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DISCLAIMER

This book was prepared as an account of work sponsored by an agency of the United
States Gwernment_ Neither the United States Government nor any agency thereof,
nor any of their employees, makes any warranty, express or implied, or assumes any
legal liability or responsibility for the accuracy, completeness, or usefuiness of any
information, apparatus, product or process disclosed, or represents that its use would
not infringe privately owned nghts References herein to any specific commercial
product, process, or service by trade name, trademark, manufacturer, or otherwise,
does not necessarly constitute or imply its endorsement, recommendation, or tavoring
by the United States Government or any agency thereof. The views and opinions of
authors expressed herein do not necessarily state or refiect those of the United States

Government or any agency thereof.




PROJECT SUMMARY

This project is a feasibility study for constructing a TMI-2 core Fuel
Recovery Plant at the Idaho National Engineering Laboratory (INEL). The
primary objectives of the Fuel Recovery Plant (FRP) are to recover and
account for the fuel and to process, isolate, and package the waste
material from the TMI-2 core.

This feasibility study is predicated on a baseline plant and covers
fts design, fabrication, installation, testing and operation. Alternative
methods for the disposal of the TMI-2 core have also been considered, but
not examined in detail for their feasbility.

The baseline FRP will be constructed in a portion of the existing
TAN-607 building. Areas in both the TAN Hot Shop and Warm Service Area
will be used. Much of the plant support and utility services will be
provided by the existing services located in TAN-607.

The FRP will receive TMI-2 fuel in canisters. The fuel will vary from
core debris to intact fuel assemblies and include some core structural
materials. The canister contents will be shredded and subsequently fed to
a dissolver. Uranium, plutonium, fission products, and some core
structural material will be dissolved. The uranium will be separated by
solvent extraction and solidified by calcination. The plutonium will also
be separated by solvent extraction and routed to the Plutonium Extraction
Facility. The wastes will be packaged for further treatment, temporary
storage or permanent disposal.

The baseline FRP will be designed to process the fuel at a peak rate
of 140 kilograms per day with the entire core requiring approximately
1000 days. The total project cost for design, fabrication, installation,
testing, and operation is estimated to be $70 million in 1982 dollars. The
plant will be ready for "hot" operation in the mid to late 1980s.
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1. DESIGN CRITERIA

1.1 Genera)

The following paragraphs contain the major design criterfa for the
TMI-2 Fuel Recovery Plant (FRP). The design description, indicating how
these criteria were developed into a baseline process design, is included
in Sections 3., 4., 5. and the drawings.

1.2 Basic Function

The primary objectives >¢ the baselire Fuel Recovery Plant (FRP) are
1. recover and account for the fuel and to process, isolate, and package
the waste material from the TMI-2 core. The ccre will be received in
canisters, the contents of which will vary from core debris to intact fuel
assemblies. The contents will be shredded ard subsequently fed to a
dissolver. Uranium, plutonium, fission products, and some core structural
material will then be dissolved. The uranium will be separated by solvent
extraction and solidi“ied by calcination. The plutonium will be separated
by solve~t extraction and routed to the Plutonium Extraction Facility. The
wastes will be packaged for further treatment, temporary storage or
permanent c:sposal.

The baseline FRP will process fuel at a peak rate of 140 kilograms per
day 24 hours a day. 7 days a week. Processing of tre entire TMI-2 core

will require approximately 1000 days.

1.3 General Codes and Standards

A1) design will conform to the latest editions of applicable
raticrally recogrized and accepted codes and standards listed in Section 2.



1.4 Fuel Composition

Feed stock material will consist of an entire range of TMI-2 core
materials. The as-loaded core materials are shown in Table 1.1, along with

the weights for each type.

The as-received material from the core will vary from relatively
intact fuel bundles to loose "gravel" composed of pieces of fuel and
metal. This material will be in various sizes ranging from fine, through
fractured fuel pellets to partial and complete fuel bundles. Some fuel
debris may be partially fused. Estimates indicate that more than 90% of
the fuel rods will be ruptured and 40% to 60% of the zirconium in the
vessel will be oxidized. The core will be packaged in approximately
300 canisters and stored in the TAN-607 storage pool. TMI-2 ran for
approximately 90 effective full power days, indicating approximately 160 kg
Pu was produced. For the existing TMI fission product concentration and
total element distribution see Appendixes A and B.

1.5 Radiological Plan

The FRP will be designed to provide radiological and chemical
protection for the public, operational personnel, other on-site personnel,
and the environment. Radiological design of the plant will be based on a
proposed damage criterion philosophy outlined in the draft document,
"Radiological Design Criteria for the Transuranic Waste Treatment Facility"
dated May 1981. This document specifies maximum radiological exposures
allowed due to releases during normal operations and for upset and accident
conditions. Compliance of the design with this criteria will be determined
by the safety analysis developed through the course of the plant design.

A1l equipment or components whose failure could result in releases
greater than the limits specified in the damage criteria will be identified
as critical items. Special design considerations will be implemented for
those items so that the damage limits will not be exceeded.



TABLE 1.1. ACTIVE CORE REGION MATERIALS INVENTORY?®
. Volyme? weight?
Category Form Composition (ft?) (1b)
Fuel Ceramic Pellets u02c 324.3 205,140
Absorbers Metal Alloy Rod Ag-In-Cd 9.55 6,060
Ceramic Pellets 84C in A1203 7.29 1,380
Ceramic Pellets Gd203-UO2 0.46 290
Structures Fuel Cladding Zircaloy-4 109.7 44,440
Guide Tubes Zircaloy-4 6.65 2,690
Instrument Tubes Zircaloy-4 0.62 250
Control Cladding 3045S 2.70 1,350
Poison Rod Cladding lircaloy-4 4.04 1,640
Spacer Grids Inconel-718 5.24 2,670
Spacer Sleeves Zircaloy-4 0.64 260
Plenum Springs (Stainless) 3.10 1,550
Ceramic Spacers ZrOz 2.13 730
Metallic Spacers (Stainless) 0.90 450
End Plugs 304SS 0.28 140
End Plugs lZircaloy-4 3.69 1,490
Assembly End Boxes (Stainless) 13.4 6,730
Trace SPND Rhodium-Inconel -- --
T/C Chromel-Alumel -- --
Background Detector (Cobalt) = --
Neutron Source Am-Be-Cm — --
Instrument Thimble Clad Inconel -- --
Instrument Calibration (Inconel) -- ==
Tube
Insulation (Ceramic) - =
a. Ref: NSAC/25 "TMI-2 Accident Core Heat-Up Analysis" prepared by Nuclear

Associates International and Energy Incorporated.

b. Form shown is as-loaded; as-received form may be substantially different
(f.e., oxidation of structural materials, shattering of ceramic pellets,

etc.)

Cc. Average core enrichment 2.57%.

d. Estimated uncertainty less than 10%.




Shielding or access control will be provided, where necessary, to
assure that the plant operating personnel exposure will be kept to a
minimum. ALARA principles will be utilized.

1.6 Process Requirements

1.6.1 General

This is a feasibility study; hence, no components shall be totally

fixed in design and only general principles shall be addressed.

Redundancy shall be provided in process or utility systems which are
necessary for safe shutdown, personnel safety, environmental protection,

criticality control, and accountability.

Where possible, equipment shall be pre-engineered, standard,
off-the-shelf items which can be modified, as required, for remote

operation in a contaminated environment.

Equipment in contaminated areas shall be designed to be decontaminated
by remote or manual means for subsequent replacement or repair in place.
Provisions will be made in the design to transport both contaminated and
decontaminated failed units from the plant in instances where in-place

repair is not practical.

Systems and subsystems shall be of modular design. Where possible
modules shall be designed for radiological and chemical isolation. In
general, criticality control shall be by geometrical design and through the

use of neutron absorbing poisons.



1.6.2 Shipping and Receiving

The TMI-2 core will be packaged in canisters and stored in the storage
pool of TAN-607. The canisters shall be transferred to the Hot Shop on the
underwater dolly and then be conveyed to the head end of the processing
line.

Recovered fuel and waste materials, which include the undissolved
hulls and 1iquid waste generated during the processing, shall be packaged
and prepared for shipping.

1.6.3 Shredding

The shredder shall reduce the material to approximately 0.5-2.0 cm sq.
pieces. The shredder shall have an off-gas and containment system which
will preclude the spread of contamination.

1.6.4 Dissolver
The dissolver shall receive shredded material in a metal basket. The
basket shall be installed such that it may be remotely removed and emptied

as a normal operation. The dissolver will be sized to process one canister

every 80 hours.

1.6.5 Fuel Extraction

Fuel shall be extracted from the dissolver solution using multi-stage
mixer settlers or centrifugal contactors for extraction and stripping.
Tributyl phosphate, TBP, (approximately 30% by volume in n-dodecane) will
be used as the extraction medium. Equipment for solvent clean-up and
re-cycle will be provided.

1.6.6 Uranfum Calcination

Uranium shall be solidified and prepared for shipment by calcination.
The product shall be appropriately packaged with accountability control.
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1.6.7 Waste

Cladding hulls and other undissolved metal shall be processed,
packaged, and shipped to an appropriate disposal site. High and low level
liquid wastes shall be collected and processed for shipment to the Idaho
Chemical Processing Plant (ICPP) or other appropriate treatment facilities.

1.6.8 0ff-Gas Treatment System

The function of the off-gas treatment system is to control the off-gas
effluents from the process equipment. Effluents including chemical vapors,
radioactive and nonradioactive particulates and aerosols shall be collected
and controlled to meet the State of Idaho, EPA, and DOE standards. Stack
emissions shall be controlled to meet appropriate standards at the Test
Area North (TAN/TSF) boundary or the INEL site boundary.

As a minimum the following off-gas systems will be required.

1. The FRP process area off-gas system for general environmental

control.

2. Vessel off-gas system for process vessel radiological and
nonradiological off-gas.

3. Dissolver off-gas system.
4, Shredder off-gas system.
5. Plutonium handling facility off-gas system.

6. Melter off-gas system.



Off-gas systems will have two stages of HEPA filtration prior to gas
discharge to the environment. HEPA filter bagout capacity and in-situ DOP
testing shall be provided. HEPA filters shall have a particle removal
efficiency of 99.97% for 0.3 micron sized particles. Off-gas systems will
include chemical treatment of the gas stream as required.

1.7 Building and Structural Requirements

1.7.1 Structural Design

1. All new structures shall be designed in accordance with the INEL
Architectural Engineering Standards.

2. Existing structures were originally designed to UBC Zone 2
earthquake requirements and will not be strengthened.

1.7.2 Containment

The FRP shall provide containment for hazardous materials both
radiological and nonradiological.

1. The primary containment barrier shall be the process vessels and
piping.

2. The secondary containment shall be provided by compartment walls
between modules and cells, catch basins with controlled drains,
and assocfated ventilation and off-gas systems.

3. Personnel occupancy areas shall be separated and shielded from
process areas. Afrlocks and contamination barriers with sealed
penetrations shall be used to prevent the spread of contamination.



1.7.3 Support Areas

The FRP shall be designed for six operational personnel per shift,
three shifts per day. The following support areas shall be required:

1.

Health Physics Office

Shift Operations Offices

Administration Offices

Lunchroom

First Aid Station

Conference/Training Room

Control Room of sufficient size to house required consoles,
instruments, and DAS to monitor and control the plant.

An analysis laboratory to provide radiological and chemical
analysis of samples taken from process lines, environmental
monitoring points, and contamination survey tests. The lab will
contain nuclear instrumentation and chemical analysis equipment.
A sample cabinet with exhaust hood and contaminated liquid
effluent drain is required.

Shower and Locker Rooms.

1.7.4 Access Control

Plant layout shall be such that access to the processing areas shall

be controlled and require passage through a single point entry office,

control room, or keyed doors.



1.7.5 Decontaminable Surfaces

Decontaminable surfaces shall be provided as required to aid in
decontamination. Decontaminable surfaces shall include stainless steel
lining or a corrosion and radiation resistant paint.

1.7.6 Shipping and Receiving

Areas within the FRP shall be provided for the following:

1. A safe and convenient place to store incoming chemicals used in
the processing.

2. Receiving fuel canisters from the TAN-607 storage pool.

3. Packaging and shipping of the Uranium product.

4. Containing and transferring low and high level liquid wastes.
5. Packaging and transferring of solid waste.

1.8 Criticality Control

1.8.1 Function

The function of the criticality control system is to protect the FRP
operational staff, other on-site personnel, and the public from radiation
hazards by reducing the potential for a criticality. Traditional and
tested methods shall be employed to reduce the probability of a criticality
and allow recovery from such an event. These methods shall be fully
developed in the course of Title I and Il design.



1.8.2 Instrumentation and Alarms

Criticality alarms will be provided for each area or piece of process

equipment identified as having the potential for a criticality event as the

applicable codes require. Each piece of alarm equipment shall have alarms
both in the local areas, the H.P. office, the control room, and a post

manned 24 hours a day.

1.8.3 Geometrical Considerations

1. A1l piping and process equipment, where possible, will be
designed to be geometrically favorable for both normal and

credible upset conditions.

2. The shape of all tanks, vessels, conveying devices, shedders and
other components shall be such that they can be easily cleaned to
prevent accumulation of fissile bearing waste or residues.

1.8.4 Neutron Poisons

Neutron absorbing poisons may be employed throughout the FRP for
criticality control. Where neutron poisons are used, provisions for their

continuing presence shall be provided.

1.9 Instrumentation and Control Requirements

1.9.1 Criticality Control

See Section 1.8.

1.9.2 Environmental

The final effluent gas stream that is emitted from the FRP shall be
monitored so that any unusual occurrences or upsets in the system can be
detected and also to demonstrate compliance with state and federal

emissions regulations.
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1.9.3 Radiation and Contamination Control

In addition to the instrumentation used to monitor for criticality and
environmental emissions, instrumentation shall be provided as follows:

1. Areas occupied by personnel will be continuously monitored for
gamma radfation and airborne alpha and beta contamination.

2. Periodic air sampling (and in some cases, continuous monitoring)
will be required in all areas that may require intermittent
personnel entry.

3. Personnel monitors will also be required at all exits from
potentially contaminated areas within the plant.

4. Alarms ‘rom selected instruments shall be received in the H.P.
Office.

1.9.4 Process and Utility Systems Control

The main function of the process control system is to assure that the
process operates within the design limits. The central control computer
system, off-gas system instrumentation and controls, criticality and
radfation instrumentation, and selected process controls shall be supplied
by a~ Uninterruptable Power System (UPS).

1.9.5 Process Control

A central control computer and data acquisition system shall be
utilized to provide the plant operator centralized control over systems
that could adversely affect the public and plant personnel. However, upon
failure of the central computer, the operator must be able to control the
plant 1n a manual mode to insure a safe and orderly shutdown of the process.

11 :



1.9.6 Utility Systems Control

The control and instrumentation system shall provide for central
control of the following utility systems from the control room:

1. Ventilation and off-gas systems

2. Liquid radioactive waste system
3. Power systems to include Emergency and Uninterruptible Power
Systems

4. Miscellaneous utility systems as required.

1.9.7 CCTV System

A television viewing system shall be provided to assist in various

process operations, general plant monitoring and security.

1.9.8 Accountability

The uranium and plutonium inventory shall be kept by both monitoring
and assaying various points within the process stream. The FRP data
acquisition system shall have the ability to account for all uranium and
plutonium present in the system at all times.

The FRP data acquisition system shall produce permanent records of all
monitored features for archival storage and special nuclear material
accountability.

1.10 Mechanical Services

1.10.1 Remote Manipulators

Remote manipulators shall be used where appropriate throughout the
plant to reduce personnel exposure and to provide remote operation and

maintenance capabilities.

12



1.10.2 Cranes

Remotely operated bridge cranes will be used to accomplish the
following.

1. Transferring the fuel canisters to the processing system.

2. Transferring liquid waste collection tanks.

3. Removal and replacement of process vessels and modules.
1.10.3 Windows

Shielding windows shall be provided for direct visual observation of
remotely operated mechanical procedures involving cranes or manipulators.

1.10.4 Special Doors and Pass-Throughs

Doors between the processing and personnel areas shall be special
doors with airtight seals and access control.

Wall penetrations between the process area and operating areas for
process chemicals, sampling systems, ventilation systems, and miscellaneous

services shall be provided w:th offsets to prevent radiation streaming.

Removal of wastes from the process system shall be controlled to
prevent environmental contamination.

1.11 Building Services

1.11.1 General

All building services required for the FRP shall be provided by
modifications to existing services to the maximum extent possible and where
economically feasible. New systems shall be provided where services do not
exist or cannot be economically modified.

13



1.11.2 Electrical

1.11.2.1 General. The electrical systems for the FRP facility shall
be designed with due consideration for the intended usage, provision for
future growth, flexibility in accommodating changes in the intended usage,
reliability of electrical service, economical installation and maintenance

costs, and for maximum, energy conservation. Electrical systems shall

include the following.

10.

11.

12.

Plant power system

Emergency power distribution system

Uninterruptable power distribution system

Instrument power distribution

Lighting distribution system

Telephone system

Fire detection/suppression alarm system

Intercom systems

CCTV system

Plant ground and instrument ground system

Off-gas stack lightning protection system.

Radiation monitoring system.

1.11.2.2 Emergency Power. Emergency power shall be supplied to the
FRP facility.

14



1.11.2.3 uUninterruptable Power. An Uninterruptable Power System

(UPS) shall be required for selected instrumentation, process control
computer, alarms, safety and HVAC instrumentation functions for safe
shutdown and confinement.

1.11.2.4 Instrument Power: All instruments and monitoring equipment

shall be supplied with commercial power where not supplied by the UPS.

1.11.3 Domestic and Process Water

Water shall be supplied as required for the processes. All process
connections to existing water systems shall incorporate backflow preventers
that meet AWWA standards to prevent any possible contamination of the
potable water system.

1.11.4 Afir Systems

1.11.4.1 Breathing Air. Breathing air shall be provided to all
areas where life support equipment will be required. The air supply shall

meet Grade E quality requirements in accordance with the Compressed Gas
Association (CGA) Bulletin G7.1, “Commodity Specification for Air." The
system shall have stationary bottled breathing air for backup and a low
pressure alarm system.

1.11.4.2 Instrument Air. Oil free, dried, compressed instrument air

system, including distribution piping, shall be provided as required for
system operatfons. Pressure shall be 15 to 30 psi.

1.11.4.3 Plant Afr. O01) free compressed air at 125 psi shall be
provided for general plant use as required.

1.11.5 Liquid Rad Waste

The purpose of the liquid rad waste system is to hold, sample for
accountability, and neutralize contaminated liquid waste. The system shall

15



provide mechanisms for routing liquid waste to either a truck for transport
to ICPP for processing, or storage at TAN for future processing at the FRP.

1.11.6 Steam

Steam shall be provided as required for system operations. As a

minimum, it shall be provided for the following:

1x Process steam
2. Process heating
3. Liquid transferring

1.11.7 Communication Systems

Existing telephone services shall be extended to provide service in
all offices, analytical lab, control room, and at or near all decentralized
(local) operating control panels. The existing service shall have at least
two channels upgraded for data handling.

A public address system, controlled from the control room, shall be
installed, such that messages can be exchanged from the control room to all
of the local process control stations, selected process areas, and the HP

office.

1.11.8 Fire Protection System

1.11.8.1 General. Automatic fire suppression systems shall be
provided where prescribed by NFPA and ID-12044 standards. Automatic
sprinklers used in contaminated or criticality risk areas shall require

special precautions.
Other types of automatic systems such as Halon shall also be required

in the plant. In addition, hose stations, portable hand extinguishers,
manual dry chemical, or metal-x systems may be required.

16



1.11.8.2 Alarm System. A supervised fire alarm system shall be
provided with a centralized alarm annunciator panel located in the control
room. The system shall provide Class A fire alarm circuits for fire alarm
signals and Class B circuits for designated supervisory circuits and have a
self-contained uninterruptable battery power system. The fire alarm
control modules shall also forward the alarm signals to the INEL fire alarm
system. Local alarms will also be required.

1.11.9 Heating Ventilating and Air Conditioning (HVAC)

The FRP shall be provided with an HVAC system meeting the following
criteria:

1. Three ventilation confinement zones shall be provided. Zone III
for areas of greatest contamination potential (interior of the
Hot Shop), Zone II for intermediate contamination potential
(Sample Gallery and airlocks), and Zone | for areas of least
contamination potential (support areas). Airflow shall be from
lones of less contamination to Zones of higher contamination.

2. Al Zone 1] areas shall have single-stage HEPA filters on both
inlet air and exhaust air. Zone III shall have two stages of
HEPA filtration on the exhaust and a single stage of HEPA
filtration on the inlet. A1)l HEPA filtration systems shall have
provisfons for hands-on maintenance and bagout procedures.

3. Continuous air monitors (CAM) shall be provided at Zone III and
Zone 1] exhaust systems prior to the final HEPA filters.

4. The design airflow rate for Zone III and Zone II shall be one air
change per hour. Zone I areas, including; control room, offices,
and personnel occupancy area shall be air conditioned for
personnel comfort.
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2. APPLICABLE DESIGN CODES AND STANDARDS

A1l work on this project shall be governed by the latest edition and
applicable sections of the following codes and standards.

2.1 General Reference Codes

Air Conditioning and Refrigeration Institute (ARI) Standards

Air Moving and Conditioning Association (AMCA) Standards
210, "Test Code for Air Moving Devices"

American Concrete Institute (ACI) Standards
318, "Building Code Requirements for Reinforced Concrete"

American Conference of Governmental Industrial Hygienists (ACGIH)
"Industrial Ventilation Manual of Recommended Practice"

American Gear Manufacturers Association (AGMA)

American Institute of Steel Construction (AISC) Standards
"Specifications for the Design, Fabrication, and Erection of
Structural Steel for Buildings"

American National Standards Institute (ANSI), "Codes and Standards"
B31.1, "Code for Pressure Piping, Power Piping"
B31.3, "Code for Chemical Plant and Petroleum Refinery Piping"
C2, "National Electrical Safety Code"
MC 96.1, "Temperature Measurement Thermocouple"
N 13.10, "Instrumentation for Continuously Monitoring Radioactivity in
Effluents"
NQA-1-1979 "QA Program Requirements for Nuclear Power Plants"

American Society of Heating, Refrigerating and Air Conditioning Engineers
(ASHRAE) Handbook and Product Directory
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American Society of Mechanical Engineers (ASME),
“Boiler and Pressure Vessel Code"

American Society for Testing and Materials (ASTM) Standards
American Water Works Association (AWWA) Standards
American Welding Society (AWS) Standards

Compressed Gas Association (CGA) Standards
Bulletin G7.1, "Commodity Specification for Air"

Crane Manufacturers Association of America (CMAA) Specifications
Factory Mutual (FM) Engineering Association Standards

INluminating Engineering Society (IES), "Lighting Handbook"
Institute of Electrical and Electronics Engineers (IEEE) Standards

Instrument Society of America (ISA), "Standards and Practices for
Instrumentation”

$ 5.1, “"Instrumentation Symbols and Identification"
$ 5.14, "Instrument Loop Diagrams"

S 12.4, "Instrument Purging"

S 39.3, "Control Valve Sizing"

$ 50.1, "Analog System"

S 51.1, "Process Instrumentation Terminology"

S 61.1, "“Industrial Computer Systems"

Insulated Power Cable Engineers Association (IPCEA)

International Conference of Building Officials (ICBO)
"Uniform Buflding Code" (UBC)
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National Council on Radiation Protection and Measurements (NCRP) Reports
57, "Instrumentation and Monitoring Methods for Radiation Protection"

National Electrical Manufacturers' Association (NEMA) Standards

ICS 1-110, "Enclosures"
PB 1, "Panelboards"

National Fire Protection Association (NFPA), "National Fire Codes"
13, "Sprinkler Systems"
30, "Flammable and Combustible Liquids Code"
72D, “Standard for the Installation, Maintenance and Use of
Proprietary Protective Signalling Systems for Watchmen, Fire Alarm,
and Supervisory Service"
78, "Lightning Protection Code"
101, "Safety to Life from Fire in Buildings and Structures"

70, "National Electric Code"
82, "Standards on Incinerators, Waste, and Linen Handling Systems and

Equipment"
58, "Standard for the Storage and Handling of Liquefied Petroleum

Gases"
Occupational Safety and Health Administration (OSHA) Standards

29 CFR 1910, "Occupational Safety and Health Standards"

29 CFR 1926, "Safety and Health Regulations for Construction"
Portland Cement Association (PCA) Standards

Public Law 95-95, "The Clean Air Act" as Amended 1977

Rules and Regulations for the Control of Air Pollution in Idaho, Department
of Health and Welfare

Sheet Metal and Air Conditioning Contractors National Association (SMACNA)
Guide and Data Book
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Underwriters' Laboratories, Inc. (UL), Standards and Directories of Listed
Products

2.2 Department of Energy Codes

OOE Order 5630.2, "Control and Accountability of Nuclear Materfals, Basic
Principles"

DOE Order 5632.3, "Physical Protection of DOE Property"

DOE/EV/1830-T5, “A Guide to Reducing Radiation Exposures to As Low As
Reasonably Achievable (ALARA)"

DOE Order 6430 “Facilities General Design Criterta," Part 1

DOE Order 5480.1A, Chapter 4, "Nuclear Criticality Safety"

DOE Order 5480.1A “Environmental Protection, Safety and Health Protection
Program for DOE Operations"

DOE Order 5484.1, "Environmental Protection, Safety and Health Protection
Program for G.0.C.0. Facilities"

WIPP-DOE-069, Rev. 1, dated September 1981, “"TRU Waste Acceptance (Criteria
for the Waste Isolation Pilot Plant"

INEL Architectural Engineering Standards

10-12044, “"Operational Safety Design Criteria Manual"

10-12045, "Criteria for HEPA Filter-System Irstallations at the INEL"
ERDA Manual Chapters/Appendixes

6203, "Site Development and Facility Utilization Planning"
6301, "Facilities General Design Criteria"
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ERDA Publications
76-21, "Nuclear Air Cleaning Handbook"
77-24, "A Guide for Environmental Radiological Surveillance at ERDA

Installations"
WASH-1245-1 "Electronic Computer/Data Processing System"

2.3 Code of Federal Regulations

Title 10 CFR 20, (NRC) "Standards for Protection Against Radiation"
Title 10 CFR 50 (NRC) "Licensing of Production and Utilization Facilities"
Title 10 CFR 73.55, (NRC) "Personnel Access Monitor"

Title 49 CFR 173,398(b) (DOT) "Transportation Chapter I-Research and
Special Programs Administration, Standards for Type A Packaging"

2.4 EG&G Documents

EG&G Hoisting and Rigging Manual

EG&G Nuclear Material Custodian Handbook

EG&G Quality Manual

EG&G Safety Manual

INEL Welding Procedures Specification Manual
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3. PROCESS DESCRIPTION

This section contains a description of the baseline process, shown on
Sketch 3, for the "MI-2 Fuel Recovery Plant (FRP). This process was
selected to provide a safe and economical method to dispose of the wastes
and recover and account for the fuel contained within the core. For a
discussion of alternative processes see Section 5.

3.1 General Considerations

The objectives of the proposed work are to dispose of the core in a
safe manner in a form that would be acceptable for long term storage and to
account for the uranium and plutonium that exist in the core. The baseline
process that is discussed in the following sections 1s designed to achfeve
these objectives and additionally to recover the uranfum and plutonium in
the core material.

The process is similar to a typical PUREX (Plutonium Uranium Reduction
Extraction) process. The core material is dissolved, and the extractfion
cycles remove f ssion products from the uranium and plutonium. Fission
products are solidified into a solid form; plutonium is seperated from the
urnanium and recovered as a byproduct.

Calculations of the process performance have been made using the
SEPHIS (Solvent Extraction Process Having Interacting Solutes) computer
program. The SEPHIS program was developed at Oak Ridge National Laboratory
specifically for analysis of the PUREX process. Results of preliminary
SEPHIS calculations for the baseline process are contained in Appendix C.

"re flowsheet is divided into seven sections which are composed of
Jnit operation modules. Modules may be added to or deleted from the
baseline process as necessary to achieve desired objectives in an
ecopomical manner. The process sections are the (1) head end operations,
(2) first cycle extraction, (3) second cycle extraction, (4) solvent
cleanup, (5) Viquid waste treatment, (6) solid waste treatment, and
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(7) off-gas treatment. Each of these sections, with their unit operation

modules, will be discussed in the following sections.

3.2 Head End Treatment

The head end consists of a shredder, dissolver, accountability and

feed adjustment tanks, and off-gas treatment.

3.2.1 Waste Receiving

The TMI-2 core will be shipped to the INEL site in 12 in. diameter by
14 ft long stainless steel canisters. The canisters will be stored in the
TAN-607 storage pool. The canisters will be transferred to a shredder to

begin the processing operations.
3.2.2 Shredder

The core material contained in the canisters will be mechanically
shredded into 0.5-2.0 cm sq. pieces. The shredding operation breaks up
large pieces of the core and increases the surface area to enhance the
dissolution rate. The off-gasses generated during shredding may contain up
to 10% of the gaseous fission products (I, Kr, Xe) and must be routed to

the waste gas treatment system.
3.2.2 Dissolver

The dissolver operates in a batch mode. A dissolution time of
8 hr/batch is anticipated with one canister being processed every 80 hours.

In the dissolver, nitric acid is used to dissolve the uranium and
plutonium oxides and the soluble fission products. The shredded fuel is
placed in the dissolver with cold (room temperature), concentrated
(9-10 M) nitric acid. The fuel is added to cold acid to prevent foaming.
Steam is injected to bring the mixture up to operating temperature (80°C).
The condensate from the steam reduces the acid concentration to about
8 M. Dissolution proceeds at a fairly high rate; essentially all of the
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uranium oxide should be dissolved at the end of two hours. The PuO2 and
soluble fission products should be dissolved at the end of five hours. The
acid is continuously circulated by an afr 1{ft to assure adequate mixing.

Heat is released as the oxide fuel dissolves. This heat of
dissolution will have to be removed either by an external heat exchanger or
by cooling coils that form an integral part of the dissolver. Gadolinium
nitrate (Gd(N03)3) will be added to the dissolvent for criticality
control. Gases generated during dissolution will contain gaseous fission
products and nitrogen oxides. These gases will be routed to the off-gas
system for adsorption and cleanup.

After dissolution, the fuel solution is drained from the dissolver and
centrifugally filtered to remove small particles of undissolved cladding
and fission products. The undissolved debris and cladding hulls that
remain in the dissolver are washed, removed, air dried, and stored unti)
they can be treated for final disposal.

If desired, the debris remaining in the dissolver may be completely
dissolved. This alternative is discussed in Section 5.

3.2.4 Accountability and Feed Adjustment Tanks

The amount of uranfum, plutonium, and fission products that have been
dissolved from the core material will be measured and sampled for chemical
analysis in an accountability tank.

The debris that is removed from the dissolver will also be analyzed
for uranfum, plutonfum and fission product content. The analysis may be
conducted in various ways such as chemical analysis, passive gamma
counting, or neutron interrogation. Neutron interrogation and delayed
neutron counting will probably be the preferred method used in this
analysis. The analytical methods used to assay the concentrations of these
materfals will be accurate to within < ¢ 10%.
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After analysis, the dissolver solution is transferred to the feed
adjustment tank. Water and nitric acid will be added to the solution to
obtain the desired uranium and nitric acid concentrations for feed to the
first cycle. The process feed tank is capable of holding several days
inventory of process feed solution. This allows mixing of several

dissolver batches to ensure process solution homogeneity.

3.3 First Cycle Extraction

The first extraction cycle consists of a 16 stage extractor, a

24 stage stripper, and an evaporator.
3.3.1 Extractor

A sixteen stage extraction unit is provided for the first cycle
extraction. The extractant is 30% by volume TBP in n-dodecane. A 3 M
nitric acid scrub is used to separate the fission products from the uranium
and plutonium. The fission products remain in the aqueous phase while the
uranium and plutonium are selectively extracted into the organic phase.
The aqueous feed from the head end dissolution enters the extractor at
Stage 8. The extractant enters at Stage 16 and the acid scrub enters at
Stage 1. The organic product containing the uranium, plutonium, and a
small fraction of the fission products, leaves from Stage 1 and is fed to
the stripper. The aqueous waste, containing the fission products and a
small amount of uranium and plutonium, leaves at Stage 16 and is routed to
the waste solidification facility.

3.3.2 Stripper

The uranium and plutonium are removed from the organic phase by
stripping with dilute nitric acid. The stripper consists of two units
having 16 and 8 stages, respectively. Two units are necessary to avoid
problems with plutonium polymer formation.
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Plutonium IV ion (Pu") can, at low hydrogen fon (H’)
concentrations, react with water to form plutonium hydroxide (PuOH’3)
which polymerizes. This plutonium polymer is insoluble in aqueous
solutions and deposits as a sticky coating on tank walls, in pipes and
pumps. Accumulation o‘ this polymer can lead to severe criticality
problems. The hydrogen ion concentration (acidity) of the solution must be
kept high to prevent polymer formation. At 25°C, the acid concentration
must be kept above 0.3 M to ensure that no plutonium polymer is formed.

Ir the first stripper unit, with 16 stages, a 0.4 M nitric acid
so'ution is used. About 75% of the uranium and essentfally all of the
plutonium s removed from the organic phase in the first unit. In the
second 8 stage unit a 0.01 M nitric acid solution is used to remove the
remainder of the uranium from the organic phase. With this two unit
arrangement the aqueous plutonium-bearing stream will have a hydrogen ion
concentration of greater than 0.3 M.

3.3.3 Evaporator

The two aqueous streams from the stripper are combined, concentrated,
and adjusted prior to entering the second cycle extraction step.

The aqueous strips are combined, decanted, steam stripped to remove
traces of TBP, and fed to the evaporator feed tank. The flow rates from
the two strippers are such that the acid concentration will usually remain
at cr above 0.3 M. During of¢ specification conditions, it may be
necessary to add a small amount of nitric acid to the tank to maintain the

recu‘red acid concentration.

The solution from the feed tank is concentrated in a steam heated
evaporator. The distillate is essentially water. The concertrate contains
all the uranium, plutonium, and nitric acid that were recovered in the
first cycle extractor and stripper.
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After evaporation, the nitric acid concentration is adjusted to the
proper value by adding a small amount of concentrated nitric acid. The

adjusted solution is then fed to the second cycle extractor.

3.4 Second Cycle Extraction

The second extraction cycle consists of a 16 stage extractor followed
by an 8 stage partitioner, uranium stripper, and plutonium glovebox.

3.4.1 Extractor

The second cycle extractor is similar to the first extractor and
consists of 16 stages, scrubbed by 3 M nitric acid, and uses 30% by volume
TBP in n-dodecane as the extractant. As in the first cycle, feed enters
Stage 8, scrub enters Stage 1, and extractant enters Stage 16, while
organic and aqueous products are removed from stages 1 and 16,
respectively. The organic stream contains the majority of the uranium and
plutonium, while the aqueous stream contains small amounts of uranium and
plutonium plus the fission products that were not removed in the first
cycle. The organic product is fed to the partitioner, and the aqueous
wastes are routed to the waste treatment area.

3.4.2 Partitioner

The uranium is separated from the plutonium in the partitioner by
reducing the Plutonium IV ion (Pu+4) to non-extractable Pu III (Pu+3)
by ferrous ion (Fe+2). The reduction of Pu IV with ferrous ion is
essentially instantaneous in the aqueous phase. The plutonium enters the
aqueous phase as Pu III and the uranium remains in the organic stream.

Sulfamate ion (SO3NH2-1) is added to prevent re-oxidation of Pu III

to Pu IV by nitrite (NOz-l) ion. The aqueous scrub is 3 M nitric

acid. The high nitrate concentration acts as a salting agent to prevent
the uranium from leaving the organic phase. The organic stream from the
partitioner is fed to the uranium stripper; the aqueous strip containing
the plutonium and some uranium is fed to the plutonium extraction facility.
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3.4.3 Uranium Stripper, Evaporator and Calciner

The organic stream from the partitioner is stripped with 0.01 M
nitric acid. Low concentration acid can be used in this stripper since the
plutonium was removed in the partitioner and poses no polymer formation
problems.

After stripping, the aqueous solution, containing the uranium is
decanted, steam stripped and concentrated in an evaporator. The
concentrated and purified uranyl nitrate-nitric acid solution is then fed
to a calciner to produce the final UO3 product. The UO3 product will
be blended, sampled, and we:ghed for accountability prior to removal for
storage. Water and nitric acid from the evaporator and calciner are
collected and treated for re-use in the process.

3.4.4 Plutonium Extraction Facility

The aqueous plutonium-uranium solution from the partitioner is routed
to the Pu extraction facility for final cleanup of the plutonium. The
uranfum §s removed from the plutonium in ion exchange columns. The uranium
is recovered from the columns during regeneration and recycled to the
second cycle feez The plutonium is further purified in an oxalate
precipitation step. The plutonium oxalate is filtered, dried, and calcined
to give the final plutonfum oxide product. The plutonium product will be
blended, sampled, and weighed for accountability prior to removal from the
facility. It may be possible to operate the precipitator and calciner in a
batch mode because of the low rate of plutonium accumulation.

3.5 Solvent Cleanup

Tre extractant leaving the first and second cycle strippers contains
small amounts of uran:ium and radiolysis-induced degradatinn products such
as di-butyl phosphate, (DBP) mono-buty) phosphate (MBP) ard phosphoric
acid. These contaminants must be removed before the solvent can be reused.
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The solvent is cleaned by a sodium carbonate wash followed by a weak
nitric acid strip. The sodium carbonate solution removes some of the
uranium and essentially all of the DBP, MBP, and phosphoric acid. The
remainder of the uranium and other contam<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>