of mattresses are
generally constructed directly above the area of the river sediments to be covered then sunk
into place.

The use of mattresses for erosion prevention on riverbanks is a well developed
technology. Articulated concrete mattresses are currently in use along the Mississippi River
(Petersen 1986). Mattresses help prevent resuspension and/or erosion of contaminated
sediments. However, the longevity of such mattresses is unknown; mattresses would likely
require periodic maintenance and replacement. Resuspension of contaminants and potential
impacts to spawning grounds may result from mattress placement.

3.4 ISOLATION

The following methods of isolating contaminated river sediments and outfall pipelines
are discussed below:

* cofferdams
* silt curtains
* diversion
* dikes/berms.

3.4.1 Cofrerdamn

A cofferdam is used to isolate a contaminated area in a waterbody from the stream
flow. The water held within the confines of the cofferdam is removed to allow access to the
river bottom. Cofferdams are comprised of a physical obstruction that diverts the flow of
water and may be constructed of such materials as soil, sheet piling, earth-filled sheet pile
cells, and sand bags (EPA 1985).
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Cofferdams are most effectively constructed in shallow ports, streams, rivers, or
waters with low flow velocities. Construction of a pile driven cofferdam is difficult when
flow velocities exceed 2 ft/s, when water depths exceed 10 ft (EPA 1985), or when driving
sheet piles in areas where cobbles are typically present in the river bottom sediments.
Surface water velocities in the Hanford Reach sometimes exceed 11 ft/s (DOE 199 lc) and
may make installation of cofferdams very difficult. The high permeability of the underlying
river sediments may allow high water flow rates under the cofferdams. Cofferdams
constructed by the Corps of Engineers along the Snake River in similar river sediments were
found to be-ineffective in preventing the-inflow-of water into the is-,md area (Willard
1993).

3.4.2 Silt Curtains

Silt curtains are low permeability floating barriers that extend vertically from the
-surface-of the water-to a specified depth. Silt curtains are used to control the surface
turbidity in the vicinity of a small dredging or capping operation (EPA 1985). Silt curtains
are generally constructed of a flexible skirt material, such as polyester or nylon reinforced
PVC. The skirt is anchored at the base with a ballast chain and at the top with a tension
line. The skirt is held in the desired configuration by anchored lines (EPA 1985).

-Silt curtains are most easily deployed-in calm waters with low flow velocities (i.e.,
less than 2 ft/s) and minimal wave-influences (EPA 1985). Ia higher flow velocity waters,
silt curtains are difficult to deploy and maintain.

34I flivordnn

Diversion requires a complete rechanneling of a river reach to isolate the
contaminated area from flow, greatly reducing the mobility of the contamination. Diversion
would also facilitate access by land-based excavation equipment or in situ remedial or
containment options. The diversion may be instituted by a combination of cofferdams, pipes,
and channels (EPA 1985). The contaminated sediment area is isolated by rechanneling the
course of the river from an upstream point through a secondary channel or conduit and
reuniting the secondary channel with the primary channel at a downstream location.
However, it should be noted that changing the course of the river would have a major effect
on the groundwater movement in the area. Any changes to groundwater movement would
likely affect groundwater remedial alternatives that are planned or being implemented.

The flow volume in the Hanford Reach ranges from 36,000 to 450,000 ft3/s (DOE
1991c) and makes diversion difficult. An alternate channel for the river's flow could
possibly cross the Hanford Site, potentially affecting waste sites. The alternate channel
would require extremely large scale excavation.
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3.4.4 Dikes/Bermis

Retaining dikes and berms are physical barriers placed downstream of a remedial
action to minimize the transport distance of resuspended contaminated sediments. These
include earthen embankments, earth-filled sheet pile wails, water inflated dams, or other

-materials designed to minimi7e .eiment transport (EPA 1985).

Earthen dikes can be constructed quickly and easily using earth moving equipment
(i.e., bulldozers or mechanical dredging equipment) (EPA 1985). Alternatives using sheet
piling or securely-anchored, water-inflated dams are extremely difficult to install due to high
flow velocities.- A large number of dikes or berms would besrequired to control the flow
velocity in the area of contamination. Construction of such a large number of dikes would
probably adversely affect the salmon spawning grounds and could result in resuspension of
contaminated sediments. Dikes/berms may also cover part of the contaminated media,
complicating removal options.

3.5 IN SITU STABILIZATION/SOLIDIFICATION

The following in situ stabilization/solidification techniques are discussed below:

0 pipeline anchoring
0 soil mixing
* grout injection
* ground freezing.

3.5.1 Pipeline Anchoring

Several--measures may be taken- to-anchor outfall-pipelines-into-the- substrate to
preclude inadvertent transport. The outfall pipelines could be grouted in place by filling
them with cement or other grouting material. This would increase the bulk density of the
pipe, reducing the-tendency for suspended- transport. Other methods may include driving
large U-shaped brackets over the pipe and into the substrate or securing the outfall pipelines
with cable. The brackets would secure the pipe in place, even if the pipe were to be
breached. The cable could be placed through the length of the pipe and secured at either
end. If any section of the pipe were to become dislodged, it would still be secured by the
cable.

The grouting method would require that some type of material be pumped into the
pipe under pressure. Care must be taken to minimize differential filling as a result of
blockages or existing breaches in the outfall pipeline. The U-shaped brackets would require
a means to drive them into the substrate, such as pile driving equipment. Installing a cable
through the existing outfall pipelines-would-require a means-to breach--the pipe for entry and
exit as well as the need to effectively string the cable through the pipe. Any of the methods
would be relatively easy to perform. Anchoring of underwater pipelines and
telecommunication cables is an established technology.
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Cables or anchors may degrade over time making the long-term reliability of these
methods uncertain. Pipeline anchoring by cable or U-shaped anchors does not stabilize the
contaminated scale inside the outfall pipelines. Filling the pipeline with grout does reduce
the mobility of the scale contaminants in the short term but rusting of the pipe from the outer
surface could expose the scale to the water in the long term.

In situ remedial actions performed on the outfall pipeline may affect any future
removal-actions-of the pipelines, should--this -become -necessary- -The grout-filled pipe
sections may result in prohibitively heavy sections which would be difficult to cut into
-manageable sections._ _TheU-shaped brackets and cable-would he easier to remove.

3.5.2 Soil Mixing

Refer to discussion on "Shallow Soil Mixing," Appendix C, Section 3.10.3, under "In
Situ Stabilization/Solidification" technologies in the "Soils and Riverbank Sediments
Tprhnnlnov fecrintinnc

3.5.3 Grout Injection

Refer to discussion on "Grout Injection," Appendix C, Section 1.10.1, under "In Situ
Stabilization/Solidification" technologies in the "Solid Waste Technology Descriptions."

3.5.4 Ground Freezing

Refer to discussion on "Ground Freezing," Appendix C, Section 3.10.6, under "In
Situ Stabilization/ Solidification" technologies in the "Soils and Riverbank Sediments
Technology Descriptions."

Ground freezing of the river sediments is not practical because of the infinite heat
sink provided by the flowing Columbia river.

3.6 IN SITU CHEMICAL TREATMENT

The following methods of in situ chemical treatment of contaminated river sediments
are discussed below:

* detoxification
* immobilization.
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3.6.1 Detoxification

In situ detoxification destroys, degrades, or otherwise reduces the toxicity of
contaminants through neutralization and oxidation/reduction (EPA 1985).

-- Neutralization involves injecting dilute acids or bases into-the-contaminated- sediments
to adjust the pH. This pH adjustment can serve as pretreatment prior to in situ oxidation or
reduction to optimize the pH range (EPA 1985).

Oxidation and reduction reactions serve to alter the oxidation state of a compound.
Such reactions can detoxify, precipitate, or solubilize metals. Oxidation/reduction techniques
are standard wastewater treatment approaches, but their application as in situ treatment
technologies is largely conceptual. Oxidation of inorganics in soils, is for all practical

purposes, limited-to oxidation of-arsenic and possibly -some lead compounds (EPA 1985).

3.6. Tmmnhilationn

Immobilization methods are designed-tosrender contaminants insoluble and prevent
leaching of the contaminants from the soil matrix and their movement from the area of
contamination. Little is currently known about the effectiveness and reliability of
immobilization techniques (EPA 1985). An immobilization method which may be potentially
applicable to the river sediments is chelation.

The use of chelating agents may be very effective in immobilizing metals although
additional research is needed. Depending on the chelating agent, some stable metal chelates
may become highly mobile while others may become strongly sorbed to the soil or sediments
(EPA 1985). This method may not apply to radionuclides.

3.7 DWVRASEflDrEMAA

The following methods of river-based removal of contaminated river sediments and
outfall pipelines are discussed below:

* mechanical dredging
* hydraulic dredging
* demolition-

3.7.1 Mechanical Dredging

Mechanical dredging involves the use of vessel-mounted draglines, clamshells, or
bucket ladders.- These are standard excavation equipment that have-been-barge-mounted for
the purpose of underwater sediment removal. Mechanical dredging techniques remove
sediments at nearly in situ densities and thereby maximize solids content (EPA 1985).
However, these techniques typically operate at--low-process rates and tend to resuspend
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sediments. Mechanical dredging is applicable to relatively shallow streams and rivers that
have low flow velocities (EPA 1985).

Mechanical dredging equipment is readily available and commonly used for river
sediment removal. The U.S. Army Corps of Engineers frequently uses mechanical dredging

_aiong&thoColumbia River-toikeep shipping channels open and to excavate dock areas
(Willard 1993). There are two primary limitations to the use of mechanical dredging for

-removing sediments from the Columbia river: resuspension of contaminated sediments
(especially radioactive contaminants) and shallow water application (EPA 1985). However,
resuspension-of sediments has-not beear a-problem encountered by the U.S. Army Corps of
Engineers during their dredging operations along the Columbia (Willard 1993). Small,
shallow water dredges may be required in some areas. Additionally, dredging in the upper
Columbia River near the Hanford Site is limited to two months of the year (January and
February) due two spawning habits of the salmon and spring runoffs (Willard 1993).

3.7.2 Hydraulic Dredging

Hydraulic dredging involves removal of sediments by pumping in a liquid slurry
form. Sediments are dislodged from river bottoms by plain suction, cutterhead, dustpan, or
hopper methods (EPA -1985)./ Once dislodged, the sediments are pumped to the surface with
centrifugal pumps. Slurries of 10 to 20 percent solids by wet weight are typical for standard
hydraulic dredging operations (Petersen1986).- The suction end of the dredge is mounted on
a movable ladder to enable variable dredging depths.

Hydraulic dredges are applicable to streams and rivers with appreciable flow
velocities (EPA 1985). This technique can be operated at process rates greater than
mechanical dredges and can minimize resuspension of sediments by surrounding the suction
end of the dredge with a hood. The primary disadvantage of hydraulic dredging is the large
volumes of water that are removed with the sediments.

Hydraulic dredging equipment-is readiny a i nd commonly used for river
sediment removal. The high water content of the slurry makes handling of the dredged
material more difficult. A dewatering system would be required (see Section 3.8). Dredging
in the upper Columbia River near the Hanford Site is limited to two months of the year
(January and February) due to spawning habits of the salmon and spring runoffs (Willard
1993).

3.7.3 Demolition

Demolition is-the-inital operation ifl removal of the outfall pipeline. The existing
outfall pipeline would be cut into smaller, more manageable sections to facilitate removal. A
crane or other hoisting device would be used to remove the pipe segments.

Standard barge-mounted-hoisting-equipment could be employed. Underwater rigging
would be completed remotely from the barge or if necessary, by divers. Some sediment
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dredging may be required to expose buried lengths of pipeline. Cutting with underwater
torches is required-far-sizing pipelines into-manageable lengths.

The physical removal of the submerged pipelines would result in the most effective
long term solution by removing a potential source of contaminants. Limitations to pipeline
demolition include resuspension of contaminated sediments during removal and difficulties
inherent in underwater diving. Remedies, such as sealing the end of each section of pipeline
prior to removal, may be required.

3.8 LAND-BASED REMOVAL

3.8.1 Excavation

Refer to discussion on "Excavation," Appendix C, Section 1.7.1, under "Removal"
technologies in the "Solid Waste Technology Descriptions."

Land-based excavation of river bottom sediments along the riverbank is difficult
because of the long reach required. Typical excavation equipment will not perform well on
saturated and-submerged sedimients and-ends to-sink- Special- equipment designed to "float"
on saturated sediments could be used. Land-based removal of the river bottom sediments
also shares some of the same limitations as mechanical dredging (i.e., resuspension of
contaminated sediments and a narrow two month window to perform the excavation).

3.9 DEWATERING

The following methods of dewatering contaminated river sediments are discussed
below:

* mechanical dewatering
* thermal drying.

3.9.1 Mechanical Dewatering

- - Mechanical dewatering is a mineral processing technology involving either
sedimentation or gravity and centrifugal forces to obtain water separation (Cummins and
Given 1973. -These processes are typically used in the mining industry for solid-liquid
separation of slurries and can achieve capacities in the tons per hour range. Mechanical
dewatering- processes-require . . testing to determine capacity and operating
requirements for full-scale processes.

Screens are filtering processes that use gravity and centrifugal forces to dewater by
removing suspended solids from a slurry, thereby leaving a liquid effluent. Selection for
particular applications depends on the particle sizes to be removed from the slurry. Shaking-
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or vibrating-type screens are applicable for larger particle sizes whereas centrifugal or sieve
screens are applicable for smaller particle sizes. Centrifugal screens enhance dewatering by
increasing the applied forces on moisture adhering to particles (Cummins and Given 1973).

o -Sedimentation involves establishing flow velocities that will cause particles to fall out
of suspension. This settling velocity is a function of Stokes law; however, it can also be
influenced by conditions that hinder settling (Cummins and Given 1973). The sedimentation
process can be enhanced by the addition of coagulants or flocculants. Some type of filtration
typically follows sedimentation as a polishing step to remove particles remaining in
suspesiull.

Mechanical dewatering is a well established technology that is commonly used in the
--mining-industry.--However, application of this technology to radiologically contaminated

river sediments is unknown.

The effectiveness of mechanical dewatering is dependent on the properties of the
slurry influent as well as the-degree- of-dewatering-desired. River sediment removal by
methods other than hydraulic dredging would not form a slurry without the addition of water.
Therefore, mechanical dewatering is only feasible for hydraulically dredged river sediments.

3.9.2 Thermal Drying

Thermal drying is a mineral processing technology involving the application of heat to
separate water from solids. These processes are used in the mining industry for drying
minerals. Thermal dewatering typically involves vaporizing moisture by direct contact of
particles with hot air. Thermal drying processes include rotary dryers, flash dryers, tray
dryers, and fluidized beds (Cummins and Given 1973).

Thermal drying differs from mechanical dewatering in that thermal drying removes
moisture from wet solids whereas mechanical dewatering removes suspended solids from

Thermal drying is a well established technology. However, application of this
technology to radiologically contaminated river sediments is unknown. Radionuclides
removed with vaporized moisture may require extensive offgas collection and treatment.
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