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EXECUTIVE SUMMARY

Since the Savannah River Site {SRS) began operating in the early 1950s. its processes for the recovery of
uranum and plutonium have generated hiquid high-level radioactive waste. At present, the U.S.
Department of Energy {DOE) stores approximately 34 million gallons of this waste on the SRS in large
underground tanks in facilities known as the F- and H-Area Tank Farms.

There are 51 of these high-level waste (HLW) storage tanks DOE intends to remove these tanks and
theur associated systems from service 2s they complete their missions  Because all but one of the tank
systemas are permitted as indusimal wastewater treatment facilities under the South Carolina Pollution
Control Act, DOE will close them in accordance * **h Sc¢ ath Carolina Regulation R.61-82, “Proper

Closeout of Wastewater ;reaimen! Facilities ™

DOE has established a proc=ss for tank closure that will include a combination of waste removal, tank
cleaning, and stabilization of the tank configuration. The waste that is the subject of this report consists
of residual contaminated material that DOE could not clean from the 1ank bottom or that is embedded in
small pits in the steel tank wall. The characteristics of this waste da not fit the prescriptive classification
schemes contained in the regulations of DOE or the U.S. Nuclear Regulatory Commission (NRC). The
NRC has published criteria on the classification of certain material as “incidental” waste. In this context,
incidental waste activities would be exempt from NRC licensing at a DOE facility.

The NRC incidental waste classification is based on meeting the performance objectives in Title 10 of
the Code of Federal Regulations, Chapter 61 (10 CFR 61). A Denial of Petition letter dated March 2,
1993 (Beruero 1993), states that cetain waste generated at the DOE Hanford site could be incidental if it

met the followin criteria:

1. The HLW has been processed {or will be further rrocessed) to remove key radionuclides to the
maximum extent that is technically and economically practical.

2. The waste will be incorporated in a solid physical fonm at a concentration that does not exceed
the spplicable concentration tmits for Class C low-level radioactive waste, as established in

10CFR 61.

3. The waste will be managed, pursuant to the Atomic Energy Act, in a manner that satisfies cafety
requirements comparable to the performance objectives esmblished in 10 CFR 61.

ES-! Inciae « . e
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These criteria apply 1o ceniain wastes to be removed frc- the Hanford double-shell tanks and processed
for radionuchide separ.t:or. The residual from that separation had been proposed o be stabilized with
grout for disposal as low-level waste Criteria | and 3 are durectly applicable to the planned tanh closure
activities at the SRS The criterion 2 r=qu.rement to have the wasie in a solid physical form is alse
apphicable. however, meeung the Class C concentration himits 1 10 CFR 61.55 may not be appropriate
because those values were based on an intruder exposure scenario ior disposal of waste rather than i suy
sabilizanon DOE requests NRC's consideration of an alternative to the Class C limits of 10 CFR 61.55
for the SRS wank system closures. This approach will not affect compliance of the SRS tank closures
with the performance objectives of 10 CFR 6!

The closure activities for SRS HLW tanks will meet the NRC requirement in 10 CFR 61 41 for
protection of the public  To demonstrate conformance tc the applicable NRC criteria, DOE has
descaibed the process by whilh it will choose tank clusure activities. The process requires the
development of perfor. ..ce objectives for each tank closure and adherence to applicable laws for the
protection of the public for the cumulative tank closure. DOE has examined a range of tank cleaning
techniques and stabilization procedures. s described in Section 4.1, the DOE closure process will
ensure the removal of key radionuclides 1o the extent technically and economically practical. The South
Carolina Department of Health and Environmental Control will approve each tank closure and provide
oversight to ensure the performance objectives are satisfied.

DOE has developed a computer model to predict the concentration values of radionuclides in the
groundwater resulting from eventual leaching of the residua! waste in each closed tank. This model
determines the size and shape of a zone around closed tanks in which no drinking water wells can exist.
DOE will rely on concentr_tion values in the ground ater Cather than on concentrations in the residual
waste, thus providing assurance of protection of the | .piic. DOE has determined the solid physical form
of the residual waste by using the closure process to select the most appropriate stabilization activity for
cach tank. Providing greater public protection and meeting the 10 CFR 61 performance objectives for
stability and structural integrity of the closed tank will meet the intent of the second criterion for

incidental waste classification.

The third criterion stipulates management of the waste to meet performance objectives comparabie o
those in 10 CFR 61. Part 61.41 states that the annual dose to a member of the public resulting from
releases of radioactive material shall not exceed an equivalent of 25 mrem to the whole body. Any
configuration will release radioactive material into the groundw/ater after hundreds of years and the
disintegration of th concrete and steel tank. Water fiowing through the area will leach the radioactive
material from the soil into the groundu)axcr. DOE will establish 2 zone around the tank farms that will

ES2 Incidental Wase
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extend {0 a point at which a member of the public would receive a gose no greater than the LS.
Environmental Protection Agency (EPA) annuai lim.. of 4 mrem for drinking water contaminated by
beta-gamma emitters (Alpha particie-emitting radionuclides would not reach the point of exposure
within the 10,000-year period of analysis ) The public would be excluded from this zone through a
combination of active and passive institutional controls. This zone would fully encompass any zone
decigned 1o meet thé 25-mrem limit cited in 10 CFR 61.41 and, therefore, would be more restrictive than
the NRC performance objectives.

DOE has established a process 1o ensure that any residual material in the SRS HL W tanks after the
completion of planned closure activities will meet the definition of incidental waste and that the
Depantment can manage such material to protect the public by meeting performance objectives more
stringent than those in [0 CFR 61. DOE believes, tnerefore, taat specific closure activities shouid
proceed under its auspices as well 2s those of the EPA and the South Carolina Department of Hea'... and

Environmental Control.

Reference

Bernero, R. M. {Director, Office of Nuclear Material Safety and Safeguar is), 1993, lenter to J. Lytle
(Deputy Assistant Secretary for Waste Operations, Office of Waste Management, U.S. Department
of Energy), U.S. Nuclear Regulatory Commission, Washington, D.C.
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CHAPTER 1. INTRODUCTION

Since the Savannah River Site (SRS) began operating in the early 1950s. its processes for the recovery of
uranium and plutonium have geuerated liquid high-level radioactive waste. At present, the U.S.
Department of Energy (DOE) stores approximately 34 million gallons of this waste on the SRS in large
underground tanks in facilitizs known as the F- and H-Area Tank Farms.

There are 51 of these high-level waste (HLW) storage tanks. DOE intends to remove these tanks and
their associated systems from service as they complete their missions. Because all but one of the tank
systems are permitted as industrial wastewater treatment facilities under the South Carolina Pollution
Control Act, DOE will close themn in accordance with South Carolina Regulation R.61-82, “Proper
Closeout of Wastewater Treatment Facilities.”

DOE has preparéd a general plan (DOE 1996) for the closure of the tank systems. The plan describes the
proposed waste removal techniques and stabilization options. It also describes the analytical methods
used 10 predict impacts on the environment resulting from closed tank sysiems and presents the

performance objectives for tank closure.

1.1 Purpose

Before closing the tanks, DOE will remove waste and stabilizt any residual contamination (see

Section 2.2). The purpose of this report is to provide a basis for the DOE position that the residual
contamination in the HLW tanks is incidental waste. The NRC has established noncodified guidance for
¢lassifying waste that is incidental tc but that is no? r~~ulated as HLW (Bernero 1993). During th.
preparation of this report, DOE performed a regulatory analysis that used the NRC guidance along with
precedents and dose modeling to demonstrate that the residual contamination in the HLW tanks meets
the NRC incidental waste definition and that the planned closure of the tanks is consistent with the
performance objectives of NRC regulations for low-level waste disposal (10 CFR 61, “Licensing
Requirements for Land Disposal of Radioactive Waste™).
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1.2 NRC Incidental Waste Classification

The NRC in.identa) waste classification is based on meeting the performance objectives in 10 CFR 61
and other crite;.a. A Denial of Petition letter dated March 2, 1993 (Bemero 1993), states that certain

waste genera+ . ' the Hanford site could be considered incidental if it met the following criteria:

1. The Hi W has been processed (or will be further processed) to remove key radionuclides to the
ma-amum extent that is technically and economically practical.

2. The waste will be incorporated in a solid physical form at a concentration that does not exceed
the applicable concentration limits for Class C low-level radioactive waste, as established in
10CFR 61.

3. The waste will be managed, pursuant to the Atomic Energy Act, in 2 manner that satisfies safety
requirements comparable to the performance objectives established in 10 CFR 61.

DOE used both the performance objectives in 10 CFR 61 and Hanford criteria to determine the
classification of the SRS tank residus) waste.

1.3 Document Organization

The remainder of this report provides the background and reasons for the DOE position to classify the
tank residusl waste as incidental waste. Chapter 2 contains background information on the SRS HLW
tanks and provides a regulatory history on the classification of HLW and incidental waste. Chapter 3
discusses the 10 CFR 61 performarce objectives in the context of the three incidental waste criteria
{abcve) in relation to the planned tank closures. Chapter 4 provides additional regulatory,
environmental, and economic arguments for an incidental waste clascification. Appendix A describes
the baseline closure activities and the options available to DOT to perform tank closure; Appendix B
describes the modeling performed to determine the doses associated with the closed tank systems.

1.4 References

Bernero, R. M., (Director, Office of Nuclear Materia] Safety and Safeguards), 1993, letter to J. Lytle
{Deputy Assistant Secretary for Waste Operations, Office of Waste Management, U.S. Department
of Energy), U.S. Nuclear Regulstory Commission, Washington, D.C.
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DOE (U.S. Department of T 2rgy), 1996, Industrial Wastewater Closure Plan for F- and H-Area High-
Level Waste Tank Systems, Savannah River Sue. Construction Permit Numbers 14,338, 14,520,
17,423-1W, Revision |, Savannah River Operations Office, Aiken, South Carolina, July 10.
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CHAPTER 2. BATKGROUND

This chapier provides background information on the Savannah River Site (SRS) tank farms, the
contamnination in the tanks, and the regulatory history and framework ta support the positions of the U S.
Department of Energy (DOE) that are presented in Chapters 3 and 4. This information is essential for an
understanding of DOE justifications for classifying residual contamination in the SRS high-level wast,
(HL W) tanks as incidental waste.

2.1 F-and H- Area Tank Farms

The SRS occupies approximately 300 square miles adjacent to the Savannah River, principally in Aiken,
Bamwell, and Allendale Counties, South Carolina. DOE owns the Site, and Westinghouse Savan-.h
River Company (WSRC) is the contractor responsible for SRS operations.

From the early 1950s until 1991, the mission of the SRS was to produce nuclear materials for national
defense. As a result of that mission, the processes used to recover uranium and plutonium from reactor
fue! and target assemblies in the separations areas (F and H Areas) have generated the current inventory
of approximately 34 million gallons of liquid high-level radioactive waste. DOE has developed an
integrated management system to process that waste. The “High Level Waste System™ includes the

F- and H-Area Tanx Farms, in which DOE isolates these wastes from the environment, SRS workers, and
the public. The use of the two tank farms enables radioactive decay by aging the waste, clarification of
the waste by grovity settling, and removal of soluble salts from the waste by evaporation. The tank farms
slso preweat accumulated sludge and salt solutions (supemate) to enable their management at SRS High-
Leve! Waste System teatunent facilities including the Defense Waste Processing Facility (DWPF) and
the 2-Area Salistone Manufacturing and Disposal Facility, which convert the sludge and supernate 10
more stable forms suitable for permsnent disposal.

The F- and H-Ares Tank Farms are in the central portion of the SRS, as shown on Tigure 2-1. DOE
chose the sites for the tank farms because of their favorsble terrain, their proximity to the F- and H-Area
Separstions Facilities (the major waste genersting sorces), and their isolstion from the SRS boundaries
{the minimum distance is approximately 5.5 miles). Figure 2-2 shows the F- and H-Areas and the tank

farms.

The 22-acre F-Aree Tank Farm consists of 22 waste tanks, 2 evaporator systems, transfer pipelines,
% diversion boxes, and 3 pump pits. The 45-acre H-Area Tank Farm consists of 29 waste tanks,
2 evaporsator sysiems and the Replacement High-Level Waste Evaporator (under construction), the
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2 3 4

Fizure 2-1. SRS site map with F- and H-Areas highlighted.

2-2

8N33-26

Incidental Waste
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BN38-26
Figure 2-2. F- and H-Tank Farn, areas.
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in-Tank Preciputation Process building and associated equipment, transfer pipelines, 8 diversion boxes,
and 10 pump pits.

To accomplish the operational objectives of the HLW System, DOE installed the following units in the
tank farms:

»  Fifty-one large underground waste tanks to receive and age liquid HLW and to allow it to sertle

» Four evaporator systems (and one under construction) to concentrate soluble salts and reduce

waste volume

e A transfer system (transfer lines, diversion boxes, and pump pits) to transfer supemat., sludge,
and other waste (e.g., cvaporator condensate) between tanks and treatment facilities

« A preoipitation/filtration system (the In-Tank Precipitation Facility) to separate the salt solution
into high- and low-activity fractions for immobilization at the DWPF Vitrification Facility and
the Z-Area Salistone Manufacturing and Disposal Facility, respectively

® A sludge washing system (Extended Sludge Processing) to prewreat accumulated sludge before its
vitrification at the DWPF

Chapter 2 of the general closure plan {DOE 1996a) contains & more detailed discussion of the tank farm
equipment.

2.2 High-Level Waste Tank Closure

DOE pian: (o begin closing the HLW ianks at che SRS in 1996. The general closure plan (DOE 1996a)
establishes the protocol DOE will use in closing the tank systems. DOE will remove the waste from all
tanks using the following techniques or similar techniques of comparable effectiveness:

e Bulk waste removal - .ise slurry pumps, transfer pumps, and transfer jets 1o remove as much
HLW as piactical fro-.: the tank system.

e Sprav washing - Spray the interior of the tank with jets 5f hot water to dislodge contamination
that bulk waste removal did not remove.

s  Annulus cleaning - On tanks that have leaked waste from the primary to secondary containment,
remove as mush waste as practical from the annulus,



Res |
April 30, 1997

If 5t 1s determuned that additional cleaning (beyor ! the baseline established for all tanks) of a particular
tank is necessary to meet the performance objectives, acid washing or other techniques of comparable
effectiveness will be performed. DOE anticipates thar acid washing will not be required for salt tauks.
However, acid wash is likely to be necessary 10 meet performance objectives for sludge tanks. in acid
washing, the interior of the tank is sprayed with oxalic acid to remove contamination that remains after
spray washing. After each water or acid wash, the liquid with dissolved contaminants will be pumped
out of the tank.

DOE has identified {in coordination wit1 the South Carolina Department of Health and Environmental
Control (SCDHEC) and the U.S. Environmenta! Protection Agency (EPA)] requirements with which it
will comply and guidance it will 2nnsider to ensure that the closure of the tank systems will be protective
of humar health and the  ironment, and has used these requirements and guidance to develop closure
performance objectives that provide a basis for determining the tank-specific closure activities. As
described in the Program Plan, DOE will evaluate the collective impacts at the point of exposure and
compare those impacts to the performance objectives applicable to specific environmeatal media

{e.g., groundwater). The collective contribution of contamination from the closed tank systems cannot
exceed the performance objective. The specific actions for cleaning tanks will be developed on a case-
by-case basis. These actions will be set forth in tank-specific closure modules that will be developed and
submitted for SCDHEC approval as the individusl tank systems are prepared for closure.

DOE wili evaluate each tank system or group of tenk systems to determine the inventory of contaminants
{radiological and nonndiologfcal) that will remain in the system after waste removal, and will use this
siformation to conduct a performance evaluation. The performance evaluation will include the modeling
of projected contamination pathways for the planned closure configuration and 8 comparison of
modeling resulis with performance objectives. [f the comparison indicates that the modeling results
would meet the performance objectives, closure will continue as nlanned. If the results could not meet
performance otjectives, DOE would take additional waste removal steps or revise the stabilization
method to ensure compliance with the performance objectives This process would be conducted in
close coordination with SCDHEC and EPA, which have regulatory authority for final remediation of the
tank farms area. Closure of individual tank systems requires formal approval by SCDHEC under South
Cerolina Regulation R.61-82, “Proper Closeout of Wasicwater Treatment Facilities.”

Appendix A contains more information on the SRS HLW tank closure strategy.
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2.3 Regulatory Framework for High-Level Waste and Incidental Waste

The definition of HLW s based on the origin of the « 4 -te rather than its characteristics. For example,
Title 10 of the Code of Federal Regulations Part 50, Appendix F, defines HLW as “those aqueous wastes
resulting from the operation of the first cycle solvent extraction system, or equivalent, and the
concentrated wastes from subsequent extraction cycles, or equivaient, in a facility for reprocessing
irradiated reactor fuels.” The Nuclear Waste Policy Act (NWPA), as amended, (1) designates the U.S.
Nuclear Regulatory Commission (NRC) as the Government agency responsible for licensing the disposal
of HLW, and (2) identifies the proposed geologic repository at Yucca Mountain, Nevada, as the only

such facility currentiy under consideration.

In addition, the NWPA provides a new definition of HLW that introduces the concentration of
radioactive materials as an important factor. The NWPA definition classifies solidified reprocessing
waste as HLW only if it “contains fission products in sufficient concentrations,” suggesting that liquid
reprocessing wastes would not be HLW if they were partitioned or otherwise treated such that some of
the solidifted products contained substantially reduced concentrations of radionuclides.

The NRC has considered modifications to the definition of HLW in a series of Federal Register notices.
In 1987, the NRC issued an Advanced Notice of Proposed Rulemaking (ANPRM , 52 FR 5992) that
made a distinction between HLW and "incidental wastes" that result from repror essing plant operations;
examples of incidental wastes inciuded ion exchange beds, sludges, contami:: :ad laboratory items,
clothing, tools, and equipment as well as radioactive hulls and other i:radiated and contaminated fuel
structural hardware. The proposed rulemaking included incidenta) wastes generated from the treatment
of HL W, such as decontaminated sak.

In 1990 the States of Washington and Oregon petitioned the NRC to revise its definition of HLW to
establish a procedural framework and subsuantive standards for determining if reprocessing wastes,
including in particular wastes stored at the DOE Hanford Reservation, are HLW and therefore subject to
NRC licensing authority (55 FR 51732). The Hanford wastes in question consisted of the low-activity
fraction that resulted from pretreatment of double-shell tank wastes, which at that time were scheduled
for ‘reatment vis grout stabilization and disposal in vaults on the Hanford site. The NRC denied the
petition for rulemaking (Bemero 1993; 58 FR 12342, March 4, 1993) and expanded on the types of
incidental waste that would fall outside the HLW definition in 10 CFR S0, Appéndix F (e.g., waste
generated from the further treatment of HLW, such as salt residues or miscellaneous trash from waste

26 Incidental Waste
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glass processing). The NRC concluded that DOE could clas<ify the Hanford 1ank wastes as incidental if
they:

1. Have been processed (or will be further processed) to remove key radionuclides to the maximum
extent that is technicaliy and economically practical

2. Will be incorporated in a solid physical form at a concentration that does not exceed the
applicabie concentration limits for Class C low-level waste (LL W) established in 10 CFR 61

3. Are to be managed, pursuant to the Atomic Energy Act, such that they satisfy safety
requirements comparable to the performance objectives established in 10 CFR 61

The NRC also noted that the poper classification of some Hanford wastes, including the single-shell
tank wastes and empty but still contaminated waste tanks DOE might dispose of in-place (emphasis
added), remains to be determined. Because the Hanford decision does not establish a clear precedent for
DOE to declare the residual contamination in the SRY. wani's = incidental waste, DOE has prepared this
report to provide the regulatory basis to support this ¢_sssstication ; Chapter 3 describes how the closure
of the F- and H-Area 1anks and the handling of the res:.+:ai contm nation in the waste tanks is consistent
with the NRC criteria for incidenial waste.

in 10 CFR 61.4). the anpual whole body dose equivalent to 2 member of the public resulting from
releases to the environment is limited to 25 mrem, including the groundwater pathway. In cases where
the groundwater pa: -ways dominate, the EPA 4 mrem per year limit for beta-gamma emitters in public
drinking water suppliv. 's more restrictive than the NRC 25 mrem per year limit. (EPA has also
established limits for alpha panticle eminiers; how sver, as will be discussed later, DOE believes the
beta-gamma limit will be the controlling standard for the SRS tank closures.)

In notices accorpanying Federal Register regulations dealing with decontamination and waste disposal,
the NRC notes it has attempted to strike a reasonable balance between taking protective measures and the

feasibility and cost of these measures.

2.4 Status of DOE Closure Activities

As discussed above, DOE has prepered a general plan for closing the 51 HLW tanks at the SRS (NOE
1996a). The plan includes the regulatory strategy for satisfying EPA and South Carolina regulations.
Although the schedule for closing the tanks depends on operational considerations, several wanks are

-~ rtually empty of waste. Tank 20 is the first tan’ - cheduled for closure (anticipated in early 1997), and
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DOE has prepared an individual closure module for Tank 20 (DOE 1997) as called for in the general
plan. SCDEC has approved the Tank 20 module. As described in that module, Tank 20 has been spray
washed and will be stabilized with three layers of 8 grout-like substance to minimize contaminant
leaching and the hkelikood of inadvertent penetration in the future by dniling or excavation. SCOHEC
has approved the genera! :losu  plan and EPA has concurred. Each tank’s closure module must be
approved by EPA and SCDHEC before DOE can complete the closure activities for a specific tank.

DOE has performed a priori fate and transport modeling for sll of the HLW tank systems in F-Area (see
Appendix B). The modeling analysis reveals that 1ank closure wouid satisiy applicable performance
objectives (primarily the 4-mrem-per-year drinking water maximum contaminant level) at the peint of
exposure (the seepling), where groundwater outcrops to the surface approximately i mile from the tanks.
DOE would ensure that institutional comirols on future lana use are in effect to limit access to
groundwater closer than | milz to the tanks. The analysis indicates that the 4-mrem drinking water
siandard would not be satisfied at locations nearer 10 the F-Area Tank Farm. However, the closure
strategy set forth by DOE in its general plan (DOE 1996a) wili ensure that ail HLW tank systems will be
closed under the oversight of SCDHEC and EPA in a manner that meets performance objectives
{including the NRC 25 mrem per year limit) and assures protection of human health and the

environment.

2.5 References

Bemero, R. M. (Director, Office of Nuclear Material Safety and Safeguards), 1993, letter to J. Lytle
{Deputy Assistant Secretary for Waste Operations, Office of Waste Managemeng, U.S. Department
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CPAPTER 3. CONFORMANCE OF SAVANNAH RIVER SITE
HIGH-LEVEL WASTE TANK CCNTAMINATION WITH INCIDENTAL
WASTE CRITERIA

DOt has identified creria for incidental waste classification tc be appiicable to residual tank waste at
SRS based on guidance from the U.S. Nuclear Regulatory Commission (NRC). The criteria are based on
the treatment of the waste and the characieristics of the physical disposal form. Wastes can be classified
as incidental if they:

1. Ha\ ¢ been processed (or will be further processed) to remove key radionuclides to the maximum

extent that is technically and economically practical

2. Will be incorporated in & solid physical form at a concentration that does .°ot exceed the
applicable concentration Jimits for Class C low-level waste (LLW), as uet fort - at i0 CFR 61

3. Are to be managed, pursuant to the Atomic Energy Act, in a matter that satisfies safety
requirements comparable to the perfon. . ~¢ objectives established in 10 CFR 6!

The U.S. Depanment of Energy (DOE) considers the residual contamination in the HLW tanks after it
has performed the closure activities described in Chapter 2 to be incidental waste. The alternatives for
decontamination of the Savannah River Site (SRS) HLW tank systems are those technically feasible
cleaning and removal actions that offer reasonable assurance that the remaining material can be
stabilized and managed such that it will not posc an unacceptable risk to members of the public. DOE
will perform research and will examine new techniques and processes developed by other organizations
1o determine if those technologies extend the limits of decontamination technology and if they are
technically and economically practical to employ for SRS HLW tank closures.

The following sections address the three criteria for the classification of incidental waste.

3.1 Conformance to Criterion 1 - Removal of Radinnur lides

DOE believes that there are 1wo aspcts to the removal of “key radionuclides to the maximum extent that
is technically and ecanomically practical™ processing the HLW that has been removed from the tanks,
and processing the residual contamination that remains behind. The processing of HLW at the SRS is a
well-documented, ongoing process; bulk waste will be removed from the tanks for treatment at the
Defense Waste Processing Facility (DWPF) and Z-Area Saltstone Manufacturing and Disposal Facility
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(SMDF). DOE will remove ad. (ional waste from the tanks by hot-water pressure-washing. which will
put some of the solids into a slurry-type mix. Although the addition of water might appear contrary to
the concepts of volume reduction, the removed slurry will undergo evaporation and will generate only
small additional amounts of waste to be processed at DWPF or Z-Area SMDF. Appendix A summarizes
the baseline waste removal activities and other options from which DOE will select an optimum
combination 1o remove as much of the material from the tank systems as is technically and economically
practical. The combined sactivities will remove greater than 99 percent of the original radioactivity in the
tank systems.

Nine tanks have leaked detectable amounts of wastes fron: primary to secondary containment. On these
tanks, the waste will be removed from the annulus using watsr or steam. Annulus cleaning has been
antempted at SRS on only one tank (Tank 16), and the operation was only partially completed. Thus,
annulus cleaning is not demonstrated technology. Also, there may be some cas¥s whei e it is impractical
and new techpiques might have to be developed. The amount of waste in secondary containment is
small, so the environmental risk of this waste is smal) in relation to the amount of waste inside the tanks.

In the general closure pian (DOE 1996), DOE presents its process for the selection of the closure
configuration that will ensure that “radionuclides were removed to the extent that is technically and
economically feasidle.” In accordance with that plan, DOE will characterize each HLW tank system or
group of tank systems to determine the inventory of contaminants (radiological and ronradiological) that
1s0uid remain after waste removal. The planned methodology for determining the inventory of

contaminants in each tank is as follows:

1. [f the 1ank has liquid, the liquid contents of the tank will be removed so that any remainin~
residual is clearly visible.

2. Photographic inspections will be performed 1o assess the condition of the tank interior.

3. Existing tank structures will be used as references to map the location of the residual on the tank
bottom and to estimate the volume of material. Most tanks have features of known size on the
floor of the tank that can be used to gauge the depth of materials, such as litting plates, weld
beads, cooling coils, or support plates for cooling coils. 1f no such features are apparent or they
are covered by the residual, a graduated rod or other depth reference device may be inserted to
gaugethe de. ' “the residual material.

3-2 insdental Waste
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4. Protocols will be estabiished on a tank-specific basis to characterize the residual material,
Specifics of the sampling and analysis will be subject to SCDHEC approval in the context of the
tank-specific closure modules.

5. Samples will be coliected based on the results of the photogre, _ic inspection. The operstional
history and visua) eviderce will be used to determine 2 representative sampling approach
{i.e., the number of samples and their Jocations). Sampling methods will be determined by the
physical characteristics of the residual material. For example, piles of loose residue of more than
an inch in depth can be sampled using a clamshell sampler. Thin films cannot be sampled with a
clamshell, so another techrique such as smearing would be used.

6. Analysss .1l be performed {or a broad range of potential contaminants based on ..z operational
history oi the tank system. The analyses will include properties of the residual material that are
relevant to formulating the grout to ensure effective stabilization.

DOE will then use the characterization information to deter—iine the grout forn.ulation and conduct a
performance evaluation that wiil model projected contamination pathways for selected closure
configurations and will compare the modeling results with performance objectives. If the performance
objectives are met, DOE will continue with the planned tank closure; if they are not met, DOE will take
additional waste removal steps or revise the stabilization method to comply with the performance
objectives.

The performance evshi.tion, which is described more compietely in Appendix B, will focus on exposure
pathways and contaminants of mast concern for a specific tank system. Based on preliminary snalyses,
DOE anticipates that the limiting exposure pathway for HLW tank closures wil! he through releases to
groundwater and subsequent migration (o onsite surface waters. Th: contaminants of greatest
consequence in the exposure pathway are those subject to the most stringent standards for compliance.
The general closure plan (DOE 1996) contains & detailed comparison of the various performance
standerds to aid in identifying the most restrictive limit that would apply at s specifiz point of exposure.
The iowest concentration limit for s specific constituent would become the performance objective for
thai constituen: in the specific media (i.c., air, groundwater, or surface water for nonradiological
constituzits) and the lowest dose limit for a specified exposure pathway (i.e, air, soil, groundwater, or
multipathway) would become the performance obje.tive for radiolngical constituents, DOE considers
that final, tank-specific analyses will indicate that, for the members of the public, the EPA 4 mrem per
yeas drinking w ater limit will be more restrictive than the N 5 mrem per yesr limit from all releases

to the environment.



Rev 1§
Apni N0, 1997

E will empioy s aste temoval techniques that are technically and economically practicabie and which
w.'t remove greater than 99 percent of the radicactuivity. The estimated incremental costs of performirg
these tech..iques 1s reasonable considening the benefits in key radioactive isotope removal and exposure

raduction.

3.2 Conformance to Criterion 2 - Solidificaticn

The second incidenial waste classification criterion states that the waste “will be ncorporated in a solid
physical form at a voncentration that does not exceed e applicable concentration limits fur Class C
LLW as set forth at IQCFR 61"

Incidental waste must be in a “solid physical form” 10 ensure that it remains stable over time. The
stability of dispoeed waste described i the reguiat: i ¢ : =d on three factors: (1) the ability to
maintain integrity and strength of the waste container .. s ficient period of time 10 ensure that 8
“cave-in" does not permit access to the disposed wast~ by a8 member of the public, {2) the ability to limit
dispersion of the waste materizl, and (3} the potential reduction of the likelihood of an inadvertent
intruder. DOE will design fill materia! to suit each individual tank configuration, type and amount of
waste, pour, and suength requirements. For example, placing reducing grout over the waste layer, then
filling the tank wvith self-leveling, low-strength material, then using strong grout at the top of the tank
would take 21l the 1sctors tnto account. Appendix A describes various grout-like substances and the
properties of each. ‘

DOE wouid pump the reducing grout directly on the residual waste in the tank, and some mixing with the
residual waste could occur. This type of grout reduces the mobility of certain radionuclides by altering
the chemical properties of water that leaches through the grout. There are several radionuclides present
in the tanks with long half lives that could impict Jong-term performance of the closurc configuration.
Two of these are piutonium 2nd technetium. However, in an environment of high pH and reducing
conditions, these radionuclides either form very low solubility compounds or are strongly bound onto
surrounding p.-ticles. In either case, the mobility of thie radionuclides is greatly reduced compared to
conditiors in the natural environment. Reducing grout provides a high pH, reducing environment,
thereby limiting the migration of some radionuclides and decreasing their impacts on groundwater.
Appendix A summarizes .2 alternatives for solidif;ing and subilizing residual contamination after

waste remo- al.

DOE has evaiuated the concentrations of radionuclides in the SRS HLW tank systems (Watkins 1996,
and determined that 14 of the tank systems do not exceed the Class C LLW limics for radionuctides listed

Q. Teriiontal Wartre



Rev
Apnl 30, 1997

i 10 CFR 61 Tius evaluation used concentration averaging based on NRC guidelines in the Branch
Technical Position (BTP} 1ssued January 17, 1995 (NRC 1995). For uie remaining 37 tank systems,
DOE believes that additional cleaning, which could include an oxalic acid wash, and the likely use of
concentration averaging, would be needed 10 meet criterion 2. The cost for the additiona! cleaning is
approximately $300,000 per tank.

The NRC method for deriving the Class C concentration limits in 10 CFR 61 is based on direct contact
with the disposed waste by an insdvertent intruder scenarin. The overal) standard for determining

Class C concentration limits is an annval dose equivalent to an inadvenen, intruder of 500 mrem from all
pathways. DOE intends to mzintain control of the site encompacsing the SRS HLW Tank Farms in
perpetuity. Therefore, the possibility of inadvertent intrucion mnto the closed HLW tank systems and the
ares syrrounding the tanks will be remote. Reevaluation of the appropriasteness of the Class C limit, sor
HLW tank closure would result in significant costs savings as sdditional cleaning of 37 tank systems
may not be required.

Under 10 CFR 61.58, the Commission may suthorize othe: provisions for the classification of waste on a
specific basis if, after evaluation of the specific characteristics of the waste, dispesal site, and method of
disposal, it finds reasonable assurance of compliance with the performance objectivas in Subpant C of

10 CFR 61. Section 3.9 of the BTP (NRC 1995) states that alternatives 10 the determination of
radionuclide concentrations for waste classification purposes, other than those defined in the BTP, may
be considered acceptable. For example, the physical form of certain wastes may be such that intruder
exposure scenarios other than those used to establish the waste classification limits in Tables 1 and 2 of
10 CFR 61.55 may be appropriate. DOE recuests NRC’s consideration of an alternati. 2 to the Class C
{imits of 10 CFR €1.55 for the tank system closures. .

The intruder scenarios for the Class C determirnation may be inappropriate as the residual waste will be
immobilized, the residual material is located at least 10 meters below the ground surface, and the tank
system is filled with a stable medium. A site-specific intruder analysis for a hypothetical closed tank
system is presented in Appendix C of this report. The snalysis does not consider exposure of the intruder
10 groundwater near the closed tank system as a source of drinking water (DOE has commitied to
implement institutional controls io ensure compliance with the 4 mrem per year groundwater protection
standard at the nearest location with & likelihood of exposure.). This limitstion is consistent with NRC’s
methodology for deriving the Class C concentration limits in 10 CFR 61 (site-specific groundwater
migration analyses are performed independent of the intrusion scenarios considered for waste
classification).
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Undet the site-specific intruder analysis, the dose received by the intruder is approximately 1.2 mrem per
year based o~ exposure 10 1 conservative upper estimate for the waste re: dual remaining in the closed
wuik systems The SRS-specitic snalysis assumes the intruder is exposed as a result of drilling a well
that pencivates the waste form. For this analysis, the waste form was assumed to be the source inventory
from 10 tanks contained 1 ar area smaller than that occupied by the 10 anks. The intruder’s 2xposure is
asgumed 10 occur 100 years after closure of the tanks. The postulated SRS intruder would receive a dose
well below the limit uf 5300 mrem per year imposed under 10 CFR 61 for the inadvertent intruder. This
site-specific analysis demorstrates that the YRS tank closures will cormply with the performance
objectives of 10 CFR 61 and humar, health anc the environment will stil] be protected.

3.3 Conformance to Criterion 3 - Waste Management

The tl.ird NRC stipulation for ciassifying tank waste as incidental requires that wastes “are 1o be
managed, pursuant to the Atomic Energy Act, 5o that safety requirements romparable to the performance
objectives set out in 10 CFR 61 are satisfied.”

The SRS is a large Federai reservation under the contro! of DOE, which is empowered by Federal law to
manage its waste in accordance with the Atomic Energy Act. DOE Order 5820.2A, “Radioactive Waste
Management,” implements the Atomic Energy Act for DOE facilitiec. With experience gained at several
large facilities, DOE is prepared and intends 10 manage the residual contamination in the HLW tanks to
meel safety requirements comparable to 10 CFR 61 performance objectives.

These performance objectives, listed in Subpart C of .0 CFR 61, require the following:

ANLUR GOSE 1O 1) DUY

in accordance with the general plan (DOE 1996), DOE has com:mitted to achieve a 4-mrem-per-
year groundwater standard at the nearest location with a likeliliood of exposure. At lecations
where it could not sstisfy the 4-mrem-per-year drinking water standard, DOE would institute
active and passiv ® institutional controis (see Sestion 4.3). Because the groundwater pathway
w~1d dominate, combined doses from all pathways would therefore be less than 25 mrem per
year.

Appendix B, section B.1 illustrates the dose modeling DOE would perform to verify compliance
with this performance objective. DOE, the U.S. Environmental Protection Agency (EPA), and
the South Carolinra Departinent of Health and Environmental Control (SCDHEC) have agreed
that the point of exposure for a member of the public is at the “seepiine” where groundwater
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outcrops to the surface about ! mile from the HLW tanks. The 4-mrem-per-year drinking water
standard would be satisfied at the seepline.

DOE will establish a control zone exiending from each tank farm to the point of aliowabie public
access. Tank-specific performance chjectives will be developed considering potential
coniaminai:on from the target tank system as well as the potential impacts from other tanks and
nontank sources up- and downgradient frum the tank system to be closed. Based on these
potential sources of contamination, the control zone will encompass the area in which the
predicted dose received as a result of groundwater consumption would exceed the EPA standard

of 4 mrem per year for drinking watar.

intruder afier active institutional controls are removed. The closure configuration described in
Append.x A involves grout-like fill materizl that will be appro “mately 30 feet thick. Tl.:s
barrier may remain effective for 1,000 years or more. Combined with the concrete and steel
structure of the 1ank and the depth of the contamination layer, for the first 1,000 years, there is
lstle likelithood that an intruder would be persistent enough to excavate to the contamination

layer to become exposed to the radioactivity it contains.

MRC has stated that the paysical form of certain wastes may be such that intruder exposure
scenarios other than those used to establish the waste classification limits in Tables | and 2 of
10 CFR 61.55 may be appropriate (NRC 1995). The referenced BTP provides an example of
disposal of a large intact component filied with & structurally stable medium (e.g., cement), or
enclosed in 8 massive robust container capable of meeting structural stability requirements. For
the SRS 1ank closures, reducing grout (grout formulated to bind up the spesific contaminants)
will be placed in the tank to immobilize any residual waste. A low-strength cement, controlied
low-strength material or CLSM, forms the next layer (approximately 7,500 cubic yards) on top
of the reducing grout. The final layer (approximately 1,500 cubic yards) consists of a high-
strength cement fitling the remaining space #° the top or the tank. The long-lived radionuclides
in the tank residual mus: also be isolated by 1neans other than these engireered barriers since any
fill msterial or grout will assume ti.c physical properties of normal soii after & faw hundred or a
thousand years.

At SRS, there will be zones affected by the waste that extend well beyond the closed tanks. The
intent of the performaiice objectives in Part §1.42 is fully met because any intruder into the srea
under control would be deliberate and no occupancy or public use of the control zone will be
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allowed. Appendix B contsins a discussion outl'ning the process to be used to establish the size
and orientation of the control zone. The control zon¢ is designed to meet the NRC 25 mrem-per-
year limit and the EPA 4 mrem -per year limit for drinking water and would be implemented by a
combination of active and passivz institutional controls to remain in perpetuity.

3. Qpenation of the disposs! facility must comply with 10 CFR 20 This evaluation does not discuss

this performance objective because its subiact is closure of the tank systems, not operation of a
disposal facility. DOE will comply with 10 CFR 835, “Radiation Protection for Occupati ‘nal
Workers,” during tank <losure activities. This regulation is the DOE regulatory equivalrito
10 CFR 20 for protection of workers and is functionally similar to 10 CFR 20.

4. The facility must be sited, designed. used, operated, and closed to achieve long-..rm siability.
The 30 or more i¢e. oof grout-like materizl poured over the waste and the steel-and-concrete
structure of the tanks will create a solid, stable configuration for more ihan 1,000 years [sce
Appendix D of the general closure plan (DOE 1996)). Finai remediat:on of the tank farm arcas
under the Comprehe ~<ive Envi, _nmental Response, Compensation, and Liability Act may
include cauping the a :a, if necessary, which would further isolate the waste from reinwater by
sealing the areas above each tank grouping. Such a configuration would provide long-term
assurance of stability and strength of the closure a-~s. The actual final remediation will be
customized to the specific tank or tank groupings based on such factors as the elevation of the
tank(s) and the surrounding terrain.
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CHAPTER 4, TECHNICAL AND REGULATORY BASES FOR
INCIDENTAL WASTE CLASSIFICATION

Chapter 3 explains the U.S. Department of Energy (DOE) contention that the residual contamination in
the high-level waste (HL. W) tanks st the Savannah River Site (SRS) is “incidental waste” in accordance
w .. applicablz critensa estabiished by the UL Nuclear Regulaton Commussion (NRC; Bernero 1993).

This chapter presents three related reasons for a classification of incidental waste, as fo!*

V. In siru closure of the residual contamination in the HLW tanks is the “right thing to do” from the
perspectives of worker baalth, the environment, and cost.

2. In suu disposal - -*ng methods described in Appendix A will be more protective of the public and
she environment than shallow land burirl anc, thus is consistent with available means of
protecyion from wastes that could be Greater Than Class C (CTCC).

3. The unk closures would occur on a large Federal reservation and would continue under
Govemment control in perpetuity.

<.1 Cost/Benefit Analysis

DOE designed its in s closure strategy, which it 2suablished in the general zlosure plan (DOE 1996) to
ensure that it conducts SRS HLW tank closures in a manner that protects human health and the
environment and is withi . reasonable bounds of economic and tcchnical pacticabitity. The strategy
pegins with a baseline or bulk waste removal, spray water washing, and removal of the resuliing slurry
v, pumping. An optimal closure configuration (i.e.. combination of waste removal and stabilization) is
chasen on the basis of technical feasibility, effectiveness, cost, and other relevant factors from a range of
additionsl closure activities. For an individual tank, the evaluation of closure options in relation to
environmental performance objectives begins using the generic baseline configuration for that system
and other tank systems in the vicinity that might contribute contaminants to 8 point of exposurs. DOE
evaluates system-specific adaptations of the baseline configuration (e.g., waste-specific gront
formulstions, additional waste removal steps) as needed to ensure the meintenance of overall cost
effectiveness for individual tnk system ciosures. Regulator approval for each individu: ! tank sysiem
closure by the South Carolina Department of Health and Environmental Control (SCDHEC) in ¢lose
coordination with the U.S. Environmentar Protection Agency (EPA) is integral to the DOE closure
strategy 10 ensure short- and long-term effectiveness in meeting environmental performance objectives

(DOE 1996).

4-}
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Tabie 4-1 summanzes the cosvbenefit comparison for the range of closure configuration options that
DOE considered in determining the baseline for wasie remova! and fill (see DOE 1996). These options
include bulk waste removal using slurry pumps followed by spray washing with hot waser using rotary
spray jets, these are technologies that hav: been demonstrated at the SRS. The aliernatives are
diffe-entiated on the basis of additiona! waste removal steps and options for the physical-chemical
suabilization of t- - system structures and residual v.aste remaining in these stmctures. Fill options
examined incluc: sand, pumpable self-leveling backfill material (grout), or saltstone {radioactively
contaminated grout mad. from the low activity liquid waste fraction that results from the pretreatment of
HLW at the In-Tank Precipitation (ITP) facility] for stabilization. Essential festures of the DOE base
case are bulk waste removal and spray water washing followed by stabilization using pumpable, self-
leveling backfill {grout or grout combinations) formulated and placed to reduce the migration of
rudionuci. e, provide structural stability, and discourage penetration of the waste form. Variatior.> «
the dase case include the deletion of spray water washing for salt tanks only (if hydraulic removal is of
comparanle #ffectiveness), repetition o water or acid washing, and application of new waste removal
techniques with comparable or greater caning effectiveness (DOE 1995). DOE is actively supporting
advanced waste removal technologies, as exemplified by a demonstration project to remove
coi.taminated zeolite from Tank 19 to be performed in 1996 and 1997.

Table 4-1 uses estimated cost and cumuiative worker exposure on & per tank system basis, radiological
impacts to groundwater determined from fate and vansport mode..ng of & cluster of four HLW tanks
(Tanks 17 through 20%, and demonstrated technical feasibility as primary determinanis of cost-
effectiveness. As histed, DOE elimmated four options from “.rther consideration on the basis of
inzffectiveness, technical feasibility, cost, or a combination of these items. The Spray Water Wash/
No Fill aliernative wes eliminated because it provides .0 structural stability and is ineffective is
immobilizing radionuclides. in particular long-lived aiphs-emitters (e.g., plutonium-239). The Spray
Wash/Sand Fill option provides some structural stability and radionuclide immobilization; however,
DOE eliminated this alteruative because, in relation to the selected base case, it is considerably less
effective in imeobilizing radionuciides (indicated by relatively high near-field potential doses for alpha
emitters and earlier peak doses for more mobile beta-gamma emitters) at comparable cost. DOE
eliminated the Spray Water Wash/Saltstone slternative primarily on the basis of relatively high cost.

Cost and dose estimates are based on various options for cleaning and fiiling the tanks. Worker doses
were estimated based on the number of workers needed to perform the job, the number of months to
complete the activities, and radiation levels at both the tank surface and equipment used to remove waste.
The base case estimate is 10 person-years by radiation workers over a 6-month period per tank. The
resuiting dose estimate is 1.2 person-rem. 1f tanks were filled with saltstone, a radioactive grout-like



Tablke 4-1. Cost/Benefit comparison of major HLW tank closure options ®

Fatimated Relstive radiolegecal £t 1o pr: yndwaterd
cumuintive MG WAk JosR (IS niyT)
worke, {Time of accurrence (yesrs afles ciosure))
exposure f-mater well 11 well Secpline
Closure configursiion Estimmcd cost (pevson- Beta- Beta- Beta-
option® (Srank rem/tank) gamma Total gamms Total gammn fotl Remarks and conclusion

Spray Water Wash/No Fill 1,156,000 23 150 10,000 kil 280 47 47 Incflective; elimimnsted from

{No Cover) 315} 19973} j315)  19.973) |05} IR05)  fuathcr consideration.

Spray Water Wash/Sand 3.200,000 10.2-112 120 1,200 49 49 at 41 Sclected hase cuse is more

Fiit (WRCRA-Siyle Cap) [1.085} 19.975) {1.085) pr.ossj | 645) {1.645]) cffective st comparehic cost,
eliminsted from further
cousiderstion.

Spray Water Wesh/Growt 3,530,000 10.2-11.2 100 Pl 4 ~ X 33 DOE's siecied base case;

¥ill (Na Cover) {1,788) 10, 73%]  |1.595] 199§ {2,555} §1.555]  wost cmst-effective
ahernative,

Speny Water Wash/Grout 3,800,000 10.2-'1.2 100 0o 53 83 EN 31 Minimally more effective

Fill (w/RCRA-Style Cap) [2.275) {22751 |2 483)  {2.485) [3.na5) [3,043}) than sekecied base case.

Spray Weter Wash 4 600,000 10.2-12.2 < Selecied base case < Selectcd basc cuse < Schecled base case  Oxalic acid wash

+ Oxafic Acid Wash/ Grout demonsisaicd al SR§ for

Fill studge; more effective than
the base case, but higher cc
and sodivm oxaiste produced
could require changes in 119
mrocessing; will be used &
necessary on some tanks.

Spray Wa.2r Wash #,300,000 10.5-11.% > Selected base case > Selecied base case > Selected basc ci~e  As effective as base case bul

+ Saltstone Fill higher source term because
saltstone is already
contemineted; higher cost;
climinmted from further
considertion.
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Table 4-1. (continued}.

Estimaded Relative radiolegical impact (o groundwaterd
cumuistive max imum annual dose (mrem/yr)
waker {Twme of occutrei.ce {years afier closurel]|
expasure 1-meter well 100-increr well Seepne —
Closure confligurstion Estunated cost {person- Dews- heto- . Betn-
option® {$/tark )* rem/tank ) gamma Tont gamms Total gamma Tow! Remarks and conclucion

Sprey “/ater Wash >50,000.00¢° > Selected < Selected basc case < Sclecled base case < Sclected basc case Techaoiogies ol

+ Oxalic Acid Wash Alternative demonxtrated taege seale,

+ Chemicsl- Mechamcal 14 will support technolopy

Clerning/Groul rill research, development, and
demonstration (¢ ¢, Tank 19
Premonstration) s will
consider for 111.W tank
closures as cost~cffective
technologics e
demonstrated

Speay Water Wash >100,000.0007 >93 < Selected brsc case < Selected base case < Sclected base case Technologies not

+ Oxalic Acid Wash demonstrated large scale,

+ Chemical- Mecharice! much more expensive, higher

Ciesning/Tenk Remave! cumulative worker dose tha
base case; radioactive wasie
residuals not vitnified at

b Source: DOF {1547

b. Closure configure +n mcludes combination of waste remaval and physical-chemical stabitization technologies for residusl wastc and tank system struciure  Final decicions
on RCRA-style cap w be determined afler closuie of individuat tank systems in context of final RCRA/CERCLA remediation of the tank farm, included for indicated uplions

to cxmblish equal basis for comparison of radiologicsl impact to groundwe'zr as determined from fate and transpost modeling

e, Cost etimates ere incremental costs bey
Coslsucrofconwimwrpommlynndmnolof

d.  Numerical dose estimates based on fate and trsnsport modeling of the HLW Tanks |

of analysis as reported in DOE (1
surface watzr (Forrmile Branch),

radionuclides.

DWIF would be imnsferred
10 shalfow land disposal

{e g, Salistonc Disposat
Fucility, SRS Sotid Waste
Disposal Facilivy), ehiminsied
from further considoration

ond bulk waste removsl, including the cost of tresting the spemt wash water/oxalic acid, but do not include cost for RCRA-styte cap
budget quality. All costs in ¥Y 1996 dollars.
7-20 system (i.e., four tanks wnd musocistcd anci'!>rv equipment) for a 10,000-year perid
996). Modeling results are for well locations | meter and 100 meters from the tank farm boundary and sl the outcropping of groundwater lo
approximately 1 mile from (he tank farm. Dilferentials between heta-gamma dose and total dose is alpha do w2 from long-lived
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material. cost per 1ank is increased significantly. This is primarily due to performing radiation wors fo
generate and handie the salistone in lieu of a non-radiation environment to generate grout in a concrete
faciity Handling radioactive material re juires numerous procedures, work permits, and
anti-contamination measures resulting in fonger times and additional workers. These factors drive the
cost of using saltstone out of the rrnge DOE believes is reasanable. Other disadvantages are discussed in
Appendix A. In addition, DOE eliminated the Tank Remova! aliernative because it is hevond the limits
of w. hrical and economic practicability, would involve relatively high worker risks. and would result in
the ransfer of an;y remaining residus} contamination on tank components to snother near-surface
disposal facility. The higher nsk to workers results from several factors, but would be dominated by the
increase in industnal-type accidents associated with heavy equipment use, excavation activities, cutting
with torches, and handling the excavated concrete, steel, and internal components. The National
Academy of Sciences has urged DOE to examine alternatives to excavatjon at the Hanford HLW tank
farms and has specificaily suggested “close.in-place” options may be more protective 1o the environment
and public health (NAS 1996).

DOE has determined that the remaining two options are not cost-effective as baseline activities at this
time. The Spray Water Wash + Oxalic Acid Wash/Grout Fil. - ption, which is effective at the SRS for
sludge {not sait) removal, would result in Jess in.pact to groundwater than the selected base case in
proportion 1o the reduction in source term achieved. Since acid wash is not required to meet
performance objectives for nost salt tanks (i.e., those containing salts and salicake), DOE did not include
it in the baseline activities. The oxalic acid would result in an additional waste stream requiring
treatment. This alternative could result in additional cost and require changes to ITP, the FILW salt
pretreatment process. Nevertheless, DOE will use oxalic acid cleaning on a case-by-case basis when
necessary and appropriate to achieve performance objectives. Because the Spray Wash - Oxalic Acid
Wash + Chemical-Mechanical/Grout altemnative would involve the use of expensive advanced
technologies for waste removal that have not been demonstrated or developed, it was not selected for use
because of its cost and iechnical practicability. In general, these technologies would involve intensive
cleaning with high pressure jets or inteasive mechanica! scrubbing, and would require further
development in such areas as chemical cleaag formulations and robotic mechanisms to either navigate
the erray of cooling coils in the tanks or to cun *he coils. DOE supports and will continue to support the
development of advaiced waste removal technologies and will consider them, once they are
demonstrated, for use in future tank s;/stem ciosures.

in conclusion, the DOF process for selecting the cleaning and ir sire closure configuraiion for individual
Ak system closures would be :=chnicaily feasible and highly cost effective in reiation 10 available

aimalives,
st larfmsbiaal F-b
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4.2 Technical Criteria for High-Level Waste Tank System Closure

A significant milestone in the NRC waste disposal program was the promuigation of 10 CFR 61 on
December 27, 1982. The regulation establishes procedural requirements, institutional and financial
requiremants, and overall performance objectives for land disposal of radicactive waste, where land
disposal can include a number of dispasal methods such as mined cavities, engineered bunkers, or
shaliow land burial. This reguiation also contains technical criteria (i.e., onsite suitability, design,
operation, closure, and waste form) that zre spplicable to near-surface disposal, which is a subset of the
broader range of land disposal methods. Near-surface disposal is defined as disposal in or within the
upper 30 meters of the earth's surface, and can ‘nclude a range of such technigues as concrete bunkers or
shallow land burial. The 10 CFR 61 regulation is intended 10 be performance-oriented rather than
prescriptive, withtheres: i ' .ae 10 CFR 61 technical criteria are writien in refatively general terms,
ailowing applicants 1o demonstrate how their proposais meet these criteria for various specific near-
surface disposal methods.

The concentration limits in 10 CFR 61 are for classification as a particular type (A, B, C, or GTCC), and
were established based on the NRC understanding at the time of the rule:,: &ing of the ~haracteristics and
valumes of low-leve! waste (LL.W) reasonably expected to be generated through 2000, as well as
potential disposal methods. These regulstions primarily sddress facilities that dispose of ‘vastes by the
method known as shatlow land burial. At the time of the NRC rulemaking, this method consisted of
placement of packaged waste in excavated trenches that, once filied, are backfilled with soil, capped, and
mounded to facilitate rainwater runoff. In the context of such disposal practices, the NRC identified
several technical measures that can be taken to ensure compliance with the 10 CFR 61 performance
objectives (MRC 1981):

+ Design to ensure long-tenm stability of the disposal facility and the disposed waste
¢ Reduce the presence of liquids in the waste and "¢ contact of the waste with water

e ProviGe institutional controls and other engineering and natural controls

The proposed closure configuration for the SRS HLW tank systems incorporates features to ensure
conformance with each of these technical criteria.

e Long tenm stability - Any liquid resiual in the HLW tank systems after waste emoval is

completed w.ll be solidified. The semaining void space in the tanks will be filled by a
combination of backfill materiai(s) with a formula based on the specific circumstances of each

5 Incidental Weste
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tank. The backiill will be designed to achieve the requisite compressive strength to control
subsidence and 1o provide 3 deterrent to inadvertent in::usion into the closed tank system.
Appendix A provides a detailed discussion of the suabilization options for closure of the HLW
tank systems.

o (ontact of water with waste — The closure configuration for the HLW 1anks is designed to limit
rainwater infiltration. Back{ili material will be placed in the tanks to control the infiltration of
ra:nwates inio the contaminated zone. Infiltration rates on the order of 4 centimeters per year
can be achieved using an engineered cap such as those previously designed and evaluated at
SRS. The cor “ination of such a cap and the grout backfill material would result in an
infiltration rate of approximately 2 centimeters pe: year. This infiltration rate increases to
approximately 40 centimeters per year (average infiltration for SRS soils) for closure scei. 4108
without an enginecred cap or for time periods after failure of the cap and backfill material
(beyond approximately 1,500 years). Thr use of reducing grout ensures that the chemical
properties of liquid that eventually leacaes through the backfill will limit the mobility of selected
radionuclides.

» [nstitutional controls - DOE has commitied 10 ensuring long-term contro} over the closed tank
sysiems, including a combination ~f active controls (site surveillance and inspection) and passive
controls {engineered barriers 10 deter intrusion). Section 4.3 discusses the proposed institutional
controls.

The Class C concentration limits are spplicable to all potential near-surface disposa! systems; however,
the caleniations performed to establish the limits are based on the postulated use of one near-surface
disposal method - shallow land burial. The Class C limits are, therefore, conservative because other
near-surface disposal methods could have greater confinement capability than shallow land burial. This
flexibility to provide addit’ ;. 1l protective features if the was? : concentrations are GTCC values governs
the DOE tank closure method. The NRC raticnaie is that, gi ven the current absence of prescriptive
requirements for disposal of waste exceeding Class C concen ration limits, the regulation allows for
evalustion of specific proposals for disposal of sucli waste on a case-by-case basis. The general criteria
1o be used in evaluating specific proposals are the 10 CFR 61 performance objectives contained in
Subpart C of the regulations.

The NRC outlined performance methods for land disposal facilities, such as models of groundwater flow
and contaminant transport an:t descriptions of the natural and human-initiated disruptive events or
processes that could significandy affect disposal system performance. Analytizal methods for projecting
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the performance of the "disposal sys.xm” (i.e., the 1ank closure configuration) have been deveioped and
are described briefly in Appendix B .nd in more detail in the general closure plan (DOE 1966). The
residual waste in tanks at SRS will he “disposed of”" at depths greater than § meters, will have additional
engineered features such as strong grout layers at the top of the tank, and will have assurance of
institional controls bevond the 100-year period considered by the NRC in developing the 10 CFR 61
concentration values. Hazards below the acceptance criteria of 10 CFR 61 indicate an acceptable match
of wuste tyne and disposal option. For the SRS, the performance of a closed HLW tank system is
projectec to result in hazards that fall below the acceptance criteria in 10 CFR 61.

4.3 Institutional Contro! at the Savannah River Site

Although not listed as a Suoy ... C performance objective, 10 CFR 6} requires the assurance of
institutional control over waste disposal for 100 years afier waste placement to ensure that the impacts
from shorter lived radioisotopes would be minimal. The EIS for 10 CFR 6! (NRC 1981) states the
assumption that an engineered barricade would provide resistance to intrusion for 500 years. DOE is
capable of providing the institutional contrn} required by the NRC. At present, access to the SRS is
controlled, 2nd public sccess to the F- and H-Area Tank Farms is prohibited.

DOE is seeking new missions for the SRS, and the Congress has endorsed the concept of expanding the
Site's mission and exploring new technologies. Current SRS missions include environmental cleanup
and the stabilization of radicactive wastes, which will go on for szveral decades. As a resuilt, some of the
newer double-shell HLW tanks will remain in continuous operation until DOE has moved all the high-
level liquid waste to the Defense Waste Processing Facility (DWPF) for vitrification. Processing in one
or both SKJ canyon facilities will be nceessary o stabilize nuciear materials that are stored on the site,
This processing will generate still more wastes for storage in the operating tanks. DOE will continue to
monitor the tank farms 10 ensure the safe management of the closed tanks anc the immobilized residual
wastes in them. DOE has committed to EPA and SCDHEC that it will maintain its active institutional
controls for a minimum of 100 years after closure of 1he last tank system.

DOE wil establish s contro! zone, including each tank farm area and extending 1o the points of exposure.
The Department is actively seeking » Congressional designation of the SRS as a National Environmental
Research Park, which would result in Federal control over all or part of the Site in perpetuity. DOE

already has preliminary approval for the removai of part of the Hanford Reservation in Washington from

public access 1 perpetuity.
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APPENDIX A, PROPOSED CLOSURE ACTIVITIES

A.l Overview of the Waste Removal and Closure Process

The general plan for the closure of the high-level waste (HL W) tanks in the F- and H-Arca Tank Farms
at the Savannah River Site (SRS) examines the full range of closure configurations (waste removal and
stabilization options) available to the U.S. Department of Energy (DOE) for tank closur - (DOE 1996).
Figure A-1 shows the waste removal and stabilization options available to DOE. This figure represents
the full range of options that DOE has considered; the Department has established option 3B as the
baseline for all tanke. Option 3C would be conducted as needed to meet performance objectives if it
would be effective, which in all likelihood, will be required for sludge tanks.

Next DOE will characierize each tank system or group of tank sysiems (or module) individually to
Cetermine s inyentory of residual contaminants, and the Department's activities for system closure.
DOE will (1) use this information to conduct a performance evaluation of the various closure
configuraticns and to compare the results with the performance objectives, (2) select a configuration that
is technically and economically practical, and (3) prepare a report on that module that will describe how
DOCE intends 1o meet the performance objectives. DOE will proceed with closure activities only when it
has dzmonsirated that the performance objectives will be satisfied.

To demonstrate conformance with incidental waste criterion 1 [i.e., the waste has deen processed (or will
be further processed) to remove key radionuclides to the maximui n extent that is technically and
economically practical], Table A-1 lists the potential technologies and their costs.

DOE will describe the proposed closure configuration for a given tank sysiem in the tank-specific
closure modules it will submit to the South Carolina Department of Health and Environmenta! Control
(SCDHEC) for review and approval. Each module will contain characterization information and
. analyses to show that the proposed closure configuration (i.e., the combination of source
removal/reduction and stabilization options) is protective of human health and the environment. The
module will describe the end-state of the tank (e.2., typs and characteristics of fill material, residual
volume and contamination level, and cap requirements), modeling calculations 1o demonstrate that the
performance of the closure configuration will meet the applicable performance objectives, and details
{e.g., methods and schedule) for implementing the closure.
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Closure Configurarion Aliernatives

i 2 3 4 h]
A 1A 2A 3A 4A .
B IB 2B 3B 4B -
Stages Increasing
of C 1IC 26 3C 4C - Cos.
Waste
flemoval D iID 2D 3D 4D -
E [~ - - - SE
ommm  {ncressing Cost -*
Ciosure Configuration Alternatives Stages of Waste Removal
i. -No fill material in tank A. Bulk waste removal
2. -Fill with sand B. Bulk waste removal
3. ~Fill with grout + Spfay washmg
4 -Fill with salistone C. Bulk waste removal
S. -Remove tanks from ground )
gro + Spray washing
+ Oxalic acid cleaning
D. Bulk waste removal
- + Mechanical and chemical clecning
involving advanced techniques
E. Clean tanks to enable removal of tank from

ground

Figure A-1. Closure config ration options.
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Table A-1. Wasie removal altemauve costs.
Disposal costs of Worker exposiire
Option Cost per tan'.* liquid waste per tank (rem)
Bulk sludge removal or £9,000,000 2134 .000.000" 2
hydraulic sak removal
Spray washing (incremental $1,200,000 $100,000 less ihan |
costs afler bulk r.moval)
Oxalic acid cleaning $300,000 $500,000° fess than 1
{incrementai costs after spray

washing)

Mechanical and chemical Unknown but believed 10 be
cleaning (incremental costs after  greater than $50 million per

oxxlic scid cleaning) tank
Clean sarks to extent allowing Unknown but believed to be
removal of tank from ground greater than $50 million per

{incremental costs after oxalic tank
acid cleaning, dpes not include
removal)

a. Estimates are for companson purposes only, they are not of budget quality. All costs in FY' 1996 doilars. Costs
are totai estimated cost only.

b. Based on estimated cost of the Defense Waste Pyocessing Facility (DWPF) at $2.4 billion capital pius
$4.3 billion operation expenses over 25 years. $6.7 billion divided by SO tanks equals $134 million per tank.

¢ Based on 150,000 gallons of spent sodium oxalate solution to be disposed of in the Salistone Manufacturing
and Disposali Facility at $3 per gallon.

DOE will develop a post-closure monitoring and inspection plan based on the selected closure
configuration and submit it as part of the tank-specific module. The objective of the monitoring and
inspections will be to identify any changes in and to monitor the effectiveness of the HLW tank system
closure conniguration. DOE will develop procedires de=tailing inspection protocols, inspection reporting,
and the corrective action process and will implement them based on the seiected closure configuration.
Thre SRS Environmental Restoration Program will finalize the details of post-closure care in accordance
with the SRS Federal Facility Agreement; those details will be subject to EPA and SCDHEC ovétsight.

A.2. Selected Base Case

The alternatives presentied in Section A.1 vary in their ability to meet the psrformance objectives in

10 CFR 61. Placing no fill in the tank would involve the smallest expense and the least amount of field
work, and there wouid be no impacts on nearby tanks and no interruption of operations in the tank farm.
However, there would be no stabilization of the residua! waste and the tank structure.
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Filling the tanks with sand, which would be operationally similar to backfilling them with grout (a
pumpeable backfiil material), would not mee1 any of tlie established criteria. Sand is readily available and
inexpensive. However, putting it in the tank would be more difficult than grout because it does not flow

readily into voids and, over time, would settie in the tank.

Filling the tanks with saltstone (the low-activity fraction from HLW pretreatment at the In-Tank
Precipitation Facility) would be the same as the filling them with uncontaminated grout with the
exception of the additional source term associated with the fill material. This alternative has the
advantage of reducing the amount of saltstone landfill space that would be required at SRS; however, it
also has several significant disadvantages. The total cost of this alternative is much greater than using
nonradioactive grout. The requirements for building a new radiological facility are more stringent than
for a commercial concrete plant. Like the grc . * material DOE plans to use, the saltstone mix and
chemicai compaosition would have 1o be designed for specific tank inventories, the radioactive isotopes,
and the internal configuration. Handling the radioactive saltstone would require the use of trained
radiation workers, the equipment and vess¢ls would become contaminated, and the whole process would
teke longer to complete due to the added complexity of radiation work. Placing saltstone in underground
tanks would constitute radioactive waste disposal and would likely require permitting under state and
Federa! laws. DOE believes the higher cost of this alternative and the greater impact of releasing more
radioactive material to the groundwater makes this option impractical.

Cleaning the tanks to the extent that would allow their removal (perhaps including oxalic acid cleaning
and additional steps yet 1o be defined) would not meet criterion 1 due to the extremely high cost to
remove the tank and considerable impacts on other SRS operations. The disadvantages o1 this alternative
include the 2 :1innal radiation exposure to workers during the removal process, extremely higl: cost to
dispose of the w-:+. . .. 'nents elsewhere, and the possibility that the disposal of the tank would craate
ancther zor. 5+ : 11 sed use. The exposure to workers would be similar to large scale decontamination
and decommissivning efforts involving cutting into contaminated metal and concrete and subsequent
disposal of the pieces. The likelihood of generating airborne contamination is greatly increased which
would require additional workers and protection to meet ALARA requirements.

DOE has not demonstrated options involving advanced mechanical and chemical cleaning techniques.
The incremental cost for development and deployment of an innovative method for cleaning a relatively
inaccessible large scale tank can only be guessed based on historics! costs for oder technological
breakthroughs. The Department kas studied a number of techniques involving such technologies as
robotic arms, wet-dry vacuum cleaners, and remote cutiers. However, none of these techniques are

vigble at this lime.
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Advanced waste remov: ' “"ternatives focus aggressive cleaning techniques on a small portion of the
tank. For example, a hip:. ~ressure jet could be focused on a small portion of the tank wall, or the tank
could be scrubbed by mechanical means. As an zlternative, the steel tank could be cut into plates and
disposed of elsewhere. Each of these techniques would require either the development of robotic
techniques that could navigate through the maze of cooling coils in most HLW tanks in the SRS tank
farms or the cutting of those coils. These cleaning techniques would require large development costs and
a long time to perform because they would focus on one small arca of the tank at a time,

DOE is sponsoring research in: . improved tank cleaning methods. If such msthods could provide equal
or superior cleaning effectivencss to the baseline activities, then DOE could substitute them for the spray
washing described in Section 3.1 of this report.

For these reasons, DOE’s selected closure option for the HLW tank systems is to remove the waste from
the tanks usi'.g " yd-aulic slurrying techniques or other cleaning techniques of comparable effectiveness
and, after was.> r-moval, to {ill each tank with a grout mix designed to stabilize the residual waste and to
provide sufficient compressive strength for the closed tank configuration.

The first step of closing the HLW tank farms would be to close each individual tank. Figure A-2 is an
sample closure configuration for a single tank system and Figure A-3 shows a sample area closure,
including the layers in and above the tank. These layers are as follows:

¢  The residual waste at the bottom of the tank is the waste that remains after the application of

removal techniques.

e ¢ill material consists of &8 combination of pumpable, self-leveling backfill materials (grouts)
specifically formulated for each tank system closure. DOE will use an appropriate combination

of the foliowing fill materials:

— Reducing zrout consists primarily of cement, flyash or silica .ume, and blast furnace slag.
he chemical properties of liquid that lcaches through this backfill materiai will reduce the
mohifity of certain radionuclidas and chemical constitueitts. There are several radionuclides
present in the tanks with long half lives that could impact long-term performance of the
closure configuration. Two of these are plutonium and technetium. _fowever, in an
environmen! of high pH and reducing conditions, these radionuclides either form ver’ low

solubility compounds or are strongly Found onto surrounding particles. In either case, the
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Figure A-2. Tank closure showing layers of fill material.

Existing Soil

Figure A-3. Areaclosure.
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mobility of the radiot.uclides is greatly reduced compared to conditions in the natral
environment. Reducing grout provides a high pH, reducing environment thereby limiting the
migration of some racionuclides and decreasing their impacts on groundwater.

- Controlied low-strength material (CLSM) is a self-leveling backfill material composed of
sand and cement formers. Similar to reducing grout, it is pumped into the tank. Its
compressive strength is controlled by the amount of cement in the mixture. CLSM has the
following advantages over ordinary concrete or grout for most of the fill are: (1) its
compressive strength can be controlled to provide adequate support for the overbearing
weight. (2) its low heai of hydration allows large or continuous pours; and (3) it is relatively
inexpensive. CLSM is widely used at the SRS, so there is a weaith of technical expertise on
its formulation and placement.

- Streng grout is a low viscosity grout with compressive strengths in the normal concrete
range. This formulation is advantageous near the top of a tank because its consistency is
suited for filling voids created around risers and tank equipment. The grout would be
injected in such a manner to ensure that voids were filled to the extent practicable. This
could involve several injection points, each with a vent. This relaiively strong grout wiil
discourage accidental penetration of the waste (e.g., during excavation).

DOE will establisn the necessity for a low-permeability (e.g., clay) cap to reduce rainwater infiltration
after closura during the feasibility study for the overall remediation of the tank farms. As shown in
Figure A-3, the ares around the tanks could be backfilled with soi. 0 cover risers, equipment, and other
protuberances. 1If needed, DOE could place a cap over the group of tanks so rain falling on the area
would drain away from the closed tanks. Because the tank systems are in close groupings, DOE would
probably put the cap over an entire gioup of systems in one area.

In addition i0 the residual waste at the bottom of the tank, which is the major focus of closure activities,
there will be residual contamination on equipment inside and near the tank (e.g., slurry pumps used for
waste removal, cooling coils inside the tank, transfer piping in and out of the tank) and the secondary
containment system and leak detection system for the tank. (This eanipment was designed with minimal
void spaces to facilitate thorough waste removal.) In addition, the tank farms contain other equipment
for processing waste (e.g., evaporators, diversion boxes, pump tanks, and interares transfer lines from F-
and H-Area and from H-Area to DWPF and the Z-Area Saltstone Manufacturing and Disposal Facility).
IYOE anticinates that the amount of contamination left on this equipment will be small in comparison to



Rev. i
spril 30, 1997

the amount in the tanks. Where appropriate, the equipment will be backfilled and stavilized If possible,
small equipment may be cleaned and reused.

A.3 References
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APPENDIX B. GENERAL DESCRIPTION OF THE
FATE AND TRANSPORT MODELING APPROACH

B.1 GTS Conceptualization

The general closure plar. describes # construct for apportioning performance objectives (POs) known as 2
groundwater wangpon segment (GTS). GTSs represent the approximar= Towpath of contaminants from
a tank system or groupoft - ed strictly or the groundwater pctentiometric contours in the areas

t srrouading the high-level waste tanks and the nearby streams. For fate and transport modeling, the GTS
i5 & convenient method to identify ail potential sources whose contaminant plumes may overlap.

The GTS is aiso used as an aid in accounting for the performance objectives among ali the sources (both
tank and non tank) contained within the GTS. This accounting is based on the relstive impact at the
peint of exposure at the time of greatest impa-- of the various sources in the GTS. To demonstrate
compliance with drinking water standards, s hypothetical receptor is assumed to drink the groundwater at
the jocation of maximum concentration at a point of exposure agreed upon between DOE and SCDHEC
(i.¢., the seepline). A fundymental assumpuon of the GTS is that contaminant plume flow s such that a
particular GTS is independ- . f its neighboring GTSs, allowing the overall perfor.nance object: es to be
applied totally to each GTS. For HLW tank accounting purposes, an adjusted PO is established by
subtracting the contribution from non-tank sources in the GTS from the oversll PO.

B.2 GTS Selection Methodology

A GTS consists of « physically defined area of the aquifers directly underlying the taak closure
configurstior .t extends in both the upgradient and downgradient groundwater flow direction. By
definition, eack GTS contains ali HLW tanits and other coniaminant sources that lie within its
boundaries. The numinal width of iie GTS is determined by the size of the tank closure configuration -~
foctprint perpendicular to the groundwater flow direction. The GTS 2xtends upgradient to a point
sufficient to include all potential upgradient contaminant sources or to & groundwater divide, whichever
occurs first. The GTS extends downgradient to & point of exposure agreed upon by SCDHEC wrd DOE
(i.¢., the seepline). The latera! boundaries of the GTS are dra~n perpendicul=r to the groundwater
Dotentiometric contor -~ ** ~efore, the width of 8 GTS may bc variable along its length. Becsuse <Fthe
three dimensional nature uf § wadwater flow and the Jayered aquifer systerr. that lies beneath the
general separations srea (refened to as the GSA, which includes the F- and H-Areas Separations
Facilities, the F and B Tank Farms, F and H Seepage Basins, and the Buri: Ground Complex), a GT5
may contain stacked layesr, which represent pathways through the potentially affecied aquifers. Since the
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aquifers do not all discharge st the same time or 10 the same surface water body, multiple exposure
points may occur for each GTS.

As will be seen in Sections B.3 and B 4, the CTS concept is not intended t. define the modeling
methodology. The types of sources involved (e.g., types of tanks) may suygest that the impact trom the
GTS may be calculsted through several means. For instance, cach source within the GTS could be
modeied separately and the individual impacts summed to determine the toul impact. Similarly, groups
of sources could be modeled and the group impacts summed, or the entire GTS could be modesed st one
time to deteimine the impacts. The GTS is used to ensure that all sources are accounted for; the actual
method of doing so will depend o the sources themselves, the calculational techniques involved, and the
fate and transpost models employed.

B.3 The F- and BH- Area GTSs

In Revision 0 general closure plan (DOE 1996s), DOE vroposed the use of multiple GTSs within each of
the Tank Farm aress. This approach was revised in the HLW Tank Closure Program Plan (LOE 1996c)
to reflect only one GTS each for the F- and H-Ares Tank Farms. Due to the three-dimensional nowre of
groundwater flow and leakage between the stacked squifer layers beneath the GSA, sach GTS will
contain three Isyers. The boundaries of the Water Table Aquifer layer of the 5TS, which is the first
aquifer layer impacted by a future release from tihe Tank Farms, wiit be used to define the boundaries for
the underlying Barnwell-McBean Aquifer iayer of the GTS. In turn, the Bamwe!l-McBean Aquifer Iayer
of the GTS will control the boundaries of the underlying Longaree Aqu.s iayer of the G1:. Therefore,
the fate and transport madeling at each tar farm will include components for each of the aquifer layers
within each GTS. Figures B-1, B-2, and B-3 show the borndaries of the GTS layers for ea:h of the tank
farm areas.

DOE will derive representative hyiaulic parameters from the sonceptual system described 1n Apperdix
E 10 utilize in the Multimedis Environmentel 20''utant 2 ss2ssment System (MEPAS), tive fate and
transport code currently being used. The selection of a unique set of potentiometric contours to represent
site conditions over the modeled time period (10,000 years) is not possible. To eliminate potential bias

in selecting a set of representative potentiomerric contours, the steady-state potentiometric contours for
each aquifer layer from a recent GSA-wide modeling effo.t will ke used for this purpose. The
potentiometric contours from the GeoTrans (1993) modeling effort were selected because the mode!
calibration process used for that modeling effort is considered to relect a set of hydraulic parameters that
balances the GSA-wide modeling with Iccalized model recali’ ration.
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B.4 Integrating the F- and H-Area GTSs into Moceling Calculations

Under the concept of the GTSs described in Section B.3, DOE proposes to pe-form two types of
calculations for 2ach G'S pentaining 10 the high-lev:! waste wnks:

® Anapriori calculation of *he projected impact of the entire GTS using assumptions on the
degree of tank cleaning achievable

¢ A tank-specific calculation for each moduie of the closure plan using sampling results available
following cieaning

The a priori calculatior. .i resuits are used to project whether the GTS will meet the overzil perfon ...ce
objectives. This process heips to address th~ cumulative eftect of all the tanks in the tank farm whose
plumes may intersect. As individual tanks are prepared for closure, a samboie of the tank ontents will be
tzken and will be used to compare the actual source inventory of the tank to the estimated source term
used as part of the a priori calculation. The sampling results wils 2iso be used to perform the tank-
specific calculation on impacts at the point of exposure to ensure that the performance objective
“budget” is not exceeded based on calculations using actual tank inventories.

DOE currently uses the MEPAS computer program to model the trar-port of contaminants. The
program is EPA-recognized and uses analytical methods to model the ransport of contaminants from a

SOuTTE Uilit to any point 8t which “he user desires to calculate the concentration.

In its modeling effort, DOE makes * ssumptions about srurce term, source configurstion, and
hydrogeologic structure of the area >eiween 1 .. tank furms and the point of exposure. The following
sections discuss the major assum ptions used by DOE in calculating concentrations of contaminants at the
point of exposure.

B.4.1 SOURCE TERM IDENTIFICATION

To determine the source zerm for the a priori calculation, DOE reviews information pertaining to
transfers of liquids to the high leve] waste tanks since their placement in the tank farms. This includes
log books showing the data regarding traasfers as well as sampling results, reel tape measurements and
photographs that provided information on the solids content in the tanks. Based on all this info.mation,
DOE estimates the current inventoiy of solids in eacls tank and the concentrations =i radiological and
nonradiological constitueits in the solids.
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To determine the inveniory of contaminants after cleaning of the tanks is accomplished, DOE assumes
that the concentration of constituents in the solids remains unchanged. This assumption is realistic based
on the fact that the presence of coustituents in the solids indicates that the constituents are relatively
insoluble and would be expecrzd to remain insoluble throughout the tank cleaning process, which
includes bulk removal of solids followed by water washing. Thus, the cleaning actions are expected 10
remove the more soluble constituents and reduce the volume of solids in the tanks; however, the cleaning
may not necessarily change the concentration of constituents in the solids.

Based on available cleaning techr.ology, DOE assumes that the cleaning process would still leave behind
a nominal amount of solids in each tank. The density of the solids is relatively low (1.95 lbs./gal.); this
value is used 1o determine the total inventory of constituents in each tank.

Based on this discussion, the process of quantifying the source term concentration and total inventory

can be .-'.umma:..zed as follows:

1. Current concentrations in the solids in each tank are estimated based on sar .ung resuits, logs of
transfers, and other measurements

L8

DOE assumes that the concentrations in the solids would remain constant sfier the tank cleaning

process

3. DOE assumes that each tank could be cleaned with » nominal amount of solids remaining in each
1ark with a density of 1.95 Ibs./gal.

4. DOE calculates the tota! inventory in each tank based on the assumed concentration and the
calcuisted mass per unit tank based on the infurmation in Step 3 above.

As each individual tank is prepared for closure, DOE will prepare a closure module that will be based on
actua} sampling results for the tank. If substantial devistions from the a priori modeling calculations are
discovered such that actual sample measurements indicate a greater projected impact at the point of
exposure, DOF will perform addition, cieaning at that time to reduce the source term inventory. If
sdditional cleaning is unfeasible technically or economically, DOE may take credit for previously
completed tank closures where actual sampling results indicated a Jower impact at the point of exposure
than predicted by the ¢ priori modeling calculations. For instance, if enhanced cleaning techniques on
sarlier tank closures resulted in 8 ! . wer impact zhan necessary to meet performance objectives, this can
be used 10 offsct less effective cleaning techniques in later tank closures.
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B.4.2 SOURCE CONFiGURATION

< 0f the 2 preori calculations for the tank ‘arms, DOE calculates the impacts at the point of exposure from
groups of tanks that are similar in location and structure. In F-Area, for instance, all Type | tanks
{Tanks 1-8) were grouped together, all the Type 11 tanks (Tanks 25-28, 33,34, and 44-47) were grouped
together, and all the Type IV tanks (Tanks 17-20) were grouped together. These groupings are
appropriate decause the tanks in each grouping have approximately the same basemat thickness (an
important consideration in calculating the retardation effects on contaminants). DOE also performed a
sensitivity analysis to ensure that the distance berween tanks within a grouping (c.g., all the Type {1
1anks in F-Area Tank Farm are not adjacent to each other) did not affect substantially the projected
resuit. at the point of exposure for s given GTS. The results of this analysis indicate that the distance
from F-Area Tank Farm to the point of exposure is relatively large compared to the d'mensions of the
tank farm so the: projected impacts at the point of exposure vary lintle as the source term is moved within
F-Ares Tank Farm,

DOE performed a separsie MEPAS calculslion for each grouping of tanks. For each calculation, DOE
eniered the source term data (in both concextration and iotal inventory) for the grouping distributed over
a square with area equal to that of the tank bottoms in the grouping. For instance, for th: Type | tanks,
the source term for the MEPAS calculation would consist of the total inventory of the affected tanks and
the zoncentration of contaminants in the grouping (i.e., the total inventory of the affected tanks divided
by the total solids in these tanks) dictributed over a square with area equal to the area of the eight Type 1
wnks

To accoun: for overlapping of the contaminant plumes from the three sepcrate groupings of tanks, DOE
performed the calculations with the three groupings at the same initial physical location (as discussed
above, location of the source within the F-Area Tank Farm boundary has little influence on the calcuiated
concentration at the point of exposure). DOE also summefi the centerline concentrations from each
piume at the po.nt of exposure to ensure that the hignest concentration is reported. Therefore, although
the plumes from the groupings may not overlap entirely, DOE's calculation methodology provides an
upper estimate for the projected impacts.

B-$ Incadeatai Waste
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B. 1.3 HYDROGEOLOGIC STRUCTURE

To wote ' meaningful resuits from MEPAS, it is important to specify the hydrogeologic structure of the
area th .. .. oeing modeled. For the tank farms, DOE uses the following stratigraphic layers:

). Source layer (the layer of material in the bottom of each tank that serves as the origin of the
contaminants)

2. Basemat (the concrete underlayment of each tank)

3. '/adose zone (the unsaturated soi} berwesn the butiom of the tank and the water table aguifer)

4. Water table aquifer

5. Tanclay layer ((he layer of clay that separates the water table aquifer from the Bamwell-McBean
aquifer)

6. Bamwell-McBean aquifer

7. Green clay layer (the layer of clay thas separates the Barnwell-McBean aquifer from the
Congaree squifer)

8. Congaree squifer

As discussed in Section B.3, values from the previous geotechnical investigations, modeling, and
monitoring at the general separations area will be used to specify movement of material between the
aquifer layers. Values for the other parameters listed above depend on the tank groupirg (e.g., Type |
tanks have a different basemat thickness and vadose zone thickness compared to Type IV tanks).

The soil and grout layers above the source layer are accounted for primarily by taking credit for the water
retardation they provide. For example, the hydraulic conauiuvity of ¢ » grout is much less than typical
soil so that water infiltration into the source layer is substantislly limiced. However, grout cannot be
assumed to be intact for an indefinite period of time. Therefore, DOE assumes that the grout develops
catastrophic cracks in sii tanks at 1000 years post-closure; this value is chosen so 8s 10 be less than the
1400 year estims:e provided in the E-Area Vgult Radiologict! Performance Asseasment (WSRC 1994).
To account for this‘degraded cordition of the grout, DOE performs two sets of calculations: one set for
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when the grout is assumed to b owlly intact and one set for when the grout is assumed to be toally
degraded. The results from these two sets of calculations are combinec {taking credit for the 1000-year
difference in stzrting times) to determine the maximum concentration at the point of exposure within the
10,000 year pertod {see section B.S, below, for results].

B.4.4 INTERPRETATION OF RESULTS

As discussed in Section B.4.2, DOE sums the concentrations of each constituent at the centerline of the
plume for the GTS at the point of exposure. Then DOL identifies the maximum conceniration during the
10,000 year period following closure to determine compliance with performance objectives. For
nonradiological constituents, these concentrations can be compared directly 10 the performance
objectives. For the radiological constituents, the total effective dase equivalent is report addition to
gross aipha concentrstion.

B.4.5 COMPARISON OF MODELING ASSUMPTIONS TO ACTUAL CONDITIONS

DOE recognizes that the modeling description above contains several assumptions that do not reflect
sctual conditions. All assumptions were developed to allow meaningful calculations to be performad
that provide a1 upper bound to the “rue” impact that may be realized at the point of exposure.
Therefore, DOE believes that its modeling approach provides a reasonable estimate of the projected
impacts at the point of exposure. Table B-1 compares the major modeling assumptions with the sctual
conditions in the F-Area Tank Farm as an example of how DOE's assumptions can be used to evaiuate a
complex source rrrangement (the F-Area Tank Farm) using a more simplified yet reasonable approach.

B.5 Results

To date, DOE has performed modeling for the closure of Tanks 17 and 20, in addition 10 the a priori
calculation for the entire F-Are.. Tank Farm (i.c., the F-Ares GTS). Specific details and results for the
modeling of Tanks 17 and 20 can be tound in Appendix A of their respective closure modules (DOE
1997, DOE 1996b). Table B-2 summarizes the results for Tanks 17 and 20 and compared to the overall
performance objectives.



Rev |}
Apnil 30, 1997

Table B-1. Comparison of modeling assumptions for F-Area Tank Farm to actuai conditions.

Actual Conditions

Modeling Assumption

F-Ares Tank Farm has 22 individual tanks, each
with area of 5674 &

e 8 Type) Tanks

e 10 Type |1l Tanks

o 4 TypelV Tanks

Each tank has a unique inventory and concentration
of contaminants.

Each tank *as a unique plume with regard 10 spece
that overlaps other plumes in the vicinity, however,
plume cemerlines do not necessanly overlap.

Each plume is ume-dependent. and plumes may
ove.lap 1t ume

Fruure tank failures (i.e., failure of the grout) will
occur randomly.

Radiation dose from all radioiogical constituents is
additive.

F-Area Tank Farm can be represented by three arca

sources:

*  One source with area of 45,396 ft2 (Type |
Tanks)

o One source with area of 56,745 fi2 (Type [11
Tanks)

» One source with area of 22,698 &2 (Type IV
Tanks}

Each area source can be represented as follows:

¢ The inventory for each area source is equal 10
the total inventory of all tanks within the
§rouping

¢ The concentration for each area source is equa)
10 the total inventory in the area sousce ...ided
by the total solids in the area source

The three area sources are located at essentiaily the

same initial physical locarion and travel the same

path to the seepline so that the centerline of the

plumes is “forced” to overlap.

Tae plumes from each area source are time-

dependent and are added for each point in time.

All tanks (the area sources) fail simulunecusly.

Radiation dose from all radiological constituents is

additive,

Table B-2. Comparison of modeling results to overal! performance objectives at the seepline.d

Adjusted F-Area GTS Tank 20 Tank 17

Units PO Impact Impact fmpact Remaining PO
Radiotogical
Bew.gamma dose mrem/y 40 19 0.005% 0.02 397
Alpha concentration pCil [h) 39E-02 (b} (b) 15
Total dose memy 4.0 1.9 0.0055 0.02 397
Non-Radiological
Nicke! mg/l. 0.1 (c) 0 ) 0.4
Chromum ¢ mg/L 0.1 6.0E-05 3.0E-06 9.3E-06 0.1
Mercur mg/l. 0.002 {c) 0 {c) 0.C02
silver mg/L .03 2.2E-01 1.9E-04 3.1E-D4 0.049
Copper mg/. 1.3 (< 0 {c) 1.3
Witrate mg/L i 1.5E-02 1 3E-03 4 3E-03 10
Lead mgL 0.015 () 0 {c) 0.015
Fluonde mg/L 40 1.5E-0 1.3E-04 2.5E-04 4
Banum mp/l. 2.0 () ] {c) 2

aoop

Values taken from Table 82 of the Tank 17 closure module (DOE 1997).

Concentration is jess than 1.0E-13 pCill
Concentation is Jess than 1.0E-06 mg/L.
T¢ o chromium chromum 1l and TV)
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APPENDIX C. SITE-SPECIFIC INTRUDER ANALYSIS

In its assessment of potential impacts from closure of high-level waste tanks at the Savannah River Site,
DOE considered the possibility of exposure to an inadvertent intruder. The concept of the inadvertent
intruder was developed based on information presented in NUREG-0782, Drafi Environmental Impact
Statement on 10 Ci-R Par1 61 “Licensing Requiremenis fo: Land Disposal of Radioactive Waste” (NRC
1981) and was adapted 1o the tank closure scenario at the Savannah River Site. This appendix describes
the differences in the intruder scenario berween NUREG-0782 and the SRS-specific inadvertent inzruder,
lists the major assumptions used in the calculation of impact to the intruder, and presents the numerical
results of the analysis.

C.1 Comparison of the Inadvertent Intruder Described in NUREG-0782
to the SRS-Specific Inadvertent Intruder

In NUREG-07h2, the NRC evaluated several exposure scenarios for an inadvertent intruder and
identsfied rwo major exposure scenarios upon which the Class C concentration limits were calculated as
foilows:

« Construction Scenario: After institutionai control has ceased, the intruder is assumed to
construct a house on top of the waste unit. TI ¢ waste unit is assumed to be penetrated by
construction activities (such as excavation of a basement), and contaminated soil is dispersed
onto the ground surface to expose the intruder for extended periods of time.

o Agticulture Scensrio: After institutionai contrci has ceased, the intruder is assumed to live in
the house built during the construction scenano. The intruder grows food on contaminated soil
and is exposed through ingestion of this food as well as other direct and indirect pathways.

For high-level waste tank closure at the Savannah River Site, the scenarios above have limited
applicsaility due to the location of the contaminatsd material. Specifically, the radioactive layer of
material that would provide the greatest dose to an individua! is located #* the bottom of each waste tank,
& minimum of 10 meters below the surface. The relatively deep placeniciit of the material makes it
highly unlikely that traditional construction activities for a resident dwelling would penetrate the waste
material, even for construction of a basement. Thus, the construction scenario and agriculture scenario
as defined in NUREG-0782 could not be expected 1o be avenues for exposure in the highly unlikely
event that an inadvertent intruder were t3 establish a residence on top of the wase site,
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In addition, the radiosctive matenal in the high-ievel waste tanks will be stabilized using a grout
formuiation designed to last for extended periods of time. 1f a postulated intruder were 1o attempt to
construct a house on fop of a closed waste wnk, he weuld most likely discover the presence of the grout
under the topsoil layer, even after several hundred or thousand years post-closure. This discovery would
be expected to prompt investigation into the matter as discussed 1n Section 4.3.4.3 of NUREG-0782.

DOE has considered the possibility, however, that as pan of the construction scenario, the intruder could
dig 2 well through one «f the w aste tanks to reach a water-bearing aquifer below. In this instance, the
intruder could conceivably construct a house near the surface without disturbing the waste but would
unknowingly penetrate into the waste Jorm when drilling for water. As discussed in Chapter 3 of this
document, site-specific analyses of groundwater contamination are performed independently of intruder
analysis for purposes of waste classification. Therefore, the only sourcc of exposure in this scenario (for
waste classification purposes) would be the removal of drill cuttings from the waste form and dispersal
of the material onto the ground surface around the intruder’s home.

Under this exposure scenario, the following pathways for intake of radioactive material are postulated:

e Inhalation of resuspended 50il which contains contaminated well cuttings
o Direct irradiation from the well cuttings distributed over the ground surface
e irect irradiatica from resuspended soil which contains contaminated well cuttings

= Ingesuion of vegetation grown in soil contaminated with well cuttings

Based on the foregoing discussion, the inadvertent intruder, for purposes of high-level waste tank
¢losure, has opportanity for exposure 1o only limitcd amounts of the waste material. Specifically, the
intruder is postuiated to be excavate a volume of material equal to the thickness of the waste layer
multiplizd by the cross-sectional area of the well drilling area. Therzfore, the major difference between
the general intruder analysis in NUREG-0782 and the site-specific analysis is the limitation on waste
material to which an intruder may be exposed.

C.2 Major Assumptions Used in Calculation of Impacts
to the Inadvertent Intruder

Because of the physical arrangement of the waste tanks and the geometry of the waste form, it is not
reasonable to expect that an intruder would penetrate more than one of the waste tanks. However, to
provide a conservative upper estimate, DOE has assumed that the source inventory from.10 of the tanks

Yacidanial Waete
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would be contamed in an arca smaller than that physically occupied by the 10 tanks (Cook 1997). This

assumption results in calculations of impacts using waste concentrations in excess of any concentrations
known to exisi sn the F-Area Tank Farm. DOE further postulated that the intruder drills through this
Eypothetical waste layer at 100 years {ollowing closure of the tanks aad then disperses the cuttings over

the ground susrounding his home.

DOE used the fate and transport computer code PATHRAE to calculate radiation doses to the intruder.

Tabie C-1 lists some of the parameters used in the analysis.

Table C-1. Values for selected parameters used in the PATHRAE calculation.

Parameter V;lﬁe

inventory of Radioactive Material in Waste Layer Cs-135 44E-3Ci
Cs-137 20E+3Ci
Eu-154 3.0E+2 Cj
Se-76 38E-1Ci
$n-126 71E-1 Ci
Te-99 6.7E+0 Ci
U-238 1.1E-1 Cj
Pu-239 LIE+2 Ci
Sr-90 3.0E+4 Ci

Munimum Depth to Waste Layer 992 m

Thickness of Waste Layer 0.08m

Ares of Waste Layer 2704 m?

Fracuion of Fooed Consumed that 1s Grown on Contammated Soil 0.5

Fraction of Year Exposed to Direct Irracianion 05

rraction of Ye=ar Exposed to Resuspended Soil 025

Average Dust Loading in Awr 1.OE-7 kg/m’

Annual Adult Sreathing Rate 8000 m’*/yr

Fraction of Year Exposed 1o Resuspended Soil 02s

.3 Results of Calculations

The results of the PATHRAE calculation show that the postulated inadverient intruder could receive 1.2

mren./yr from exposure 10 the well cuttings. This is well beiow the dose limit of 500 mrem/yr limit
imposed by 10CFR61 for the inadvertent intruder. Table C-2 lists the calculated dose by exposure

pathway.
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Table C-2. Dose estimates by pathway for the inadvertent intruder.

Patbhway Dose
Inhalation of resuspended soil 1.0E-2 mrem/yr
Direct irradiation 8.1E-5 mrem/yr
Ingestion of vegetation 1.2 mrem/yr
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EXECUTIVE SUMMARY

Since the Savannah River Site (SRS) began opersting in the early 1950s, its processes for the recovery of
uranium and plutonium have generated liquid high-level radioactive waste. At present, the U.S.
Departnent of Energy {DOE) stores approximately 34 million galions of this w- =- “u the SRS in large
underground tanks in facilities known as the F- and H-Area Tank Farms

There are 51 of these high-level waste (HLW) storage tanks. DOE intends to remove these tanks and

their associated systems from service as they complete their missions. Because a'' but one of the tank
systems are permifted as industrial wastewaster treatment facitities under the South Caro  "ollution

Control Act, DOE will close them in accordance - **h $c ath Carolina Regulation R.61-82, “Proper

Closeout of Wastewater ireatment Facilities.”

DOE has establisked a process for tank <losure that will include a combination of w.st. removal, 1ank
cleaning, and stabilization of the tank configuration. The waste that is the subject of this report consists
of residual contaminated materia! that DOE could not clean rrom the tank bottom or that is embedded in
«mall pits in the steei 1ank wali. The characteristics of this waste do not fit the prescriptive classification
schemes contained in the reguelations of DOE or the U.S. Nuclear Regulatory Commission (NRC). The
NKC has published criteria on the classification of certain material as “incidental” waste. In this context,
incidental waste activities would be exempt from NRC licensing at a DOE facility.

The NRC incidental waste ciassification is based on meeting the performance objectives in Title 10 of
the Code of Federal Reguiations, Chapter €1 (10 CFR 61). A Denial of Petition letter dated March 2,
1993 (Bemero 1993), states that ce:tain waste generated at the DOE Hanford site could be incidental if it

met the following critena:

1. The HLW has been processed {or will be further processed) to remove key radionuclides to the
maximum extent that is technically and ~conomically practical.

X

The waste will bs incorporated in a solid physical form at a concentration that does not exceed
the applicable concentration limits for Class C low-level radicactive waste, as established in

10 CFR 61.

3. The waste will be managed, pursuant to the Atomic Energy Act, in a manner that satisfies safety
requirements comparable to the performance objectives established in 10 CFR 61.
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These criteria apply to certain wastes to be removad from the Hanford double-shell 1anks and processed
for radionuclide separation. The residual from ihat separation had been proposed to be stabilized with
grout for disposal as low-level wasts  ~‘teria | and 3 are directly applicable to the planned tank closure
activities at the SRS. The criterion 2 e, :~zment 10 have the waste in a solid physical form is also
appl:cable; however, meeting the Class C concentration limits in 10 CFR 61.55 may not be appropriate
because those values were based on an intruder exposure scenario for disposal of waste rather the.a in sits
stabilization. DOE requests NRC''s consideration of an alternative to the Class C limits of 10 CFR 61.55
for the SRS wank system closures. This approach will not affect compliance of th2 SRS tank closures
with the performance objectives of {0 CFR 61.

The closure activities for SRS HLW tanks will meet the NRC requirement in 10 CFR 61 .41 for
protection of *he public. To demonstrate conformance tc the applicable NRC criteria, DOE has
described the process by which it will choose tank closure activities. The process requires the
development of performance objectives for each tank closure and adherence to applicable laws for the
protection of the public for the cumulative tank closure. DOE has examined a range of tank cieaning
technigues and stabilization procedures. As described in Section 4.1, the DOE closure process will
ensure the removal of key radionuchdes to the extent technically and economically practical. The South
Carolina Department of Heaith and Environmental Control will approve each tank closure and provide
oversight 1o ensure the performance objectives are satisfied. |

DOE has developed a computer model to predict the concentration values of radionuciides in the
groundwater resulting from eventus! leaching of the residual waste in eazh closed tank. This model
determines the size and shape of & zone around closed tanks in which no drinking water wells can exist.
DOE will rely on concentration values in the ground ater rather than on con<=ntrations in the residual
waste, thus providing assurance of protection of the , .olic. DOE has determined the solid physical form
of the iesidual waste by using the clos. .- “rocess to select the most appropriate stabilization activity for
cach tank. Providing greater public protection and meeting the 10 CFR 61 performance objectives for
stability and structural integrity of tiie closed tank wil] mees the intent of the second criterion for

incidenta’ waste classification.

The third criterion stipulates management of the waste 1o meet performance objectives comparsble to
those in 10 CFR 61. Part 6]1.4] states that the annual dose to a member of the public resulting from
releases of ndioactive material shall not exceed an equivalent of 25 mrem to the whole body. Any
configuration will release radioactive material into the groundwater after hundreds of vears and the
disintegration of the concre:e and steel tan... Water flowing through the area will ieach the radioactive
materia! from the soil into the grour.dwater. DOE will establish a zonc around the wank farms that will

ES-2 Incidental Wasie
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extend 10 a point at which a membes of the public would receive a dose no groater than the U.S.
Environmental Protection Agency (£PA) annual limit of 4 mrem for drinking 2r contaminated by
bets-gamma emitters. (..Ipha panticle-emitting radionuclides would not reach the point of exposure
within the 10,000-year period of analysis.) The public would be excluded from thi_ .one through a
combination of active and passive institutional controls. This zone would fully encompass any zone
designed 1o meet the 25-mrem limit cited in 10 CFR 61.41 and, therefore, would be more restrictive than
the NRC performance objectives.

DOE has established & process to ensure that any residual material in the SRS HLW tanks after the
completion of planned closure act..ities will meet the definition of incidental waste and that the
Department can manage such material to protect the public by meeting performance objectives more
stringent than those in 10 CFR 61. DOE believes, therefore, that specific closure activities should
proceed under its auspices as well as those of the EPA and the South Carolina Department of Health and
Environmental Contro:

Reference

Bernero, R. M. (Director, Office of Nuciear Material Safety and Safeguards), 1993, letter to J. Lytle
{Deputy As<.stant Secretary for Waste Operations, Office of Waste Management, U.S. Department
of Energy), U.S. Nuclear Regulaiory Commission, Washington, D.C.

-a .
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ACRONYMS AND ABBREVIATIONS

Comyp. ehensive Environmental Response, Compensation, and Liability Act
Code of Federal Regulations

curie

controlled Jow-strength material

U.S. Department of Energy

Defense Waste Processing Facility

v.Ss. Enviro;xmenm! Protection Agency

Energy Research anJ Development Administration.
Federal Facility Agreement

gram

greater-than-class-C

high-leve! waste

In-Tank Precipitation Facility

low-level waste

U.S. Nuclear Regulatory Commission

Nuclear Waste Policy Act

Resource Conservation and Recovgry Act

Saltstone Manufacturing snd Disposal Facility
South Cerolinz Department of Health and Environmental Contro!
Savannah River Site

Westinghousc Savannah River Company
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CHAPTER 1. INTRODUCTION

Since the Savannah River Site (SRS) began operating in the early 1950s, its processes for the recovery of
uranium and plutonium have generated liquid high-level radioactive waste. At present, the U.S.
Departme.it of Energy (DOE) stores app.oximaiely 34 million gallons of this waste on the SRS in large
underground tanks in facilities known as the F- and H-Area Tank Farms.

There are 51 of these high-level waste (HL W) storage tanks. DOE iatends to remove these tanks and
their associated systems from service as they complete their missions. Because all but one of the tank
systzms are permitted as industrial wastewater treatment fzcilities under the South Caroluia Pollution
Control Act, DOE will close them in accordance with South Carolina Regulation R.61-82, “Proper
Closeout of Wastewater Treatment Facilities.”

DOE has prepared a general plan (DOE 1996) for the closure of the tank systems The plaa describes the
proposed waste removal techniques and stabilization options. It also describes the analytical methods
used to predict impacts on the environment resulting from closed tank systems and presents the

performance objectives for tank closure.

1.1 Purpose

Before closing the tanks, DOE will remove waste and stabilize any residuai contamination (see

Section 2.2). The purpose of this report is to provide a basis for the DOE position that the residual
contamination in the HL W tanks is incidental waste. The NRC has established noncodified guidance for
classifying waste that is incidental to but that is not regulated as HLW (F mero 1993). During the
preparition of this report, DOE performed a regulatory analysis that used the NRC guidance along with
precedents and dose modeling to demonstrate that the residual contamination in the HL W tanks meets
the NRL incidenta! waste definition and that the planned closure of the tarcs is consistent with the
performance objectives of NRC regulations for low-level waste disposal (10 CFR 61, “Licensing
Requirements for Land Disposal of Radioactive Waste™).
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1.2 NRC Incidental Waste Classification

The NRC incidental waate classification is based on meeting the performance objectives in 10 CFR 61
and other criteria. A Denial of Petition letter dated March 2, 1993 (Bernero 1993), states that certain
waste generated at the Hanford site could be considered incidental if it met the following criteria:

1. The HLW has been processed (or will be further proczssed) to remove key adionuclides to the
maximum exteni that is techaically and economically practical.

+

The waste will be incorporated in 8 solid physical form at a concentration that does not exceed
the applicable concentration limits for Class C low-level radioactive waste, as established in
10 CFR 61.

3. The wastr. will be managed, pursuant to the Atomic Energy Act, in a manner that satisfies safety
requircments comparable to the performance objectives established in 10 CFR 61.

DOE used both the performance objectives in 10 CFR 61 and Hanford criteria to determine the
classification of the SRS tank residual waste.

1.3 Document Organization

The remainder of this report provides the background and i'usons for the DCE position to classify the
tank residual waste as incidental waste. Chapier 2 contains background information on the SRS HLW
tanks and provides a regulatory history on the classification of HLW and incidental waste. Chapter 3
discusses the 10 CFR 61 performarce objectives in the context of the three incidental waste criteria
{above) in relation to the pianned tank closures. Chapter 4 provides additional regulatory,
environmental, and economic arguments for an incidental waste classification. Appendix A describes
the baseline closure activities and the options available to DOE to perform tank closure; Appendix B
describes the modeling performed to determine the doses assnciated with the closed tank systems.

1.4 References

Bertiero, R. M. (Director, Office of Nuclear Material Safety and Safeguards), 1993, Jetter to J. Lytle
(Deputy Assistant Secretary for Waste Operations, Office of Waste Management, U.S. Department
of Energy), U.S. Nuclesr Regulatory Commission, Washingion, D.C.
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DOE {U.S. Department of Energy), 1996, Industrial Wastewater Closure Plan for F- and H-Area High-
Level Waste Tank Systems, Savannah River Site, Construction Permit Numbers 14.338, 14,520,
17,424-1W, Revision 1, Savannah River Operations Office, Aiken, South Carolina, July t0.



