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ABSTRACT

Six retrieval/ex situ thermal treatment configuration options have been developed and are
presented as end-to-end system block diagrams. Functional subelements are separately discussed and
background technical information, assumptions, input, high-level subelement requirements, and output
are presented for each option.
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SUMMARY

The mission of the Buried Waste Integrated Demonstration (BWID) Systems Analysis project
is to identify and cvaluate cradle-to-grave systems for the remediation of Transuranic (TRU)-
Contaminatcd Waste Pits and Trenches within the Subsurface Disposal Arca (SDA) of the
Radioactive Waste Management Complex (RWMC) at the Idaho National Engincering Laboratory
(INEL). The BWID program will use the results of the BWID Systems Analy. ‘s in conjunction with
identificd Department of Energy (DOE) Complex buried waste neceds to develop a long-term strategy
for improving buricd waste remediation capabilitics throughout the DOE system.

An carlicr report identificd and pre-screened a number of possible options for the remediation
of wastes buried at the INEL SDA per criteria set forth in DOE Order 47(0.1, Project Management
Systems. The report recommended the following three configuration options for future cvaluation:
Retrieval/Ex Situ Thermal Treatment, Retrieval/Ex Situ Chemical Oxidation and Solidification, and
In Situ Vitrification/Retrieval.  The current focus of the BWID Systems Analysis is to perform a
rigorous evaluation of Retricval/Ex Situ Thermal Treatment configuration options for the remediation
of INEL Operable Unit 7-13. The Retrieval/Ex Situ Chemical Oxidation and Solidification, and the
In Situ Vitrification/Retrieval configuration options may be studicd further at a later date.

This report presents Buried Waste Retrieval/Ex Situ Thermal Treatment configuration option
concepts in the form of block diagrams. Associated with cach subelement are high-level input,
output, and functional requirements. These configuration options arc:

A. Rectrieval/Mclter Treatment

B. Retricval/Metal Sort/Thermal Treatment

C. Retrieval/No Sort/Incineration/Melter Treatment

D. Retrieval/Interim Storage/Melter Treatment

E. Retricval/Interim Storage/Metal Sort/Thermal Treatment

F.  Retrieval/Interim Storage/No Sort/Incineration/Mclter Treatment

Each option is presented as a complete end-to-end system, and is summarized in a scparate
section of this report.

There is a degree of commonality among the six options listed above. The retricval subclcments
through wastc conveyance and the posttreatment subelements beginning with posttrcatment
radioactive assay arc identical for all six options. The three thermal trcatment options arc presented
twice, both with and without interim storage between retricval and treatment.  Assumptions and
requircments presented in this document will be revised per changes in INEL Environmental
Restoration/Waste Management planning assumptions for the remediation of OU 7-13.
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ACRONYMS

ARAR applicable or relevant and appropriate requirement
BSG borosilicate glass

BWID Buried Waste Integrated Demonstration
CERLCLA Comprehensive Environmental Response, Compensation, and Liability Act
DOE U.S. Department of Energy

EPA Environmental Protection Agency

ER Environmental Restoration

F&OR functional and operational requirement
HEPA high efficiency particulate air (filter)
HLW high-level waste

HVPM High Vapor Pressure Metal

IEB iron-enriched basalt

INEL Idaho National Engineering Laboratory
LLW low-level waste

ou Operable Unit

RWMC Radioactive Waste Management Complex
SDA Subsurface Disposal Area

TRU transuranic

UBC Uniform Building Code

VOC volatile organic comnpound

WAC Waste Acceptance Criteria




INEL Operable Unit 7-13 Retrieval/Ex Situ Thermal
Treatment Configuration Options
INEL Buried Waste Integrated Demonstration Systems
Analysis Project

INTRODUCTION

This report presents Buried Waste Retrieval/Ex Situ Thermal Treatment configuration option
concepts and discusses input, output, and high-level requirements for each of their major functional
subelements. A configuration option is defined in the Buried Waste Integrated Demonstration
(BWID) Systems Analysis project as a top-level block diagram of a cradle-to-grave remedial option
whose overall performance is specified by system requirements. In-depth investigation of Retrieval/Ex
Situ Thermal Treatment configuration options is not meant to champion these options nor is it meant
to preclude other configuration options which may meet system requirements. Additional
configuration options may be considered within the BWID Program at a later date. Every effort has
been made during this investigation to remain unbiased.

Background

The mission of the BWID Systems Analysis project is to identify and evaluate cradle-to-grave
systems for the remediation of Transuranic (TRU)-Contaminated Waste Pits and Trenches within the
Subsurface Disposal Area (SDA) of the Radioactive Waste Management Complex (RWMC) at the
Idaho National Engineering Laboratory (INEL). There are three distinct objectives of the project:

e  Direct U.S. Department of Energy (DOE) resources to develop technically sound and
cost-effective systems for the complete remediation of DOE buried waste sites

¢ Guide the sclection and technical justification for the development and demonstration of
technologies within the BWID Program

. Identify system technology gaps and define quantitative performance requirements for
technologies associated with the remediation of DOE Complex buried wastes.

The BWID program will use the results of the BWID Systems Analysis in conjunction with
identified DOE Complex buried waste needs to develop a long-term strategy for improving buried
waste remediation capabilities throughout the DOE system.

Prior to identifying configuration options for cradle-to-grave remediation of TRU-Contaminated
Waste Pits and Trenches (designated as Operable Unit 7-13), system requirements must be identified.
System requirements are defined as a set of top-level constraints which direct the realization of an
overall process. System requirements will be used for identification and selection of viable remedial
options from a population of candidate options. The overall performance of a remediation option
is restricted by requirements such as waste/site chcracteristics; applicable or relevant and appropriate
requirements (ARARS): and programmatic requirements defined by the Environmental Protection
Agency (EPA), DOE, and the State of Idaho. System requirements are not the same as functional
and operational requirements (F&ORs) associated with cach of the steps within a particular option.
F&ORs are described as a set of functions and operations that will meet system requirements,



Proposcd system requirements, published in an earlier report,! have been gencrated from a
combination of technical and regulatory sources and are divided into threc categories, (a)
Programmatic Requirements, (b) Input Requirements, and (c) Output Requircments:

»  Programmatic Requirements

- Federal Facility Agreement and Consent Order (U.S. Environmental Protection
Agency, U.S. Department of Energy, and State of Idaho)?

- Buried Waste Integrated Demonstration Plan®

- INEL Environmental Restoration (ER) planning and development assumptions
presented in a predecisional draft INEL Environmental Restoration roadmap
document?

- INEL Waste Management Operations planning and development assumptions
presented in a predecisional draft INEL Waste Management Operations roadmap
document®

«  Input Requirements
- Historical and technical characterizations of the INEL Subsurface Disposal Area*’
+  Output Requirements

- INEL RWMC Low-Level Waste Acceptance Criteria®
- INEL TRU Waste Acceptance Criteria’
- INEL RWMC Pad A ARARs®

An earlier report® identified and pre-screened a number of possible options for the remediation
ol wastes buried at the INEL SDA per criteria set forth in DOE Order 4700.1, Project Management
Systems. The report reccommended the following three configuration options for future evaluation:
Retrieval/Ex Situ Thermal Treatment, Retrieval/Ex Situ Chemical Oxidation and Solidification, and
In Situ Vitrification/Retrieval. The current focus of the BWID Systems Analysis is to perform a
rigorous cvaluation of Retrieval/Ex Situ Thermal Treatment configuration options for the remediation
of INEL Operable Unit 7-13. The Retrieval/Ex Situ Chemical Oxidation and Solidification, and the
In Situ Vitrification/Retrieval configuration options may be studied further at a later date.

a. Unpublished report of EG&G Idaho, Inc., Idaho National Engineering Laboratory, Idaho
Falls, Idaho, December 1991.

b. Unpublished report of EG&G ldaho, Inc., Idaho National Engincering Laboratory, Idaho
Falls, Idaho, Scptember 1991.

c. Transmittal of the Revised Pad A Technical Memorandum on the Preliminary Identification of
Combined Federal and State Applicable or Relevant and Appropriate Requircments (ARARS),
Letter from S. G. Stiger (INEL Environmental Restoration) to W. N. Sato (DOE-ID), SGS-515-
91, December 5, 1991.



Each block within a configuration option performs a function and, therefore, is referred to as
a "functional subclement." High-level input, output, and functional requircments are defined for cach
functional subclement of the Retricval/Ex Situ Thermal Treatment configuration options. The
requircments will direct the inscrtion of specific technologics into cach functional subclement
resulting in the formulation of technology process options (systems). A technology process option
is a Comprchensive Environmental Response, Compensation, and Liability Act (CERCLA) term uscd
to describc a configuration option that has specific technologies or requiremerts defined for all
functional subclements. The terms "system” and "technology process option" are uscd synonymously
in thc BWID Systems Analysis project.

The BWID Performance-Based Technology Sclection Filter (PBTSF) is a tool developed within
the scope of the BWID Systems Analysis that represents a formal methodology for selecting and
rating candidate remediation technology process options. The PBTSF uses two componcents during
its application. One component screens candidate systems against systcm requirements. The sccond
component involves cxccuting trade-off studies that rate technology process options against
performance mcasures derived from CERCLA selection criteria.  This approach allows direct
comparison between and among various systems and their enabling technologies.

Configuration Options Overview

The following six Retrieval/Ex Situ Thermal Treatment configuration options discusscd in this
report arc presented in Figures 1-6:

A. Retricval/Mclter Treatment

B. Rectricval/Mctals Sort/Thermal Treatment

C. Rectricval/Incincration/Mclter Treatment

D. Retrieval/Interim Storage/Mclter Treatment

E. Retricval/Interim Storage/Mctals Sort/Thermal Treatment

F.  Retrieval/Interim Storage/Incineration/Melter Treatment.

89,10

The configuration options were developed from a varicty of experts and reports in the

sitc/waste characterization, retrieval, waste processing, and thermal treatment area.
A. Retrieval/Melter Treatment

Once the pits and trenches are characterized and their contents exhumed, the waste debris/soil
is packaged and transported to a trcatment facility located adjacent to retricval operations.
Treatment will involve size reduction and eventual full waste stream fced into a high-temperature
thermal trecatment.  Final waste forms will be assayed and designated as low-level waste (LLW) or
TRU waste. LLW will be disposed of at the INEL RWMC. TRU wastc will be packaged to mect
INEL TRU Waste Acceptance Criteria and transported to an INEL Interim Storage facility until a
permanent repository for treated buried waste is opened.



B. Retrieval/Metals Sort/Thermal Treatment

Once the pits and trenches are characterized and their contents exhumed, the waste debris/soil
is packaged and transported to a treatment facility located adjacent to retrieval operations.
Treatment will involve size reduction and metal sort. The remaining non-mctallic wastc strcams will
be incinerated and recombined with the sorted metals prior to a final high-temperature thermal
trcatment. Final waste forms will be assayed and designated as LLW or TRU waste. LLW will be
disposed of at the INEL RWMC. TRU waste packaged will bc to mecet INEL TRU Waste
Accceptance Criteria and transported to an INEL Interim Storage facility until a pecrmanent repository
for trcated buried waste i1s opened.

C. Retrieval/Incineration/Melter Treatment

Wastc pits and trenches are characterized and their contents exhumed. The waste debris/soil
is packaged and transported to a treatment facility located adjacent to retricval operations.
Treatment will involve size reduction and full waste stream feed into an incincrator with cventual
high-tecmperature thermal treatment.  Final waste forms will be assayed and designated as LLW or
TRU. LLW will be disposed of at the INEL RWMC. TRU waste will be packaged to meet INEL
TRU Waste Acceptance Criteria and transported to an INEL Interim Storage facility until a
permanent repository for treated buricd waste is openced.

Options D, E, F

These options are the same as options A, B, and C, respectively, except after rctrieval the waste
strcam will be size reduced, assayed, and packaged for interim storage at the INEL. When a
trecatment facility is operational, the packaged waste will be withdrawn from interim storage and
treated.  (Note: Current INEL ER assumptions? state that wastes exhumed from waste pits and
trenches in OU 7-13 will be placed in interim storage until a suitable trcatment facility is operational.)

Figurc 7 illustrates a cross-section of a typical OU 7-13 waste pit or trench. The defined waste
scam will be cstablished by an institutional review of the cstimated boundarics (scc Figure 8).
Establishment of the defined waste secam will be performed by institutional entitics. This group will
be expected to identify the defined waste scam boundary for cach pit or trench that includes some
margin in addition to the cstimated boundary values.

Configuration Option Functional Subelement Discussions

High-level requirements, including input and output requirements, are dcfined in this section
for cach f{unctional subclement in Configuration Options A through F.  Assumptions and
rcquircments presented in this document will be revised per changes in INEL Environmental
Restoration/Waste Management planning assupmtions for the remediation of OU 7-13.

d. Unpublished report, "INEL Environmental Restoration Standard Planning Assumptions
Document," May 1992.
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Figure 1. Option A—Retricval/Melter Treatment.
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Figure 2. Option B—Retricval/Metals Sort/Thermal Treatment.
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Option D - Retrieval
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Figure 4. Option D—Retrieval/Interim Storage/Melter Treatment.
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Option D — Retrieval / Interim
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Option A
Retrieval/Melter Treatment

Functional Subelement 1. Site/Waste Characterization

1.1 Background Technical Information and Assumntions

1.1.1

1.1.2

1.1.3

1.2 Input

The waste pits were excavated to the underlying basalt layer and generally backfilled
with 2 to 5 ft of soil to provide a level floor. The waste trenches were generally
excavated to the basalt layer, approximately 10 ft down and averaged about 7 ft
wide and up to 1800 ft long (see Reference 4). Following excavation, wastes were
placed into the pits and trenches. From 1952-1963, the waste contuiners were
stacked to optimize disposal space. During 1963-1969, the waste packages were
randomly dumped into the pits and trenches in order to limit worker radiation
exposure. In 1969, the waste containers were once again stacked to optimize
disposal volume. Once emplaced, the wastes were backfilled with and covered with
silty clay and sandy soil.

Physical dimensions of each waste pit and trench (including overburden) are given
in Tables 1, 2, and 3 of Reference 4. Details of the characteristics of INEL RWMC
soils are given in Tables 4 through 8 of Reference 4 (see Appendix A).

Figure 7 illustrates a cross-section of a typical Operable Unit (OU) 7-13 waste pit
or trench. The figure identifies terms used throughout this report.

Transuranic (TRU)-Contaminated Waste Pits and Trenches located at the INEL Subsurface
Disposal Area (designated as Operable Unit 7-13).

1.3 Requirements

The following shall be determined during site/waste characterization:

1.3.1 |
1.3.2
1.33
1.34

1.4 Output

Vertical boundaries of the waste pits and trenches.
Depth of the basalt underlying the waste pits and trenches.
Depth of the overburden/waste interface for each waste pit and trench.

Location of any outsize waste in the waste seam.

Estimated boundaries of TRU-Contaminated Waste Pits and Trenches.
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Functional Subelement 2. Below-Grade Isolation

2.1 Background Technical Information and Assumptions

2.1.1 The basalt is assumed to offer below-grade horizontal isolation of the waste.

2.1.2 The concern of leakage through the barriers 1s mitigated by INEL RWMC site
renovations performed under the 300-yr Flood Drainage Program.

2.13 The subsurface basalt is at a depth that is less than 30 ft for any given waste pit or
trench.

2.1.4 The defined waste seam will be established by an institutional review of the

estimated boundaries (see Figure 8). Establishment of the defined waste seam will
be performed by institutional entities. This group will be expected to identify the
defined waste seam boundary for each pit or trench that includes some margin in
addition to the estimated boundary values.

2.2 Input
2.2.1 Estimated boundaries of TRU-Contaminated Waste Pits and Trenches.

2.3 Requirements

23.1 Construct engineered barriers extending vertically from the surface to the basalt at
the location of the defined waste seam to provide below-grade isolation of the
volume to be remediated.

23.2 The engineered barriers shall be designed to meet or exceed all the applicable
federal, state, and DOE structural safety standards for mining or excavations.

24 Output

24.1 Below-grade isolation barriers which define the volume of waste to be remediated.

Functional Subelement 3. Above-Grade Céntainment

3.1 Background Technical Information and Assumptions

3.1.1 The entire above-grade containment shall have a facility classification of moderate
hazard per UCRL-15910 (see Reference 9).

3.2 Input

3.2.1 Below-grade isolation barriers of the volume to be remediated.



3.3 Rcquircments

3.3.1 The above-grade containment structure(s) must encompass the entire volume
currently being excavated.

3.3.2 The above-grade containment structurc(s) shall be designed and constructed to
mcet the following applicable INEL building standards: General Design Criteria
(DOE 6430.1A),!° Natural Phenomenon (UCRL-15910),° DOE-ID Architcctural
Engincering Standards,'! Operational Safety Design Critcria Manual,'> Industry
Standard Uniform Building Code (UBC), and requirements sct forth in Nuclcar
Safcty Analysis Reports (DOE 5480.23).

333 The above-grade containment structure(s) shall have the following features:

3.3.3.1 Shall be designed to control contamination from radiological and non-radiological
sources to allow maintcnance repair or replacement of systems.

3.33.2 Shall be designed to allow all necessary activitics to support ancillary activitics
conducted within the containment structure such as retrieval, package, and transport
of cxcavated waste.

3333 Shall be designed to allow ingress/egress of all equipment and personnel nccessary
to perform all waste retrieval activities.

3.3.34 Shall be designed to allow the egress of retricved waste packaged for transport.

3.3.3.5 Shall have temperaturce and humidity control such that the environment is regulated
within the limits required for maintenance repair or replacement activitics in a beta,
gamma, alpha, and hazardous contaminated cnvironment.

334 The above-grade containment structure shall contain all operations from overburden
retrieval to transport Lo interim storage/treatment.

3.4 Output

3.4.1 Completed and operational containment facility over the isolated region being
cxcavated.

Functional Subclement 4. Overburden Characterization

4.1 Background Tcchnical Information and Assumptions

4.1.1

to

4.1.

Prior to any removal of overburden, an extensive characterization of the overburden
will be performed.

Data from overburden characterization activitics will meet data quality objectives
and be uscablc [or risk asscssments.
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4.2 Input

4.2.1

Completed and operational containment facility over the isolated region being
excavated.

43 Requirements

4.3.1 The characterization will locate any regions of contamination within the pit or
trench overburden.

4.3.2 Characterization techniques must be able to sample for radioactive, including TRU,
and characteristic and listed hazardous contaminants defined in the BWID Systems
Analysis system requirements (see Reference 1).

4.4 Output

4.4.1 Location and characterization of radioactive and characteristic and listed hazardous-
contaminated overburden.

Functional Subelement 5. Overburden Removal

5.1 Technical Background and Assumptions

5.2 Input

Location and characterization of radioactive and characteristic and listed hazardous-
contaminated overburden.

5.3 Requirements

5.3.2

5.3.3

5.34

Up to 75% of the estimated overburden depth for each pit or trench will be
removed. Sufficient overburden will be left in place so as to minimize the possibility
of an inadvertent contamination exposure.

The removal process will separate contaminated (radioactive and hazardous) from
noncontaminated overburden.

Overburden removal operations must control contamination from beta, gamma,
alpha, and the hazardous constituents defined in the BWID Systems Analysis system
requirements (see Reference 1) to levels that would allow maintenance to service
Or repair equipments.

These systems shall meet or exceed all state, federal, and DOE nuclear systems
standards for explosion proof, fire protection, and suppression.
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5.4 Output

5.4.1 The completed containment facility over the region to be remediated. Up to 75%
of overburden removed.

5.4.2 Contaminated (radioactive and hazardous) overburden.
5.4.3 Noncontaminated overburden.
Functional Subelement 6. Storage of Contaminated Overburden

6.1 Technical Background and Assumptions
6.2 Input
6.2.1 Contaminated (radioactive and hazardous) overburden.

6.3 Requirements

6.3.1 Contaminated overburden must be stored within the above-grade containment
structure(s).
6.3.2 Contaminated overburden must be physically separated from retrieved

noncontaminated and nonassayed overburden.
6.3.3 Stored contaminated overburden shall not cause a criticality.

6.3.4 Stored contaminated overburden shall have beta, gamma, alpha, and hazardous
contamination control compatible with containment requirements of 3.3.3.1.

6.4 Output
6.4.1 Stored contaminated overburden.
Functional Subelement 7. Noncontaminated Overburden Storage

7.1 Technical Background and Assumptions
7.2 Input
7.2.1 Retrieved noncontaminated overburden.

7.3 Requirements

7.3.1 Retrieved noncontaminated overburden shall be stored in a weather shielded
storage.
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If the noncontaminated storage is located outside the containment building then the
noncontaminated overburden shall be surveyed to ensure that it is free of beta,
gamma, alpha, and hazardous contamination prior to removal from the containment
building.

7.4 Output

7.4.1 Stored noncontaminated overburden to be used to refill the remediated pit or
trench.

Functional Subelement 8. Retrieval

8.1 Technical Background and Assumptions

8.1.1

81.2
8.2 Input

8.2.1

The retrieval functional subelement includes all apparatus to remove all remaining
overburden and the waste from the ground, control the spread of contamination
during the removal, and convey the retrieved waste from the dig face to a packaging
area for eventual shipment for treatment.

The assumption for this subelement is that criticality can be prevented.

The completed containment facility over the region to be remediated. 75% of
estimated overburden depth removed.

8.3 Requirements

8.3.1

8.3.2

8.3.3

834

8.3.5

The retrieval system shall exhume material within the waste seam and transfer that
material to a waste conveyance system.

The retrieval systems shall operate within the temperature and humidity limits inside
the containment structure.

The retrieval systems must be designed to accommodate operations, maintenance,
and repair in a beta, gamma, alpha, and hazardous contamination environment.

The retrieval system shall be designed such that a criticality cannot occur.

Retrieval operations must identify and accommodate atypical waste objects (objects
or material incompatible with the retrieval system) or high radiation sources.
Identification may involve characterization at the dig-face. NOTE: An acceptable
way 1o "accommodate atypical waste" objects is that the retrieval system may move
these objects and stabilize them in the retrieval pit or other designated area to
prevent contamination spread and/or to shield high sources of radiation as stated in
system requirements (see Reference 1). Retrieval operations may bypass these
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stabilized objects and continue normal operations until such time that special case
equipments and procedures will allow for their removal.

8.3.6 The retrieval system shall meet or exceed all applicable state, federal, and DOE
nuclear systems standards for explosion proof, fire protection, and suppression.

8.3.7 Retrieval operations and waste packaging for conveyance will be designed such that
personnel exposure to radiation will comply with DOE Order 5480.11, "Radiation
Protection for Occupational Workers."

8.3.8 Retrieval operations and waste packaging for conveyance will be designed such that
personnel exposure to hazardous materials will comply with all applicable OSHA
standards.

8.4 Output

8.4.1 Exhumed waste. Waste characteristics defined in BWID Systems Analysis system

requirements (see Reference 1).

Functional Subelement 9. Waste Conveyance

9.1 Technical Background and Assumptions

9.1.1 The conveyance functional subelement includes all apparatus to convey the
retrieved waste or removed overburden within the containment structure.

9.2 Input

9.2.1 Exhumed waste. Waste characteristics defined in BWID System Analysis system
requirements (see Reference 1).

9.3 Requirements

9.3.1 The waste conveyance system shall be designed so that a criticality event cannot
occur.

9.3.2 The waste conveyance system must be designed to accommodate operations,
maintenance, and repair in a beta, gamma, alpha, and hazardous contamination
environment.

933 These systems shall meet or exceed all state, federal, and DOE nuclear systems

standards for explosion proof, fire protection, and suppression.

934 The conveyance system shall operate within the temperature and humidity limits in
the containment structure.
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9.3.5

9.3.6

9.4 Output

9.4.1

The conveyance system will be designed such that personnel exposure to radiation
will comply with DOE Order 5480.11, "Radiation Protection for Occupational
Workers."

The conveyance system will be designed such that personnel exposure to hazardous
materials will comply with all applicable OSHA standards.

Conveyed, exhumed waste. Waste characteristics defined in system requirements
(see Reference 1).

Functional Subelement 10. Packaging

10.1 Technical Background and Assumptions

10.2 Input

10.2.1

Conveyed, exhumed waste. Waste characteristics defined in system requirements
(see Reference 1).

10.3 Requirements

10.3.1

10.3.2

10.3.3

10.3.4

10.3.5

10.3.6

10.3.7

The packaging system shall package and label the retrieved waste stream to meet
all of the RWMC transportation requirements.

The packaging system shall be designed so that a criticality event cannot occur.

The packaging system must be designed to accommodate operations, maintenance,
and repair in a beta, gamma, alpha, and hazardous contamination environment.

Equipment shall meet or exceed all state, federal, and DOE nuclear systems
standards for explosion proof, fire protection, and suppression.

The packaging system shall operate within the temperature and humidity limits in
the containment structure.

The packaging system will be designed such that personnel exposure to radiation
will comply with DOE Order 5480.11, "Radiation Protection for Occupational
Workers."

The packaging system will be designed such that personnel exposure to hazardous
materials will comply with all applicable OSHA standards.

e. "Transfer, Storage, Handling and Tracking of Waste,” RWMC PD-RS-1.8, April 9, 1992.
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10.4 Output

10.4.1 Packaged waste which is in an acceptable form for transportation to the trcatment
facility.
Functional Subclement 11. Transport to Trcatment

11.1 Technical Background and Assumptions

1111 The retrieval system can be co-located with the trecatment facility.
11.2 Input
11.2.1 Waste which is in an acceptable form for transportation to trcatment.

11.3 Requirements

11.3.1 Mcet RWMC transportation requirements (sce footnote ¢).

11.3.2 The transport system shall be designed so that a criticality cvent cannot occur.
11.4 Output

11.4.1 Packaged waste delivered to the waste treatment facility recciving subcelement.

Functional Subclement 12. Trcatment Facility General Requirements

12.1 Technical Background and Assumptions

12.1.1 The treatment facility has a classification of Modcerate Hazard per UCRL-15910
(sce Reference 9).

12.1.2 The entire thermal processing line can be designed, constructed, and tested to
maintain alpha contamination controls.

12.1.3 The treatment facility shall meet requirements outlined in Nuclear Safety Analysis
Reports (DOE Order 5480.23).

12.2 Input
Not applicable
12.3 Requirements
12.3.1 A minimum of doublc confinement per DOE Order 6430.1A shall exist between

normally contaminated arcas and uncontrolled arcas.
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12.3.2 Equipment dcsigns and interfaces shall be designed to maintain alpha, beta, and
gamma contamination confincment.

1233 All systems in the treatment facility shall be designed so that a criticality cvent
cannot occur. The treatment facility will follow criticality control requircments per

DOE Order 5480.5'% and DOE-ID Order 5480.5A.4

1234 These systems shall meet or exceed all state, federal, and DOE nuclear systcms
standards for explosion proof, firc protection, and suppression.

12.3.5 All systems in the trcatment facility will be designed such that personnel exposure
to radiation will comply with DOE Order 5480.11, "Radiation Protection for

Occupational Workers."

12.3.6 All systems in the treatment facility will be designed such that personnel exposurc
to hazardous materials will comply with all applicable OSHA standards.

12.3.7 The overall treatment facility and operational systems shall meet the requirements
for a Radioactive Solid Wastc Facility pcr DOE Order 6430.1A, Scction 1324 (sce
Reference 10).

12.3.8 Additional high-levcl requirements are contained in Reference 15.

12.4 Output

Not applicable

Functional Subclement 13. Trecatment Facility Receiving

13.1 Technical Background and Assumptions

13.1.1 The receiving subclement performs the functions of accepting transported material
supplied by the transport-for-treatment subelement. Temporary storage for qucuing
may or may not be a requircd function, and is dependent upon the specific
tcchnologies comprising the technology process options.

13.2 Input
Packaged waste delivered to the treatment facility.

13.3 Requircments

13.3.1 Receive waste from transportation system and store until conveyance is ready to
accept wasle.
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13.4 Output

13.4.1

Waste delivered to the treatment waste conveyance system.

Functional Subclement 14. Trecatment Waste Conveyance

14.1 Tcchnical Background and Assumptions

14.1.1

14.2 Input

14.2.1

The conveyance functional subclement includes all apparatus to convey the
retricved waste or removed overburden within the trecatment containment structure.

Packaged waste delivered to the treatment waste conveyance.

14.3 Requirements

14.3.1 The waste conveyance system must be designed to accommodate opcrations,
maintcnance, and repair in a beta, gamma, alpha, and hazardous contamination
cnvironment.

14.3.2 The conveyance system shall operate within the temperature and humidity limits in
the centainment structure.

14.3.3 The conveyance subelement must be able to convey all the various forms of wastes
within the trecatment facility.

14.3.4 The conveyance subelement must convey necessary process [cedstocks and process
by-products.

14.3.5 Waste conveyance shall not change waste characteristics.

14.4 Output

14.4.1 Packaged containers containing quantities of soil and waste. The waste consists of
combustibles and noncombustibles contaminated with organics, radionuclides, and
heavy metals. Specifics on expected waste types and their contaminants can be
found in the BWID Systcm Analysis System Requirements (see Reference 1).

Functional Subclement 15. Size Reduction

15.1 Tcchnical Background and Assumptions

15.1.1

Much cffort has been spent on characterization of the RWMC buried waste. The
basis for charactcrization are {rom past reports, sampling programs, and other
cfforts; however, since past practices allowed for much less stringent disposal
mcthods, a large degree of inaccuracy must be assumed {or any published numbers.
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15.1.2

15.2 Input

15.2.1

The thermal treatment scenarios consider the waste input stream to contain these
waste catcegories plus contaminated soil in varying amounts and pereentages.

It is assumced that tiansportation containers will become part of the waste strcam,
and thus must be sizc reduced.

Packaged containers containing quantities of soil and wastce. The waste consists of
combustibles and noncombustibles contaminated with organics, radionuclides, and
hcavy metals. Specifics on expected waste types and their contaminants can be
found in BWID Systems Analysis System Requirements (sce Reference 1).

15.3 Rcquirements

15.3.1 Process must be capable of reducing size of packaged wastc to mect size
requirements of downstream trcatment process.

15.4 Output '

15.4.1 Size-reduced wastce stream.

Functional Subelement 16. Pre-Treatment Characterization

16.1 Tcchnical Background and Assumptions

16.2 Input

16.2.1

Size-reduced waste stream.

16.3 Requirements

16.3.1

16.3.2

16.3.3

16.3.4

Monitor for gross volatile organic compounds (VOCs) identificd in BWID System
Analysis System Requirements (sec Reference 1) to assist in melter performance
and maintain safc operations.

Monitor for gross radionuclides identified in BWID Systcm Analysis System
Requircments (see Reference 1) and radiation levels to assist in process safety
controls and quality control of the final waste form.

Monitor as necessary for other gross concentrations of constituents which are
difficult to process such as chlorides, High Vapor Pressure Mctals (HVPMs), and
sulfur.  The constituents which are difficult to process are determined by the

melting technology chosen.

Data acquisition is compatible with down strcam processcs.
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16.4 Output
16.4.1 Entire waste stream not changed from input.

16.4.2 Data on VOGs, radionuclides, radiation intensity, and other constituents which are
difficult to process.

Functional Subclement 17. No Sort

17.1 Technical Background and Assumptions

17.1.1 It is assumed that atypical waste is not included in the main wastc strecam.
17.2 Input
17.2.1 Entire waste strcam from pre-trcatment assay and size reduction.

17.3 Requircments

17.3.1 None.

17.4 Output

17.4.1 Same as input.
Functional Subclement 18. Mixer

18.1 Tcchnical Background and Assumptions

18.2 Input

18.2.1 Full waste strcam from the radioactive and VOC assay subsystem.
18.2.2 Flux as rcquired for melter process control.
18.2.3 Additional soil from removed underburden if needed for melter process control and

final waste form quality control.

18.3 Requircments

18.3.1 Mixes and blends three fecdstock in proper proportion to mect melter input
requirements.

18.4 Output

18.4.1 Feedstock to the melter.
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Functional Subclement 19, Hi-Temperature Pyrolyzing Gas, Oxidizing Slag Melter

19.1 Technical Background and Assumptions

19.1.1

19.2 Input

19.2.1

This option combines incineration technology and melter technology into one
operable unit. Units which perform thesc tasks are commercially available; however,
nonc have been proven for operation in an alpha environment. It is assumed that
this type of melter can be successfully operated in an alpha cnvironment.

Note: estimated melter operating temperature is > 1600°C bascd on References 15,
16, and 17.

Blended feedstock from the mixer. Proportions controlled via inputs to the mixer
such that output matrix meets output quality control requircments.

Oxygen gas.

19.3 Requirements

19.3.1 The melter shall be capable of destroying all organics and melting all waste forms
identified in the input requirements (see Reference 1), interstitial soil, and
contaminated overburden.

19.3.2 Opcrating mode of pyrolyzing atmosphcre is above the slag surface, and oxidizing
is below the slag surface.

19.3.3 Produce a wastc form that is no longer considcred a hazardous wastc per
40CFR261.

19.4 Output

19.4.1 Pyrolized offgas waste stream to the afterburner subclement.

19.4.2 Molten slag to the slag frit/monolith subelement.

19.4.3 Tapped molten metals to the molten metals subsystem.

Functional Subclement 20. Afterburner

20.1 Technical Background and Assumptions

20.1.1

The output strcam from the afterburncer is assumed to contain H,O; CO,: some
High Vapor Pressurc Metals (HVPMs) such as mercury, Icad, cadmium, arscnic,
cte.: HVPM oxides: halogens; sulfur compounds; combusted organics; particulates;
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and potential radionuclides (Cs'Y, potential minor quantitics of TRU oxides, and
other LLW radionuclides).

20.1.2 One possible design is that the afterburner maintains the offgas strcam for a
minimum time at a minimum temperature (approximately >2 sec at >1010°C) to
cnsurc complete combustion.

20.2 Input

20.2.1 Pyrolyzed offgas from the melter.

20.3 Requircments

20.3.1 The afterburner shall ensure 99.9999 pereent (1 part in 10%) combustion of all
organics in the offgas strcam.

20.4 Output
20.4.1 Fully combusted offgas stream.

Functional Subclement 21. Homogeneous Slag Frit/Monolith

21.1 Technical Background and Assumptions

21.1.1 The composition of the molten slag output stream is assumed to be an iron-enriched
basalt matrix with dissolved metal oxides, and TRU plus LLW contaminants. This
assumption is based on experimental and calculated work as reported in
references 16, 17, 18, and 19.

21.1.2 The output of the melter is assumed to be slag frit or monolith, whichever form
cnables a high quality, high reliability radioactive assay.

21.2 Input
21.21 Tapped molten slag from the melter.
21.3 Requirements

21.3.1 Rececive and handle the molten slag from the melter, and cast it into monoliths or
process into a frit form.

21.3.2 The waste form matrix will prevent the release of radionuclides and hcavy metals.
21.4 Output

21.4.1 Slag in the form of a frit or monolith compatible with downstrcam processcs.
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Functional Subclement 22. Tapped Metal
22.1 Technical Background and Assumptions

22.1.1 No radionuclides, or only very minor quantitics of radionuclides are expected to be
partitioned into the molten metals strecam. The radionuclides arc expected to be
paititioned into the slag, with potentially some carryover into the offgas system.
However, radiological controls must still be emplaced on the metals strcam.

22.1.2 The metals contained in the molten metal output stream are assumed to be mainly
iron (Fe) with trace other metals included.

22.13 A high rcliability assay of the metals is assumed to be possible in the monolith form.
22.2 Input
22.2.1 Molten metal tapped from the melter.

22.3 Requircments

22.3.1 Recceive and handle the molten metal from the melter and cast into monolith forms.
223.2 Produce a waste form that is no longer considered a hazardous waste per
40CFR261.

22.4 Output
22.4.1 A mectal monolith waste form.

Functional Subclement 23. Olfgas Treatment

23.1 Tcchnical Background and Assumpticns

23.1.1 The offgas stream to the offgas treatment system is assumed to contain H,O, CO,,
High Vapor Pressure Metals (HVPMs, mercury, lcad, cadmium, arsenic, ctc.),
HVPM oxides, halogens, sulfur compounds, ccmbusted organics, particulates, and
some radionuclides (Cs'*’, potential minor quantities of TRU oxides, and other
LLW radionuclides).

23.1.2 The offgas unabated release calculations are assumed to confirm the potential for

discharge of radionuclide resulting in effective dose cquivalents greater than
allowable per 40CFR61.92.
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23.2 Input

23.2.1

Offgas stream from the thermal treatment processes.

23.3 Requirements

2333

23.4 Output

234.1

23.4.2

234.3

The offgas treatment system shall clean the offgas stream of all constituents to allow
operations within applicable State and Federal air permit requirements.

Per DOE 6430.1a, 40CFR60, 40CFR61, and ANSI N13.1, the offgas treatment
system shall be equipped with air monitoring instruments to detect radionuclides and
hazardous constituents listed in the BWID Systems Analysis System Requirements
(see Reference 1). The final released offgas effluent shall be monitored for any
normally or accidentally released radionuclides via an isokinetic sampling system.

The offgas system must be maintained at a sufficient negative pressure to draw all

gaseous flows through the systems and still maintain adequate negative pressure at
the most remote location.

A cleaned offgas gaseous waste stream which meets all appropriate permit
requirements.

One or more offgas residue streams.

Process waste stream specific to the offgas treatment chosen.

Functional Subelement 23A.  Zero Emissions Offgas Treatment

(Optional)

23A.1 Technical Background and Assumptions

23A.1.1

23A.1.2

The offgas stream to the offgas treatment system is assumed to contain H,O, CO,,
High Vapor Pressure Metals (HVPMs, mercury, lead, cadmium, arsenic, etc.),
HVPM oxides, halogens, sulfur compounds, combusted organics, particulates, and
some radionuclides (Cs'¥’, potential minor quantities of TRU oxides, and other
LLW radionuclides).

Requirements for this type of offgas system are considered to exceed the
requirements necessary to meet present day permitting applications. However,
permitting actions are assumed to be greatly enhanced with the stricter requirements
due to the decreased nature of offgas emissions.

Zero emissions offgas systems of this type are assumed to be only in the rescarch
and development stage. Proven technology is assumed to be nonexistent. A large

development cffort is assumed to be required for this option.
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23A.2 Input

23A2.2 Offgas strcam {rom the thermal treatment processcs.

23A.3 Requirements

23A3.1 The zero emissions offgas treatment system option shall clean the offgas strcam of
all constituents with the exception of a minor strcam of inert gas. NOTE: Thesc
restrictions surpass the present permit requirements for opcrations.  Any minor
remaining offgas strcam must include full high cfficiency particulate air (HEPA)

filtering of the strecam.

23A3.2 This option for offgas trcatment must convert all offgas constituents to solid or
liquid form for further disposition.

23A.4 Output

23A4.1 Potential offgas stream consisting of incrt gas.
23A4.2 An offgas residue stream in liquid or solid form.
Functional Subclement 24. Mixer

24.1 Tcchnical Background and Assumptions

24.2 Input
24.2.1 Residue from the offgas treatment subsystem.
24222 Borosilicate glass (BSG) frit.

24.3 Rcquircments

24.3.1 Mixes and blends feedstock to meet melter input requirements.
24.4 Output

24.4.1 Blended BSG and residue feedstock to the melter.

Functional Subclement 25. Offgas Residue Melter

25.1 Technical Background and Assumptions
25.1.1 Assumced melter temperature is a nominal 1100°C based on operating temperatures

tor mclters designed for vitrification of high-level waste (HLW) using borosilicate
glass.
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25.2.1 Blended feedstock from the mixer subelement consisting of residue from the offgas
system and BSG frit.

25.3 Requirements

2531 Operating temperature high enough to melt the BSG frit and the residue, yet low
enough to hold the contaminants (high vapor pressure metals, metal oxides,
radionuclides, etc.) in solution.

253.2 The output must be compatible with downstream processes.
25.3.3 Produce a waste form that is no longer considered a hazardous waste per
40CFR261.

25.4 Output

25.4.1 Molten slag.
25.4.2 Offgas effluent.
Functional Subelement 26. Offgas Frit or Monolith Subsystem

26.1 Technical Background and Assumptions

26.1.1 The composition of the molten slag output stream is assumed to be a borosilicate
glass matrix with dissolved metal oxides, and potential very minor quantities of TRU
plus LLW contaminants.

26.2 Input

26.2.1 Molten slag from the offgas residue melter subelement.

26.3 Requirements

26.3.1 Receive and handle the molten slag from the melter, and cast it into monoliths or
process into a frit form.

26.3.2 Output is compatible with downstream processes
26.4 Output
26.4.1 Homogeneous BSG slag in the form of a frit or monolith.
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Functional Subelement 27. Post-Treatment Radioactive Assay

27.1 Technical Background and Assumptfons

27.1.1

27.1.2

2713

27.2 Input

27.2.1

27.3 Requirements

27.3.1

Assume that pretreatment characterization will not satisfy the requirements for
classifying output waste form.

An advantage for thermally processing this type of waste is to convert the as-
received waste stream into a form which will enhance the ability to obtain TRU

concentration data with reduced uncertainty.

The bases for this reduction in uncertainty of assay data are:

The geometry of the assay form can be optimized for the assay equipment
(geometry of choice enables consistent geometrical calibration factors).

Vitrification and homogenization eliminate density variances.

Vitrification and homogenization eliminate radionuclide distribution variances
(fully dissolved radionuclides and complete mixing).

Vitrification and homogenization enhance the predictability of self shielding
(alpha) unknowns.

Vitrification and geometry of choice allow for reduced assay time due to assay
of a known form with decreased variances and enables assay data to be
collected at a waste throughput rate of tons per day.

Vitrification and enhanced assay capability allow for post-treatment sort of TRU
waste and LLW based on reliable and consistent assay data.

Vitrification and enhanced assay capability increases the ability to identify
radionuclides and to quantify concentrations of the radionuclides. This
enhanced capability increases the credibility of the data and allows for further
rational disposition decisions.

Homogeneous IEB or BSG frit or monolith from the thermal treatment subsystems
(BSG from offgas stream or IEB from the waste stream).

Identify and quantify radionuclides found in Reference 1 to meet the assay
requirements necessary to assign waste as LLW, reclassified LLW, or Transuranic
as follows:
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TRU > 100 nCi/g - Transuranic Waste
« 10 nCi/g < TRU < 100 nCi/g - Reclassificd LLW
« TRU < 10 nCi/g - LLW

27.4 Output

27.4.1 Radioactive assay data.
27.4.2 An unchanged frit or monolith waste form.
Functional Subelement 28. Post-Treatment Medium Temperature Fusing/Re-melt

28.1 Technical Background and Assumptions

28.1.1 This subsystcm may be unnccessary if a monolith is cast during initial thermal
treatment. The output of frit or monolith from the primary thcrmal treatment
subsystem is depcndant on the physical form required to enhance the assay
capabilitics and produce lower uncertainty reliability assay data.

28.2 Input

28.2.1 Frit or monolith waste from the assay subsystem with TRU > 100 nCi/g.

28.3 Requirements

28.3.1 Fuse or re-melt the IEB frit and cast it into a monollth (Mcdium temperature
mclter operating at a nominal 1400°C.)

28.4 Output
28.4.1 A monolithic IEB waste form.

Functional Subelecment 29. Heat Treat/Controlled Cool

29.1 Technical Background and Assumptions

29.1.1 The purpose of this functional subelement is to change the microstructure of the
cast monolith waste form such that the resulting waste form has low lcach ratc and
high durability.

29.1.2 This subclement along with the fusing/rc-melt subclement may be unnccessary

functions if assay systems are identified that can provide high quality, reliable data
from a monolith cast block direct from the primary thermal process subclement.
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29.2 Input

29.2.1 The input for this sub-clement is a monolith waste form cither direct from the
primary thermal process subsystem via the assay subsystcm or from the
fusing/re-melt melter subclement.

29.3 Requirements

29.3.1 Control cooling to optimize the microstructurc in order to meet lcach rate and
durability requircments.

29.3.2 The subsystem shall include nondestructive test capabilitics to verify the integrity of
the final waste [orm.

29.4 Output
294.1 Iron-cnriched basalt (IEB) monolithic waste form.

Functional Subclecment 30. TRU Waste Packaging

30.1 Technical Background and Assumptions

30.1.1 The designated disposition is for interim storage at the INEL pending resolution
and opening of a permanent repository for TRU/TRU-Mixed buried waste.

30.2 Input

30.2.1 Monolithic waste forms with concentration of TRU > 100 nCi/g.

30.3 Rcequircments

30.3.1 Packaging requircments shall meet current INEL TRU Wastce Acceptance Criteria

(sce Reference 7) and the RWMC transportation requircments (see footnote c).

30.4 Output

304.1 Packaged TRU > 100 nCi/g waste.
Functional Subclement 31. Final Package Assay

31.1 Technical Background and Assumptions

31.2 Input
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31.2.1 Packaged TRU > 100 nCi/g waste.

31.3 Requirements

31.3.1 Final assay and external contamination swipe surveys for INEL TRU Waste
Acceptance Criteria (WAC).

31.4 Output

31.4.1, Packaged TRU > 100 nCi/g waste.
Functional Subelement 32. Transportation

32.1 Technical Background and Assumptions

32.1.1 Transportation to interim storage can occur within the RWMC and thus will not
have to fully comply with the EG&G Hazardous Material Transportation Manual.!

32.2 Input

32.21 Waste which is in an acceptable form for transportation to and storage in interim
storage.

32.3 Requirements
32.3.1 RWMC transportation requirements (see footnote e).
32.4 Output

32.4.1 Packaged waste and its associated assay information delivered to interim storage
facilities.

Functional Subelement 33. INEL TRU Interim Storage

33.1 Technical Background and Assumptions

33.2 Input

33.2.1 Packaged TRU > 100 nCi/g waste.
33.3 Requirements

33.3.1 Retrievable storage at the INEL.

. EG&G Hazardous Material Transportation Manual (Traffic Management, Ext. 2414).
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33.4 Output
33.4.1 Packaged TRU > 100 nCi/g waste.

Functional Subelement 34. Reclassified Low-Level Waste Packaging

34.1 Technical Background and Assumptions

3411 Assume reclassified LLW has same INEL WAC as LLW.
34.2 Input
34.2.1 Reclassified LLW waste in a frit or monolith form with a concentration of 10 nCi/g

< TRU < 100 nCi/g.

34.3 Requirements

34.3.1 Packaging shall be per INEL LLW Waste Acceptance Criteria (see Reference 6).
34.3.2 Disposal shall be per INEL LLW disposal criteria (see Reference 6).

34.4 Output

344.1 Packaged 10 nCi/g < TRU < 100 nCi/g waste in an approved container.
Functional Subelement 35. Low-Level Waste Packaging INEL Disposal

35.1 Technical Background and Assumptions

35.1.1 The waste derived from fixing the offgas residuc into borosilicate glass is assumed
to be LLW. The potential for TRU elements to be carried off into the offgas waste
stream Is considered to be very small. Classification as LLW is verified in the assay
sub-element (50.0).

35.2 Input

35.2.1 Low-level waste in a borosilicate glass frit or monolith form.

35.3 Requirements

35.3.1 Packaging shall be per INEL LLW Waste Acceptance Criteria (sce Reference 6).
35.4 Output
35.4.1 Packaged LLW. :
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Option B
Retrieval/Metals Sort/Thermal Treatment

Functional Subclement 1. Site/Waste Characterization

1.1

1.1.1

1.1.2

1.3

1.3.1

1.3.2

1.3.3

1.3.4

1.4 Output

Background Tcchnical Information and Assumptions

Input

The waste pits were excavated to the underlying basalt layer and generally backfilled
with 2 to 5 {t of soil to provide a level floor. The waste trenches were generally
cxcavated to the basalt layer, approximatcly 10 ft down and avcraged about 7 ft
wide and up to 1800 ft long (sce Refcrence 4). Following cxcavation, wastcs were
placed into the pits and trenches. From 1952-1963, the wastc containcrs were
stacked to optimize disposal space. During 1963-1969, thc waste packages were
randomly dumped into the pits and trenches in order to limit worker radiation
exposure. In 1969, the waste containers were once again stacked to optimize
disposal volume. Once cmplaced, the wastes were backfilled with and covered with
silty clay and sandy soil.

Physical dimensions of each waste pit and trench (including overburden) are given
in Tables 1, 2, and 3 of Reference 4. Details of the characteristics of INEL RWMC
soils are given in Tables 4 through 8 of Refcrence 4 (sce Appendix A).

Figurc 7 illustrates a cross-section of a typical Operable Unit (OU) 7-13 waste pit
or trench. The figure identifics terms used throughout this report.

Transuranic (TRU)-Contaminated Waste Pits and Trenches located at the INEL Subsurface
Disposal Arca (designated as Operable Unit 7-13).

Requirements

The following shall be determined during siic/waste characterization:

Vertical boundarics of the waste pits and trenchcs.
Depth of the basalt underlying the waste pits and trenches.
Depth of the overburden/waste interface for each waste pit and trench.

Location of any outsizc wastc in the wastc scam.

Estimated boundaries of TRU-Contaminated Waste Pits and Trenches.

49



Functional Subelement 2. Below-Grade Isolation

2.1 Background Technical Information and Assumptions

2.1.1 The basalt is assumed to offer below-grade horizontal isolation of the waste.

2.1.2 The concern of leakage through the barriers is mitigated by INEL RWMC site
renovations performed under the 300-yr Flood Drainage Program.

213 The subsurface basalt is at a depth that is less than 30 fi for any given waste pit or
trench.

2.14 The defined waste seam will be established by an institutional review of the

estimated boundaries (see Figure 8). Establishment of the defined waste seam will
be performed by institutional entities. This group will be expected to identify the
defined waste seam boundary for cach pit or trench that includes some margin in
addition to the estimated boundary values.

2.2.1 Estimated boundaries of TRU-Contaminated Waste Pits and Trenches.

2.3 Requirements

2.3.1 Construct engineered barriers extending vertically from the surface to the basalt at
the location of the defined waste seam to provide below-grade isolation of the
volume to be remediated.

232 The engincered barriers shall be designed to meet or exceed all the applicable
federal, state, and DOE structural safety standards for mining or excavations.

2.4 Output

2.4.1 Below-grade isolation barriers which define the volume of waste to be remediated.

Functional Subelement 3. Above-Grade Containment

3.1 Background Technical Information and Assumptions

3.1 The entire above-grade containment shall have a facility classification of moderate
hazard per UCRL-15910 (sce Reference 9).

3.2.1 Below-grade isolation barriers of the volume to be remediated.



3.3 Requircments

3.3.1 The above-grade containment structure(s) must encompass the entire volume
currently being cxcavated.

3.3.2 The above-grade containment structure(s) shall be designed and constructed to
mcct the following applicable INEL building standards: General Design Criteria
(DOE 6430.1A),'° Natural Phcnomenon (UCRL-15910).” DOE-ID Architectural
Engincering Standards,!! Operational Safety Design Criteria Manual,'? Industry
Standard Uniform Building Codc (UBC), and the Nuclcar Safcty Analysis Reports
(DOE Order 5480.23).

333 The above-grade containment structure(s) shall have the following features:

3331 Shall be designed to control contamination f{rom beta, radiological and non-
radiological sources to allow maintenance repair or replacement of systems.

3332 Shall be designed to allow all necessary activitics to support ancillary activitics
conducted within the containment structure such as retrieval, package, and transport
of excavated waste.

3333 Shall be designed to allow ingress/egress of all cquipment and personnel necessary
to perform all waste retrieval activities.

3334 Shall be designed to allow the egress of retrieved waste packaged for transport.

3335 Shall have temperature and humidity control such that the environment is regulated
within the limits required for maintenance repair or replacement activitics in a beta,
gamma, alpha, and hazardous contaminated cnvironment.

334 The above-grade containment structurce shall contain all operations from overburden
retrieval to transport to interim storage/treatment.

3.4 Output

3.4.1 Completed and operational containment facility over the isolated region being
excavated.

Functional Subeclcment 4. Overburden Characterization

4.1 Background Technical Information and Assumptions

4.1.1

4.1,

[ 3]

Prior to any removal of overburden, an extensive characterization of the overburden
will be performed.

Data from overburden characterization activitics will meet data quality objectives
and bc uscable for risk asscssments.
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4.2 Input

4.2.1

Completed and operational containment facility over the isolated region being
excavated.

43 Requirements

4.3.1 The characterization will locate any regions of contamination within the pit or
trench overburden.

4.3.2 Characterization techniques must be able to sample for radioactive, including TRU,
and characteristic and listed hazardous contaminants defined in the BWID Systems
Analysis system requirements (see Reference 1).

4.4 Output

4.4.1 Location and characterization of radioactive and characteristic and listed hazardous-
contaminated overburden.

Functional Subelement 5. Overburden Removal

5.1 Technical Background and Assumptions

5.2 Input

Location and characterization of radioactive and characteristic and listed hazardous-
contaminated overburden.

5.3 Requirements

534

Up to 75% of the estimated overburden depth for each pit or trench will be
removed. Sufficient overburden will be left in place so as to minimize the possibility
of an inadvertent contamination exposure.

The removal process will separate contaminated (radioactive and hazardous) from
noncontaminated overburden.

Overburden removal operations must control contamination from beta, gamma,
alpha, and the hazardous constituents defined in the BWID Systems Analysis systen.
requirements (see Reference 1) to levels that would allow maintenance to service
or repair equipments.

These systems shall meet or exceed all state, federal, and DOE nuclear systems
standards for explosion proof, fire protection, and suppression.

h
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5.4 Output

5.4.1 The completed containment facility over the region to be remediated. Up to 75%
of overburden removed.

5.4.2 Contaminated (radioactive and hazardous) overburden.
54.3 Noncontaminated overburden.
Functional Subelement 6. Storage of Contaminated Overburden

6.1 Technical Background and Assumptions
6.2 Input
6.2.1 Contaminated (radioactive and hazardous) overburden.

6.3 Requirements

6.3.1 Contaminated overburden must be stored within the above-grade containment
structure(s).
6.3.2 Contaminated overburden must be physically separated from retrieved

noncontaminated and nonassayed overburden.
6.3.3 Stored contaminated overburden shall not cause a criticality.

6.3.4 Stored contaminated overburden shall have beta, gamma, alpha, and hazardous
contamination control compatible with containment requirements of 3.3.3.1.

6.4 Output
6.4.1 Stored contaminated overburden.
Functional Subelement 7. Noncontaminated Overburden Storage

7.1 Technical Background and Assumptions
7.2 Input
7.2.1 Retrieved noncontaminated overburden.

7.3 Requirements

7.3.1 Retrieved noncontaminated overburden shall be stored in a weather shielded
storage.
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If the noncontaminated storage is located outside the containment building then the
noncontaminated overburden shall be surveyed to ensure that it is free of beta,
gamma, alpha, and hazardous contamination prior to removal from the containment
building.

7.4 Output

7.4.1 Stored noncontaminated overburden to be used to refill the remediated pit or
trench.

Functional Subelement 8. Retrieval

8.1 Technical Background and Assumptions

8.1.1

8.1.2
8.2 Input

8.2.1

The retrieval functional subelement includes all apparatus to remove all remaining
overburden and the waste from the ground, control the spread of contamination
during the removal, and convey the retrieved waste from the dig face to a packaging
area for eventual shipment for treatment.

The assumption for this subelement is that criticality can be prevented.

The completed containment facility over the region to be remediated. 75% of
estimated overburden depth removed.

8.3 Requirements

8.3.1

83.2

8.3.3

834

8.3.5

The retrieval system shall exhume material within the waste seam and transfer that
material o a waste conveyance system.

The retrieval systems shall operate within the temperature and humidity limits inside
the containment structure.

The retrieval systems must be designed to accommodate operations, maintenance,
and repair in a beta, gamma, alpha, and hazardous contamination environment.

The retrieval system shall be designed such that a criticality cannot occur.

Retrieval operations must identify and accommodate atypical waste objects (objects
or material incompatible with the retrieval system) or high radiation sources.
Identification may involve characterization at the dig-face. NOTE: An acceptable
way 10 "accommodate atypical waste” objects is that the retrieval system may move
these objects and stabilize them in the retrieval pit or other designated area to
prevent contamination spread and/or to shield high sources of radiation as stated in
system requirements (see Reference 1). Retrieval operations may bypass these
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stabilized objects and continue normal operations until such time that special case
equipments and procedures will allow for their removal.

8.3.6 The retrieval system shall meet or exceed all applicable state, federal, and DOE
nuclear systems standards for explosion proof, fire protection, and suppression.

8.3.7 Retrieval operations and waste packaging for conveyance will be designed such that
personnel exposure to radiation will comply with DOE Order 5480.11, "Radiation
Protection for Occupational Workers."

8.3.8 Retrieval operations and waste packaging for conveyance will be designed such that
personnel exposure to hazardous materials will comply with all applicable OSHA
standards.

84 Output

8.4.1 Exhumed waste. Waste characteristics defined in BWID Systems Analysis system

requirements (see Reference 1).

Functional Subelement 9. Waste Conveyance

9.1 Technical Background and Assumptions

9.1.1 The conveyance functional subelement includes all apparatus to convey the
retrieved waste or removed overburden within the containment structure.

9.2 Input

9.2.1 Exhumed waste. Waste characteristics defined in BWID System Analysis system
requirements (see Reference 1).

9.3 Requirements

93.1 The waste conveyance system shall be designed so that a criticality event cannot
occur.

93.2 The waste conveyance system must be designed to accommodate operations,
maintenance, and repair in a beta, gamma, alpha, and hazardous contamination
environment.

933 These systems shall meet or exceed all state, {ederal, and DOE nuclear systems

standards for explosion proof, fire protection, and suppression.

9.3.4 The conveyance system shall operate within the temperature and humidity limits in
the containment structure.
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9.3.5

9.3.6

9.4 Output

9.4.1

The conveyance system will be designed such that personnel exposure to radiation
will comply with DOE Order 5480.11, "Radiation Protection for Occupational
Workers."

The conveyance system will be designed such that personnel exposure to hazardous
matcrials will comply with all applicable OSHA standards.

Conveyed, exhumed waste. Waste characteristics defined in system requirements
(sce Reference 1).

Functional Subclement 10. Packaging

10.1 Technical Background and Assumptions

10.2 Input

10.2.1

Conveyed, exhumed waste. Waste characteristics defined in system requirements
(sec Reference 1).

10.3 Requircments

10.3.1

10.3.2

10.3.3

10.3.4

10.3.5

10.3.6

10.3.7

The packaging system shall package and label the retricved waste strcam to meet
all of the RWMC transportation requirements (sce footnote e).

The packaging system shall be designed so that a criticality cvent cannot occur.

The packaging system must be designed to accommodate operations, maintcnance,
and repair in a beta, gamma, alpha, and hazardous contamination environment.

Equipment shall mcet or exceed all state, federal, and DOE nuclcar systcms
standards for explosion proof, fire protection, and suppression.

The packaging system shall operate within the temperature and humidity limits in
the containment structure.

The packaging system will be designed such that personnel exposure to radiation
will comply with DOE Order 5480.11, "Radiation Protcction for Occupational

Workers."

The packaging system will be designed such that personncl exposure to hazardous
materials will comply with all applicable OSHA standards.
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10.4 Output

10.4.1 Packaged waste which is in an acceptable form [or transportation to the treatment
facility.
Functional Subelement 11. Transport to Treatment

11.1 Technical Background and Assumptions

11.1.1 The retricval system can be co-located with the treatmeny facility.
11.2 Input
11.2.1 Waste which is in an acceptable form for transportation to trcatment.

11.3 Requircments

11.3.1 Mcet RWMC transportation requirements (see footnote ¢).

11.3.2 The transport systcm shall be designed so that a criticality cvent cannot occur.
11.4 Output

11.4.1 Packaged waste delivered to the waste treatment facility receiving subelement.
Functional Subclement 12. Treatment Facility General Requirements

12.1 Technical Background and Assumptions

12.1.1 The treatment facility has a classification ol Moderate Hazard per UCRL-15910
(sce Reference 9).

12.1.2 The entire thermal processing line can be designed, constructed, and tested to
maintain alpha contamination controls.

12.1.3 The treatment facility shall meet requirements sct forth in Nuclear Safety Analysis
Reports (DOE Order 5480.23).

12.2 Input
Not applicable
12.3 Requircments

12.3.1 A minimum of double conlinement per DOE Order 6430.1A shall exist between
normally contaminated arcas and uncontrolled arcas.



12.3.2 Equipment designs and interfaces shall be designed to maintain atpha, beta, and
gamma contamination confinement.

12.3.3 All systems in the treatment facility shall be designed so that a criticality cvent
cannot occur. The treatment facility will follow criticality control requircments per

DOE Order 5480.5!% and DOE-ID Order 5480.5A.14

12.3.4 Thesc systems shall meet or exceed all state, federal. and DOE nuclear systems
standards for explosion proof, fire protection, and suppression.

12.3.5 All systems in the trecatment facility will be designed such that pcrsonnz:l exposure
to radiation will comply with DOE Order 5480.11, "Radiation Protcction for

Occupational Workers."

12.3.6 All systems in the treatment facility will be designed such that personnel exposure
to hazardous matcrials will comply with all applicable OSHA standards.

12.3.7 The overall treatment facility and operational systems shall meet the requirements
for a Radioactive Solid Wastc Facility per DOE Order 6430.1A, Section 1324 (sce
Reference 10).

12.3.8 Additional high-level requirements are contained in Refercnce 15.

12.4 Output
Not applicable

Functional Subelement 13. Treatment Facility Recceiving

13.1 Tcchnical Background and Assumptions

13.1.1 The receiving subelement performs the functions ol accepting transported material
supplied by the transport-for-treatment subelement. Temporary storage for qucuing
may or may not be a required function, and is dependent upon the specific
technologics comprising the technology process options.

13.2 Input
Packaged waste delivered to the treatment facility.

13.3 Requirements

13.3.1 Recceive waste from transportation system and store until conveyance is ready to
accept waste.
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13.4 Output
13.4.1 Wastc delivered to the treatment waste conveyance system.

Functional Subclement 14, Treatment Waste Conveyance

14.1 Technical Background and Assumptions

14.1.1 The conveyance functional subelement includes all apparatus to convey the
retricved waste or removed overburden within the treatment containment structure.

14.2 Input
14.2.1 Packaged waste delivered to the trcatment waste conveyance.

14.3 Rcquircments

14.3.1 The waste conveyance system must be designed to accommodate operations,
maintenance, and repair in a beta, gamma, alpha, and hazardous contamination
cnvironment.

14.3.2 The conveyance system shall operate within the temperature and humidity limits in

the containment structure.

14.3.3 The conveyance subelement must be able to convey all the various forms of wastes
within the treatment facility.

14.3.4 The conveyance subelement must convey necessary process fecdstocks and process
by-products.

14.3.5 Waste conveyance shall not change waste characteristics.
14.4 Output
14.4.1 Packaged containcers containing quantities of soil and waste. The waste consists of

combustibles and noncombustibles contaminated with organics, radionuclides, and
hcavy metals. Spccifics on expected waste types and their contaminants can be
found in the BWID System Analysis System Requirements (see Reference 1).

Functional Subelement 15. Size Reduction

15.1 Technical Background and Assumptions

15.1.1 Much cffort has been spent on characterization of the RWMC buricd waste.
Becausc of less stringent disposal methods, a large degree of inaccuracy must be
assumed for any published numbers. The thermal treatment scenarios consider the
wastc input stream to contain these waste categorics plus contaminated soil in
varying amounts and percentages.
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15.1.2

15.2 Input

15.2.1

It is assumed that transportation containers will become part of the waste stream,
and thus must be size reduced.

Packaged containers containing quantities of soil and waste. The waste consists of
combustibles and noncombustibles contaminated with organics, radionuclides, and
heavy metals. Specifics on expected waste types and their contaminants can be
found in BWID Systems Analysis System Requirements (see Reference 1).

15.3 Requirements

15.3.1 Process must be capable of reducing size of packaged waste to meet size
requirements of downstream treatment process.

15.4 Output

15.4.1 Size-reduced waste stream.

Functional Subclement 16. Pre-Treatment Characterization

16.1 Technical Background and Assumptions

16.2 Input

16.2.1

Size-reduced waste stream.

16.3 Requirements

16.3.1

16.3.2

16.3.3

16.3.4
16.4 Output

16.4.1

Monitor for gross volatile organic compounds (VOCs) identified in BWID System
Analysis System Requirements (seec Reference 1) to assist in melter performance
and maintain safe operations.

Monitor for gross radionuclides identified in BWID System Analysis System
Requirements (see Reference 1) and radiation levels to assist in process safety
controls and quality control of the final waste form.

Monitor as necessary for other gross concentrations of constituents which are
difficult to process such as chlorides, High Vapor Pressure Metals (HVPMs), and
sulfur. The constituents which are difficult to process are determined by the

melting technology chosen.

Data acquisition is compatible with down stream processes.

Entire waste stream not changed from input.
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. 164.2 Data on VOCs, radionuclides, radiation intensity, and other constituents which are
difficult to process.

Functional Subelement 17. Metals Sort

17.1 Technical Background and Assumptions

17.1.1 It is assumed that atypical waste is not included in the main waste stream.

17.2 Input

17.2.1 Reduced waste stream from the pretreatment characterization and size reduction
subelements.

17.3 Requirements

\

17.3.1 Sort metals from the waste stream.

17.3.2 Bulk processing rate necessary to be compatible with interfacing subelements.
17.4 Output

17.4.1 Waste stream less sorted metals (combustibles, noncombustibles, soil, organics, and

residual metals from inefficient sorting).
17.4.2 Waste stream of metals only and residual soil and organics from inefficient sort.

Functional Subelement 18. Thermal Desorber

18.1 Technical Background and Assumptions

18.1.1 The thermal desorber functional subelement disassociates nitrate compounds that
could cause combustible pulsing of the incinerator. The thermal desorber operating
temperature is based on a temperature which is high enough for initial thermal
decomposition of nitrates (potassium nitrate decomposes at 400°C, and sodium
nitrate decomposes at 380°C).

18.2 Input

18.2.1 A size-‘reduced waste stream consisting of combustibles, noncombustibles, soil,
organics, plus some residuals metals.

18.2.2 Offgas from the High Temperature Oxidizing Slag, Oxidizing Metal/Metal Tapping

Melter.
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18.3 Requirements

18.3.1 Heat all waste stream constituents to a temperature of TBD degrees centigrade.

18.3.2 Hold preheated waste stream constituents at a temperature of TBD degrees for a
time of TBD minutes.

18.3.3 Meet input requirements of downstream processes.

18.3.4 Process main waste stream at system throughput rate.

18.4 Output

18.4.1 Preheated non-metallic waste stream.

18.4.2 Offgas.

Functional Subelement 19. Incinerator

19.1 Technical Background and Assumptions

19.1.1

19.1.2

19.2 Input
19.2.1

19.2.2

Incineration/pyrolysis of the waste stream is performed to combust the majority of
the combustible portion (including organics) of the waste stream. Low temperature
incineration may be preferred for reduction in corrosion and erosion of the
incinerator. This also may result in reduction in plugging potential of the ash and
residuals in the material handling system.

It is also very desirable to adopt a design that will produce a minimum offgas flow
rate. This will simplify any necessary offgas treatment system.

Preheated non-metallic waste stream.

Offgas from the Thermal Desorber subelement.

19.3 Requirements

19.3.1
19.3.2
19.4 Output
19.4.1

19.4.2

Incineration/pyrolysis of the waste stream.

Meet downstream input requirements and system throughput processing rate.

Pyrolized ash.
A combusted offgas stream plus minor products of incomplete combustion.
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Functional Subclement 20). Alterburner

20.1 Technical Background and Assumptions

20.1.1 The output strcam from the afterburner is assumed to contain H,O, CO,,and High
Vapor Pressurc Metals (HVPMs such as mercury, lcad, cadmium, arscnic, ctc.),
HVPM oxides, halogens, sulfur compounds, combusted organics, particulates, and
some radionuclides (Cs'®, potential minor quantitics of TRU oxidcs, and other
LLW radionuclidcs).

20.1.2 Onc possible design will maintain the offgas strcam for a minimum time at a
minimum temperature (approximately >2 scc at >1010°C) to ensure complete
combustion.

20.2 Input

20.2.1 A combusted offgas stream plus minor products of incomplete combustion from the
incinerator.

20.3 Rcquircments

20.3.1 The afterburner shall ensure 99.9999 percent (1 part in 10°) combustion of all
organics in the offgas stream.

20.4 Output
20.4.1 Combusted offgas stream.
Functional Subclement 21. Mixcr

21.1 Technical Background and Assumptions

21.2 Input

21.2.1 Metals (plus residuals) from the metals sort subelement.

21.2.2 | Pyrolized ash from the incincrator.

21.23 Flux if required for melter process control.

21.24 Basaltic soil {contaminated overburden soil) as needed for melter process control

and final waste form quality control.
21.3 Requirements

21.3.1 Mix and blend feedstock.
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21.4 Output

21.4.1

Blended feedstock to the melter.

Functional Subelement 22. Oxidizing Slag, Oxidizing Metal/Metal Tapping Melter

22.1 Technical Background and Assumptions

22.1.1

22.1.2

22.13

22.2 Input

2221

(20
to
)
o

The composition of the molten slag output stream is assumed to be an iron-
enriched basalt matrix with dissolved metal oxides, and TRU plus LLW
contaminants. This assumption is based on work as reported in References 16, 17,
18, and 19.

The offgas stream from the high temperature melter is assumed to potentially
contain H,O, CO,, and High Vapor Pressure Metals (HVPMs such as mercury,
lead, cadmium, arsenic, etc.), HVPM oxides, halogens, sulfur compounds, combusted
organics, particulates, and some radionuclides (Cs'*’, potential minor quantities of
TRU oxides, and other LLW radionuclides).

The metals contained in the molten metal output stream are assumed to be mainly
iron (Fe) with trace other metals included.

Blended feedstock from the mixer consisting of metals plus residuals from the
metals sort subelement, ash plus soil plus residuals from the incinerator, flux as
required for melter process control, and soil as needed for melter process control
and final waste form quality control.

Oxygen gas.

22.3 Requirements

22.3.1

22.3.2

22.33

2234

Meet input requirements of downstream subelements.

Operating temperature high enough to melt metals and melt the basaltic soils
maintaining an adequate viscosity for the Homogeneous slag Frit/Monolith
subelement.

The melter output shall contain none of the organic constituents found in the
system requirements (see Reference 1).

Produce a waste form that is no longer considered a hazardous waste per
40CFR261.
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22.4 Output

2241 An offgas waste stream to the thermal desorber/incinerator or afterburner.
2242 Molten slag to the slag handling subsystem.

2243 Tapped molten metals to the molten metals subsystem.

Functional Subelement 23. Homogeneous Slag Frit/Monolith

23.1 Technical Background and Assumptions

23.1.1 The composition of the molten slag output stream is assumed to be an iron-enriched
basalt matrix with dissolved metal oxides, and TRU plus LLW contaminants. This
assumption is based on experimental and calculated work as reported in References

16, 17, 18, and 19.

23.1.2 The output of the melter is assumed to be slag frit or monolith, whichever form
enables a high quality, high reliability radioactive assay.

23.2 Input
23.21 Tapped molten slag from the melter.
23.3 Requirements

23.3.1 Receive and handle the molten slag from the melter, and cast it into monoliths or
process into a frit form.

23.3.2 The waste form will prevent the release of radionuclides and heavy metals.
23.4 Output

23.4.1 Slag in the form of a frit or monolith compatible with downstream processes.
Functional Subelement 24, Tapped Metal

24.1 Technical Background and Assumptions

24.1.1 No radionuclides, or only very minor quantities of radionuclides, are expected to be
partitioned into the molten metals stream. The radionuclides are expected to be
partitioned into the slag, with potentially some carryover into the offgas system.
However, radiological controls must still be emplaced on the metals stream.

24.1.2 The metals contained in the molten metal output stream are assumed to be mainly
iron (Fe) with trace other metals included.
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24.13
24.2 Input

24.2.1

A high reliability assay of the metals is assumed to be possible in the monolith form.

Molten metal tappcd from the melter.

24.3 Rcquirements

24.3.1 Reccive and handle the molten metal from the melter and cast into monolith forms.

24.3.2 Produce a waste form that is no longer considered a hazardous waste per
40CFR261.

24.4 Output

24.4.1 A metal monolith waste form.

Functional Subclement 25. Offpgas Trcatment

25.1 Technical Background and Assumptions

25.1.1

25.2 Input

25.2.1

The offgas strcam to the offgas treatment systcm is assumed to contain H,0, CO,,
High Vapor Pressure Metals (HVPMs) (mercury, lead, cadmium, arscnic, ctc.),
HVPM oxides, halogens, sulfur compounds, combusted organics, particulates, and
some radionuclides (Cs'¥’, potential minor quantitics of TRU oxides, and other
LLW radionuclides).

The offgas unabated rclease calculations are assumed to confirm the potential for

discharge of radionuclides resuiting in effective dose cquivalents greater than
allowable per 40CFR61.92.

Offgas strcam from the thermal treatment processes.

25.3 Rcquirements

25.3.1

The offgas treatment system shall clean the offgas strcam of all constitucnts to allow
operations within applicable State and Federal air permit rcquirements.

Per DOE 6430.1a, 40CFR60, 40CFR61, and ANSI N13.1. the offgas trcatment
system shall be equipped with air monitoring instruments to detect radionuclides and
hazardous constituents listed in the BWID Systems Analysis System Requircments
(sce Reference 1). The final released offgas clfluent shall be monitored for any

normally or accidentally released radionuclides via an isokinctic sampling system.



2533

25.4 Output

25.4.1

25.4.2

25.4.3

The offgas system must be maintained at a sutficient negative pressure to draw all
gaseous flows through the systems and still maintain adequate negative pressure at
the most remote location.

A cleaned offgas gaseous waste stream which meets all appropriate permit
requirements.

One or more offgas residue streams.

Process waste stream specific to the offgas treatment chosen.

Functional Subelement 25A. Zero Emissions Offgas Treatment

(Optional)

25A.1 Technical Background and Assumptions

25A.1.1

25A.1.2

25A.1.3

25A.2 Input

25A.2.2

The offgas stream to the offgas treatment system is assumed to contain H,O, CO,,
and High Vapor Pressure Metals (HVPMs) (such as mercury, lead, cadmium,
arsenic, etc.), HVPM oxides, halogens, sulfur compounds, combusted organics,
particulates, and some radionuclides (Cs'*’, potential minor quantities of TRU
oxides, and other LLW radionuclides).

Requirements for this type of offgas system are considered to exceed the
requirements necessary to meet present day permitting applications. However,
permitting actions are assumed to be greatly enhanced with stricter requirements
due to the decreased nature of offgas emissions.

Zero emissions offgas systems of this type are assumed to be only in the research

and development stage. Proven technology is assumed to be nonexistent. A large
development effort is assumed to be required for this option.

Offgas stream from the thermal treatment processes.

25A.3 Requirements

25A.3.1

The zero emissions offgas treatment system option shall clean the offgas stream of
all constituents with the exception of a minor stream of inert gas. NOTE: These
restrictions surpass the present permit requirements for operations. Any minor
remaining offgas stream must include full high efficiency particulate air (HEPA)
filtering of the stream.



25A.3.2 This option for offgas trcatment must convert all offgas constituents to solid or
liquid form [or further disposition.

25A.4 Output

25A.4.1 Potential offgas stream consisting of inert gas.
25A.4.2 An offgas residue stream in liquid or solid form.
Functional Subclement 26. Mixer

26.1 Tcchnical Background and Assumptions

26.2 Input

26.2.1 Residue from the offgas treatment subsystem.

26.2.2 Borosilicate glass (BSG) frit.

26.3 Rcquircments

26.3.1 Mixcs and blends feedstock to meet melter input requirements.
26.4 Output

26.4.1 Blended BSG and residue feedstock to the melter.

Functional Subelement 27. Offgas Residue Melter

27.1 Tcchnical Background and Assumptions

27.1.1 Assumcd melter temperature is a nominal 1100°C based on operating temperatures
for mclters designed for vitrification of high-level waste (HLW) using borosilicate
glass.

27.2 Input

27.2.1 Blended fecdstock from the mixer subclement consisting of residuc from the offgas

systcm and BSG frit.
27.3 Requirements
27.3.1 Operating temperature high ecnough to melt the BSG frit and the residue, yet low

cnough to hold the contaminants (high vapor pressure metals, metal oxides,
radionuclides, ctc.) in solution.
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27.33 Produce 4 waste form that is no longer considered a hazardous waste per

40CFR261.
27.4 Output
27.4.1 Molten slag
27.4.2 Offgas effluent.

Functional Subelement 28. Offgas Frit/Monolith

28.1 Technical Background and Assumptions

28.1 The composition of the molten slag output stream is assumed to be a borosilicate
glass (BSG) matrix with dissolved metal oxides, and potentially very minor quantities
of TRU plus LLW contaminants.

28.2 Input

28.2.1 Molten slag from the offgas residue melter subelement.

28.3 Requirements

28.3.1 Receive and handle the molten slag from the melter, and cast it into monoliths or
process into a frit form.

28.3.2 ~ Output is compatible with downstream processes
28.4 Output
28.4.1 Homogeneous BSG slag in the form of a frit or monolith.

Functional Subelement 29. Post-Treatment Radioactive Assay

29.1 Technical Background and Assumptions

29.1.1 Assume that pretreatment characterization will not satisfy the requirements for
classifying output waste [orm.

29.1.2 An advantage for thermally processing this type of waste is to convert the as-
received waste stream into a form which will enhance the ability to obtain TRU
concentration data with reduced uncertainty.

29.1.3 The bases for this reduction in uncertainty of assay data are:

* The geometry of the assay form can be optimized for the assay equipment
(geometry of choice enables consistent geometrical calibration factors).
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+ Vitrification and homogcnization climinatc density variances.

+ Vitrification and homogenization climinate radionuclide distribution variances
(fully dissolved radionuclides and complete mixing).

 Vitrification and homogenization enhance the predictability of self shielding
(alpha) unknowns.

» Vitrification and gecometry of choice allow for reduced assay time duc to assay
of a known form with decreased variances and cnables assay data to be
collected at a waste throughput rate of tons per day.

« Vitrification and enhanced assay capability allow for post-trcatment sort of TRU
wastc and LLW bascd on rcliable and consistent assay data.

« Vitrification and enhanced assay capability increases the ability to identify
radionuclides and to quantify concentrations of the radionuclides.  This
cnhanced capability increases the credibility of the data and allows for further
rational disposition decisions.

29.2 Input

29.2.1 Homogeneous 1EB or BSG frit or monolith from the thermal treatment subsystems
(BSG f{rom oftgas stream or IEB from the waste strcam).

29.3 Rcquircments

29.3.1 Identify and quantify radionuclides to meet the assay requircments nceessary to
assign waste as LLW, rcclassificd LLW, or transuranic as follows:

 TRU > 100 nCi/g - Transuranic Waste
+ 10 nCi/g < TRU < 100 nCi/g - Reclassified LLW
« TRU < 10 nCi/g - LLW

29.4 Output

29.4.1 Radioactive assay data.

29.4.2 An unchanged frit or monolith waste form.

Functional Subclement 30. Post-Trcatment Medium Temperature Fusing/Re-melt

30.1 Technical Background and Assumptions

30.1.1 This subsystem may be unnccessary il a monolith is cast during initial thermal
trcatment.  The output of frit or monolith from the primary thermal treatment
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subsystecm is dependant on the physical form required to cenhance the assay
capabilities and produce lower uncertainty reliability assay data.

30.2 Input
30.2.1 Frit or monolith waste from the assay subsystem with TRU > 100 nCi/g.
30.3 Requircments

30.3.1 Fusc or re-melt the 1EB frit and cast it into a monolith. (Medium temperature
melter operating at a nominal 1400°C.)

30.4 Output
30.4.1 A monolithic IEB waste form.

Functional Subclement 31. Heat Treat/Controlled Cool

31.1 Technical Background and Assumptions

3111 The purposc of this functional subelement is to change the microstructure of the
cast monolith waste form such that the resulting waste form has low lcach rate and
high durability.

»

31.1.2 This subelement along with the fusing/re-melt subelement may be unnccessary
functions if assay systcms are identified that can provide high quality, reliable data
from a monolith cast block direct from the primary thermal process subelement.

31.2 Input

31.2.1 The input for this subelement is a monolith waste form cither direct from the
primary thcermal process subsy.tcm via the assay subsystem or from the
{using/rc-melt melter subelement.

31.3 Rcquircments

31.3.1 Control cooling to optimize the microstructure in order to meet lcach rate and
durability requirements.

31.3.2 The subsystem shall include nondestructive test capabilitics to verify the integrity of
the final waste form.

31.4 Output

31.4.1 Iron-cnriched basalt (IEB) monolith waste form.
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Functional Subelement 32. TRU Waste Packaging

32.1 Technical Background and Assumptions

3211 The designated disposition is for interim storage at the INEL pending resolution
and opening of a permanent repository for TRU/TRU-Mixed buried waste.

32.2 Input
32.2.1 Monolithic waste forms with concentration of TRU > 100 nCi/g.
32.3 Requirements

32.3.1 Packaging requirements shall meet current INEL TRU Waste Acceptance Criteria
(see Reference 7), and RWMC transportation requirements (see footnote e).

32.4 Output
324.1 Packaged TRU > 100 nCi/g waste.
Functional Subelement 33. Final Package Assay

33.1 Technical Background and Assumptions

33.2 Input

33.2.1 Packaged TRU > 100 nCi/g waste.
33.3 Requirements

33.3.1 Final assay and external contamination swipe surveys for INEL TRU Waste
Acceptance Criteria.

33.4 Output

33.4.1 Packaged TRU > 100 nCi/g waste.

Functional Subelement 34. Transportation

34.1 Technical Background and Assumptions

34.1.1 Transportation to interim storage can occur within the RWMC and thus will not

have to fully comply with the EG&G Hazardous Material Transportation Manual
(see footnote f).



34.2 Input

34.2.1 Waste which is in an acceptable form for transportation to and storage in interim
storage.

34.3 Requirements

34.3.1 RWMC transportation requirements (see footnote e).

34.4 Output

34.4.1 Packaged waste and its associated assay information delivered to interim storage
facilities.

Functional Subelement 35. INEL TRU Interim Storage
35.1 Technical Background and Assumptions

35.2 Input

35.2.1 Packaged TRU > 100 nCi/g waste.

35.3 Requirements

353.1 Retrievable storage at the INEL.

35.4 Output

35.4.1 Packaged TRU > 100 nCi/g waste.

Functional Subelement 36. Reclassified Low-Level Waste Packaging

36.1 Technical Background and Assumptions

36.1.1 Assume reclassified LLW has same INEL WAC as LLW.
36.2 Input
36.2.1 Reclassified LLW waste in a frit or monolith form with a concentration of

10 nCi/g < TRU < 100 nCi/g.

36.3 Requirements
36.3.1 Packaging shall be per INEL LLW Waste Acceptance Criteria (sce Reference 6).

36.3.2 Disposal shall be per INEL LLW disposal criteria (see Reference 6).
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36.4 Output

36.4.1 Packaged 10 nCi/g < TRU < 100 nCi/g waste in an approved container.

Functional Subelement 37. Low-Level Waste Packaging INEL Disposal

37.1 Technical Background and Assumptions

37.1.1 The waste derived from fixing the offgas residue into borosilicate glass is assumed
to be LLW. The potential for TRU elements to be carried off into the offgas waste
stream is considered to be very small. Classification as LLW is verified in the assay
subelement (50.0).

37.2 Input

37.2.1 Low-level waste in a borosilicate glass frit or monolith form.

37.3 Requirements

37.3.1 Packaging shall be per INEL LLW Waste Acceptance Criteria (see Reference 6).
37.4 Output
374.1 Packaged LLW.
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Option C
Retrieval/Incineration/Melter Treatment

Functional Subclement 1. Site/Waste Characterization

1.1 Background Technical Information and Assumptions

1.11

1.1.3

1.2 Input

The waste pits were excavated to the underlying basalt layer and generally backfilled
with 2 to 5 ft of soil to provide a level floor. The wastc trenches were gencrally
excavated to the basalt layer, approximately 10 ft down and averaged about 7 ft wide
and up to 1800 ft long (sec Reference 4). Following excavation, wastes were placed
into the pits and trenches. From 1952-1963, the waste containers were stacked to
optimize disposal space. During 1963-1969, the waste packages were randomly
dumped into the pits and trenches in order to limit worker radiation exposure. In
1969, the waste containers were once again stacked to optimize disposal volume.
Once emplaced, the wastes were backfilled with and covered with silty clay and sandy
soil.

Physical dimensions of each wastc pit and trench (including overburden) arc given
in Tables 1, 2, and 3 of Reference 4. Details of the characteristics of INEL RWMC
soils are given in Tables 4 through 8 of Reference 4 (sec Appendix A).

Figure 7 illustratcs a cross-section of a typical Operable Unit (OU) 7-13 waste pit
or trench. The figure identifies terms used throughout this report.

Transuranic (TRU)-Contaminated Waste Pits and Trenches located at the INEL Subsurface
Disposal Arca (designated as Operable Unit 7-13).

1.3 Requirements

The following shall be determined during site/waste characterization:

1.3.1
1.3.2
1.3.3
1.3.4

1.4 Output

Vertical boundaries of the waste pits and trenches.
Dcpth of the basalt underlying the waste pits and trenches.
Decpth of the overburden/waste interface for each waste pit and trench.

Location of any ouisize waste in the wastc scam.

Estimated boundaries of TRU-Contaminated Waste Pits and Trenches.
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Functional Subelement 2. Below-Grade Isolation

2.1 Background Technical Information and Assumptions

2.1.1

2.1.2

2.13

2.14

2.2 Input

2.21

The basalt is assumed to offer below-grade horizontal isolation of the waste.

The concern of leakage through the barriers is mitigated by INEL RWMC site
renovations performed under the 300-yr Flood Drainage Program.

The subsurface basalt is at a depth that is less than 30 ft for aﬁy given waste pit or
trench.

The defined waste seam will be established by an institutional review of the
estimated boundaries (see Figure 8). Establishment of the defined waste seam will
be performed by institutional entities. This group will be expected to identify the
defined waste seam boundary for each pit or trench that includes some margin in
addition to the estimated boundary values.

Estimated boundaries of TRU-Contaminated Waste Pits and Trenches.

2.3 Requirements

2.3.1 Construct engineered barriers extending vertically from the surface to the basalt at
the location of the defined waste seam to provide below-grade isolation of the
volume to be remediated.

2.3.2 The engineered barriers shall be designed to meet or exceed all the applicable
federal, state, and DOE structural safety standards for mining or excavations.

2.4 Output

2.4.1 Below-grade isolation barriers which define the volume of waste to be remediated.

Functional Subelement 3. Above-Grade Containment

3.1 Background Technical Information and Assumptions

3.1.1

3.2 Input

3.2.1

The entire above-grade containment shall have a facility classification of moderate
hazard per UCRL-15910 (see Reference 9).

Below-grade isolation barriers of the volume to be remediated.

3.3 Requirements

3.3.1

The above-grade containment structure(s) must encompass the entire volume
currently being excavated.
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The above-grade containment structure(s) shall be designed and constructed 1o meet
the following applicable INEL building standards: General Design Criteria (DOE
6430.1A),'° Natural Phcnomenon (UCRL-15910),° DOE-ID Architectural
Engincering Standards,'! Operational Safety Design Criteria Manual,'? Industry
Standard Uniform Building Code (UBC), and Nuclcar Safcty Analysis Report (DOE
Order 5480.23).

3.33 The above-grade containment structure(s) shall have the following features:

3.3.3.1 Shall be designed to control contamination from radiological and non-radiological
sources to allow maintenance repair or replacement of systems. .

3.33.2 Shall be designed to allow all necessary activitics to support ancillary activitics
conducted within the containment structure such as retrieval, package, and transport
of excavated waste.

3.333 Shall be designed to allow ingress/egress of all cquipment and personncl necessary
to perform all wastc retrieval activities.

3334 Shall be dcsigned to allow the egress of retricved waste packaged for transfort.

3.3.35 Shall have temperature and humidity control such that the environment is regulated
within the limits required for maintenance repair or replacement activitics in a beta,
gamma, alpha, and hazardous contaminated environment.

334 The above-grade containment structure shall contain all operations from overburden
retricval to transport to interim storage/treatment.

3.4 Output

3.4.1 Complcted and operational containment facility over the isolated region being
cxcavated.

Functional Subclement 4. Overburden Characterization

4.1 Background Technical Information and Assumptions

4.1.1

Prior to any removal of overburden, an extensive characterization of the overburden
will be performed. )

Data from underburden characterization activitics will mect data quality objectives
and be uscable for risk assessments.

Completed and operational containment facility over the isolated region being
excavalted.
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4.3 Rcequircments

4.3.1

4.3.2

4.4 Output

4.4.1

Functional Subclecment 5.

The characterization will locate any regions of contamination within the pit or trench
overburden.

Charactcrization techniques must be able to sample for radioactive, including TRU,

and characteristic and listed hazardous contaminants defined in the BWID Systems
Analysis s stewn “equirements (see Reference 1).

Location and characterization of radioactive and characteristic and listed hazardous-
contaminated overburden.

QOverburden Removal

5.1 Technical Background and Assumptions

5.2 Input

Location and characterization of radioactive and characteristic and listed hazardous-
contaminated overburden.

5.3 Rcquircments

534

5.4 Output

5.4.1

5.4.3

Functional Subelement 6.

Up to 75% of the estimated overburden depth for each pit or trench will be
removed. Sufficient overburden will be left in place so as to minimize the possibility
of an inadvertent contamination exposure.

The removal process will scparate contaminated (radioactive and hazardous) from
noncontaminated overburden.

Overburden removal operations must control contamination from beta, gamma,
alpha, and the hazardous constituents deflined in the BWID Systems Analysis system
requirements (sce Reference 1) to levels that would allow maintenance to service or
rcpair equipments.

These systems shall meet or exceed all state, federal, and DOE nuclecar systcms
standards for explosion proof, fire protection, and suppression.

The completed containment facility over the region to be remediated. Up to 75%
of overburden removed.

Contaminated (radioactive and hazardous) overburden.
Noncontaminated overburden.

Storage of Contaminated Overburden

6.1 Technical Background and Assumptions
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6.2 Input
6.2.1 Contaminated (radioactive and hazardous) overburden.

6.3 Requirements

6.3.1 Contaminated overburden must he stored within the above-grade containment
structure(s).
6.3.2 Contaminated overburden must be physically separated from retrieved

noncontarninated and nonassayed overburden.
6..3 Stored cortaminated overburden shall not cause a criticality.

6.3.4 Stored contaminated overburden shall have beta, gamma, alpha, and hazardous
contamination control compatible with containment requirements of 3.3.3.1.

6.4 Output
6.4.1 Stored contaminated overburden.
Functional Subelement 7. Noncontaminated Overburden Storage

7.1 Technical Background and Assumptions

7.2 Input

7.2.1 . Retrieved noncontaminated overburden.

7.3 Requircments

73.1 Retrieved noncontaminated overburden shall be stored in a weather shielded storage.
73.2 If the noncontaminated storage is located outside the containment building then the

noncontaminated overburden shall be surveyed to ensure that it is free of beta,
gamma, alpha, and hazardous contamination prior io removal from the coniaininent

building.

7.4 Output

7.4.1 Stored noncontaminated overburden to be used to refill the remediated pit or
trench.

Functional Subelement 8. Retrieval

8.1 Technical Background and Assumptions

8.1.1 The retrieval functional subelement includes all apparatus to remove all remaining
overburden and the waste from the ground, control the spread ol coptamination
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8.1.2
8.2 Input

8.2.1

during the removal, and convey the retrieved waste from the dig face to a packaging
area for eventual shipment for treatment.

The assumption for this subelement is that criticality can be prevented.

The completed containment facility over the region to be remediated. 75% of
estimated overburden depth removed.

8.3 Requirements

8.3.1

8.4 Output

8.4.1

The retrieval system shall exhume material within the waste seam and transfer that
material to a waste conveyance system.

The retrieval systems shall operate within the temperature and humidity limits inside
the containment structure.

The retrieval systems must be designed to accommodate operations, maintenance,
and repair in a beta, gamma, alpha, and hazardous contamination environment.

The retrieval system shall be designed such that a criticality cannot occur.

Retrieval operations must identify and accommodate atypical waste objects (objects
or material incompatible with the retrieval system) or high radiation sources.
Identification may involve characterization at the dig-face. NOTE: An acceptable
way to "accommodate atypical waste" objects is that the retrieval system may move
these objects and stabilize them in the retrieval pit or other designated area to
prevent contamination spread and/or to shield high sources of radiation as stated in
system requirements (see Reference 1). Retrieval operations may bypass these
stabilized objects and continue normal operations until such time that special case
equipments and procedures will allow for their removal.

The retrieval system shall meet or exceed all applicable state, federal, and DOE
nuclear systems standards for explosion proof, fire protection, and suppression.

Retrieval operations and waste packaging for conveyance will be designed such that
personnel exposure to radiation will comply with DOE Order 5480.11, "Radiation
Protection for Occupational Workers."

Retrieval operations and waste packaging for conveyance will be designed such that
personnel exposure to hazardous materials will comply with all applicable OSHA
standards.

Exhumed waste. Waste characteristics defined in BWID Systems Analysis system
requirements (see Reference 1).
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Functional Subelement 9. Waste Conveyance

9.1 Technical Background and Assumptions

9.1.1

9.2 Input

9.2.1

The conveyance functional subelement includes all apparatus to convey the retrieved
waste or removed overburden within the containment structure.

Exhumed waste. Waste characteristics defined in BWID System Analysis system
requirements (see Reference 1).

9.3 Requirements

9.3.1

9.4 Output

94.1

The waste conveyance system shall be designed so that a criticality event cannot
occur.

The waste conveyance system must be designed to accommodate operations,
maintenance, and repair in a beta, gamma, alpha, and hazardous contamination
environment.

These systems shall meet or exceed all state, federal, and DOE nuclear systems
standards for explosion proof, fire protection, and suppression.

The conveyance system shall operate within the temperature and humidity limits in
the containment structure.

The conveyance system will be designed such that personnel exposure to radiation

will comply with DOE Order 5480.11, "Radiation Protection for Occupational
Workers."

The conveyance system will be designed such that personnel exposure to hazardous
materials will comply with all applicable OSHA standards.

Conveyed, exhumed waste. Waste characteristics defined in system requirements
(see Reference 1).

Functional Subelement 10. Packaging

10.1 Technical Background and Assumptions

10.2 Input

10.2.1

Conveyed, exhumed waste. Waste characteristics defined in system requirements
(see Reference 1). '
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10.3 Recquirements

10.3.1 The packaging system shall package and label the retricved wastc strcam to meet all
of thc RWMC transportation requircments (sec footnote ¢).

10.3.2 The packaging system shall be designed so that a criticality event cannot occur.

10.3.3 The packaging system must be designed to accommodate operations, maintenance,
and rcpair in a beta, gamma, alpha, and hazardous contamination cnvironment.

10.3.4 Equipment shall meet or exceed all state, federal, and DOE nuclear systems
standards for explosion proof, fire protection, and suppression.

10.3.5 The packaging system shall operate within the temperature and humidity limits in the
containment structure.

10.3.6 The packaging system will be designed such that personnel cxposure to radiation will
comply with DOE Order 5480.11, "Radiation Protection for Occupational Workers."

10.3.7 The packaging system will be designed such that personnel exposurc to hazardous
materials will comply with all applicable OSHA standards.

10.4 Output

10.4.1 Packaged waste which is in an acceptable form for transportation to the trcatment
facility.

Functional Subclcment 11. Transport to Treatment

11.1 Technicai Background and Assumptions

11.1.1
11.2 Input

11.2.1

The retricval system can be co-located with the treatment facility.

Waste which is in an acceptable form for transportation to treatment.

11.3 Requirements

11.3.1
11.3.2
11.4 Output

11.4.1

Mcet RWMC transportation requircments (see footnote e).

The transport system shall be designed so that a criticality cvent cannot occur.

Packaged waste delivered to the waste treatment facility receiving subelement.
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Functional Subclement 12. Treatment Facility Gencral Requirements

12.1 Technical Background and Assumptions

12.1.1

12.1.2

12.1.3

12.2 Input

The trcatment facility has a classification of Moderatc Hazard per UCRL-15910 (sce
Reference 9).

The cntire thermal processing line can be designed, constructed, and tested to
maintain alpha contamination controls.

The trcatment facility shall meet requirecments outlined in Nuclear Safcty Analysis
Reports (DOE Order 5480.23).

Not applicable

12.3 Rcquircments

12.3.6

12.3.7

12.3.8

12.4 Output

A minimum of double confinement per DOE Order 6430.1A shall exist between
normally contaminated areas and uncontrolled areas.

Equipment designs and interfaces shall be designed to maintain alpha, bcta, and
gamma contamination confinement. -

All systems in the treatment facility shall be designed so that a criticality event
cannot occur. The treatment facility will follow criticality control requirements per
DOE Order 5480.5'* and DOE-ID Order 5480.5A.

These systems shall meet or exceed all state, federal, and DOE nuclcar systcms
standards for explosion proof, fire protection, and suppression.

All systems in the treatment facility will be designed such that personnel exposure
to radiation will comply with DOE Order 5480.11, "Radiation Protection for
Occupational Workers."

All systems in the treatment facility will be cesigned such that personnel exposure
to hazardous materials will comply with all applicable OSHA standards.

The overall treatment facility and operational systems shall mect the requirements
for a Radioactive Solid Waste Facility per DOE Order 6430.1A, Section 1324 (sce
Reference 10).

Additional high-level requirements are contained in Reference 15.

Not applicable
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Functional Subelement 13. Treatment Facility Receiving

13.1 Technical Background and Assumptions

13.1.1 The receiving subelement performs the functions of accepting transported material
supplied by the transport-for-treatment subelement. Temporary storage for queuing
may or may not be a required function, and is dependent upon the specific
technologies comprising the technology process options.

13.2 Input
Packaged waste delivered to the treatment facility.

13.3 Requirements

133.1 Receive waste from transportation system and store until conveyance is ready to
accept waste.

13.4 Output
13.4.1 Waste delivered to the treatment waste conveyance system.
Functional Subelement 14. Trea:ment Waste Conveyance

14.1 Technical Background and Assumptions

14.1.1 The conveyance functional subelement includes all apparatus to convey the retrieved
waste or removed overburden within the treatment containment structure.

14.2 Input

14.2.1 Packaged waste delivered to the treatment waste conveyance.

14:3 Requirements

14.3.1 | The waste conveyance system must be designed to accommodate operations,
maintenance, and repair in a beta, gamma, alpha, and hazardous contamination

environment.

14.3.2 The conveyance system shall operate within the temperature and humidity limits in
the containment structure.

14.3.3 The conveyance subelement must be able to convey all the various forms of wastes
within the treatment facility.

143.4 The conveyance subelement must convey necessary process feedstocks and process
by-products.

14.3.5 Waste conveyance shall not change waste characteristics.
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14.4 Output

14.4.1 Packaged containers containing quantities of soil and waste. The waste consists of
combustibles and noncombustibles contaminated with organics, radionuclides, and
heavy metals. Specifics on expected waste types and their contaminants can be
found in the BWID System Analysis System Requirements (see Reference 1).

Functional Subelement 15. Size Reduction

15.1 Technical Background and Assumptions

15.1.1 Much effort has been spent on characterization of the RWMC buried waste. The
basis for characterization are from past reports, sampling programs, and other efforts;
however, since past practices allowed for much less stringent disposal methods, a
large degree of inaccuracy must be assumed for any published numbers. The thermal
treatment scenarios consider the waste input stream to contain these waste
categories plus contaminated soil in varying amounts and percentages.

15.1.2 It is assumed that transportation containers will become part of the waste stream,
and thus must be size reduced.

15.2 Input

15.2.1 Packaged containers containing quantities of soil and waste. The waste consists of
combustibles and noncombustibles contaminated with organics, radionuclides, and
heavy metals. Specifics on expected waste types and their contaminants can be
found in BWID Systems Analysis System Requirements (see Reference 1).

15.3 Requirements

15.3.1 Process must be capable of reducing size of packaged waste to meet size
requirements of downstream treatment process.

15.4 Output
15.4.1 Size-reduced wa: te stream.
Functional Subelement 16. Pre-Treatment Characterization

16.1 Technical Background and Assumptions

16.2 Input

16.2.1 Size-reduced wasie stream.

16.3 Requirements

16.3.1 Monitor for gross volatile organic compounds (VOCs) identified in BWID System

Analysis System Requirements (see Reference 1) to assist in melter performance and
maintain safe operations.
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Monitor for gross radionuclides identified in BWID System Analysis System
Requirements (see Reference 1) and radiation levels to assist in process safety
controls and quality control of the final waste form.

16.3.3 . Monitor as necessary for other gross concentrations of constituents which are
difficult to process such as chlorides, High Vapor Pressure Metals (HVPMs), and
sulfur. The constituents which are diffiult to process are determined by the melting
technology chosen.

16.3.4 Data acquisition is compatible with down stream processes.

16.4 Output

16.4.1 Entire waste stream not changed from input.

16.4.2 Data on VOCs, radionuclides, radiation intensity, and other constituents which are
difficult to process.

Functional Subelement 17. No Sort

17.1 Technical Background and Assumptions

17.1.1

17.2 Input

17.2.1

It is assumed that a minimum amount of soil is a part of the input waste stream for
the desired final waste form. This soil comes from TRU and hazardous-
contaminated interstitial soil or contaminated underburden soil. The minimum
percentage of soil depends on solubility of the different elements which are desired
to be bound into the final waste form. The actual minimum percentage number is
dependant on specifications for the final form which are not defined (sic) as yet.

Reduced waste stream from the pretreatment characterization and size reduction
subelements.

17.3 Requirements

17.3.1 None.

17.4 Output

17.4.1 Size-reduced waste stream.
Functional Subelement 18. Thermal Desorber

18.1 Technical Background and Assumptions

18.1.1

The thermal desorber functional subelement disassociates nitrate compounds that
could cause combustible pulsing of the incinerator. The thermal desorber operating
temperature is based on a temperature which is high enough for initial thermal
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18.2 Input
18.2.1

18.2.2

decomposition of nitrates, (potassium nitrate decomposes at 400°C, and sodium
nitrate decomposes at 380°C).

Full waste stream.

Offgas from the High Temperature Oxidizing Slag, Oxidizing Metal/Metal Tapping
Melter.

18.3 Requirements

18.3.1 Heat all waste stream constituents to a temperature of TBD degrees centigrade.

18.3.2 Hold preheated waste stream constituents at a temperature of TBD degrees for a
time of TBD minutes.

18.3.3 Meet input requirements of downstream processes.

18.3.4 Process main waste stream at system throughput rate.

18.4 Output

18.4.1 Preheated waste stream.

18.4.2 Offgas.

Functional Subelement 19. Incinerator

19.1 Technical Background and Assumptions

19.1.1

19.1.2

19.1.3

Incineration/pyrolysis of the waste stream is performed to combust the majority of
the combustible portion (including organics) of the waste stream. Low temperature
incineration may be preferred for reduction in corrosion and erosion of the
incinerator. This also may result in reduction in plugging potential of the ash and
residuals in the material handling system.

Note that this option provides for incineration of the full waste stream which consists
of combustibles, soil, noncombustibles, and metals. By processing the entire waste
stream, it is recognized that the efficiency of incineration may be reduced. However,
it may be that the gain realized from maintaining a simplistic design with reduced
numbers of subelements outweighs any loss in efficiency. Incinerators can be built
very robust and, therefore, the overall thermal process system is not jeopardized by
processing noncombustibles and metals in the incinerator. Further, one of the
largest driving factors in alpha processing systems is the cost of maintaining alpha
controls. To this end, the fewer number of subsystems required, the easier to
maintain strict alpha controls.

It is also very desirable to adopt a design that will produce a minimum offgas flow
rate. This will simplify any necessary offgas treatment system.
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19.2 Input
19.2.1 Prchcated wastc stream.
19.2.2 Offgas from the Thermal Desorber subelement.

19.3 Requirecments

19.3.1 Incineration/pyrolysis of the waste stream.

19.3.2 Mcct downstream input requirements and systcm throughput processing rate.
19.4 Output

19.4.1 Pyrolized ash.

19.4.2 A combusted offgas stream plus minor products of incomplete combustion.
Functional Subclement 20. Afterburner

20.1 Tcchnical Background and Assumptions

20.1.1 The output stream from the afterburner is assumed to contain H,O, CO,, High
Vapor Pressure Metals (HVPMs) (such as mercury, lead, cadmium, arsenic, etc.),
HVPM oxides, halogens, sulfur compounds, combusted organics, particulates, and
some radionuclides (Cs'*’, potential minor quantities of TRU oxides, and other LLW
radionuclides).

20.1.2 Onc possible design will maintain the offgas stream for a minimum time at a
minimum tcmperature (approximately >2 scc at >1010°C) to ensure complete
combustion.

20.2 Input

20.2.1 A combusted offgas stream plus minor products of incomplete combustion from the
incinerator.

20.3 Requircments

20.3.1 The afterburner shall ensure 99.9999 percent (1 part in 10°) combustion of all
organics in the offgas stream.

20.4 Output

20.4.1 Combusted offgas stream.

Functional Subclement 21. Mixer

21.1 Technical Background and Assumptions
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21.2 Input

21.2.1 Pyrolized ash from the incinerator.

21.2.2 Flux if required for melter process control.

21.23 Basaltic soil as needed for melter process control and final waste form ¢ ality
control.

21.3 Requirements

21.3.1 Mix and blend feedstock.
21.4 Output
21.4.1 Blended feedstock to the melter.

Functional Subelement 22. Oxidizing Slag, Oxidizing Metal/Metal Tapping Melter

22.1 Technical Background and Assumptions

22.1.1 The output stream from the melter is assumed to potentially contain H,0, CO,,
High Vapor Pressure Metals (HVPMs) (such as mercury, lead, cadmium, arsenic,
etc.), HVPM oxides, halogens, sulfur compounds, combusted organics, particulates,
and some radionuclides (Cs'®", potential minor quantities of TRU oxides, and other
LLW radionuclides).

22.1.2 The composition of the molten slag output stream is assumed to be an iron-enriched
basalt matrix with dissolved metal oxides, and TRU plus LLW contaminants. This
assumption is based on work as reported in References 16, 17, 18, and 19.

22.1.3 The metals contained in the molten metal output stream are assumed to be mainly
iron (Fe) with trace other metals included.

22.2 Input

22.2.1 Blended feedstock from the mixer consisting of metals, ash, soil and residuals from
the incinerator, flux as required for melter process control, and soil as needed for
melter process control and final waste form quality control.

2222 Oxygen gas.

22.3 Requirements

22.3.1 System throughput processing rate.

2232 Operating temperature high enough to melt metals and meit the basaltic soils
maintaining an adequate viscosity for the Homogeneous 1EB slag Frit/Monolith
subelement.
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22.33 The melter output shall contain none of the organic constituents listed in the system
requirements (see Reference 1).

2234 Produce a waste form that is no longer considered a hazardous waste per 40CFR261.
22.4 Output

22.4.1 An offgas waste stream to the thermal desorber/incinerator or afterburner.

2242 Molten slag to the slag handling subsystem.

2243 Tapped molten metals to the tapped metal subelement.

Functional Subelement 23. Homogeneous Slag Frit/Monolith

23.1 Technical Background and Assumptions

23.1.1 The composition of the molten slag output stream is assumed to be an iron-enriched
basalt matrix with dissolved metal oxides, and TRU plus LLW contaminants. This
assumption is based on experimental and calculated work as reported in
References 16, 17, 18, and 19.

23.12 The output of the melter is assumed to be slag frit or monolith, whichever form
enables a high quality, high reliability radioactive assay.

23.2 Input
23.2.1 Tapped molten slag from the melter.

23.3 Requirements

2331 Receive and handle the molten slag from the melter, and cast it into monoliths or
process into a frit form.

23.3.2 The waste form matrix will prevent the release of radionuclides and heavy metals.
23.4 Output
23.4.1 Slag in the form of a frit or monolith compatible with downstream processes.

Functional Subelement 24. Tapped Metal

24.1 Technical Background and Assumptions

24.1.1 No radionuclides, or only very minor quantities of radionuclides, are expected to be
partitioned into the molten metals stream. The radionuclides are expected to be

partitioned into the slag. with potentially some carryover into the offgas system.
However, radiological controls must still be emplaced on the metals stream.
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24.1.2 The metals contained in the molten metal output stream are assumed to be mainly
iron (Fe¢) with trace other metals included.

24.1.3 A high reliability assay of the metals is assumed to be possiblc in the monolith forni.
24.2 Input
24.2.1 Molten metal tapped from the melter.

24.3 Rcquirements

24.3.1 Receive and handle the molten metal {from the melter and cast into monolith forms.
243.2 Produce a waste form that is no longer considered a hazardous wastc per 40CFR261.
24.4 Output

244.1 A mctal monolith waste form.

Functional Subclement 25. Offgas Treatment
25.1 Tcchnical Background and Assumptions

25.1.1 The offgas stream to the offgas treatment system is assumed to contain H,0, CO,,
High Vapor Pressure Metals (HVPMs) (such as mercury, lead, cadmium, arsenic,
ctc.), HVPM oxides, halogens, sulfur compounds, combusted organics, particulates,
and some radionuclides (Cs!*’, potential minor quantities of TRU oxides, and other
LLW radionuclides).

25.1.2 The offgas unabated rclease calculations arc assumed to confirm the potential for
discharge of radionuclides resulting in effcctive dose cquivalents greater than
allowable per 40CFR61.92.

25.2 Input
25.2.1 Offgas strcam from the thermal treatment processes.
25.3 Requircments

25.3.1 The offgas treatment system shall clean the offgas stream of all constituents to allow
operations within applicable State and Federal air permit rcquirements.

25.3.2 Per DOE 6430.1A, 40CFR60, 40CFR61, and ANSI N13.1, the offgas trcatment
system shall be equipped with air monitoring instruments to detect radionuclides and
hazardous constituents listed in the Systcm Requirements (sce Reference 1), The
final rcleased offgas effluent shall be monitored for any normally or accidentally
rcleased radionuclides via an isokinetic sampling system.
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25.3.3

25.4 Output

25.4.1

25.4.2

25.4.3

The offgas system must be maintained at a sufficient negative pressure to draw all
gaseous flows through the systems and still maintain adequate negative pressure at
the most remote location.

A cleaned offgas gaseous waste stream which meets all appropriate permit
requirements.

One or more offgas residue streams.

Process waste stream specific to the offgas treatment chosen.

Functional Subelement 25A. Zero Emissions Offgas Treatment

(Optional)

25A.1 Technical Background and Assumptions

25A.1.1

25A.1.2

25A.1.3

25A.2 Input

25A.2.1

The offgas stream to the offgas treatment sysiem is assumed to contain H,O, CO,,
High Vapor Pressure Metals (HVPMs) (such as mercury, lead, cadmium, arsenic,
etc.), HVPM oxides, halogens, sulfur compounds, combusted organics, particulates,
and some radionuclides (Cs'*’, potential minor quantities of TRU oxides, and other
LLW radionuclides).

Requirements for this type of offgas system are considered to exceed the
requirements necessary to meet present day permitting applications. However,
permitting actions are assumed to be greatly enhanced with the stricter requiremcnts
due to the decreased nature of offgas emissions.

Zero emissions offgas systems of this type are assumed to be only in the research

and developr.ent stage. Proven technology is assumed to be non-existent. A large
development effort is assumed to be required for this option.

Offgas stream from the thermal treatment processes.

25A.3 Requirements

25A.3.1

25A.3.2

The zero emissions offgas treatment system option shall clean the offgas stream of
all constituents with the exception of a minor stream of inert gas. NOTE: These
restrictions surpass the present permit requirements for operations. Any minor
remaining offgas stream must include full high efficiency particulate air (HEPA)
filtering of the stream.

This option for offgas treatment must convert all offgas constituents to solid or liquid
form for further disposition.
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25A.4 Output

25A.4.1 Potential offgas strcam consisting of inert gas.
25A.4.2 An offgas residue stream in liquid or solid form.
Functinnal Subclement 26. Mixer

26.1 Technical Background and Assumptions

26.2 Input

26.2.1 Residue from the offgas treatment subsystem.

26.2.2 Borosilicate glass (BSG) frit.

26.3 Rcquirements

26.3.1 Mixes and blends feedstock to mect melter input requircments.
26.4 Output

26.4.1 Blended BSG and residue feedstock to the melter.

Functional Subelement 27. Offgas Residue Melter

27.1 Technical Background and Assumptions

27.1.1 Assumed melter temperature is a nominal 1100°C based on operating temperaturcs
for melters designed for vitrification of high-level waste (HLW) using borosilicatc
glass.

27.2 Input

27.2.1 Blended feedstock from the mixer subelement consisting of residue from the offgas

system and BSG frit.

27.3 Requircments

27.3.1 Operating temperature high enough to melt the BSG frit and the residue, yet low
enough to hold the contaminants (high vapor pressurc metals, metal oxides,

radionuclides, etc.) in solution.

27.3.2 Output must be compatible with downstream proccsses.

2733 Produce a waste form that is no longer considered a hazardous waste per 40CFR261.
27.4 Output

27.4.1 Molten slag.
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27.4.2 Offgas effluent.

Functional Subelement 28. Offgas Frit/Monolith

28.1 Technical Background and Assumptions

28.1.1 The cor.position of the molten slag output stream is assumed to be a borosilicate
glass (BSG) matrix with dissolved metal oxides, and potentially very minor quantities
of TRU plus LLW contaminants.

28.2 Input

28.2.1 Molten slag from the offgas residue melter subelement.

28.3 Requirements

28.3.1 Receive and handle the molten slag from the melter, and cast it into monoliths or
process into a frit form.

28.3.2 Output is compatible with downstream processes
28.4 Output
28.4.1 Homogeneous BSG slag in the form of a frit or monolith.

Functional Subelement 29. Posi-Treatment Radioactive Assay

29.1 Technical Background and Assumptions

29.1.1 Assume that pretreatment characterization will not satisfy the requirements for
classifying output waste form.

29.1.2 An advantage for thermally processing this type of waste is to convert the as-received
waste stream into a form which will enhance the ability to obtain TRU concentration
data with reduced uncertainty.

29.1.3 The bases for this reduction in uncertainty of assay data are:

¢ The geometry of the assay form can be optimized for the assay equipment
(geometry of choice enables consistent geometrical calibration factors).

»  Vitrification and homogenization eliminate density variances.

+ Vitrification and homogenization eliminate radionuclide distribution variances
(fully dissolved radionuclides and complete mixing).

»  Vitrification and homogenization enhance the predictability of self shielding
(alpha) unknowns.
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29.2 Input

29.2.1

e Vitrification and geometry of choice allow for reduced assay time due to assay
of a known form with decreased variances and enables assay data to be
collected at a waste throughput rate of tons per day.

«  Vitrification and enhanced assay capability allow for post-treatment sort of TRU
waste and LLW based on reliable and consistent assay data.

» Vitrification and enhanced assay capability incrcasc the ability to idcntify
radionuclides and to quantify concentrations of the radionuclides. This
enhanced capability increases the credibility of the data and aliows for further
rational disposition decisions.

Homogencous IEB or BSG frit or monolith from the thermal trcatment subsystems
(BSG from offgas stream or IEB from the waste stream).

29.3 Rcquiremernts

29.3.1 Identify and quantify radionuclides found in Tablc 2 of Reference 1 to meet the
assay requirements necessary to assign wast~ as LLW, reclassified LLW, or
transuranic as follows:

« TRU > 109 nCi/g - Transuranic Waste
« 10 nCi/g < TRU < 100 nCi/g - Reclassified LLW
« TRU < 10 nCi/g - LLW

29.4 Output

29.4.1 Radioactive assay data.

29.4.2 An unchanged frit or monolith waste form.

Functional Subclement 30. Post-Trcatment Medium Temperaturc Fusing/Re-melt

30.1 Technical Background and Assumptions

30.1.1

30.2 Input

30.2.1

This subsystem may be unneccessary if a monolith is cast during initial thermal
treatment. The output of frit or monolith from the primary thermal treatment
subsystem is dependant on the physical form required to enhance the assay
capabilities and produce lower uncertainty reliability assay data.

Frit or monolith waste from the assay subsystem with TRU > 100 nCi/g.

30.3 Requirements

30.3.1

Fusc or re-melt the IEB frit and cast it into a monolith. (Mcdium temperature
melter operating at a nominal 1400°C.)
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30.4 Output
30.4.1 A monolithic IEB waste form.

Functional Subclement 31. Heat Treat/Controlled Cool

31.1 Technical Background and Assumptions

3114 The purpose of this functional subelement is to change the microstructure of the cast
monolith waste form such that the resulting waste form has low lcach rate and high
durability.

31.1.2 This subclement along with the fusing/re-melt subclement may be unnccessary

functions if assay systems are identificd that can provide high quality, rcliabic data
from & monolith cast block direct from the primary thermal process subelement.

31.2 Input

31.2.1 The input for this subclement is a monolith waste form cither direct from the
primary thermal process subsystem via the assay subsystem or from the fusing/rc-melt
mclter subelement.

31.3 Rcquircments

31.3.1 Control cooling to optimize the microstructure in order to meet leach rate and
durability requirements.

31.3.2 The subsystem shall include nondestructive test capabilitics to verify the integrity of
the final waste form.

31.4 Output

31.4.1 Iron-cnriched basalt (IEB) monolith waste form.

Functional Subclement 32. TRU Waste Packaging

32.1 Technical Background and Assumptions

32.1.1 The designated disposition is for interim storage at the INEL pending resolution and
opening of a permanent repository for TRU/TRU-Mixed buried waste.

32.2 Input
32.2.1 Monolithic waste forms with concentration of TRU > 100 nCi/g.
32.3 Requircments

32.3.1 Packaging requirements shall meet current INEL TRU Waste Acceptance Criteria
(sec Reference 7). and RWMC transportation requirements (see footnote ¢).
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32.4 Output
32.4.1 Packaged TRU > 100 nCi/g waste.

Functional Subclement 33. Final Package Assay

33.1 Techrical Background and Assumptions

33.2 Input

33.2.1 Packaged TRU > 100 nCi/g waste.
33.3 Requircments

33.3.1 Final assay and cxternal contamination swipe surveys for INEL TRU Waste
Acceptance Criteria.

33.4 Output

33.4.1 Packaged TRU > 100 nCi/g waste.

Functional Subelement 34. Transportation

34.1 Technical Background and Assumptions

34.1.1 Transportation to interim storage can occur within the RWMC and thus will not
have to fully comply with EG&G Hazardous Material Transportation Manual (sec
footnote f).

34.2 Input

34.2.1 Wastc which is in an acceptable form for transportation to and storage in interim
storage.

34.3 Rcquircments
34.3.1 RWMC transportation requirements (see footnote e).
34.4 Outputs

34.4.1 Packaged waste and its associated assay information delivered to interim storage
facilities.

Functional Subclement 35. INEL TRU Interim Storage

35.1 Technical Background and Assumptions
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35.2 Input
35.2.1 Packaged TRU > 100 nCi/g waste.

35.3 Requirements

353.1 Retrievable storage at the INEL.

35.4 Output .

35.4.1 Packaged TRU > 100 nCi/g waste.

Functional Subelement 36. Reclassified Low-Leve] Waste Packaging

36.1 Technical Background and Assumptions

36.1.1 Assume reclassified LLW has same INEL WAC as LLW.
36.2 Input
36.2.1 Reclassified LLW waste in a frit or monolith form with a concentration of

10 nCi/g < TRU < 100 nCi/g.

36.3 Requirements

36.3.1 Packaging shall be per INEL LLW Waste Acceptance Criteria (see Reference 6).
36.3.2 Disposal shall be per INEL LLW disposal criteria (see Reference 6).

36.4 Output

36.4.1 Packaged 10 nCi/g < TRU < 100 nCi/g waste in an approved container.

Functional Subelement 37. Low-Level Waste Packaging INEL Disposal

37.1 Technical Background and Assumptions

37.1.1 The waste derived from fixing the offgas residue into borosilicate glass is assumed
to be LLW. The potential for TRU elements to be carried off into the offgas waste
stream is considered to be very small. Classification as LLW is verified in the assay
subelement (50.0).

37.2 Input

37.2.1 Low-level waste in a borosilicate glass frit or monolith form.

37.3 Requirements

37.3.1 Packaging shall be per INEL LLW Waste Acceptance Criteria (sce Reference 6).
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37.4 Output

37.4.1 Packaged LLW.
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Option D
Retrieval/Interim Storage/Melter Treatment

Functional Subclement 1. Site/Waste Characterization

1.1 Background Technical Information and Assumptions

1.1.1

1.2 Input

The waste pits were excavated to the underlying basalt layer and generally backfilled
with 2 to 5 ft of soil to provide a level floor. The waste trenches were generally
excavated to the basalt layer, approximatcly 10 ft down and averaged about 7 ft
wide and up to 1800 ft long (sec Reference 4). Following cxcavation, wastcs were
placed into the pits and trenches. From 1952-1963, the waste containers were
stacked to optimize disposal space. During 1963-1969, the waste packages were
randomly dumped into the pits and trenches in order to limit worker radiation
cxposurc. In 1969, the waste containers were once again stacked to optimize
disposal volume. Once emplaced, the wastes were backfilled with and covered with
silty clay and sandy soil.

Physical dimensions of each waste pit and trench (including overburden) arc given
in Tables 1, 2, and 3 of Reference 4. Details of the charactcristics of INEL RWMC
soils arc given in Tables 4 through 8 of Reference 4 (see Appendix A).

Figure 7 illustrates a cross-section of a typical Operable Unit (OU) 7-13 waste pit
or trench. The figure identifies terms used throughout this report.

Transuranic (TRU)-Contaminated Waste Pits and Trenches located at the INEL Subsurfacc
Disposal Arca (designated as Operable Unit 7-13).

1.3 Requirements

The following shall be dcterminced during sitc/waste characterization:

1.3.1

1.3.2

1.3.3

1.3.4

1.4 Output

Vertical boundaries of the waste pits and trenches.
Depth of the basait underlying the waste pits and trenches.
Dcpth of the overburden/waste interface for cach waste pit and trench.

Location of any outsize waste in thc waste scam.

Estimated boundarics of TRU-Contaminated Waste Pits and Trenches.
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Functional Subelement 2. Below-Grade Isolation

2.1 Background Technical Information and Assumptions

211 The basalt is assumed to offer below-grade horizontal isolation of the waste.

2.1.2 The concern of leakage through the barriers is mitigated by INEL RWMC site
renovations performed under the 300-yr Flood Drainage Program.

2.13 The subsurface basalt is at a depth that is less than 30 ft for any given waste pit or
trench.

2.14 The defined waste seam will be established by an institutional review of the

estimated boundaries (see Figure 8). Establishment of the defined waste seam will
be performed by institutional entities. This group will be expected to identify the
defined waste seam boundary for each pit or trench that includes some margin in
addition to the estimated boundary values.

2.2 Input

2.2.1 Estimated boundaries of TRU-Contaminated Waste Pits and Trenches.

2.3 Requirements

2.3.1 Construct engineered barriers extending vertically from the surface to the basalt at
the location of the defined waste seam to provide below-grade isolation of the
volume to be remediated.

23.2 The engineered barriers shall be designed to meet or exceed all the applicable
federal, state, and DOE structural safety standards for mining or excavations.

2.4 Output
2.4.1 Below-grade isolation barriers which define the volume of waste to be remediated.
Functional Subelement 3. Above-Grade Containment

3.1 Background Technical Information and Assumptions

3.1.1 The entire above-grade containment shall have a facility classification of moderate
hazard per UCRL-15910 (see Reference 9).

3.2 Input

321 Below-grade isolation barriers of the volume to be remediated.
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3.3 Rcquircments

3.3.1

The above-grade containment structure(s) must cncompass the cntirc volume
currently being excavated.

3.3.2 The above-grade containment structurc(s) shall be designed and constructed to
mcet the following appi.cable INEL building standards: General Design Criteria
(DOE 6430.1A),!° Natural Phenomenon (UCRL-15910),° DOE-ID Architectural
Engincering Standards,!' Opcrational Safcty Design Criteria Manual,'? Industry
Standard Uniform Building Code (UBC), and Nuclcar Safcty Analysis Report (DOE
Order 5480.23).

3.33 The above-grade containment structurc(s) shall have the following features:
3.3.3.1 Shall be designed to control contamination from radiological and non-radiological
sources to allow meintenance repair or replaccment of systems.

3.33.2 Shall be designed to allow all necessary activities to support ancillary activitics
ccnducted within the containment structure such as retricval, package, and transport
of cxcavated waste.

3333 Shall be designed to allow ingress/egress of all equipment and personnel necessary
to perform all waste retrieval activities.

3334 Shall be designed to allow the egress of retricved waste packaged for transport.

3.3.35 Shall have temperature and humidity control such that the environment is regulated
within the limits required for maintenance repair or replacement activitics in a beta,
gamma, alpha, and hazardous contaminated environment.

334 The above-grade containment structure shall contain all operations from overburden
retricval to transport to interim storage/treatment.

3.4 Output

3.4.1 Complcted and operational containment facility over the isolated region being
excavated.

Functional Subclement 4. Overburden Characterization

4.1 Background Technical Information and Assumptions

4.1.1

4.1.2

Prior to any removal of overburden, an extensive characterization of the overburden
will be performed.

Data from overburden characterization activities will meet data quality objectives
and bc useable for risk assessments.

103



4.2 Input

4.2.1

Completed and operational containment facility over the isolated region being
excavated.

4.3 Requirements

4.3.1 The characterization will locate any regions of contamination within the pit or
trench overburden.

4.3.2 Characterization techniques must be able to sample for radioactive, including TRU,
and characteristic and listed hazardous contaminants defined in the BWID Systems
Analysis system requirements (see Reference 1).

4.4 Output -

4.4.1 Location and characterization of radioactive and characteristic and listed hazardous-
contaminated overburden.

Functional Subelement 5. Overburden Removal

5.1 Technical Background and Assumptions

5.2 Input

Location and characterization of radioactive and characteristic and listed hazardous-
contaminated overburden.

5.3 Requirements

5.3.1

5.3.2

Up to 75% of the estimated overburden depth for each pit or trench will be
removed. Sufficient overburden will be left in place so as to minimize the possibility
of an inadvertent contamination exposure.

The removal process will separate contaminated (radioactive and hazardous) from
noncontaminated overburden.

Overburden removal operations must control contamination from beta, gamma,
alpha, and the hazardous constituents defined in the BWID Systems Analysis system
requirements (see Reference 1) to levels that would allow maintenance to service
or repair equipments.

These systems shall meet or exceed all state, federal, and DOE nuclear systems
standards for explosion proof, fire protection, and suppression.
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5.4 Output

5.4.1 The completed containment facility over the region to be remediated. Up to 75%
of overburden removed.

5.4.2 Contaminated (radioactive and hazardous) overburden.
543 Noncontaminated overburden.
Functional Subelement 6. Storage of Contaminated Overburden

6.1 Technical Background and Assumptions
6.2 Input

6.2.1 Contaminated (radioactive and hazardous) overburden.

6.3 Requirements

6.3.1 Contaminated overburden must be stored within the above-grade containment
structure(s).
6.3.2 Contaminated overburden must be physically separated from retrieved

noncontaminated and nonassayed overburden.
6.3.3 Stored contaminated overburden shall not cause a criticality.

6.3.4 Stored contaminated overburden shall have beta, gamma, alpha, and hazardous
contamination control compatible with containment requirements of 3.3.3.1.

6.4 Output
6.4.1 Stored contaminated overburden.
Functional Subelement 7. Noncontaminated Overburden Siorage

7.1 Technical Background and Assumptions

7.2 Input

7.2.1 Retrieved noncontaminated overburden.
7.3 Requirements

7.3.1 Retrieved noncontaminated overburden shall be stored in a weather shielded
storage.
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If the noncontaminated storage is located outside the containment building then the
noncontaminated overburden shall be surveyed to ensure that it is free of beta,
gamma, alpha, and hazardous contamination prior to removal from the containment
building.

7.4 Output

7.4.1 Stored noncontaminated overburden to be used to refill the remediated pit or
trench.

Functional Subelement 8. Retrieval

8.1 Technical Background and Assumptions

8.1.1

8.1.2
8.2 Input

8.2.1

The retrieval functional subelement includes all apparatus to remove all remaining
overburden and the waste from the ground, control the spread of contamination
during the removal, and convey the retrieved waste from the dig face to a packaging
area for eventual shipment for treatment.

The assumption for this subelement is that criticality can be prevented.

The completed containment facility over the region to be remediated. 75% of
estimated overburden depth removed.

8.3 Requirements

8.3.1

The retrieval system shall exhume material within the waste seam and transfer that
material to a waste conveyance system.

The retrieval systems shall operate within the temperature and humidity limits inside
the containment structure.

The retrieval systems must be designed to accommodate operations, maintenance,
and repair in a beta, gamma, alpha, and hazardous contamination environment.

The retrieval system shall be designed such that a criticality cannot occur.

Retrieval operations must identify and accommodate atypical waste objects (objects
or material incompatible with the retrieval system) or high radiation sources.
Identification may involve characterization at the dig-face. NOTE: An acceptable
way (0 "accommodate atypical waste" objects is that the retrieval system may move
these objects and stabilize them in the retrieval pit or other designated area to
prevent contamination spread and/or to shield high sources of radiation as stated in
system requirements (see Reference 1). Retrieval operations may bypass these

106



stabilized objects and continue normal operations until such time that special case
equipments and procedures will allow for their removal.

836 The retrieval system shall meet or exceed all applicable state, federal, and DOE
nuclear systems standards for explosion proof, fire protection, and suppression.

8.3.7 Retrieval operations and waste packaging for conveyance will be designed such that
personnel exposure to radiation will comply with DOE Order 5480.11, "Radiation
Protection for Occupational Workers."

8.3.8 Retrieval operations and waste packaging for conveyance will be designed such that
personnel exposure to hazardous materials will comply with all applicable OSHA
standards.

8.4 Output

8.4.1 Exhumed waste. Waste characteristics defined in BWID Systems Analysis system
requirements (see Reference 1).

Functional Subelement 9. Waste Conveyance

9.1 Technical Background and Assumptions

9.1.1

9.2 Input

9.2.1

The conveyance functional subelement includes all apparatus to convey the
retrieved waste or removed overburden within the containment structure.

Exhumed waste. Waste characteristics defined in BWID System Analysis system
requirements (see Reference 1).

9.3 Requirements

The waste conveyance system shall be designed so that a criticality event cannot
occur.

The waste conveyance system must be designed to accommodate operations,

maintenance, and repair in a beta, gamma, alpha, and hazardous contamination
environment.

These systems shall meet or exceed all state, federal, and DOE nuclear systems
standards for explosion proof, fire protection, and suppression.

The conveyance system shall operate within the temperature and humidity limits in
the containment structure.
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The conveyance system will be designed such that personnel exposure to radiation

will comply with DOE Order 5480.11, "Radiation Protection for Occupational
Workers."

9.3.6 The conveyance system will be designed such that personnel exposure to hazardous
materials will comply with all applicable OSHA standards.

9.4 Output

9.4.1 Conveyed, exhumed waste, Waste characteristics defined in system requirements
(see Reference 1).

Functional Subelement 10. Size Reduce

10.1 Technical Background and Assumptions

10.1.1

10.2 Input

10.2.1

The size reduction subelement will be capable of size reducing all waste in the waste
stream. It is assumed the size reduction subelement will result in a waste stream
that meets the size reduction input requirements of the downstream treatment
processes (incinerator and/or melter).

Exhumed waste. Specifics on expected waste types and their contaminants can be
found in system requirements (see Reference 1).

10.3 Requirements

10.3.1

10.3.2

10.3.5

10.3.6

A size reduction shall occur to the extent necessary so that the waste is in a form
compatible with the radiological/VOC assay technology.

The size reduction system shall be designed to accept all waste of the composition
and size described in system requirements (see Reference 1).

The size reduction system shall be designed so that a criticality event cannot occur.
The size reduction system must be designed to accommodate operations,

maintenance, and repair in a beta, gamma, alpha, and hazardous contamination
environment.

This equipment shall meet or exceed all State, Federal, and DOE nuclear systems
standards for explosion proof, fire protection, and suppression.

The size reduction system shall operate within the temperature and humidity limits
in the containment structure.
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10.3.7

The packaging system will be designed such that personnel exposure to radiation
will comply with DOE Order 5480.11, "Radiation Protection for Occupational
Workers."

103.8 The packaging system will be designed such that personnel exposure to hazardous
materials will comply with all applicable OSHA standards.

10.4 Output

10.4.1 Sized reduced waste conveyed in a form compatible with assay system.

Functional Subelement 11. Radioactive Plus VOC Assay

11.1 Technical Background and Assumptions

11.1.1

11.1.2
11.2 Input
11.2.1

11.2.2

The basis for the Waste Acceptance Criteria for interim storage will be the INEL
TRU WAC (see Reference 7). This is assumed to cover Hazardous, Low Level,
Low Level Mixed, and TRU Mixed waste.

All waste arriving at the assay system can be assayed.

Sized reduced waste conveyed in a form compatible with assay system.

Contaminated overburden.

11.3 Requirements

11.3.1

11.3.2

11.3.3

11.34

11.3.5

The radioactive/VOC assay system shall be designed so that a criticality event
cannot occur.

The radioactive/VOC system must be designed to accommodate operations,

maintenance, and repair in a beta, gamma, alpha, and hazardous contamination
environment.

This equipment shall meet or exceed all State, Federal, and DOE nuclear systems
standards for explosion proof, fire protection, and suppression.

The radioactive/VOC assay for criticality, hazardous, and radioactive constituents

shall meet requirements of the interim storage Waste Acceptance Criteria (INEL
TRU Waste Acceptance Criteria).

The radioactive/VOC assay system shall operate within the temperature and
humidity limits in the containment structure.
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11.3.6 The radioactive/VOC assay system will be designed such that personnel exposure
to radiation will comply with DOE Order 5480.11, "Radiation Protection for
Occupational Workers."

11.3.7 The radioactive/VOC assay system will be designed such that personnel exposure
to hazardous materials will comply with all applicable OSHA standards.

11.3.8 The assaying system must be able to measure radioactive constituents, including
TRU and organic compounds identified in the BWID System Analysis System
Requirements (see Reference 1).

11.4 Output
11.4.1 Entire waste stream.
11.4.2 Radiological and VOC assay data for the waste stream.

Functional Subelement 12. Packaging
12.1 Technical Background and Assumptions

12.1.1 All retrieved waste (including hazardous, low-level, and mixed) can be packaged and
transported to interim storage.

12.2 Input
12.2.1 Entire waste stream.
12.2.2 Radiological and VOC assay data for the waste stream.

12.3 Requirements

12.3.1 Retrieved and assayed waste stream shall be packaged and labeled to meet all of the
RWMC transportation requirements (see References 6 and 7 and footnote e).

12.3.2 Retrieved and assayed waste stream shall be packaged and labeled to meet INEL
Transuranic Waste Acceptance Criteria.

1233 The packaging system shall be designed so that a criticality event cannot occur.

12.34 The packaging system must be designed to accommodate operations, maintenance,
and repair in a beta, gamma, alpha, and hazardous contamination environment.

12.3.5 Equipment shall meet or exceed all State, Federal, and DOE nuclear systems
standards for explosion proof fire protection, and suppression.
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12.3.8

12.4 Output

12.4.1

The packaging systcm shall operate within the temperature and humidity limits in
thc containment structure.

The packaging system will be designed such that personncl exposure to radiation
will comply with DOE Order 5480.11, "Radiation Protection for Occupational
Workers."

The packaging system will be designed such that personnel exposure to hazardous
matcrials will comply with all applicable OSHA standards.

Waste which is in an acceptable form for transportation to intcrim storage and
interim storage.

Functional Subelement 13. Transportation

13.1 Technical Background and Assumptions

13.1.1

13.2 Input

13.2.1

Transportation to interim storage can occur within the RWMC and thus will not
have to fully comply with EG&G Hazardous Material Transportation Manual (sce
footnote f). .

Wastc which is in an acceptable form for transportation to and storage in interim
storage.

13.3 Requirements

13.3.1
13.4 Output

13.4.1

RWMC transportation requirements (sec {ootnote e).

Packaged waste and its associated assay information dclivered to interim storage
facilities.

Functional Subelement 14. INEL Interim Storage

14.1 Technical Background and Assumptions

14.1.1

14.1.2

Interim storage facilities will be constructed and operated by INEL waste
management operations.

Interim storage facilities will accept all elements of the waste stream (hazardous, low
level, low level mixed, TRU, TRU mixed). -
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14.1.3 The interim storage facility will be approved to storc RCRA waslcs.

14.1.4 The interim storage Waste Acceptance Critcria is assumed to be bascd dpon the
INEL TRU WAC (see Reference 7).

14.2 Input

14.2.1 Packaged waste and its associated assay information dclivered to interim storage
facilities.

14.3 Requirements

14.3.1 The interim storage facility will be capable of storing the packaged waste until the
thermal treatment facility is ready to accept waste.

14.3.2 Wastc package assay data will be retained.

14.4 Output

14.4.1 Wastc which is in an acceptable form for transportation to treatment and waste
assay data.

Functional Subelement 15. Transportation
15.1 Technical Background and Assumptions

15.1.1 The treatment facility is not co-located with interim storages; however, it is located
within the INEL.

15.2 Input

15.2.1 Waste which is in an acceptable form for transportation to trcatment and waste
assay data.

15.3 Requircments

15.3.1 INEL transportation requirements (sec footnotes e and f).
15.4 Output
15.4.1 Packaged waste and associated assay information delivered to the pretrcatment size

reduction subelement.
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Functional Subelement 16. Treatment Facility General Requirements

16.1 Technical Background and Assumptions

16.1.1

16.1.2

16.1.3

16.2 Input

16.2.1

The trcatment facility has a classification of Modcrate Hazard per UCRL-15910
(sce Refercnce 9).

The entire thermal processing linc can be designed, constructed, and tested to
maintain alpha contamination controls.

The trcatment facility shall meet requests sct forth in Nuclear Salcty Analysis
Rcports (DOE Order 5480.23).

Not applicable

16.3 Requircments

16.3.1

16.3.2

16.3.3

16.3.4

16.3.5

16.3.6

16.3.7

16.3.8

A minimum of double confinement per DOE Order 6430.1A shall exist bctween
normally contaminated areas and uncontrolled areas.

Equipment designs and interfaces shall be designed to maintain alpha, beta, and
gamma contamination confinement.

All systems in the treatment facility shall be designed so that a criticality event
cannot occur. The treatment facility will follow criticality control requircments per
DOE 5480.5 (see Reference 13) and DOE-ID 5480.5A (see Reference 14).

These systems shall meet or exceed all State, Federal, and DOE nuclear systcms
standards for explosion proof, fire protection, and suppression.

All systems in the treatment facility will be designed such that personnel exposure
to radiation will comply with DOE Order 5480.11, "Radiation Protection for

Occupational Workers."

All systems in the treatment facility will be designed such that personnel exposure
to hazardous materials will comply with all applicable OSHA standards.

The overall treatment facility and operational systems shall mect the requircments
for a Radioactive Solid Waste Facility per DOE Order 6430.1A, Scction 1324 (sce

Reference 10).

Additional high-level requirements are contained in Reference 15.
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16.4 Output

16.4.1 Not applicable

Functional Subelement 17. Treatment Facility Receiving

17.1 Technical Background and Assumptions

17.1.1 The receiving subelement performs the functions of accepting transported matcrial

supplied by the transportation-for-treatment subelement.  Temporary storage for
queuing may or may not bc a required function, and is dependent upon the specific
technologics comprising the technology process options.

17.2 Input

17.2.1 Packaged waste and associated assay information delivered to the trcatment facility.

17.3 Requircments

17.3.1 Reccive waste from transportation systcm and storc until trcatment waste
conveyance is ready to accept waste.

17.4 Output

17.4.1 Wastc and associated assay information delivered to the trcatment waste conveyance
system.

Functional Subclement 18. Treatment Waste Conveyance

18.1 Technical Background and Assumptions

18.1.1 The conveyance functional subclement includes all apparatus to convey the
rctricved waste or removed overburden within the treatment containment structure.

18.2 Input

18.2.1 Packaged wastc and associated assay information delivered to the trcatment waste
conveyance.

18.3 Rcquirements

18.3.1 ' The waste conveyance system must be designed to accommodate operations,

mainicnance, and repair in a beta, gamma, alpha, and hazardous contamination
cnvironment.
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18.3.2

The conveyance system shall operate within the temperature and humidity limits in
the containment structure.

18.3.3 The conveyance subclement must be able to convey all the various forms of wastes
within the treatment facility.

18.3.4 The conveyance subelement must con.cy necessary process fecdstocks and process
by-products.

18.3.5 Waste conveyance shall not change waste characteristics.

18.4 Output

18.4.1 Packaged containcrs containing quantities of soil and wastc. The waste consists of
combustibles and noncombustibles contaminated with organics, radionuclides, and
heavy metals. Specifics on expected waste types and their contaminants can be
found in the BWID PBTSF Description Report (see Reference 1).

Functional Subclement 19. Size Reduction

19.1 Tcchnical Background and Assumptions

19.1.1

19.1.2

19.2 Input

19.2.1

Much effort has been spent on characterization of the RWMC buried waste. The
bases for characterization are from past reports, sampling programs, and other
efforts; however, since past practices allowed for much less stringent disposal
methods, a large degree of inaccuracy must be assumed for any published numbers.
The thermal treatment scenarios consider the waste input stream (o contain these
waste categorics plus contaminated soil in varying amounts and percentagces.

The size reduction required for processing is less restrictive than for assay
monitoring. Thus, assume size reduction performed carlier (subelement 10, Reduce
Sizc) meets size requirements for follow-on processes within the trcatment system.
Also, assume that interim storage containers will bccome part of the waste stream,
and thus must be sizc reduced.

Packaged and intact containers containing previously sizc-reduced quantitics of soil
and waste. The waste consists of combustibles and noncombustibles contaminated
with organics, radionuclides, and heavy metals. Specifics on expected waste types
and their contaminants can be found in the BWID Systcms Analysis Systcm
Requirements (sce Reference 1).

19.3 Requircments

19.3.1

Process must be capable of reducing size of containers to meet size requircments
of downstrcam trcatment process.
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19.4 Output

19.4.1

Reduced waste stream.

Functional Subclement 20. Pre-Trecatment Characterization

20.1 Tcechnical Background and Assumptions

20.1.1

20.2 Input

20.2.1

It is assumed that the thermal process treatment owner will require independent
characterization data for efficient and safc opcrations.

Reduced waste stream.

20.3 Rcquircments

20.3.1

20.3.2

20.3.3

20.3.4

20.4 Output

Monitor for gross VOCs identified in BWID Systems Analysis System Requirements
(see Reference 1) to assist in melter performance and maintain safc opcrations.

Monitor for gross radionuclides in BWID Systcms Analysis System Requircments
(sce Reference 1) to assist in process safcty controls and quality control of the final
waste form.

Monitor as necessary for other gross concentrations of constituents which are
difficult to process such as chlorides, HVPMs, and Sulfur. The constitucnts that are

difficult to process are determined by the melting technology choscen.

Data acquisition compatibic with down-strcam processes.

20.4.1 Entire waste stream not changed from input.

204.2 Data on VOCs, radionuclides, radiation intensity, and other constituents which are
difficult to process.

Functional Subclement 21. No Sort

21.1 Technical Background and Assumptions

21.1.1
21.2 Input

21.2.1

It is assumed that atypical waste is not included in the main waste strcam.

Entirc waste stream from pre-treatment assay and size reduction.
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21.3 Requirements

21.3.1 None

21.4 Output

21.4.1 Same as input.
Functional Subclement 22. Mixer

22.1 Technical Background and Assumptions

22.2 Input
22.2.1
22.2.2

22.23

Full waste stream from the radioactive and VOC assay subsystem.
Flux as required for melter process control.

Additional soil from removed underburden if needed for melter process control and
final waste form quality control.

22.3 Requirements

22.3.1 Mixes and blends three feedstock in proper proportion to meet melter input
requirements.

22.4 Output

22.4.1 Feedstock to the melter.

Functional Subelement 23. Hi-Temperature Pyrolyzing Gas, Oxidizing Slag Mclter

23.1 Technical Background and Assumptions

23.1.1

23.2 Input

23.2.1

This option combines incineration technology and melter technology into one
operable unit. Units which perform these tasks are commercially available; however,
none have been proven for operation in an alpha enpvironment. It is assumed that
this type of melter can be successfully operated in an alpha environment.

Note: Estimated melter operating temperature is >2912°F based on Refcrences 15,
16, and 17.

Blended feedstock from the mixer. Proportions controlled via inputs to the mixer
such that output matrix meets output quality control requirements.
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23.2.2 Oxygen gas.
23.3 Requircments

23.3.1 The melter shall be capable of destroying all organics and melting all wastc forms
identified in the input requirements (sce Reference 1), interstitial soil, and
contaminated overburden.

23.3.2 Operating mode of pyrolyzing atmospherc is above the slag surface, and oxidizing
is below the slag surface.

23.33 Producc a waste that is no longer considered a hazardous wastce per 40CFR261.
23.4 Output

23.4.1 Pyrolized offgas waste strcam to the afterburncr subclement.

23.4.2 Molten slag to the slag frit/monolith subclement.

2343 Tapped molten metals to the molten metals subsystem.

Functional Subcicment 25. Afterburner

25.1 Technical Background and Assumptions

25.1.1 The output stream from the afterburner is assumed to contain H,0, CO,, some
High Vapor Pressurc Metals (HVPMs) (such as mercury, lcad, cadmium, arsenic,
cte.). HVPM oxides, halogens, sulfur compounds, combusted organics, particulates,
and potential radionuclides (Cs'*, potential minor quantitics of TRU oxides, and
other LLW radionuclides).

25.1.2 One possible design is that the afterburner maintains the oflgas strcam for a
minimum time at a minimum temperature (approximately >2 scc at >1010°C) to
ensurc complete combustion.

25.2 Input

25.2.1 Pyrolyzed offgas from the melter.

25.3 Requirements

25.3.1 The afterburner shall ensure 99.9999 percent (1 part in 10°) combustion of all
organics in the offgas strecam.

25.4 Output
25.4.1 Fully combusted offgas strecam.
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Functional Subeclement 26. Homogenceous Slag Frit/Monolith

26.1 Technical Background and Assumptions

26.1.1 The composition of the molten slag output stream is assumed to be an iron cnriched
basalt matrix with dissolved metal oxides, and TRU plus LLW contaminants. This
assumption is bascd on experimental and calculated work as reported in References
16, 17, 18, and 19.

26.1.2 The output of the melter is assumed to be slag frit or monolith, whichever form
cnables a high quality, high rcliability radioactive assay.

26.2 Input
26.2.1 Tapped molten slag from the melter.
26.3 Requirements

26.3.1 Receive and handle the molten slag from the melter, and cast it into monoliths or
process into a {rit form.

26.3.2 The waste form matrix will prevent the releasce of radionuclides and heavy mctals.
26.4 Output
26.4.1 Slag in the form of a frit or monolith compatible with downstrcam processcs.

Functional Subclcment 27. Tapped Mctal
27.1 Technical Background and Assumptions

27.1.1 No radionuclides, or only very minor quantities of radionuclides arc expected to be
partitioned into the molten metals stream. The radionuclides arc expected to be
partitioned into the slag, with potentially some carryover into the offgas system.
However, radiological controls must still be emplaced on the metals stream.

27.1.2 The metals contained in the molten metal output stream are assumed to be mainly
iron (Fe) with trace other metals included.

27.13 A high reliability assay of the metals is assumed to be possible in the monolith form.

27.2 Input

27.2.1 Molten metal tapped from the melter.

27.3 Requirements
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27.4 Output

27.4.1

Rceceive and handle the molten metal from the melter and cast into monolith forms.

Produce a wastc form that is no longer considered a hazardous waste per
40CFR261.

A mctal monolith waste form.

Functional Subclement 28. Offgas Trcatm=nt

28.1 Technical Bacl-ground and Assumptions

28.1.1

28.1.2

28.2 Input

28.2.1

Thc offgas stream to the offgas treatment system is assumed to contain H,0, CO,,
High Vapor Pressure Mectals (HVPMs, mercury, lead, cadmium, arsenic, ctc.),
HVPM oxides, halogens, sulfur compounds, combusted organics, particulatcs, and
some radionuclides (Cs'*’, potential minor quantitics of TRU oxides, and other
LLW radionuclides).

The offgas unabated release calculations arc assumed to confirm the potential for
discharge of radionuclides resulting in effective dose equivalents greater than
allowable per 40CFR61.92.

Offgas stream from the thermal treatment processcs.

28.3 Requirements

28.3.1

28.3.3

28.4 Output

28.4.1

The offgas treatment system shall clean the offgas stream of all constituents to allow
opcrations within applicablc State and Federal air permit requircments.

Per DOE Order 6430.1A, 40CFR60, 40CFR61, and ANSI N13.1, thc offgas
treatment system shall be equipped with air monitoring instruments to detect
radionuclides and hazardous constituents listed in the BWID Systems Analysis
System Requircments (see Reference 1). The final relcased offgas cffluent shall be
monitored for any normally or accidentally relcased radionuclides via an isokinetic
sampling system.

The offgas system must be maintained at a sufficient negative pressure to draw all

gascous flows through the systems and still maintain adequatc negative pressurc at
the most remote location.

A cleancd offgas gascous wastc strcam which mects all appropriate permit
requircments.
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28.4.2

2843

One or more offgas residue streams.

Process waste stream specific to the offgas treatment chosen.

Functional Subelement 28A. Zero Emissions Offeas Treatment

(Optional)

28A.1 Technical Background and Assumptions

28A.1.1

28A.1.2

28A.1.3

28A.2 Input

28A.2.2

The offgas stream to the offgas treatment system is assumed to contain H,0, CO,,
High Vapor Pressure Metals (HVPMs, mercury, lead, cadmium, arsenic, etc.),
HVPM oxides, halogens, sulfur compounds, combusted organics, particulates, and
some radionuclides (Cs'*", potential minor quantities of TRU oxides, and other
LLW radionuclides).

Requirements for this type of offgas system are considered to exceed the
requirements necessary to meet present day permitting applications. However,
permitting actions are assumed to be greatly enhanced with the stricter requirements
due to the decreased nature of offgas emissions.

Zero emissions offgas systems of this type are assumed to be only in the research

and development stage. Proven technology is assumed to be non-existent. A large
development effort is assumed to be required for this option.

Offgas stream from the thermal treatment processes.

28A.3 Requirements

28A.3.1

28A.4 Output
28A.4.1

28A.4.2

The zero emissions offgas treatment system option shall clean the offgas stream of
all constituents with the exception of a minor stream of inert gas. NOTE: these
restriclions surpass the present permit requirements for operations. Any minor
remaining offgas strcam must include full high efficiency particulate air (HEPA)
filtering of the stream.

This option for offgas treatment must convert all offgas constituents to solid or
liquid form for further disposition.

Potential offgas stream consisting of inert gas.

An offgas residue stream in liquid or solid form.



. Functional Subclement 29. Mixer

29.1 Technical Background and Assumptions

29.2 Input
29.2.1

29.2.2

Residue from the offgas treatment subsystem.

Borosilicate glass (BSG) frit.

29.3 Requirements

29.3.1

29.4 Output

29.4.1

Mixes and blends feedstock to meet melter input requircments.

Blended BSG and residue feedstock to the melter.

Functional Subclement 30). Offgas Residue Melter

30.1 Technical Background and Assumptions

30.1.1

30.2 Input

30.2.1

Assumed melter temperature is a nominal 1100°C based on operating tempcratures
for melters designed for vitrification of high-level waste (HLW) using borosilicate
glass.

Blended feedstock from the mixer subelement consisting of residue from the offgas
systcm and BSG frit.

30.3 Requircments

30.3.1

30.3.2

30.3.3

30.4 Output
30.4.1

30.4.2

Operating temperature high ecnough to melt the BSG frit and the residue, yet low
enough to hold the contaminants (high vapor pressurc mctals, metal oxides,
radionuclides, etc.) in solution.

Output must be compatible with downstream processcs.

Produce a waste form that is no longer considered a hazardous waste per
40CFR261.

Molten slag.

Oftgas cfflucnt.

122



Functional Subelement 31. Offgas Frit or Monolith Subsystem

31.1 Technical Background and Assumptions

311 The composition of the molten slag output stream is assumed to be a borosilicate
glass (BSG) matrix with dissolved metal oxides, and potentially very minor quantities
of TRU plus LLW contaminants.

31.2 Input

31.2.1 Molten slag from the offgas residue melter subelement.

31.3 Requirements

31.3.1 Receive and handle the molten slag from the melter, and cast it into monoliths or
process into a frit form.

313.2 Output is compatible with downstream processes.
31.4 Output
31.4.1 Homogeneous BSG slag in the form of a frit or monolith.

Functional Subelement 32. Post-Treatment Radioactive Assay

32.1 Technical Background and Assumptions

32.1.1 Assume that pretreatment characterization will not satisfy the requirements for
classifying output waste form.

32.1.2 An advantage for thermally processing this type of waste is to convert the as-
received waste stream into a form which will enhance the ability to obtain TRU
concentration data with reduced uncertainty.

32.1.3 The bases for this reduction in uncertainty of assay data are:

* The geometry of the assay form can be optimized for the assay equipment
(geometry of choice enables consistent geometrical calibration factors).

 Vitrification and homogenization eliminate density variances.

 Vitrification and homogenization eliminate radionuclide distribution variances
(fully dissolved radionuclides and complete mixing).

 Vitrification and homogenization enhance the predictability of self shielding
(alpha) unknowns.
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» Vitrification and geometry of choice allow for reduced assay time due to assay
of a known form with decreased variances and enables assay data to be
collected at a waste throughput rate of tons per day.

« Vitrification and enhanced assay capability allow for post-treatment sort of TRU
waste and LLW based on reliable and consistent assay data.

« Vitrification and enhanced assay capability increases the ability to identify
radionuclides and to quantify concentrations of the radionuclides. This
enhanced capability increases the credibility of the data and allows for further
rational disposition decisions.

32.2 Input

32.2.1 Homogeneous IEB or BSG frit or monolith from the thermal treatment subsystems
(BSG from offgas stream or IEB from the waste stream).

32.3 Requirements

323.1 Identify and quantify radionuclides found in Reference 1 to meet the assay
requirements necessary to assign waste as LLW, reclassified LLW, or transuranic
as follows:

+ TRU > 100 nCi/g - Transuranic Waste
» 10 nCi/g < TRU < 100 nCi/g - Reclassified LLW
« TRU < 10 nCi/g - LLW

32.4 Output

3241 Radioactive assay data.

3242 An unchanged frit or monolith waste form.

Functional Subelement 33. Post-Treatment Medium Temperature Fusing/Re-melt

33.1 Technical Background and Assumptions

33.1.1 This subsystem may be unnecessary if a monolith is cast during initial thermal
treatment. The output of frit or monolith from the primary thermal treatment
subsystem is dependant on the physical form required to enhance the assay

capabilities and produce lower uncertainty reliability assay data.

33.2 Input

33.2.1 Frit or monolith waste from the assay subsystem with TRU > 100 nCi/g.
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33.3 Requircments

33.3.1 Fuse or re-melt the IEB frit and cast it into a monolith. (Mcdium temperatuic
melter operating at a nominal 1400°C.)

33.4 Output

33.4.1 A monolithic JEB waste form.

Functional Subeclement 34, Hcat Treat/Controlled Cool

34.1 Technical Background and Assumptions

34.1.1

34.1.2

34.2 Input

34.2.1

The purpose of this functional subelement is to change the microstructure of the
cast monolith waste form such that the resulting waste form has low leach rate and
high durability.

This subelement along with the fusing/re-melt subclement may bc unnccessary
functions if assay systems are identified that can provide high quality, reliable data
from a monolith cast block direct from the primary thermal process subelcment.

The input for this subelement is a monolith waste form either dircct from the
primary thermal process subsystcm via the assay subsystem or from the
fusing/re-melt melter subelement.

34.3 Requircments

34.3.1 Control cooling to optimize the microstructure in order to mect leach ratc and
durability requirements.

34.3.2 The subsystem shall include nondestructive test capabilitics to verify the integrity of
the final waste form.

34.4 Output

34.4.1 Iron-enriched basalt (IEB) monolith waste form.

Functional Subelement 35. TRU Waste Packaging

35.1 Technical Background and Assumptions

35.1.1

The designated disposition is for interim storage at the INEL pending resolution
and opening of a pcrmanent repository for TRU/TRU-Mixcd buried waste.
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35.2 Input
35.2.1 Monolithic waste forms with concentration of TRU > 100 nCi/g.
35.3 Requirements

35.3.1 Packaging requirements shall meet current INEL TRU Waste Acceptance Criteria
(see Reference 7).

35.4 Output

35.4.1 Packaged TRU > 100 nCi/g waste.
Functional Subelement 36. Final Package Assay
36.1 Technical Background and Assumptions

36.2 Input

36.2.1 Packaged TRU > 100 nCi/g waste.
36.3 Requirements

36.3.1 Final assay and external contamination swipe surveys for INEL TRU Waste
Acceptance Criteria.

36.4 Output

36.4.1 Packaged TRU > 100 nCi/g waste.

Functional Subelement 37. INEL TRU Interim Storage
37.1 Technical Background and Assumptions

37.2 Input

37.2.1 Packaged TRU > 100 nCi/g waste.

37.3 Requirements

37.3.1 Retrievable storage at the INEL.

37.4 Output

37.4.1 Packaged TRU > 100 nCi/g waste.
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Functional Subelement 38. Reclassified Low-Level Waste Packaging

38.1 Technical Background and Assumptions

38.1.1 Assume reclassified LLW has same INEL WAC as LLW.
38.2 Inpu.
38.2.1 Reclassified LLW waste in a frit or monolith form with a concentration of 10 nCi/g

< TRU < 100 nCi/g.

38.3 Requirements

383.1 Packaging shall be per INEL LLW Waste Acceptance Criteria (see Reference 6).
383.2 Disposal shall be per INEL LLW disposal criteria (see Reference 6).

38.4 Output

38.4.1 Packaged 10 nCi/g < TRU < 100 nCi/g waste in an approved container.

Functional Subelement 39. Low-Level Waste Packaging INEL Disposal

39.1 Technical Background and Assumptions

39.1.1 The waste derived from fixing the offgas residue into borosilicate glass is assumed
to be LLW. The potential for TRU elements to be carried off into the offgas waste
stream is considered to be very small. Classification as LLW is verified in the assay
subelement (50.0).

39.2 Input

39.2.1 Low-level waste in a borosilicate glass frit or monolith form.

39.3 Requirements

39.3.1 Packaging shall be per INEL LLW Waste Acceptance Criteria (see Reference 6).
39.4 Output
394.1 Packaged LLW.
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Option E

Retrieval/Interim Storage/Metals Sort/Thermal Treatment

Functional Subclement 1. Site/Waste Characterization

1.1

I.1.1

1.2

1.3

1.3.1

1.3.2

1.3.3

1.3.4

1.4  Output

Background Technical Information and Assumptions

Input

The wastc pits were excavated to the underlying basalt layer and gencrally backfilled
with 2 to 5 ft of soil to provide a level floor. The waste trenches were gencrally
cxcavated to the basalt layer, approximately 10 ft down and avcraged about 7 ft
wide and up to 1800 ft long (sce Reference 4). Following excavation, wastes were
placed into the pits and trenches. From 1952-1963, the waste containers were
stacked to optimize disposal space. During 1963-1969, the wastc packages were
randomly dumped into the pits and trenches in order to limit worker radiation
exposurc.  In 1969, the waste containers were once again stacked to optimize
disposal volume. Once emplaced, the wastes were backfilled with and covered with
silty clay and sandy soil.

Physical dimensions of each waste pit and trench (including overburden) are given
in Tables 1, 2, and 3 of Reference 4. Details of the characteristics of INEL RWMC
soils arc given in Tables 4 through 8 of Reference 4 (sec Appendix A).

Figurc 7 illustrates a cross-section of a typical Opcrable Unit (OU) 7-13 wastc pit
or trench. The figure identifies terms used throughout this report.

Transuranic (TRU)-Contaminated Waste Pits and Trenches located at the INEL Subsurface
Disposal Arca (designated as Operable Unit 7-13).

Requirements

The following shall be determined during site/waste characterization:

Vertical boundaries of the waste pits and trenches.
Dcpth of the basalt underlying the waste pits and trenches.
Decpth of the overburden/waste interface for each waste pit and trench.

Location of any outsize wastc in the wastc scam.

Estimatced boundarics of TRU-Contaminated Waste Pits and Trenches.
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Functional Subelement 2. Below-Grade Isolation

2.1 Background Technical Information and Assumptions
2.1.1 The basalt is assumed to offer below-grade horizontal isolation of the waste.

2.1.2 The concern of leakage through the barriers is mitigated by INEL RWMC site
renovations performed under the 300-yr Flood Drainage Program.

2.13 The subsurface basalt is at a depth that is less than 30 ft for any given waste pit or
trench.
2.14 The defined waste seam will be established by an institutional review of the

estimated boundaries (see Figure 8). Establishment of the defined waste seam will
be performed by institutional entities. This group will be expected to identify the
delined waste seam boundary for each pit or trench that includes some margin in
addition to the estimated boundary values.

2.2.1 Estimated boundaries of TRU-Contaminated Waste Pits and Trenches.

2.3 Requirements

2.3.1 Construct engineered barriers extending vertically from the surface to the basalt at
the location of the defined waste seam to provide below-grade isolation of the
p £
volume to be remediated.

23.2 The engineered barriers shall be designed to meet or exceed all the applicable
federal. state, and DOE structural safety standards for mining or excavations.

2.4 Output

2.4.1 Below-grade isolation barriers which define the volume of waste to be remediated.

Functional Subelement 3. Above-Grade Containment

3.1 Background Technical Information and Assumptions

3.1.1 The entire above-grade containment shall have a facility classification of moderate
hazard per UCRL-15910 (see Reference 9).

3.2 Input
3.2.1 Below-grade isolation barriers of the volume 1o be remediated.
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3.3 Rcquircments

3.3.1 The above-grade containment structure(s) must encompass the cntire volume
currently being cxcavated.

3.3.2 The above-grade containment structure(s) shall be designed and constructed to
meet the following applicable INEL building standards: General Design Criteria
(DOE 6430.1A),!? Natural Phenomenon (UCRL-15910), DOE-ID Architectural
Engincering Standards,'! Operational Safcty Design Critcria Manual,'? Industry
Standard Uniform Building Code (UBC), and requirements sct forth in Nuclear
Safcty Analysis Reports (DOE Order 5480.23).

333 The above-grade containment structure(s) shall have the following features:
3.3.3.1 Shall be designed to control contamination from radiological and non-radiological
sources to allow maintenance repair or replacement of systems.

3.33.2 Shall be designed to allow all necessary activities to support ancillary activitics
conducted witiin the containment structure such as retricval, package, and transport
of cxcavated waste.

3.3.33 Shall be designed to allow ingress/egress of all equipment and personnel necessary
to perform all waste retrieval activities.

3334 Shall be designed to allow the egress of retrieved waste packaged for transport.

3335 Shall have tcmperature and humidity control such that the environment is regulated
within the limits requircd for maintenance repair or replacement activities in a beta,
gamma, alpha, and hazardous contaminated environment.

3.34 Thc above-grade containment structure shall contain all operations from overburden
retrieval to transport to interim storage/treatment.

3.4 Output

3.4.1 Completed and operational containment facility over the isolated region being
cxcavated.

Functional Subclement 4. Overburden Characterization

4.1 Background Technical Information and Assumptions

4.1.1

o

4.1.

Prior to any removal of overburden, an extensive characterization of the overburden
will be performed.

Data from overburden characterization activitics will meet data quality objectives
and bc uscable for risk asscssments.
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4.2 Input

4.2.1

Completed and operational containment facility over the isolated region being
excavated.

4.3 Requirements

4.3.1 The characterization will locate any regions of contamination within the pit or
trench overburden.

43.2 Characterization techniques must be able to sample for radioactive, including TRU,
and characteristic and listed hazardous contaminants defined in the BWID Systems
Analysis system requirements (see Reference 1).

4.4 Output

4.4.1 Location and characterization of radioactive and characteristic and listed hazardous-
contaminated overburden.

Functional Subelement 5. Overburden Removal

5.1 Technical Background and Assumptions

5.2 Input

Location and characterization of radioactive and characteristic and listed hazardous-
contaminated overburden.

5.3 Requirements

5.3.1

5.3.2

533

534

Up to 75% of the estimated overburden depth for each pit or trench will be
removed. Sufficient overburden will be left in place so as to minimize the possibility
of an inadvertent contamination exposure.

The removal process will separate contaminated (radioactive and hazardous) from
noncontaminated overburden.

Overburden removal operations must control contamination from beta, gamma,
alpha, and the hazardous constituents defined in the BWID Systems Analysis system
requirements (see Reference 1) to levels that would allow maintenance to service
or repair equipments.

These systems shall meet or exceed all state, federal, and DOE nuclear systems
standards for explosion proof, fire protection, and suppression.
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5.4 Output

54.1 The completed containment facility over the region to be remediated. Up to 75%
of overburden removed.

5.4.2 Contaminated (radioactive and hazardous) overburden.
5.4.3 Noncontaminated overburden.
Functional Subelement 6. Storage of Contaminated Overburden

6.1 Technical Background and Assumptions
6.2 Input
6.2.1 Contaminated (radioactive and hazardous) overburden.

6.3 Requirements

6.3.1 Contaminated overburden must be stored within the above-grade containment
structure(s).
6.3.2 Contaminated overburden must be physically separated from retrieved

noncontaminated and nonassayed overburden.
6.33 Stored contaminated overburden shall not cause a criticality.

6.3.4 Stored contaminated overburden shall have beta, gamma, alpha, and hazardous
contamination control compatible with containment requirements of 3.3.3.1.

6.4 Output
6.4.1 Stored contaminated overburden.
Functional Subelement 7. Noncontaminated Overburden Storage

7.1 Technical Background and Assumptions

7.2 Input

7.2.1 Retrieved noncontaminated overburden.

7.3 Requirements

7.3.1 Retrieved noncontaminated overburden shall be stored in a weather shielded
storage.
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If the noncontaminated storage is located outside the containment building then the
noncontaminated overburden shall be surveyed to ensure that it is free of beta,
gamma, alpha, and hazardous contamination prior to removal from the containment
building.

7.4 Output

7.4.1 Stored noncontaminated overburden to be used to refill the remediated pit or
trench.

Functional Subelement 8. Retrieval

8.1 Technical Background and Assumptions

8.1.1

8.1.2

8.2 Input

The retrieval functional subelement includes all apparatus to remove all remaining
overburden and the waste from the ground, control the spread of contamination
during the removal, and convey the retrieved waste from the dig face to a packaging
area for eventual shipment for treatment.

The assumption for this subelement is that criticality can be prevented.

The completed containment facility over the region to be remediated. 75% of
estimated overburden depth removed.

8.3 Requirements

8.3.1

8.3.2

8.3.4

8.3.5

The retricval system shall exhume material within the waste secam and transfer that
material to a waste conveyance system.

The retrieval systems shall operate within the temperature and humidity limits inside
the containment structure.

The retrieval systems must be designed to accommodate operations, maintenance,
and repair in a beta, gamma, alpha, and hazardous contamination environment.

The retrieval system shall be designed such that a criticality cannot occur.

Retricval operations must identify and accommodate atypical waste objects (objects
or material incompatible with the retrieval system) or high radiation sources.
Identification may involve characterization at the dig-face. NOTE: An acceptable
way to "accommodate atypical waste" objects is that the retrieval system may move
these objects and stabilize them in the retrieval pit or other designated area to
prevent contamination spread and/or to shield high sources of radiation as stated in
system requirements (see Reference 1). Retrieval operations may bypass these
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stabilized objects and continue normal operations until such time that special case
equipments and procedures will allow for their removal.

8.3.6 The retrieval system shall meet or exceed all applicable state, federal, and DOE
nuclear systems standards for explosion proof, fire protection, and suppression.

8.3.7 Retrieval operations and waste packagiig for conveyance will be designed such that
personnel exposure to radiation will comply with DOE Order 5480.11, "Radiation
Protection for Occupational Workers."

8.3.8 Retrieval operations and waste packaging for conveyance will be designed such that
personnel exposure to hazardous materials will comply with all applicable OSHA
standards.

8.4 Output

8.4.1 Exhumed waste. Waste characteristics defined in BWID Systems Analysis system
requirements (see Reference 1).

Functional Subelement 9. Waste Conveyance

9.1 Technical Background and Assumptions

9.1.1

9.2 Input

9.2.1

The conveyance functional subelement includes all apparatus to convey the
retrieved waste or removed overburden within the containment structure.

Exhumed waste. Waste characteristics defined in BWID System Analysis system
requirements (see Reference 1).

9.3 Requirements

933

934

The waste conveyance system shall be designed so that a criticality event cannot
occur.

The waste conveyance system must be designed to accommodate operations,

maintenance, and repair in a beta, gamma, alpha, and hazardous contamination
environment.

These systems shall meet or exceed all state, federal, and DOE nuclear systems
standards for explosion proof, fire protection, and suppression.

The conveyance system shall operate within the temperature and humidity limits in
the containment structure.
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The conveyance system will be designed such that personnel exposure to radiation
wili comply with DOE Order 5480.11, "Radiation Protection for Occupational
Workers."

9.3.6 The conveyance system will be designed such that personnel exposure to hazardous
materials will comply with all applicable OSHA standards.

9.4 Output

9.4.1 Conveyed, exhumed waste. Waste characteristics defined in system requirements
(see Reference 1).

Functional Subelement 10. Size Reduce

10.1 Technical Background and Assumptions

10.1.1

10.2 Input

10.2.1

The size reduction subelement will be capable of size reducing all waste in the waste
stream. It is assumed the size reduction subelement will result in a waste stream
that meets the size reduction input requirements of the downstream treatment
processes (incinerator and/or melter).

Exhumed waste. Specifics on expected waste types and their contaminants can be
found in the system requirements (see Reference 1).

10.3 Requirements

10.3.1

10.3.2

10.3.3

10.3.4

10.3.5

10.3.6

A size reduction shall occur to the extent necessary so that the waste is in a form
compatible with the radiological/VOC assay technology.

The size reduction system shall be designed to accept all waste of the composition
and size described in the system requirements (see Reference 1).

The size reduction system shall be designed so that a criticality event cannot occur.
The size reduction system must be designed to accommodate operations,
maintenance, and repair in a beta, gamma, alpha, and hazardous contamination

environment.

This equipment shall meet or exceed all State. Federal, and DOE nuclear systems
standards for explosion proof, fire protection, and suppression.

The size reduction system shall operate within the temperature and humidity limits
in the containment structure.
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10.3.7

10.3.8

10.4 Output

10.4.1

The packaging system will be designed such that personnel exposure to radiation
will comply with DOE Order 5480.11, "Radiation Protection for Occupational
Workers."

The packaging system will be designed such that personnel exposure to hazardous
materials will comply with all applicable OSHA standards.

Sized reduced waste conveyed in a form compatible with assay system.

Functional Subelement 11. Radioactive Plus VOC Assay

11.1 Technical Background and Assumptions

11.1.1

11.1.2
11.2 Input
11.2.1

11.2.2

The basis for the Waste Acceptance Criteria for interim storage will be INEL TRU
WAC (see Reference 7), and thus is assumed to cover hazardous, low-level, low-
level mixed, and TRU mixed waste.

All waste arriving at the assay system can be assayed.

Sized-reduced waste conveyed in a form compatible with assay system.

Contaminated overburden.

11.3 Requirements

11.3.1

11.3.2

11.3.3

11.3.4

11.3.5

The radioactive/VOC assay system shall be designed so that a criticality event
cannot occur.

The radioactive/VOC system must be designed to accommodate operations,

maintenance, and repair in a beta, gamma, alpha, and hazardous contamination
environment.

This equipment shall meet or exceed all State, Federal, and DOE nuclear systems
standards for explosion proof, fire protection, and suppression.

The radioactive/VOC assay for criticality, hazardous, and radioactive constituents
shall meet requirements of the interim storage Waste Acceptance Criteria (INEL
TRU Waste Acceptance Criteria).

The radioactive/VOC assay cystem shall operate within the temperature and
humidity limits in the containment structure.
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11.3.6 The radioactive/VOC assay system will be designed such that personnel exposurc
to radiation will comply with DOE Order 5480.11, "Radiation Protection for
Occupational Workers."

11.3.7 The radioactive/VOC assay system will be designed such that personnel cxposurc
to hazardous materials will comply with all applicable OSHA standards.

11.3.8 The assaying systcm must be able to measure radioactive constitucnts, including
TRU and organic compounds identified in thc BWID Systcm Analysis Systcm
Requirements (sec Reference 1).

11.4 Output
11.4.1 Entire wastc stream.
11.4.2 Radiological and VOC assay data for thc waste strcam.

Functional Subclement 12, Packaging
12.1 Technical Background and Assumptions

12.1.1 All retrieved waste (including hazardous, low-level, and low-lcvel mixed) can be
packaged and transported to interim storage.

12.2 Input
12.2.1 Entirc waste stream.
12.2.2 Radiological and VOC assay data for the wastc strcam.

12.3 Requircments

12.3.1 Retricved and assayed waste stream shall be packaged and labeled to mecet all of the
RWMC transportation requircments (see Refcrences 6 and 7 and footnote e).

12.3.2 Retricved and assayed waste strcam shall be packaged and labeled to meet INEL
Transuranic Waste Acceptance Criteria.

1233 The packaging system shall be designed so that a criticality event cannot occur.

12.3.4 The packaging system must be designed to accommodate operations, maintcnance,
and recpair in a bcta, gamma, alpha, and hazardous contamination cnvironment.

12.3.5 Equipment shall mect or cxceed all State, Federal, and DOE nuclear systems
standards for explosion proof, fire protection. and suppression.
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12.3.6

12.3.7

12.4 Output

12.4.1

The packaging system shall operate within the temperature and humidity limits in
the containment structure.

The packaging system will be designed such that personnel exposure to radiation
will comply with DOE Order 5480.11, "Radiation Protection for Occupational
Workers."

The packaging system will be designed such that personnel exposure to hazardous
materials will comply with all applicable OSHA standards.

Wastc that is in an acceptable form for transportation to interim storage and intcrim
storage.

Functional Subclement 13. Transportation

13.1 Technical Background and Assumptions

13.1.1

13.2 Input

13.2.1

Transportation to interim storage can occur within the RWMC and thus will not
have to fully comply with the EG&G Hazardous Material Transportation Manual
(sec footnote f).

Waste which is in an acceptable form for transportation to and storage in interim
storage.

13.3 Requircments

13.3.1 RWMC transportation requirements (sce footnote ¢).

13.4 Output

13.4.1 Packaged waste and its associated assay information delivered to interim storage
facilitics.

Functional Subclement 14. INEL Interim Storage

14.1 Technical Background and Assumptions

14.1.1

14.1.2

Intcrim storage facilitics will be constructed and operated by INEL waste
management operations.

Interim storage facilities will accept all clements of the waste stream (hazardous,
low-level. low-level mixed, TRU. and TRU-mixed).
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14.1.3

14.1.4

14.2 Input

14.2.1

The interim storage facility will be approved to store RCRA wastes.

The interim storage Waste Acceptance Criteria is assumed based upon the INEL
TRU WAC (see Reference 7).

Packaged waste and its associated assay information delivered to interim storage
facilities.

14.3 Requirements

14.3.1 The interim storage facility will be capable of storing the packaged waste until the
thermal treatment facility is ready to accept waste.

14.3.2 Waste package assay data will be retained.

14.4 Output

14.4.1 Waste which is in an acceptable form for transportation to treatment and waste
assay data.

Functional Subelement 15. Transportation to Treatment

15.1 Technical Background and Assumptions

15.1.1

15.2 Input

15.2.1

The treatment facility is not co-located with interim storages; however, it is located
within the INEL.

Waste which is in an acceptable form for transportation to treatment and waste
assay data.

15.3 Requirements

15.3.1
15.4 Output

15.4.1

INEL transportation requirements (see footnotes e and f).

Packaged waste and associated assay information delivered to the pretreatment size
reduction subelement.
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Functional Subclement 16. Treatment Facility General Requircments

16.1 Technical Background and Assumptions

16.1.1

16.1.2

16.1.3

16.2 Input

16.2.1

The trcatment facility has a classification of Modcrate Hazard pcr UCRL-15910
(sec Refercnce 9).

The cntire thermal processing line can be designed, constructed and tested to
maintain alpha contamination controls.

The treatment facility shall meet requirements outlined in Nuclcar Safety Analysis
(Reports DOE Order 5480.23).

Not applicable

16.3 Rcquirements

16.3.1

16.3.2

16.3.3

16.3.4

16.3.5

16.3.6

16.3.7

16.3.8

A minimum of double confinement per DOE Order 6430.1A shall exist between
normally contaminated areas and uncontrolled areas.

Equipment designs and interfaces shall be designed to maintain alpha, beta, and
gamma contamination confinement.

All systems in the treatment facility shall be designed so that a criticality cvent
cannot occur. The treatment facility will follow criticality control requirements per
DOE 5480.5 (sec Refcrence 13) and DOE-ID 5480.5A (sce Reference 14).

Thesc systems shall mect or exceed all State, Federal, and DOE nuclcar systems
standards for explosion prool, fire protection and suppression.

All systems in the treatment facility will be designed such that personnel cxposure
to radiation will comply with DOE Order 5480.11, "Radiation Protection for

Occupational Workers."

All systems in the treatment facility will be designed such that personnel exposure
to hazardous matcrials will comply with all applicable OSHA standards.

The overall treatment facility and operational systems shall meet the requirements
for a Radioactive Solid Waste Facility pcr DOE Order 6430.1A, Section 1324 (sce

Reference 10).

Additional high-level requirements are contained in Reference 15.
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16.4 Output
16.4.1 Not applicable

Functional Subclement 17. Treatment Facility Receiving

17.1 Technical Background and Assumptions

17.1.1 The rceeiving subelement performs the functions of accepting transported matcrial
supplicd by the transportation-for-trcatment subelement.  Temporary storage for
qucuing may or may not be a required function, and is dependent upon the specific
technologies comprising the technology process options.

17.2 Input

17.2.1 Packaged wastc and associated assay information delivered to the treatment facility.

17.3 Requircments

17.3.1 Rccceive waste from transportation system and store until conveyance is ready to
accept waste.

17.4 Output

17.4.1 Wastc and associated assay information delivered to the trcatment waste conveyance
systcm,

Functional Subclement 18. Trcatment Waste Conveyance

18.1 Technical Background and Assumptions

18.1.1 The conveyance functional subclement includes all apparatus to convey the
retricved waste or removed overburden within the treatment containment structure.

18.2 Input

18.2.1 Packaged waste and associated assay information dclivered to the trcatment waste
conveyance.

18.3 Requirements

18.3.1 The waste conveyance system must be designed to accommodate operations,
maintenance, and repair in a beta, gamma, alpha, and hazardous contamination
cnvironment.

18.3.2 The conveyance system shall operate within the temperature and humidity limits in

the containment structure.
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18.3.3

The conveyance subelement must be able to convey all the various forms of wastes
within the trcatment facility.

18.3.4 The conveyance subelement must convey necessary process feedstocks and process
by-products.

18.3.5 Waste conveyance shall not change waste characteristics.

18.4 Output

18.4.1 Packaged containers containing quantitics of soil and waste. The waste consists of
combustibles and noncombustibles contaminated with organics, radionuclides, and
hcavy metals. Specifics on expected waste types and their contaminants can be
found in Section 2.0 of Reference 1.

Functional Subelcment 19. Size Reduction

19.1 Technical Background and Assumptions

19.1.1

19.1.2

19.2 Input

19.2.1

Much cffort has been spent on characterization of the RWMC buried wastc.
Because of less stringent disposal methods, a large degree of inaccuracy must be
assumed for any published numbers. The thermal treatment scenarios consider the
waste input strcam to contain thesc waste categorics plus contaminated soil in
varying amounts and percentages.

The size reduction required for processing is less restrictive than for assay
monitoring. Thus, assume size reduction performed carlicr (Subelement 10, Reduce
Sizc) mects size requirements for follow-on processes within the trecatment system.
Also, assume that interim storage containers will become part of the waste stream,
and thus must be sizc reduced.

Packaged and intact containers containing previously sizc-reduced quantities of soil
and waste. The waste consists of combustibles and noncombustibles contaminated
with organics, radionuclides, and heavy metals. Specifics on expected waste types
and their contaminants can be found in Reference 1.

19.3 Requircments

19.3.1

19.4 Output

19.4.1

Process must be capable of reducing size of containcrs to mect size requircments
of downstrcam trcatment process.

Reduced waste stream.
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Functional Subelement 20. Pre-Treatment Characterization
20.1 Technical Background and Assumptions

20.1.1 It is assumed that the thermal process treatment owner will require independent
characterization data for efficient and safe operations.

20.2 Input
20.2.1 Reduced waste stream.
20.3 Requirements

20.3.1 Monitor for gross VOCs identified in Table 2 of Reference 1 to assist in melter
performance and maintain safe operations.

20.3.2 Monitor for gross radionuclides and radiation levels to assist in process safety
controls and quality control of the final waste form.

20.3.3 Monitor as necessary for other gross concentrations of constituents which are
difficult to process such as chlorides, HVPMs, and Sulfur. The constituents which
are difficult to process are determined by the melting technology chosen.

20.3.4 Data acquisition compatible with downstream processes.

20.4 Output

20.4.1 Entire waste stream not changed from input.

20.4.2 Data on VOCs, radionuclides, radiation intensity, and other constituents which are

difficult to process.
Functional Subelement 21. Metals Sort

21.1 Technical Background and Assumptions

21.1.1 It is assumed that atypical waste is not included in the main waste stream.
21.2 Input
21.2.1 Reduced waste stream from the pretreatment characterization and size reduction

subelements.
21.3 Requirements

21.3.1 Sort metals from the waste stream.
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2132

Bulk processing rate necessary to be compatible with interfacing subelements.

21.4 Output

21.4.1 Waste stream less sorted metals (combustibles, non-combustibles, soil, organics, and
residual metals from inefficient sorting).

21.4.2 Waste stream of metals only and residual soil and organics from inefficient sort.

Functional Subelement 22. Thermal Desorber

22.1 Technical Background and Assumptions

22.1.1

22.2 Input

22.2.1

2222

The thermal desorber functional subelement disassociates nitrate compounds that
could cause combustible pulsing of the incinerator. The thermal desorber operating
temperature is based on a temperature which is high enough for initial thermal
decomposition of nitrates (potassium nitrate decomposes at 400°C and sodium
nitrate decomposes at 380°C).

A size-reduced waste stream consisting of combustibles, noncombustibles, soil,
organics, plus some residuals metals.

Offgas from the High Temperature Oxidizing Slag, Oxidizing Metal/Metal Tapping
Melter

22.3 Requirements

22.3.1

2232

22.33
2234
22.4 Output
2241

2242

Heat all waste stream constituents to a temperature of TBD degrees centigrade.

Hold preheated waste stream constituents at a temperature of TBD degrees for a
time of TBD minutes.

Meet input requirements of downstream processes.

Process main waste stream at system throughput rate.

Preheated non-metallic waste stream.

Offgas.
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Functional Subclement 23. Incinerator
23.1 Technical Background and Assumptions

23.1.1 Incincration/pyrolysis of the waste stream is performed to combust the majority of
the combustible portion (including organics) of the waste strcam. Low temperaturc
incincration may be preferred for reduction in corrosion and crosion of the
incincrator. This also may result in reduction in the plugging potential of the ash
and rcsiduals in the matcrial handling system.

23.1.2 It is also very desirable to adopt a design that will produce a minimum offgas flow
ratc. This will simplify any accessary offgas trcatment systcm.

23.2 Input
23.2.1 Prcheated non-metallic waste stream.
23.2.2 Offgas from the Thermal Desorber subelement.

23.3 Rcquircments

23.3.1 Incincration/pyrolysis of the waste stream.

23.3.2 Mcet downstrecam input requirements and system throughput processing rate.
23.4 Output

23.4.1 Pyrolized ash.

23.4.2 A combusted ’ol'l'gas stream plus minor products of incomplete combustion.
Functional Subclement 24. Altcerburner

24.1 Tcchnical Background and Assumptions

24.1.1 The output strcam from the afterburner is assumed to contain H,0, CO,.and High
Vapor Pressure Metals (HVPMs such as mercury, lead, cadmium, arscnic, etc.),
HVPM oxides, halogens, sulfur compounds, combusted organics, particulates, and
some radionuclides (Cs'®, potential minor quantities of TRU oxides, and other
LLW radionuclides).

24.1.2 One possible design wili maintain the offgas strcam for a minimum timc at a
minimum temperature (approximately >2 scc at >1010°C) to cnsurc complete
combustion.
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24.2 Input

24.2.1 A combusted offgas stream plus minor products of incomplete combustion from the
incinerator.

24.3 Requirements

2431 The afterburner shall ensure 99.9999 percent (1 part in 10%) combustion of all
organics in the offgas stream.

24.4 Output

24.4.1 Combusted offgas stream.

Functional Subelement 25. Mixer

25.1 Technical Background and Assumptions

25.2 Input

25.2.1 Metals (plus residuals) from the metals sort subelement.

25.2.2 Pyrolized ash from the incinerator.

2523 Flux if required for melter process control.

25.2.4 Basaltic soil (contaminated overburden soil) as needed for melter process control

and final waste form quality control.

25.3 Requirements

25.3.1 Mix and blend feedstock.
25.4 Output '
25.4.1 Blended feedstock to the melter.

Functional Subelement 26. Oxidizing Slag, Oxidizing Metal/Metal Tapping Melter

26.1 Technical Background and Assumptions
26.1.1 The composition of the molten slag output stream is assumed to be an iron-enriched

basalt matrix with dissolved metal oxides, and TRU plus LLW contaminants. This
assumption is based on work as reported in References 16, 17, 18, and 19.
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26.1.2

26.1.3

26.2 Input

26.2.1

26.2.2

The offgas stream from the high temperature melter is assumed to potentially
contain H,0O, CO,, High Vapor Pressure Metals (HVPMs, such as mercury, lead,
cadmium, arsenic, etc.), HVPM oxides, halogens, sulfur compounds, combusted
organics, particulates, and some radionuclides (Cs'*’, potential minor quantities of
TRU oxides, and other LLW radionuclides).

The metals contained in the molten metal output stream are assumed to be mainly
iron (Fe) with trace other metals included.

Blended feedstock from the mixer consisting of metals plus residuals from the
metals sort subelement, ash plus soil plus residuals from the incinerator, flux as
required for melter process control, and soil as needed for melter process control
and final waste form quality control.

Oxygen gas.

26.3 Requirements

26.3.1 Meet input requirements of downstream subelements.

26.3.2 Operating temperature high enough to melt metals and melt the basaltic soils
maintaining an adequate viscosity for the Homogeneous slag Frit/Monolith
subelement.

26.3.3 The melter output shall contain none of the organic constituents found in the
system requirements (see Reference 1).

26.3.4 Produce a waste form that is no longer considered a hazardous waste per
40CFR261.

26.4 Output

26.4.1 An offgas waste stream to the thermal desorber/incinerator or afterburner.

26.4.2 Moilten slag to the slag handling subsystem.

26.4.3 Tapped molten metals to the molten metals subsystem.

Functional Subelement 27. Homogeneous Slag Frit/Monolith

27.1 Technical Background and Assumptions

27.1.1

The composition of the molten slag output stream is assumed to be an iron-enriched
basalt matrix with dissolved metal oxides, and TRU plus LLW contaminants. This
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assumption is based on experimental and calculated work as reported in
References 16, 17, 18, and 19.

27.1.2 The output of the melter is assumed to be slag frit or monolith, whichever form
enables a high quality, high reliability radioactive assay.

27.2 Input
27.2.1 Tapped molten slag from the melter.
27.3 Requirements

273.1 Receive and handle the molten slag from the melter, and cast it into monoliths or
process into a frit form.

27.3.2 The waste form will prevent the release of radionuclides and heavy metals.
27.4 Output
27.4.1 Slag in the form of a frit or monolith compatible with downstream processes.

Functional Subelement 28. Tapped Metal
28.1 Technical Background and Assumptions

28.1.1 No radionuclides, or only very minor quantities of radionuclides, are expected to be
partitioned into the molten metals stream. The radionuclides are expected to be
partitioned into the slag, with potentially some carryover into the offgas system.
However, radiological controls must still be emplaced on the metals stream.

28.1.2 The metals contained in the molten metal output stream are assumed to be mainly
iron (Fe) with trace other metals included.

28.1.3 A high reliability assay of the metals is assumed to be possible in the monolith form.
28.2 Input
28.2.1 Molten metal tapped from the melter.

28.3 Requirements

28.3.1 Receive and handle the molten metal from the melter and cast into monolith forms.
283.2 Produce a waste form that is no longer considered a hazardous waste per
40CFR261.
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28.4 Output

28.4.1 A mctal monolith waste form.
Functional Subclement 29. Offgas Trecatment

29.1 Technical Background and Assumptions

29.1.1

29.1.2

29.2 Input

29.2.1

The offgas strcam to the offgas treatment system is assumed to contain H,0, CO,,
High Vapor Pressure Mctals (HVPMs, mercury, lead, cadmium, arscnic, cte.),
HVPM oxides. halogens, sulfur compounds, combusted organics, particulates, and
some radionuclides (Cs'*’, potential minor quantitics of TRU oxides, and othcr
LLW radionuclidcs).

The offgas unabatcd release calculations are assumed to confirm the potential for

discharge of radionuclides resulting in effective dose cquivalents greater than
allowable per 40CFR61.92.

Offgas stream from the thermal treatment processes.

29.3 Requiremcents

29.3.1

29.33

29.4 Output

29.4.1

The offgas treatment system shall clean the offgas stream of all constituents to allow
opcrations within applicable State and Federal air permit requirements.

Per DOE Order 6430.1A, 40CFR60, 40CFR61, and ANSI N13.1, the offgas
trcatment system shall be equipped with air monitoring instruments to detect
radionuclides and hazardous constituents listed in the BWID Systems Analysis
Systcm Requirements (sce Reference 1). The final released offgas cffluent shall be
monitored for any normally or accidentally rcleased radionuclides via an isokinetic
sampling system.

The offgas system must be maintained at a sufficicnt ncgative pressure to draw all

gascous flows through the systems and still maintain adcquate negative pressure at
the most remote location.

A clcaned offgas gascous waste strcam which meets all appropriate permit
requirements.

Onc or more offgas residuc streams.

Process waste stream specific to the offgas trcatment chosen.
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Functional Subelement 29A. Zero Emissions Offgas Treatment

(Optional)

29A.1 Technical Background and Assumptions

29A.1.1

29A.1.2

29A.1.3

29A.2 Input

29A.2.2

The offgas stream to the offgas treatment system is assumed to contain H,O, CO,,
High Vapor Pressure Metals (HVPMs, mercury, lead, cadmium, arsenic, etc.),
HVPM oxides, halogens, sulfur compounds, combusted organics, particulates, and
some radionuclides (Cs!*’, potential minor quantities of TRU oxides, and other
LLW radionuclides).

Requirements for this type of offgas system are considered to exceed the
requirements necessary to meet present day permitting applications. However,
permitting actions are assumed to be greatly enhanced with the stricter requirements
due to the decreased nature of offgas emissions.

Zero emissions offgas systems of this type are assumed to be only in the research

and development stage. Proven technology is assumed to be non-existent. A large
development effort is assumed to be required for this option.

Offgas stream from the thermal treatment processes.

29A.3 Requirements

29A3.1

29A.3.2

29A.4 Output
29A4.1

29A.4.2

The zero emissions offgas treatment system option shall clean the offgas stream of
all constituents with the exception of a minor stream of inert gas. NOTE: These
restrictions surpass the present permit requirements for operations. Any minor
remaining offgas stream must include full high efficiency particulate (HEPA) air
filtering of the stream.

This option for offgas treatment must convert all offgas constituents to solid or
liquid form for further disposition.

Potential offgas stream consisting of inert gas.

An offgas residue stream in liquid or solid form.

151



Functional Subelement 30. Mixer

30.1 Technical Background and Assumptions

30.2 Input
30.2.1 Residuc from the offgas treatment subsystem.
30.2.2 Borosilicate glass (BSG) frit.

30.3 Rcquircments

30.3.1 Mixes and blends feedstock to meet melter input requircments.
30.4 Output
30.4.1 Blended BSG and residue feedstock to the melter.

Functional Subclement 31. Offgas Residue Melter

31.1 Technical Background and Assumptions

3111 Assumed melter temperature is a nominal 1100°C based on operating tempcratures
for melters designed for vitrification of high-level waste (HLW) using borosilicate
glass.

31.2 Input

31.21 Blended feedstock from the mixer subelement consisting of residuc from the offgas

system and BSG frit.
31.3 Rcquircments
31.3.1 Operating temperature high enough to melt the BSG frit and the residue, yet low

enough to hold the contaminants (high vapor pressure metals, mctal oxides,
radionuclides, etc.) in solution. -

31.3.2 Output must be compatible with downstream processes.

3133 Produce a wastc for that is no longer considcred a hazardous waste per 40CFR261.
31.4 Output

31.4.1 Molten slag.

3142 Offgas cffluent. *
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Functional Subelement 32. Offgas Frit/Monolith

32.1 Technical Background and Assumptions

32.1.1 The composition of the molten slag output stream is assumed to be a borosilicate
glass (BSG) matrix with dissolved metal oxides, and potentially very minor quantities
of TRU plus LLW contaminants.

32.2 Input

32.2.1 Molten slag from the offgas residue melter subelement.

32.3 Requirements

32.3.1 Receive and handle the molten slag from the melter, and cast it into monoliths or
process into a frit form.

323.2 Output is compatible with downstream processes

32.4 Output

32.4.1 Homogeneous BSG slag in the form of a frit or monolith.
Functional Subelement 33. Post-Treatment Radioactive Assay

33.1 Technical Background and Assumptions

33.1.1 Assume that pretreatment characterization will not satisfy the requirements for
classifying the output waste form.

33.1.2 An advantage for thermally processing this type of waste is to convert the as-
received waste stream into a form which will enhance the ability to obtain TRU
concentration data with reduced uncertainty.

33.13 The bases for this reduction in uncertainty of assay data are:

¢ The geometry of the assay form can be optimized for the assay equipment
(geometry of choice enables consistent geometrical calibration factors).

+ Vitrification and homogenization eliminate density variances.

+ Vitrification and homogenization eliminate radionuclide distribution variances
(fully dissolved radionuclides and complete mixing).

« Vitrification and homogenization enhance the predictability of self shielding
(alpha) unknowns.
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33.2 Input

33.2.1

+ Vitrification and geometry of choice allow for reduced assay time due to assay
of a known form with decreased variances and enables assay data to be
collected at a waste throughput rate of tons per day.

+ Vitrification and enhanced assay capability allow for post-treatment sort of TRU
waste and LLW based on reliable and consistent assay data.

» Vitrification and enhanced assay capability increase the ability to identify
radionuclides and to quantify concentrations of the radionuclides. This
enhanced capability increases the credibility of the data and allows for further
rational disposition decisions.

Homogeneous IEB or BSG frit or monolith from the thermal treatment subsystems
(BSG from offgas stream or IEB from the waste stream).

33.3 Requirements

33.3.1 Identify and quantify radionuclides to meet the assay requirements necessary to
assign waste as LLW, reclassified LLW, or Transuranic as follows:
« TRU > 100 nCi/g - Transuranic Waste
« 10 nCi/g < TRU < 100 nCi/g - Reclassified LLW
e TRU < 10 nCi/g - LLW
33.4 Output
33.4.1 Radioactive assay data.
33.4.2 An unchanged frit or monolith waste form.
Functional Subelement 34. Post-Treatment Medium Temperature Fusing/Re-melt

34.1 Technical Background and Assumptions

34.1.1

34.2 Input

34.2.1

This subsystem may be unnecessary if a monolith is cast during initial thermal
treatment. The output of frit or monolith from the primary thermal treatment
subsystem is dependant on the physical form required to enhance the assay
capabilities and produce lower uncertainty reliability assay data.

Frit or monolith waste from the assay subsystem with TRU > 100 nCi/g.
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34.3 Rcequircments

34.3.1 Fusc or re-mclt the 1EB frit and cast it into a monolith. (Mcdium temperature
melter operating at a nominal 1400°C.)

34.4 Output

34.4.1 A monolithic IEB waste form.

Functional Subelement 35. Hcat Trcat/Controlled Cool

35.1 Tcchnical Background and Assumptions

35.1.1

35.1.2

35.2 Input

35.2.1

The purpose of this functional subelement is to change the microstructure of the
cast monolith waste form such that the resulting waste form has low leach rate and
high durability.

This subclcment, along with the fusing/re-melt subelement, may be unnccessary
functions if assay systems are identified that can provide high quality, reliable data
from a monolith cast block direct from the primary thermal process subclement.

The input for this subelement is a monolith waste form cither direct from the
primary thermal process subsystem via the assay subsystem or from the
fusing/rc-melt melter subelement.

35.3 Rcequircments

35.3.1

353.2

35.4 Output

35.4.1

Control cooling to optimize the microstructure in order to meet lcach rate and
durability requirements.

The subsystem shall include nondestructive test capabilities to verify the integrity of
the final waste form.

Iron-enriched basalt (IEB) monolith waste form.

Functional Subclement 36. TRU Waste Packaging

36.1 Technical Background and Assumptions

36.1.1

The designated disposition is for interim storage at the INEL pending resolution
and opening of a permanent repository for TRU/TRU-Mixed buricd wastc.
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36.2 Input
36.2.1 Monolithic waste forms with concentration of TRU > 100 nCi/g.
36.3 Requirements

36.3.1 Packaging requirements shall mect current INEL TRU Waste Acceptance Criteria
(see Reference 7).

36.4 Output
36.4.1 Packaged TRU > 100 nCi/g waste.
Functional Subelement 37. Final Package Assay

37.1 Technical Background and Assumptions
37.2 Input

37.2.1 Packaged TRU > 100 nCi/g waste.
37.3 Requirements

37.31 Final assay and external contamination swipe surveys for INEL TRU Waste
Acceptance Criteria.

37.4 Output
37.4.1 Packaged TRU > 100 nCi/g waste.

Functional Subelement 38. INEL TRU Interim Storage

38.1 Technical Background and Assumptions
38.2 Input
38.2.1 Packaged TRU > 100 nCi/g waste.

38.3 Requirements

383.1 Retrievable storage at the INEL.
38.4 Output
38.4.1 Packaged TRU > 100 nCi/g waste.
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Functional Subelement 39. Reclassified Low-Level Waste Packaging

39.1 Technical Background and Assumptions

39.1.1 Assume reclassified LLW has same INEL WAC as LLW.
39.2 Inpui
39.21 Reclassified LLW waste in a frit or monolith form with a concentration of 10 nCi/g

< TRU < 100 nCi/g.

39.3 Requirements

39.3.1 Packaging shall be per INEL LLW Waste Acceptance Criteria (see Reference 6).
39.3.2 Disposal shall be per INEL LLW disposal criteria (see Reference 6).

39.4 Output

39.4.1 Packaged 10 nCi/g < TRU < 100 nCi/g waste in an approved container.

Functional Subelement 40. Low-Level Waste Packaging INEL Disposal

40.1 Technical Background and Assumptions

40.1.1 The waste derived from fixing the offgas residue into borosilicate glass is assumed
to be LLW. The potential for TRU elements to be carried off into the offgas waste
stream is considered to be very small. Classification as LLW is verified in the assay
subelement (50.0).

40.2 Input

40.2.1 Low-level waste in a borosilicate glass frit or monolith form.

40.3 Requirements

40.3.1 Packaging shall be per INEL LLW Waste Acceptance Criteria (see Reference 6).
40.4 Output
40.4.1 Packaged LLW.
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Option F

Retrieval/Interim Storage/Incineration/Melter Treatment

Functional Subelement 1. Site/Waste Characterization

1.1 Background Technical Information and Assumptions

1.1.1

1.1.3

1.2 Input

The waste pits were excavated to the underlying basalt layer and generally backfilled
with 2 to 5 ft of soil to provide a level floor. The wastc trenches were generally
excavated to the basalt layer, approximately 10 tt down and averaged about 7 ft
widc and up to 1800 ft long (see Reference 4). Following excavation, wastes were
placed into the pits and trenches. From 1952-1963, the wastc containers were
stacked to optimize disposal space. During 1963-1969, thc waste packages were
randomly dumped into the pits and trenches in order to limit worker radiation
exposurc. In 1969, the waste containers were once again stacked to optimize
disposal volume. Once emplaced, the wastes were backfilled with and covered with
silty clay and sandy soil.

Physical dimensions of cach waste pit and trench (including overburden) are given
in Tables 1, 2, and 3 of Reference 4. Details of the characteristics of INEL RWMC
soils are given in Tables 4 through 8 of Refercnce 4 (see Appendix A).

Figure 7 illustrates a cross-section of a typical Operable Unit (OU) 7-13 waste pit
or trench. The figure identifics terms used throughout this report.

Transuranic (TRU)-Contaminated Waste Pits and Trenches located at the INEL Subsurface
Disposal Arca (designated as Operable Unit 7-13).

1.3 Requircments

The following shall be determined during site/waste charactcrization:

1.3.1
1.3.2
1.3.3
1.34

1.4 Output

Vertical boundaries of the waste pits and trenches.
Depth of the basalt underlying the waste pits and trenches.
Depth of the overburden/waste interface for each waste pit and trench.

Location of any outsize waste in the waste seam.

Estimated boundaries of TRU-Contaminated Waste Pits and Trenchcs.
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Functional Subelement 2. Below-Grade Isolation

2.1 Background Technical Information and Assumptions

2.1.1 The basalt is assumed to offer below-grade horizontal isolation of the waste.

2.1.2 The concern of leakage through the barriers is mitigated by INEL RWMC site
renovations performed under the 300-yr Flood Drainage Program.

2.13 The subsurface basalt is at a depth that is less than 30 ft for any given waste pit or
trench.

2.14 The defined waste seam will be established by an institutional review of the

estimated boundaries (see Figure 8). Establishment of the defined waste seam will
be performed by institutional entities. This group will be expected to identify the
defined waste seam boundary for each pit or trench that includes some margin in
addition to the estimated boundary values.

22 Input

2.2.1 Estimated boundaries of TRU-Contaminated Waste Pits and Trenches.

2.3 Requirements

23.1 Construct engineered barriers extending vertically from the surface to the basalt at
the location of the defined waste seam to provide below-grade isolation of the

volume to be remediatcd.

2.3.2 The engineered barriers shall be designed to meet or exceed all the applicable
federal, state, and DOE structural safety standards for mining or excavations.

2.4 Output
24.1 Below-grade isolation barriers which define the volume of waste to be remediated.
Functional Subelement 3. Above-Grade Containment

3.1 Background Technical Information and Assumptions

3.1.1 The entire above-grade containment shall have a facility classification of moderate
hazard per UCRL-15910 (see Reference 9).

3.2 Input

3.21 Below-grade isolation barriers of the volume to be remediated.
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3.3 Requircments

3.3.1 The above-grade containment structure(s) must cncompass the cntire volume
currently being excavated.

33.2 The above-grade containment structure(s) shall be designed and  constructed to
meet the following applicable INEL building standards: General Design Criteria
(DOE 6430.1A),!° Natural Phenomenon (UCRL-15910),” DOE-ID Architcctural
Engincering Standards,!! Operational Safety Design Criteria Manual,'? Industry
Standard Uniform Building Code (UBC), and requirements sct forth in Nuclear
Safcty Analysis Reports (DOE Order 5480.23).

333 The above-grade containment structure(s) shall have the following leatures:

33.3.1 Shall be designed to control contamination from radiological and non-radiological
sources to allow maintenance repair or replacement of systems.

3.3.3.2 Shall be designed to allow all necessary activities to support ancillary activitics
conducted within the containment structure such as retricval, package, and transport
of excavated waste.

3.3.33 Shall be designed to allow ingress/egress of all equipment and personnel necessary
to perform all waste retrieval activities.

3.3.34 Shall be designed to allow the egress of retrieved waste packaged for transport.

3.335 Shall have temperature and humidity control such that the environment is regulated
within the limits required for maintenance repair or replacement activitics in a beta,
gamma, alpha, and hazardous contaminated environment.

3.34 The above-grade containment structure shall contain all opcrations from overburden
retrieval to transport to interim storage/treatment.

3.4 Output

3.4.1 Completed and operational containment facility over the isolated region being
excavated. v

Functional Subelement 4. Overburden Characterization

4.1 Background Technical Information and Assumptions

4.1.1

4.1.2

Prior to any removal of overburden, an extensive characterization of the overburden
will be performed.

Data from overburden characterization activities will meet data quality objcctives
and be useable for risk assessments.
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4.2 Input

4.2.1

Completed and operational containment facility over the isolated region being
excavated.

4.3 Requirements

4.3.1 The characterization will locate any regions of contamination within the pit or
trench overburden.

4.3.2 Characterization techniques must be able to sample for radioactive, including TRU,
and characteristic and listed hazardous contaminants defined in the BWID Systems
Analysis system requirements (see Reference 1).

4.4 Output

4.4.1 Location and characterization of radioactive and characteristic and listed hazardous-
contaminated overburden.

Functional Subelement 5. Overburden Removal

5.1 Technicai Background and Assumptions

5.2 Input

Location and characterization of radioactive and characteristic and listed hazardous-
contaminated overburden.

5.3 Requirements

5.3.4

Up to 75% of the estimated overburden deptk for each pit or trench will be
removed. Sufficient overburden will be left in place so as to minimize the possibility
of an inadvertent contamination exposure.

The removal process wil' separate contaminated (radioactive and hazardous) from
noncontaminated overburden.

Overburden removal operations must control contamination from beta, gamma,
alpha, and the hazardous constituents defined in the BWID Systems Analysis system
requirements (see Reference 1) to levels that would allow maintenance to service
Or repair equipments.

These systems shall meet or exceed all state, federal, and DOE nuclear systems
standards for explosion proof, fire protection, and suppression.
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5.4 Output

5.4.1 The completed containment facility over the region to be remediated. Up to 75%
of overburden removed.

542 Contaminated (radioactive and hazardous) overburden.
5.4.3 Noncontaminated overburden.
Functional Subelement 6. Storage of Contaminated Overburden

6.1 Technical Background and Assumptions
6.2 Input
6.2.1 Contaminated (radioactive and hazardous) overburden.

6.3 Requirements

6.3.1 Contaminated overburden must be stored within the above-grade containment
structure(s).
6.3.2 Contaminated overburden must be physically separated from retrieved

noncontaminated and nonassayed overburden.
6.33 Stored contaminated overburden shall not cause a criticality.

6.3.4 Stored contaminated overburden shall have beta, gamma, alpha, and hazardous
contamination control compatible with containment requirements of 3.3.3.1.

6.4 Output
6.4.1 Stored contaminated overburden.
Functional Subelement 7. Noncontaminated Overburden Storage

7.1 Technical Background and Assumptions
7.2 Input
7.2.1 Retrieved noncontaminated overburden.

7.3 Requirements

7.3.1 Retrieved noncontaminated overburden shall be stored in a weather shielded
storage.
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If the noncontaminated storage is located outside the containment building then the
noncontaminated overburden shall be surveyed to ensure that it is free of beta,
gamma, alpha, and hazardous contamination prior to removal from the containment
building.

7.4 Output

7.4.1 Stored noncontaminated overburden to be used to refill the remediated pit or
trench.

Functional Subelement 8. Retrieval

8.1 Technical Background and Assumptions

8.1.1

8.1.2
8.2 Input

8.2.1

The retrieval functional subelement includes all apparatus to remove all remaining
overburden and the waste from the ground, control the spread of contamination
during the removal, and convey the retrieved waste from the dig face to a packaging
area for eventual shipment for treatment.

The assumption for thi> subelement is that criticality can be prevented.

The completed containment facility over the region to be remediated. 75% of
estimated overburden depth removed.

8.3 Requirements

8.3.1

833

The retrieval system shall exhume material within the waste seam and transfer that
material to a waste conveyance system.

The retrieval systems shall operate within the temperature and humidity limits inside
the containment structure.

The retrieval systems must be designed to accommodate operations, maintenance,
and repair in a beta, gamma, alpha, and hazardous contamination environment.

The retrieval system shall be designed such that a criticality cannot occur.

Retrieval operations must identify and accommodate atypical waste objects (objects
or material incompatible with the retrieval system) or high radiation sources.
Identification may involve characterization at the dig-face. NOTE: An acceptable
way to "accommodate atypical waste" objects is that the retrieval system may move
these objects and stabilize them in the retrieval pit or other designated area to
prevent contamination spread and/or to shield high sources of radiation as stated in
system requirements (see Reference 1). Retrieval operations may bypass these
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stabilized objects and continue normal operations until such time that special case
equipments and procedures will allow for their removal.

8.3.6 The retrieval system shall meet or exceed all applicable state, tederal, and DOE
nuclear systems standards for explosion proof, fire protection, and suppression.

8.3.7 Retrieval operations and waste packaging for conveyance will be designed such that
personnel exposure to radiation will comply with DOE Order 5480.11,."Radiation
Protection for Occupational Workers."

8.3.8 Retrieval operations and waste packaging for conveyance will be designed such that
personnel exposure to hazardous materials will comply with all applicable OSHA
standards.

8.4 Output

8.4.1 Exhumed waste. Waste characteristics defined in BWID Systems Analysis system

requirements (see Reference 1).

Functional Subelement 9. Waste Conveyance

9.1 Technical Background and Assumptions

9.1.1 The conveyance functional subelement includes all apparatus to convey the
retrieved waste or removed overburden within the containment structure.

9.2 Input

9.2.1 Exhumed waste. Waste characteristics defined in BWID System Analysis system
requirements (see Reference 1).

9.3 Requirements

9.3.1 The waste conveyance system shall be designed so that a criticality event cannot
occur.

9.3.2 The waste conveyance system must be designed to accommodate operations,
maintenance, and repair in a beta, gamma, alpha, and hazardous contamination
environment.

933 These systems shall meet or exceed all state, federal, and DOE nuclear systems

standards for explosion proof, fire protection, and suppression.

93.4 The conveyance system shall operate within the temperature and humidity limits in
the containment structure.
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9.3.5

The conveyance system will be designed such that personnel exposure to radiation
will comply with DOE Order 5480.11, "Radiation Protection tor Occupational
Workers."

9.3.6 The conveyance system will be designed such that personnel exposure to hazardous
materials will comply with all applicable OSHA standards.

9.4 Output

9.4.1 Conveyed, exhumed waste. Waste characteristics defined in system requirements
(see Reference 1).

Functional Subelement 10. Size Reduce

10.1 Technical Background and Assumptions

10.1.1

10.2 Input

10.2.1

The size reduction subelement will be capable of size reducing all waste in the waste
stream. It is assumed the size reduction subelement will result in a waste stream
that meets the size reduction input requirements of the downstream treatment
processes (incinerator and/or melter).

Exhumed waste. Specifics on expected waste types and their contaminants can be
found in system requirements (see Reference 1).

10.3 Requirements

10.3.1

10.3.2

10.3.3

10.3.4

10.3.5

10.3.6

e AR Y14 ot B o R ey

A size reduction shall occur to the extent necessary so that the waste is in a form
compatible with the radiological/VOC assay technology.

The size reduction system shall be designed to accept all waste of the composition
and size described in system requirements (see Reference 1).

The size reduction system shall be designed so that a criticality event cannot occur.
The size reduction system must be designed to accommodate operations,

maintenance, and repair in a beta, gamma, alpha, and hazardous contamination
environment.

This equipr.ent shall meet or exceed all State, Federal, and DOE nuclear systems
standards for explosion proof, fire protection, and suppression.

The size reduction system shall operate within the temperature and humidity limits
in the containment structure.
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10.3.7

103.8

10.4 Output

10.4.1

The packaging system will be designed such that personnel exposure to radiation
will comply with DOE Order 5480.11, "Radiation Protection tor Occupational
Workers."

The packaging system will be designed such that personnel exposure to hazardous
materials will comply with all applicable OSHA standards.

Sized reduced waste conveyed in a form compatible with assay system.

Functional Subelement 11. Radioactive Plus VOC Assay

11.1 Technical Background and Assumptions

11.1.1

11.1.2
11.2 Input
11.2.1

11.2.2

The basis for the Waste Acceptance Criteria for interim storage will be the INEL
TRU WAC (see Reference 7). This is assumed to cover Hazardous, Low Level,
Low Level Mixed, and TRU Mixed waste.

All waste arriving at the assay system can be assayed.

Sized reduced waste conveyed in a form compatible with assay system.

Contaminated overburden.

11.3 Requirements

11.3.1

11.3.2

11.33

11.3.4

i1.3.5

The radioactive/VOC assay system shall be designed so that a criticality event
cannot occur.

The radioactive/VOC system must be designed to accommodate operations,
maintenance, and repair in a beta, gamma, alpha, and hazardous contamination
environment.

This equipment shall meet or exceed all State, Federal, and DOE nuclear systems
standards for explosion proof, fire protection, and suppression.

The radioactive/VOC assay for criticality, hazardous, and radioactive constituents
shall meet requirements of the interim storage Waste Acceptance Criteria (INEL
TRU Waste Acceptance Criteria).

The radioactive/VOC assay system shall operate within the temperature and
humidity limits in the containment structure.
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11.3.6 The radioactive/VOC assay system will be designed such that personnel cxposure
to radiation will comply with DOE Order 5480.11, "Radiation Protcction for
Occupational Workers."

11.3.7 The radioactive/VOC assay system will be designed such that personnel exposurc
to hazardous matcrials will comply with all applicable OSHA standards.

11.3.8 The assaying system must be able to measure radioactive constitucnts, including
TRU and organic compounds identified in the BWID System Analysis System
Requirements (see Reference 1).

114 Output

11.4.1 Entire waste stream.

11.4.2 Radiological and VOC assay data for the waste strcam.

Functional Subclement 12. Packaging

12.1 Technical Background and Assumptions

12.1.1 All retrieved waste (including hazardous, low-level, and mixed) can be packaged and
transported to interim storage.

12.2 Input
12.2.1 Entire waste stream.
12.2.2 Radiological and VOC assay data for the waste stream.

12.3 Requirements

12.3.1 Retrieved and assayed waste stream shall be packayged and labeled to mect all of the
RWMC transportation requirements (see References 6 and 7 and footnotc ¢).

12.3.2 Rectrieved and assayed waste stream shall be packaged and labeled to mect INEL
Transuranic Waste Acceptance Criteria.

12.3.3 The packaging system shall be designed so that a criticality event cannot occur.

12.3.4 The packaging system must be designed to accommodate operations, maintenance,
and repair in a beta, gamma, alpha, and hazardous contamination environment.

¥

12.3.5 Equipment shall meet or exceed all State, Federal, and DOE nuclear systems
standards for explosion proof, fire protection, and suppression.
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12.3.6

12.3.7

12.3.8

12.4 Output

12.4.1

The packaging system shall operate within the temperature and humidity limits in
the containment structure.

The packaging system will be designed such that personnel exposure to radiation
will comply with DOE Order 5480.11, "Radiation Protection for Occupational
Workers."

The packaging system will be designed such that personnel exposure to hazardous
materials will comply with all applicable OSHA standards.

Waste which is in an acceptable form for transportation to interim storage and
interim storage.

Functional Subelement 13. Transportation

13.1 Technical Background and Assumptions

13.1.1

13.2 Input

13.2.1

Transportation to interim storage can occur within the RWMC and thus will not
have to fully comply with EG&G Hazardous Material Transportation Manual (see
footnote f).

Waste which is in an acceptable form for transportation to and storage in interim
storage.

13.3 Requirements

13.3.1 RWMC transportation requirements (see footnote e).

13.4 Output

13.4.1 Packaged waste and its associated assay information delivered to interim storage
facilities.

Functional Subelement 14. INEL Interim Storage

14.1 Technical Background and Assumptions

14.1.1

14.1.2

Interim storage facilities will be constructed and operated by INEL waste
management operations.

Interim storage facilities will accept ali elements of the waste stream (hazardous, low
level, low level mixed, TRU, TRU mixed)
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14.1.3 The interim storage facility will be approved to store RCRA wastcs.

14.1.4 The interim storage Waste Acceptance Criteria is assumed to be based upon the
INEL TRU WAC (sec Refercnce 7).

14.2 Input

14.2.1 Packaged waste and its associated assay information delivered to interim storage
facilitics.

14.3 Requirements

14.3.1 The interim storage facility will be capable of storing the packaged waste until the
thermal treatment facility is ready to accept waste.

14.3.2 Waste package assay data will be retained.

14.4 Output

14.4.1 Waste which is in an acceptable form for transportation to trcatment and waste
assay data.

Functional Subelement 15. Transportation
15.1 Technical Background and Assumptions

15.1.1 The treatment facility is not co-located with interim storages; however, it is located
within the INEL.

15.2 Input

15.2.1 Waste which is in an acceptable form for transportation to treatment and waste
assay data.

15.3 Requirements

15.3.1 INEL transportation requirements (see footnotes ¢ and f).
15.4 Output
15.4.1 Packaged waste and associated assay information delivered to the pretreatment size

reduction subelement.
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Functional Subclement 16. Treatment Facility General Requirements

16.1 Technical Background and Assumptions

16.1.1 The trcatment facility has a classification of Moderate Hazard per UCRL-15910
(sec Reference 9).

16.1.2 The entirc thermal processing line can be designed, constructed, and tested to
maintain alpha contamination controls.

16.1.3 The treatment facility shall meet requirements outlined in Nuclear Salcty Analysis
Reports (DOE Order 5480.23).

16.2 Input
16.2.1 Not applicable
16.3 Rcquircments

16.3.1 A minimum of double confinement per DOE Order 6430.1A shall exist between
normally contaminated areas and uncontrolled areas.

16.3.2 Equipment designs and interfaces shall be designed to maintain alphia, beta, and
gamma contamination confinement.

16.3.3 All systems in the treatment facility shall be designed so that a criticality event
cannot occur. The treatment facility will follow criticality control requircments per
DOE 5480.5 (sec Reference 13) and DOE-ID 5480.5A (see Relerence 14).

16.3.4 These systems shall meet or exceed all State, Federal, and DOE nuclear systems
standards for explosion proof, fire protection, and suppression.

16.3.5 All systems in the treatment facility will be designed such that personnel exposure
to radiation will comply with DOE Order 5480.11, "Radiation Protection for
Occupational Workers."

16.3.6 All systems in the treatment facility will be designed such that personncl exposure
to hazardous materials will comply with all applicable OSHA standards.

16.3.7 The overall treatment facility and operational systems shall meet the recquirements
for a Radioactive Solid Waste Facility per DOE Order 6430.1A, Scction 1324 (scc
Reference 10).

16.3.8 Additional high-level requirements are contained in Reference 15.
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16.4 Output

16.4.1 Not applicable

Functional Subeclement 17.  Treatment Facility Receiving

17.1 Technical Background and Assumptions

17.1.1 The receiving subelement performs the functions of accepting transported material
supplied by the transportation-for-treatment subclement. Temporary storage [or
queuing may or may not be a required function, and is dependent upon the specitic
technologies comprising the technology process options.

17.2 Input -

17.2.1 Packaged waste and associated assay information delivered to the trcatment facility.

17.3 Requirements

17.3.1 Receive waste from transportation system and store until trcatment waste
conveyance is ready to accept waste.

17.4 Output

17.41 Waste and associated assay information delivered to the trcatment waste conveyance
system.

Functional Subelement 18. Treatment Waste Conveyance
18.1 Technical Background and Assumptions

18.1.1 The conveyance functional subelement includes all apparatus to convey the
retrieved waste or removed overburden within the treatment containment structure.

18.2 Input

18.2.1 Packaged waste and associated assay information delivered to the trcatment waste
conveyance.

18.3 Requirements

18.3.1 The waste conveyance system must be designed to accommodate operations,
maintenance, and repair in a beta, gamma, alpha, and hazardous contamination
environment.

18.3.2 The conveyance system shall operate within the temperaturce and humidity limits in

1

the containment structure.
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18.3.3 The conveyance subelement must be able to convey all the various forms of wastcs
within the treatment facility.

18.3.4 The conveyance subelement must convey necessary process feedstocks and process
by-products.

18.3.5 Waste conveyance shall not change waste characteristics.
18.4 Output
18.4.1 Packaged containers containing quantities of soil and wastc. The waste consists of

combustibles and noncombustibles contaminated with organics, radionuclides, and
heavy metals. Specifics on expected waste types and their contaminants can be
found in the BWID PBTSF Description Report (see Reference 1).

Functional Subelement 19. Size Reduction

19.1 Technical Background and Assumptions

19.1.1 Much effort has been spent on characterization of the RWMC buried wastc.
Because of less stringent disposal methods, a large degree of inaccuracy must be
assumed for any published numbers. The thermal treatment scenarios consider the
waste input stream to contain these waste categories plus contaminated soil in
varying amounts and percentages.

19.1.2 The size reduction required for processing is less restrictive than for assay
monitoring. Thus, assume size reduction performed carlier (subelement 10, Reduce
Size) meets size requirements for follow-on processes within the treatment system.
Also, assume that interim storage containers will become part of the wastc stream,
and thus must be size reduced.

19.2 Input

19.2.1 Packaged and intact containers containing previously size-reduced quantities ol soil
and waste. The waste consists of combustibles and noncombustibles contaminated
with organics, radionuclides, and heavy metals. Specifics on cxpected waste types
and their contaminants can be found in the BWID Systems Analysis System
Requirements (sec Reference 1).

19.3 Requirements

19.3.1 Process must be capable of reducing size of containers to meet size requircments
of downstream treatment process.

19.4 Output

19.4.1 Reduced waste stream.



Functional Subelement 20. Pre-Treatment Characterization

20.1 Technical Background and Assumptions

20.1.1

20.2 Input

20.2.1

It is assumed that the thermal process treatment owner will require independent
characterization data for efficient and safe operations.

Reduced waste strear..

20.3 Requirements

20.3.1 Maonitor for gross VOCs identified in BWID Systems Analysis System Requirements
(see Reference 1) to assist in melter performance and maintain safe operations.

20.3.2 Monitor for gross radionuclides in BWID Systems Analysis System Requirements
(see Reference 1) to assist in process satety controls and quality control of the final
waste form.

20.3.3 Monitor as necessary for other gross concentrations of constituents which are
difficult to process such as chlorides, HVPMs, and Sulfur. The constituents that are
difficult to process are determined by the melting technology chosen.

2034 Data acquisition compatible with down-stream processes.

20.4 Output

20.4.1 Entire waste stream not changed from input.

20.4.2 Data on VOGs, radionuclides, radiation intensity, and other constituents which are
difficult to process.

Functional Subelement 21. No Sort

21.1 Technical Background and Assumptions

21.1.1

It is assumed that a minimum amount of soil is a part of the input waste stream for
the desired final waste form. This soil comes from TRU and hazardous-
contaminated interstitial soil or contaminated underburden soil. The minimum
percentage of soil depends on solubility of the different elements which are desired
to be bound into the final waste torm. The actual minimum percentage number is
dependant on specifications for the final form which are not defined (sic) as yet.
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21.2 Input

21.2.1 Reduced waste stream from the pretreatment characterization and size reduction
subelements.

21.3 Requirements

21.3.1 None.

21.4 Output

21.4.1 Size-reduced waste stream.
Functional Subelement 23. Thermal Desorber

23.1 Technical Background and Assumptions

23.1.1 The thermal desorber functional subelement disassociates nitrate compounds that
could cause combustible pulsing of the incinerator. The thermal desorber operating
temperature is based on a temperature which is high enough for initial thermal
decomposition of nitrates (potassium nitrate decomposes at 400°C, and sodium
nitrate decomposes at 380°C).

23.2 Input
23.2.1 Full waste stream.
23.2.2 Offgas from the High Temperature Oxidizing Slag, Oxidizing Metal/Metal Tapping

Melter.
23.3 Requirements
233.1 Heat all waste stream constituents to a temperature of TBD degrees centigrade.

23.3.2 Hold preheated waste stream constituents at a temperature of TBD degrees for a
time of TBD minutes.

2333 Meet input requirements of downstream processes.
2334 Process main waste stream at system throughput rate.
23.4 Output

23.4.1 Preheated waste stream.

23.4.2 Offgas.
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Functional Subelement 24. Incinerator

24.1 Technical Background and Assumptions

24.1.1

24.1.2

24.13

24.2 Input
24.2.1

24.2.2

Incineration/pyrolysis of the waste stream is performed to combust the majority of
the combustible portion (including organics) of the waste stream. Low temperature
incineration may be preferred for reduction in corrosion and erosion of the
incinerator. This also may result in reduction in plugging potential of the ash and
residuals in the material handling system.

Note that this option provides for incineration of the full waste stream which
consists of combustibles, soil, noncombustibles, and metals. By processing the entire
waste stream, it is recognized that the efficiency of incineration may be reduced.
However, it may be that the gain realized from maintaining a simplistic design with
reduced numbers of subelements outweighs any loss in efficiency. Incinerators can
be built very robust and, therefore, the overall thermal process system is not
jeopardized by processing noncombustibles and metals in the incinerator. Further,
one of the largest driving factors in alpha processing systems is the cost of
maintaining alpha controls. To this end, the fewer number of subsystems required,
the easier it is to maintain strict alpha controls.

It is also very desirable to adopt a design that will produce a minimum offgas flow
rate. This will simplify any necessary offgas treatment system.

Preheated waste stream.

Gffgas from the Thermal Desorber subelement.

24.3 Requirements

24.3.1
2432
24.4 Output
24.4.1

2442

Incineration/pyrolysis of the waste stream.

Meet downstream input requirements and system throughput processing rate.

Pyrolized ash.

A combusted offgas stream plus minor products of incomplete combustion.
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Functional Subelement 25. Afterburner

25.1 Technical Background and Assumptions

25.1.1

25.1.2

25.2 Input

25.2.1

The output stream from the afterburner is assumed to contain H,O, CO,, High
Vapor Pressurc Metals (HVPMs, mercury, lcad, cadmium, arsenic, cte.), HVPM
oxides, halogens, sulfur compounds, combusted organics, particulates, and some
radionuclides (Cs'*’, potential minor quantities of TRU oxides, and other LLW
radionuclides).

One possible design will maintain the offgas stream for a minimum time at a
minimum temperature (approximately >2 sec at >1010°C) to cnsure complete
combustion.

A combusted offgas stream plus minor products of incomplete combustion from the
incinerator.

25.3 Requircments

25.3.1 The afterburner shall ensure 99.9999 percent (1 part in 10°) combustion of all
organics in the offgas stream.

25.4 Output

25.4.1 Combusted oftgas stream.

Functional Subelement 26. Mixer

26.1 Technical Background and Assumptions

26.2 Input
26.2.1
26.2.2

26.2.3

Pyrolized ash from the incincrator.
Flux if required for melter process control.

Basaltic soil as needed for melter process control and final waste torm quality
control.

26.3 Requirements

26.3.1

Mix and blend feedstock.
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26.4 Output

26.4.1

Blended feedstock to the melter.

Functional Subeleent 27. Oxidizing Slag, Oxidizing Metal/Metal Tapping Melter

27.1 Technical Background and Assumptions

27.1.1

27.1.2

27.13

27.2 Input

27.2.1

27.2.2

The output stream from the melter is assumed to potentially contain H,O, CO,,
High Vapor Pressure Metals (HVPMs, mercury, lead, cadmium, arsenic, etc.),
HVPM oxides, halogens, sulfur compounds, combusted organics, particulates, and
some radionuclides (Cs'*’, potential minor quantities of TRU oxides, and other
LLW radionuclides).

The composition of the mclten slag output stream is assumed to be an iron-enriched
basalt matrix with dissoived metal oxides, and TRU plus LLW contaminants. This
assumption is based on work as reported in Reterences 16, 17, 18, and 19.

The metals contained in the molten metal output stream are assumed to be mainly
iron (Fe) with trace other metals included.

Blended feedstock from the mixer consisting of metals, ash, soil and residuals from
the incinerator; flux as required for melter process control; and soil as needed for
melter process control and final waste form quality control.

Oxygen gas.

27.3 Requirements

27.3.1

27.3.2

2733

27.4 Outpat
27.4.1
27.4.2

27.43

System throughput processing rate.
Operating temperature high enough to melt metals and melt the basaltic soils
maintaining an adequate viscosity for the Homogeneous IEB slag Frit/Monolith

subelement.

The output from the melter will contain none of the organic hazardous constituents
listed in the system requirements (see Reference 1).

An offgas waste stream to the thermal desorber/incinerator or afterburner.
Moilten slag to the slag handling subsystem.
Tapped molten metals to the tapped metal subelement.
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Functional Subelement 28. ©  Homogeneous Slag Frit/Maonolith

28.1 Technical Background and Assumptions

28.1.1 The composition of the molten slag output stream is assumed to be an iron-enriched
basalt matrix with dissolved metal oxides, and TRU plus LLW contaminants. This
assumption is based on experimental and calculated work as reported in References
16, 17, 18, and 19.

28.1.2 The output of the melter is assumed to be slag frit or monolith, whichever form
enables a high quality, high reliability radioactive assay.

28.2 Input
28.2.1 Tapped molten slag from the melter.
28.3 Requirements

28.3.1 Receive and handle the molten slag trom the melter, and cast it into monoliths or
process into a frit form.

28.3.2 The waste form matrix will prevent the release of radionuclides and heavy metals.
28.4 Output
28.4.1 Slag in the form of a frit or monolith compatible with downstream processes.

Functional Subelement 29. Tapped Metal
29.1 Technical Background and Assumptions

29.1.1 No radionuclides, or only very minor quantities of radionuclides are expected to be
partitioned into the molten metals stream. The radionuclides are expected to be
partitioned into the slag, with potentially some carryover into the offgas system.
However, radiological controls must still be emplaced on the metals stream.

29.1.2 The metals contained in the molten metal output stream are assumed to be mainly
iron (Fe) with trace other metals included.

29.1.3 A high reliability assay of the metals is assumed to be possible in the monolith form.
29.2 Input
29.2.1 Molten metal tapped from the melter.
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29.3 Rcquircments

29.3.1 Reccive and handle the molten metal from the melter and cast into monolith forms.

29.3.2 Producc a waste form that is no longer considercd a hazardous waste per
40CFR261.

29.4 Output

29.4.1 A metal monolith waste form.

Functional Subelement 30. Oftgas Trcatment

30.1 Technical Background and Assumptions

30.1.1

30.1.2

30.2 Input

30.2.1

The offgas strcam to the offgas treatment system is assumed to contain H,O, CO,,
High Vapor Pressurc Mctals (HVPMs, mercury, lcad, cadmium, arscnic, cte.),
HVPM oxides, halogens, sulfur compounds, combusted organics, particulates, and
some radionuclides (Cs'*, potential minor quantitics of TRU oxides, and other
LLW radionuclices).

The offgas unabated release calculations arc assumed to confirm the potcential for

discharge of radionuclides resulting in cffective dose equivalents greater than
allowable per 40CFR61.92.

Offgas stream from the thermal treatment processcs.

30.3 Rcquircments

The offgas treatment system shall clean the offgas stream of all constituents to allow
operations within applicable State and Fedcral air pcrmit rcquircments.

Per DOE Order 6430.1A, 40CFR60, 40CFR61, and ANSI NI13.1, the offgas
trcatment system shall be equipped with air monitoring instruments to detect
radionuclides and hazardous constitucnts listed in the System Requirements (sce
Refcrence 1). The final released offgas effluent shall be monitored for any
normally or accidentally released radionuclides via an isokinetic sampling system.

The offgas systcn. must be maintained at a sufficient negative pressure to draw all

gascous flows through the systems and still maintain adequatc negative pressure at
the most remote location.
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30.4 Output

30.4.1

30.4.2

30.4.3

A cleaned offgas gaseous waste stream which meets all appropriate permit
requirements.

One or more offgas residue streams.

Process waste stream specific to the offgas treatment chosen.

Functional Subelement 30A. Zero Emissions Offgas Treatment

(Optional)

30A.1 Technical Background and Assumptions

30A.1.1

30A.1.2

30A.2 Input

30A.2.2

The offgas stream to the offgas treatment system is assumed to contain H,0, CO,,
High Vapor Pressure Metals (HVPMs, mercury, lead, cadmium, arsenic, etc.),
HVPM oxides, halogens, sulfur compounds, combusted organics, particulates, and
some radionuclides (Cs'¥, potential minor quantities of TRU oxides, and other
LLW radionuclides).

Requirements for this type of offgas system are considered to exceed the
requirements necessary to meet present day permitting applications. However,
permitting actions are assumed to be greatly enhanced with the stricter requirements
due to the decieased nature of offgas emissions.

Zero emissions offgas systems of this type are assumed to be only in the research

and development stage. Proven technology is assumed to be non-cxistent. A large
development eftort is assumed to be required for this option.

Offgas stream from the thermal treatment processes.

30A.3 Requirements

30A.3.1

30A.3.2

The zero emissions offgas treatment system option shall clean the offgas stream of
all constituents with the exception of a minor stream of inert gas. NOTE: These
restrictions surpass the present permit requirements for operations. Any minor
remaining offgas stream must include full high etficiency particulate air (HEPA)
filtering of the stream.

This option for offgas treatment must convert all offgas constituents to solid or
liquid form for further disposition.
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30A.4 Output

30A4.1 Potential offgas strcam consisting of inert gas.
30A.4.2 An offgas residue stream in liquid or solid form.
Functional Subelement 31. Mixer

31.1 Technical Background and Assumptions

31.2 Input
31.2.1 Residue from the offgas treatment subsystem.
31.2.2 Borosilicate glass (BSG) frit.

31.3 Requirements

31.3.1 Mixcs and blends feedstock to meet melter input requirements.
31.4 Output

31.4.1 Blended BSG and residue feedstock to the melter.

Functional Subelement 32. Offgas Residue Melter

32.1 Technical Background and Assumptions

32.1.1 Assumed melter temperature is a nominal 1100°C based on operating temperaturcs
for melters designed for vitrification of high-lcvel wastc (HLW) using borosilicate
glass.

32.2 Input

32.2.1 Blended feedstock from the mixer subelement consisting of residuc from the offgas

system and BSG frit.
32.3 Requircments
32.3.1 Operating temperature high enough to melt the BSG frit and the residue, yet low

enough to hold the contaminants (high vapor pressure metals, mctal oxides,
radionuclides, ctc.) in solution.

3232 Output must be compatible with downstream processes.
3233 Produce a waste form that is no longer considered a hazardous waste per
40CFR261.
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32.4 Output

32.4.1 Molten slag.
3242 Offgas effluent.
Functional Subelement 33. Offgas_Frit/Monolith

33.1 Technical Background and Assumptions

33.1.1

33.2 Input

33.21

The composition of the molten slag output stream is assumed to be a borosilicate
glass (BSG) matrix with dissolved metal oxides, and potentially very minor quantities
of TRU plus LLW contaminants.

Molten slag from the offgas residue melter subelement.

33.3 Requirements

33.3.1 Receive and handle the molten slag from the melter, and cast it into monoliths or
process into a frit form.

33.3.2 Output is compatible with downstream processes.

33.4 Output

33.4.1 Homogeneous BSG slag in the form of a frit or monolith.

Functional Subelement 34. Post-Treatment Radioactive Assay

34.1 Technical Background and Assumptions

34.1.1

34.1.2

34.1.3

Assume that pretreatment characterization will not satisfy the requirements for
classifying output waste form.

An advantage for thermally processing this type of waste is to convert the as-
received waste stream into a form which will enhance the ability to obtain TRU
concentration data with reduced uncertainty.

The bases for this reduction in uncertainty of assay data are:

* The geometry of the assay form can be optimized for the assay equipment
(geometry of choice enables consistent geometrical calibration factors).

e Vitrification and homogenization eliminate density variances.
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342 Input

34.2.1

34.3 Requirements

Vitrification and homogenization eliminate radionuclide distribution variances
(fully dissolved radionuclides and complete mixing).

Vitrification and homogenization enhance the predictability of self shielding
(alpha) unknowns.

Vitrification and geometry of choice allow for reduced assay time due to assay
of a known form with decreased variances and enables assay data to be
collected at a waste throughput rate of tons per day.

Vitrification and enhanced assay capability allow for post-treatment sort of TRU
waste and LLW based on reliable and consistent assay data.

Vitrification and enhanced assay capability increase the ability to identify
radionuclides and to quantify concentrations of the radionuclides. This
enhanced capability increases the credibility of the data and allows for further
rational disposition decisions.

Homogeneous IEB or BSG frit or monolith from the thermal treatment subsystems
(BSG from offgas stream or IEB from the waste stream).

34.3.1 Identify and quantify radionuclides found in Table 2 of Reference 1 to meet the
assay requirements necessary to assign waste as LLW, reclassified LLW, or
transuranic as follows:

o TRU > 100 nCi/g - Transuranic Waste
e 10 nCi/g < TRU < 100 nCi/g - Reclassified LLW
« TRU < 10 nCi/g - LLW

34.4 Output

344.1 Radioactive assay data.

34.4.2 An unchanged frit or monolith waste form.

Functional Subelement 35. Post-Treatment Medium Temperature Fusing/Re-melt

35.1 Technical Background and Assumptions

35.1.1

This subsystem may be unnecessary if a monolith is cast during initial thermal
treatment. The output of frit or monolith trom the primary thermal treatment
subsystem is dependant on the physical form required to enhance the assay
capabilities and produce lower uncertainty reliability assay data.

184



35.2 Input

35.2.1

Frit or monolith waste from the assay subsystem with TRU > 100 nCi/g.

35.3 Requirements

3531 Fuse or re-melt the IEB frit and cast it into a monolith. (Medium tempcrature
melter operating at a nominal 1400°C.)

35.4 Output

35.4.1 A monolithic IEB waste form.

Functional Subclement 36. Hcat Treat/Controlled Cool

36.1 Technical Background and Assumptions

36.1.1

36.1.2

36.2 Input

36.2.1

The purposc of this functional subelement is to change the microstructure of the
cast monolith waste form such that the resulting waste form has low lecach rate and
high durability.

This subelement along with the fusing/re-melt subelement may be unnccessary
functions if assay systems arc identified that can provide high quality, reliabic data
from a monolith cast block direct from the primary thermal process subelcment.

The input for this subelement is a monolith wastc form either direct from the
primary thermal process subsystem via the assay subsystem or [rom the
fusing/re-melt melter subelement.

36.3 Requircments

36.3.1

36.3.2

36.4 Output

36.4.1

Control cooling to optimize the microstructure in order to mect leach rate and
durability requircments.

The subsystem shall include nondestructive test capabilitics to verify the integrity of
the final waste form.

Iron-enriched basalt (IEB) monolith waste form.
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Functional Subelement 37. TRU Waste Packaging

37.1 Technical Background and Assumptions

37.11 The designated disposition is for interim storage at the INEL pending resolution
and opening of a permanent repository for TRU/TRU-Mixed buried waste.

37.2 Input

37.2.1 Monolithic waste forms with concentration of TRU > 100 nCi/g.

37.3 Requirements

37.3.1 Packaging requirements shall meet current INEL TRU Waste Acceptance Criteria
(see Reference 7).

37.4 Output

37.4.1 Packaged TRU > 100 nCi/g waste.
Functional Subelement 38. Final Package Assay
38.1 Technical Background and Assumptions

38.2 Input

38.2.1 Packaged TRU > 100 nCi/g waste.
38.3 Requirements

38.3.1 Final assay and external contamination swipe surveys for INEL TRU Waste
Acceptance Criter:a.

38.4 Output
38.4.1 Packaged TRU > 100 nCi/g waste.

Functional Subelement 39. INEL TRU Interim Storage

39.1 Technical Background and Assumptions
39.2 Input

39.2.1 Packaged TRU > 100 nCi/g waste.
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39.3 Requirements

39.3.1 Retrievable storage at the INEL.

39.4 Output

394.1 Packaged TRU > 100 nCi/g waste.

Functional Subelement 40. Reclassified Low-Level Waste Packaging

40.1 Technical Background and Assumptions

40.1.1 Assume reclassified LLW has same INEL WAC as LLW.
40.2 Input
40.2.1 Reclassified LLW waste in a frit or monolith form with a concentration of

10 nCi/g < TRU < 100 nCi/g.

40.3 Requirements

40.3.1 Packaging shall be per INEL LLW Waste Acceptance Criteria (see Reference 6).
40.3.2 Disposal shall be per INEL LLW disposal criteria (see Reference 6).

40.4 Output

40.4.1 Packaged 10 nCi/g < TRU < 100 nCi/g waste in an approved container.
Functional Subelement 41. Low-Level Waste Packaging INEL Disposal

41.1 Technical Background and Assumptions

41.1.1 The waste derived from fixing the offgas residue into borosilicate glass is assumed
to be LLW. The potential for TRU elements to be carried off into the offgas waste
stream is considered to be very small. Classification as LLW is verified in the assay
subelement (50.0).

41.2 Input

41.2.1 Low-level waste in a borosilicate glass frit or monolith form.

41.3 Requirements

41.3.1 Packaging shall be per INEL LLW Waste Acceptance Criteria (see Reference 6).
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41.4 Output

41.4.1 Packaged LLW.
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Table 4, Various Physical Characteristics of Soil and Sediment Samples from
the RWMC Wells

Vertical

Depth_TInterval Bulk Moisture Hydraulic
Well Top Bol tom Specific Density Porosity Content Conduct
No. (ft in.) (ft in.) Gravity (a/cm’) (percent) (percent) (m/day)
92 2 6 5 2.65 1.87 34.3 12.9 5.5 x 107
94 6 6 8 3 2.67 2.02 30.5 16.4 2.7 x 107
95 10 12 6 . 2.66 1.70 41.0 13.2 7.9 x 107

Table 5. Properties of soil and sediment samples from the RWMC wells

Depth [nterval Particle Size s Clav Minerals (%) Moisture Cation Exchange
Well Top Hottom Distribution (%) Kaolin- [Mlite Montmor- Capacity
No. (Ft in) (Ft in) Clay Siit Sand ite illonite (meg/100g)
32 P 5 21.2 48.8 30.1 2 5 5 14
G4 6 6 3 3 38.7 56.5 4.8 3 9 4 22
95 19 12 3} 38.5 55.8 5.9 1 4 3 17
Median® 35.9  56.0 7.3 2 7 6 21

a. Clay <0.004 m
Silt 0.004 - 0.052 mm
Sand 0.062 - <2.0C mn.
b. Median of eight samples.
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Table 6. Particle size distribution for subpit samples (in percent of
analyzed sample?)

Sand
Silt Very Sand Sand
Clay 0.004- Fine Fine Medium Sand
Sample® Deptlh <0.004 0.0625 0.0625- 0.125- 0.25- Coarse©
Mumber  (in melers) i ! 0.125 um 0.25 um 0.5 mm 0.5- Ll
EWR-1-4 0.91 53.3 38.5 4.8 2.3 0.9 0.1
EWR-1-3 1.22 41.0 30.1 11.0 17.7 0.2 0
EWR-1-2 +.52 54.7 40.1 4.1 0.7 0.2 0.1
EWR-1-1 1.83 23.5 69.8 6.0 0.6 0 0.1
a. Analyzed by the USGS Hydrologic Laboratory, Denver, Colorado.
b. A1l samples from surficial deposits.
c. No particles coarser than 1 mm observed.
Table 7. Mineralogy for subpit samples (in percent of analyzed sample)®
Samp]eb Peplh Polassium Pryoxene ‘C]ay Tolal
© Number (in melers) Quartz Feldspar Plagiovclase Calcilte Dioxide  Minerals Percent
CWR-1-4 0.91 27 <h 11 1 4 70 113+°
LWR-1-3 1.22 29 <0 10 0 9 05 103+
CWR-1-2 1.52 15 <3 0 41 <9 25 87+
EWR-1-1 1.43 29 5 12 13 <9 10 99+

a. Analyzed by the USGS Hydrologic Laboratory, Denver, Colorado.
b. A1l samples from surficial deposits.

C. Oue to nigh percentage of clay minerals.
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Table 8. Clay mineralogy of selected surficial sediment samples (in percent
of total clay minerals/percent of original bulk samples)®

Mixed Layer Carbonate

Clays Cation Content

Depth (I11ite/ Exch§ng§ (CaCoy)

Sample (in meters) Chlorite I1lite Smectite) Swectite Kaolinile Capacity” Percent
EWR-1-4 0.91 0/03 €/25 45/32 13/9 6/4 27 0
EWR-1-3 1.22 0/03 0/16 43/26 15/9 6/3 27 2.3
EWR-1-2 1.52 0/03 6/9 31/8 24/6 9/2 11 36,1
EWR-1-1 1.83 0/03 2/12 30/12 26/10 12/5 11 10.8

a. Analyzed by the USGS Hydrologic Laboratory, Denver, Colorado.
b. In millieguivalents per 100 g.
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