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exceeds Class C limits is “generally unacceptable for near surface disposal. The may be
some instances where waste with concentrations greater than permitted for Class C would be
acceptable for1 1r-surface disposal with special processing or design. Th-se will .
“aluated on a case-by-case basis.” This will require the establishment oj . .ear surface,
seater than Class C closure criteria, which is beyond the sci  of this document

The waste retrieval system design for the tank C-104 retrieval demons. 1tion will
incorporate alternatives to past practice sluicing. A confined sluicing system thu: minimizes
the volume of free liquid in the tank during operations will be used to retrieve the tank waste.
Minimizing the tank free liquid will minimize the potential for leaks to the environment, and
demonstrate the viability of an alternate technology for retrieving SST wastes.

Mass and volun  ric measurement techniques are the current EPA reference standard used
for leak detection for petroleum and chemical process storage tanks. These methods will be
incorporated into the tank C-104 waste retrieval system design. Alternate teck Hlogies, if
economically available and developed to a level that adds confidence anc increased
capability to the EPA reference methods, will also be incorporated into the rank C-104
retrieval system design.

it
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14 Tank C-104 Conditions

The 241-C Tank Farm was constructed between 1943 and 1944, as one of the first :neration
Tank Farms. (Tank C-104 is one of twelve 100-series, 530,000-gal, 75-ft-diamete STs in the
241-C Farm.) Tank C-104 operated in support of various fuel reprocessing and ra__>nuclide
recovery campaigns from 1946 through 1980, when the tank was declared inactive in March
1980. Tank C-1¢ was declared “interim stabilized” in September 1989, w 1 the remaining
waste categorized as sludge. Currently, tank C-104 is categorized as sound.

Tank C-104 contains approximately 263,000 gallons of sludge produced from Plutonium and
Uranium production, as described in the Tank Interpretive Report (TIR, 2000). Primary
contaminants of concemn include Plutoniv , Americium, Cesium, and Strontium. The tank
currently contains approximately 23,500 curies of Plutonium, 6,400 curies of Americium-241,
114,000 curies of Cesium-137, and 579,000 curies of Strontium-90, with a total inventory of
1,470,000 curies from all isotopic constituents. Sample analysis data, along with estimates based
on process modeling and flow sheets, have been used to develop the best basis inventory (BBI)
for all Hanford underground tank waste from which the above data is taken (TWINS Website,
2001). The RPE provides additional information on tank waste constituents.

Figure 1-2 shows a plan view of tank f 1241-C with bore-hole (drywell) locations shown
inside the tank farm. The drywells around tank ~ 104 will be used in addition to other methods
(see Section 5) for leak detection and monitoring of possible leaks. Ten dry wells (also called
vadose zone monitoring boreholes) were installed around tank C-104 between March of 1970
and October of 1974 to provide a means of detecting tank leaks. The casings are 6 inches in
diameter. The wells end above the water table and vary in depth. Two are 50 ft deep, one is 60
ft deep, four are 100 ft deep, two are 135 ft deep and one is 145 ft deep (Vadose, 2001). Leak
detection was accomplished through peric - geophysical Ic ringofthedryw s(e ,tod " :t
radiation and moisture increases).

1.5 Document Organization

This document is organized as follows:

e Section 1 provides an introduction, background, purpose, and scope to this document, as well
as a summary of current tank C-104 conditions.

e Section 2 identifies the regulatory fr.  :work and governing requirements documents under
which the retrieval demonstration of tank C-104 will be conducted.

e Section 3 presents a description of the technical approach that leads to the development of
the risk-based requirements, including the LDMM requirements. The technical approach
includes the use of experience from other similar retrieval projects that are captured as
lessons learned.

e Section 4 lists the F&Rs, which will govern the design of the tank C-104 retrieval
demonstration.
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Section 5 defines the retrieval and LDMM strategy, including a description of the retrieval
and LDMM systems, which will guide the design of the demonstration retriev:' system for

tank C-104.

Section 6 includes a discussion of the change control procedures that will govern changes to
this document.

Section 7 lists the references cited throughout the document.

Appendix A is a summary of lessons learned and a bibliography of documented DOE and
industry retrieval experience considered in developing the technical approach and F&Rs for
retr ingta C-104.

Appendix B is the draft scoping level RPE for 241-C tank farm, which supports the technical
approach to the development of the retrieval and * ™"MM strategy for tank C-104.
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e Modified the Hanford Federal Facility Agreement and Consent Order to initiate Corrective
Actions for eight (8) of the twelve (12) SST Farms to improve understanding c“ the nature
and extent of soil and groundwater contamination resulting from past tank leal.. and spills
and to identify, if appropriate, interim actions to mitigate threats to human health and the
environment posed by past tank leaks (Hanford Federal Facility Agreement and Consent
Order Change Control Number M-45-98-03, (Ecology, 1999)),

e Refined the strategy for implementation of LDMM to ensure integration of LDMM with
retrieval systems and to establish of LDMM requirements based on protection of human
health and the environment (CHG, 2000b), and

¢ Developed a methodology for evaluating retrieval options on a tank-specific basis that will
support interi  decisions on the extent of waste retrieval and retrieval leak loss. The
methods/decisions will not restrict final decisions associated with tank farm closure under
WAC 173-303 or DOE Order 435.1 (DOE/RL-98-72) (See Section 3.2 below).

In 1998, DOE initiated a re-baselining of the SST retrieval project. The basis for the re-
baselining, and the strategy adopted to implement the SST retrieval project, were documented in
the SST Retrieval Program Mission Analysis Report (HNF-2944, 1998). The focus of the re-
baselining was to:

e Provide a technically defensible program plan that will result in deployment of retrieval and
LDMM technologies capable of retrieving waste from SSTs containing varied waste forms
and meeting tank-specific physical constraints,

e Comply with . Hlicable regulatory requirements (e.g., Hanford Federal Facility Agreement
and Consent Oraer interim waste retrieval and LDMM requirements),

e Accelerate reduction of potential risks to human health and the environment, and

¢ Enhance integration with the planning and scheduling for waste processing, which will free
DST space to support SST waste transfers to DSTs.

In 1999 and 2000, following completion of the SST Mission Analysis Report, DOE initiated
revision of its SS LDMM and retrieval strategy. The outcome of this effort is documented in
the Si " :-Shell Tank I rieval Seqi ice: Fiscal Y r 2000 Update (CHG, 2000c), the Fi

Year 2000 Progress Report On The Development of Waste Tank Leak Monitoring /Detection
and Mitigation Activities In Support of M-45-08 (CHG, 2000b), and the change package for the
M-45 series milestones (DOE/Ecology, 2000). Key features of the revised strategy include:

e Integration of LDMM with retrieval technology and requirements on a tank specific basis,

e Development of risk-based requirements for extent of waste retrieval (i.e., volume of residual
waste) and potential retrieval leak loss, based on a screening level assessment of threats to
hi | health, that serve as mi * num performance requirements for design and operation of
retrieval and LDMM systems,

e Demonstration technology deployments early in the SST retrieval program to provide a basis
for selection of cost-effective, tank-specific retrieval and LDMM technologies, and

o Integration of retrieval activities with tank farm Corrective Action and tank farm closure to
mitigate potential risks to human health and the environment (see Figure 3-1 below).

3-2
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Based on the RPE, the most conservative release criterion with 360 ft> of residual waste is taken
from the curve presented in Figure 3-2 for the farmer risk scenario. The farmer scenario is
considered conservative. It was chosen due to its conservatism and due to the uncertainties
associated with the current information available reg  ling past tank I " s and spi” the in-tank
inventories, postulated tank leaks, and cumulative inventories from other waste sites. The farmer
scenario does not take into account cumulative impacts from other tank farms and closure sites.
Non-tank farm s irce term contributions, which are additive to the C-Farm contribution, have
not been quantif |. Based on this, the farmer scenario is a reasonable approach for the scope of
this document. Lumulative source term impacts from non-tank farm sources will be taken into
account in the closure work plan.

The upper leak detection limit for the farmer scenario “Farmer (ILCR < 1 0°)” in Figure 3-2 is
approximately 12,600 gallons. The performance criterion for the leak detection system shall
therefore be 12,600 gallons or less. Even with the best deployable leak detection technology
currently available, it is uncertain whether a leak of this size can be detected in a timely manner.
Different LDMM technologies are being tested by the Tank Focus Area program, however, and
eventually a new LDMM technology may be found that can deliver enhanced performance
compared to currently deployable technologies. If a new technology is available and deployable
within the context of the tank C-104 retrieval demonstration design and construction schedule
then it will be implemented. See Section 5 for further discussion of the limits of the current
LLDMM technologies.

The 12,600 gallon leak volume is based on the farmer being located at the tank farm boundary.
This is a conservative assumption. If the location of the farm  is subsequently agreed to be
moved away from this boundary, an updated F E might increase the leak volume limit. The
increased volume could be one that is more easily detected.

The uncertainties that contribute to the dynamic and static testing ranges include:

e Physical and chemical properties of the waste, including dissolution charact stics and
solution densities, was layering within tank C-104, and hydraulic conductivity of the sludge
(the density of the waste can change with temperature, dilution and mixing with  her

wastes),

e Time to reach equilibrium during static testing (retrieval is halted and any leaks continue
unabated), and

e Ability to obtain a free liquid surface and maintain a constant liquid surface during static
testing (confined sluicing/robotic retrieval technology minimizes the free liquid surface in the
tank making it much more difficult to form a free liquid surface in a location convenient to
instrumentation).
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The tank C-104 waste retrieval system shall minimize waste generation to the greatest extent
possible, e.g., tri sfer DST System supernatant liquids to tank C-104 for confined sluicing
purposes during retrieval and use 241-C-106 for drain-back of flush water during a-1 after
sluicing.

4.9  Mitigate Leaks During Tank C-104 Waste Retrieval Process

The tank C-104 waste retrieval system shall mitigate leaks as the primary means of 1inimizing
environmental impact caused by releases during retrieval of SST waste. If a leak occurs, the
release shall be evaluated according to the k= and the appropnate actions implemented (e.g.,
continue retrieval). As the primary mitigation means, the retrieval pump shall be designed to
allow continuous pumping for a sufficient amount of time (to be determined during design) to
remove all pumpable liquids from tank C-104.

[Basis: DOE _COLOGY 2000 (Milestone M-45-03F)]
4.10 Nuclear Safety

The tank C-104 waste retrieval system shall be designed to protect workers, the public, the
environment, anc quipment from exposure to tank radioactive waste during retrieval as set forth
in 10 CFR 830 auu 10 CFR 835.

[Basis: see referenced code]
4.11 DST Design Limits
The tank C-104 waste retrieval system shall not adversely affect the function of the DST System
or exceed the DST Design and operational limits. The DST design and operational limits are as
follows:

4.11.1 DST Waste Temperature.

The DST waste temperature shall not exceed:

e 195 degrees F in all levels of the waste, or
e 195degrees Fintl op 15 ft of waste and 215 degrees F below 15 ft.

[Basis: HNF-SD-WM-TSR-006, LCO 3.3.2]

4.11.2 DST Pressure Limits.

The tank C-104 v (e retrieval system shall not cause the following internal DST pressure i s
to be exceeded:
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[Basis 430.1A LCAM]
4.13 Occupational Safety and Health

The tank C-104 waste retrieval system shall incorporate design features that comply with the
requirements of 29 CFR 1910.

[Basis: see referenced code]
4.14 SST and DST Dome Loading

The tank C-104 waste retrieval system shall not exceed the maximum dome loadii  on existing
SSTs and DSTs specified in HNF-IP-1266, 5.16, Rev. 3a.

[Basis: HNF-SD-WM-SAR-067]
4.15 Prohibited Materials.

M terials that are restricted or prohibited from use in manufacturing and cor  uction under
regulations promulgated pursuant to 4™ CFR 700, shall not be used in the design of the tank C-
104 waste retrieval system.

[Basis: see referenced code above.]
4.16 Waste Retrieval System Secondary Containment : | Leak Detection

The tank C-104 waste retrieval system shall incorporate in new components secondary
containment and leak-detection design __atures in accordance with 40 CFR 265.193 and WAC
173-303-640 (4).

[Basis: RPP-6665, (Environmental Permits and Approvals Plan)]
4.17 Waste Retrieval _ sstem Deactivation and Decontamination

The tank C-104 waste retrieval system equipment deactivation shall be compatible with
decontamination, reuse and/or disposal requirements, e.g., in-tank disposal.

[Basis: DOE G 430.1-3, Deactivation Implementation Guide, 9-29-99.]
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5.0 LDMM AND RETRIEVAL STRATEGY

This section of the doc 1ent describes the LDMM and retrieval strategy for th - tank C-
104 demonstration system, and presents a preliminary design description of th¢ ntegrated
retrieval and LDMM system. The preliminary tank C-104 demonstration design satisfies
the requirements defined in Section 4. The progression of design, deve pment, and
testing may influence the overall design. However, the demonstration system deployed
for tank C-104, as it evolves, will continue to meet the requirements including any
changes instituted via the change control process described in Section 6.

The tank C-104 demonstration retrieval release protection strategy is based on the
“Proposed Strategy for Leak Detection, M 'toring, and Mitigation Durii  Hanford
Single-Shell Tank Waste Retrieval” and concepts first presented in 1996 and updated in
1999 and 2000 (WHC, 1996). The integrated LDMM and retrieval strategy uses the risk-
based strategy presented in Section 3.2 of this document to define amin  am leak
detection requirement. By also adopting risk-based release response criteria, the
LDMM/Retrieval strategy uses quantitative decision criteria for making appropriate
operational responses if and when releases are detected.

5.1  Integrated Strategy for LDMM and Retrieval

A goal of this document is to develop and define an LDMM strategy for the SST tank C-
104 waste re  eval demonstration system that meets requirements specified the M-45
series of milestones (DOE/Ecology, 2000). The purpose of the LDMM strategy is to
ensure that the demonstration waste retrieval system:

Minimizes hazardous waste releases to the environment,

Complies with applicable regulations and requirements,

Is technically practicable and defe le, and

Meets the programmatic needs of the DOE Office of River Protection.

Leak detection, monitoring, and mitigation definitions were established in RPP-7012
(CHG, 2000b):

e Leak Detection: technologies, methods, or systems used to detect a leak.

e Leak Monitoring: technologies, methods, or systems used to quantify liquid waste
release volumes from a SST, if a release is detected during waste retrieval operations.

e Leak Mitigation: technologies, methods, or systems that can reduce a leak, or reduce
the environmental impact of a leak.

Figure 5-1 illustrates the three elements necessary for a release of liquid waste from a

tank to occur. If there are no leak paths in the tank (i.e., holes, pits or cracks), then by
definition there is no possibility of a leak. If, however, there are one or more leak paths

5-1
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Table A-3 Leak Detection Section

[
: ER-
Section Lesson Learned from Source/ Relevancy to Consideratior for E &
A3.3 Ref. 241-C-104 Desi do ti &
eference . esign and Op tion -]
Retrieval &
A3.3.3 | Items from Table A-1 Operating May adversely | ®  Establish ar,
Effecti  ss applicable to Leak impact Leak operation ahu
Detection: Detection maintenance
Performance. strategy and
A3.1.12 . integrate detection
A3.1.16 system operation.
A3.1. " Where feasible,
A3.1.31 provide direct
A3.1.34 access to
A3.1.35 instrumentation
A3.1.37 systems without
breaking
containment.

" [dentify features
early in the design
phase to enhance
operability of the
system...

®*  Implement
planning to
establish condition-
based operations
and maintenance
(CBM) ...

®»  Develop project
and deployment
planning with due
consideration for
reliability testing
and process quality
assurance.

®  Address operator
and maintenance
personnel t1  ing
and retentic. of
key technical
staff...

®»  Management of
flow-down of
quality and safety
requirements...

»  “ _.Developa
reliability/
availability-based
maintenance
strategy utilizing
FMECAs ...".
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EXECUTIVE SUMMARY

This Retrieval Performance Evaluation for Single-Shell Tank C-104 is written to document the
results of a scoping-level retrieval performance evaluation for waste retriex —. from tank C-104 in
the Hanford Site 241-C tank farm. ...e evaluation was performed to satisfy some of the
requirements of Tri-Party Agreement Milestone M-45-03-T04' to include a scoping-level
retrieval performance evaluation in the tank C-104 waste retrieval demonstration functions and

' requirements document.

The scoping-level retrieval performance evaluation documented in this report considers human
health risk and regulatory performance measures over a range of residual waste volumes and
retrieval leakage volumes selected for tank C-104. Those ranges are intended to provide insight
to relationships between risk and volume and provide decision makers with information to
support the identification of waste retrieval and leak detection, mitigation, and monitoring
system requirements that are protective to human health.

The final extent of retrieval is a tank farm closure issue; however, the extent of retrieval should
be considered in the functions and  |uirements of the initial retrieval system. It is recognized
that closure criteria have not been fully defined; however, the criteria as they are currently
understood can be used to guide the development of initial retrieval criteria. This approach does
not preclude the retrieval of additional waste from the tank in the future as ¢ litional information
is gathered during and after waste retrieval activities in the remaining C " and as
closure criteria are established.

The performance measures that influence functions and requirements for defining retrieval
leakage limits and the extent of retrieval (i.e., how much waste needs to be retrieved) for

t~ ' C-104 are driven by the inadvertent human intn r and regulatory waste classification
performance n_ ures. If leakage were to occur during retrieval, then the combination of
residual waste and retrieval leakage could contribute to the intruder impacts. These two
performance measures are more restrictive than the long-term human health risk under an
industnial work scenario located at the C tank farm fence line. For leak loss, resident’ =~ ner
exposure scenario, if deemed relevant at the C tank farm fence line, would be more restrictive

" than the inadvertent human intruder.

The U.S. Department of Energy inadvertent intruder and the U.S. Nuclear Regulatory

Commission waste classification issues discussed for tank C-104 are tank-specific and are not
cumulative for the tank farm. Regulatory issues associated with classification of the residual |
waste have been identified and will likely require future regulatory negotiations.

! Ecology, EPA, and DOE, 1989, Hanford Federal . ility Agreement and Consent Order, as amended,
Washington State Department of Ecology, U.S. Environmental Protection Agency, and U.S. Department of Energy,

Olympia, Washington.
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1.0 INTRODUCTION

This Retrieval Performance Evaluation for Single-Shell Tank C-104 is written to document the
results of a scoping-level retrieval performance evaluation (RPE) for waste retrieval from

tank C-104 in the Hanford Site 241-C tank farm. The evaluation was performed to satisfy some
of the requirements of Milestone M-45-03-T04 of the Hanford Federal Facility Agreement and
Consent Order (Ecology et al. 1989). The Order is commonly referred to as the Tri-Party
Agreement. M stone M-45-03-T04 calls for the development of a Tri-Party Agreement
functions and requirements (F&R) document for tank C-104 demonstration systems for waste
retrieval and leak detection, mit" 1ition, and monitoring (LDMM). A scoping-level RPE is to be
included in that F&R document.

The scoping-level RPE documented in this report considers human health risk and regulatory
performance measures over a range of residual waste volumes and retrieval leakage volumes
selected for tank C-104. These ranges are intended to provide 1 envelope within which a waste
retrieval system can be designed and operated while being protective of human health.

This evaluation provides decision n ' :rs with information to support the identification of waste

retrieval and LDMM system requirements.

The fundamental goal of the tank C-104 waste retrieval technology demonstration is to test the
limits of technology for a crawler-based retrieval system. The ideal result of any waste retrieval
effort would be 100% waste retrieval with no leak loss to the environment. However,
achievement of that ideal goal is highly unc  ain given the conditions of tank C-104, physi °
characteristics of the waste in the tank, and the limitations of the waste retrieval system. Given
this uncertainty it is important to develop a design and operating approach that defines waste
retrieval and LDMM system requirements.

Single-shell tank (SST) waste retrieval decisions and subsequent tank farm closure decisions are
interrelated on a tank-by-tank and tank farm-by-tank farm basis. Those decisions are also
interrelated with others regarding = nediation and closure of a number of other waste sites in the
" ford Site 200 East and 200 West Areas. This analysis focuses on = k C-104 within the

. context of the C tank farm. The general approach used in this RPE involves defini in of

nine waste retrieval cases that span a range of retrieval leak loss and residual waste volumes for
tank C-104 and include retrieval and leak loss assumptions for the remaining C farm tanks.
Table 1.1 shows the areas of analysis considered in this RPE and provides a cross-walk of those
areas to the corresponding section numbers that address technical approach, results of analysis,
and conclusions. The are  of analysis were selected based on regulatory requirements and/or

stakeholder an [ribal Nation values.
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CoCs for the C tank farm are provided as input to the assessment of long-term human
health risk and are compared to regulatory standards.

e Long-term human health risk (Section 3.6) — Human health risk to future Site users
that would exist after completion of waste retrieval (post-remediation) and
implementation of tank farm closure. Long-term human health risk analysis involves
evaluating health risks resulting from exposure to contaminated groundwater. CoCs to
long-term human health risk are those that are persistent and mobile in the environment.

A 10,000-year period of interest was used for calculating long-term human health risk
based on the lifestyle of a residential farmer and an industrial worker. Although this time
period is nger than the 1,000 years required for DOE performance assessments, was
selected for the following reasons:

— Classification of the residual waste will require a determination from the U.S. Nuclear
Regt ory Commission (ivnC) that will be based in part on demonstrating protection
of human health and the environment over a 10,000-year period

— Future NEPA requirements for assessing tank closure will consider the 10,000-year
period

— DBased on previous analyses, im " “ts from tank residuals would not be expected to
migrate to the receptor location during a 1,000-year period.

e Inadvertent human intruder risk (Section 3.7) — Human health risk to future Site users
who could inadvertently d="' through the tank following closure and loss of institutional
control at 100 years after closure. A comparison of the residual waste inventory to NRC
waste classification criteria is also made to support a regulatory evaluation of the planned
approach for reclassification of the residuals as incidental waste.

e R( 1latory compliance (Section 3.8)- Applicable and appropriate regulatory
requirements are identified including areas where waste retrieval issues and specific
qu -~ titative performan« measures exist.

The best available data for each component of tank C-104 and the remaining tank farm system
were used to provide calculations for each performance measure. Assumptions were developed
to complete the analysis where data were unavailable or highly uncertain. Those assumptions
were based on engineering judgment following a review of available data or information from
other Hanford Site, DOE complex, or non-DOE remediation programs.

Application of the RPE methodology to the evaluation of tank C-104 and the C tank farm
includes the following:

« Development of a conceptual model of the tank and tank farm system (e.g., tank farm
components, sources of contamination, engineered systems, and the natural environment)

to analyze the potential impacts of SST waste retrieval
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(40,000 gal) per tank; and for residual waste volumes of 830; 10,000; and 100,000 L (220; 2,700;
and 27,000 gal) per tank. For C tank farm waste retrieval leakage and residual waste volumes
lying between the volumes evaluated in DOE/RL-98-72, the scaling factor values are
approximated using a linear approximation (i.e., by assuming scaling factors vary linearly with
volume).

For retrieval lea ge and residual waste volumes that are outside of the range evaluated in
DOE/RL-98-72, scaling factors are approximated by assuming that the linear relationship
between scaling factor and volume (i.e., line slope) remains the same outside the range as inside.
Discussion of th calculations used for scaling factors and tables showing scaling factors for past
leak, retrieval leak loss, and residual waste source terms are provided in HNF-7989.

3.6.3 Exposure

The principal long-term |  1an health risk receptor scenarios used for this evaluation are taken
from the DOE/EIS-0189 analysis and include the residential farmer and industrial worker
scenarios. Both scenarios were adapted for use in DOE/EIS-0189 from scenarios described in
Hanford Site Risk Assessment Methodology (DOE/RL-91-45). Both scenarios involve
multi-pathway groundwater exposures based on hypothetical future land uses and activities.

3.6.3.1 Residential Farmer Scenario. The residential farmer scenario represents exposures
associated with the use of the land for residential and agricultural purposes. This scenario is a
slight modificati | to the residential scenario described in DOE/RL-91-45; it includes all of the
exposure pathways for the residential scenario plus most of the food ingestion pathways
described in the DOE/RL-91-45 agriculture scenario. The residential farmer scenario includes
using groundwater for drinking water (ingestion rate of 2 L/day [0.5 gal/day]) and other domestic
uses as well as for irrigation to produce and consume animals, vegetables, and fruit products.
The exposures are assumed to be continuous and include occasional shoreline-related
recreational activities, which include contact with surface water sediments. A composite adult is
used as the receptor for some of the exposure pathways. The composite adult is evaluated using
child parameters for 6 years and adult parameters for 24 years, with total exposure duration of
30y . Todywe "itsof 16 kg (35 Ib) for a child and 70 kg (150 Ib) for an adult and a lifetime

of 70 years are assumed.

3.6.3.2 Industr Worker Scenario. The industrial worker scenario represents exposures to
workers in a commercial or industrial setting. The receptors are adult employees assumed to
work at a location for 20 years. A body weight of 70 kg (150 1b) and a lifetime of 70 years are
assumed. The scenario involves mainly indoor activities, although outdoor activities (e.g., soil
contact) also are included. The groundwater exposure pathways for this scenario include
drinking water ingestion (1 L/day [0.2 gal/day]), dermal absorption during showering,
shower-water ingestion, and inhalation. These exposures would not be continuous because the
wor would go home at the end of each work day (i.e., after 8 hours). The scenario is intended
to represent nonremediation workers assumed to wear no protective clothing.

Analysis of MTCA Method B and Method C exposure scenarios (WAC 173-340-720) is also
included to allow for comparison to risks being assessed for past tank leaks and releases at SST
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be inconsistent with EPA standards. There are many notable exceptions to these generalizations
(HNF-3428).

Nuclear energy became subject to federal regulation with the passing of the Atomic Energy Act of
1946. With amendments the act later became the Atomic Energy Act of 1954. Through Atomic
Energy Act of 1954, Congress gave control of the production and use of fissile materials to the
Atomic Energy Commission. The Atomic Energy Act of 1954 has been amended a significant
number of times.

When the EPA v created in 1970 by Reorganization Plan Number 3, President Nixon
transferred the functions of the Atomic Energy Commission for establishing generally iplicable
environmental standards for the protection of the environment from radioactive materials “in the
general environment outside the boundaries of locations under the control of persons possessing
or using radioactive material.” Thus EPA was granted the authority to set release standards but
not the authority to implement the release standards. Later, Congress granted EPA authority to
address the cleanup of radioactive materials under the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA) to regulate air emissions of some
radionuclides. Congress also asked EPA to ¢t fy DOE compliance with “Environmental
Radiation Protection Standards for Management and Dispc ' of Spent Nucle Fuel, High-Level
and Transuranic Radioactive Wastes” (40 CFR 191) and “Criteria for the Certification and
Re-certification of the Waste Isolation Pilot Plant’s Compliance with the 40 CFR 191 Disposal
Regulations” (40 CFR 194) for the disposal of transuranic (TRU) wastes in the Waste Isolation
Pilot Plant.

In 1974, the Energy Reorganization Act of 1974 redirected federal energy efforts. The Atomic
Energy Commis: n was abolished and replaced by the NRC and the Energy Research and
Development Agency (which was later abolished and became DOE). Section 202 of the Energy
Reorganization Act of 1974 " 0 gave the NRC licensing authority for facilities used primarily
for the receipt and storage of HLW. Under this Section 202 authority NRC licenses the disposal

of HLW.

_ The Nuclear Waste Policy Act of 1982 establishes federal responsibility for the development of

repositories for the disposal of HLW and spent nuclear fuel. The Low-Level Radioactive Policy
Amendments Act of 1985 established DOE responsibility for the disposal of commercially
generated wastes with radionuclide concentrations exceeding the limits established in 10 CFR 61
for Class C LLW (i.e., Greater Than Class C [GTCC] LLW). These amendments require the
NRC to license -  DOE facility for disposal of commercially-generated GTCC LLW.

The NRC has regulatory responsibilities under the Atomic Energy Act of 1954 for establishing
standards for the disposal of radioactive waste. NRC has established regulations for low-level
radioactive waste that can be disposed of in near-surface disposal sites (10 CFR 61) and for
high-level radioactive waste requiring disposal in a geologic repository (10 CFR 60). Under
authority of the Atomic " iergy Act of 1954, EPA has promulgated standards for managing and
disposing of spent nuclear fuel, HLW and TRU waste (40 CFR 191). EPA standards for
managing and disposing of LLW are not yet finalized (10 CFR 193).

F:ADOCPROD\CHG\C Farm RPE\0330_03.doc 37 ©~ March 30, 2001




HNF-7643, Draft

The Atomic Energy Act of 1954 authorizes DOE to establish standards to protect health or
minimize dangers to life or property for activities under DOE jurisdiction. Through a series of
DOE orders, an extensive system of standards and requirements has been established to ensure
safe operation of DOE facilities. The mostre ‘ant of these is Radioactive Waste Management
(DOE O 435.1), which establishes requirements for managing DOE HLW, TRU waste, LLW,
and the radioactive component of mixed waste.

According to definitions in Radioactive Waste Management Manual (DOE M 435.1), HLW is
the highly radioactive waste material resulting from the reprocessing of spent nuclear fuel, and
other highly radioactive material that is determined to require permanent isolation. TRU waste is
radioactive waste containing more than 100 nanocuries of alpha-emitting TRU isotopes per gram
of waste, with half lives greater than 20 years. Low-level radioactive waste is radioactive
material that is not high-level, spent nuclear fuel, TRU waste, byproduct material (as defined in
Section 11e[2] ¢ he Atomic Energy Act of 1954), or naturally occurring radioactive material.
Therefore HLW is defined by source (i.e., spent nuclear fuel); TRU waste is defined by isotope
concentration a1 ~ half-life; and LLW is defined by what it is not (i.e., it is not HLW, spent fuel,
TRU waste, or byproduct material).

DOE M 435.1 is organized into four chapters. Chapter [ contains requirements and
responsibilities applicable to all radioactive waste types and delineates responsibilities for
radioactive waste management decision making at the complex-wide and Field Element levels.
Chapter II contains those requirements applic: [e to HLW, Chapter III discusses TRU waste, and

Chapter IV discusses LLW.

Chapter II of DOE M 435.1 includes a discussion of general requirements for disposal of HLW.
NRC determines whether HLW resulting from reprocessing spent nuclear fuel is considered
incidental to reprocessing. If it is incidental it is not HLW and is managed under DOE regulatory
authority in accordance with the requirements for TRU waste or LLW, as appropriate. The NRC
uses either the citation or evaluation process to determine whether spent nucl:  fuel
reprocessing plant waste is managed as LLW, TRU waste, or HLW. Waste incidental to
reprocessing by :ation includes spent nuclear fuel reprocessing plant wastes that meet the

- description for; p- d pendix = of “Policy Relatingto ~ "~ :ing of Fuel Re

Plant and Related Waste Management Facilities” (10 CFR 5.,. ..ies¢ __ lioactive the
result of reprocessing plant operations such as, but not limited to, contaminated job wastes
including laboratory items such as clothing, tools, and equipment.

Determinations that any waste is incidental to reprocessing by the evaluation process shall be
documented to support the determinations. Such wastes may include spent nuclear fuel
reprocessing plant wastes that will be managed as LLW and meet the following:

o Have been processed to remove key radionuclides to the maximum extent technically and
economically practical '

« Will be managed to meet safety requirements comparable to the performance objectives
in 10 CFR 61

——
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they could cause the tank, its ancillary equipment, or the containment system to rupture, leak,
corrode, or otherwise fail. Therefore, additions of water and waste into SSTs are prohibited
under the Washington Administrative Code and RCRA.

However, a rationale for the addition of liquids to the SSTs can be made under the RCRA
Part A permit for SSTs (DOE 1996):

Treatment of the mixed waste in the SST system occurs when solids and interstitial liquids are
separated and/or cooling liquids are added. These treatment processes involve, but are not
limited to, mechanical retrieval, sluicing, and saltwell pumping of the mixed waste.

Based on past-practice sluicing operations for tank waste retrieval, water or waste has been
ac " d to enable the waste to be pumped out of a = k. DOE, EPA, and Ecology recognize the
need to remove the waste and that concessions or waivers from the regulations will be necessary
to facilitate retrieval and disposal of SST waste and close the tank farms.

DOE has met some of the requirements for unfit-for-use tanks. After 1980, all SSTs were
removed from service. Through the interim stabilization program pumpable liquids have been
removed from almost all of the SSTs, and the remaining tanks will be pumped by fiscal year
2004 (DOE 1996). DOE will need either to obtain from Ecology (1) a waiver for the addition of
water or DST supernate for waste retrieval on a tank-by-tank basis or (2) a universal waiver for
the entire S§T system:

DOE O 435.1 states that unless demonstrated to the contrary, all HLW shall be considered to
be radioactive mixed waste and subject to the requirements of the Atomic Energy Act of 1954 and
RCRA. Hanford Site high-level radioactive tank waste contains hazardous, characteristic, and/or
listed wastes under RCRA. To address potential differences between the requirements of RCRA
and the Atomic Energy Act of 1954, DOE, "™A, and Ecology icipate in the Tri-Party
Agreement that “the TSD units containing mixed waste will normally be closed with
consideration of all hazardous substances, which includes radioactive constituents.” However,
the potential exists for conflict between the regulations for the hazardous and the radioactive

components of the waste.

Tri-Party Agreement Milestone M-45-00 links tank waste retrieval and tank farm closure.
According to Milestone M-45-00:

Closure will follow retrieval of as much tank waste as technically possible, with tank waste
residues not to exceed 360 fi3 in each of the 100 series tanks, 30 ft3 in each of the 200 series

tanks, or the limit of waste retrieval technology capability, whichever is less.

New requirements of the Tri-Party Agreement through Change Package M-45-00-01A
modify the agreement to achieve compliance with federal and state hazardous waste
requirements. The near-term strategy for SST waste retrieval activities shifts from focusing on
maximi ~ g the number of tanks entered for retrieval (regardless of waste vc me or content) to a
focus on scheduling the retrieval of wastes from those SSTs with a high volume of CoCs.

These contaminants are defined as mobile, long-lived radionuclides that have a potential of
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established, anc losure plans for the C tank farm will be finalized with concurrence from
regulatory agencies. Waste will be retrieved from the remaining C farm SSTs. Retrieval
activities may occur on a tank-by-tank basis to allow flexibility to retrieve tanks from various
farms if desired to support safety issue resolution, pretreatment or disposal feed requirements, or
other priorities. Completion of waste retrieval will be in accordance with approved closure
plans.

As per Tri-Party Agreement Appendix H, waste residuals will be calculated for each tank
following retrieval. Notification to appropriate regulatory authorities will document compliance
with criteria. If residuals comply with criteria, final closure operations will proceed. If residuals
do not comply, a request for waiver will be prepared. If the waiver is accepted, closure
operations for the tank farm will begin; if the waiver is not accepted, additional retrieval
operations are r “uired. A review of alternate technologies will be performed relative to
additional wastt emoval. If additional technologies are available they will be used to retrieve
additional waste. If additional technologies are not available, new technologies will be
developed and deployed. The tank farm will be held in interim status pending completion of the
additional retrie | operations.

When additional waste is retrieved, the residual waste volume will again be calculated and
assessed against the criteria. An iterative process will occur. If the goal is met, final closure will
yroceed. If the goal is not met, a waiver will be petitioned or additional waste retrieval activities
vill occur dntil the appropriate regulatory authorities are satisfied. Figure 3.3 provides a generic
10gic diagram of this process.
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4.0 DESCRIPTION OF WASTE RETRIEVAL CASES

This section summarizes the intent of the nine waste retrieval cases defined to determine the
impacts of different performance levels of waste retrieval operations as they relate to short-term
human health risk, impacts to groundwater, long-term human health risk, and inadvertent human
intrusion. Secti 4.1 outlines the major enabling assumptions associated with creating and
evaluating the ¢ es. Section 4.2 contains a summary of the case descriptions.

It is important to note that the waste retrieval cases are defined to investigate tradeoffs between

risk and volume (both residual waste and retrieval leak loss). As s ', evaluation of these cases
is not intended to provide a means to relax retrieval demonstration requirements, but to provide

adequate risk-based analysis to support the Tri-Party Agreement requirements for retrieval.

4.1 MAJOR ENABLING ASSUMPTIONS

This section summarizes the major enabling assumptions made to support development of the
waste retrieval cases. Assumptions were made when available data were insufficient to support
this RPE analysis. It is assumed that because a decision has been made to retrieve waste from
tank C-104, this evaluation need not include a no-action case where the current waste inventory
would be left in place. A baseline level of waste retrieval is assumed for all remaining tanks in
the C tank farm (i.e., all tanks except tank C-106). This assumption supports an evaluation of the
long-term perfo iance of tank C-104 cases combined with the long-term performance of the
other C farm tanks.

4.1.1 Waste Retrieval Technology Assumptions

Preliminary engineering for the tank C-104 waste retrieval system was comple 1in fisc year
2000 to develop the technical concepts and support the planning basis for Project W-523, as
documented in RPP-6843. Three alternative retrieval system configurations were evaluated:

o Sluicing

e Mining with a remotely operated crawler
( v net L

RPP-6843 provides sufficient detail to move the tank C-104 waste retrieval project into the
conceptual desi; phase. One of the three retrieval system alternatives is assumed to be selected

for conceptual dcsign.

RPP-6843 indicates that the projected performance of all three retrieval systems is similar with
respect to the estimated residual waste volume remaining following retrieval. All three of the
waste retrieval systems evaluated (when properly configured) have the potential to retrieve
sufficient waste from tank C-104 to leave a heel of approximately 2,550 L (670 gal). Given this,
any of the three systems evaluated could be deployed to meet the residual w. e volumes of the
waste retrieval cases identified.
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ring, and Mitigation System Assumptions

- this evaluation is similar to the EPA approach of setting target
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— Volumetric precisio (precision leak detection).
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The amount of juid that would be required for retrieval of 665,300 kg solids from tank C-104
would be greater than 1,000,000 gal based on the limitation of no greater than 10 wt% solids in
solution transfers. This means that water will have to be added to tank AY-101 or tank C-104 in
addition to the tank AY-101 supernate for retrieval of solids from tank C-104. However, a
volume of more than 1,000,000 gal is not practical because that volume wc d exceed the
capacity of tank AY-101. In actual practice, solids transferred out of tank C-104 will settle in
tank AY-101 and the liquid will be recycled to tank C-104 to remove additional solids.

Using this method, a smaller amount of liquid can be used without exceeding the 10 wt% limit in
solution transferred between the tanks. Therefore, the maximum total amount of retrieval liquid
we 11 the available 840,000-gal capacity of tank AY-101 (HNF-EP-0182-150) plus the
46,000 1l of supernate now in tank AY-101 (HNF-EP-0182-150) minus the solids removed
from tank C-104 (58,700 gal). This equates to a maximum total retrieval liquid volume of
735,300 gal. A value of 700,000 gal was used to calculate the concentrations of components in
the retrieval liquid. The concentrations in the retrieval liquid is then the sum of the contributions
from both tanks C-104 and AY-101 divided by the volume of approximately 700,000 gal.

Be: e retrieval will be a dynamic operation with several liquid additions and slurry transfers, it
~ ""“cult to predict a tank C-104 tank composition at the time of a potential leak.

‘The assumption made in A" ‘hment Al is that the liquid ¢ :ntrations at the time of a leak are .

the same as the final concentrations in tank AY-101 after retrieval is completed.

Attachment A1 provides the calculated composition of the residual heel in tank C-104.
Four residual heel calculations are presented, a 360 ft* (10,000 L [2,700 gal]) heel, a 800 ft’
(23,000 L [6,000 gal]) heel, a 3,600 ft* (100,000 L [27,000 gal]) heel, and a 6,700 ft’ (190,000 L |
[50,000 gal]) heel. The values include both the solid heel and liquid heel after retrieval.

The compositions of three potential leakage volumes are also presented.
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ATTACHMENT Al

CALCULATION OF TANK C-104 INVENTORY
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ATTACHMENT A2 -

RETRIEVAL LIQUID AND RESIDUAL HEEL INVENTORIES
FOR CONTAMINANTS OF CONCERN
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Analyte C-101 C-102 C-103
242py (Ci) | 4.0E-03 | 5.0E-02 | 2.3E-02
241Am (Ci) | 4.9E+02 | 1.5E+03 | 9.1E+02
243Am (Ci)| 4.3E-03 | 1.4E-01 | 2.1E-02
243Cm (Ci) | 2.0E-01 | 2.7E+00 | 7.5E-02
244Cem (Ci) | 1.6E-01 | 5.9E+01 | 5.2E-01

Source: BBI 2000.

C Farm Tank Inventories (2 Sheets)

C-107 C-108 C-109 C-110 C-111 ‘ C-112 C-201 C-202 C-203 C-204
31 1L -02 IE-06 | 7.7E-04.| 8.5E-06 | 8.9E-04 3.0E-04 | 9.9E-04 | 2.7E-04 | 2.1E-04 2.5E-06
2 | 1.6E+03 | 1.2E-01 4.5E+01 | 2.1E-02 | 1.2E-01 | 2.2E+02 | 4.0E+01 | 1.1E+01 | 8.3E+00 | 9.9E-02
3 | 8.4E-02 | 7.9E-07 1.1E-03 6.05-08 9.6E-07 | 5.0E-03 | 9.6E-04 | 2.6E-04 | 2.0E-04 | 2.4E-06
| { 1.2E-01 | 5.1E-05 | 4.0E-03 | 3.6E-07 | 3.8E-05 | 3.6E-02 | 3.5E-03 | 9.6E-04 | 7.3E-04 | B.7E-06
| | 49E+00 | 19E-05 | 1.9E-03 | 9.1E-07 | 3.8E-05 | 8.7E-01 | 1.7E-03 | 4.7E-04 | 3.6E-04 | 4.2E-06
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C Farm Tank Post-Retrieval Heel Inventories (802 ft' for 100-Series Tanks, 80 ft' for 200-;

ries Tanks) (2 Sheets)

Analyte | C-101 | C-102 | C-103 C-105 | C-107 | C-108 C-109 | C-110 | C-111 C-112 | C 1 | C-202 | C-203 | C-204
242py (Ci) | 8.1E-04 | 2.4E-03 | 2.8E-03 2 -04 | 9.8E-04 | 4.7E-07 1.7E-04 4 1.6E-06 | 1.6E-04 | 4.1E-05 | 2.4E-04 | 1.2E-04 | 1.8E-05 | 3.3E-07
241Am (Ci) | 9.5E+01 | 6.7E+01 | 1.1IE+02 2.4E+01 | 8.5E+01 | 6.6E-02 9.9E+00 | 3.7E-02 | 5.8E-02 | 3.0E+01 | 9.9E+00 | 4.7E+00 | 7.4E-01 | 1.5E-02
243Am (Ci)| 8.3E-04 | 6.3E-03 | 2.6E 2. 04 | 4.5E-03 | 4.5E-06 | 2.4E-04 | 3.9E-06 | 4.5E-06 | 6.8E-04 | 2.4E-04 | 1.1E-04 | 1.8E-05 | 6.0E-07
243Cm (Ci)| 3.9E-02 | 1.2E-01 | 9.4E 2 02 | 82E-03 | 4.86-05 9.3E-04 | 3.1E-05 | 4.1E-05 | 4.86-03 | 5.7E-04 | 2.8E-05 | 6.3E-06 | 2.4E-06
244Cm (| 3.2E-02 | 2.8E+00 | 6.5E-02 | 4.3E-02 | 3.3E-01 | 3.9E-04 8.1E-04 | 3.5E-04 | 4.0E-04 | 1.1E-01 | 3.0E-04 | 3.9E-05 | 2.8E-05 | 2.6E-05
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