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EXECUTIVE SUMMARY

INTRODUCTION

The Hanford Site tank wastes were produced through the years 1944 to 1988 by reprocessing
irradiated nuclear fuel (containing 98,100 Mg of uranium). The resulting aqueous wastes
were accumulated in underground storage tanks. Over the years, these tank wastes were
treated to reduce the volume, to minimize the volume of liquid in single-shell tanks (SSTs),

and to remove a portion of the radionuclides.

In 1989, the U.S. Nuclear Regulatory Commission (NRC) evaluated a U.S. Department of
Energy (DOE) proposal for pretreatment and disposal of Hanford Site double-shell tank
(DST) reprocessed liquid wastes (Bernero 1989) and agreed that, if treated as described by
DOE, a portion the wastes would be classified as "incidental" wastes. This classification
would remove the waste from the high-level waste (HLW) disposal licensing authority of the
NRC and would permit disposal of the wastes under DOE requirements in shallow land
disposal facilities. This proposal was based on the preferred alternative in the Environmental
Impact Statement for the Disposal of Hanford Defense, Tank and Transuranic Wastes (HDW-
EIS) (DOE 1987). The proposal included removal of '*’Cs from Neutralized Current Acid
Waste and Complexant Concentration (CC) waste supernatants and immobilizing the resultant
liquid as a grout for permanent disposal in near-surface vaults. The proposal also included
transuranic (TRU) element removal from Neutralized Cladding Removal Waste and
Plutonium Finishing Plant wastes sludges. SSTs were not included to allow further study on

"if" and "how" SST wastes would be disposed.
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Since completion of the original agreement between the NRC and the DOE, several changes
have occurred that impact the tank waste processing plan. The main changes include plans to
retrieve SST waste and concerns about grout as a low-activity waste (LAW) form. These
changes have occurred based on public and governmental agency review of the processing
scheme for disposal of Hanford Site tank wastes. In addition, the DOE is pursuing
privatization of the tank waste pretreatment and immobilization functions at the Hanford Site.
Because of these changes, and additional information acquired from tank waste
characterization, DOE believes it now has information sufficiently developed and documented

to revisit the DST waste classification and to seek SST waste classification.

REPORT OBJECTIVE

The overall objective of this report is to provide a technical basis to support an NRC
determination to classify the LAW (existing supernatants, plus wash solutions and dissolved
salt cake) from the Hanford Site single-shell and double-shell tanks as "incidental" wastes
after removal of additional radionuclides and immobilization. The proposed processing
method, in addition to the previous radionuclide removal efforts, will remove the largest
practical amount of total site radioactivity, attributable to HLW, for disposal in a deep
geologic repository. The remainder of the waste would be considered "incidental” waste and

could be disposed onsite.

This report assesses the degree of radionuclide removal from the tank liquid wastes against

the following three guidelines (Bernero 1993):
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1. The "waste has been processed (or will be further processed) to remove key

radionuclides to the maximum extent 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 waste

as set out in 10 CFR Part 61."

3. The solid, immobilized waste will be managed, pursuant to the Atomic Energy
Act of 1954, so that safety requirements comparable to the performance

objectives set out in 10 CFR Part 61 are satisfied.

Key radionuclides are considered to be: *’Cs, 9Sr, TRU, %Tc, "Se, *C, 191, °H, 1268n,
and the uranium isotopes. These radionuclides are of interest because they represent

99.9 percent of the inventory, are specifically identified in 10 CFR Part 61, or are potential
detractors to disposal system performance because they (or their daughter products) may
exceed the dose limits for a short term intruder scenario (100 mrem/yr) or a long term
drinking water scenario (4 mrem/yr). The key radionuclides listed are candidates for

removal to the maximum extent technically and economically practical.
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SUMMARY OF RESULTS

Of the estimated 422 MCi of key radionuclides that entered the Hanford Site tanks, 243 MCi
have decayed during storage and approximately 87 MCi have been removed by previous
processing, the bulk of which will eventually be disposed in a deep geologic repository. The

remaining 92 MCi are addressed in this report.

Sludge washing and solids/liquid separation operations are intrinsic to all planned processing
scenarios for separation of the high-activity sludges from the liquid phase. Separation of
solids from supernatants by centrifuges and filters has been practiced in production
operations at the Hanford Site since the 1940’s. Solid/liquid separation by in-tank
settle/decaht has been practiced in tank farm operations over the last 50 years. Solids/liquid
separation, which includes enhanced sludge washing, of the retrieved tank wastes will leave
approximately 54 MCi in the solids slurry to be treated as HLW and approximately 38 MCi

in the low-activity liquid phase before any additional radionuclide removal.

Cesium represents 91 percent of the curies (34 MCi soluble cesium) in the liquid fraction
after solids/liquid separations have been performed. Removal of 13’Cs from the liquid

fraction for return to the HLW fraction is technically and economically practical.

For this analysis, the '*’Cs removal is based on the use of an "in-plant" cesium ion exchange
technology considered to have limited technical risk but relatively high cost. Assuming a
single-cycle jon exchange system with a design basis of 99 percent theoretical removal and

an overall operational efficiency of 97 percent, an estimated 33 MCi 137Cs is technically
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practical to remove from the liquid fraction. However, an evaluation of the cost to remove
cesium from all the retrieved wastes shows that for dilute feeds (cesium concentration

<0.05 Ci/L) the cost of further curie removal increases dramatically making further removal
not economically practical. Processing of all feeds >0.05 Ci 1*’Cs per liter would leave

5 MCi remaining in the LAW (i.e., 29 MCi !¥Cs separated).

Removal of TRU and *Sr from all the tank waste is not economically practical. However,
selective removal of TRU from three tanks will be necessary to meet the Class C TRU limit.
Laboratory testing on actual tank wastes indicate that the liquid fraction can be treated to
produce < 100 nCi/g LAW glass by hydroxide adjustments. There are also indications that
some of the soluble **Sr will co-precipitate during this hydroxide adjustment process.
Additional *°Sr removal is not economically practical. The estimated concentration of %Sr in

the LAW feed is below the Class C limit for %Sr.

Technology exists for removal of *Tc, but is considered not to be technically practical. The
estimated maximum concentration of **Tc in the LAW feed is within the Class A limit for
Tc. However, removal of **Tc may be required to meet disposal system performance
objectives. A performance assessment will identify areas of concern for long-term release of
radionuclides to the environment from the disposal system. Disposal design features will be
evaluated that include waste form corrosion rate, waste form dimensions, engineered
barriers, modification of water chemistry, chemical retardants, and moisture diverters. Upon
completion of the disposal system evaluation, mitigating measures, such as **Tc removal

and/or disposal system barriers, will be finalized.
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No technologies have been adequately demonstrated for removal of H, “C, 7Se, or 29I that
can be considered technically practical. These are low concentration isotopes and some will
most likely be removed from the LAW in the offgas system as a result of the vitrification
process. Some 7°Se removal may be required to meet disposal system performance

objectives.

CONCLUSION

The proposed new determination would include processing the tank wastes to accomplish the

following:
1. Radionuclide removal to the maximum extent technically and
economically practical will leave no more than 5 MCi '*’Cs and
3.4 MCi ®Sr in the LAW.
2. Remove TRU as required (i.e., removal from 3 CC tanks) to
ensure all solidified LAW is < 100 nCi TRU/g.
3. Meet all disposal requirements including those defined by the

performance assessment.
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It is concluded that cesium removal from liquid supernatants and TRU removal from CC
tanks before LAW immobilization! represents radionuclide removal to the maximum extent
practical. Therefore, these liquids could be considered "incidental” waste provided the
immobilized LAW qualify for disposal in a shallow land disposal facility under DOE waste

management requirements comparable to 10 CFR Part 61 requirements.

!This report assumes that the LAW form for disposal is a glass waste form. Therefore,
the concentrations of the radionuclides are concentrations using a vitrification process.
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LIST OF TERMS AND DEFINITIONS (Continued)

Definitions

High-level waste: For the purposes of this document, HLW is defined 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 equivalent, in a facility for
reprocessing irradiated reactor fuels (10 CFR Part 50, Appendix F).

Incidental waste: The term incidental waste originated when the 10 CFR Part 50,
Appendix F definition for HLW was promulgated and the Atomic Energy Commission
specifically noted that the term HLW did not include "incidental” waste resulting from
reprocessing plant operations, such as ion exchange beds, sludges, and contaminated
laboratory items, such as clothing, tools, and equipment. Under the same reasoning, the
NRC has indicated incidental wastes generated in further treatment of HLW (e.g., salt
residues or miscellaneous trash from waste glass processing) would be outside the
Appendix F definition.

For application to the Hanford Site wastes, incidental wastes include the miscellaneous
wastes resulting from further processing of HLW to enhance the product (e.g., volume
reduction) or to remove nonradioactive materials previously added to the HLW (e.g.
neutralization of acidic HLW).

Liquid fraction: The low-activity liquid fraction of the tank waste containing a small
fraction of water-insoluble solids.

Low-level waste: As specified in the Low-level Radioactive Waste Policy Amendments Act
of 1985 (Public Law 99-240), radioactive waste not classified as high-level waste, spent
nuclear fuel, or by-product material specified as uranium or thorium tailings and waste.

Low-activity waste: Low-activity waste (LAW) at the Hanford Site is produced by treating
the tank wastes. LAW is produced by treating the tank wastes and are "low-level" tank
wastes that have not yet received the NRC concurrence as incidental.

Sludge washing: Contacting tank waste sludges with dilute sodium hydroxide solutions to
dilute and dissolve aqueous soluble components. Enhanced sludge washing contacts sludges
with 3 molar sodium hydroxide solutions to dissolve selected components (aluminum,
chromium, phosphorous, and sodium).

Supernatant: The liquid layer above the solids in the waste storage tanks. The liquid
supernatant includes drainable interstitial liquids.
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Transuranic waste: As defined and used by the U.S. Department of Energy

(DOE Order 5820.2A), radioactive waste that, at the time of assay, contains more than
100 nCi/g of alpha-emitting isotopes with atomic numbers greater than 92 and half-lives
greater than 20 years.

Other notes:

Units Reported: Throughout the document, all characteristics (i.e., volume, mass, etc.) are
reported in metric units except for the radiological units of Sievert (Sv) and Becquerel (Bq).
In these two cases, the English units will be used: mrem and curie (Ci), respectively. In
some instances, both metric and english units are shown.

vi
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TECHNICAL BASIS FOR CLASSIFICATION
OF LOW-ACTIVITY WASTE FRACTION
FROM HANFORD SITE TANKS

1.0 INTRODUCTION

National defense activities have generated radioactive waste since 1944 on the Hanford Site
in Washington State. Liquid radioactive and chemical wastes from the nuclear material
production and research activities were transferred to underground, reinforced-concrete,
steel-lined tanks [commonly referred to as single-shell tanks (SSTs) and double-shell tanks
(DSTs)] for storage. The U.S. Department of Energy (DOE) and its predecessor
organizations (the Manhattan Engineering District, Atomic Energy Commission and Energy
Research and Development Administration) discharged waste from reprocessing into SSTs
from 1944 to 1971 and into DSTs from 1971 to 1988. Active use of the SSTs ceased in
November 1980. Since 1980, only stabilization and isolation activities have occurred in the
SSTs. Plans are to retrieve waste from both single- and double-shell tanks, pretreat the
waste as necessary to separate high-level waste (HLW) and low-activity waste (LAW)
fractions and immobilize both fractions by vitrification.

This document provides an analysis to support a determination of the radioactive
classification of the LAW fraction produced by treating Hanford Site tank wastes. To allow
for disposal of the LAW fraction of tank waste near surface, the DOE must receive a
determination from the U.S. Nuclear Regulatory Commission (NRC) that the waste is not
HLW and, as such, is not subject to NRC licensing.

1.1  OBJECTIVE

The objective of this report is to provide a technical basis to support a NRC determination to
classify the LAW fraction of Hanford Site tank waste as "incidental” waste.

1.2 SCOPE

Based on the current tank waste processing scheme, this document evaluates removal of key
radionuclides from the liquid phase of tank wastes to produce a LAW fraction for onsite
disposal. Consistent with the revised processing plan for Hanford Site tank wastes (Ecology
et al. 1994), the document discusses: (1) the current NRC classification criteria and
requirements, (2) the tank waste inventory and radionuclides of interest (i.e., "key"
radionuclides), (3) technology options for treating liquids to produce a LAW fraction suitable
for onsite disposal and, (4) the technology status and costs for separations processes.

1-1
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2.0 METHODOLOGY

This section provides a description of the process for designating a waste as "incidental" and
describes the application of the NRC process to the Hanford Site tank waste. Although the
NRC does not have licensing authority for the disposal of DOE’s low-level waste (LLW), the
NRC does have authority for licensing the disposal of HLW for both commercial and defense
waste. LAWSs are produced by treating the tank wastes and are "low-level” tank wastes that
have not yet received the NRC concurrence as incidental. To allow for disposal of the LAW
fraction of tank waste near surface, the DOE must receive a determination from the NRC
that the waste is not HLW and, as such, is not subject to NRC licensing.

2.1  WASTE CLASSIFICATION FOR THE HANFORD SITE DOUBLE-SHELL
TANK WASTE

The NRC and the DOE have established a process for determining what defense waste
constitutes "incidental” waste. They have applied this process to the Hanford Site DST
wastes, Savannah River (South Carolina) wastes and West Valley (New York) tank wastes.

For the Hanford Site tank wastes, the NRC previously concluded that the reprocessing wastes
to be disposed in the grout facility (e.g., DST supernatants) would be classified as
"incidental” wastes. This classification was based on the processing scheme defined in the
Final Environmental Impact Statement for the Disposal of Hanford Defense, High-Level,
Transuranic and Tank Wastes, Hanford Site, Richland, Washington; Record of Decision
(HDW-EIS) (DOE 1988). Subsequent to this classification, the Hanford Federal Facility
Agreement and Consent Order (Tri-Party Agreement) (Ecology et al. 1994) was enacted and
the processing scheme for treatment of the tank wastes was modified. The modified
processing scheme includes retrieval and processing of single-shell tanks, not to use existing
facilities (i.e., B Plant) for tank waste pretreatment, and to dispose of the LAW fraction as
glass instead of grout.

The NRC determination for Hanford Site DST wastes was provided in Bernero 1989 and
confirmed in 58 FR 12342 (documentation contained in Appendix A). A review of the NRC
determination and the subsequent modification of the tank processing scheme is provided in
the following section.
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2.1.1 U.S. Nuclear Regulatory Commission Determination for Hanford Site
Double-Shell Tank Waste

The NRC evaluated and accepted the DOE proposal for pretreatment and disposal of Hanford
Site DST wastes (Bernero 1989). The DOE based this proposal on the preferred option from
the Environmental Impact Statement for the Disposal of Hanford Defense, Tank, and
Transuranic Wastes (HDW-EIS) (DOE 1987). The DOE proposal (Rizzo 1989) is included
in Appendix A.

The states of Oregon, Washington, and the Yakama Indian Nation petitioned the NRC to
exercise its rulemaking authority and adopt a regulation concerning classification of Hanford
Site high-level radioactive wastes currently stored in retrievable, surface, storage facilities
(e.g., DSTs). In addition to the rulemaking request, the petitioners requested application of
the radionuclide separation criteria on a tank-by-tank basis. In response to the petition, the
NRC reviewed their original finding and obtained comments from the public. In

58 FR 12342, the NRC found that DOE’s plans for the handling of DST wastes were
consistent with their principles of waste decontamination and protection of the public, and
denied the rulemaking request.

Figure 2-1 shows a historical timeline on the classification of the LAW fraction from the
Hanford Site DST waste. This timeline begins with the completion of the Final
Environmental Impact Statement--Disposal of Hanford Defense High Level, Transuranic, and
Tank Wastes (HDW-EIS) and ends with the NRC confirmation in 1993 (58 FR 12342).
Appendix A contains the correspondence associated with the timeline as well as a synopsis of
the correspondence.

2.1.2 Modification of the Tank Waste Processing Scheme

Since completion of the original agreement between the NRC and the DOE, several changes
have occurred (Wodrich 1994) which impact the tank waste processing scheme. These
changes occurred based on a review of the processing scheme with the public and
governmental agencies involved in the disposal of tank waste. The primary changes that
impact the LAW determination include: (a) planned retrieval of all SST waste; (b) an
existing plant will not be used as a pretreatment facility; and (c) a change from grout to glass
as a LLW form.

(a) Since the HDW-EIS (DOE 1987) was issued, the knowledge and the conditions
surrounding waste disposal have changed considerably, reversing previous
thinking that favored in situ disposal for the SSTs. The emerging tank waste
safety issues have raised concerns about long-term stability. Also, the
Resource Conservation and Recovery Act of 1976 and the Nuclear Waste
Policy Act of 1982 requirements for treatment and geologic disposal of HLW
run counter to the in situ disposal approach for SSTs.
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Figure 2-1. Timeline of Classification of Low-Activity Waste
Fraction in Hanford Site Tanks.
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As a result, it is now planned to retrieve and process all DST and SST waste
for disposal. Currently, the SST waste is mostly salt cake or sludge.

However, the waste in the SSTs must now be redissolved or made into a liquid
slurry, retrieved, transferred, and fed into the pretreatment process system.
This change increases by four-fold the overall amount of waste requiring
processing and the amount of waste for processing to remove cesium increases
from about 20,000 m® to over 600,000 m> if all tank waste is processed.

(b) Another primary change was based on a technical evaluation that found the B
Plant to be unacceptable for use as a pretreatment facility. It was determined
B Plant did not comply with current environmental and safety regulatory
criteria (Grygiel et al. 1991). Upgrades to reach compliance are not
technically or economically practical. The decision not to use B Plant for
pretreatment increases the time for implementing radionuclide separations since
new facility construction is required.

(©) Grout, as planned for near-surface disposal, was included in the HDW-EIS
Record of Decision (DOE 1988). However, stakeholders were concerned
about the performance of grout for immobilizing LAW over a long period of
time (leachability) and life-cycle cost estimates for other LAW forms being no
greater than grout. Other factors such as radionuclide content, lack of
retrievability, and the large volume of grout, added to stakeholder concerns
about continuing with grout.

To accommodate these changes, the DOE initiated a program rebaselining activity to
re-evaluate and plan a revised approach to disposal of the Hanford Site tank waste. The
elimination of B Plant as a potential facility for development of pretreatment separations
technology, as well as for future pretreatment operations, made the 1989 Tri-Party
Agreement milestones difficult to accomplish on schedule.

In December 1991, the Secretary of Energy directed that an integrated Tank Waste
Remediation System (TWRS) Program be established to plan and implement the disposal of
the tank waste at the Hanford Site. A rebaselined TWRS Program mission, based on a
proposed new technical strategy, was provided by DOE in March 1993 to the other two
parties of the Tri-Party Agreement in the form of a request to modify the agreement. The
tri-parties modified the agreement and signed the fourth amendment to the Tri-Party
Agreement (Ecology et al. 1994).

The current fiscal year (FY) 1996 planning calls for a two-phase approach to waste
processing (Bader 1995).  In 1995, the waste treatment and immobilization acquisition
strategy was changed to privatize these functions. This strategy would utilize private
contractor(s) to design, build, operate and finance the facilities with DOE paying a fixed
price for immobilized waste products delivered to DOE’s specification.. The plan calls for a
proof-of-concept/commercial demonstration-scale effort (referred to as Phase I) to provide
confidence in technology, funding methodology, and regulatory strategies to allow financing
of a privatization contractor in the next phase. Following Phase I, the plan calls for a full-
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scale production phase (referred to as Phase II). In Phase I and Phase II, DOE will be
purchasing services from a contractor-owned, contractor-operated facility under a fixed-price
type of contract. It should be noted that the contractor(s) for Phase I and II of the TWRS
privatization strategy may select radionuclide removal technologies and/or a LAW form
different than presented in this document.

2.2 NUCLEAR REGULATORY COMMISSION WASTE CLASSIFICATION

A clear distinction between HLW and LLW does not exist. High-level waste has a source
based definition while LLW is generally defined by what it is not (e.g., HLW). The NRC
classification of Hanford Site tank wastes is defined by the Low-Level Radioactive Waste
Policy Act and the definitions for HLW and "incidental" waste in 10 CFR Part 50,
Appendix F.

2.2.1 Definition of Low-Level Waste

The current definition of LLW for both the NRC (10 CFR Part 61) and DOE (DOE

Order 5820.2A) comes from the Low-Level Radioactive Waste Policy Act. The definition
designates LLW as radioactive waste that is not classified as HLW, transuranic (TRU) waste,
or nuclear fuel or byproduct material as defined in 11e.(2) of the Azomic Energy Act of 1954
(uranium and thorium tailings and waste). Thus, to determine whether a waste is LLW it
must not meet the characteristics of the waste types listed.

The NRC places concentration restrictions on the disposal of waste near surface.
Concentration limits for disposal of commercial LLW (which must be in a solid form) are
specified in 10 CFR Part 61.55, Waste Classification Requirements for Land Disposal
Facilities. The NRC issued an Advance Notice of Proposed Rulemaking (ANPR) for a
concentration based Definition of "High-Level Radioactive Waste," 52 FR 5992. Under this
ANPR, a waste having concentrations less than either of those found in Table 1 or Table 2
from 10 CFR Part 61 would constitute LLW. Public and agency comment on this ANPR led
to recision of the proposal as documented in 53 FR 17709.

The release of radionuclides to the environment is addressed in 10 CFR Part 61.41, which
requires that the disposal action does not exceed a 250 uSv per year (25 mrem/yr) dose from
all pathways.

The DOE does not place quantitative concentration restrictions on the disposal of LLW, but
requires completion of a performance assessment of the waste disposal activity per DOE
Order 5820.2A. The performance assessment must show that the disposal action provides
adequate protection to the groundwater per 40 CFR Part 141. Complying with this
requirement mandates that the disposal action does not exceed a 40 uSv per year (4 mrem/yr)
dose from the groundwater pathway.
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2.2.2 Definition of High-Level Waste

Appendix F of 10 CFR Part 50 codified what the Atomic Energy Commission deemed HLW
in 1970. For defense waste, the NRC utilizes this definition which was in place when they
were given jurisdiction for its long term storage in 1974. This definition consists of a source
based definition for HLW. HLW is defined as "those aqueous wastes resulting from the
operation of the first-cycle solvent extraction system or equivalent, and the concentrated
waste from subsequent extraction cycles, or equivalent, in a facility for reprocessing
irradiated reactor fuels."

Another definition of HLW is contained in the 1987 amendment to the Nuclear Waste Policy
Act of 1982 (NWPA). The NWPA defines HLW in the following two parts:

1. "The highly radioactive material resulting from the reprocessing of spent
nuclear fuel, including liquid waste produced directly in reprocessing and any
solid material derived from such liquid waste that contains fission products in
sufficient concentration; and

2. Other highly radioactive material that the Commission, consistent with existing
law, determines by rule requires permanent isolation. "

In context of the NWPA, "requires permanent isolation" means disposal in geologic
repository or alternative system with equivalent waste-isolation capabilities.

2.2.3 U.S. Nuclear Regulatory Commission Guidelines for Classification
of Hanford Site Wastes

The NRC position for Hanford Site wastes was given by Bernero (1989). "At Hanford, the
question of waste classification (and NRC licensing authority) has been complicated by the
mixing of waste from various sources over the past 45 years. This mixing has changed the
original characteristics of the wastes and has resulted, in some cases, in the mixing of HLW
and low-level waste (LLW). Consequently, it is now difficult to directly differentiate
between HLW and LLW, using the source-based definition of 10 CFR Part 50,

Appendix F."

The rulemaking record for Appendix F specifically recognizes a number of "incidental,"
non-HLW waste streams associated with reprocessing plant operations. These include
cladding hulls, ion exchange media, sludges and miscellaneous trash generated during
reprocessing operations. Not mentioned, however, are wastes resulting from further
processing of HLW (e.g., volume reduction) or removing non-radioactive materials that were
added to the HLW for improved processing and/or storage (e.g., the addition of alkaline
material to neutralize acidic HLW). At West Valley and the Savannah River Plant, NRC has
agreed that such wastes are not HLW.
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The current NRC classification for Hanford Site DST wastes was confirmed in 58 FR 12342.
In this determination, the NRC concluded that DOE’s proposed processing scheme would
remove the largest practical amount of the total site activity, attributable to HLW, for
disposal in a deep geologic repository, and the remainder of the waste would be considered
"incidental” waste and could be disposed of onsite.

The Commissions’s conclusion that the reprocessed DST wastes would be "incidental" wastes
was based on DOE’s assurances that they have met the following guidelines (Bernero 1993):

1. The waste has been processed (or will be further processed) to remove key
radionuclides to the maximum 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 LLW as set out
in 10 CFR Part 61.

3. The waste will be managed, pursuant to the Atomic Energy Act, so that safety
requirements comparable to the performance objectives set out in
10 CFR Part 61 are satisfied.

Figure 2-2 depicts these steps as actions and decisions in the form of a logic diagram.

2.3 INTERPRETATION OF U.S. NUCLEAR REGULATORY COMMISSION
GUIDELINES

The first NRC guideline outlined in Section 2.2.3 uses the criteria "technically and
economically practical.” Technically and economically practical, as applied to this study, is
defined below. NRC guidelines for meeting the concentration limits for Class C LLW and
performance objective requirements as set out in 10 CFR Part 61 are well-defined and not as
subject to interpretation as the criteria for "technically and economically practical.” The
application of these guidelines to evaluate specific radionuclide separation processes is
provided in Chapter 3.0.

2.3.1 Definition of Technically Practical and Economically Practical

Technically practical radionuclide removal technology is defined herein as a technology or
process option having plant scale experience or a high probability for successful operation.
High probability of success is ensured through laboratory testing on actual tank wastes,
applications in like or similar missions, and an engineering judgement of the difficulty to
scale a process option for full-size application (e.g., complexity of operation).
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Figure 2-2. Logic Diagram for Determining Classification of Tank Waste.
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Economic practicality is determined by the total life-cycle cost and the cost per curie
removed. The economically practical limit is selected for this evaluation as the point where
additional removal costs increase significantly. An economic assessment is not provided if a
technology option is considered to be "not technically practical.”

2.3.2 10 CFR Part 61 Class C Concentration Limits

The second NRC guideline for classification of the LAW fraction as "incidental" waste is to
incorporate the waste in a solid physical form at a concentration that does not exceed the
applicable concentration limits for Class C LLW as set out in 10 CFR Part 61.55.

2.3.3 10 CFR Part 61 Disposal Performance Objectives

The third NRC guideline for classification of the LAW fraction as "incidental” waste is to
manage the waste so that safety requirements for disposal performance are comparable to the
performance objectives of 10 CFR Part 61 (less than 25 mrem/yr by all pathways). Defense
wastes are managed and disposed under guidance from DOE 5820.2A, which also requires
less than 25 mrem/yr by all pathways and compliance with 40 CFR Part 141 (less than

4 mrem/yr exposure from groundwater). The DOE order also requires that a Performance
Assessment (PA) be prepared for the disposal system. A PA for LAW disposal has not yet
been prepared.

A study of disposal system design feature impacts on LAW disposal system performance
(Mann et al. 1995) indicates that some **Tc and 7°Se removal and/or disposal design features
may be required to meet the NRC guideline and DOE requirements. Disposal design
features addressed in the study include waste form corrosion rate, waste form dimensions,
engineered barriers, modification of water chemistry, chemical retardants, and moisture
diverters. When the PA is complete it will identify areas of concern for long-term release of
radionuclides to the environment from the disposal system. At that time, mitigating
measures, such as additional radionuclide removal and/or disposal system barriers, will be
evaluated and incorporated into the treatment and disposal system as needed to meet PA
requirements.
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2.3.4 Radionuclides of Interest

The radionuclides of interest in meeting the NRC guidelines for classification of the LAW
fraction as "incidental” waste are shown in Table 2-1. These radionuclides are of interest
because they represent 99.9 percent of the inventory or are specifically identified in

10 CFR Part 61 (Tables 1 and 2). The radionuclides of interest for the disposal system
performance are also shown in Table 2-1. Table 2-1 includes the top five radionuclides for
intruder consequences and the top 5 radionuclides based on dose consequences from a
drinking water scenario which includes the effect of soil retardation (Schmittroth et al. 1995).
An interim performance assessment is in progress and the radionuclides listed are being
evaluated to determine if consequences exceed dose for a short term intruder scenario (100
mrem/yr) and/or a long term drinking water scenario (4 mrem/yr). To ensure potentially
significant isotopes continue to be monitored, the Interim Performance Assessment also
includes additional radionuclides other than those listed in Table 2-1. These additional
radionuclides are considered unlikely to be significant for the PA and therefore are not key
radionuclides for this study.

Table 2-1. Radionuclides of Interest in meeting the U.S. Nuclear Regulatory Commission
"Incidental” Waste Guidelines.

137Cs
QOSr X

Transuranics 3 tanks X
P Te X
*H
1
1257
26g, X
Se X
Uranium Isotopes (23U, X
3577, 23875

*63Ni, ©Co, and *Nb are listed in 10 CFR Part 61 but are not included as key

radionuclides. Due to the small inventory of these radionuclides, no significant contribution
is made that would affect the determination of the waste classification.
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3.0 SOURCE OF TANK WASTE

The Hanford Site tank wastes were produced through the years 1944 to 1988 by reprocessing
irradiated nuclear fuel (containing 98,100 Mg of uranium). The aqueous wastes produced
were accumulated in 177 underground storage tanks. During this period, these wastes were
treated to reduce the stored volume and to remove a portion of the radionuclides. Figure 3-1
depicts the estimated total curie inventory that has been added to the tanks and the number of
curies remaining in the tanks (DOE 1994a).

The existing liquid fraction, dissolved salt cake and liquids from treatment of sludges/solids
are the candidates for disposal as LAW. Salt cake, generated as a result of supernatant
concentration, contains almost none of the soluble radionuclides. Residual interstitial liquor
in the salt contains a relatively high cesium concentration but the total volume is small.
Therefore, the existing liquid waste fraction contains the overwhelming inventory of the
soluble radionuclide inventory.

The solid fraction (sludge) and those radioisotopes separated from the liquid fraction will be
vitrified as HLW and disposed in a geologic repository. The insoluble solids (sludges)
contain the bulk of the Sr, TRU, and a small amount of '*’Cs. The predominant
radionuclide in the liquid is '*’Cs with a small amount of ®Sr and lesser fractions of TRU,
%Tc, *H, *C, Se, and '°I. The cesium and strontium previously removed from the waste
are presently stored in capsules and are not currently considered to be waste. Capsules,
should they be considered waste, will be disposed as HLW in the geologic repository.

3.1 TANK WASTE INVENTORY FOR PRETREATMENT

Table 3-1 presents the total inventory of radionuclides that will be processed by pretreatment
and are the values used to assess radionuclide removal requirements in Section 4.0. The tank
waste inventory represents the amount of waste and contained radionuclides that will be
processed by pretreatment and LAW and HLW vitrification. The TWRS processing
inventory consists of the current tank inventory (Orme 1995) and future additions less the
tank heel following waste retrieval. Appendix C provides additional information and
references for the source of the tank waste inventory values.
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Figure 3-1. Estimated Hanford Site Tank Waste Radionuclide Inventory.®¢

TWES processing
imventory
To be cleaned out ”»
be 54.4 MCi %se
Incilities 37.1 MG "Gs
(e.g., B Plant) 0_0332 MG n.liﬁ
—> > 0,131 MCI TR
0.7 MCI ™St 3 4
28 MG 0 Total: 91.6 MCi
Total: 3.5 MG
Decayed daring
storage
122 MGi Sy
121 MG 'Cs
Toul: 243 MCi *Double-shell task
inventory
10 MCi *Sr
A ™| 251MC ™G
0014 MGi *Tc
0.087 MCL TRU
w Total: 352 MG
aste Total waste pest to
BER tanks 19441988
(minus radionuclide
204 MCi *Sr decay)
218 Mcci1 “’_c_; . . .
0033 MCi "Tc 82 MCi %8¢ tank
00132 MCi TRU 97 MCi 'Cs ey
Toul: 422 MCi 0.033 MCi "Tc
0.132 MGi TRU 4.1 MCi ®Sr
Original discharge Total: 179 MCi | 93IMA™Mcs >
0.018 MCi "Tc Realdual tazk
0.044 MCi TRU inventory
Toul: 53.5 MG N
0.10 MCi 'Cs
0.00019 MCi T
Total other Total: 0.54 MCi
removals
ey
currently at the
0.9 MCi *5¢ ‘Handord Site
23 MCi 'Cs -
0.001 MG *Tc 20.4 MGi ®8y
0.0001 MCi TRU 47.4 MCi 'Cs
Total: 32 MCi Total: 67.8 MCi
*Ofhite shipments
596 MCI ®Sr
9.77 MGl "Cs
Total: 15.7 MGi

2Curie values are based on the Integrated Data Base Report-1994, Rev. 11,
Table 2.11 decayed to December 31, 1999.

®The "offsite shipments” inventory is not expected to return to the Hanford Site for
treatment.

“Decay products are not listed. Some radionuclides, such as 13’Cs and 9Sr. have
daughters with relatively short half-lives and are present in concentrations associated with the
normal decay chain of the radionuclide.

“Inventories of other key radionuclides (i.e., *H, 1, 1C, 7Se, uranium isotopes,
and 1%68n) are not shown on the material balance. These radionuclides have small
inventories that do not significantly affect the total curies in the material balance.
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. Tank Waste Remediation System Processing Inventory
(December 31, 1999, Decay Date).

137cs 34.1 3.01 37.1

%0gr 1.89 52.5 54.4
Transuranics 0.00961 0.121 0.131
PTc 0.0228 0.0093 0.032
9%e 0.00103 - 0.00103
l4c 0.0053 - 0.0053
1291 0.000051 - 0.000051
*H 0.01 - 0.01
126gp - 0.0016 0.0016
Uranium 0.00006 0.00094 0.001
Total 36.0 55.6 91.6°

“The inventories of 3H, !“C, and %I are given in Colby (1994). The inventory for
"Se and uranium is given in Mann et al. (1995). The inventory for 26Sn is given in
Schmittroth et al. (1995). The primary source of tank waste inventories are given in Orme
(1995) for 1¥Cs, PSr, and TRU because additional detail is given for fractions of soluble
and insoluble radionuclides. The values for *’Cs, 9Sr, and TRU are consistent with the
Integrated Data Base Report-1994. See Appendix C for source of TWRS processing

inventory.

®Round-off error can result in + 0.2 MCi.

3.2 INVENTORY UNCERTAINTIES

The inventories provided for evaluation of additional radionuclide removal are subject to
uncertainties. A general discussion of known or anticipated limitations of the inventory
values is given below. Resolution of inventory uncertainties is currently being addressed in

Kupfer et al. 1995, draft only.

Cesium and Strontium Inventory: The reported inventories for '*’Cs and *°Sr are expected
to have small uncertainties (less than 10 percent).

Transuranics (includes °Pu, 24°Pu, 2*'Am and *’Np): The inventory uncertainty for the
transuranics is primarily associated with the quantities in the insoluble fraction. This
uncertainty does not affect an analysis of removal from the soluble fraction. The tank waste
processing inventory of transuranics used for this analysis is consistent with the Integrated

Dara Base Report, Rev. 11.
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Technetium Inventory: The **Tc inventories are based on the assumption of no removal of
*Tc by previous processing. Previous technetium removals include cribbing as supernatants
from the tanks, cribbing of process wastes during B Plant strontium and cesium recovery
campaigns, *Tc recovery demonstration and shipment offsite, and removal from the Hanford
Site as a contaminant in shipments of uranium oxide product. These previous removals may
reduce the **Tc tank inventory by 25 to 50 percent (Colby and Petersen 1995). Analysis of
the *Tc inventory is ongoing.

Selenium Inventory: The °Se inventories assume no removal of "Se by previous
processing. Previous selenium removals include cribbing as supernatants from the tanks, and
cribbing of process wastes during B Plant strontium and cesium recovery campaigns. These
previous removals may reduce the 7Se tank inventory by up to a factor of 2. Analysis of
previous "°Se removals is in progress.

Carbon Inventory: Because of the poorly known chemistry of “C in the fuel reprocessing
operations that generated the Hanford Site tank wastes, the assumed inventory is conservative
and the actual inventory may be a factor of 10 lower.

Iodine Inventory: Because of the poorly known removal of '*°[ in the fuel reprocessing
operations that generated the Hanford Site tank wastes, the assumed inventory is an upper
bounding inventory and the actual inventory may be a factor of 2 to 10 lower.

Tritium Inventory: Tritium (*H) contained in the tank wastes is estimated to be 10,000 Ci
(Colby 1994). Tritium will be discharged, to a state approved disposal site, from the
pretreatment and waste vitrification facilities in the process condensates as tritiated water.
Analysis of the *H inventory is ongoing.

Tin Inventory: Some ?6Sn is expected to be solubilized in the alkaline solutions, but
inventory values have not yet been specified. No significant quantity of '25Sn is expected in
the LAW that would affect the waste classification. Therefore, 125Sn is not considered for
additional radionuclide removal. For performance assessment studies, some tin to the LAW
fraction is assumed to ensure continued consideration of tin for intruder dose consequences.

Uranium Inventory: The reactor discharges of the major uranium isotope, 238U, are well
established using the ORIGEN2 model. However, the production estimates of higher
actinides, including other uranium and plutonium isotopes, is more difficult to calculate.
Further analysis is needed to refine the values for 24U, 236U, and 24'Am.

Other--Sodium Inventory: The impact of a potential reduction in the tank sodium inventory
was not quantitatively determined in this study. Qualitatively, the costs for cesium ion
exchange will not change significantly with a reduction in the sodium inventory.

Agnew (1995) indicates that the total sodium inventory in the tank wastes may be
approximately 60 percent of the current reported values. This would decrease the predicted
volume of the immobilized LAW form since sodium is the major constituent in the LAW,
but will not affect Class C concentration limits.
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4.0 RADIONUCLIDE SEPARATIONS TECHNOLOGIES

The TWRS plans to further pretreat the tank waste by separating the tank wastes into a HLW
fraction and a LAW fraction. Pretreatment has the goal of minimizing the volume of HLW
while reducing the radionuclide content of the LAW fraction to permit onsite disposal.
Pretreatment includes the baseline process of enhanced sludge washing (Orme 1995).

4.1 BASELINE PRETREATMENT PROCESS

In this study, the baseline pretreatment process for evaluation of incremental separations of
Hanford Site tank wastes includes the following:

®  Previously separated radionuclides
. Solids/liquids separations, which includes enhanced (caustic) sludge washing.

The baseline pretreatment process removes an estimated total of 137.7 MCi of radionuclides
from the TWRS processing inventory for offsite geologic disposal. The baseline separation
includes 77.8 MCi of radionuclides that were originally separated and encapsulated (total
original inventory), 6.38 MCi (HAPO shipments) that have been separated by other
processing and are already shipped offsite, and 54 MCi of radionuclides (see Table 4-1) that
will be separated with the HLW sludges (i.e., solids/liquids separations).

The baseline pretreatment processing results in an estimated total capital, operating, and
geologic disposal cost savings of $9 billion (Colby 1995) over geologic disposal of all tank
wastes (i.e., no solids/liquid separations).

4.1.1 Solids/Liquids Separations

The Tank Waste Remediation System (TWRS) process includes the characterizing, retrieving,
treating, and disposing of chemicals contained in the SSTs and DSTs. Using simple
separation techniques, the retrieved waste is segregated into a low-activity fraction containing
the bulk of the non-radioactive constituents, and a high-activity fraction containing most of
the solids. The bulk of the **Sr and TRU radionuclides are contained in the water insoluble
fraction (i.e., solids) of the tank wastes. The bulk of the '*'Cs, *Tc, and essentially all of
the 7°Se, %I, 4C, and *H are contained in the soluble fraction of the tank wastes. The 7Se,
1291, 14C, and H are < 0.01 MCi in the soluble fraction and essentially none exists in the
insoluble phase. The processing inventory of radionuclides in the insoluble and soluble
fractions was shown in Table 3-1. The insoluble fraction contains 55.6 of the 91.6 MCi
projected to be in the tanks.

From the process flowsheet, batches of waste are retrieved into sludge wash tanks.
Retrieved solids are washed four times using enough caustic (i.e., sodium hydroxide) to
arrive at 3 molar NaOH solution and 8 wt% solids shurry in the product stream from caustic
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washing. The caustic wash will solubilize additional amounts of aluminum, chromium,
phosphate and sodium from the solids. Each wash is preceded by settling and decanting to
remove liquids and concentrate the solids. Batches of leached and washed solids are
combined and blended while the decanted liquids are combined for additional treatment.

The amount of radionuclides removed with liquid fraction is based on a solids carryover of
0.33 percent of the solids in the tank for each of three decants (Orme 1995). This results in
an overall solids carryover of 1 percent for design purposes. To account for operational
inefficiencies and uncertainties in solids/liquid separations, a more conservative solids
carryover of 3 percent is applied for this evaluation. No further removal is provided for the
3 percent solids carryover. The liquids/solids separations process also assumes that the
inefficiencies in washing interstitial supernatant from the solids results in carryover of 0.135
percent of the soluble radionuclides into the solids phase (Orme 1995).

The total of both inefficiencies during the solids/liquids separation process is shown in
Table 4-1 and results in approximately 54 MCi in the solids slurry and 36 MCi in the liquid
phase, with an additional 1.7 MCi entrained solids from an assumed 3 percent solids
carryover. The 36 MCi in the separated liquids is considered for additional radionuclide
separations in Section 4.2. No further separation is assumed for the 1.7 MCi entrained
solids.

Table 4-1. Inventory For Additional Radionuclide Removals
(MCi Decayed to December 31, 1999).

7Cs 2.9 34.1 0.09 371
0gr 50.9 1.89 1.57 54.4
Transuranics 0.117 0.0096 0.004 0.131
PTe 0.0093 0.0228 - 0.032
7Se - 0.00103 - 0.00103
e - 0.0053 - 0.0053
1291 - 0.000051 - 0.000051
*H - 0.01 - 0.01
1265 - - 0.0016 0.0016
Uranium 0.00094 0.00006 - 0.001
Totals (rounded) 54 36 1.7 92

42



WHC-SD-WM-TI-699, Rev. 1

4.2 TECHNOLOGY OPTIONS

The NRC guidelines outlined in Chapter 2.0 have been used to assess radionuclide removal
technologies and evaluate the practicality of achieving higher degrees of separation from the
LAW fraction. This section focuses on the technologies for separation of radionuclides from
supernatants to produce LAW. This evaluation consists of identifying: (1) individual
technology options for radionuclide separations processes, (2) the status of the technology,
(3) defining the radionuclide removal efficiency and (4) determining the cost of implementing
the technology. The cost of implementing a given technology, with an estimated curie
removal for the technology, is assessed in terms of cost per curie to provide a measure of
economically practical. An economic assessment is provided only if a technology is
considered to be technically practical.

Technology options for radionuclide removal are considered for the radionuclides of interest
as defined in Section 2.3.4. The radionuclides discussed in the sections below are '¥’Cs,
%8r, TRU, *Tc, Se, 4C, 1%L, *H and uranium isotopes. The technology options for each
of the key radionuclides are evaluated and compared using the definitions of technically and
economically practical.

4.2.1 Cesium Removal

The liquids for pretreatment contain approximately 34.1 MCi cesium for further separations.
Technology options considered in this study for removal of soluble cesium from the waste
supernatants and wash liquors are: (1) a cesium ion exchange process using column
operation, (2) in-tank precipitation or sorption process and, (3) volatilization of cesium from
the LAW melter.

Cesium is the key radionuclide requiring additional removal to establish a new LAW limit.
Cesium represents approximately 91 percent of the curies in the liquid fraction after
solids/liquid separations have been performed. The distribution of cesium concentration in
the tank wastes is shown in Figure 4-1. Adding the totals from the first three blocks in
Figure 4-1 shows approximately 90 percent of the cesium curies is contained in 21 percent of
the total volume.

2Cost estimates are based on 1995 dollars. In some cases, cost data were obtained from
documents completed before 1995 and data are in 1993 or 1994 dollars. However, the
overall costs will not be impacted by a 1 or 2 year cost escalation.
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Figure 4-1. Waste Volume to Curie Content Comparison.
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4.2.1.1 Ion Exchange--Column Operation. Cesium can be removed from alkaline
solutions high in sodium with cation exchange resins. Beginning in 1967, cesium was
extracted from tank wastes and recovered in B Plant using regenerable ion exchange
processing. The use of regenerable cesium ion exchange in B Plant was the basis for
radionuclide removal in the NRC determination. Ion-exchange using non-regenerable resins
for cesium removal is also considered as a technology option.

The following sections discuss cesium ijon exchange processes for single- and two-cycle
technology options.

4.2.1.2 Single Cycle of Ion Exchange. The current design basis for evaluation of cesium
ion exchange is based on jon exchange resin CS-100%, and the laboratory data generated
over several years of testing at Westinghouse Process Chemistry Laboratory and Pacific
Northwest National Laboratory. It is an engineering judgement that the properties of CS-100
provide a conservative basis for ion exchange design. Alternate ion exchange materials,
e.g., resorcinol formaldehyde, granular potassium cobalt hexacyanoferrate, crystalline silico-
titanante (CST) and SuperLig™ 644, are also being evaluated for cesium removal from
alkaline solutions (Lee et al. 1996). Silicotitanates have been used at the West Valley
Demonstration Project (WVDP) facility at West Valley, New York for cesium removal from
tank wastes. The silicotitanate used at West Valley was in the form of titania doped zeolite
in columns.

The cesium ion exchange process in the reference flowsheet (Orme 1995) has a design basis
of 99 percent removal of the soluble cesium from supernatants and wash liquors. The
experience at B Plant with ion exchange during the cesium recovery campaigns for cesium
capsule production was typically 90 percent recovery in order to maximize the total curies
removed per unit time and not to minimize the cesium concentration in the treated liquid
(Barton et al. 1986). A design basis of 99 percent cesium removal from the clarified
supernatants and wash liquors is imposed as technically feasible. The cesium ion exchange
process is evaluated based on a 97 percent cesium removal efficiency to allow for resin
degradation and design and operational uncertainties.

Technical Practicality of Single-Cycle Ion Exchange. Cesium ion exchange with an
organic resin was used at B Plant to recover the 55 MCi of '3’Cs for the encapsulation
campaign at the Hanford Site. Removal of cesium using ion exchange technology is
considered to be technically practical. Selection of an appropriate ion exchange material
continues to be developed and tested.

*Duolite CS-100 is a registered trademark of Rohm and Haas, Philadelphia,
Pennsylvania. ’

“SuperLig 644 is a polymer resin of the covalently bound SuperLig™ macrocycle family
of sequestering ligands from IBC Advanced Technologies (American Fork, Utah).
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Cost of Single-Cycle Ion Exchange. The cost for cesium removal by ion exchange is based
on data in the TWRS Environmental Impact Study (EIS) data package (Slaathaug 1995,
Table F-36). The capital cost for cesium ion exchange is $380 million. The total operating
cost for the cesium ion exchange system including decontamination and decommissioning
(D&D) costs is $602 million to process all the waste. If all of the soluble waste is treated
using a cesium ion exchange process, up to 33.1 MCi (97 percent separation efficiency) of
37Cs is removed at a total cost of $982 million. This results in an average cost of $30/Ci
137CS.

The cost per incremental curie cesium removed is driven primarily by the operational costs
of a cesium ion exchange facility. For this evaluation, a tank waste retrieval sequence was
optimized to retrieve the tanks with the highest cesium concentration first. Data from the
"baseline retrieval sequence” (Certa 1995) were optimized for removal of cesium. The
retrieval sequence was prioritized to process only wastes for selected cesium concentrations.
Output of the optimized sequence includes the waste volume processed and the resulting MCi
cesium disposed in the LAW (Slaathaug 1996b). From this data, Figure 4-2 plots the $/Ci
cesium removed versus the cesium concentration in the feed. For an optimized retrieval
sequence, the operational cost per curie begins to increase significantly at concentrations less
than 0.05 Ci '¥Cs/L. If a concentration of greater than 0.05 Ci 37Cs/L is selected as the
economically practical limit for terminating cesium removal processing, this results in a total
cesium removal of 29 MCi cesium with approximately 5 MCi cesium remaining in the LAW.

Table 4-2. Incremental Operating Cost for Removing Additional Cesiu

<0.01 420.9" 1.0 982 147
0.01 255.7 1.9 ! 850 59
0.02 130.5 3.6 749 28
0.05 88.7 4.8 715 11
0.1 78.1 5.6 706
0.2 59.6 8.6 691 3
0.3 29.6 15.7 667 2
0.5 6.5 23.6 648 0.5

“Total volume of decanted tank liquids, adjusted to 7M sodium, no wash
solutions included.
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Figure 4-2. Cost per Curie Cesium Recovered versus Cesium Concentration in the Feed.
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4.2.1.3 Second Cycle of Cesium Ion Exchange. A second cycle of cesium ion exchange
treats the raffinate from the first ion exchange cycle and removes an additional 1.0 MCi
137Cs assuming 97 percent recovery in the second cycle. This results in a total recovery of
99.9 percent for two cycles of cesium ion exchange and separates approximately 34 MCi
cesium.

Technical Practicality of Second-Cycle Ion Exchange. The technical practicality of a
second cycle of cesium ion exchange is similar to a single cycle of ion exchange.

Cost of Second-Cycle Ion Exchange. The costs associated with a second cycle of cesium
ion exchange are derived from the difference in costs for separations facilities containing two
cycle and one cycle of cesium ion exchange developed in the Facility Configuration Report
(Boomer et al. 1993) (see Appendix B). The difference in capital costs attributed to the
second cycle is $275 million. The operating cost differences for the second cycle of cesium
ion exchange are $47 million for materials, $15 million for equipment replacement, and

$83 million for D&D costs. If all soluble waste is treated, the additional 1 MCi of *’Cs is
separated for a cost of $420 million. This results in a cost of $420/Ci 137Cs.

4.2.1.4 Cesium Precipitation In-Tank for AIl Wastes. Several materials have been
proposed for removal of cesium from alkaline Hanford Site wastes by precipitation or
sorption. These include nickel ferrocyanide, tetraphenyl borate and silicotitanates.

Sodium ferrocyanide and nickel sulfate were used at Hanford Site to remove cesium from
SST supernatants. Concerns with (1) potential safety problems (nitrate-cyanide mixtures in
the tanks), (2) a requirement to add acid to the wastes for pH adjustment before
precipitation, and (3) process sensitivity to pH control have eliminated sodium ferrocyanide
from consideration of full scale application for Hanford Site wastes.

The in-tank precipitation of cesium by the addition of tetraphenyl borate is used at the
Savannah River Site (SRS) for treatment of tank wastes. Tetraphenylborate co-precipitates
potassium with the cesium. Hanford Site wastes are different from the SRS wastes because
Hanford Site wastes contain significant quantities of potassium. Hanford Site wastes contain
737 Mg of potassium, which would result in 6,750 Mg or 70 million L (18 Mgal)
(d’Entremont and Walker 1987) of precipitate. The excessive quantity of chemical
consumption and quantities of metal-organic precipitates to store and process through HLW
vitrification have eliminated tetraphenyl borate from consideration.

Subsequent to the West Valley application of silicotitanates, research has evolved
silicotitanates into a more selective material, CST. The CST materials have been developed
by Sandia National Laboratories in conjunction with Texas A&M University and UOP
Molecular Sieves as an alternative to organic ion exchange resins for cesium removal from
Hanford Site tank wastes. The CST material has been manufactured into a suitable
engineered form and is commercially available. If obtained in bulk quantities, CST may
offer an increased ion exchange capacity, eliminate safety concerns regarding organic resin
degradation, and reduce secondary waste generation compared to the use of organic resins.
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CST is not regenerable. Therefore, the CST material cannot be eluted and must be disposed
in a loaded form.

An evaluation of how the use of CSTs would impact HLW glass production was performed
by Swenson (1995). The reference evaluated removal of '*’Cs to produce 1 Ci ¥'Cs/m? in
the LAW and concludes that there is no benefit to in-tank Cs removal using CSTs. CST
material contains TiO, which is predicted to have a low solubility in the HLW glass product
(1 wt%). This results in a maximum usage of approximately 230 MT of TiO, before the

1 wt% TiO, is exceeded. Because of the large quantity of CST material required for an
in-tank process for all waste, there is a significant increase of the HLW glass production
whether by single-batch (14,303,900 MT at 1 percent titania) or column contacting

(70,000 MT at 1 percent titania) of the CST with the waste. The current TWRS flowsheet
(Orme 1995) projects 22,800 MT of HLW glass.

Technical Practicality of Cesium Precipitation In-Tank for All Wastes. Cesium
precipitation in-tank for all wastes using CST is not practical due to the quantity of CST
material required to remove greater than 99 percent of the cesium.

Cost of Cesium Precipitation In-Tank for All Wastes. No economic analysis is provided
since the technology is not practical.

4.2.1.4.1 In-Tank Precipitation for Selected Wastes. Selective treatment of tank wastes is
also an option for CST. Treating only the tank wastes more concentrated in cesium can
significantly reduce CST usage and HLW volume. The selective CST treatment of tank
wastes more concentrated in cesium can maximize the total cesium removed by a fixed
amount of CST and the contained TiO,. The HLW canisters (1.26 m® glass per canister is
assumed for this report) produced are a function of the total titania contained in the CST
used to treat all wastes. The quantity of CST used to treat the liquid phase of tank wastes is
proportional to the volume of waste, degree of desired cesium removal [Decontamination
Factor (DF)], and the method of supernatant/CST contact.

The selective CST treatment of tank wastes is based on maximizing the total cesium removed
by a fixed amount of CST and the contained TiQ,. This optimization assumes that each
batch of composite waste produced by the waste retrieval system is treated with a variable
amount of CST and variable DF to produce a constant cesium to sodium ratio in the treated
supernatants and an approximate constant cesium to TiO, ratio in the loaded CST.

The projected amount of vitrified HLW allows the addition of titania up to 1 percent. This
results in a potential use of 230 MT of titania contained in CST without significant penalty,
less than 136 canisters of additional HLW. The concentration of ’Cs in waste tank
supernatants also varies significantly between tanks.

An evaluation of selective treatments using CST is provided in Slaathaug 1996a. This study
shows a 90 percent cesium removal is achieved with the incremental additions of CST
equalling 230 MT TiO, (note: 230 MT TiO, is the amount allowable before exceeding the
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1 wt% titania solubility limit in HLW glass). For single batch contacts, an estimated 8 MCi
137Cs would remain in the LAW using this technology.

Technical Practicality of In-Tank Precipitation for Selected Wastes. Selective treatment
of tank wastes using CST is not technically practical for this analysis due to the development
work still required (i.e., in-tank controls and scale-up issues). For this document, it is
assumed further development is needed to accurately define the capacity of different forms of
CST for application to Hanford Site tank wastes. The reference study (Swenson 1995)
recommends additional study to accurately define the capacity of different forms of CST and
to increase the allowable concentration of titania in HLW glasses.

Cost of In-Tank Precipitation for Selected Wastes. Since the use of CST for cesium
separation is not considered technically practical for this analysis, no economic assessment
has been provided.’

4.2.1.5 Cesium Volatilization. The volatilization of some cesium during the melting of
radioactive waste glasses is intrinsic to the vitrification process. A LAW melter could
provide removal of volatile radionuclides from the LAW glass by routing volatile
radionuclides captured in the melter offgas scrubber solution to the HLW feed stream instead
of recycle to the LAW melter feed.

The melting of HLW glasses typically volatilizes 20 percent of the feed cesium from Joule
heated melters. The HLW melters typically operate with a cold cap and a maximum
temperature of 1100 °C to minimize cesium volatility. Operation of a Joule heated LAW
melter at temperatures of 1300 °C or greater and with sparging to disrupt the cold cap could
expect to increase cesium volatility up to 50 percent. Tests in FY 1995 (Higley 1995) with
hot gas heated melters for LAW vitrification gave indicated cesium volatilities of 50 to

90 percent of the feed cesium.

Technical Practicality of Volatilization. Cesium volatilization and recovery is a design
feature for full scale HLW melters. The details of process control needed to maximize and
control cesium volatilization have not been established. The removal of cesium from
aqueous off-gas treatment requires development and no production scale applications have
been performed. Therefore, cesium removal using only a volatilization technology is
considered not technically practical.

Cost of Volatilization. No economic analysis is provided since the technology is considered
not technically practical.

>Appendix B, Cost Estimates, which contains limited cost data for CST that have been
recently investigated, is provided for information only.
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4.2.2 Strontium Removal

The liquid fraction for further pretreatment contain approximately 3.46 MCi *Sr (rounded to
3.5 MCi) for further separations. Of the 3.5 MCi, 1.89 MCi is soluble *Sr and 1.57 MCi
(rounded to 1.6 MCi) is insoluble *Sr from solids carryover. No further removal is
provided for the 1.57 MCi insoluble %Sr (see Section 4.1.1).

Technology options considered in this study for removal of soluble strontium from the waste
supernatants and wash liquors are: (1) precipitation by chemical addition, (2) deactivation of
the complexants, (3) complexant destruction and, (4) solvent extraction.

An analysis of DST radionuclide removal requirements on a tank-by-tank basis (Schulz 1995)
has determined that no additional removal of soluble %Sr is required for any tank to meet the
NRC Class C criteria. The *Sr concentration in glasses made from supernatant liquid in at
least 21 of the DSTs will contain less than 150 Ci **Sr/m® without pretreatment, which is
below the Class B limit for **Sr. The highest concentrations of soluble strontium is found in
CC wastes. Precipitation processes discussed for TRU removal result in Sr that
co-precipitates with the removal of soluble TRU (see Section 4.2.3.3).

The CC supernatant contains multivalent cations of radionuclides such as strontium and
transuranics in greater concentrations than normal in alkaline solutions. This increased
concentration occurs because of the presence of complexants added during previous strontium
and cesium recovery campaigns in B Plant.

4.2.2.1 Precipitation of Strontium Phosphate from All Tank Wastes.  Treating all the
DST and SST wastes (177 tanks) at 5M Na to remove 1.8 MCi of the 1.9 MCi soluble #Sr
would require 50,000 MT of Sr(NO,), and would increase the number of HLW canisters
from 6,800 to 14,200.

The precipitation of strontium from the complexant bond by the addition of nonradioactive
strontium involves isotopic exchange between two dissolved strontium atoms. This reaction
may require rapid and intensive mixing before the nonradioactive strontium becomes
unavailable for the exchange reaction due to precipitation as hydroxide or phosphate.

Technical Practicality of Strontium Phosphate Precipitation for All Tank Wastes.
Precipitation of strontium phosphate has been investigated with limited hot bench scale
testing and is considered not technically practical. Treating all the wastes would significantly
impact (increase) the amount of HLW glass.

Cost of Strontium Phosphate Precipitation for All Tank Wastes. No economic analysis is
provided since the technology is considered not technically practical at this time.

4.2.2.1.1 Precipitation of Strontium Phosphate from Selected Wastes. Recent
radionuclide removal tests indicates that *°Sr is effectively removed from CC waste
(95 percent removal) by addition of 0.1 molar nonradioactive Sr(NO;), to precipitate
Sr3(PO;), (Schulz 1995).
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Treatment of selected tanks of CC waste, 241-AN-102, 241-AN-107 and 241-AY-101, would
remove 0.54 MCi of the soluble 0.57 MCi ®8r in three CC tanks. Treatment of the

10,800 m® in these three tanks would require the equivalent of 114 Mg of SrO be
incorporated into the HLW glass. Assuming a HLW glass waste oxide loading of 45 wt%
and an average SrO concentration of 0.5 wt% in blended HLW glass, an extra 75 canisters
of HLW glass would result. )

The precipitation of strontium from the complexant bond by the addition of nonradioactive
strontium involves isotopic exchange between two dissolved strontium atoms. This reaction
may require rapid and intensive mixing before the nonradioactive strontium becomes
unavailable for the exchange reaction due to precipitation as hydroxide or phosphate.

Technical Practicality of Strontium Phosphate Precipitation for Selected Wastes.
Precipitation of strontium phosphate has only been investigated with limited hot bench scale
testing and is not technically practical.

Cost of Strontivm Phosphate Precipitation for Selected Wastes. No economic analysis is
provided since the technology is considered not technically practical at this time.

4.2.2.2 Strontium Removal by Complexant Destruction in All Wastes. The complexants
that solubilize strontium in an alkaline solution can be destroyed in several minutes by
thermal digestion at elevated temperature and pressure. A continuous flow application
requires a temperature greater than 200 °C. After destruction of the complexants, the
multivalent ions precipitate from the solution and are removed with solids/liquid separations
equipment. The separated solids are slurried to DSTs for lag storage and future vitrification
as HLW.

Technical Practicality of Complexant Destruction for All Wastes. The development status
of complexant destruction by digestion at elevated temperature and pressure has been
demonstrated by bench scale testing for commercial nonradioactive applications. No pilot
plant testing or production scale processing has been performed on radioactive wastes similar
to the Hanford Site tank wastes. Therefore, this process is considered not technically
practical due to the required development work.

Cost of Complexant Destruction for All Wastes. No economic analysis is provided since
the technology is not technically practical.

4.2.2.2.1 Strontium Removal by Complexant Deactivation for Selected Wastes. The
complexants that solubilize strontium in an alkaline solution can be destroyed or deactivated
by thermal digestion as discussed in Section 4.2.2.2. Application of thermal digestion for
selected wastes can be performed in-tank. An analysis of in-tank heat and digest to
deactivate the complexant in CC waste tanks 241-AN-102, 241-AN-107, and 241-AY-101
was performed by Klem (1995).
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Technical Practicality of Complexant Deactivation for Selected Wastes. Testing of the
heat and digest process is still in progress. The complexant is decomposed by slow chemical
reactions performed by heating the tank contents to 90 °C to 100 °C for an extended period
of time. The process is predicted to require 4.2 to 14.3 years to perform in-tank at 100 °C
and the final performance is uncertain. Complexant deactivation for strontium removal is
considered not technically practical.

Cost of Complexant Deactivation for Selected Wastes. No economic analysis is provided
since the technology is considered not technically practical.

4.2.2.3 Strontium Removal by Solvent Extraction in All Wastes. The alkaline solutions
that contain strontium are acidified using nitric acid. Strontium is removed from the
acidified solution using a solvent extraction system similar to the processes described in the
Tank Waste Technical Options Report (Boomer et al. 1993). Strontium recovery by solvent
extraction is included with TRU separations. This process, using the solvent developed by
Argonne National Laboratory (ANL), is called Strontium Extraction (SREX).

Technical Practicality of Solvent Extraction in All Wastes. Solvent extraction separation
of strontium with SREX has been demonstrated in laboratory testing. However, no pilot
plant testing or production scale processing using the SREX process has been performed on
radioactive wastes similar to the Hanford Site tank wastes. Solvent extraction using other
solvents has previously been used in B Plant at Hanford Site to recover strontium.
Therefore, solvent extraction for strontium is considered technically practical.

Cost of Solvent Extraction in All Wastes. The cost for strontium removal by solvent
extraction is based on facility designs presented in the Facility Configuration Study (Boomer
et al. 1993). The cost of a solvent extraction system collocated with another processing
facility is based on the cost differences between two pretreatment facilities with and without
the solvent extraction system. These two facilities are identified as Solvent Extraction B
(SOLEX B) and Sludge Wash B (SWB), with and without the solvent extraction,
respectively, in the reference report (Boomer et al. 1993). The capital costs for these two
facilities are updated for this report. A summary of the updated SWB cost estimate is found
in Appendix B. The difference in costs between SOLEX B and SWB provides a basis for the
cost difference of a LAW vitrification facility with and without solvent extraction capability.
The difference in capital costs associated with transuranics removal by solvent extraction is
$1.22 billion. The difference in operating costs associated with operation of the solvent
extraction system is identified by the difference in operating costs for the SOLEX B and
SWB facilities of $6.69 billion (Boomer et al. 1993).

The in-facility process for strontium removal by solvent extraction treatment of all wastes is
expected to remove 3.4 MCi of the 3.5 MCi *Sr for further pretreatment. The removal of
3.4 MCi of *Sr at a total cost of $7.9 billion results in a radionuclide removal cost of
$2,320/Ci of *°Sr and is not economically practical. No economic analysis is currently
available which provides the cost of solvent extraction for selective treatment of tank wastes
(i.e., small scale processing).

4-13



WHC-SD-WM-TI-699, Rev. 1

4.2.3 Transuranic Removal

The liquid fraction for further pretreatment contains approximately 0.0136 MCi soluble
TRU, rounded to 0.01 MCi, for further separation. Technology options considered in this
study for removal of soluble TRU from the waste supernatants and wash liguors are:

(1) complexant destruction, (2) deactivation of the complexants, (3) precipitation by chemical
addition, and (4) solvent extraction. No further removal is provided for the 0.004 MCi of
entrained, insoluble TRU fraction resulting from washing and decanting inefficiencies.

An analysis of DST radionuclide removal requirements on a tank-by-tank basis (Schulz 1995)
has determined that only three DSTs (241-AN-102, 241-AN-107 and 241-AY-101) require
some removal of soluble TRU from supernatants to meet the NRC Class C requirement of
less than 100 nCi TRU/g glass. These three tanks are classified as CC wastes and contain an
estimated 0.0054 MCi (56 percent) of the total soluble TRU.

The CC supernatant contains multivalent cations of radionuclides such as TRU and strontium
in greater concentrations than normal in alkaline solutions. This increased concentration
occurs because of the presence of complexants added during previous strontium and cesium
recovery campaigns in B Plant.

4.2.3.1 Transuranics Removal by Complexant Destruction in All Wastes. The
complexant deactivation of all wastes is discussed in Section 4.2.2.2 for removal of soluble
strontium and is applicable to TRU removal. The complexant destruction process will
remove an estimated 0.0099 MCi of the 0.01 MCi of soluble TRU in addition to the removal
of the 1.87 MCi of soluble %Sr.

Technical Practicality of Complexant Destruction. As discussed in Section 4.2.2.2.1,
TRU removal by complexant deactivation of ail wastes is not technically practical.

Cost of Complexant Destruction. No economic analysis is provided since the technology is
not technically practical.

4.2.3.1.1 Transuranic Removal by Complexant Deactivation in Selected Wastes. The
complexant deactivation of selected CC wastes (241-AN-102, 241-AN-107, and 241-AY-101)
was discussed in Section 4.2.2.2.1 for removal of soluble strontium and is applicable to TRU
removal. The complexant deactivation process will remove an estimated 0.005 MCi of the
0.0054 MCi of the soluble TRU in the CC wastes.

Technical Practicality of Complexant Deactivation in Selected Wastes. As discussed in
Section 4.2.2.2.1 for strontium removal, complexant deactivation for TRU removal is
considered not technically practical.

Cost of Complexant Deactivation in Selected Wastes. No economic analysis is provided
since the technology is not technically practical.
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4.2.3.2 Transuranic Removal From All Wastes by Solvent Extraction. The solutions
that contain transuranics in an alkaline solution are acidified using nitric acid. Transuranics
are removed from the acidified solution using a solvent extraction system similar to the
processes described in the Tank Waste Technical Options Report (Boomer et al. 1993).
Transuranic recovery by solvent extraction is part of Solvent Extraction B. The transuranic
extraction process is generally called TRUEX.

Technical Practicality of Solvent Extraction for All Wastes. Solvent extraction separation
using TRUEX has been demonstrated through laboratory testing and pilot scale testing.
Solvent extraction using other solvent extraction processes has previously been used in
Reduction Oxidation (REDOX) and Plutonium-Uranium Extraction (PUREX) at the Hanford
Site and at other sites to recover uranium, plutonium and neptunium. Transuranics removal
by TRUEX is technically practical based on the extensive laboratory and pilot scale tests.

Cost of Solvent Extraction for All Wastes. The cost for transuranic removal by solvent
extraction is based on facility designs presented in the Facility Configuration Study (Boomer
et al. 1993). The cost of a solvent extraction system collocated with another processing
facility is based on the cost differences between two pretreatment facilities with and without
the solvent extraction system. These two facilities are identified as SOLEX B and SWB,
with and without the solvent extraction, respectively, in the reference report (Boomer et al.
1993). The capital costs for these two facilities are updated for this report. A summary of
the updated SWB cost estimate is found in Appendix B. The difference in costs between
SOLEX B and SWB provides a basis for the cost difference of a LAW vitrification facility
with and without solvent extraction capability. The difference in capital costs associated with
transuranics removal by solvent extraction is $1.22 billion. The difference in operating costs
associated with operation of the solvent extraction system is identified by the difference in
operating costs for the SOLEX B and SWB facilities of $6.69 billion (Boomer et al. 1993).

The solvent extraction treatment of wastes is expected to remove 0.01 MCi of the
transuranics. The removal of 0.01 MCi transuranics at a total cost of $7.9 billion results in
a radionuclide removal cost of more than $790,000/Ci of transuranics and is not
economically practical.

4.2.3.3 Hydroxide Precipitation of Transuranics from Selected Wastes. The analysis of
DST radionuclide removal requirements (Schulz 1995) indicates that TRU removal for the
three CC waste DSTs (241-AN-102, 241-AN-107 and 241-AY-101) can be attained with
additions of NaOH as demonstrated by laboratory testing (Herting 1993, 1994a, 1994b,
Washington 1990). The results indicate that wastes in tanks 241-AN-107 and 241-AY-101
can produce < 100 nCi TRU/g LAW glass by adjustment of the supernatants to 3.0M and
1.5M hydroxide ion, respectively, and addition of 0.01M ferric ion to serve as a Fe(OH),
carrier precipitate. Data for hydroxide adjustment for 241-AN-102 are not available at this
time. The available laboratory data indicate that TRU removal increases with additional
contact time. The development work also indicates that approximately 20 percent of the
soluble strontium may be co-precipitated by the hydroxide precipitation process (0.1 MCi of
the 0.57 MCi soluble %Sr in the three CC tanks).
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Laboratory testing was also performed using 0.1M Fe(NO5); and 3.0M NaCH for the
precipitation of TRU. The TRU is adsorbed on the surface of the ferric hydroxide floc
formed by precipitation. In-tank mixers are required to keep the floc in suspension and
available to the soluble TRU for adsorption. As demonstrated from laboratory testing,
precipitation of Fe,05.xH,0 from CC waste removes 84 to 96 percent of the *'Am and 60
to 75 percent of the soluble plutonium (Schulz 1995). The development work also indicates
that approximately 50 percent of the soluble strontium may also be removed by the ferric
hydroxide precipitation process (0.28 MCi of the 0.57 MCi soluble *Sr). However, the
addition of iron impacts the volume of HLW glass produced.

Technical Practicality of Hydroxide Precipitation for Selected Wastes. It has been
determined (Schulz 1995) that only three DSTs require some removal of soluble TRU from
supernatants. Laboratory testing has been performed with waste from two of the three CC
tanks and in-tank mixing with chemical addition has been well-demonstrated. Therefore,
this technology is considered to be technically practical. For three CC tanks, containing an
estimated 0.0054 MCi soluble TRU, 0.004 MCi is removed using hydroxide precipitation.
The quantity of co-precipitated *°Sr for this technology (0.1 MCi) is subtracted from the total
0Sr to LAW.

Cost of Hydroxide Precipitation for Selected Wastes. The total costs for adjustment of the
hydroxide concentration and addition of 0.01M iron in the DSTs (several weeks or months
before retrieval and solids/liquid separation) is $6 million to $18 million (Appendix B
provides additional cost data).

The addition of 19M NaOH to the three tanks to obtain a final concentration of 3M NaOH
increases the total tank waste sodium by 250 MT or 0.14 equivalent vaults. The disposal
cost per vault of solidified LAW is approximately $10 million (Slaathaug 1995, Table F-36)
and the incremental Na usage results in $1.4 million increase in LAW disposal costs. The
addition of NaOH to the tanks is assumed to cost $0.6 million. Therefore, the LAW cost
increase is approximately $2 million.

The addition of the 0.01M iron results in an additional 5 to 21 canisters of HLW glass. The
canisters are assumed to contain 1.26 m’ of glass and a maximum Fe, O, content of 12 wt%
(Orme 1994). The minimum HLW canister impact is based on 50 wt% Fe,0, if the HLW
facility is processing glass at less than the 12 wt% Fe,0, limit and the maximum HLW
canister impact is based on the 12 wt% Fe,0; limit. With an incremental HLW canister cost
of $745,000 per HLW canister (Slaathaug 1995), this results in an additional operating cost
of approximately $3.7 to $16 million.

The resulting $6 million to $18 million total cost for removal of approximately 0.004 MCi
TRU (from three tanks) necessary to meet the < 100 nCi/g criteria results in a cost of
$1,500 to $4,500/Ci TRU. If the 0.1 MCi of co-precipitated 08y is included, the cost is
reduced to $60/Ci to $170/Ci.
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Cost of Ferric Hydroxide Precipitation for Selected Wastes. The addition of 0.1M
Fe(NO;); and 3.0M NaOH for precipitation of TRU to the three CC tanks results in a
maximum additional 50 to 210 canisters of HI.W glass. The canisters are assumed to contain
1.26 m® of glass and a maximum Fe,0, content of 12 wt% (Orme 1994). The minimum
HLW canister impact is based on 50 wt% Fe,0, if the HLW facility is processing glass at
less than the 12 wt% Fe,O; limit and the maximum HLW canister impact is based on the

12 wt% Fe,0; limit. With an incremental HLW canister cost of $745,000 per HLW canister
(Slaathaug 1995), this results in an additional operating cost of approximately $37 to

$160 million. The incremental LAW costs are $2 million due to the additional sodium (see
economics of hydroxide precipitation) and provides a $39 million to $162 million total cost
for removal of approximately 0.005 MCi TRU and 0.28 MCi co-precipitated **Sr. This
results in a removal cost of $140/Ci to $570/Ci.

4.2.3.4 Transuranics Removal by Complexant Deactivation in Selected Wastes. The
complexant deactivation of selected CC wastes (241-AN-102, 241-AN-107 and 241-AY-101)
is discussed in Section 4.2.2.2.1 for removal of soluble strontium. An analysis of in-tank
heat and digest to deactivate the complexant in CC waste tanks was performed by Klem
(1995). The complexant deactivation process will remove an estimated 0.005 MCi of the
0.0054 MCi of the soluble TRU in addition to the removal of the 0.54 MCi of soluble Sr.

Technical Practicality of Complexant Deactivation for Selected Wastes. The complexant
deactivation process for CC wastes is expected to require 4.2 to 14.3 years in-tank at 100 °C
and the final performance is uncertain. Therefore, complexant deactivation is not technically
practical.

Cost of Complexant Deactivation for Selected Wastes. No economic analysis is provided
since the technology is not technically practical.

4.2.4 Technetium-99 Removal

The soluble **Tc fraction of the tank waste contains an estimated 0.0228 MCi. Incorporating
the entire quantity of technetium (0.032 MCi, soluble and insoluble) into the LLW glass
would result in approximately 0.2 Ci *®Tc/m? glass. On a tank-by-tank basis, no additional
removal of *Tc is required to meet the Class C limit of 3 Ci/m? in the solidified LAW
(Schuiz 1995). However, ®Tc removal may be necessary to meet the disposal system
requirements based on the performance assessment.

No demonstrated technology exists for in-tank precipitation of soluble *Tc from DST waste
solutions. Candidate precipitation compounds include Tc,S, and tetraphenylphosphonium
pertechnetate (Schulz et al. 1995). Candidate technology options for removal of soluble
technetium in the pretreatment or vitrification facility include mixed bed ion exchange, anion
resin ion exchange, and volatilization.
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4.2.4.1 Mixed Bed Technetium and Cesium Ion Exchange. Argonne National Laboratory
and Eichrom Industries, Inc., have developed a technetium-specific resin for use in
laboratory and analytical applications (Horwitz 1995). Preliminary scoping studies of
-applying resin to large scale processing of Hanford Site tank wastes has been performed.

The resin is tailored on the molecular level to specifically absorb technetium. The resin,
named Tc-Spec 5, is commercially available as an analytical reagent. Tc'Spec 5 strongly
absorbs technetium from solutions greater than 4M salt and technetium elutes with water or
dilute nitric acid. These properties are identical to the chemical behavior of cation ion
exchange resins used for cesium removal. Operation of a single ion exchange column system
containing a mixture of the resins allows simultaneous recovery of technetium and cesium.

A mixed bed ion exchange system is a common industrial practice and is significantly less
expensive than building and operating two ion exchange systems in series.

The laboratory work to date for the application to Hanford Site tank wastes is initial proof of
principal experiments with 241-SY-101 simulant only to determine distribution coefficients.
Use of TcSpec 5 in a mixed bed configuration eliminates the use of a water scrub to displace
interstitial feed from the column before cesium elution. The water displacement flush would
prematurely elute technetium. The water flush would have to be replaced with draining the
interstitial feed from the column. The less efficient removal of feed sodium from the column
by draining would have a currently undefined impact by increasing HLW volume. If the
increase in HLW volume is excessive, alternate designs with Tc'Spec 5 columns in series
with the cesium ion exchange columns would be investigated. Significant additional cold and
hot laboratory development work is required.

Technical Practicality of Mixed Bed fon Exchange. The mixed bed ion exchange recovery
of **Tc with Tc-Spec is not technically practical at this time.

Cost of Mixed Bed Ion Exchange. No economic analysis is provided since the technology
is not technically practical.

4.2.4.2 Technetium Anion Exchange. Technetium can be removed from alkaline solutions
high in sodium with anion exchange resins. The removal of technetium with a strong base
anion exchange resin has been demonstrated with a single large scale batch loading of the
resin at the Hanford Site (Beard and Caudill 1964). The loaded resin was shipped to another
DOE site for elution. Multiple load and elution cycles of technetium on ion exchange resins
has not been demonstrated.

The current design basis for evaluation of technetium ion exchange is based on a strong-base
organic anion exchange resin (Schultz 1980). More recent analyses have been performed on
the sorption of technetium from DSSF simulants using Reillex-HPQP anion exchange resin
and is limited to hot lab scale experiments.

®Reillex-HPQ is a trademark of Reilly Industries Inc.
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The technetium ion exchange process loads technetium from the alkaline feed stream onto the
resin by passing the feed through a column of resin particles. When breakthrough of
technetium occurs in the column raffinate, the feed is diverted to a parallel column and the
loaded column is flushed with water. Following the flushing operation, the technetium is
eluted from the column with strong nitric acid (6M HNO;). Following the technetium
elution, the column is flushed with water. The column is then ready for another feed loading
cycle.

The technetium product stream eluted from the column with nitric acid is concentrated and
the bulk of the nitric acid boiled off from the technetium solution for fractionation and
recycle to the next elution cycle. The residual nitric acid in the concentrated technetium
product is then neutralized with sodium hydroxide. The neutralized technetium concentrate
is then transferred to a DST for interim storage before vitrification as HLW.

Technical Practicality of Anion Exchange. The technetium ion exchange process meets the
definition of being technically practical based on the large demonstration recovery of 27 Ci
of ®*Tc at the Hanford Site using technetium ion exchange (Beard and Caudill 1964).
However, information contained in Schroeder et al. (1995) indicate some serious questions
for application of ion exchange to existing Hanford Site tank wastes due to the uncertainties
in the valence state of the technetium (i.e., the pertechnate ion, valance 7, is extractable but
other oxidation states are not extractable.) Therefore, **Tc anion exchange is not considered
technically practical at this time.

Cost of Anion Exchange. The cost for technetium removal by ion exchange is based on
facility and equipment designs presented in the Tank Waste Technical Options Report
(Boomer et al. 1993). The cost of a technetium ion exchange system collocated with another
processing facility is based on the cost differences between two pretreatment facilities with
and without the technetium ion exchange process. These two facilities are identified as
Sludge Wash D (SWD) and Sludge Wash B (SWB), with and without the technetium ion
exchange, respectively, in the reference report (Boomer et al. 1993). Both facilities include
sludge washing, solids/liquids separation, and cesium ion exchange. The capital costs for
these two facilities are updated for this report. Summaries of the updated SWD and SWB
cost estimates are found in Appendix B. The difference in costs between SWD and SWB
provides a basis for the cost difference of a LAW treatment or vitrification facility with and
without technetium ion exchange capability. The difference in capital costs associated with
technetium ion exchange processing is $260 million. The difference in operating costs
associated with operation of the technetium ion exchange processing is identified by the
difference in operating costs for the SWD and SWB facilities of $400 million (Boomer

et al. 1993). )

The technetium ion exchange process recovers 0.0226 MCi of **Tc for a total cost of
$660 million. This results in a cost of $29,000/Ci **Tc and is not economically practical.

4.2.4.3 Technetium Volatilization. The volatilization of technetium from glass melters and
calciners is an intrinsic feature of the operating temperatures. Processes and melters for the
vitrification of HLW glass are designed to suppress volatilization and recycle volatilized
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technetium to the melter. Design of the LAW melter features, control of melter chemistry,
and removal of technetium from the offgas stream with minimal recycle to the melter results
in the LAW melter system providing technetium removal. The degree of removal that can
be obtained by this process needs to be confirmed by additional development.

Reviews of technetium volatility from glasses have shown up to 95 percent removal (DF

of 20) of technetium (Langowski 1995, Vida 1994). Melter design can be modified to
enhance technetium volatility by disruption of the cold cap, sparging the molten glass, or use
of a gas heated melter. The melter chemistry can be modified to enhance technetium
volatility by increased temperature and/or changing from reducing to oxidizing conditions.

The addition of technetium removal to a volatilization system requires neutralization with
sodium hydroxide and addition of sodium sulfide to the scrubber concentrate for technetium
precipitation as Tc,S;. The FY 1995 flowsheet for TWRS Optimized Processing Strategy
(Slaathaug 1996a) shows NaOH and Na,S are added to the concentrate and before filtration
for separation of the technetium sulfide. The technetium depleted filtrate is recycled to the
melier feed tank. The Tc,S; is slurried to a DST for interim storage before HLW
vitrification. An alternate method of **Tc removal from the concentrate is to use absorption
on Tc'Spec 5 in a column.

Technical Practicality of Volatilization. The technetium volatilization process is not
technically practical because the process has not been adequately demonstrated.

Cost of Volatilization. No economic analysis is provided since the technology is not
technically practical.

4.2.5 Selenium-79 Removal

The tank waste contains an estimated 0.00103 MCi of 7°Se. All of the selenium in the tank
waste is assumed to be soluble.

No demonstrated technology exists for in-tank precipitation of soluble °Se from DST waste
solutions. In-tank precipitation would allow selenium to be removed by solids/liquids
separations process discussed in Section 4.1.1. Although selenium is known to precipitate
from water upon addition of sulfur dioxide, it is not known whether this technique would
work as an in-tank precipitation process due to the very small amount of selenium present in
the waste. A cursory review of commercial selenium recovery processes has not revealed any
processes suitable for direct removal of selenium from the Hanford Site tank waste solutions
during pretreatment. Laboratory methods for removal of selenium have not been reviewed
for scaled up application in a pretreatment or vitrification operation. lon exchange processes
may exist, but the identification of selenium specific ion exchange resin has not been
pursued.
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4.2.5.1 Selenium Volatilization. The volatilization of selenium from commercial glass
melters and the pyrometallurgical industry is a well known phenomena. Selenium is
commercially recovered by the roasting of copper ores and residues from electrolytic copper
recovery. Selenium is recovered from roasting flue deposits by sublimation or leaching,

The commercial glass industry has routinely experienced selenium losses of up to 80 percent
or more (Kirk-Othmer 1982). Melter design can be modified to enhance selenium volatility
by disruption of the cold cap, sparging the molten glass, or use of a gas heated melter. The
melter chemistry can be modified to enhance selenium volatility by increased temperature
and/or by changing from reducing to oxidizing conditions. Melter design could also include
removal of selenium from the offgas stream with no recycle to the melter.

An option for selenium purification involves precipitation with sulfur dioxide in the scrubber
solution from a LAW melter and offgas systern. It is assumed that selenium can be
co-precipitated with technetium by neutralization of the scrubber concentrate with sodium
hydroxide and addition of sodium sulfide to precipitate selenium as a sludge

(Kirk-Othmer 1982). The selenium filtrate can be recycled to the melter feed tank. The
selenium sludge and Tc,S, is slurried to a DST for interim storage before HLW vitrification.

Technical Practicality of Selenium Volatilization. The selenium volatilization process is
not technically practical since the process has not been demonstrated at plant scale for
radioactive wastes.

Cost of Selenium Volatilization. No economic analysis is provided since the technology is
not technically practical.

4.2.6 Carbon-14 Removal

The estimated inventory of '“C in the tank wastes is 0.0053 MCi C. The estimated
inventory of 0.0053 MCi 'C represents 120 kg of the ‘C isotope and is diluted by
approximately 1,800,000 kg of natural carbon in the tank wastes as carbonate and organics.
The chemistry of carbon results in “C being distributed in supernatants and solids of all
tanks. The organic carbon and carbonate content of the wastes will be converted to carbon
dioxide, CO,, as a result of the LAW vitrification process. In the vitrification process a total
of 6,500,000 kg of CO, will be released in the offgas. To capture and remove the 14, the
6,500,000 kg of CO, could be absorbed in slaked lime as 15,000,000 kg of CaCO,.

An analysis of the impact of not removing '“C and ?°I indicates the maximum offsite
individual will receive a 50-year dose commitment from atmospheric releases of less than
0.7 mrem/yr (Colby 1994). This is 0.2 percent of the national average individual dose from
background of 300 mrem/yr.

Technical Practicality of Carbon Removal. There is no currently known isotopic
enrichment technology that can separate the “C isotope from natural 2C for Hanford Site
tank wastes. Therefore, '“C separation for disposal as HLW is not technically practical.
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Cost of Carbon Removal. No economic analysis is provided since the technology is not
technically practical.

4.2.7 lodine-129 Removal

The estimated inventory of 1° in the tank wastes is 0.000051 MCi (51 Ci). lodine
confinement technology that has been developed in the nuclear industry was aimed at
relatively high concentrations and purity as released in reactor accidents or from nuclear fuel
reprocessing dissolvers. The relatively high concentrations and absence of organics allows
evolution of the resulting iodine compounds into the vapor phase and sorption with solids or
liquids. The absence of chlorides and fluorides also eliminates competitive coabsorption of
halides on solid sorbants. However, the alkaline tank wastes contain significant quantities of
halides and organic materials.

Joule heated melters used for vitrification of the LAW typically operate under reducing
conditions to protect the electrodes from catastrophic oxidation. Operation under reducing
conditions will result in significant organic content in the melter offgas. The technology for
organic iodide confinement in reprocessing was never fully satisfactory, and efforts were
made to limit organic input into the dissolver system (the amount of PUREX organic diluent
soluble in recycle water from the acid fractionator was of concern).

The iodine concentration in the tank wastes is typically 1,000 to 10,000 times lower than
would exist in commercial fuel dissolver solutions that iodine removal technology was
developed for. Thus, there is no technically practical iodine removal and confinement
technology for tank wastes.

The path of [ in the LAW vitrification process is release to the atmosphere and an
unknown quantity to the chloride purge stream. The chemistry of iodine suggests the
potential removal of iodine from the chloride purge stream in the LAW offgas treatment
system. The similar chemical behavior of the halides (fluorine, chlorine, and iodine) suggest
that significant quantities, 20 to 80 percent, of the ‘*I inventory may accumulate with the
chloride and fluoride streams concentrated in the offgas treatment system for purge and
disposal as grout. If '?I concentrates in these streams, technology could be investigated to
determine if cost effective systems for separation of '2°I from mixed chlorides and fluorides
exist.

An analysis of the impact of not removing “C and '?°I indicates that if all is released to the
atmosphere, the maximum offsite individual will receive a 50-year dose commitment from
atmospheric releases of less than 0.7 mrem/yr (Colby 1994). This is 0.2 percent of the
national average individual dose from background of 300 mrem/yr.

Technical Practicality of Iodine Removal. '*’I removal is considered not technically
practical because no technology has been demonstrated for the relatively small concentrations
in the Hanford Site tank wastes.
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Cost of Iodine Removal. No economic analysis is provided since no '?°I removal
technology has been provided.

4.2.8 Tritium Removal

Tritium (*H) contained in the tank wastes is estimated to be 10,000 Ci (Colby 1994) and will
be discharged from the pretreatment and waste vitrification facilities in the process
condensates as tritiated water. The excess process condensates that are not recycled within
the TWRS processing operation are routed to the 200 Area Effluent Treatment Facility
(ETF).

The ETF process does not remove the tritium isotope from the natural hydrogen in the water.
The separation of tritium from the treated condensate was evaluated and it was determined
not to be technically practical (DOE 1994b).

The chosen alternative for disposal of the tank waste tritium in the treated water is to
discharge this water to the subsurface and allow tritium to decay into non-radioactive helium
before it reaches the Columbia River. The effluent infiltration gallery, also known as the
State Approved Land Disposal Site (SALDS) is located just north of the 200 West Area. A
study (Golder Associates 1990) shows that SALDS provides a 105-year travel time before
tritium bearing ground water discharges to the Columbia River. The study concludes that
through natural decay and subsurface dispersion, the concentration of tritium will be well
within drinking water standards when it reaches the Columbia River.

4.2.9 Tin Removal

The tank waste for pretreatment contains an estimated 0.0016 MCi of insoluble 2°Sn. No
technologies for tin removal were reviewed for this evaluation. For performance assessment
studies, some tin to the LAW fraction is assumed to ensure continued consideration of tin for
intruder dose consequences. The '?%$n is not a significant contributor to the total curies and,
as discussed for other radionuclides with small inventories, would not be economically
practical for removal.

4.2.10 Uranium Removal By Solvent Extraction for All Wastes.

The soluble waste fraction contains an estimated 0.00006 MCi (60 Ci) of uranium isotopes.
Uranium was routinely recovered and shipped as a product at the Hanford Site and other
nuclear reprocessing facilities around the world. The technology most applied in the past for
uranium is solvent extraction with tributyl phosphate in a hydrocarbon diluent. The solvent
extraction recovery of uranium from the alkaline supernatants and dissolved salt cakes
requires acidification of the supernatants and dissolved salts before the solvent extraction
process. The acidification of tank wastes was demonstrated by the recovery of both uranium
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and strontium from Hanford Site tank wastes followed by solvent extraction recovery in
U Plant and B Plant, respectively.

The alkaline solutions that contain uranium are acidified using nitric acid. Uranium is
removed from the acidified solution using a solvent extraction system similar to the processes
described in the Tank Waste Technical Options Report (Boomer et al. 1993). The process is
generally called TRUEX. Uranium is recovered by solvent extraction only when the
TRUEX process is available and used after the supernatant is acidified. Since uranium
exhibits alkaline solubility and is distributed over all the wastes, all wastes are assumed for
treatment.

Technical Practicality of Solvent Extraction. Solvent extraction using other solvent
extraction processes has previously been used in U Plant, REDOX and PUREX at the
Hanford Site to recover uranium, plutonium and neptunium. No production scale processing
using the TRUEX process has been performed on radioactive wastes similar to the Hanford
Site tank wastes. However, uranium removal by solvent extraction separation using TRUEX
is technically practical based on the extensive laboratory and pilot scale tests.

Cost of Solvent Extraction. The cost for uranium removal by solvent extraction is based on
facility designs presented in the Tank Waste Technical Options Report (Boomer et al. 1993).
The cost of a solvent extraction system collocated with another processing facility is based on
the cost differences between two pretreatment facilities with and without the solvent
extraction system. These two facilities are identified as Sludge Wash B (SWB) and Solvent
Extraction B (SOLEX B), with and without the solvent extraction, respectively, in the
reference report (Boomer et al. 1993). The capital costs for these two facilities have been
updated for this report (see Appendix B for cost estimates). The difference in costs between
SOLEX B and SWB provides a basis for the cost difference of a LAW vitrification facility
with and without solvent extraction capability. The difference in capital costs associated with
solvent extraction is $1.22 billion. The difference in operating costs associated with
operation of the solvent extraction system is identified by the difference in operating costs for
the SOLEX B and SWB facilities of $6.69 billion (Boomer et al. 1993).

The solvent extraction treatment of all wastes is expected to remove 60 Ci of the soluble
uranium. Combining the recovery of 3.4 MCi soluble strontium, 0.0095 MCi transuranics
and 60 Ci uranium results in a potential total recovery of 3.4 MCi for about $7.9 billion and
results in a removal cost of approximately $2,320/Ci. Solvent extraction for all wastes is
considered not economically practical.

4.2.11 Radionuclide Removal Technology Options Summary

The radionuclide removal technology options discussed in the sections above are summarized
in Tables 4-3 and 4-4. Table 4-3 addresses the "technically practical” criteria and
summarizes the technology status of options discussed. Table 4-4 provides the costs and the
MCi separated for the technologies determined to be technically practical.
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5.0 RADIONUCLIDE SEPARATIONS TO MEET THE U.S. NUCLEAR
REGULATORY COMMISSION GUIDELINES

The goal of the LAW determination is to establish an inventory for all key radionuclides in
the LAW that satisfies the regulatory intent of "technically and economically practical” and
meets the limits and performance objectives of 10 CFR Part 61. This section summarizes the
evaluation of the three NRC guidelines.

5.1 REMOVE RADIONUCLIDES TO THE MAXIMUM EXTENT PRACTICAL

Radionuclide removal technologies evaluated to meet the removal to the maximum extent
practical guideline include previous removals, solids/liquids separation, and additional
removal from the liquid fraction. Table 5-1 shows the radionuclide removal technologies and
curies removed that are identified as both technically and economically practical. Additional
removal technologies from the liquid fraction include selective TRU removal (i.e., three CC
tanks) and cesium removal using a single-cycle ion exchange process. The selected
technologies provide an initial selection criteria to estimate total curies remaining to be
disposed in the vitrified LAW.

Transuranic removal must be provided for three DSTs to meet the Class C concentration
limits and is assumed to use a hydroxide precipitation process. Some radionuclide removal
will occur during vitrification of the LAW for the volatile species. However, curie removal
during melter operation has not been added to the radionuclide removal totals.

Table 5-1. Maximum Practical Key Radionuclide Removal
(December 31, 1999, Decay Date).

Previous removals 84.1
Solid/liquids separations 52
Single-cycle cesium ion exchange (>0.5 Ci 29 3¢y
37Cs/L)

Selective hydroxide precipitation for 0.004 transuranic
transuranic (3 CC tanks) 0.1 %8¢
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5.2 MEET CLASS C CONCENTRATION LIMITS

The second NRC guideline for classification of the LAW fraction is to incorporate the waste
in a solid physical form at a concentration that does not exceed the applicable concentration
limits for Class C low-level waste as set out in 10 CFR Part 61. Table 5-2 shows
radionuclide concentrations that would result from vitrification of the liquid fraction of tank
wastes after the proposed additional separation of radionuclides from the liquid fraction. As
shown, radionuclide concentrations in the vitrified waste form would be Class C for
transuranics, Class B for '’Cs and °Sr, and Class A for the others listed.

Table 5-2. Solidified Waste Radionuclide Concentrations After Supernatant

Separations Ve

10 CFR Part 61 L

Cs 5 32 1 44 4,600
0sr 3.4 22 0.04 150 7,000
Transuranics 0.01 25 nCi/g 10 nCi/g | NLE 100 nCi/g
MTc 0.032 0.2 0.3 - 3.0
Se 0.00103 <0.006 NLE NLE NLE
4c 0.0053 <0.03 0.8 NLE 8.0
1291 0.000051 <0.0003 0.008 NLE 0.08
*H 0.01 <0.06 40 NLE NLE
126n 0.0016 <0.01 N/A N/A N/A
Uranium 0.001 <0.006 NLE NLE NLE

NLE = No limit established.

“To be conservative, it is assumed that 100 percent of the Tc, "Se, 14C, 3H, 1291,
and '2°Sn inventories (soluble and insoluble fractions) are incorporated into the
immobilized low-activity waste. See text in Section 4.0 for discussion.

®The sum of the fractions rule for mixtures of radionuclides has been applied.

“The low-activity waste volume is estimated to be 158,000 m> of glass.
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5.3 MEET DISPOSAL PERFORMANCE OBJECTIVES

The third NRC guideline for classification of the LAW fraction as "incidental" waste is to
manage the waste so that safety requirements for disposal performance are comparable to the
performance objectives of 10 CFR Part 61. Defense wastes are also managed and disposed
under guidance from DOE 5820.2A. The DOE order requires that a PA be prepared for the
disposal system. A PA for LAW disposal has not yet been prepared.

The completed PA will identify areas of concern for long-term release of radionuclides to the
environment from the disposal system. At that time, mitigating features, such as additional
radionuclide removal and/or disposal system barriers, will be evaluated and incorporated into
the treatment and disposal system as needed to meet PA requirements.

Although technetium is not a significant contributor to the total activity in the LAW, %Tc is
the largest contributing radioisotope for meeting the maximum 4 mrem/yr criteria, within
10,000 years from closure, from the consumption of groundwater contaminated by the LAW
disposal site.

Uranium isotopes and *Se are minor contributors to the total activity in the LAW but are
significant with respect to the disposal performance objectives. 7Se is significant with
respect to meeting the maximum 4 mrem/yr criteria, within 10,000 years from closure, from
the consumption of groundwater contaminated at the LAW disposal site.

Sensitivity studies of LAW disposal system features indicate that the exposure from **Tc can
exceed the 4 mrem/yr criteria if the LAW glass is disposed without the use of engineered
barriers (Mann et al. 1995). The assumptions used in the current environmental assessment
calculations are considered conservative. The studies indicate that a LAW *Tc inventory
reduction, of less than a factor of 10, will substantially limit the contribution of the $°T¢ to
the first dose peak which arrives at about 10,000 years. The LAW inventory reduction can
be met by a combination of accurate definition of the tank waste inventory and providing
some removal of soluble ®Tc. A combination of engineered barriers, and %*Tc removal can
mitigate the potential of exceeding the 4 mrem/yr criteria during the first 10,000 years.

Decisions made for removal of **Tc, "Se and uranium isotopes will be based on potential
performance assessment impacts, not the total combined activity in the onsite disposed LAW.
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5.4 PROPOSED DETERMINATION OF HANFORD SITE TANK WASTE
CLASSIFICATION

It is proposed that radionuclides be separated from Hanford Site tank waste so that those
remaining in the LAW fraction not exceed the quantities listed in Table 5-3. For comparison
purposes, Table 5-3 also includes the previous NRC determination for DST waste only.

Table 5-3. Comparison of Previous and Proposed
U.S. Nuclear Regulatory Commission Determinations

Scope, number of waste ta 8 DSTs 28 DSTs and 149 SSTs
Low-activity waste (LAW) form Grout Glass
Low-activity waste volume, m’ 233,000 158,000
Radionuclides in LAW (MCi)

13Cs 6to7 5

HSr 1to 8 34
Transuranics 0.002 to 0.01 0.01

[ Tc 0.016 to 0.028 <0.03°
Se - <0.001
Iic 0.0027 <0.0053
257 0.000033 <.000051
°H - <0.01
126Sn - <0.0016°
Uranium - <0.001°¢
Total (without daughters) Tto 15 8.5

DST = Double-shell tank

NRC = U.S. Nuclear Regulatory Commission
SST = Single-shell tank

-- = No value established

2Decay date December 31, 1995

®Decay date December 31, 1999.

“And as required by the Performance Assessment.

It is concluded that cesium removal from liquid fraction and TRU removal from CC tanks
before LAW vitrification, represents radionuclide removal to the maximum extent practical.
Therefore, these liquids could be considered "incidental” waste provided the immobilized
LAW qualify for disposal in a shallow land disposal facility under DOE waste management
requirements comparable to 10 CFR Part 61 requirements. This waste would then be
disposed onsite, near surface, as LAW in accordance with the DOE and Washington State
Department of Ecology (Ecology) regulations for LLW or Mixed LLW. The residual waste
left in the tanks after retrieval is excluded from this determination and will be considered
separately at a later time.
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APPENDIX A

CORRESPONDENCE

This appendix contains correspondence between the U.S. Department of Energy, the
Washington State Department of Ecology, and the U.S. Nuclear Regulatory Commission on
the subject of LLW classification. The letters, as described below, are presented in
chronological order and document the history of the Hanford Site waste classification issue.

1.

November 29, 1688

Bell, Michael J., Chief Regulatory Branch, Division of Low-Level Waste
Management and Decommissioning, Office of Nuclear Materials Safety and
Safeguards, U.S. Nuclear Regulatory Commission, Washington, D.C. to Ronald E.
Gerton, Waste Management Division, U.S. Department of Energy, Richland
Operations Office, Richland, WA.

The NRC provides comments on DOE’s proposed approach for classifying
Double-Shell Slurry Feed (DSSF). In general, the NRC staff support DOE’s
efforts in: (1) seeking an NRC-DOE consensus on the classification of double-
shell tank waste; (2) using the source-based concept in classifying waste as
HLW or non-HLW; (3) describing the prior treatment of any "incidental”
waste; and (4) documenting waste characteristics before classification.

Specific comments on the classification approach indicate if DOE could
demonstrate that the largest practical amount of the total site activity (expected
to be 90 percent or more) attributable to "first-cycle solvent extraction” wastes
had been segregated for disposal as HLW, then the NRC would view the
residual as a non-HLW. This residual would not be subject to NRC licensing.

March 6, 1989

Rizzo, A.J., Assistant Manager for Operations, Department of Energy, Richland,
Washington to R.M. Bernero, Director, Office of Nuclear Materials Safety and
Safeguards, U.S. Nuclear Regulatory Commission, Washington, D.C.

The Department of Energy, Richland asks the NRC for concurrence that the DST
waste planned for disposal by grouting is not HLW, and therefore not subject to NRC
licensing. An overall radionuclide material balance for all Hanford Site tank wastes
shows that 3 to 5 percent of the key radionuclides which entered the tanks will be
disposed of as LLW when the DST wastes are grouted. - To meet the NRC criteria of
segregating the largest practical amount of activity, DOE also proposes to remove

95 percent of the Cs-137 from the complexant concentrate waste for disposal as
HLW. The additional radionuclide removal would reduce the 3 to 5 percent material
balance to 2 to 3 percent. The incorporation of '*’Cs, *Sr and TRU into grout would
result in radionuclide concentrations comparable to or below Class C (10 CFR 61)
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LLW and Class A for *C and %I without additional removals. Removal of ®Tc was
considered not to be practical or cost effective.

September 26, 1989

Bernero, R.M., Director, Office of Nuclear Materials Safety and Safeguards,
U.S. Nuclear Regulatory Commission, Washington, D.C. to A.J. Rizzo, Assistant
Manager for Operations, Department of Energy, Richland, Washington.

The NRC agrees that the grout facility for disposal of DST waste would not be
subject to NRC licensing. However, the NRC also states that their position on DST
waste does not reflect a decision on SST waste, and they will defer judgement on the
classification of SST waste until after DOE has completed its waste characterization
program.

November 17, 1989
Gregoire, C.O., Director, Department of Ecology, State of Washington to K.M.
Carr, Chairman, U.S. Nuclear Regulatory Commission, Washington, D.C.

The Washington Department of Ecology notifies the NRC that the state of Washington
intends to petition the NRC for rulemaking concerning the classification of high-level
and "incidental" wastes.

January 2, 1990

Husseman, T., Assistant Director, Waste Management, Department of Ecology, State
of Washington to S.J. Chilk, Secretary, U.S. Nuclear Regulatory Commission,
Washington, D.C.

The state of Washington transmits their petition for rulemaking regarding the
classification of HLW at the Hanford Site. The state of Washington asks that the
NRC revise the definition of HLW to establish a procedural framework for
determining whether certain Hanford Site wastes are HLW or not.

December 17, 1990
55 FR 51732, "Definition of the Term 'High-Level Radioactive Waste,”" Federal
Register.

The above petition for rulemaking regarding the classification of HLW at the Hanford
Site is published in the Federal Register.

March 2, 1993

Bernero, R.M., Director, Office of Nuclear Materials Safety and Safeguards,
U.S. Nuclear Regulatory Commission, Washington, D.C. to J. Lytle, Deputy
Assistant Secretary for Waste Operations, Office of Waste Management,
Environmental Restoration and Waste Management, U.S. Department of Energy,
Washington, D.C.
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The NRC denies the petition for rulemaking submitted by the state of Washington. It
is believed the principles for waste classification are well established and can be
applied on a case-by-case basis without revision to the regulations. The NRC states
that disposal of DST waste would not be subject to NRC licensing based on the
assurance that DOE would segregate the largest practical amount of the total site
activity for disposal as HLW, leaving behind only a small fraction of moderately
radioactive material which would be regarded as "incidental" waste.

March 4, 1993
58 FR 12342, Docket No. PRM-60-4, "States of Washington and Oregon: Denial of
Petition for Rulemaking," Federal Register.

The above petition denial for rulemaking is published in the Federal Register. In the
denial text, the NRC refers to information presented in the March 6, 1989 letter from
DOE to the NRC (see Item 2 above) and states: "The concentrations of radionuclides
in the grout would be comparable to Class C for cesium and transuranic wastes, and
to Class A or B for the remainder." The NRC understood this statement to connote
that cesium-137 and transuranic radionuclides in the residual waste would be less than
the concentration limits for Class C low-level waste, as defined in the NRC’s
requirements in 10 CFR Part 61, and that the concentration of other radionuclides
would be less than the concentration limits for Class A or B low-level waste.
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UNITED STATES
NUCLEAR REGUILATCRY COMMISSION
WASHINGTEN, D, C. 70888

NV 29 s

Roraid £. Gertecn, Dirscesr
Wasta Maracement Division
U.S. Cegartment cf Energy
ichiand Operaticns OFTice
Richland, WA 98382

Dear ¥r, Gertcn:

We have revigwed

(DSSF) wasts, as

Wanford defznse w

The NRC st277 45 in genera) agreement with the basic eiements of ICi's proposad
acproach, In perticular, the KAC staff supperts DCE'S &fferzs in: i) sesking
an NYRC-DOE consensus on the cliassificasien of cubie-shell tank waste; 2) using
the fourse-based cencept 1n classifying wa is HLY er ncn-Hi%; 2) cescribing
tae prior treatment of ary incidental nagiy; ard, &) documenting w2sta

charactaristics pricr to classification, i

Regarding the specifics of the waste classification acprogsh ces¢rited in your
presentaticn, the NRC siaff offers the folfewing ¢ommenis:
(1) The pchosed apprsach stziz ividuzi'waste sir
contributs lass ¢h: percen voitre would nct E ued, The
NRC 52217 disagrees this 2 1t would nct accsunt for .
potentialiy signifizznt lcw vo! 2etivity wasts stréems. We think
1t weuld bs more appropriata to Indivicual waste streems only 4f
they constitute a minimal fract ak zctivity, :

(2) DOE weuld nesd to provide improved Justificetion for referring to a
particuler waste as "{rcidentai® wesie, and this justification thould be
consistent with the criteria proposed Sy KRC in cur last meétfng (see
Enclesure), ; ’

(2} The proposed appreach indicitas that tha cheracteristics of the wasts
in tank 156 AN weuld be documentad in g report and made availeble for NRD
review, 1f O0F decides to procead with syeh & repers, it should be -
provided for cur review sufficiently 1n acvence so agreement can be
reached on the ¢lassification oF weste before 4 is groutad,

(£) For reassrs stated in ser
not support the eslebiishmane
beted dafinition for ALy

the NRC staif does
to devaley 2 risk

As 2 more fundamental cioment on BOZ's preposed adproach, the siaff had hoped
that a determination of the classifieation of DSSF westa in tank 106 AN might
spply to the entirs DS3F cetzcory. We no lenger belieye that this is
practical, Iniormation provided by DCf in our sune 9th mesting indicates that
indfvidual DSSF tanks contain different suftes of wistes, Therefore, the

:

Rl

+
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Porald €. Gerton -2 -

documentaticn and detarmiraticn of wasta classificetion weuld nesd to proceed
on & tank-by-tank basis. Such sn effort would obvicusly require a subsiantial
cormitment of time and rescurces, and shculd be avoidzd if there {s a more
efficéent way to proceed.

ARs an altermetive appro th, we suc::s‘ that DCE attempt an overa]l naterial
balance for HLW at the Han.ord s{te, using the scurce-basad maaning of Hw, It
s hoped thzt this approach might provide a more efiicient means of {dentifying
those wastes subject to licensing by NRC under tarms of the 1874 Energy
Recrganizaticn Act. Under this apprzach, if DOE cou'd cemcnmstrate thit the
largest practicz? amount of the total site ectivity attributable to
"first-cycle soivent extricticn” wastes has been secregatsd for _Cisposal as
HLW, then the NRC would view the residual as a non-Flx. k2 would an‘1c|;=*e
that ot 1e.sh 90 percent oF the activily would Reve been sepivated in this way,
Thus, 17 it cen be shown that DOE has procassed the weste with the {ntent to

ispose of the MLW in a regosi {tsry cr other ap DFO"F:A.E licensed fuci11~y
.Pavwng bzhiad only a smail fracticn ¢f caly moder ,y regioactive meterial,
then the gezis stated {n 10 CFR Part 50 Appendix F end 1nco porated in the
Energy Reorganization Act wouid have baen saiisfied; and the dis‘*tcl of the
resicual would zccord dingly not be subject to ﬁAC "cer=11g

I hcp= that these cooments are heipfyl
of DSSF and other double-shel) tink was
questions on this matter or would like
implement:iticn of this alternasive, nle

§3¢-05¢0.

to you in reszlying the c]a*s ficatiea
tes at Hanford, If you have any

t6 arrange a-”ee‘fng to diszuss the
ase feal frez to contact me on FTS

Sincerely,

/qﬁ./f ACfsa.nrcAL__

Michasl O, 5211, Chief

Recuiztory 2ve r'h

Divigion of Low-Leval Has‘e Management
and Bec'"n1>sicn1ng .

Cifice of Ruclear Materiais Safety °
and Safaguards : :

Encliosure:

I~
n
“
'
I
g
w
[¥9
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SUGGZSTED CRITZRIA FUR CLASSIFYING
DECCHTAMINATED SALTS AS INCIDEWTAL WASTES
(1) SEPARATION PROCZSS WUST REPRESINT 8000 FAITHY EFEdRT TO ACMIZVE
TOTAL ISOLATICH CF KLW FRCK KONRADICACTIVE sALTS.
=~ CCNCENTRATIONS OF RADISHUCLIDES 1y SALTS SHOUﬁﬁ BE
COMFARABLE 70 CONCENTRATIONS OF OTHER LCW-LEVEL WASTES
(NOT JUST ZELOW THE CLASS LIMiTs), i :

== TOTAL ACTIYITY CF A GROUT DISFQSAL FACILITY SHOULD 8E
CCHPARASLE 7O THAT CF OTHER LIy DISFOSAL FACILITIES.

-- AN CYERWKELMING FRACTION {LE,, ex3) ¢F T3z TCTAL ACTIVITY
SKOULD BE CAPTURED IN THE HLW FRACTICH, SO THAT THE TOTAL
INVEXTORY CF ACTIVITY iN saguT pocs NOT DIFFER GREATLY FROM
THE TOTAL INVENTCRY CF ACTIVITY AT £ TYPICAL LLYW DISPOSAL
SITE. L :

(2) A5 A PRACTICAL MAT
1

VTER, THE "500D FAITH®
TO BE JUDEED BY CONSIDER!

(3 EFFCRT WILL LIKELY NEED
HE ALTERNATIVE SZPARATI

ON PROCESSES,

FET AVRMARIE COPY
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Depariment of Energy

Penians Inecsiory Cllice

MAR 06 983

Mr. Robert M. Bernero, Director

Office of Nuclear Materials Safety
and Safeguards

U. S. Nuclear Regulatory Commission

Washington, D. C. 20853

Dear Mr. Bernero:

Members of our staffs have tesn mest: 9 to discuss the classification and
disposal of the Hanford double-she tank wzstes. The central) issue is the
definition of high-lavel wzsts (HLW}, ang the application of the HLW
definition in the Hanford Dafen itste Environmental Impact Statement.

Over forty-five years of Hanfor stions have resulted in mumerous waste
streams, involving sever:l tresa activities. This makas classification
of wastes somewhat comp Varicus zporozches have been ciscussed in detail

to resolve the classificztion jssue. The alternate approach suggested in

the November 29, 1988, jetter from Mr. Michael J. Bell of the Nuclear
Regulatory Commission (NRC) to Mr. Ronald E. Gerton of my staff, on
classifying the fraction of Hanford’s double-shell tank waste planned for
disposal by grouting in near-surface vaults, appears to us to be the
appropriate way to proceed. This épproach utilizes an overall material
balance of tank waste at the Hanford site to demonstrate that the largest
practical zmount of the total site gctivity attributable to "first-cycle
solvent extraction" wastas has been segrzgated so that only the residuals

will be/grouted. ;nﬁ/ﬁ/gg

An overall radicnuclide material balance for all Hanford tank wastes has

been prepared and is enclosed. In addithon to the HLW, we have included other
liquid wastes {low-level waste (LL¥) and transuranic waste) which have entered
the waste tanks, however, their radionuglide contribution (in curies) is

small as compared to the HLW strezms. ..pjs;ma}eciql;b;langm;hQWS 3-5% of’ '
thefkg);fadipgyc1iggs_wﬁjch;gqtered_the:t}nkﬁ“vﬁ1l'be disposed as LLW in near-
surfacs ViuTts when the CeubVEShEITt3RK wastes are grouted.! The

concentration of radionuclides will be comparable to Class C for cesium and
transuranic, and to Class A or B for the remainder. The total amount of

such waste will be greater than the amount of Class C waste that might be
contained in a typical commercial burial ground. It is our understanding

that the NRC’s concern over the amount of Class C waste is related to the
possibility of intrusicn and the degres of institutional control to be
maintained. Hanford’s greut disposal system will provide excz1lent protection
against intrusion since the grout vaulis are a solid concrete mass that will
have a muitilayer enginzsrsd barrier on top. In addition, Hanford, as a
dedicated government facility, shculd have a greater likelihcod of maintaining
institutiznal controls <=r relatively long times.

LET AVAUABLE COPY
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Mr. Roter:t M. Bernero -2-

Based on ccnsideration of altzsrnative semarstica procasses, and to meet the
suggested criteria of segregating the largest practical amount of activity,
the Department of Energy, Richland Operations Office, proposes to remove
additional radionuclides from the double-shell tank waste for disposal as
HLW. Specifically, we will remove at Jeast 95% of the Cs-137.from the
complexant. concentrate waste. This will reduce the 3- % matérialbaldnce="
values td"2-3%. o

We beliave that the dats in the znciosurs and discussed in this Jettzr
gemonstrzt2 that the doudble-shail tank waste nlznned for disposai by g¢routing
in near-surface vaults is not HLW, zad that NEC licensing is not required.

we awaii your concurrence so thzi we can proceed with this vital waste

disposal program.

I you shculd have any questions or comn

feel free to contact me
or Mr. Renald E. Garton of my staf?

3
<

WMD: PKC

Enclosure:
Radionuclide Material Balance
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Forlosure |

HANFCRD TANK WASTE RADICRUCLIDE MATERIAL BALANCE

INTRODUCTION

At the Hanford Site, reprocessing of irradiated nuclear fuel started in

1944. Three uranium and plutonium recovery processes have been used:. bismuth
phosphate, reduction-oxidation (REDOX), and plutonium-uranium extraction
{PUREX) .

Each of these facilities generated a source-based high-level waste strezm
(first-cycle waste from rescovery orocess) and several lew-level waste st
including sump wastes, miscellaneous wastes, organic treztment wastas, znd
decladding wastes.

Supporting operations such as plutenium purification (Plutonium Finishing
Plant), equipment decontamination (T Plant), and on-site laboratories genarz:
transuranic (TRU) and low-level waste. Decontzmination cperations in the
Department of Energy’s nuclear resctor (1 Reactor) also produce low-leve!
waste. Theses Jow-level wastes znd the treated Tiguids fiom the processas
described below have routinely besn concentrated in evezporators to reduss
the waste volume to be stored. The process condensates were discharged to
ground (typically after ion exchange to remove entrained Cs-137) while the
concentrate is stored for later grout disposal.

The wastes are currently stored in underground single-shell (SST) and
double-shell (DST) tanks. The SSTs have been removed from actijve liquid
waste service (some residual liquid is still being removed). The DST wastz
inventory will be feed to the grout and vitrification disposal processes.

WASTE PARTITICNING

First-cycle waste generated prior to 1983 has gone throuch a combination

of treatments such that the supernate of the treated waste is considered
Tow-level waste. The treatments include neutralization/decantation, cesiun

removal, and strontium removal (see Figure 1).

Neutralization/Decantation

A1l facility wastes stored in underground tanks have always been neutralizas
with sodium hydroxide to a caustic endpoint. The neutralization precipita
the actinides and the bulk of the fission products including strontium-S0
{Sr-20). The solids settle in the 75-foot diameter tanks and form a sludgs
layer. Important radionuclides that are primarily solubl: and remain in the
alkaline supernate are carbon-14 (C-14), technetium-99 {Tc-99), iodine-122
(I-129), and cesium-137 (Cs-137).

The settled solids remain in the tanks when the supernat2 is decanted and
transferred for further processing. Special efforts such as sluicing or
agitation with mixing pumps are required to transfer the settled solids.
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Cesium Remgoval

Cs-137 has bean remgved
¢ycle wastes from tha 5
ferrocyanide in the mid-
tanks.

i iuizzrnate via severa) procassas. The Tirst-
: .2 process were treztzd with nicks!
50s to precipitate the cesium in some single-shell

=)

xr
3 —
Al
0

The alkaline supernates generated by the REDOX and PUREX plants prior to 1968
were processed in B Plant for cesium removal by jon exchange. This process
will also be used to remove cesium from PUREX Plant alkaline supernates
generated since 1983. During the period from 1968 until the PUREX Plant
shutdown in late 1971, the acidic PUREX Plant HLW was routed to B Plant
without neutralization. A phosphotungstic acid (PTA) precipitation process
was then used in 3 Plant to remove the casium.

The cesium recoverad in 3 Plant was purified and doubly encapsulated for
long-term storage. This cesium wiil be disposed in a geolegic regository.
Strontium Removal

As discussed previousiy, the routine neutralization/decantation of first-
cycle extraction wasts provides & $r-80 and actinics separatien. However,
sore first-cycle extrzziien wastz had further streatium removel performed.
The Sr-30 in acid PURZY L HLY w2s removed in 8 Flant viz = solvent
extraction process concurrently with the cesium PTA precipitation. The

B Plant residual wastes wers then neutralized and routed to the underground
storage tanks.

The settled siudge preduced from the neutralized PUREX Plant first-cycle
extraction waste prior to 1968 was sluiced, acidified, and processed for
Sr-90 removal via the B Plant solvent extraction process.

The strontium recovered in B Plant was doubly encapsulated for long-term
steraze.  This strontiva witl alss be disposed in a s20lcgic resository.

The ‘PUREX Plant HLW siudge (contzining the Sr-30 and transuranic nuclides)
generated since the 1383 restart will be separated from the supernats. The
sludge, along with Cs-137 removed from the supernats, will be incorporated
into glass in the Hanford Waste Vitrification Plant (HWVP) for disposal in

a geologic repository.:

The organic complexants used in the B Plant solvent exiraction process to
recover strontium tend to solubilize the strontium and actinides and inhibit
their precipitation. The complexant concentrate (CC) waste contains the bulk
of the waste from 3 Plant strontium recovery and will se treatad in 3 Plant
with the transuranic-extraction (TRUEX) process to remove transuranics {TRU)
which will be routed to HWVP for disposal in a genloaic repositery.

The sludge from the PUREX Plant neutralized cladding removal waste {NCRW)
and the solids from the Plutonium Finishing Plant (PFP) wastes ccntain
greater than 100 nCi/3 TRV nuclidss. Thesa sludges wiil also be trested
in B Plant with the TRUEX process to remcve TRU which w311 be rguted ta

AWVP for disposal in a geologic repository.
RLE COPY
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| HANFORD
WASTE PARTITIONING

LOW LEVEL (INCIDENTAL) WASTES

/ TO GROUND
N

TO GROUT DISPOSAL\
A

4 hYd N
EVAPORATCR DECONTAMINATED
OVERKEAD NCAW SUPERNATE

CCNDENSATE  MISCELLANEOUS

- DSSF  TRUEX
| EmR W oam
TREATMENT PROCESSES
HANFORD
FACILITIES o NEUTRALIZATION
- o SETTLE/DECANT
o FILTRATION
o REPROCESSING o NiFe(CN)g PRECIPITATION (Cs REMOVAL)
PLANTS 7] o PTA PRECIPITATION (Cs RECOVERY)
o ION EXCHANGE (Cs RECOVERY) o
o PLUTONIUM © SOLVENT EXTRACTION (Sr RECOVERY)
FINISHING o SLUDGE ACIDIFICATION (Sr RECOVERY)
PLANT o TRUEX (TRU REMOVAL)
_ o CONCENTRATION
TRUEX
CONCENTRATE
(TRU)
RECOVERED Cs FROM PRECIPITATED
NCAW SUPERNATE AND WASHED
ION EXCHANGE SLUDGE
\ (St AND TRUJ
(E-; E'gé%TerY VITRIFICATION
QCAPSULATED) /
TO GEOLOGIC REPOSITORY
FIGURE 1
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RADIONUCLIDE MATERIAL BALANCE

The estimatad percentage disposition of ths Sr-30, Cs-137: TRQ nuclides and
total activity from Hanford reprocessing wastes is shown in Figure 2.

The bases for the radionuclide inventories used to calculate the percentages
are estimates of the radionuclide inventory that entered the SST and DST
wastes prior to 1983, the measured inventory in strontium and cesium capsules,
and estimates of the radionuclides in wastes produced after the PUREX Plant
restarted in 1983.

The pre-1983 SST/DST estimates are from the Hanford Defense Waste Environmental
Impact Statement (DOE/EIS-0113) and the Hanford input to the Integrated Data
Base (IDB) document for 1¢23 (DCE/¥1-0006, Rev. 4). The I0B document was the
source for the strontium/cesium capsule invantory. Both documents used the
Track Radiozctive Components {TRAC) System as the primary source for the
radionuctide inventory in the Hanford tanked waste. 1Input data for the TRAC
System were historical reccrds of rezctor, reprocassing, and waste manzgement
operations. The computer programs RIED-2 and DCCOE were used to calculate
the radionuclides in the irradiatad reactor fuel. The TRAC mode} then used
these inputs to calculate the waste generated by the reprocessing plants as

a function of time and follew the waste through the various waste menagement
processes and transactions o arrive at the fina} waste tank inventories.

The radionuclide inventories for post-1583 wastes wers estimated using the
ORIGEN-2 computer procram to calculate the radionuclides in all irradiated

N Reactor fuel to be reprocessed following the 1983 restart of the PUREX
Plant. The PUREX Plant, waste management and planned B Plant pretreatment
flowsheets were used to estimate -the partitioning of the radionuclides between
HLW (HWVP feed) and LLW (grout feed).

The radionuclide inventories as shown in the EIS and ID8 documents are best
estimates but are subject o uncartainties because of factors such as:

o incomplete/inaccurate records dating back to 1944;

0 the use of bounding fuel impurity limits to calculate maximum
activation products, i.e. C-14, since actual analyses are
no longer available; and

o incomplete understznding of the chemistry and resulting
pathways of some elements in the reprocessing and waste
treatment processes.

Ideally, actual analytical data for all Hanford tanked wasta would be
availzble. A1l grout and vitrification feeds will have such analyses before
they are processed. However, only limited 2nalytical results are currently
available. These analyses indicate that the total Cs-137 that may exist in
grout feed could be as much as 20 million curies (Ci) vice the 12-13 million
Ci which is the basis for the 5-6% range shown in Figure 2. (Both of these
inventories are corrected for decay to the end cf CY 1995.)

SARIE COPY
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PLENNED PRETREATMENT OF GRCUT FZIZDS

Prmrel ter fiur of the stcred HManford wzzia tyoes
2 grout feeds. These wast2 tyses are
thz neutralized current acid waste (NCAW-PUREX Plant first-cycle extraction
waste), the neutralized cladding removal waste (NCRW) solids, the Plutonium
Finishing Plant (PFP) waste solids and complexant concentrate (CC)

The NCAW will be transferred to 3 Plant where the solids containing the Sr-90
and actinides will be removed and the clarified supernate ion exchanged for
Cs-137 removal. The washed NCAW solids and the recovered Cs-137 will be
routed to HWVP and the decontaminatad surernate stored for grout fead.

The NCRW and PFP solids are TRU wastes. These solids will be transferred to

B Plant, dissolved in acid and then trezted using the TRUEX extraction process.
The TRU concentrate from the TRUEX process and any undissolved solids will be
routad to HWVP.

e
~

Scmez stored complexant concentrzta is TRU waste. Prasznt plans ars o5 treat

i the CC in B Plant for complexant destructicn and then TRU removal by the
X process. The TRU concentrate and any undissolved solids will be routed
VP. These plans mzy be medified if further charzciarization determines
=2 of the wastes are non-TRU or that cemplexant desiruction is not required.

The non-TRU wastes from the above pretreatment processes are considered to be
suitable LLW grout feeds. Waste solids would be routed directly to a grout
fesd tank while the supernates may be further concentrated.

No additional treatment is planned for double-shell slurry feeds {DSSF) = - The
DSSF is produced by evaporation of the dilute Hanford LLW; e.g. NCRW supernate,
PFP supernate, PUREX and B Plant miscallaneous wastes, pretreaztment wastes

anc SST resicual liguids.

Alzfiional trezeisant of Coubiz-sszdl s"arry {D83) is ast plaarzd.  The 1S5

is produced by further concentration of DSSF past the sodium aluminate phase
boundary. This stored waste contains solids and dilution/dissolution will be
recuired for retrieval. .

POTENTIAL ADDITIONAL RADIONUCLIDE REMOVAL

Estimated curias dispoﬁad to grout for key radionuclides are shown in Tadle i.
The incorporation of these nuclides into grout would result in radionuclide
concentrations comparable to or below Class C,(lOACFRvGI).LLw;

The estimated concentrations of C-14 and 1-129 in the grout would be
coiiparable. to Class A (107 CFRVEI)¥Yimits™ There ‘is no viable technology
available to further remove these nuclides from the large volume of

grout feed. As previously indiczted, ihe inventory of C-14 is probebiy
overstated. The estimated maximum concentration of Tc-99 in grout feed

(in the pretreated NCAW supernate) would be near or slightly above the
Class A limit. Additional removal of ¥¢-99 via 2n ion exchange process is
theoretically possible. However, further removal does not appear practical

£r cost effective. Accordingly, no pretreatment for removal of thesa nuc)ides

1% pranned. D237 BVAILABLE COPY
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Transuranic wastes will be pretrezted for TRU removal. The treated grout
feed would be comparzble to WAL Class

5 0 LLW.

The inventories of Sr-20 and Cs-137 dcminate the estimated total activity to
be disposed to grout. The inventories of these nuclides estimated for grout
disposal are not significant in the Performance Assessment for grout due to
their relatively short half-lives (Sr-%0 = 28.5 years, Cs-137 = 30.0 years).
The estimated maximum concentration of Sr-90 plus Cs-137 in grout would be

a factor of approximately 30 below the Class C LLW limit. However, possible
additional removal processes were examined to assess the practicality of
further removal of these nuclides from grout feed.

The Sr-20 inventory estimates arz uncertain. Sut the bulk of this nuclice

is in the complexant concentratz {CC) which czntains a large fracticn cof

precipitated solids. The CC is trzatzd with the TRUEX process to reducs

the quentity of solids routed <3 =wVP for irccrperation inte glass. After

acidification of the CC in 8 Plarnt to dissolva solids, complexant destruction,

and TRU removal by the TRUEX nroczss. the Sr-20 would remain in soluticn.

It then would e routed to grout ~ith the TAUEX waste. If it is necasszry

to remave the Sr-S0, the TRUEX rrzcess would =ct be used but rather ths Sr-20

and TRV solids would be routed *s 2 by = Tization/precipitatien afeer
#:nt destructicon, He: 2 of vitrified waste would

ased {approximately 2 H

would Ze incurrzd, i is Sikzly o

to reduce these additiona} velumes

processas couid be dz,eicpes

siternetiv

d costs.

3 e

Smaller quaniities of Sr-50 are contained in the DSSF. The presence of low
concentrations of ccmplexant in the DSSF precludes further Sr-90 removal by
precipitation processes. Destruction of the dilute complexant in DSSF 4in

B Plant for Sr-90 removal would delay the grout program by about 5 years
while process equipment was desicned, fabricated and installed and the initial
grout Tzed batch was srocesssad. The complexant destruction would reguire
approximately four years of 3 2l:int cporaticn ind increzse 8 Plant znd HWVP

Ofperet g costs 120 to 2030 =473 Seitars,

The cesium nickel ferrocyznide precipitation process used previously in
Hanford SSTs could effectively remove Cs-137 from tanked waste. However,
the ferrocyanide precipitate, if routed to HWYP, could result in potential
explosion hazards and metal phasa production in the glass melter which would
not be *oleratad. '

The presence of pctassium in some Hanfard CSIF precludes the use of the SRP
procass of cesium tetraphenyl boron precipitation since the potassium would
be co-pracipitated-with the cesium. At least iwo orders of magnitude more
tetrapnenyl boron (i.e., thousands of tons) would be required for treaiment
of the Hanford wzste as comparad to the SRP waste, with the attendant
preblems involved in handling this benzene cempound.

len exchengs remains as thz enly technically vizble process for removing the
Cs-137. Use of this process is already planned for the NCAW supernate, with
startup scheduled for 1922 in B Plant.” The process could be used on other
grout fesds, but there 2 tining and logistics problems. If ion exchange
removzl of Cs-137 wers fylly utilizad for &)% g-out faeds, the volume of ion
exchance feed would increzsz from zhcut seven miliion 9allons to approximately

70T TUARLE COPY
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ESTIMATED RADIONUCLIDES DISPOSED TO GROUT

Nuclide hio|
C-14 0.0027
Te-83 0.016 - 0.028
I-129 33 x 1078
Sr-gCc* -3
Cs-137~* 12 - 13
TRU 0.002 - 0.01
Total Activity** 13-- 21

*The Sr-90 and Cs-137 curies are decayed to the end of CY 1995

**Total activity takenm as sum of Sr-90 pius Cs-137 since these two
nuclides (and their daughter products) dominate the tota) inventory.

T PR ARIE COPY
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35 million ¢ ons. This increasad voiume represents approximately 15 years
addi 1 eozrsts iorf sizn or 10 yairs
: . g 3=
scditicnal scerati d e

increased atout 1

If the tanks that are now available for grout feed are held for ion exchange
processing (which cannot start before 1992), the grout program would have

to shut down. These tanks then would not be emptied and made available to
store waste currently being generated. A waste storage space shortfall would
result. New waste storage tanks could not be provided in time to support
Hanford programs, including removal of resicual ligquids from SSTs and
production operations.

Full ion exchange treatment of all grout feads wculd route approximately
12.8 MCY of Cs-137 to glass rather than grout. This would reduce the tptal
radicactivity disposed to grout by about 51%. Howaver, Cs-137 is not the
radionuclide of primary concern for the grout lcng-term performance
assessment, and the Cs-137 removal would not significantly enhance the
safety of the grout disposal system.

The cost for Cs-137 removal from HCAW Supernate in B Plant will pe
approximataly $3/Ci (allecsted operating cos*). The estimated RCM costs
{incremental capital nlus 21located operating) for Cs-137, Sr-20 removal
from the remaining grout fzeds are as follows:

Cs-137 Removal MCi Removed $/Ci
DSSF/DSS ’ 6-7 25-30
cc -8 -8

Sr-90 Removal
DSSF/DSS 0.
cC ]-

The zztvs c3sts would increiza i d
schecdules (e.g., PUREX, B Plant, HW
time for a facility was unavoidable.

CONCLUSION

As discussed previously, delaying the grout processing of currantly availeble
feeds, i.e., DSSF/DSS, will severaly impact Handord site pregrams.  Keowever,
pretreatment of the CC in B Plant is not scheduled to begin until CY 2000.
Thus, time is available for flowsheet development and design/instaliation of
additional equipment as necessary to remove. Cs-137 from the CC. The ramoval
and vitrification of the Cs-137 From CC is expected to result in l2ss than 10
additicnal canisters for repository dispesal, a minimal impact. Figure 3
shows that if the approximately 6 MCi (s-137 contained in the CC is remeved,
the percentage of Cs-137 and total activity in the greut would drop 4
approximately 3% and 2-3% respectively. This zdditiona) pretreaimeni is now
being proposed. -

It is concluded that with the addition of Cs-137 rezoval frem CC, the plenned
grout feed pretreatment represents a "geed faith® effort to maximize isolation

of HU4 from Hanford site LLW.
LLIT TVRILABLE cOPY
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UNITED STATIS
. NUCLEAR REGULATCRY CTMMISTICN
WASNINGTEN, 2. € J0SBE

!
/ |
|

SEP 1§ %

4

Mr. A. J. Rizzo

Assistant Manager for Cperations
U.S. Departzent of Energy
Richland Cperations Ofiice

P.0. Box 530

Richland, Washington 86322

Cear Mr. Rizzo:

. .
We have raviewed your ler: 89
classification and dispesa ble-
leztar and supporiing iniorm th
planned for disgcszl by ¢rc ce
wasta (KLW¥), and thet U8, ! na.zry Cc.‘_.
is nct reguired. Yeur Jetter uests NRC coneurr

"As ycu kacw, our siziis have met on se vev"! oczasions cver the past yezr
in an effort to detzrmine which of the Hanford tank wasies ire properly
classified as HLY. We consicer that the appncab?e definiticn of HLW,
for purpeses of clessitying the Kanford tznk wastes, is that set ferth in
10 CFX Part 50, Appendix F. ..e'i.‘iczﬂy, HLY is defined s ":.ofa
aguecus wastes resuliing frem the cperaticn of the First cycle salvent
extracticn sysiem er equivalent, and the cencantrated waste from
subsequent extracticn cycles, or e“uwa‘iem, in a facility for
reprocessing {rradiated rez cor fums. \

The rulemzking record for Apgendix F speci 1c.17v recsgnizes a aumter of

“inciderital,” nen-HLY waste sireams associated vuth repro':ﬂss‘rg plent
operaticns, These include clnd..,m; hulls, icn exchange media, sludges,
and misczilaneous trash cenerated during reprocessing opev-zncrs. Not
mentioned, however, are wastes resulting from further processing of HLW
(e.g., volume recuctwn) or removing ncn-radwacnve materials that were
added to the HLW for izproved processing and/or storage (e.g., the
additien of alkaline mater{al ts neutralize acidic HLN). At fest Yalley
and the Savannah River Piant, NAC has dgreed that such wastes are not
HLW. At Hanford, the question of wasis classification (=nd NRC licensing
autherity) hes been complicated by the mixing of wasta frem various
scurces over the past 45 yesrs. This mixing has c¢hznged the original
characteristics of the wastes znd has resyited,” in scme cases, in the
-mixing o KLY ard lew-level wzste {LI¥). Caonsequently, it is ncw
difficuit to directly diff e'e"““ﬂ tetween HLY and LLW, using the
scurce-dasad definiticn of Appendix 7. -

n- =]

u-x'.qr_) \,' e

oCT- 2 BB

W
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Hr. AL J. Rizzo -2-

In e2riier zeetings ¢f cur staf¥s, criteria were suggested for
cetermining when such wasies shouid be classified as *incidental® yast:s
ratier than as HLW, and these criteria were decumented in our lettar et
November 29, 1S82. Yeur March 6, 1989 letter recsrds U.S. Deparwent of
Energy's (DCE's) agpiication of thess criterda. . Ipecifically, your,
letter proposes that the bulk of the key radionuciides (1.e., strentium,
cesium and transyranics) weuld be saparatad for Gispesal in 1 geologic
rencsitory, £o that cniy thres to five percent of the original
inVentories of these radicnuciices would ke dissosed by greuting in
‘ne2r-surface vauits. Your lettzr also states tSat the ¢cneentraticn of
radicnuclides in the greut wiil be comparzble t3 Class € LLY as defined
by 10 CFR Par: 61 for czsiunm &nd transeranics, end to Class A or § for
the re Finaily, your letier evaiyates the practicability and
cosi-27Tectiveness oF additdenzl racienveiids removal. An additicnzl
separation procass, beyond thesa originally contemplated, was found to be
tost-eriective for racoval of an additicral six aillien curies of cssium.
LIRTSTS%85 weuld further reducs the tota) activity disposed in the grout-
Facility to two to threa percant of the inventory of: HLW that originaliy
gotared the tanksT [0Z s now propesing to perforz this‘additional
tradionuclice remcval {5 impreve the isolation of KELW. The NRC agrees °
that the critria’vsed by DCE for classificaticn of the grout Yeed as LLW
are appropriate. efore, the grout facility:for the dispesal of the
deuble-shell tank westz wouid not be subject to' our licensing avthority.

Your letier indjcztas that the radicnuciide inventory is zn estimate
based on existing computer mcdels, rather than 2etual analyses of tank
waste, Eiven the unczriainty in the actual radionuclide invantsry, we
endorse your plans ts szmple and analyze the grout feeds before disposal
in an effort to conirol the final composition of the grout feed. (If:in i
LEhe. coursa of condycting this sampling program,! vou find that the
&ipy;ientoy'es,ofégeygr dicnuclides entering the grout facility are
. STGRIFTCANtIy higher " than you now estimate, you should notify us so that
“the classification of the waste can beé Feconsidered."The NRC requests
that DOE periodicilly submit surmaries of the enalytical results of all
the szmples ta NRC and other affecied parties in a timely manner.

Our position on tie couble-siell tank wasta should not be interpreted to
reflect a decisicn on disposal of single-chell tank wasta or to establish
a precadent in any other contaxt. e intand to defer Judgment on the
ciassificztion of single-¢heil tank waste unti} afier DCE has cczplieted
its program of charzezerizing this wasta, We anticipate that fima) .
documentaticn wiil be issued for public comment before a decisien is mace
on the disposal of single-sheil tank wasta.

n
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] B
Mr. A. J. Rizzo S
1f you should have any questicns or csmments abeut this letter, pleasa
cantact ze or Ir. Michael J. 2eil, Chief, Reculhary Sranch, of xy
staf? at (301) 482-0850. .

’Sinc-rﬂy,

2 (L

Retert M. Serner9, Director
0ffice of Nuclear Matarial Safety
and -u.é"L(’.TGS
cc:  Terry Fusseman !
WA Depnr sent of £calogy
William Don Tahkez!
Yaxima Indian Natien :
Jef? Breckal :
Oregon/washingten Liaisen

prot ARARLE COPY
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CRSTIE O. CRICORE
Dwecior

STATE OF WASHINCTON

DEPARTMENT OF ECOLOGY
Mad Siop PV-11 o Olyrmpu. Wishigion 983046711 o (206) 4556000

November 17, 1989

The Honorable Kenneth M. Carr
Chairman

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Chairman Carr:

The purpose of this letter is to notify you that the state of Washington
intends to petition the U.S. Nuclear Regulatory Commission (USNRC) on a matter
of great importance. Specifically, this petition for rulemaking (under
subpart H of 10 CFR Part 2) will address the USNRC’s approach to the
classification of high-Tevel and "incidental” wastes. Through it, we intend
to stress the need for a credible definition of "incidental” waste, one which
is based on a thorough and sound technical evaluation, and which is subjected
to independent peer review and close public scrutiny.

This action is being prompted by a number of discussions and correspondence
between our respective staff. Most recently, on August 4, 1989, Washington
Department of Ecology staff met with USNRC staff to review a March 6, 1989
U.S. Departrene of Energy (USDOE) proposal concerning the classification of
high-level wastes as it relates to USDOE's Hanford double-shell tanks.
Following this meeting, Terry Husseman of my staff summarized our major
cenclusions, comments, and concerns in an August 15, 1989 letter to Robert M.
Bernero (USNRC). } ’

Mr. Bernero’s response was contained within letters dated September 25, 1988
to Mr. Hussemzn and to Mr. A.J. Rizzo of the USDOE. In summary, Mr Bernero
declined any USNRC oversight role at Hanford, and changed the classification
of some Hanford double-shell wastes from high-level to low-level waste
(letters enclosed). Our.request thzt the USNRC define its actions through
publication within the federal register, and through appropriate opportunity
for public comment was also denied. It is our feeling that the USNRC, as the
agency responsible for the licensing of high-level radioactive waste disposal,
should reconsider this action. |

I want to emphasize that USDOE’s noted 2pprozch to the management of its tank
wastes (March 6, 1989) is generally consistent with the terms of the Hanford
Feceral Fzcility Agreement and Consent Order. As such, moving ahead with the
grout disposal program is essential to Hanford cleznup, and care should be
taken in order that this program not be delayed by legal challenges or because
of 2 lack of public participation.

BLeT AVANABLE COPY
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The Honorable Kennein m. carr
November 17, 1589
Page 2

‘We believe that issues relating to; the classification and management of these
wastes, the appropriate level of USNRC involvement, and associated public
participation, are too important to be implemented by letter from Commission
staff.

I have consequently asked my staff to prepare appropriate petition
documentation, and hope to submit it to you no later than January 1, 1890,

If you have questions or comments regarding this issuve, please contact me or
Mr. Terry Husseman at (206) 459-6168 and 459-502% respectively.

Sincerely,

i/g N z,‘/i- -
Christin: 0. Gregoire { {
Director

"Enclosures

cc:  Samuel J. Chilk
Dan Silver
Mike Lawrence
Robie Russell

BEST AVAILABLE COPY

A-25



WHC-SD-WM-TI-699, Rev. 1

CHRETINE O. QRECOIRE
Owreqior

STATE OF WASHINCTON

DEPARTMENT OF ECOLOGY

Mail Stop PV-11 e Olympia, Washington 985048711 e (206} 4556000
January 2, 1990 ’

Mr. Samuel J, Chilk, Seeretary
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

ATTENTION: Chief, Docketing and Service Branch

Dear Mr. Chilk:

The purpose of this letter is to transmit to you our petition for rulemaking (under subpart H of 10 CFR
Part 2) regarding the classification of high-level radioactive wastes at the U.S. Department of Energy’s
Hanford site. Please also refer to my November 17, 1989 noticz of intent which was addressed to Chairman
Keaneth M. Carr of the Commission.

Note that the enclosed petition represents the combined views of both Washington and Oregon, and of the
Yakima Indian Nation. We each look forward to working with you and Commission staff on this very
important issue.

Sincerely,

! —ZH Wadtmien
Terry Husseman
Assistant Director
Waste Management
TH:kji .
¢ Oregon and Washington Congressional Delzgation
Dan Silver
Michacl Lawrence
David Yadea
Cecil Sanchey
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION
BEFORE THE COMMISSIONERS

PETTTION FOR RULEMAKING

AND
REQUEST FOR INSTITUTION OF A RULEMARING PROCEEDING

The states of Washington and Oregon, 2nd the Yakima Indian Nation ("Petitioners”) hereby respectfully
request and petition the Nuclear Regulatory Commission ("the Commission”) to exercise its rulemaking
authority, offer adequate iry for public commeat, and adopt a regulation concerning classification
of Hanford bigh-level radioactive wastes curremtlystored in retrievable, striace, storage facilities,

Proczi 2ss are found at 5 U.S.C. Section 533 and 10 C.F.R. Section
2.800-2.809.

I_Proposed Rules

The petitioners ask that the Commission amead 10 C.ER. Part 50 to add language glarifving that all
Hanford double-shell tank wastes are high-level radioactive waste, unless the Commission oz a tank by tank
basis determines the following: —

L Thatthe US. Department of Energy (USDOE) has demonstrated that the largest tecknically
achievable amount of activity from each rank has been isolated for vitrifieation prior to permaneat
pos

2. That the heat produced by residual radionuclides, togetber with the heat of reaction during grout
processing, will be within Jimits established to ensure that grout meets temperature requirements for
long term stability for low-leve] waste forms.

3. Thatacy other pretreatment processes (¢.g. TRUEX) have undergone appropriate evaluation by the
Comumission prior to implementation.
sty

II_Grounds and Interest

This rulemaking petition is based, in large part, on Section 202 of the 1974 Energy Reorganization Act,
which defines Commission authority over retrievable surface storage facilities and other facilities
autborized for the express purpose of subsequent Jong-term storage of high-level radioactive waste
generated by the Administration, ‘20w Department of Ezergy) which are not used for, or are part of,

research and development activities. The grounds and interests of the state are based on the following facts
and issues: .

1. The USDOE publication titled Integrated DataBase for 1988; Spent Fuel and Radioactive Wagte

. Inventories, Projections, and Characteristics states that high-level waste (HLW) which is generated by
the reprocessing of spent reactor fuels and irradiated targets, generally contains more than 99 percent
of the noavolatile fission products produced in fuel or targets during reactor operation. The HLW
{rom a facility that recovers uranjum and plutonium contains approximately 0.5 percent of these
clements. The inventories of HLW that is in storage in the 28 Hanford double-shell tanks at the end

BEST AVAILABLE COPY
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Petition for Rulemaking

Page 2

of 1987, contained 116,000,000 curies in 19,400,000 gallons (73,400 cubic meters) of waste. Thus, it is
dlear that even USDOE now recognizes that the double-shell tank waste is HLW.

2

HLW was first defined in 1970 by the Atomic Energy Commission (AEC) in terms of the source
of the material rather than by its hazardous characteristics. The AEC defined HLW as:

"those aqueous wastes resulting from the operation of the first cycle solvent extraction system,
or cquivalent, and the concentrated wastes from subsequent extraction cycles, or equivalent in a
fadlity for reprocessing irradiated reactor fuels.” .

35 Fed. Reg. 17530, 17532, Nov. 14, 1970. 10 CFR Part 50, Appendix F. This definition of
HLW bas not beea changed and both USDOE and the Commission currently utilize this
definition.

Over the last 45 years, mixing of wastes from differeat sources has complicated the classification
of Hanford tank wastes, including double-shell tank wastes. Moreover, radionuclide inventories
are estimates, and subject to substantial uncertainty. Variables include incomplete and
inaccurate records, the lack of actual fuel and/or waste analyses, and incomplete understanding
of the chemistry and pathways in reprocessing and waste treatment processes. Thus, neither
USDOE, the Commission or the petitioners bave adequate information regarding the
radioactive portion of the double-shell tank waste.

USDOE plans to pretreat Hanford double-shell tank waste in order to partition wastes into a
“high-level” portion for vitrification and a low-level or “incidental” portion which will
subsequently be disposed of at the Hanford Grout facility (curreatly under construction).
USDOE estimates that from a minimum of 13,000,000 curies 1o more than 21,000,000 curies will
be disposed of at the Grout facility.

The petitioners have a strong vested interest in the sale, permancat disposal of Hanford high-
level tank wastes. There is zreat uncertainty at this time, concerning the abiliry of USDOE to
demonstrate that the largest technically achievable amount of activity from each tank can be or
will be isolated fof vitrification, This is evidenced by USDOE’s exceptionally large uncertainty
(between 13,000,000 and 21,000,000 curies) concerning residual activity scheduled for surface
disposal via grout. (Table 1from Enclosure 1 of a March 6, 1989 letter from Mr. A, J. Rizzo to
Mr. Robert M. Bernero.)

The petitioners believe the Commission has the legal author ty and obligation to promulgate
regulations concerning the classification of Hanford tank wastes and that Commission staff are
uniquely qualified to evaluate the appropriateness and effectiveness of various pretreatment
pr The rule’amendment suggested above would authorize the Commission to easure
that Hanford double-she!l tank wastes be subject to safe and appropriate methods of
pretreatment. —

The petitioners have an interest in and a prevailing resporsibility for the protection of the future
health and safety of the ¢.izens of the Pacific Northwest. The rule’amendment suggested above
is essential 10 provide this protection. .

o 2 g
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Petition for Rulemaking
Page 3

OT_Statement in Support

HLW was first defined in 1970 by the Atomic Energy Commission (AEC) in terms of the source of the
material rather than by its bazardous characteristics. The AEC deficed 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 equivalent in a facility
for reprocessing irradiated reactor fuels.

35 Fed. Reg. 17530, 17532, Nov. 14, 1970. 10 CFR Part 50, Appendix F.

The term HLW was {irst used by Congress in the Marioe Protection Rescarch and Sanctuaries Act of 1972,
PL.92.532, as amended by P.L. 93-254 (1974), codified at 33 U.S.C. Section 202 of ERa, See 52 Fed. Reg.
5992, 5993.

The term HLW is not defined in the Energy Reorganization Act (ERA). The starting poist in defining
HLW for ERA purposes is found in existing regulations adopted by tbe Atomic Energy Commission
(AEC) in 1970. In this regard, Congress can be presumed to have been aware of the existing regulatory
definition whex it used the term HLW in Section 202 of ERA. The existing definition adopted by the AEC

in 1970 (10 CFR Section 50, Appendix F) as noted earlier, focuses on the process by which HLW is
produced to define HLW,

It is dlear that defense wastes at Hanford, including double-shell tank wastes, were considered HLW when
the ERA was passed. The legislative history of the ERA reveals Congress’ intent at that time to subject
defense facilities to NRC oversight. In fact, the Congress recognized that HLW was leaking from
temporary AEC tanks at various facilities and intended 1o subject such wastes to NRC liceasing at the point
of application of a permanent waste managemest solution. Moreover, the House Committes on Energy
and Commerce found that *existing Jaw with respect to atomic energy defense activities is unchanged by this
Act, and facilities for the disposal of waste from defense activities remain subject 1o licensing by the
Nuclear Regulatory Commission.” H. Rep. No. 785, pt. 1, 97th Cong,, 2d Sess., 38, Augu. 20, 1982,

This issue was considered in USDOE’s Final EIS on defense wastes at Hanford. The Esvironmental

Impact Statement considered various-alternative methods for dealing with these defense wastes. USDOE
recognized that:

“Further, Section 202 of the Energy Reorganization Act requires Commission licensing of those DOE
facilities authorized for the express purpose of long-term storage of high-level radioactive waste which
are oot used for, or are not a part of, research and development activities. Therefore, to the extent

that any decision based on this final EIS requires defense high-level waste 10 be placed in a repository
constructed under the Nuclear Waste Policy Act, or a facility subject 10 licensing under Section 202 of

the Energy Reorganization Act such a repository or facility would be subject to licensing by the
Commission,”

Final Environmental Inopact Statement, Disposal of Hanford Defense High-Level, Transuranic and
Tank Wastes, vol. 1, 6.11, December 1987.

In short, uader existing law, Harford double-shell

tank waste is HLW. A letter from the Commission
cannot change the law. Consequeatly,

long term storage or disposal of double-shell tank waste is currently

BEST AVAILABLE COPY
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Petition for Rulemaking
Page 4

subject to icensing by the Commission However, the rule amendment suggested above would authori
and require appropriate Commission oversight of the management of Hanford double-shell tank wastes,

but would allow, under certain circumstances the avoidance of the admittedly cumbersome licensing
—process. T

Petitioners believe that the rule amendment suggested would protect human health and the covironment,
and would facilitate meaningful Commission involvement in the ultimate disposal and/or long term storage
of Hanford double-shell tank waste,

PETITIONERS:

For the State of Washington For the $fate of Oregon
! K
|

- ] ;! ,//du, L/
Terry eman David Yaden /

Assistant Director, Waste Management Director /
Washington Department of Ecology Oregon Department of Energy
For the Yakima Indian Nation
? 7 ’
‘-(9/ j&.‘/@‘/ Dated: JAH ¢ T nea
Ceail Sapchey 4

Chairman, Radioactive
Hazardous Waste Committee
Yakima Indian Nation
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Definition of Term "High-Level Radioactive Waste"
NRC Docket No. PRM-60-4
55 FR 51732
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Fodural Kegister [ Voi.

55, Nu. 242 / Monday, December 17, 1880 / Proposed Rules

for at least 3 years, unless a longer
retention time is required by part 75 of
this chapter.

Freedom of Information and
Publications Services, Office of
Admini U.S. Nuclear R

Nuclear Waste Policy Act (NWPA) 42
U.S.C. 10101 (12} gives the Commission
the authority to define wheth

Y wastes
{2) Records that must be maintained C ission, Washington, DC 20555. are “highly radioactive material” or
pursuant to this part may be the original  po pUNTHER INFORMATION CONTACT: “solids derived from [liquid reprocessing
ora duced copy or a microform if Michael T. Lesar, Chief, Rules Review wastes) that contain fission products in
such reproduced copy or microf Section, Regulatory Publi Branch, sufficient concentrations.” *
duly authenticated by suthorized ) Division of Freedom of Inf fon and According to the petitioners,
and the is capab Publications Services, Office of legislative history Is that Congr
of producing a clear and legible copy Administration, U.S. Muclear Regulatory  intended the Commission to license
after storage for the period specified by  Commission, Washington, DC 20556, defense reprocessing tank wastes at the
Commission regulations. The record Telephone: 301 492-7758 or Toll Free: point of long-term storage or disposal,
may also be stored in electronic media 800-368-5642. The petitioners note that low fraction
with the m‘l’:my for Pmd.':g“!- on SUPPLEMENTARY INFORMATION: wastes resulting from pretreatment of
d P ’ tank wastes are scheduled to be grouted
records during the required retention Petitioners’ Request and disposed of in land-based mg::
period. Records such as letters, The petitioners request that the vaults on the Hanford site in accordance
drawings, and specifications must Commission amend 10 CFR 60.2 to with regulations developed under the
include all pertinent information such as  clarify the definition of “high-level Resource Conservation and Recovery
stamps, initials, and signatures. radioactive waste" {HLW) and the Act (RCRA). The petitioners believe that
{3} The licensee shall maintain definition of “HLW facility.” The If such wastes are HLW, they clearly fall
deq inst tampering  petitioners request that the under the Commission’s licensing
with and loss of records. Commission— . jurisdiction under section 202 (4) of the
Dated at Rockviile, Maryland, this 11th day 1 P toe the Energy Reorganization Act of 1974.%
of December 1900, treat of def

For the Nuclear Regulatory Commission.
Samuel |. Chilk,
Secretary of the Commission.
{FR Doc. 90-29437 Filed 12-14-90; 8:45 am]
BILLING CODE 7500-01-8

10 CFR Part 60
(Docket No. PRM-80-4)

Definition of the Term “High-Level
Radioactive Waste™

Aaency: Nuclear Regulatory
Commission.
AcTion: Petition for rulemaking.

SUMMARY: The States of Washington
and Oregon request that the
C i revise the definition of the
term “high-level radioactive waste” so
as to blish a procedural fr X
and substantive standards by which the
Commission will determine whethsr
rep ing waste, including in
particular certain waste stored at the
U.S. Department of Energy's site at
Hanford, Washington, is high-level
radicactive waste and theref: bj
to the Commission's licensing authority.
DATES: Submit comments by March 18,
1991. Comments received after this date
will be considered if it is practical to do
80, but consideration cannot be given
except as to comments received on or
before this date.

Submit to:
Secretary, U.S. Nuclear Regulatory
Commission, Washington, DC 20555.
Attention: Docketing and Service
Branch. For a copy of the pe‘mion. write:

wastes in tanks so that such wastes will
not he considered HLW if, prior to
disposal, each tank is treated to remove

Reasons for Petition

The petitioners point out that the
definition of HLW in the

the largest technicall
amount of radicactivity; and
2. Require that the heat produced by
PN bl lides, together with the

Commission’s regulations is based upon
the source of the waste. According to
petitioners, while HLW may be

diff d from “incidental

if employed as a 8Y)
will be within limits established to
ensure that grout meets temperature
requirements for long-term stability for
low-level waste forms.!

The petitioners seek clarification that
the disposal of wastes treated to this
standard is not disposal in a "HLW
facility” as presently defined in 10 CFR
60.2. The petitioners state that should
the Commisston regard 10 CFR Part 50,
Appendix F as the controlling lati

heat of reaction during grout P
f emploved y

waste,” the legal basis for doing so must
derive from NWPA, specifically 42
U.S.C. 10101 (12) (A), which refers to a
“sufficient concentrations” criterion for
classification.* The petitioners claim
that incidental waste source is
impossible to ascertain due to mixing in
defense tanks and the unavailability of
accurate records. They point out, in
particular, that over the last 45 years,
mixing of wastes from different sources
1 d the classification of

to determine whether a waste is HLW,
that the Commission also modify that
definition as proposed in the petition.
Basis for the Petition

The petitioners state that this
rulemaking is based, in part, on secti

as
Hanford tank wastes, including double-
shell tank wastes. Moreover, the
petitioners state that radionuclide

invi are esti and subj
substantial uncertainty. Variables
conmbt‘mng to the uncertainty include

202 of the 1974 Energy Reorganization
Act, which defines C insi

p the
lack of actual fuel and/or waste

authority over retrievable surface
storage facilities and other facilities
authorized for the express purpose of
bseq long-term ge of high-
level radioactive waste generated by
DOE which are not used for, or are part
of.r h and develop vt
The petitioners further state that the
Congressional definition of the term
“high-level radicactive waste" in the

! Grout is & fluid mixiure of cemenlitious
and liquid wasle that sels up as a solid

Rules Review Section. Reg v
Publications Branch, Division of

mass and s used for wante fixation and
immobilization.

yses, and an § pl
understanding of the chemistry and

* For an analysie of this provision. see “Definition
of ‘High-Level Redicactive Waste™ (advance notice
of proposed rulemaking, 52 FR 5002, February 27,
1987) and subsequent rulemaking documents
(proposed amendments to 10 CFR pari 81, 53 FR
17708, May 18, 1968; finsl amendments to 10 CFR
part 6). 54 FR 22578, May 25. 1908).

* It should be noted, however, that the
Commission has jurisdiction only If the facllities are
of the types described in section 202(4}.

* Note, however, the Commission’s statement, ut
52 FR 5008, February 27, 1967, that classification
under the cited provision “would be Irrelevant in
determining whether such wasies must be disposed
of in licensed dispossl fucilities.”
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pathways in reprocessing and waste
treatment processes. The petitioners

2. A new Appendix—aA is added to
pért 60 to read as follows:

contemplate that particular
determinations of how specific wastes

assert that neither DOE, the A " P . will be characterized under these
Commission, nor the petitioners have largo:‘#u:hnieally A;’-f;ﬁz’?ﬂ”‘""’s | standards can be left to

deq| infi tion regard, e individual adjudicative proceedings.
radicactive portion of the double-shell At least w:,{:::'b"m' a tank °'3:£:'l"° The petitioners believe that the
e e e T

blended prior to di I, DOE TO!

ap -l‘ and a hjth d for making shall u::b%n '.: fOUOW‘hl‘;d [ ':ll. .Eom::lnlon envlmnmen't: would facilitate
an evaluation as to whether waste are and the affected state and pul in the ingful § invol in
HLW on a tank-by-tank basis. Foderal bor: the ultimate disposal and/or long-term

The petitioners assert that the - _1;{:-;;;: g oty ag mriics :: ﬁhal age of Hanford double-ghell tank

1 3 ial to !

p is
provide protection of the future health
and safety of the citizens of the Pacific
Northwest.

Petitioners’ Proposal
The petitioners suggest that the

definitiona of “High-Level Radioactive
Waste" and “HLW Facility” in 10 CFR

inorganic and organic constituents, and
radiochemistry (e.g., gamma energy analysis,
total alpha, total beta};

2. Volumetric data on untreated waste, on
volume changes expected as a resuit of

waste, and would support
implementation of the Hanford Federal
Facility Agreement and Consent Order.

or blending

and the expected volume of the final waste
form (grout, saltcrete or vitrified waste);

3.Ad ption of the P

includi d mass balance for each

60.2 be revised and a new appendix A
be added to 10 CFR part 80. The specific
language suggested by the petitioners
reads as follows:

1. In § 80.2, the definitions of “High-
Level Radioactive Waste" and "HLW
Facility" are revised to read as follows:

§60.2 Definitions.

High-level radicactive waste ar HLW
means: (1) Lrradiated reactor fuel, (2)
Liquid wastes resulting from the
operation of the first cycle solvent

traction system, or equivalent, and the
concentrated wastes from subsequent
extraction cycles, or equivalent, in a
facility for reprocessing irradiated
reactor fuel, and (3) Solids into which
such liquid wastes have been converted;
provided that if, prior to disposal,
defense reprocessing tank wastes are
treated to remove the largest technically

hiavahl f radioactivi

of o
tank-by-tank basis (as provided ln’
appendix A ), the treated residual
fraction shall be considered an

| waste and therefore not

HLW.
HLW facility means a facility subj

process, and estimated percent recovery for

Request for Comments
Ci are invited to address,
among other things, the destrability and
ppropri of (1) The proposed
(4 i the
largest technically achievabl of
di fvity on a tank-by-tank basis"),

eacl and of major
waste components before and after
treatment;

4. The proposed grout or saltcrete
formulation, together with heat transfer
calculations for the waste form; and

5. To the degree possible, treatment syslem
models similar to the attached grout syslem
model should be used to present data and
describe processes.

At least six months befors a tank of
defense ng tank wastes ng
high-level waste components is pretreated,

(2) the proposed procedure for applying
that dard, and (3) an d to
10 CFR part 80 (in view of the scope
defined in 10 CFR 80.1) vis-a-vis the
adoption of a new Part or amendment to
some other existing Part of NRC
regulations.

Dated at Rockville, Maryland, this 11th day
of December 1990,

For the Nuclear Regulatory Commission.
Samuel J. Chilk,

to the licensing and related regulatory
authority of the Commission pursuant to
sections 202(3) and 202(4) of the Energy
Reorganization Act of 1974 (88 Stat
1244).2

* These are DOE “facilities used primarily for the
receipt and siorage of high-ievel radioactive wasies
resulting from activities licensed under such Act
(the Atomic Energy Act) " and * Surface

treated or blended prior to
3 lin rface or deep geolog ry of the C
facilities. the Commission shall require & [FR Doc. 80-20438 Filed 12-14-80; 3:45 am
license under section 202(4) of the Energy BILLING CODE 7980-01-M
Reorganization Act, 42 U.S.C. 5842 (4) unless
the Commission, zlwln & tank-by-tank basis
determines the following:
1. The Dl'?nE has det:onn;-led that the DEPARTMENT OF COMMERCE
largest technically achievable amount of ‘oreign-Trade Zones
activity from the tank will be isolated for F n-T Board
vitrification prior to permanent disposal: and
2. That use of permanent shallow land 15 CFR Part 400
disposal for the tank waste will be limited to [Docket No. 21222-0262)
the incidental waste portion, which is the
activity remaining after the largest RIN 0825-AA04
technically achievable amount of activity has
been removed; and Foreign-Trade Zones in the United
3. That the treatment, pretreatment and Statos
blending described in the DOE
submittal will achieve the stated separation AGENCY: Foreign-Trade Zones Board,
and/or recovery efficiencies; and 1 ional Trade Admini i

4. That the p

and
blending processes described in the DOE
submittal are proven. cost effective, state-of-
the art processes, which are capable of

C

ACTION: Notice of proposed rulemaking:
extension of comment period.

removing the largest )|
amount of activity.

Petitioners’ Conclusions
The petitioners state that rulemaking

Storage Facilities and other facilities authorized for
the express purpose of subsequent long-lerm

are

pr
the nature of the incidental, lesser
dicactive fracti

storage of high-level wastes

by {DOE), which are not used for, or are pari of,
rescarch and development activities”. Facilitias for
the Jong-term storage or disposal of incidental
wastes resulting from treatmant of defense
reprocessing wanles are not HLW facilities.

of wastes and that
rulemaking is appropriate to establish a
procedural framework and substantive
standards by which particular wastes
will be assessed. The petitioners

: In resp to req from
interested parties, the period for public
comment on the further amendments to
the proposed revisions to the regulations
of the Foreign-Trade Zones Board
regarding foreign-trade zones in the
United States published in the Federal
Register on November 20, 1990 {55 FR
48446), is extended to February 1, 1901.
OATES: Comments must be received on
or before February 1, 1991.
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- "’? NUCLEAR KESULATORY COMMISSION
i H WASHINGTON, D. €. 20255
AT £
&
c <«

NAR ¢ 2 1es3

Ms. JiTl Lytle - :
Deputy Assistant Secretary for Waste Operations
0ffice of Waste Management
Environmental Restoration
and Waste Management
U.S. Department of Energy
Washington, D.C. 203&S

Dear Ms. Lytle:

Members of the Nuclear Regulatory Commission staff appreciated the opportunity
to meet with the Department of Energy (DOE) staff, DOE contraciors, and other
parties on July 16, 1992, to review new wiste characterization data and
current DOE plans for management of radioactive tank waste at Hanford. The
purpose of this letter is to provide DOE with the staff’s assessment of that
information as it relates to DOF’s program to classify, process, and dispose
of Hanford tank wastes. We are alsg taking this opportunity to respend to the
related November 4, 1982, letter from Leo P. Ouffy to Chairman Ivan Selin.

Ouring the meeting, DOE prasented revisad tank waste inventory estimates,
based on current charicterization data. The information indicated that the
double-shell tank activity that would be grouted in near-surface vaults is
within earlier range estimates. The KRC staff is concerned, however, that
Cs-137 quantities are now near the upper end of the range, rather than at the
Tower end, as previously believed, especially given that DOE indicated that
uncertainties associatad with the activity estimates remain because of the
Timited sampling and analysis that has been conducted to date. Consequently,
weé encourage DOL to examine available mechanisms for achieving greater
radionuclide separation.

In presenting its current plans for waste management, DOE outlined its
intention to complete, by March 1993, a broad reevaluation of various
treatment options for both single and double-shell tanks. These options
include a new facility to be used to separate radionuclides for repository
disposal of high-level radioactive waste (HLW).

As you recall, NRC indicated to DOE, in 1989, its agreement that the criteria
DOE used for classification of grout feed as low-level waste were appropriate,
and, consequently, that the grout facility for disposal of double-shell tank
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waste would not be subject to our Ticensing authority (R. Bernero, NRC letter
to A. Rizzo, DOE, September 25, 1989). This agreement was predicated on our
understanding that DOE would segregate the largest practical amount of the
total site activity attributabie to *first-cycle solvent extraction, or
equivalent” for disposal as HLW, leaving behind only a small fraction of
moderately radioactive material.

The Commission has recently completed its review of a rulemaking petition from
the States of Washington and Oregon on the subject of the double-shell tank
wastes and has indicated, in the enclosed petition denial, that it would
regard the residual fraction as "incidental® waste, based on the Commission’s
understanding that DOE will assure that the waste: (1) has 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 a
solid physical form at a concentration that does not exceed the applicable
concentration limits for Class C low-level waste as sat out in 10 CFR Part 61;
and (3) will be managed, pursuant to the Atomic Energy Act, so that safety
requirements comparable to the performance objectives set out in

10 CFR Part 61 are satisfied.

It is therefore essential, in the Tight of this position, that DOE’s present
reevaluation of tank waste remediation options, and subsequent periodic
evaluations as may be conducted, include the application of these principles.
We recognize that there may be significant economic, programmatic, and safety
factors affecting the remediation program, but the consideration of such
f?ctors as they may relate to the possible jurisdiction of NRC should be made
clear.

If, during your periodic evaluations, it becomes apparent to you that any
wastes may be subject to NRC licensing, it will be necessary for you to
communicate that concern to NRC. It will then be necassary to determine what
form of pre-Ticensing interactions, analogous to repository site
characterization, would be needed to define the appropriate disposition of
these wastes. We expect that DOE will document the results of the anilyses
supporting its conclusions and that this documentation will be adequate for an
NRC review, should that be appropriate.” We believe it would be prudent for
any such documentation to be developed with good record-keeping and under an
adequate quality assurance process.

I trust that this letter and the enclosed petition denial provide the
information requested in Leo P. Duffy's November 4, 1992, letter to Chairman
Ivan Selin, regarding NRC’s intended response to the rulemaking petition by

farvmTs pyrapg f
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the States of Washington and Oregon. If you have any further questions,
please feel free.to contact me, at 301-504-3352, or B.J. Youngblood, Director
of the Division of High-Level Waste Management, at 301-504-3404.

Sincerely,

R A

Robert M. Bernero, Director
Office of Nuclear Material Safety
and Safeguards

Enclosure
Petition Denial

cc:  J. Tseng, DOE-EM-35

. Anttonen, DOE

. Barrett, DOE-RW-1

Grimm, DOE-EM-1

. Duncan, EPA

Stanley, Washington State
. Franco, Oregon State

. Jim, YIN

VLVO Ot

75T TURUABLE COPY
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Dated at Rockville, Maryland, this 26th day
of February 1993,

For the Nuciear Regulatory Commission.
Samuel J. Chilk,
Secretary of the Commission.
IFR Doc. 93-4943 Filed 3-3-93; 8:45 am]
BLLNG CODE 7950-01-

10 CFR Fart 60
[Docket No. PAM-60-4]

States of Washlnglon and Oregon:
Denial of Petition for Rulemaking

AGENCY: Nuclear Regulatory
Commission.

ACTION: Denial of petition for
rulemaking.

SUMMARY: The Nuclear Regulatory
Commission (NRC) is denying a petition
for rulemaking (PRM—60—4), submitted
by the States of Washington end Oregon,
which deals with the process and
criteria for classifying radioactive waste
materials at defense facilities as high-
level radioactive waste (HLW) or as non-
HLW. (As noted in the petition, certain
facilities for the storage of HLW are
subject to NRC licensing suthority.} The
petition is being denied becauss the
NRC concludes that the pr.nciples for
waste classification are well estsblished
and can be applied on a casa-by-case
basis without revision to the
regulations.

ADDRESSES: Copies of the petition for
rulemaking, the public comments
received, and the NRC's letter to the
petitioner are available for public
inspection or copying in the NRC Public
Document Room, 2120 L Street, NW.,
(Lower Level), Washington, DC.

FOR FURTHER INFORMATION CONTACT:
Naiem S. Tanjous, Office of Nuclear
Regulatory Research, U.S. Nuclear .
Regulstory Commission, Washington,
DC 20555, telephone (301) 992-3878.

SUPPLEMENTARY INFORMATION:
1. The Petition

The States of Washington and Ore, on,
and the Yakima Indian Netion, initie ly
submitted a petition for rulemaking on
this subject on January 2, 1990, On
February 7, 1990, the NRC staff
conferred with the petitioners as
contemplated by paragraph (b) of 10
CFR 2.802. In Tesponse o suggestions by
the NRC staff, the petition was clarified
and resubmitted (by the States of
Waslington and Oregon) on July 27,
1990,

On December 17, 1990, the Nuclear
Regulatory C issi blished

requested that the Commissian revise
the definition of “high-leve! radioactive
waste" (HLW) so ss to establish a
procedural framework and substantive
standards by which the Commission
will determine whether reprocessing
waste, including in particular certain
waste stored at the U.S. Department of
Energy's (DOE) sita at Hanford,
Washington, is HLW and, therefore,
subject to the Commission's licensing
authaority.

The petitioners request that the
Commission emend 10 CFR 60.2 to
clarify the definition of HLW and the
definition of “HLW facility.” The
petitioners specifically request that the
Commission:

1. Establish a process to evsluate the
treatment of defense reprocessing
wastes in tanks so that such wastes will-
not be considered HLW if, prior to
disposal, eech tank is treated to remove
the Jargest technically schievable
emount of radioactivity; and

2. Require that the heat produced by
residual redionuclides, together with
the beat of resction during grout
Pprocessing (if employed as & treatment
technology), Wi“%(! within limits
established to ensure that grout meets
temperature requirements for long-term
stebility for low-level waste forms,

The petitioners state thet the petition
for rulemaking is besed, in part, on
Section 202 of the Energy
Reorganization Act of 1974 (ERA),

course of reprocessing is not HLW. (The
Istter point is evident from the roposal
1o amend 10 CFR 60.2 to provide that
a residual fraction would be
*‘considered en incidenta] waste end,
therefore, not HLW.") The Ppetitioners
claim, however, that westes stored in
tanks at Hanford cannot preacticably be
classified as incidental waste (as
opposed to HLW) because the tanks
contain a mixture of wastes from a
number of sources, including
reprocessing of reactor fuel. Moreover,
the petitioners state that radionuclide
inventories ore estimates subject to
substantis] uncertsinty, owing to lack of
eccurate records. Further, the
petitioners assert that neither DOE, the
Commission, nor the petitioners have
adequate information regarding the
source and composition of the tank
waste. Hence, the petitioners believe
that the Commission needs to establish
both a procedure end a standard for
making an evaluation as to whether
wastes are HLW on a tank-by-tank basis.
The petitioners assert that the
proposed emendment is essential to
provide protection of the future heslth
and safety of the citizens of the Pacific
Northwest.

L. Classification of DOE Reprocessing
Wastes

At Hanford and otber sites, questions
have arisen regarding the classification

which provides for the C ionto
exercise licensing and related regulatory
suthority over “facilities authorized for
the express purpose of subsequent long-
term storage of high-level radioactive

. wasles generated by [DOE] which are

not used for, or are part of, ressarch and
development sctivities.”

According to the petitioners, the
legislative history of the ERA reveals
that Congress intended the Commission
to license defense reprocessing tank
wastas at the point of long-term storage
or disposal. The petitioners note that
“low-fraction wastes" resulting from
Ppretreatment of tank wastes are
scheduled to be grouted an . dispesed of
in land-based grout vaults ¢a the
Hanford site in accordance with
regulations developed under the
Resource Conservation and Recovery
Act (RCRA). The petitioners believe that
if thess wastes are HLW, they clearly
fall under the Commission’s licensing
jurisdiction under Section 202(4) of the
Energy Reorganization Act of 1974 (42
U.S.C. 5842(4)).

The petitioners acknowledge that the
present definition of HL\ in the
& Lo

notice of receipt of the petition for -
rulemaldng (55 FR 51732). The petition

's regulations .s based upen

the source of the waste, and that

“incidental weste™ generated in the
P

of repr ing wastes for which DOE
must provide disposal. In the long-
standing view of the Commission, these
questions must be resolved by
examining the source of the wastes in
question. The reason for this is that
when Congress assigned 1o NRC the
licensing authority over certain DOE
facilities for “high-level radioactive
wastes," the Congress was referring to
those materials encompassed within the
meaning of the term “high-level
radicactive waste” in Appendix F of 10
CFR Part 50. (For a ful] statement of this
position, see the discussion presented in
the Commission's advance notice of
proposed rulemaking, “‘Definition of
High-Level Radiosctive Waste” (52 FR
5993, February 27, 1987).} Accordingly,
any facility to be used for the disposal
of “those aqueous wastes resulting from
the operation of the first cycle solvent
extraction system, or equivalent , , " as
HLW is defined in Appendix F to Part
50, must be licensed by the NRC. Most
of the waste siorage tanks at Savannah
River (South Carolins), West Valley
(New York), and Hanford contain wastes
that meet this definition, and the
facilities to be used for disposal of these
wastes are, therefore, Polentially subject
to NRC licensing jurisdiction. °

. HASLE COPY
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However, when the Appendix F
definition was promulgated, the Atomic
Energy Commission specifically noted
that the term HLW did not include
“incidental” waste resulting from
reprocessing plant operations, such as
ion exchange beds, sludges, and
contaminated laboratory items, such as
clothing, tools, and equipment. Neither
were radioactive hulls and other
irradiated and i d fuel
structural hardware encompassed by the
Appendix F definition. Um]i;er the same

ing, as the C ission has
previousfy indicated, incidental wastes
generated in further treatment of HLW
(e.g., salt residues or miscellaneous
trash from waste glass processing)
wauld be outside the Appendix F
definition.

In the cases of Savannah River and
West Valley wastes, DOE plans to
retrieve the wastes from their storage
tanks and ta separate essentially all of
the radioactive materials for eventual
disposal in a deep-geologic HLW
repository.! Accordingly, the projected
recovery of HLW from the wastes in
tank storage at those sites will be
sufficiently complete that the
decontaminated salts and other residual
wastes are classified as “incidental”
(i.e., non-HLW), The NRC will have no
regulatory authority, under Section 202
of the Energy Reorganization Act, over
DOE's facilities to be used for
processing and disposal of the
incidental waste.

At Hanford, DOE plans to process the
wastes presently stored in double-shell
tanks in a manner similar to that
planned for the wastes at Savannah
River and West Valley. Such processing
would separate most of the radioactive
constituents of the wastes for eventual
deep-geologic repository disposal and,
the residual salts would be di d o

which resulted in substantial dilution of licensing by the NRC. It should be noted

those wastes with nonradioactive
materials. In addition, many of the tanks
at Hanford contain mixtures of wastes
from both reprocessing sources and
other sources. Finally, recordkeeping at
Hanford was not elways thorough
enough to allow precise determinations
of the origins of the wastes now Ppresent
in specific tanks at Hanford. For these
reasons, some of the Hanford tank
wastes cannot be readily classified as
either HLW or incidental wastes using
only the definitions and concepts
discussed above,

Taking into account these
uncertainties and their implications
with respect to NRC jurisdiction, the
NRC anvf DOE staff held several
meetings to explore the situation in
detail. A principal objective of these
meetings was to ascertain, to the extent
practicable, whether some or all of the
wastes should be regarded as HLW and
whether, on the other hand, some or all
of the wastes should be classified as
non-HLW. Several things became clear
as & result of these meetings.

First, management records were
adequate for DOE to determine thst two
double-shell waste tanks do not contain
wastes from reprocessing of reactor
fuels. Therefore, these wastes clearly do
not contain HLW within the Appendix
F definition. The NRC agreed with DOE
that any disposal facility intended

that if the DOE processing operations go
as planned, the residual activity of these
incidental wastes would be below the
concentration limits for Class C wastes
under the waste classification criteria of
10 CFR part 61.

Following its review, the NRC staff,
by letter dated September 25, 1888, from
R.M. Bernero, Director, Office of
Nuclear Material Safety and Safeguards,
NRC, to A.J. Rizzo, Assistant Manager
for Operations, Richland Operations
Office, DOE, endorsed DOE's plans to
sample and analyze the grout feads
before dispasal in an effort to control
the final composition of the grout feed.
However, the staff indicated that if DOE
were to find, in the course of conducting
the sampling program, that the
inventories of key radionuclides
entering the grout facility are
significantly higher than previously
estimated, DOE should notify the NRC
and other affected parties in a timely
manner.

It should be noted that the
appropriate classification of some
Hanford wastes remains to be
determined—specifically, any single-
shell tank wastes, and any empty but
still contaminated waste tanks DOE
might dispose of in-place. For both
types of wastes, a case-by-case
determination of the appropriate waste
cl ry.

exclusively for these wastes would not
be subject to NRC licensin authority.
Second, DOE has carriegout a
“material balance" analysis of waste
management activities at Hanford. This
analysis estimated the total amount of
“first cycle reprocessing wastes’
genersted at Hanford and, to the extent
practical, the current location of those
wastes. The DOE proposed onsite grout
i | of the residual waste from the

onsite in a shallow, near-surface
concrete-like grout facility. (Plans for
processing of single-shell tank wastes
have been deferred.) However,
classification of the Hanford double-
shell tank wastes has proven more
difficult than classification of Savennsh
River and West Valley wastes. At
Hanford, meny of the primary
reprocessing wastes were generated
using older separatian technologies,

! See 52 FR 5002, February 27, 1867 (definilion

double-shell tank waste processing
would be only a small fraction of the
reprocessing wastes originally generated
at the site.

Finally, DOE studied possible
technologies for additional waste
processing, and agreed to remove the
largest practical amount of radicactive
material from double-shell tank wastes
prior to disposal in onsite grout
facilities. This commitment by DOE,
coupled with the matarial-balance study
indicating that most of the originally-

of “high-level waste"), n. 1, where the Ci
characlerizes as “incidental wasis,” the
decontaminated salt with residual activilies on the
order of 1,500 nCi/g Cs-137, 30 nCi/g Sr-90, 2 nCi/
8 Pu, as described in the Departmenl of Enargy’s
FEIS on long-term mansgemeanl of defense HLW at
the Sevannah River Plani, DOE/EIS-0023, 1979,
Although an E3S has not yel been published for the
Wesl Valiey Demonstration Project, preliminary

i indicale the Hkel of an squival
degree vl separstion.

g rad ive material would be
recovered, led the NRC staff to conclude
that the residual waste material should
be classified as incidental waste, since
they are wastes incidental to the process
of recovering HLW, With this
classification, DOE could proceed with
onsite disposal of such incidental
wastes in a grout facility without

ification might be

L Discussion

The petition for rulemaking presents
two basic issues. The question is not
whether “high-level waste” should be
interpreted by reference to the source-
based concepts derived from appendix F
to 10 CFR part 50. The petitioners agree
that this is proper. Nor is thers any
fundamental challenge to the concept
that “incidental wastes’ are excluded
from the definition of “high-level
waste.” The issues are much narrower
ones. The first issue is a substantive
ene—the criteria to be applied in
differentiating incidental waste from
high-level waste. The second issue is a
procedural one—the process that should

loyed by the C. ission in

arriving at a judgment whether or not it
has jurisdiction over particular
facilities. These will be addressed in
turn.

A. The Standard for Classification

We first address the standard that
should be employed in distinguishing
high-level waste from incidental waste.
In doing so, we strive to apply the
policies that underlie the adoption of
appendix F to 10 CFR part 50 (and,
hence, section 202 of the Energy
Reorganization Act).

A-38



WHC-SD-WM-TI-699, Rev. -1

12344

Federal Register / Vol. 58, No. 41 / Thursday, March 4, 1993 / Proposed Rules

The petitioners suggest that the
proper standard, to be applied on &
tank-by-tank basis, is to consider all
processing streams to be high-level
waste unless they have been treated,
prior to disposal, “to remove the largest
technically achievable amount of
radioactivity.” Adoption of such a
criterion would certainly serve the goal,
which had been contemplated by the
Commission, of removing the hazardous
process to a geologic repository
for permanent storage. It is not the only
standard, however, that would suffice
for this purpose, particularly when it is
viewed in a broaxrer regulatory context,

The clearest expression of 3;9 overall
regulatory objectives is the Atomic
Energy Commission's (AEC’s)
explanatory statement when it
promulgated appendix F—~namely, “that
the public interest requires that a high
degree of decontamination capability be
included in such facilities and that any
residual radioactive contamination after
decommissioning be sufficiently low as
not to represent a hazard to the public
health and safety.” 35 FR 17530,
November 14, 1970, As we read the
AEC's intent, the reference to “a high
degree of decontamination capability”
leaves a substantial degree of discretion.
It certainly does not rule out
consideration of economic factors as
well as technical ones. It was the AEC's

p practice to consid,
fi ial imp as, for ple, in
controlling releases of radioactive
materials from licensed facilities to the
lowest levels “technicaily and
economically practical. AEC Manual
Chapter 0511. When the AEC spoke of
a “high degree” of decontamination
capability, we believe that it was guided

of the proper classification of the tank
wastes and grout at Hanford.

When thae question regarding
classification of wastes was first raised,
the NRC staff identified to DOE some
approaches that might be used in
distinguishing HLW from incid

of cesium-137 for repository di 1
DOE proposad to remove this additional
6 milrion curies of cesium-137. DOE
also identified additional treatment
alternatives, with their associated costs,
which it viewed as not being

ically practical. DOE's materisl

q

waste. One approach was

bal h d that, after the residue

as
follows: 2

As an alternative approach, we suggest that
DOE attempt an overall material balance for
HLW at the Hanford site, using the source-
based meaning of HLW. It is hoped that this
approach might provide a more efficient
means of identifying those wastes subject to
licensing by NRC under terms of the 1674
Energy Reorganization Act. Under this
approach, if DOE could demonstrate that the
largest practical amount of the total site

from the double-shell tank wastes is
grouted, 2 to 3 percent of the key
radionuclides which originally entered
all Hanford tanks would be disposed of
as LLW in near-surface vaults. The

cone of radi lides in the
grout would be comparable to Class C
for cesium and transuranic wastes, and
to Class A or B for the remainder. S DOE

activity attributable to “first-cycle solveat
extraction™ wastes has been segregated for
disposal as HLW, then NRC would visw the

also noted certain el':ﬁinsering and
institutional factors that might

1 ial

P pecially as to p
intrusion hazards, for the possibility

residual as a non-HLW. We would anti ip
that at least 90 percent of the activity would
have been separated In this way. Thus, if it
can be shown that DOE has processed the
waste with the intent to dispose of the HLW
in a rep 'y or other p 1i
facility, leaving behind nn]y & small fraction
of only mod ly radioacti ial, then
the goals stated in 10 CFR part 50 appendix
F and incorporated in the Energy
Reorganization Act would have been
satisfied; and the disposal of the residual
would accordingly not be subject to NRC
licensing.

In response, DOE considered the
practicality of various waste processing
allernatives and presented the results of
its study by letter dated March 6, 1989, 3

that the total amount of waste that
would be grouted would be greater than
the amount of Class C waste that might
be ined in a typical ial
burial ground.

Based on its review of DOE’s March
6, 1988 submission, the NRC staff
concluded that DOE's proposed
processing would remnove the largest
practical amount of total site activity,
attributable to HLW, for disposal in a
deep geologic repository. This finding
was based on: (ﬁ’rm and planned
treatment of the tank wastes; (2)
radionuclide concentration and material
balance; and (3) cost-effectiveness of

dditional radi lide removal. These

The results were also p data
meeting amang interested parties,
including the petitioners, held on

conclusions reflected DOE’s
undertakings both to achieve a high
degree of and to provide

August 4, 1989, (Mi of the '3
are available for public inspection in the
NRC Public Document Room) DOE’s
“baseline” di 1 plans would have

Ly similar considerations. Mi T,
from a policy standpoint, this makes
good sense, for so long as there is
adequate protection of public health and
safety, it would not be prudent to
expend potentislly vast sums without a
commensurate expectation of benefit to
health and the environment.

Achieving a “high degree of
decontamination capability” implies,
then, that the facility should separate for
disposal as much of the radioactivity as
possible, using processes that are
technically and ically practical.
In addition, however, as the AEC's

tat PRy the residual
radioactive contamination should be
sufficiently low as not to endanger
public health and salety,

These principles—high
decontamination capability and
protection of health and safety—are the
assential benchmarks that have
influenced the development of NRC's
position vis-a-vis DOE on the question

recovered all but about 12-13 million
curies of cesium-137, together with
lesser activities of strontium-90,

t ics, and other radi lides. 4

pr of public health and safety.
As a result, the staff concluded that the
expacted residual waste would not be

high-level waste and would thus not be
subject to NRC licensing authority, The
staff thereupon advised DOE that NRC

agreed that the criteris used by DOE for

DOE's study indicated the practicality of
removing an additional 6 million curies

? Letter from Michael }. Bell, Chief, Regulatory
Branch, Division of Low-Level Waste Management
and Decommissioning. Office of Nuclear Malerial
Salety and Safeguards, NRC, o Ronald E. Gerton,
Director, Waste Management Division, Richland
Operations Office, DOE, Movember 29, 1988, The
letter included some “suggested critaria™ involving
# “good faith” effort to achisvs isolation of HLW
from nonradioactive salts, such an effort to be
judged, as a practical matter, by considering (among
other things) aliernative soparstion processes.

? Letter from A. J. Rizzo, Assistant Manager for
Operations, Richland Operations Office, DOE, to
Robert M. Bernero, Director, Office of Nuciear
Materlals Safety and Safeguards, NRC, March 6,
1989,

* DOE noted in the March 8, 1989 leiter from
Rizzo to Barnero thal. based on limiied available
analytical data. the total coeium-137 could be as
much as 20 million curies versus the 12-13 million
estimate.

classification of the grout feed are
appropriate and that the grout facility
for the disposal of the double-shell tank
waste would not be subject to NRC
licensing authority. ¢

—_—
* NRC undetsiood this statement to connote that
cesium-137 and transuranic radionuclides in the
rosidual wasts would be less than the concentration
limits for Class C low-level waste, as defined in
NRC's requirements in 10 CFR Part 61, and that the
of other rad would be less
than the concentration limits for Class A or B low-
lovet waste.
* Letter from Robert M. Bernero, Director, Office
oAl )’Jucl-nr Material Safoty and Saleguards, NRC, 1o
- . Rizzo, Assistant for tions,
Richland Operations Offcs DOB. Sopreca 25,
19489, The letter also called upon DOE to advise
NRC periodically of the analytical results of
samples of key radionuclides entering the grout
ll:::lllry, 90 that the classification of the waste might
d i were signifi

il the
higher than DOE had estimated.

A-39



WHC-SD-WM-TI-699, Rev. 1

Federal Register / Vol. 58, No. 41 / Thursday, March 4, 1993 / Propnsed Rules

12345

At a meeting in Richland, Washi

heat d from reactions during the

on July 16, 1992, DOE staff presented
more detailed double-shell tank waste
processing options and, based on recent
analyses, summarized available
information on the characteristics of
waste within the tanks. DOE's current
estimate of the total amount of
radioactivity proposed for disposal in
grout in near-surface vaults is within
earlier range estimates but is now
believed to be nearer the upper end of
the range. DOE also clarified its

Hl

grout process, is kept within defined
limits. They present no technical data to
suggest that achievement of these
ure 1 any
1 ge. In any

P
- hall

event, i h as the C
does not consider the grout produced in
accordance with DOE’s plans to be high-
level waste, it does not have the

The limited practical effect of the
decision—i.e., restricted to the Hanford
tanks—is reason enough to proceed by
way of adjudication instead of
rulemaking. The C: ission is
persuaded further l:{v the need to avoid
making premature decisions with
respect to the wastes stored at Hanford
in single-shell tanks that are not the
subject of pending treatment plans. If
the C ission were to establish rules

authority to carry out this igh
function.
B. P dural Issues

intention to apply criteria p to
the Performance Objectives set out in 10
CFR part 61. Among other things, these
performance objectives include
numerical radiation exposure limits for
protection of the g 1 lati

to apply to the wastes remaining in
those tanks, our inquiry would have to
be greatly broadened; and it might

h o

1. Whether Rulemaking Is N ry
and Desirable

The petitioners urge that the
P ;

from releases of radioactivity and
requires a design to achieve long-term
stability of the disposal site.

DOE intends to complete a
reassessment of the tank waste
processing options by March 1993. This
reassessment, the NRC staff
understands, will include a
reexamination of the practicality of

ion initiate rulemaking

procedures that would result in the

tablish of ive criteria for
determining whether perticular
radioactive wastes either are or are not
high-level waste. Generally, a decision
whether to procesd by rulemaking (as
reguestsd) or to make determinations in
individual, ad hac litigation lies within
the informed discretion of the cognizant

P

ry to a wide
range of situations that might or might
not ever come to pass in the future.

2. Whether the Commission Is
Adequately Informed

Petitioners suggest that their propossd
procedures, which include detaile
tank-by-tank assessments, are necessary
to ensure confidencs in the treatment
process employed by DOE and to build

fid that the t tandard

is being met.
The issue to be decided by the
c oo

achieving higher degrees of P
particularly with respect to those tanks
that contain substantial quantities of key
radionuclides.

Assuming implementation of DOE's
plans as described above, the
Commission concludes that any
radioactive material from the double
shell tanks that is deposited in the grout
facility would not be high-level
radioactive waste subject to NRC's
licensing jurisdiction. The
responsibility for safely managing those
wastes rests with the Department of
Energy. The basis for the Commission's
conclusion is that the reprocessing
wastes disposed of in the grout facility
would be “incidental” wastes because
of DOE’s assurances that they: (1) Have
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 a solid
physical form st a concentration that
does not exceed the applicable
concentration limits for Class C low-
level waste as set out in 10 CFR part 61;
and (3) are to be managed, pursuant to
the Atomic Energy Act, so that safety
requirements comparable to the
performance objectives set out in 10
CFR part 61 are satisfied.

The petitioners also requested that the
Commission exercise oversight to assure
that the grout meets temperature
requirements for low-level waste forms,
They acknowledge that DOE's vault
design is protective of human health
and the environment if heat produced
by residual radioactivity, together with

ive agency. Rulemaking is
most appropriate where an agency seeks
to establish a general principle, having
prospective effect, to be applied in a
wide variety of factual contexts, Where
the issue before an agency involves the
application of law to a very specific
existing fact situation, especislly where
that situati

is 8 much narrower one: It
is merely to determine whether the
activities being undertaken by the
Department of Energy fall within the
NRC's statutory jurisdiction. As in the
case of other persons whose activities
may fall within our regulatory sphere,
the Commission may from time to time
d d information so as to be able to

is not ive of
other matters that may need to be
decided by the agency, then it is clearly
more efficient and more to the point to
decide by a process of adjudication (i.e.,
on a case-by-case basis}.

Applying these principles to the
petition at hand, the Commission has
little difficulty in concluding that
rulemaking is neither necessary nor
desirable. Reprocessing wastes are
located at enly four principal locations
in the United States. The C issi

determine whether or not to initiate an
enforcement action. The NRC staff has
scted in this manner in its inquiries to
DOE. It has obtained and evaluated
information that is relevant and material
to a determination whether or not the
proposed activities of the DOE are
subject to NRC licensing jurisdiction,
All the information obtained and
evaluated has been made available
contemporaneously to the public.
Mareover, as a practical matter, NRC

has previously determined that the
residual contamination anticipated from
proposed operations at S h River

gnized the uncer
with the projected radionuclide
inventories in the tank wastes and
d

should be characterized as incidental
waste and not high-level waste (see 52
FR 5993, Feb. 27, 1987, cited above, at
footnote 1.) Wastes generated at the
Idaho Chemical Processing Plant are
markedly different from those at
Hanford and Savannah. Therefore, if

d DOE plans for sampling and
analyzing the grout feeds before
disposal. The objective of these efforts is
to control the final composition of the
grout wastes, If DOE finds that it can no
longer assure that these wastes will be
managsd'ianccordunca with the criteria

questions about classification of the
Idsho wastes should arise, preced

P ly d, DOE should
notify NRC.

& standard of “largest technicall

established at Savannah River and
Hanford might be difficult to apply. Any
wastes at the Western New York
Nuclear Service Center will require
treatment in accordance with the
applicable pravisions of the West Valley
Demonstration Project Act.

achievable amount * * * willbe

isolated"” were to be applied, then the
facts submitted by DOE might not be
sufficient to conclude that NRC lacked
jurisdiction. However, the proper

dard includ iderations of
economical practicality as well. As
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indicated in an earlier part of this
decisicn, the C ission has obtained
information that is sufficient for this
purpose,

3. Future Adjudications

The petitioners contemplate that if a
rule were to be adopted in accordance
with their proposal, particular
determinations of how specific wastes
would be characterized would be “left

facility make no express mention of
high-level waste? It is not necessary for
the Commission to address these
questions at length in order to disp

The Commission has previously
addressed the costs and benefits of
creating a new system of radioactive
waste classifi Its rationale for not

of the pending petition.

IV. Public Comments on the Petition
The NRC received letters from 12

commenters. Two letters were from

other Federal agencies, two were from
public interest groups, one was from a

to individual adjudicative proceedi gs."
The NRC infers that the “proceedings”
contemplated by petitioners are
licensing activities of the kinds
specified in Section 189 of the Atomic
Energy Act, as amended, 42 U.S.C. 2239,
Adjudications in this type of pr i

industry corporation, and seven
were from private individuals. Most
comments were opposed to the petition.

A. Process and Standards Proposed in
Petition

are in some cases to be conducted in
accordance with the hearing provisions
of subpart L of 10 CFR part 2.

These procedures are often
appropriate with respect to activities
that are subjact to NRC regulatory and
li ing authority. H , tha NRC
is reluctant to employ them in the
context that is proposed—to determine
whether NRC has jurisdiction in the first
place. To do so would entail the
conduct of an adjudicatory proceeding
in order to see whether another
sdjudicatory licensing proceeding must
be held. Mare importantly, the
Commission considers that the existing
record contains all the factual
information needed for a decision and
that no unresoived material factual
issues remain that would require further
proceedings.

4. Other Cansiderations

While both NRC and DOE have
focused their attention upon the
meaning of the statutory term "high-
level waste™ and its application to the
materials in storage at Hanford, other
considerations might come into play in
determining whether or not DOE
activities are subject to licensing. In
particular, it should be recalied that
NRC exercises licensing authority under
section 202(4) only as to “facilities
authorized for the express purpose of
subsequent long-term storage of [DOE-
generated|] high-level waste.” The
content of individual waste tanks is by
no means dispositive of the question
whether the facilities for storage of the
treated waste are subject to li i

S 1 d concern

that granting the petition would have an
adverse effect on the timely disposal of
radioactive waste at Hanford. This was
a concern because many of the Hanford
waste tanks wers seen as nearing or
exceeding their design life. The
provisions of the rulemaking proposed
in the petition were viewed as limiting
DOE's flexibility in selecting the most

doing so is outlined in the statement of
considerations to the proposed part 61
rulemaking on disposal of Greater-than
Class C waste (53 FR 17709, May 18,
1988). Further consideration of these
issues is beyond the scope of this
proposed rulemaking action.
C. NRC Licensing Authority

Some comments focused on the
licensing authority of NRC over the
Hanford tank wastes. DOE stated that
the rulemaking suggested in the petition
would involve NRC in regulation of
DOE's predisposal waste treatment and
Pprocessing activities, which would be
inconsistent with NRC authority to
license specific DOE facilities under the
Energy Reorganization Act of 1974,
Another commenter stated that the

prop r g was

with the statutory responsibilities of

DOE and NRC. These arguments have
Iready been di q

effective processes for waste treat
and disposal. The petitioner’s request
that *'best available technology” be used
in removing HLW material from the
tank wastes was seen as ignoring costs
of disposal, exposures to workers, and
environmental impacts.

Some comments disputed the
petitioner’s claim that the rulemaking

roposed in the petition would offer a

tter process for classification and
disposal of the Hanford tank wastes.
These commenters did not see any
advantage in the proposed process over
the process for classification and
disposal currently in use. One comment
suggested that the Commission’s
rulemaking requiring disposal of
Greater-than-Class C waste in a geologic

pository or Commiission-approved
alternative (53 FR 17710, May 19, 1989)
might force DOE to allocate resources to
handle the hazards, rather than to waste
further time fruitlessly searching for
ways to remove more and more activity
from one part of the waste. The action
proposed by the pelitioners was viewed
as not increasing the safety of disposal
of the waste.

’Ihe Commission believes that

d

g A
number of other factors may be relevant
and materia) as well: (1) What are the
limits, geographically and functionally,
of “facilities™; (2) have those facilities

n “authorized” (and by whom is
such authorization required): and (3)
have those facilities been authorized
“'for the express purpose of subsequent
long-term storage of high-level waste"
where those who may authorize the

e to the standard of technical
and economic practicality generally

reflects agreement with these comments.

B. Creation of a Risk-Based
Classification System

Several comments, while noting that
the rulemaking proposed by the petition
would not do so, favored creation of a
risk-based system of radioactive waste
classificstion.

y and require no
further resp It may be N:l‘ ized
however, that even if the Commission
were found to have jurisdiction over the
disposal facilities, it would not regulate
either the tanks themseives or the
facilities being used to process the
wastes in these tanks; and there is
reason for concern that lmrlemsnladon
of the petitioner’s proposal might draw
the Commission im, roperly into
regulation of those Ecﬂilleu.

A commenter concluded that DOE
was currently in violation of 10 CFR
mao requirements for a license

use various near-surface waste
disposal facilities at-Hanford are being
used for "long-term storage” of high-
level radioactive waste. The issue is not
pertinent to the subject matter of the
petition. However, in any case, the
comment does not take into
consideration the judicial interpretation
of the term in Natural Resources
Defense Council, Inc. v. U.S. Nuclear
Regulatory Commission, 606 F.2d 1261
(D.C. Cir., 1879). The D.C. Circuit Court
of Appeals ruled in this case in support
of NRC's position that the tanks have
not been authorized for use as long-term
storage or disposal and are, therefore,
not subject to NRC licensing.
D. Public Input

A ber of t d the
importance of adequate public input
into decision making regarding disposal
of the Hanford tank wastes. Some called
for public heerings on this subject to be
held in the Pacific Northwest. One
Ccommenter noted that the EIS which
was done for Hanford provided the
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opportunity for public comment.
Another commenter believed that the
Commission’s rulemaking procedures
did not offer the public a better
opportunity for input than does the
current licensing procedure.

As indicated in the Discussion above,
the NRC's review of the situation with
respect to the double-walled tanks has
been carried out publicly from the start.
Meetings with DOE have been open, and
at least one of the petitioners (the State
of Washington) has been provided
advance notice and an opportunity to
attend. Documents have been placed in
the Public Document Room and have
been made available for public
inspection. It appears to the
Commission that the essence of the
issue concerns the appropriate standard
for evaluating whether certain wastes
should be regarded as high-level waste
or not. Sufficient factual information is
available to carry out these evaluations.
Also, the petition for rulemaking has
afforded an opportunity for views to be
expressed with respect to the
appropriateness of the standard.

A decision that NRC lacks licensing
jurisdiction does not mean that
opportunities for public input wil} be
denied. As DOE undertakes its waste
managemaent activities, it will afford
opportunities for public participation to
the extent required by its own enabling
statutes, regulations, and orders.

E. Other Comments

One commenter taok exception to the
petitioner’s claim that the radioactive
inventory of the Hanford tank wastes
was inadequately known. The
commenter believed that the contents of
the tanks can be bounded well enough
10 judge the relative safety of various
disposal options,

e Commission considers the
avsilable information to be sufficiently
bounded to enable it to conclude that
DOE’s proposed operations (with
respect to the material stored in the
double-shell tanks) can result in the
removal from the Hanford double-shel]
tanks of as much of the radioactive
wasle as may be technically and
economically practical, and that the
applicable regulatory objectives have

these other sites are in different stages
of impl i e impacts of the
provisions would vary from site to site.
As indicated above, the Commission is
sensitive to this consideration yet
believas that the specific case at hand
only needs to be addressed at this time,

Some comments urged the
Commission not to change the present
definition of HLW. The Commission is
not changing the present definif

Admini

ion (FAA), Transport
Airplane Directorate, ANM-103,
Attention: Rules Docket No, 93-NM-
05-AD, 1601 Lind Avenue, SW.,
Renton, Washington 98055—4056,

C may be i d at this
location between 9 a.m. and 3 p.m.,
Monday through Friday, except Federal
holidays.

The service information referenced in

V. Conclusion

For the reasons presented in this
document, the petition for rulemaking is
denied.

Dated at Rockvills, Maryland this 26th day
of February, 1993,

For the Nuclear Regulatory Commission.
Samuel J. Chilk,
Secretary of the Commission.
IFR Doc. 93-4944 Filed 3-3-93; 8:45 am]
BILLING CODE 7500-01-9

DEPARTMENT OF TRANSPORTATION
Federal Aviati

the proposed rule may be obtained from
Boeing Commercial Airplane Group,
P.0. Box 3707, Seattle, Washington
98124-2207. This information may be
examined at the FAA, Transport
Airplane Directorate, 1601 Lind
Avenue, SW., Renton, Washington.

FOR FURTHER INFORMATION CONTACT:
Stephen Bray, Aerospace Engineer,
Seattle Aircraft Certification Office,
Propulsion Branch, ANM-140S, FAA,
Transport Airplane Givectorate, 1601
Lind Avenue, SW., Renton, Washington
98055-4056; telephone (206) 227-2681;
fax (206) 227-1181.

SUPPLEMENTARY INFORMATION;

14 CFR Peart 39

[Docket No. 93-NM--05-AD)
Airworthiness Directives; Boeing
Model 737 Series Alrplanes

AGENCY: Federal Aviation
Administration, DOT.

ACTION: Notice of proposed rulemaking
(NPRM).

G Invited

Interested persons are invited to
participate in the making of the
Proposed ruls by submitting such
written data, views, or ar, ments as
they may desire. Communi.ations shall
identify the Rules Docket number and
be submitted in triplicate to the address
spacified above. An communications
received on or before the closing date
for comments, specified above, will be

idered before taking action on the

SUMMARY: This d prop the
supersedure of an existing airworthiness
directive (AD), applicable to certain
Boeing Model 737 series airplanes, that
currently requires repetitive inspections
of the wing main mnﬁ float switch
electrical conduits for trapped water,
and removal of the water, if found, This
action would require installation of
grease in the interior of the float switch
conduits, which would terminate the
requirement for repetitive inspections of
the conduits. This action would also
expand the applicability of the rule.
This proposal is prompted by the
development of & modification that
would preclude the possibility for water
its. Th

to late in the cond ]

been satisfied. Oncae these j dgi are
made, it is not the NRC's role to judge
the relative safety of various disposal
options, and we decline to do so.

One comment stated that whiie the
petition was aimed solely at the Hanford
tank wastes, its provisions could

ially affect all radicactive wastes
from reprocessing, including those at
Savannah River, West Valley, and the
Idaho Nationa} Engineering Lab

actions specified by the proposed AD
are intended to prevent fuel leakage
from the wing main tanks, which could
propagate down the wing leading edge
cavity, on to the respective engine tail
pipe, and cause an external fire usndsr
the wing.

DATES: Comments must be received by
April 27, 1993,

As the waste management programs at

Subinit in
triplicate to the Federal Aviatio,

prct»ﬁosed rule. The proposals contained
in this notice may be changed in light
of the comments received.

Comments are specifically invited on
the overall regulatory, economic,

1, and energy
the proposed rule. All
submitted will be available, both before
and after the closing date for comments,
in the Rules Dockst for examination by
interested persons. A report
summarizing each FAA-public contact
concerned with the substance of this
proposal will be filed in the Rules
Docket.

Commenters wishing the FAA to
acknowledge receipt of their comments
submitted in response to this notice
must submit a self-addressed, stamped
postcard on which the following

t is made: “'C, to
Docket Number 93—NM—05-AD." The
postcard will be date stamped and
returned to the commenter.

Availability of NPRMs

Any gsmn may obtain a copy of this
NPRM by submitting a request to the
FAA, Transport Airplane Direciorate,

of
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APPENDIX B

COST ESTIMATES

The study used costs taken from existing sources to the extent possible. These sources
include prior engineering studies, conceptual designs, and data packages supporting the
TWRS Environmental Impact Statement (in preparation). This appendix provides a reference
to the sources used for cost estimation. In addition, the study includes allowances for
technologies not completely evaluated by previous engineering studies. Some economic
assessments are presented for technologies determined not to be technically practical and are
provided for information only.

For the technologies with developed cost estimates, the cost presented represent a Total
Estimated Cost (TEC) without escalation applied. The estimates have engineering factors
applied depending on the types of facility ranging from 20 to 40 percent and a contingency of
30 to 40 percent.

For the technologies costed by allowance, the allowances have a great deal of conservatism
built into them. The cost to deploy these technologies should be lower than the cost used in
this study. These technologies’ costs come from similar or more complex systems.

B1.0 BASELINE PRETREATMENT PROCESS

This baseline pretreatment processing differs from the current TWRS baseline process by the
absence of cesium removal using ion exchange. Cesium removal by ion exchange is
addressed as a radionuclide removal technology option in Section 4.2.2. The baseline
pretreatment processes, along with cesium ion exchange, were adopted as the basis for the
Tri-Party Agreement (Ecology et al. 1994).

The baseline processing results in an estimated total capital, operating, and geologic disposal
cost savings of $9 billion over geologic disposal of all tank wastes (no separation of a LAW
fraction). The cost savings is determined by difference of the capital, operating, and
geologic disposal costs defined in technical data packages for the TWRS Environmental
Impact Statement (EIS) for no separations (Colby 1995) and the Tri-Party Agreement
alternatives (Slaathaug 1995). The Tri-Party Agreement alternative data package costs are
adjusted for this comparison by subtracting the cesium ion exchange portion of the costs to
obtain the costs associated with solids/liquids separations (which includes enhanced sludge
washing).
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B1.1 CESIUM REMOVAL COSTS

This section reviews the cost basis for the cases carried in the document to remove cesium
from the tank waste supernatant. The technologies costed include cesium volatility, single-
cycle cesium ion exchange, second-cycle cesium ion exchange, CST in facility, selective
CST in tank, and selective in facility single-cycle cesium ion exchange.

B1.2 CESIUM VOLATILIZATION

An allowance of $30 million for capital and $20 million for operations is used for cesium
volatilization (Section 3.2.3). The base line facilities contain much of the equipment to
support cesium recycle to the melter. To remove the volatilized cesium, it is necessary to
modify the equipment design and configuration. The modification include separations
equipment for volatile species.

An estimate is not specifically available for this equipment. However, a far more complex
modification of the melter offgas system was estimated by Fluor Daniel, Inc. (Chloride
Removal from Vitrification Offgas, WHC-SD-WM-TI-702, Rev. 0, May 23, 1995,

E. J. Slaathaug, pages 19-20) for WHC to estimate chloride removal systems. Table B-1
shows the results of that study.

Table B-1. Chloride and Fluoride Removal System Costs.

Chloride and fluoride purge distillation and grouting equipment 48 4
Facility differential 8.7
Annual operating 8.3

The chloride and fluoride estimate specified Hastelloy and Inconel materials in the equipment
to withstand the corrosion which cost more than stainless steel necessary for the cesium
removal system.

What can be learned from this comparison is that cesium recovery equipment is required to
recycle cesium back to the melter under any scenario. The delta above the recycle capability
to route the cesium to HLW storage is conservatively bracketed by the above chloride
estimates at $30 million capital and $20 million operating. A preliminary material balance
shows no need for the addition of extensive unit operations to support this option.
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B1.3 SINGLE-CYCLE ION EXCHANGE

The cost for cesium removal by ion exchange is based on data in the TWRS EIS data
package (Slaathaug 1995, Table F-36). The capital cost for cesium ion exchanges is

$380 million. The total operational cost for the cesium ion exchange system including
research and development, start-up, operation, and Decontamination and Decommissioning
(D&D) costs is $602 million.

This design used a transfer aisle facility design as the basis for cost. The development of
these costs come from detail material and energy balances, staffing estimates, equipment
lists, and facility layouts. The basis for this estimate has evolved over a five-year period.

Table B-2. Cost from Slaathaug 1995, Table F-36.

Research and development 83
Capital (e.g., construction) 380
Labor for start-up, operations, and decontamination and 276
decommissioning

Equipment Replacement 57
Materials for start-up, operations, decontamination and 186
decommissioning

Total 982

Bl.4 SECOND-CYCLE ION EXCHANGE

The costs associated with a second cycle of cesium ion exchange are derived from the
difference in costs for separations facilities containing two cycles and one cycle of cesium ion
exchange developed in the TWRS Facility Configuration Study (Boomer et al. 1994). The
second cycle of cesium ion exchange increased the capital estimate by $275 million

(Table 6.3-1, Boomer et al. 1994). The facilities’ cost come from a low maintenance facility
design. This facility design has a lower estimate than the facility design used for the single-
cycle cesium ion exchange. If the transfer aisle design was used, this delta would increase.

The operating cost difference for the second cycle of cesium ion exchange is $47 million
(Table 4.1-4, Boomer et al. 1993). The second-cycle cesium ion exchange has increased
equipment replacement cost of $15 million and increased D&D cost of $83 million based on
the capital cost delta of $275 million. The other costs associated with cesium ion exchange
were estimated not to change between the single-cycle and double-cycle ion exchange.
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Table B-3. Cost Differences from Boomer et al. 1994.

Capital (e.g., construction) 426 701 275
Materials for operations 96 143 47
Equipment Replacement 45 60 15
Decontamination and 194 277 83
decommissioning

Total 761 1,181 420

B1.5 CESIUM SORPTION BY CST TREATMENT OF ALL WASTES

Costs for use of CST in columns for all the tank waste is analogous to single-cycle ion
exchange in columns described above. Since CST is not regenerated, the facility costs are
lowered because regeneration equipment and floor space are not required. The reduced
facility size decreases the labor cost for operation, but the material cost for CST more than
off sets this and reduction and raises the operational cost for this alternative above single-
cycle cesium ion exchange. Also the use of CST increases the volume of HLW. This
increase has an estimated value of $745,000 per canister.

A detailed cost estimate was not developed for CST columns and allowances have been
developed. Table B-4 shows the cost for a CST facility compared to the single-cycle ion
exchange facility. The total operating cost for pretreatment and the HLW treatment delta is
$1,860 million ($1,670 million in HLW costs and $198 million operating) for CST treatment
of all waste to remove cesium. The capital and operating total is $1,688 million.
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Table B-4. High-Level Waste Cost from Slaathaug 1995, Table F-36.

Capital (e.g., construction) 380 200 (180)
Operational cost 602 800 198
High level waste delta cost 0 1,670 1,670
for an incremental 2,240

canisters

Total 982 2,670 1,688

The cost used for calculating the incremental cost per HLW canister come from the EIS data
packet for the Tri-Party Agreement Alternative (Slaathaug 1995, Table F-36). The HLW
cost from the data packet consist of fixed and variable cost. Table B-5 shows the split
between the cost types. The fixed cost consisted of research and development costs and
capital cost both of which do not factor into the cost of producing an extra canister of glass.
The repository cost increases by the amount of $745 thousand per incremental HLW canister
as shown below (Slaathaug 1995, Table F-36), based on a variable cost of $5.065 billion for
6,800 canisters.

Table B-5. High-Level Waste C

Research and development 260

Capital (e.g., construction) 1,400

Labor for start-up, operations, and 639
decontamination and decommissioning

Equipment Replacement 70
Materials for start-up, operations, 604
decontamination and decommissioning

High level waste canisters 239
Transportation 31
Repository fee 3,960
Total 1,600 5,065
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B1.6 CST TREATMENT OF SELECTED TANKS

Prior estimates do not provide a direct basis for CST addition to double-shell tanks. The
process of adding the CST slurry to a double-shell tank and obtaining the required contact
efficiency is simplified by in tank washing and retrieval operations necessary for other
reasons. CST addition for selected tanks is held below the level at which titanium impacts
the HLW glass loading. The remaining costs include the capital to add CST to the tanks as a
slurry and a small operating delta to accommodate the mixing via operation of existing mixer
pumps.

The operating cost per incremental HLW canister is approximately $745,000 (Slaathaug
1995, Table F-36). This includes labor, materials, and geologic disposal. The geologic
disposal costs are assumed to be $582,000 per canister assuming two repositories (Slaathaug
1995). An allowance of $2 million per tank of treated waste is assumed for pretreatment
operating costs including development, chemical purchases, and incremental tank farm
operations to perform the batch contacts and decants.

An allowance of $5 million is provided for capital cost requirements associated with addition
of CST slurries to the wastes before or during the retrieval step. It is assumed that the
retrieval operation will provide adequate contact with the CST solids before the following
settle/decant operation. The operating costs associated with addition of the CST slurries are
$25 million for operating labor and CST purchase costs. The selective treatment of wastes
with CST assumes two CST costs to bound the analysis. The currently quoted price for
small quantities is $176/kg of CST powder. An alternate price for CST costs with the large
amounts envisioned by this process was assumed to be equal to $1/Ci of *’Cs removed.
This assumed large volume price break results in a assumed unit price reduction of 40 to 85
percent.

B1.7 PHASED PROCESSING AND MODULAR FACILITIES

During development of the study the use of selective CST showed a favorable cost as
compared to global application of cesium ion ¢xchange. As such, the study revisited the
single-cycle cesium ion exchange data to find an analogous application. Table B-6
summarizes three facility cases for application of cesium ion exchange. The cases and
specific sources of capital and operating costs are as follows:

1. Full Treatment (treatment of all tanks in a full size facility) is taken from the
EIS data package. WHC-SD-WM-EV-104, Rev.0-A TPA Alternative
Engineering Data Package for the TWRS EIS E. J. Slaathaug, July 1993,
Table F-36.
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2. The modular treatment concept for a 15 GPM capacity was developed by
BNFL as a facility configuration study (FCS) alternative for cesium removal.
The costs in the table are for treatment of 12 DST’s containing the majority of
the cesium (NCAW, CC, DSS/DSSF). WHC-SD-WM-ES-295 Rev. 0, TWRS
Facility Configuration Study, K. D. Boomer, July 13, 1994, Table 6.2-1.

3. Modular treatment at 5 GPM supporting the privatization RFP was developed
at the request from DOE and documented in two letters; the first for capital
costs and the second for operating costs. Letter 9551934, May 1, 1995,
Privatization Cost Estimate (Business Sensitive), J. S. Garfield to D. L. Veith,
Letter 9552911, May 26, 1995, "Estimate of Privatization Operation Cost”
J. S. Garfield to L. S. Waldorf.

The costs in the table are for treatment of 12 DST’s containing the majority of the cesium
(NCAW, CC, DSS/DSSF).

Table B-6 Global and Selective Cesium Ion Exchange Costs.

Throughput (GPM) 25@ ™ 15@5M 5@ 5M
Yrs to Process 12 DSTs 2 5 14
Costs ($ millions):
Capital Construction 38 170 100
- Maintenance - 20 20
- Analytical --- 20 20
Operating Labor (LCC) 276 100 276
Replacement Equipment (LCC) 57 15 50
Materials & Supplies
- Startup 21 20 10
- D&D 109 60 40
- Chemicals & Consumables 56 10 10
R&D 83 83 83
Total 982 493 609
(Totals Used) (1,000) (500) (600)

1Slaathaug, E. J., 1993, TPA Alternative Engineering Data Package for the TWRS
EIS, WHC-SD-WM-EV-104, Rev. 0-A, Westinghouse Hanford Company,
Richland, Washington.
2Boomer, K. D., et al. 1994, TWRS Facility Configuration Study,
WHC-SD-WM-ES-295, Rev. 0, Westinghouse Hanford Company, Richland, Washington.
3Garfield, J. S., 1995 , Privatization Cost Estimate (Business Sensitive),
letter 9551934 to D. L. Veith; and Garfield, . S., 1995, Estimate of Privatization
Operation Cost, letter 9552911 to L. S. Waldorf.
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B2.0 STRONTIUM REMOVAL

This section reviews the cost basis for the cases carried in the document to remove strontium
from the tank waste supernatant. The technologies costed include solvent extraction,
strontium removal by precipitation as phosphate, selective complexant deactivation, and
complexant destruction.

B2.1 STRONTIUM REMOVAL BY SOLVENT EXTRACTION

The cost for strontium removal by solvent extraction is based on facility designs presented in
the Tank Waste Technical Options Report (Boomer et al. 1993). The cost of a solvent
extraction system collocated with another processing facility is based on the cost differences
between two pretreatment facilities with and without the solvent extraction system. These
two facilities are identified as Sludge Wash B (SWB) and Solvent Extraction B (SOLEX B),
with and without the solvent extraction, respectively, in the reference report (Boomer et

al. 1993). The capital costs for these two facilities are updated for this report. Summary of
the updated SWB is found in Appendix C. The difference in costs between SWB and
SOLEX B provides a basis for the cost difference of a LAW vitrification facility with and
without solvent extraction capability. Solvent extraction is used for strontium recovery with
transuranic extraction (TRUEX) processes. The difference in capital costs associated with
solvent extraction is $1.22 billion. The difference in operating costs associated with
operation of the solvent extraction system is identified by the difference in operating costs for
the SWB and SOLEX B facilities of $6.69 billion (Boomer et al. 1993).

The in-facility process for strontium removal by solvent extraction treatment of ALL wastes
is expected to remove 3.4 MCi of the 3.5 MCi soluble and insoluble strontium from the
liquid fraction. The removal of 3.4 MCi of *Sr for a total cost of $7.9 billion results in a
removal cost of $2,320/Ci.

B2.2 PRECIPITATION OF STRONTIUM PHOSPHATE
Addition of strontium nitrate to the three CC waste tanks would impact the HLW glass
volumes with an increase of 75 HLW canisters at a unit delta of $745,000 each as explained

in Section B1-3. The allowance for capital costs can conservatively be zero.

-
$56 million

Capital:
Operating: 75 HLW Canisters @ 745,000 each

W
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B2.3 STRONTIUM REMOVAL BY COMPLEXANT DEACTIVATION IN
SELECTED WASTES

Complexant deactivation is accomplished by in-tank heat and digest for the three CC waste
tanks affected. The capital and operating cost impacts are $150 million and $50 million
respectively. The numbers are developed in the following reference.

Klem, M. J., Preliminary Engineering Evaluation of Heat and Digests Treatment for
In-Tank Removal of Radionuclides From Complexed Hanford Tank Waste,
WHC-SD-SM-TI-719, Rev. 0, Table 2-3.

B2.4 STRONTIUM REMOVAL BY COMPLEXANT DESTRUCTION IN ALL
WASTES

The cost for strontium removal by complexant destruction is based on facility designs
presented in the Tank Waste Technical Options Report (Boomer et al. 1993). The cost of a
complexant destruction system collocated with another processing facility is based on the cost
differences between two pretreatment facilities with and without the complexant destruction
system. These two facilities are identified as Sludge Wash C (SWC) and Sludge Wash B
(SWB), with and without the complexant destruction, respectively, in the reference report
(Boomer et al. 1993).

The capital costs for these two facilities are updated for this report. Summaries of the
updated SWC and SWB cost estimates are found in Section B7.0 The difference in costs
between SWC and SWB provides a basis for the cost difference of a LAW vitrification
facility with and without complexant destruction capability. The difference in capital costs
associated with strontium removal by complexant destruction is $381 million. The difference
in operating costs associated with operation of the complexant destruction system is identified
by the difference in operating costs for the SWC and SWD facilities of $330 million for
training, operations, essential materials, and decontamination and decommissioning (Boomer
et al. 1993, Table G16-15). Table B-7 shows the costs for organic destruction.

Table B-7. Costs for Organic Destruction.

Sludge Wash
Sludge Wash B 1,532 2,340 3,872
Delta 381 330 711
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B3.0 TRANSURANIC REMOVAL

This section reviews the cost basis for the cases carried in the document to remove TRU
from the tank waste supernatant.

B3.1 HYDROXIDE PRECIPITATION OF TRU FROM SELECTED WASTES

This option entails addition of 19M NaOH and .01M ferric ion to the three CC waste tanks
to achieve a 3M hydroxide concentration to precipitate the TRU. The allowance for capital
impacts from adding chemicals to the CC waste tanks is considered negligible. Features to
add chemicals are presently available and mixing is accomplished by the mixer pumps
required for retrieval.

The total operating costs for adjustment of the hydroxide concentration and addition of
0.01M iron in the DSTs several weeks or months before retrieval and solids/liquid separation
is $6 million to $18 million as summarized in Table B-8:

Table B-8. Hydroxide Precipitation Costs.

Sodium hydroxide 0.6
Additional low-activity waste vaults 1.4
(for 0.14 Vauits)

Iron impact on high-level waste 3.7t 16
(additional S to 21 canisters)

Total operating 6to 18

A LAW cost increase of $2 million is based on addition of 19M NaOH to the three tanks to a
3M NaOH final concentration which increases the total tank waste sodium by 250 MT or
0.14 equivalent vaults. The disposal cost per vault of solidified LAW is approximately

$10 million (Slaathaug 1995, Table F-36). This includes containers, sulfur matrix, and vault
costs. The incremental Na usage results in $1.4 million increase in LAW disposal costs.

The addition of NaOH to the tanks is estimated to cost $0.6 million.

The addition of the 0.01M iron results in an additional 5 to 21 canisters of HLW glass. The
canisters are assumed to contain 1.26 m® of glass and a maximum Fe,O; content of 12 wt%
(Orme 1994). The minimum HLW canister impact is based on 50 wt% Fe,0, if the HLW
facility is processing glass at less than the 12 wt% Fe, 0, limit and the maximum HLW
canister impact is based on the 12 wt% Fe,O, limit. With an incremental HLW canister cost
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of $745,000 per HLW canister (Slaathaug 1995), this results in an additional operating cost
of approximately $3.7 to $16 million.

B3.2 TRANSURANIC REMOVAL FROM SELECTED WASTES BY FERRIC
HYDROXIDE PRECIPITATION

The addition of 0.1M Fe(NO;); and 3.0M NaOH for precipitation of TRU to the three CC
tanks results in a maximum additional 50 to 210 canisters of HLW glass. The canisters are
assumed to contain 1.26 m? of glass and a maximum Fe,0O5 content of 12 wt% (Orme 1994).
The minimum HLW canister impact is based on 50 wt% Fe,0; if the HLW facility is
processing glass at less than the 12 wt% Fe,O, limit and the maximum HLW canister impact
is based on the 12 wt% Fe,0, limit. With an incremental HLW canister cost of $745,000
per HLW canister (Slaathaug 1995), this results in an additional operating cost of
approximately $37 to 160 million. The incremental LAW costs are $2 million as developed
in Section C3-1. Totals are summarized as follows:

NaOH chemical Costs $0.6 million

LAW Vault incremental cost (0.14 Vaults) $1.4 million
Iron impact on HLW (50-210 Canisters) $37-160 million
Total operating Cost $39-162 million

B3.3 TRANSURANIC REMOVAL BY COMPLEXANT DEACTIVATION IN
SELECTED WASTES

Complexant destruction is accomplished with in tank heat and digest for the three CC waste
tanks affected. The capital and operating cost impacts are $150 million and $50 million
respectively. The numbers are substantiated in the following reference.

Klem, M. J., Preliminary Engineering Evaluation of Heat and Digests Treatment for

In-Tank Removal of Radionuclides From Complexed Hanford Tank Waste,
WHC-SD-SM-TI-719, Rev. 0, Table 2-3.

B3.4 TRANSURANIC REMOVAL BY COMPLEXANT DESTRUCTION IN ALL
WASTES

The explanation for the cost basis for this option is identical to complexant destruction for

strontium removal discussed in Section B2.3.

B3.5 TRANSURANIC REMOVAL BY SOLVENT EXTRACTION

The explanation of the cost basis for this option is identical to strontium solvent extraction
discussed in Section B2.1.
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B4.0 TECHNETIUM-99 REMOVAL

This section reviews the cost basis for the cases carried in the document to remove
technetium from the tank waste supernatant. The technologies include technetium
volatilization, mixed bed technetium ion exchange, and technetium anion exchange.

B4.1 TECHNETIUM VOLATILIZATION

The explanation for the cost basis for this option is identical to cesium volatilization
discussed in Section B1.1.

B4.2 MIXED BED TECHNETIUM AND CESIUM ION EXCHANGE

The mixed bed ion exchange removal system is assumed to remove 99 percent of the soluble
#Te, or 0.0216 MCi of the 0.0228 MCi soluble ®*Tc. No breakthrough data are available to
perform specific equipment sizing or material balance calculations. The potential costs of the
mixed bed system assume that the bed volume of the combined resins and the elution
volumes are increased 25 percent. It is assumed that the capital and operating costs are
increased 10 and 20 percent, respectively, over the costs of a cesium only ion exchange
system {see Section C1.2 (Slaathaug 1995, Table F-36)}. The capital and operating costs of
the cesium only ion exchange system are $380 and $602 million, respectively. The
incremental capital and operating cost increase for the mixed bed technetium recovery are
$38 and $120 million, respectively. The total incremental cost of 158 million results in a
cost of $7,200/Ci of removed *Tc.

B4.3 TECHNETIUM ANION EXCHANGE

The cost for technetium removal by ion exchange is based on facility and equipments designs
presented in the Tank Waste Technical Options Report (Boomer et al. 1993). The cost of a
technetium ion exchange system collocated with another processing facility is based on the
cost differences between two pretreatment facilities with and without the technetium ion
exchange process. These two facilities are identified as Sludge Wash D (SWD) and Sludge
Wash B (SWB), with and without the technetium ion exchange, respectively, in the reference
report (Boomer et al. 1993),

Both facilities include sludge washing, solids/liquids separation, and cesium ion exchange.
The capital costs for these two facilities are updated for this report. Summaries of the
updated SWD and SWB cost estimates are found in Section C7.0. The difference in costs
between SWD and SWB provides a basis for the cost difference of a LAW treatment or
vitrification facility with and without technetium ion exchange capability. The difference in
capital costs associated with technetium ion exchange processing is $260 million. The
difference in operating costs associated with operation of the technetium ion exchange
processing is identified by the difference in operating costs for the SWD and SWB facilities
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of $400 million for training, operations, essential materials, and decontamination and
decommissioning (Boomer et al. 1993, Table (G16-15). Table B-9 provides the cost for
technetium anion exchange.

The technetium ion exchange process recovers 0.0226 MCi of *Tc for a total cost of
$660 million. This results in a cost of $29,000/Ci %Tc.

Table B-9. Costs for Technetium Anion Exchange

Sludge Wash C
Sludge Wash B 1,272 1,940 3,212
Delta 260 400 660

B5.0 SELENIUM REMOVAL

Selenium removal is accomplished by volatilization in the LAW melter. The cost is identical
to cesium removal discussed in Section B1.1. Selenium removal has no incremental cost
above cesium and technetium. Selenium volatilization is not technically practical. The
economics provided below are for information only.

The melter volatility system is assumed to remove 80 percent of the feed Se (DF of 5). The
melter volatility system thus removes 0.00082 MCi of the 0.00103 MCi Se. Some
volatilization also occurs for '¥'Cs and ®Tc. For 1¥Cs, it assumed 50 percent of the feed
cesium volatilizes (0.5 MCi) and for ®Tc, 0.0205 MCi of the 0.0228 MCi soluble %Tc
volatilizes. The melter and offgas system that provides radionuclide removal costs
approximately $50 million. This results in a cost of $1.00 per Ci.
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B6.0 CARBON-14 REMOVAL

The chemistry of carbon results in *C being distributed in supernatants and solids of all
tanks. The organic carbon and carbonate content of the wastes will be converted to carbon
dioxide, CO,, as a result of the LAW vitrification process. In the vitrification process a total
of 6,500,000 kg of CO, will be released in the offgas. The 6,500,000 kg of CO, can be
absorbed in slaked lime as 15,000,000 kg of CaCO;.

The recovery, packaging and geologic disposal of 15,000 Mg of CaCOj; in approximately
6,000 1.26-m? canisters would cost approximately $5 billion. A cost of $5 billion to mitigate
the environmental release of 0.0053 MCi '“C results in a cost of $1,000,000/Ci and is not
economically practical.

B7.0 URANIUM REMOVAL

This option is bounded by the Solvent Extraction B option discussed in the Tank Waste
Technical Options Report (Boomer et al. 1993, Tables G16-14 and G16-15). These costs are
summarized below.

Capital: $2,490 million
Operating: $8,630 million.

B8.0 COST TABLES FOR SLUDGE WASH FACILITIES

The following tables provide cost estimates for the Sludge Wash B (SWB), Sludge Wash C
(SWC), and Sludge Wash D (SWD) facilities defined in the Tank Waste Technical Options
Report, WHC-EP-0616 (Boomer et al. 1993). The cost estimates in the reference were
updated for this document to assure a consistent basis for the incremental costs of single
process technology options. The cost estimates have been escalated to 1995 dollars.
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APPENDIX C

SOURCE OF TANK WASTE AT THE HANFORD SITE
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APPENDIX C

SOURCE OF TANK WASTE AT THE HANFORD SITE

The Manhattan Project established the Hanford Site in 1943 to produce plutonium for nuclear
weapons in support of World War II. Plutonium production continued until January 1987
when the last production reactor ceased operation at the Hanford Site. Eight production
reactors, one dual-purpose reactor (N Reactor), and five reprocessing facilities operated at
the Hanford Site to support that mission. These operations created a large quantity of
radioactive wastes, much of which continues to be stored in 149 SSTs and 28 DSTs.

Figure C-1 shows the cesium, strontium, technetium, and transuranic curie balance for the
Hanford Site facilities, decayed to December 31, 1999. The figure depicts the route of
cesium and strontium bearing waste into and out of the tank complex.

The radionuclide inventory of 178 MCi (December 31, 1999, decay date) for waste entering
the tanks shown in Figure C-1 is the sum of inventories in the tanks and known removals
from the tanks described in Sections C-2 and C-3.

C1.0 WASTE ENTERING THE TANKS

The waste entering the tank came primarily from the reprocessing of spent nuclear fuel. The
following sections provide a description of the wastes and other wastes discharged to the
tanks.

C1.1 FUEL REPROCESSING WASTE

The Hanford Site used three different fuel reprocessing processes on irradiated fuel
discharged from the reactors: Bismuth Phosphate (BiPO4), REDOX, and PUREX processes.
This section provides a brief description of the processes and resulting reprocessing wastes
discharged to the tanks.

C1.1.1 Bismuth Phosphate Waste

T Plant and B Plant discharged waste to the tanks from the BiPO, process. T Plant operated
form 1944 through 1956. B Plant operated from 1946 through 1952. This carrier
precipitation process discharged four wastes to the tank farms: metal, first cycle, second
cycle, and 224 wastes. This process recovered plutonium from fuel containing about four
percent of all the activity discharged to the tanks.
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Figure C-1. Estimated Hanford Site Tank Waste Radionuclide Inventory.©
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The process generated "metal waste” from the initial carrier precipitation step. This waste
contained all of the uranium, about 90 percent of the fission product activity, and one percent
of the plutonium from the original feed to the process. The process neutralized this acidic
waste to a pH of 7 with sodium hydroxide (NaOH) and treated it with an excess of sodium
carbonate before discharging waste to the tanks.

The process generated the first- and second-cycle waste from the second and third carrier
precipitation steps. These wastes contained about 10 percent of the fission product activity
and two percent of the plutonium from the original feed to the process. The process made
these acidic waste alkaline by the addition of NaOH before discharging it to the tanks.

The process generated the 224 waste during the final purification of the plutonium product.
This waste contained almost none of the fission product activity (< 0.001 percent) and about
0.5 percent of the plutonium from the original feed to the process. The process neutralized
and concentrated this waste before discharge to the tanks.

C1.1.2 REDOX Waste

S Plant discharged waste from the REDOX process from 1952 through 1967. The waste
from this process consisted of HLW components from a methlyisobutylketone solvent
extraction process. The REDOX Plant processed about 20 percent of the irradiated fuel
discharged from the reactors.

These waste contained essentially all of the fission products in the original feed and small
quantities (less than 0.5 percent) of the original plutonium. They contained large amounts of
aluminum nitrate used as a salting agent in the solvent extraction process and minor amounts
of iron and chromium.

C1.1.3 PUREX Waste

The PUREX Plant discharged waste from reprocessing of irradiated fuel to the tank farms
from 1956 through 1967 and again from 1983 through 1988. The PUREX process used
tributyl phosphate (TBP) diluted with kerosene as the extractant. The HLW generated by the
PUREX process contained essentially all of the fission products in the original feed plus
small amounts of plutonium and uranium also in the waste (< 0.2 percent). The PUREX
Plant reprocessed about 76 percent of the irradiated fuel discharged from the reactors.

Before discharging this waste to the tanks, process steps made the PUREX HLW (principally
nitric acid) alkaline by the addition of NaOH. This method of direct storage was used from
1956 through 1967. Beginning in 1968 through 1972, the PUREX Plant transferred the
Current Acid Waste (CAW) directly to the fractionation process. As discussed below, the
fractionation process removed the cesium and strontium from the waste and returned low heat
waste to the tanks. With restart of the PUREX Plant from 1983 through 1988, the
neutralized waste was routed to DSTs designed to hold aging waste.
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C1.2 URANIUM RECOVERY WASTE

U Plant discharged waste from the uranium recovery process from 1952 through 1957. This
process used acid to dissolve uranium-bearing BiPO, "metal wastes” sluiced from the storage
tanks. A solvent extraction process using TBP as the extractant recovered the uranium from
the acid feed. After uranium recovery, the process re-neutralized the acidified wastes,
treated the waste to precipitate cesium and strontium as CsNiFe(CN)g and Sr3(PO,),, and
discharged the resulting slurries to SSTs to allow the solids to settle.

C1.3 WASTE FRACTIONATION

In the 1960’s, B Plant was modified to recover cesium from the tank waste supernatants and
strontium from tank waste sludges. This processing removed decay heat from the waste to
allow concentration and in-tank solidification. The process neutralized and returned low heat
wastes to the tanks for subsequent concentration and solidification. Wastes were discharged
from this process to the tanks from 1968 through 1984.

The use of chelating agents in the fractionation of strontium caused generation of a unique
waste type known as CC waste. The organic compounds (e.g., citric acid,
ethylenediaminetetraacetic acid) have caused both safety and process concerns in the tank
farms. The degradation of the organic compounds has led to elevated hydrogen levels in the
tank space above the waste. These same organic compounds solubilize both strontium and
transuranic radionuclides which leads to increased concentrations in the supernatants.

C1.4 PLUTONIUM FINISHING PLANT WASTE
The PFP discharged waste from plutonium processing to the tanks. In recent years, the PFP
discharges have gone to tank 241-SY-102 in the 200 West Area.

C1.5 LABORATORY WASTE

The waste from laboratories supporting processing at the Hanford Site discharge to the tanks.

C1.6 DECONTAMINATION WASTE

The tanks have received decontamination waste from T Plant and by rail car shipments from
the 100 Areas. T Plant decontamination waste comes from radionuclides removed from
equipment before repair and reuse in the plants (e.g., centrifuges). The 100 Area waste
came from decontamination of reactor systems such as the N Reactor primary coolant
system.
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C2.0 WASTE EXITING THE TANKS

Waste has exited the tanks by waste fractionation and by-product recovery, planned and
unplanned releases to the soil column, and as contamination on failed equipment. The
following sections provide a description of the waste removals from the tanks.

C2.1 WASTE FRACTIONATION AND BY-PRODUCT RECOVERY

In the past, the waste has undergone extensive processing for by-product recovery as
radionuclides packaged in capsules for interim storage and as direct shipment of recovered
radionuclides in casks to other DOE sites.

C2.1.1 Cesium and Strontium Capsules

Beginning in 1967, cesium and strontium were extracted from the tank waste and purified in
B Plant. The fractionated cesium and strontium were encapsulated in the Waste
Encapsulation and Storage Facility (WESF). In addition to waste from the tanks, B Plant
also received the CAW stream from the PUREX Plant for fractionation and subsequent
encapsulation. The DOE stores the capsules in water pools in WESF. The DOE has sent
many of the capsules offsite for use in laboratory testing and commercial irradiation, most
have been returned.

Table C-1 shows the capsule inventories identified in the July 1995 capsule location quarterly
reports (Bender 1995a, b). The quarterly reports give the total number of cesium and
strontium capsules produced, the number of capsules located onsite and offsite, and the
number of capsules that have been destroyed. In addition, through the effort of the B Plant
Capsule Return Program, 95 additional cesium capsules are expected to return from offsite
before December 31, 1999. The current radionuclide inventories given in the quarterly
reports were decayed to December 31, 1999, for consistency in this report. Table C-1
presents the capsule inventory decayed to December 31, 1999.

Table C-1. Capsule Inventory, MCi (December 31, 1999, Decay Date).

137y 54.8 7.29 47.5
08y 23.0 2.06 20.9
Total 77.8 9.35 68.4
Total including daughters (**'Ba, )| 152.8 18.4 134.4

Iprojected inventory values are generally consistent with the Integrated Data Base
Report-1994 (i.e., 47.4 MCi '*’Cs and 20.4 MCi %Sr).
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C2.1.2 Hanford Atomic Products Operations Cask Shipments

The Hanford Site began shipping by-product material to the Oak Ridge National Laboratory
in 1961 using Hanford Atomic Products Operations (HAPO) casks. The waste shipped in
these casks came primarily from PUREX waste and was in the form of '*’Cs loaded on an
elutable zeolite or *Sr as a SrCO, precipitate. The total amount of radionuclides removed
from the Hanford Site in HAPO cask shipments is 3.90 MCi of ®°Sr and 2.48 MCi of *'Cs
(decay date December 31, 1999), for a total of 6.38 MCi shipped offsite.

C2.2 PLANNED AND UNPLANNED RELEASES TO THE SOIL COLUMN

The soil column at the Hanford Site contains radionuclides from the waste reprocessing
operations. These radionuclides came both from planned and unplanned releases.

C2.2.1 Planned Releases

In the past, the Hanford Site has used the soil column in the management of radioactive
waste. Some of the SST waste was intentionally discharged to the ground via pumping and
cascade overflow from 1946 through 1966. The waste discharged to the ground were those
that had a low radionuclide concentration which did not require tank storage, but a
radionuclide concentration too high to allow discharge to surface ponds. These discharges
included: BiPO, waste, uranium recovery process waste, laboratory wastes, and equipment
decontamination wastes which were routed through SSTs before discharge to the ground.
Table C-2 shows the waste discharged from the tanks to the soil column (Waite 1992).

Table C-2. Estimated Discharges from Tanks to the Soil Column
(December 31, 1999, Decay Date).

137 0.0131
908r 0.0108
9T 0.0009
Transuranics 0.0007

Also, non-SST waste such as process condensate waste streams from evaporator
concentration have been discharged intentionally to the ground from both waste concentration
activities and from the process plants. These sources are not significant contributors of %Sr
or '3Cs to soil column discharges.
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C2.2.2 Unplanned Releases

In addition, unintentional discharge of SST waste has resulted from leaks in tanks and
transfer lines and miscellaneous spills. Table C-3, Contaminated Soil Inventory, summarizes
the unintentional discharges of SST wastes. The unplanned releases of *Tc, 1?1, and nitrate
to the soil column was described in the Tank Waste Technical Options Report (Table M2-12,
Boomer et al. 1993). The unplanned release of *’Cs is reported as 0.290 to 1.090 MCi
(Hanlon 1995). The contaminated soil inventory for the insoluble %Sr and TRU
radionuclides is assumed to be zero for this study.

Table C-3. Estimated Unplanned Releases to the Soil Column
December 31, 1999, Decay Date).

0gr 0.0

PTc 0.00014
1291 0.0000004
3¢y 0.290 to 1.090
Transuranics 0.0

C2.3 SOLID WASTE BURIAL

Other deductions in the tank waste inventory in the form of solid waste burial of failed
equipment from reprocessing plants, B Plant, and WESF processing are shown in Table C-4.
The majority of activity was in failed equipment from B Plant and the encapsulation process.
The total solid waste burial is provided by the Solid Waste Inventory and Tracking System
(SWITS) database (Anderson and Hagel 1995).

Table C-4. Solid Waste Inventory Summary.

0y 0.90
99Tc -0-
137Cs 1.18

Radioactively contaminated solid waste has been disposed by burial in the ground since the
Hanford Site began operation in 1944, Radioactive waste burials were stopped in the 300
Area in 1972 and in the 100 Areas in 1973. Since 1970, waste suspected of containing
transuranic nuclides was segregated and retrievably stored. Thus, the data regarding solid
waste burial are in three categories as listed in Table C-4.
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Transuranic waste in the burial grounds is not included in the total inventory values because
the material comes from production, did not pass through the tanks, and plays no role in the
mass balance for tank waste.

C3.0 TANK WASTE INVENTORY

The tank waste inventory represents the amount of waste and contained radionuclides that
will be ultimately processed by pretreatment and LAW and HLW vitrification. The TWRS
processing inventory consists of the current tank inventory and future additions less the tank
heel following waste retrieval. The processing inventory is discussed in the following
sections.

C3.1 CURRENT TANK INVENTORY

Table C-5 contains the tank waste inventory for selected radionuclides decayed to
December 31, 1999 (DOE 1994). The inventories presented here use the data proposed for
the 1995 Integrated Data Base report (Shelton 1995), which provides the soluble and
insoluble fractions for the tank waste.

Table C-5. Tank Inventory (December 31, 1999, Decay Date).

90sr 1.89 52.2 54.1
137Cs 31.4 3.01 34.4
TRU 0.00961 0.121 0.131
PTe 0.0228 0.00930 0.0321
Total 33.3 55.3 88.6
Tank total including 65.0 110.0 175.6
daughters (**Ba, %°Y)

C3.2 FUTURE TANK ADDITIONS

The Hanford Site no longer has a production mission and no reprocessing waste will be
discharged to the tanks. Facility deactivation provides the primary source of future tank
waste. The future tank additions are shown in Table C-6. The majority of this waste will
come from B Plant. The flushing of approximately 3 MCi of cesium and strontium from B
Plant to the tanks is based on B Plant Transition Engineering Radioactive Inventory and
Material Status (RIMS) (Gehrke 1995). For mixed inventories reported by Gehrke, the
estimated *°Sr/!*’Cs inventory was assumed to be a 50/50 split. The maximum B Plant
inventory, reported in a range, is used in this study.
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Table C-6. Future Tank Additions.

Radioactive process liquid 0.0146 0.0147
Radioactive filter 0.101 0.587
Residual inactive process and facility 0.0925 to 0.589 0.336 to 2.168
Total 0.2100.7 0.9t02.8

C3.3 RESIDUAL TANK INVENTORY

The residual amount of tank inventory contained in the tank heels at completion of the
retrieval operation has not yet been determined and is subject to a separate NRC
determination. For purposes of this study, the residual tank inventory is assumed to be 0.05
percent of the DST inventory (DOE 1987) and 1 percent of the SST inventory

(Ecology 1994). The residual SSTs inventory are based on the Integrated Database

Report 1995 inventories. For the DSTs, the inventory is based on the Integrated Database
Report 1995 inventories along with the future tank additions (Table C-6). Table C-7 shows

the estimated residual tank inventory.

Table C-7. Estimated Residual Tank Inventory.

Current double-shell tank (DST)

Inventory

Future DST Additions 0.7 2.8 0 0
Estimated Future DST Inventory 10.7 27.9 0.014 0.087
Residual DST Inventory 0.005 0.012 7.0E-06 4.3E-05
Single-shell tank (SST) Inventory 44.1 9.3 0.018 0.044
Residual SST Inventory 0.44 0.093 1.8E-04 4.4E-04
Estimated Residual Tank Inventory 0.44 0.10 1.9E-04 4.8E-04
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C3.4 TANK WASTE REMEDIATION SYSTEM PROCESSING INVENTORY

Table C-8 presents the total inventory of radionuclides that will be processed by
pretreatment. The total inventory includes the current tank inventory (Table C-5,

Section C3.1) plus the radionuclide inventory to be flushed from B Plant (Table C-6,
Section C3.2) less the residual tank inventory (Table C-7, Section C3.3). The %Sr additions
and deletions are in the insoluble fraction. The *’Cs additions and deletions are in the
soluble fraction.

The inventories of 3H, C, and %I are given in Colby (1994). The inventory for Se is
given in Mann et al. (1995).

Table C-8. Estimated Tank Waste Remediation System Processing Inventory
(December 31, 1999, Decay Date).

%0sr 1.89 52.5 54.4

3¢y 34.1 3.01 37.1
Transuranics 0.00961 0.121 0.131
PTc 0.0228 0.0093 0.0321
*H 0.01 - 0.01

4c 0.0053 - 0.0053
Se 0.00103 - 0.00103
1291 0.000051 - 0.000051
Total 36.0 55.6 91.6
Tank total including 71.4 110.0 181.4
daughters (Y, 137Ba)
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