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PFP S O L U T I O N  S T A B I L I Z A T I O N  

1.0 INTRODUCTION 

1.1 Background 

The Hanford Site has completed its production mission and i s  now beginning 
its new mission of environmental restoration. Part of the new mission is to 
stabilize and suitably store or dispose of all plutonium-bearing material. 

In response to this mission, the Defense Nuclear Facilities Safety Board 
(DNFSB) Recommendation 94-1, dated May 26, 1994, made recommendations that 
resulted in the generation of the Hanford Site Integrated Stabilization 
Management Plan (SISMP). This SISMP covers the stabilization and storage or 
disposal of plutonium-bearing material in inventory at the Westinghouse Hanford 
Company-operated facilities at Richland, Washington and those materials (non- 
waste) arising from terminal cleanout of Hanford Site facilities. 

For stabilization considerations, all plutonium-bearing materials at the 
Hanford Site have been grouped into categories, one of which is approximately 
4,800 liters of solutions. 

For solutions which are not discardable, the baseline plan is to utilize 
a denitration process to stabilize the solutions prior to packaging for storage, 
contingent upon the issuance of a Record Of Decision for the PFP Stabili72tion 
Environmental Impact Statement. 

The Environmental Impact Statement (EIS) is expected to recommend that the 
solutions be treated thermally and stabilized as a solid for long term storage. 

1.2 Scope 

This document addresses remediation of the 335 Kg of plutonium contained 
in 4,800 liters of solutions currently in inventory at the Plutonium Finishing 
Plant (PFP). This inventory includes: 

' Product Plutonium nitrate: These solutions are from the PRF and 
PUREX processes. This solution is contained in Product Receiver 
(PR) cans and needs no pretreatment. 

' Concentrated filtrate solution: These solutions are contained in PR 
cans. Some lab testing has indicated that these solutions may need 
pretreatment using ion exchange or some other pretreatment process 
to remove extraneous substances prior to processing. 

Flush solutions: Lab testing has also indicated that these solutions 
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may need pretreatment due to uncertain composition. These solutions 
may have elevated levels of sodium, iron, nickel, or chromium which 
may be removed using ion exchange prior to processing. 

The product form for the stabilized solutions will be plutonium oxide fired 
to the temperature (950°C) necessary to meet the DOE standard, DOE-STO-3113-94, 
for 50-year storage. 

1.3 Justification 

The intent of this project is to provide compliance with the Defense 
Nuclear Facilities Safety Board Recommendation 94-1, dated May 26, 1994 and the 
Plutonium Vulnerability Management Plan (PVMP) released by the Department Of 
Energy in March 1995. In response to the DNFSB and PVMP, Hanford established the 
SISMP for stabilization and safe storage of plutonium-bearing material. Initial 
startup of the solution stabilization phase is anticipated in July 1997. 
Stabilization of the solutions is projected to be completed in January 1999. The 
SISMP preliminary schedules show completion of stabilization processing, 
repackaging, and storage of all materials in the year 2002. 

1.4 Site Location 

The system will be installed at the PFP facility in the 200 West area of 
the Hanford Site approximately 30 miles northwest of Richland, Washington. The 
specific location of a new glovebox (230-C-2) containing the solution 
stabilization system is in Room 230C in the 234-52 Building. The work is inside 
the secure area of PFP. Installation will not disturb virgin ground. 

The processing system requires a significant amount of floor space because 
of equipment separation mandated by criticality safety considerations. The 
following specific site factors, as specified in the Location Assessment for 
Vertical Calciner, WHC-SD-CP-TI-200 (see Appendix A), were considered in locating 
the solution stabilization processing system : 

criticality safety, 

Minimization of operator exposure resulting from background 
radiation levels and vapors (as low as reasonably achievable) 
[ALARA], 

security and safeguards, 

cost of installation of new equipment, 

availability of the conveyor system for product removal, 

ease of installation of the equipment, 

' 

' 

' 

' access to storage vessel liquid retrieval station, and 

availability of plant services. 

n 
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1.5 Project Integration 

The project will be installed in PFP during the period of time that PFP is 
proceeding with implementation of 94-1 activities. This project shall coordinate 
its design and installation with the active facility and ongoing stabilization 
processes. The project shall minimize interference with the completion of other 
94-1 PFP activities or safe maintenance of the PFP facility. Physical interfaces 
are: 

The plutonium transfer line from the batch tanks located in glovebox 
227T/S 

1. 

2. Utilities and services located in room 228A and 230C 
3. Conveyor HC-3 located in room 230C 
4. Fire detection, alarm, and suppression system for PFP 
5. Liquid waste disposal drain line(s) to 2412 and/or 2432 
6. Gloveboxes HC-7C/or equivalent and HC-9B/or equivalent located in 

room 228A 
7. Glovebox HA-46F/or equivalent located in room 232 
8. Chiller equipment located in the duct level in the 234-52 Building. 

This will provide convenient tie-ins to existing utilities and the conveyor 
system for product removal. Location shall minimize interferences with other 
equipment and processes. 

Personnel required to operate the solution stabilization process/equipment 
will not require additional restrooms, changerooms, lockers, etc.. No personnel 
services are provided by this project. Personnel services within the PFP 
compound are available to personnel working on this system. 
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2.0 FUNCTIONAL DESIGN CRITERIA 

2 . 1  General Gui del i nes 

Plutonium-bearing solutions will be processed in a solution stabilization 
system designed to produce nonreactive plutonium oxide in preparation fcr dry 
storage. The system design must: 

be resistent to corrosion from nitric acid, and possible trace 
amounts of hydrochloric and hydrofluoric acid in some feeds, 

' maintain a solution feed rate of 4 liters per hour operating on 
dilute feedstock, or 600 grams per hour plutonium, operating on rich 
feedstock, 

be inherently criticality preventing under any credible conditions, 

minimize solid and liquid waste, both in hazard and quantity, 

' be modular in design to allow ready replacement of its 
subcomponents. 

0 .  

' 

2.2 Component Design Life 

The component design life will vary according to the specific components. 
Storage tanks are expected to last the length of the existing campaign. 
Components subject to thermal stresses during processing may have a 3-6 month 
operating lifespan. The design life of the heater and bearings is 6 months 
minimum with the entire operation less than 2 years. The heaters are high 
temperature performance heaters and will likely operate at their temperature 
limit. The design shall allow easy replacement of items expected to have a 
shorter operating lifespan. 

2.3 Materials 

Materials shall be compatible with the exposed radiological and chemical 
environment. Installed materials shall be resistant to radiation, process 
solutions, acid and caustic vapors and solutions. 

Materials exposed to high temperatures shall be chosen for their strength, 
thermal conductivity, resistance to corrosion, and thermal stress cracking. 
Materials exposed to high temperatures shall be fabricated from type 310 
stainless steel, or a similar stainless steel with high temperature properties. 

2.4 

operation. 

Required Avai 1 abi 1 i t y  

The solution stabilization system shall be designed for continuous 
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2.5 Operability and Maintainability 

Installation of the solution stabilization system shall provide a safe, 
efficient system for personnel to operate and maintain. The principles of human 
factors engineering shall be considered throughout the design of the 
stabilization system. Instrumentation and controls shall have the capability of 
monitoring and controlling all parameters necessary for operations. Spacing o f  
the equipment shall provide service and operational needs. The design shall 
utilize standard components that are currently utilized and readily available as 
spares. 
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3.0 PROCESS CRITERIA 

3 .1  Instrumentation and Control 

All instrumentation and controls necessary to monitor and control operation 
of the stabilization system shall be installed in the 234-52 Building. The 
process system controls will be incorporated into the computer furnace control 
system in room 230A and/or be contained in a modular unit installed in Room 230C. 

The software utilized by the controller for the operation of the calciner 
and pre-treatment operations shall be developed, acquired and used in accordance 
with WHC-CM-4-2, Quality Assurance Manual, Section QR 19.0 "Software Quality 
Assurance Requirements". The control configuration shall be documented and 
verified as described in QR 19.0. 

The software acceptance test procedure shall be performed by PFP Facilities 
Engineering personnel and the results documented in an Acceptance Test Report. 
Functional field tests and an Operational Test Procedure shall exercise all 
hardware and software components utilized in the performance o f  the process with 
the results demonstrating acceptance performance reported in a WHC Supporting 
Document. 

3.2 Piping and Vessels 

Piping and tubing will be stainless steel material. Vessels will be of 
corrosion resistant materials such as glass or stainless steel. Feed tanks will 
be made of glass to meet the main safety criteria for visual inspection of the 
feed for a separate organic phase. 

3.3 General Process 

The solution stabilization system will be used to convert plutonium 
nitrate/filtrate/flush solutions into a stable, storable plutonium oxide powder. 
The conversion is accomplished by a denitration based system as described in the 
Technical Assessment o f  the PFP Vertical Denitration Calciner, WHC-SD-CP-TA-309 
(See Appendix B), which separates the plutonium out of the solutions and 
stabilizes the residue at a temperature of nominally 1000°C. Depending on the 
feed quality the following two processing options are available: 

' direct denitration without any pre-treatment, 

pre-treatment of the feed by ion exchange or EIChrom processes 
followed by direct denitration of the plutonium. 

The solution stabilization process strategy used will minimize introducing 
additional chemicals into the system. 

3.4 General Mechanical Processes 

, o  

The overall solution stabilization system is designated Safety Signifjcmt 



WHC-SD-CP-FDC-003, Rev 0 
Page 10 of 21 

(old Safety Class 3)  and consists of a series of gloveboxes housing tanks, 
reactors, scrubbers, columns, pumps, and piping interconnected by encased Pu feed 
and return lines, and chemical lines. These gloveboxes are attached to PFP 
utility services, the PFP fire protection system, and the PFP ventilation 
systems. 

The individual basic processes to be performed are the transfer, 
pretreatment, and conversion processing of plutonium-bearing solutions. 

The transfer process includes transfers of: 

Pu feed stored in shipping/storage containers (PR cans or L-10 type 
containers) in Hood HC-227T to tanks in glovebox HC-227S, 

Pu nitrate solutions from Glovebox 227s to the pretreatment process 
located in glovebox HC-7C/or equivalent and to the new conversion 
glovebox in room 230C, 

Pu nitrate from the pretreatment process to the conversion glovebox, 

' liquid wastes from the processes to the storage tanks in 241-2 
through the existing PFP waste system (required tie-ins will be 
included as a part of the project), 

chemical transfers from the chemical makeup area in 234-52 to the 
required locations (required tie-ins will be included in the 
project). 

' 

The pre-treatment process will be an ion exchange or EIChrom process 
consisting of glass tanks, pumps, piping and existing equipment located in HC- 
7C/or equivalent and support equipment in gloveboxes HC-9B and HA-46F (or 
equivalent). 

The conversion process will convert the Pu nitrate solution into a solid 
that is directly suitable for storage or may require additional thermal 
processing to meet storage specifications. 

The major process components of the system are: 

A closed loop cooling system capable of handling the induced heat 
loads of the process. 

Two gloveboxes to independently house the conversion process 
components (a new glovebox provided by PFP) and the pretreatment 
components located in an existing glovebox (HC-7C). 

An encased Pu transfer line from glovebox 227s to the pretreatment 
and the conversion process gloveboxes including valving and 
hydrotest capabilities. 

n I. -.- .. 
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Ion exchange columns and support tankage and pumps in the 
pretreatment glovebox. Maximum reuse of existing equipment is 
encouraged. 

A conversion system, thermal based, to convert the Pu nitrate t o  a 
sol id including scrubbers, product collectors, separators, run 
tankage and waste collection equipment. 

The system will be secured to preclude the contents from contributing to 
an on or'offsite release in the event of a DEE. 

If the system utility requirements are in excess o f  the PFP utility 
capabilities the project will make the necessary upgrades to provide a fully 
functional system 

4.0 FACILITY CRITERIA 

4 . 1  Architectural and Civil/Structural 

N/A 

4.2 Ventilation 

Ventilation for gloveboxes utilized in the process shall exhaust to the 
291-2-1 stack through two existing testable HEPA filtration stages. In addition 
a HEPA filtration stage will be installed at the glovebox discharge point for new 
gloveboxes being installed. The ventilation of the gloveboxes is Safety 
Significant (old Safety Class 3)  until the first set of testable filters in the 
duct level. There are no changes being made to the HEPA filters which are Safety 
Class (old Safety Class 1) .  Glovebox supply air will be provided by connecting 
to the existing Remote Mechanical (RMC), ventilation system. Room ventilation 
requirements are unchanged. An evaluation will be required to ensure the 
existing supply air drawn into the gloveboxes from the room through HEPA f:lters 
by the glovebox negative pressure will provide sufficient air flow to maintain 
air temperatures within process and fire protection requirements. All nuclear 
grade filtration equipment and components will be constructed to American Society 
of Mechanical Engineers (ASME) N509 and tested to requirements of ASME N510. 

4 .3  Utilities 

Utility support services which are available or can be made available are: 

Chiller water in and out, 
Chemical solutions in, 

Feed system in (encased line from glovebox HC-227s to new conversion 
process glove box and pretreatment glovebox), 
26" -Hg. process vacuum line and/or a new vacuum system, 
Instrument/process air in, 

O Liquid waste system out, 

mn .. 
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17" vacuum system for CAMs/or new CAM exhaust system. 

Except for installing a self-contained chilled water supply unit in the 
duct level, if required, all the utility support services above only entail 
piping connections to existing plant headers and drains. 

Utility support services shall comply with Glovebox Fire Protection 
Standard. 

4.3.1 Electrical 

The power for the stabilization unit and its related equipment shall be 
normal power only, supplied from building power panels located in the 
project area. 

The electrical design shall be in compliance with the 1996 edition of the 
National Electrical Code (NFPA 70). 

4.3.2 Lighting 

The lighting for the stabilization unit installation and operation will be 
provided by the existing building lighting system. Any additional task 
lighting will be determined and added by definitive design. Temporary 
lighting for construction will be provided on an as needed basis. 

4.4 Communications Systems 

Communications will be installed in the Room 230C operating area, as 
required. These will include a Private, Automatic Exchange (PAX) phone for 
internal use, and a public telephone, and a tie-in to the PFP TOA talk-box 
sys tern . 
4.5 Automatic Data Processing 

Any.automatic data processing desired will be incorporated into the system 
operating control system, as required. Data removal will be by diskettz for 
subsequent analysis. 

4 . 6  Energy Conservation 

N/A 

4.7  Maintenance 

The stabilization system will be designed to permit routine maintenance 
activities and reduce the need for specialized equipment wherever practical and 
cost effective. The system shall minimize exposure to hazardous or radioactive 
environments. ALARA practices shall be used in all maintenance activities. 
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5.0 GENERAL REQUIREMENTS 

5.1 Safety 

5.1.1 Criticality 

The system shall be designed, fabricated and operated to remain 
sub-critical. Since there is a potential for critical concentrations of 
fissile material in the system a criticality analysis shall be prcvided. 
All equipment, vessels, and piping shall be geometrically favorable to 
prevent criticality. Program/project designs shall conform to the 
requirements listed in WHC-CM-4-29, Nuclear Criticality Safety Manual, 
Section 2.0. 

Criticality prevention is maintained by: geometrically favorable process 
equipment, spacing the stabilization processing equipment appropriately 
inside the gloveboxes with adequate separation between components and 
piping. A criticality drain shall be properly sized and installed in the 
bottom of the gloveboxes (no sumps) to meet OSR limits on the amount of Pu 
in the gloveboxes. All criticality design parameters shall be defined in 
the Criticality Safety Evaluation Report (CSER) that shall be developed in 
conjunction with the equipment design. 

5.1.2 Safety Analysis 

The current PFP Final Safety Analysis Report (FSAR) provides the release 
analysis and limits for plutonium possession in the facility. The 
addition of the stabilization process does not change the possession 
limits. Criticality limits to be applied to the project do not affect the 
PFP FSAR accident bases. The survival of the glovebox(es) to a Design 
Basis Earthquake (DBE) assures no addition o f  plutonium to the 
environmental release beyond that previously analyzed in the accident 
scenarios. Descriptive changes to the text of chapters 5 and 6 of the 
FSAR shall be completed by PFP personnel prior to acceptance of the 
completed project. 

The inclusion of criticality drains will require the addition of the 
drain(s) to the PFP Operational Safety Requirement (OSR) WHC-SD-CP-USR-010 
documentation. This shall be completed prior to acceptance o f  the 
project. 

5.1.3 Contamination Control 

Contamination control will be in accordance with PFP procedures. An 
additional source of vacuum to support continued operation of the 
continuous air monitors (CAMS) will be provided when the 17" vacuum is 
inoperable. 
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5.1.4 Shielding 

Where necessary, shielding shall be provided to reduce personnel radiation 
exposure levels to ALARA as governed by 10CFR835, "Occupational Radiation 
Protection" and DOE/EV/1830.T5, "A Guide t o  Reducing Radiation Exposure to 
As Low As Reasonable Achievable (ALARA)". 

5.1.5 Industrial Safety 

Hazards involved in this project will be eliminated or reduced through 
implementation of the WHC Safety and Health Standards, procedures and 
policies, WHC-CM-1-10 Safety Manual.  In addition to common construction 
hazards, work involving electrical circuits will be in accordance with 
section 15 "Electrical Work Safety" and section 16 "Electrical 
Installation Safety" of the Safety Manual. As part of the PFP readiness 
assessment a job hazard walkdown shall be performed by PFP Industrial 
Safety Engineers. 

5.1.6 Industrial Hygiene 

The design and construction shall assure compliance with applicable 
industrial health and safety standards (29 CFR's 1910 and 1926), WHC-CM-4- 
40 and WHC-CM-1-11, and the most recent consensus standards applicable to 
occupational safety and health (e.g. ACGIH Threshold Limit Values for 
Chemical Substances and Physical Agents and Biological Exposure Indices) 

5.1.7 Fire Protection 

Glovebox fire protection systems shall be designed in accordance 
with DOE/RLID 5480.7, "Fire Protection"; Glovebox Fire Protection 
Standard, Draft Report, prepared for U.S.  Department of Energy by 
Westinghouse Hanford Company, March 1993; and applicable NFPA standards. 

5.1.8 Traffic Safety 

No traffic modifications are envisioned as part of this project. 

5.2 Environmental Protection and Compliance 

A Notice of Construction (NOC) shall be prepared and submitted to the 
Washington State Department of Health prior to operation of the solution 
stabilization system. All work that will be performed that has the possibility 
o f  radiological or non-radiological emissions shall be brought to the attention 
of the PFP air emissions engineer. 

All liquid waste that is anticipated or generated during solution 
stabilization shall be reviewed by the PFP liquid effluents engineer. 

All solid waste that will be generated during installation and operation 
of the solution stabilization equipment shall be reviewed by the PFP solid waste 

Tl  .. _, 
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engineer. 

Tanks and piping systems designed for waste disposal will be reviewed by 
PFP Environmental Engineering to ensure compliance with applicable requirements 
of the Resource Conservation and Recovery Act (RCRA). 

National Environment Pol icy Act (NEPA) documentation shall be prepared and 
approved prior to installation and operation of the solution stabilization 
system. The Plutonium Finishing Plant Stabilization Environmental Impact 
Statement will be the NEPA documentation for the operation of the solution 
stabilization system. Installation of the solution stabilization system will 
need to be reviewed for the appropriate level of NEPA documentation. 

The cultural resource review has been completed. The Memorandum o f  
Agreement to mitigate the historical significance documentation for the Plutonium 
Finishing Plant complex has been approved by the Department o f  Interior. 

5.3 Safeguards and Security 

The processing o f  Special Nuclear Material requires physical protection as 
outlined in the Department of Energy orders, DOE 5632.1C "Protection and Control 
Of Safeguards and Security Interests". 

The 94-1 Stabilization Pro jec t  Vulnerability Risk Analysis, WHC-96-00015, 
was performed using the DOE approved theft and sabotage scenarios. With the 
addition o f  the following security upgrades, the Risk Analysis determined that 
the physical protection o f  room 230-C is acceptable for the stabilization 
process. The security boundary limits are defined by the following: 

the South walls and doors of room 227, 228A,B,C, 230A,B,C, and that 
portion of the south wall of 2358 which adjoins Rooms 234 and 234A, 
the West walls and doors of rooms 230C, and 2358, 

the East wall of room 227. 

O 

' the North walls and doors of 2358, 230A,B, 228A,B,C, and 227, 

The security upgrades required for 230-C but not part of this project 

The interior of the room will be monitored by volumetric intrusion 
sensors. These sensors will detect any unauthorized access to the target 
materials within the room. 

Doors 638 and 639 will be monitored by Balanced Magnetic Switch 
(BMS) sensors to detect unauthorized use of these doors. 

Closed Circuit Television (CCTV) cameras will be used for 
surveillance o f  target areas. A Security Police Officer will be 
dispatched to assess sensor alarms. 

Authorized access into this area will be controlled by a positive 

consist of the following: 
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identification device (a hand geometry unit) that will require a "two 
person rule". The two person rule requires that at least two 
knowledgeable people in the Personnel Security Assurance Program are in 
the area when work is in progress. 

5.4 Natural Forces 

The PFP Facility is a Hazards Class 2 facility. The gloveboxes and process 
that is installed by this project will deal with Category 1 quantities of fissile 
material. The PFP FSAR, WHC-SD-CP-SAR-021, contains restrictions on the 
quantities of Plutonium that may be released in a seismic event. Other natural 
phenomena events do not effect the accident analysis contained in the PFP FSAR. 
The glovebox(es) containing the plutonium bearing equipment shall be restrained 
to survive a DBE of 0.29 as described in the FSAR. The equipment in the 
glovebox(es) that could jeopardize the confinement capabilities of the 
glovebox(es) shall be restrained. The gloveboxes are classified as Safety 
Significant equipment but the analysis method applied for the determination of 
restraint requirements shall be of the same type as applied to Safety Class 
equipment. Supporting equipment external to the glovebox(es) shall not impact 
the integrity of the glovebox(es). All other equipment shall be secured as 
required by the UBC in effect at the time of construction. The project is within 
the analyzed bounds of the PFP Authorization Basis. 

5.5 Design Format 

Drawings that interface with existing PFP facility drawings shall provide 
traceability to these existing drawings by identifying the affected WHC drawings 
in accordance with WHC-CM-6-3, D r a f t i n g  Standards Manual. 

Modifications which affect the accuracy or completeness o f  any Essential 
Drawing identified in WHC-SD-CP-TI-125, PFP Essen t ia l  and Support Drawing L i s t ,  
shall require that revision o f  the affected Essential Drawing be completed by the 
Project. 

Equipment Component Identifier numbers designated for new equipment shall 
be defined in accordance with WHC-SD-CP-RD-024, Component I d e n t i f y i n g  Standard 
f o r  t h e  PFP. 

5.6 Quality Assurance 

Quality Assurance and Quality Control services shall be provided for design 
specification, design media, materials procurement, fabrication, installation and 
acceptance testing activities. Requirements imposed by and derived from 
10CFR830.120 shall be implemented using a graded approach to assure that customer 
requirements are met and that the final installation will perform as the 
designers intended. 

These Reviews, Inspections, and other Oversight services shall be 
supplemented with any additional services defined by the designers and 
fabricators as being essential to assuring the success of their efforts. 
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5.7  Decontamination and Decommissioning 

The system shall be designed to limit dispersion of radioactive materials, 
and facilitate decontamination and decommissioning or reuse. All readily 
accessible surfaces should be finished (ground, polished, painted with Amercoat, 
etc.) to facilitate decontamination. Components should be designed for easy 
disassembly using common tools, to the extent practical. Disassembled components 
should be small enough to be easily handled using sealouts and compact enough to 
fit in some disposal package such as  a 55 gallon drum. 

5.8 Operating Personnel and Services 

A control operator interface will provide all process parameters and 
controls to an individual location, as much as practical. This location will be 
within view of the conversion glovebox for security reasons but in a location to 
limit personnel exposure to As Low As Reasonably Achievable (ALARA). The 
establishment of radiological areas within the room that would allow for access 
to the workstation without Personal Protective Equipment (PPE) shall be 
considered in determining placement. The interface/workstation shall be 
ergonomically correct and shall be sealed to allow for easy decontamination. 

All valves should be positioned such that the valve can be seen during 
manipulation. All equipment must be accessible from glove ports to allow for 
maintenance. As much as possible, valving shall be consolidated in a minimal 
number of gloveboxes to expedite operations. 

The solution stabilization glovebox shall have a seal-in/seal-out port 
large enough to support parts replacement of equipment plus additional means for 
introduction of small equipment (sphincter port). 

Both PAX and normal phone lines shall be present at the control 
interface/workstation. Computer Local Area Network (LAN) access shall be 
evaluated and determined by PFP Process Engineering. 

5.9  Testing 

The stabilization system will be tested with cerium nitrate which is the 
standin material for plutonium nitrate. This non-radioactive material allows for 
easy correction of deficiencies that would not be possible with the use of 
Plutonium nitrate. This is part of the Acceptance Test Procedure 
(ATP)/Operational Test Procedure (OTP) phase of acceptance testing. 
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6.0 CODES AND STANDARDS 

In general, applicable Occupational Safety and Health Administration 
standards, and the "national consensus" codes and standards as developed by such 
organizations as the American Society of Mechanical Engineers, and the American 
National Standards Institute shall be used. 

The design and construction o f  the stabilization system shall comply with 
the current versions of the following codes and standards: 

' American Conference of Government Industrial Hygienists (ACGIH) 

' American Society of Mechanical Engineers (ASME) 

Environmental Protection Agency (EPA) 

Institute o f  Electrical and Electronics Engineers (IEEE) 

a Instrument Society of America (ISA) 

National Fire Protection Association (NFPA) 

National Electrical Code (NFPA 70) 

National Environmental Policy Act (NEPA) 

National Emissions Standards and Hazardous Air Pollutants (NESHAP) 

Resource Conservation and Recovery Act (RCRA) 

' Uniform Building Code (UBC) 

All applicable DOE orders and standards in effect at the start of the 
design and all Federal, State, and local laws and regulations shall apply to the 
extent specified in S/RID (WHC-SD-MP-SRID-003). 

6 . 1  U.S. CODE OF FEDERAL REGULATIONS AND STATE LAWS 

10 CFR 830.120, "Nuclear Safety Management Quality Assurance". 

10 CFR 835, "Occupational Radiation Protection". 

' 29 CFR 1910, "Occupational Safety and Health Standards". 

' 29 CFR 1926, "Safety and Health Regulations for Construction". 

' 40 CFR 262, "Standards Applicable to Generators of Hazardous Waste". 

' Washington Administrative Code (WAC) 173-303-170, "Dangerous Waste 
Regul ati ons" . 
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6.2 U.S. DEPARTMENT OF ENERGY - HEADQUARTERS 
' Department of Energy DOE-STD-3013-94, "Criteria for Safe Storage of 

Plutonium Metals and Oxides". 

Department o f  Energy DOE/EV/1830.T5, "A Guide to Reducing Radiation 
Exposure to As Low As Reasonable Achievable (ALARA)". 

' Department of Energy DOE/EM/0199, "Plutonium Vulnerability 

' Department of Energy Order 5632.1C, "Protection and Control Of 

- Management P1 an". 

Safeguards and Security Interests". 

6.3 U.S. DEPARTMENT OF ENERGY FIELD OFFICE, RICHLAND 

Department o f  Energy-Rich1 and Operations Order RL HSRCM-1, "Hanford 
Site Radiological Control Manual". 

' Department of Energy-Richland Operations Implementing Directive 
(RLID) 5480.7, "Fire Protection". 

' Department of Energy-Rich1 and Operations Implementing Procedure 
(RLIP) 4700.1A, Attachment V-1, "Functional Design Criteria". 
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8.0 ACRONYMS AND ABBREVIATIONS 

As Low As Reasonably Achievable 
Balanced Magnetic Switch 
Continuous Air Monitor 
Closed Circuit Television 
Criticality Safety Evaluation Report 
Design Basis Earthquake 
Defense Nuclear Facilities Safety Board 
Department of Energy 
Final Safety Analysis Report 
High Efficiency Particulate Air 
Local Area Network 
Notice of Construction 
Operational Safety Requirements 
Private Automatic Exchange 
Plutonium Finishing Plant 
P1 utonium Reclamation Facility 
Personal Protective Equipment 
Pressure Reducing Valve 
P1 utoni um 
Plutonium Vulnerability Management Plan 
Remote Mechanical C 
Supplemental Design Requirement 
Site Integrated Stabilization Management Plan 
Westinghouse Hanford Company 
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p a r t  o f  the 94-1 DNFSB recornendation. The recomnended l o c a t i o n  would 
be a new glovebox t o  be i n s t a l l e d  insidle Room 230-C i n  the Plutonium 
f i n i s h i n g  Plant (PFP). 

Possible loca t ions  i n s i d e  PFP were examined f o r  i n s t a l l i n g  a 
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1.0 EXECUTIVE S U W R Y  

The poss ib le  loca t ions  f o r  a v e r t i c a l  ca lc iner  i n  the  Plutonium F in ish ing  
P lan t  (PFP) 234-52 b u i l d i n g  were i d e n t i f i e d  and compared. 
determined t h a t  a new glovebox i n  room 230C i s  the  bes t  l o c a t i o n  f o r  the  
v e r t i c a l  c a l c i n e r  based on the assumptions and weighing f a c t o r s  as described 
i n  t h i s  repor t .  

Th is  assessment 

2.0 INTROWTION 

Plutonium bear ing process so lu t ions  a t  the Plutonium F i n i s h i n g  P lan t  (PFP) 
need t o  be s t a b i l i z e d  f o r  long term storage. A v e r t i c a l  c a l c i n e r  (see Figures 
1 and 2 f o r  a process f l o w  diagram and a block schematic o f  the system) w i l l  
use a d i r e c t  d e n i t r a t i o n  process t o  s t a b i l i z e  t h i s  mater ia l .  The Plutonium 
Process Support Laboratory (PPSL) has a p i l o t  scale v e r t i c a l  c a l c i n e r  t h a t  has 
completed c o l d  t e s t i n g  and i s  now undergoing ho t  t e s t i n g  w i t h  so lu t ions  from 
the PFP. Approximately 15 L o f  rad ioac t ive  !;elution have been fed  t o  the  p i l o t  
scale v e r t l c a l  ca lc iner  as o f  January 1996 w i t h  minor observable process 
problems. 

The purpose o f  t h i s  l o c a t i o n  assessment i s  t o  study poss ib le  l o c a t i o n s  f o r  the 
product ion scale v e r t i c a l  ca lc iner  a t  the PFP and g i v e  recommendations as t o  
which l o c a t i o n  should be used. 

3.0 SCOPE AN0 ASSUKPTIONS 

The 94-1 so lu t ions  t o  be processed i n  the v e r t i c a l  c a l c l n e r  Include the 
f o l  low1 ng: 

1) Product Plutonium n i t r a t e  s o l u t i o n  from the  Plutonium Uranium 
Ext rac t ion  F a c i l i t y  (PUREX) and Plutonium Reclamation F a c i l i t y  
(PRF) processes. This so lu t ion  i s  contained i n  Product Receiver 
(PR) cans (100 items w i t h  250 kg t o t a l  Pu) and needs no 
pretreatment. 

Concentrated f i l t r a t e  so lu t ion  contained i n  PR cans (180 items 
with 40 kg t o t a l  Pu). 
ind ica ted  t h a t  these solut ions H i l l  need pretreatment by i o n  
exchange t o  remove the potassium (which cou ld  a f f e c t  the q u a l i t y  
o f  the  ca lc ine  produced) p r i o r  t o  sending t h e  s o l u t i o n  t o  the 
ca lc iner .  

Flush so lu t ions  contained i n  PR cans and L-10 t ype  containers (150 
items w i t h  50 kg t o t a l  Pu). Laboratory t e s t i n g  has a lso  ind ica ted  
t h a t  these so lu t ions  w i l l  probably need pretreatment due t o  
uncertain composition. These so lu t ions  have unacceptably high 
l e v e l s  of sodium, i ron,  n icke l ,  o r  chromium, which would be 

2) 
Laboratory techn ica l  eva lua t ion  has 

3) 
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removed by i o n  exchange before processing the  s o l u t i o n  through the 
ca lc iner .  
designed and operated t o  r o u t e  uranium i n  those f l u s h  items 
containing uranium t o  the  pluton.lum r i c h  e luant  stream. 

Poten t ia l  loca t ions  f o r  pretreatment are p a r t i a l l y  constrained by the  l o c a t i o n  
o f  the  v e r t i c a l  ca lc iner .  
ca lc iner ,  the  se lec t ion  process d i d  no t  precYude any areas where the  
pretreatment process may be located. 

The i o n  exchange pre--fireatmerit systen w i l l  probably be 

I n  t h i s  l o c a t i o n  iissessment f o r  t h e  v e r t i c a l  

Figure 3 has po ten t ia l  loca t ions  f o r  the veri.ica1 c a l c i n e r  and t h e  
pretreatment process. The d e t a i l s  and loca t ions  f o r  the  pretreatment process 
cannot be defined u n t i l  addi t ional  labora tory  t e s t i n g  i s  done on pretreatment 
methods. 
made on whether pretreatment i s  required and what u n i t  operations are 
recommended. 

The d r a f t  Environmental Impact Statement (E15) recormnended t h a t  the above 
so lu t ions  be t rea ted  thermal ly and s tab i l i zed ;  t o  a s o l i d  f o r  long  term 
storage. The d r a f t  E I S  d i d  not recomnend any s p e c i f i c  l o c a t i o n  o f  the  
t reatment f a c i l i t y .  

The gloveboxes i n  the PRF area were no t  considered as p o t e n t i a l  s i t e s  f o r  the 
v e r t i c a l  c a l c i n e r  process as the projected le rmina l  Clean Out (TCO) o f  t h a t  
area w i l l  be performed a t  the same t ime as the pro jec ted  operat ion o f  the  
v e r t i c a l  ca lc iner .  The gloveboxes i n  the Remote Mechanical A (RMA) l i n e  were 
not considered a po ten t ia l  s i t e  f o r  the v e r t i c a l  c a l c l n e r  process due t o  very 
h igh  dose ra tes  i n  most o f  the RMA l i n e  area. Those areas t h a t  are accessible 
(RMA f a b r i c a t i o n  area - rooms Z35B and C )  contain on ly  gloveboxes t h a t  are 
being used f o r  other processes w i t h  the exception o f  glovebox HA-I9 which i s  
too  small f o r  v e r t i c a l  ca lc iner  i n s t a l l a t i o n .  

The gloveboxes i n  rooms 230A, B, and C (RMC l i h e  f a b r i c a t i o n  area) were no t  
considered f o r  v e r t i c a l  ca lc iner  i n s t a l l a t i o n  as they are being used f o r  other 
processes (thermal s t a b i l i z a t i o n  i n  muf f le  furnaces, e tc . ) .  (Glovebox HC-60 
i s  i n  standby condi t ion f o r  caust ic hydro lys is  processing.) 

The gloveboxes i n  the RMC Line were evaluated as a p o t e n t i a l  s i t e  f o r  the  
v e r t i c a l  c a l c i n e r  process (preferred due t o  one a d d i t i o n a l  w a l l  between the 
process area and the non-radiological area f o r  containment cont ro l  i n  the  case 
o f  an abnormal occurrence). Also, the  RMC L ine  process area was r e c e n t l y  
operated (1988 - 89) f o r  metal production. 

The scope o f  t h i s  document i s  t o  evaluate the  i d e n t i f i e d  gloveboxes from the 
areas discussed above. 
necessary space (approximately 6 f e e t  h igh  by 11 f e e t  long  by 3 f e e t  wide) t o  
accomnodate the c a l c i n e r  and the associated process equipment. 

The v e r t i c a l  ca lc iner  i s  4 fee t  6 inches t a l l  w i t h  a d d i t i o n a l  clearances f o r  
maintenance and has a diameter o f  6 inches, nominal, 16 inches w i t h  

This information i s  no t  expected before March 1996 and decis ions 

These gloveboxes have been i d e n t i f i e d  as having the 
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insulation. The remaining tanks are 6 inches in diameter with the following 
length for each one: feed receivlng tank 24 to 30 inches, feed pump tank 24 to 
30 inches, flush tank 12 inches, scrubber waste tanks 6 feet, and vacuum trap 
18 to 24 inches. 
The criticality spacing between equipment is given below. 

The following assumptions were made: 

3)  

4)  

5 )  

The maximum diameter (excluding insulation) of the equipment inside 
the glovebox is 6 inches, nominal. 

The spacing (criticality prevention) between each piece of equipment 
is about 18 inches and the spaclng between the inside edge of the 
glovebox and any piece of equipment is about 8 inches. 
insulation, the outside diameter of the calciner is approximately 16 
inches. 

The cost of connecting lines from plant air, reagent tanks (caustic 
solution, etc.), electrical, process waste line, and the offgas (to 
existing process vacuum) to the equipment inside the glovebox will be 
similar for all the identified gloveboxes. 

Uith 

The calciner product wtll be collected in the calciner glovebox and 
be sent to the roduct storage vault. without being thermally 
stabilized in tge muffle furnaces. If the vertical calciner 
temperature cannot be maintained at lOOO"C, then the product will go 
to the muffle furnaces. 

A new, dedicated, closed loop water chilling unit will be Installed 
near the glovebox. This unit should probably be installed in the PFP 
duct level, to reduce the aiaount of equipment installed in probable 
contamination areas ( C A ' s ) .  

The feed will be transferred from the staging tank (an intermediate 
tank used to store feed after pretreatment prior t o  sending it t o  the 
vertical calciner process) to the feed tank inside the calciner 
gl ovebox. 

The storage container liquid retrieval (PR can and other container 
unloading) station will be at HC-227S/T. 

The scrubber process offgas will be routed into the existing PFP 
process vacuum (26" Hg vacuum) system. 

The glovebox exhaust ventilation and process vessel vent will be 
routed to the existing PFP E-4 filter room(s) (Rooms 309 & 310), 
through an existing filter box, via E-4 HVAC piping in the duct 
level. 

0 
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The scrubber waste from the c o l l e c t i o n  tanks w i l l  be connected t o  a 
d r a i n  l i n e  which w i l l  rou te  p l a n t  l iq i r l id wastes t o  TK-D8, 241-2. 

The caus t ic  so lu t ion  l i n e  w f l l  be brought down from the  Room 337 ( t o p  
l e v e l )  t o  the duct l e v e l  and then w i l l  be connected t o  the  scrubber 
i n s i d e  the glovebox. 

The glovebox should be t a l l  enough t o  a l low enough space f o r  
maintenance which w i l l  a l low lowering the heater and feed tubing, and 
disassembling and removing t h e  ca lc inor  a g i t a t o r  f rom above. 

The glovebox should have a greater than 18 inch  a i r  l o c k  o r  seal i n  
por t .  

4.0 METHODOLOGY 

The selected gloveboxes w i l l  be compared i n  the f o l l o w i n g  areas which are 
l i s t e d  i n  order o f  r e l a t i v e  Importance. 

c r i t i c a l i t y  safety,  

ALARA, 

s e c u r i t y  and safeguards, 

cost  of i n s t a l l a t i o n  o f  new equipment (estimated), 

a v a i l a b i l i t y  o f  the conveyor system f o r  product removal, 

ease o f  i n s t a l l a t i o n  o f  the equipment, 

access t o  storage vessel l i q u i d  retriciPa1 s ta t ion ,  and 

a v a i l a b i l i t y  o f  p l a n t  services. 

5.0 EVALUATION OF GLOVEBOXES 

There are a number o f  e x i s t i n g  gloveboxes i n  the  Plutonium F i n i s h i n g  P lan t  
(PFP) f a c i l i t y  which could be selected f o r  i n s t a l l a t i o n  o f  the  v e r t i c a l  
ca l  c iner.  

The e x i s t i n g  gloveboxes i n  the fo l low ing  areas were n o t  considered f o r  
i n s t a l l a t i o n  o f  the v e r t i c a l  ca lc iner :  

1 )  E x i s t i n g  gloveboxes i n  the Plutonium Reclamation F a c i l i t y  (PRF) area 
were no t  considered as a po ten t ia l  s i t e  f o r  the  v e r t i c a l  c a l c i n e r  
process because Terminal Clean Out ( ' K O )  o f  t h a t  process area i s  
p ro jec ted  t o  over lap v e r t i c a l  c a l c i n e r  operat ion.  
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2 )  Existing gloveboxes in the Renote Hcchanical A (RHA)'line area were 
not considered as potential sites for the vertical calciner process 
due to very high dose rates in this area. 
Those RHA Line areas with a l w e r  doso rate (W fabrication area - 
room 2358 and C) have gloveboxes being used for other processes, with 
the exception o f  glovebox HA-19 which is too small for vertical 
cal ci ner instal 1 ati on. 

3 )  Existing gloveboxes in Rooms 230A. I(, and C ( W C  fabrication area) 
were not considered as potential site!; as these gloveboxes are being 
used for other processes (thermal stabilization in muffle furnaces, 
etc.). Glovebox HC-60 in room 230C WiiS not considered due to the 
floor between the top and bottom sect-ions which would require cutting 
holes in the floor for the installation of the vertical calciner 
equipment. 
hydrolysis processing or it may be used for solids handling during 
terminal clean out. 

Glovebox HC-60 i s  in standby condition for caustic 

The gloveboxes in the RMC Line were evaluated for the installation of the 
vertical calciner. 

The vertical calciner system requires a significant amount of floor space 
because of equipment separation mandated by criticality safety considerations. 
The vertical denitrator and supporting equipment require a glovebox which has 
the following reconmended size: 11 feet long by 3, feet wide by 6 feet high. 

The RMC line gloveboxes listed in Table 1 were considered for installation o f  
the vertical calciner process. 
eliminated from use based on size constraints. 

Most of the gloveboxes considered were 
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TABLE 1. GLOVEBOXES CONSIDERED FOR VERTICAL CALCIIIER 
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Those gloveboxes receiving further consideration (large enough) for 
installation of the vertical calciner are HC-71:. HC-SB, and a new glovebox 
(tentatively identified as 230-C-2) which would be installed in Room 230-C. 

The exterior dimensions of glovebox HC-9B indicated that the glovebox could 
contain the vertical calciner equipment. However, the interior of glovebox 
HC-98 is separated into three horizontal sections (floors), none with 
sufficient height t o  a c c o m d a t e  the calciner or the other equipment 
(scrubber, etc.). This would require cutting hole(s) into its interior 
floor(s). 
glovebox HC-9B exterior shielding (lead and leiid glass). These reasons 
precluded glovebox HC-96 from further consideriition. 

Glovebox HC-7C has sufficient space to hold the vertical calciner equipment 
(with the exception of the waste collection tanks). 
new glovebox at the PFP has sufficient space to hold all of the vertical 
calciner equipment. 

Also, there are several significantly contaminated areas below the 

Also, an uncontaminated 

Therefore, glovebox HC-7C and the new glovebox will be considered for 
installation of the vertical calciner. 

In the following subsections, these gloveboxes (HC-'IC and the new one) will be 
evaluated on the basis of the criteria describsd above in the methodology 
sect i on. 

Room 230C has been chosen as the probable location of the new glovebox 
(230-C-2) which would contain the vertical calciner. 
for consideration based on the accessibility o f  the conveyor system and a 
security upgrade for thermal stabilization processing in progress. 

This room was selected 

5.1 DESCRIPTION OF THE GLOYEBOXES 

Glovebox HC-7: The overall size of this glovebox is 8 feet long x 3 feet 
deep and 9 feet 10 inches high. See Figure 4 or drawing no. 
H-2-19260 for details. Therii i s  sufficient space to install 
all the equipment inside this glovebox with the exception of 
the two scrubber waste collection tanks. These two 
collection tanks would be installed in glovebox HC-98. 
Glovebox HC-7C contains contiiminated equipment including 
tanks, pipelines, tubing, tubing fittings, valves, piping 
fittings, and instrument connect i ons. 

The overall s i z e  of the proposed new glovebox is 15 feet 
long x 3 feet 6 inches deep iind 6 feet high. 
or drawing no. H-4-109252. sheet 1 for details. This 
glovebox is completely empty and all the new calciner 
equipment will fit into it. 

New Glovebox: 
See Figure 5 
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5.2 COMPARISON OF THE GLOVEBOXES 

The gloveboxes were compared based on the following areas: 
1) criticallty safety, 

2)  ALARA, 

3) security and safeguards, 

4) 

5) access to conveyor system, 

6) ease of Installation. 

7) access to liquid retrieval station, iind 

8) availability of plant services. 

cost estimation (installation of vertical calciner, 

Each o f  these areas is discussed In detail in the following subsections. 

5.2.1 Critlcallty Safety: Critlcallty prevention is maintained by: 1) 
geometrically favorable process equipment, 
calciner equipment 18 inches apart inside the glovebox with 8 inches of 
separation from the equipment and the walls of the glovebox, 3) a 
criticality drain in the bottom of the glovebox (no sumps), and 4) OSR 
limits on the amount of Pu (about 8000 grams) in the glovebox. 

The size of the process equipment (favorable geometry) will be the same 
for both the gloveboxes. 

Glovebox HC-7: The criticality spacing requirements will not allow all 
(waste tanks in another glovebox) of ttieb'equlpment to be installed in 
the glovebox. This glovebox has a functional criticality drain. The 
OSR limit on dispersible plutonium in thls glovebox is 3,000 grams. 
This limit would have to be raised to about 8,000 grams as the calciner 
contains about 6,000 grams during operation plus the Pu In the staging 
tank and the feed tanks. Ralshg this limit could probably be overcome; 
however, there are some significant administrative problems associated 
with changing this number. 

New glovebox: The criticality spacing i*t?quirements will allow all the 
proposed equipment to be installed in the glovebox. An OSR limit on 
dispersible Pu would have to be developtid for this glovebox. 
glovebox will need to have a criticality drain Installed and have the 
sumps blanked off, fllled, or removed. 

2) spacfng the vertical 

The 
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5.2.2 A W :  Glovebox HC-7: There are h lgh contamination l e v e l s  w i t h i n  
glovebox HC-7. Workers would work i n  these contamination l e v e l s  when 
removing o l d  components and i n s t a l l i n g  new corn onents i n  t h i s  glovebox. 
Removal o f  the e x i s t i n g  equipment would liave tRe fo l l ow ing  consequences: 

a) There would be approximately 64 cubic f e e t  o f  rad ioac t i ve  waste 
generated whi le  cleaning the e x l s t i n g  equipment out  o f  glovebox 
HC-7C which would need t o  be removed dur ing Decontamination and 
Decomnissioning o f  the  f a c i l i t y ,  

Use of HC-7C f o r  t he  ca l c ine r  would requ i re  a l a r g e r  amount o f  
personnel exposure dur ing removal o f  the  e x i s t i n g  equipment and 
the i n s t a l l a t i o n  o f  the  new equipment than t h a t  requi red t o  
i n s t a l l  the equipment in  a new glovebox. Dose ra tes  around HC-7C 
range f r o m  3 t o  12 mrem/hr wh i l e  the  dose r a t e s  a t  the proposed 
loca t i on  f o r  the  new glovebox i n  room 230C are t0.5 t o  1 mrem/hr. 

b) 

I f  HC-7C i s  connected t o  the  e x i s t i n g  conveyor system, the r a d i a t i o n  
workers must open the ends o f  two gloveboxe,s, b u i l d  an extension between 
them, and i n s t a l l  the new conveyor equipment. 

I f  HC-7C were used without a hook up t o  the e x i s t i n g  conveyor system, 
operators would be expected t o  receive l a r g e r  ext remi ty  dose dur ing 
operation. The increased dose would be due t o  more product handling t ime 
f o r  seal ing out  and t ranspor tat ion.  This  d i f f e rence  i n  exposure from HC-7C 
wi thout  a conveyor hookup and w i t h  a conveyor hookup would be equiva lent  t o  
one seal  out  from HC-7C then a seal i n  t o  a conveyor system glovebox w i t h  
t ranspor t  t o  a bag-less seal out  system. 

The l o c a t i o n  of Feed storage r e t r i e v a l  s ta t i on  (HC-227S/T) i s  c lose r  t o  the 
glovebox HC-7C (approximately 25 fee t ) .  Therefore, running a double 
encased p ipe  l i n e  from HC-227S/T t o  HC-7C w l l l  be shor ter  than running one 
t o  t h e  new glovebox. 
HC-227S/T t o  HC-7C could be used. 
contamination whi le  running the  shor ter  p ipe l i ne  ( i f  the  p i p e l i n e  w i l l  be 
run  through cu r ren t l y  contaminated areas) 01' no t  a t  a l l  i f  the  cu r ren t  p ipe 
l i n e  can be used. 

New Glovebox: 
working i n  a contamination f r e e  area dur ing i n s t a l l a t i o n  o f  t he  new 
equipment. 
conveyor system would be connected t o  t h i s  glovebox. 

One disadvantage t o  p lac ing the  ca l c ine r  i n  a new glovebox i s  t h a t  t he  
l o c a t i o n  o f  Feed storage r e t r i e v a l  s ta t i on  (HC-227S/T) i s  away from the 
proposed loca t i on  o f  new glovebox (Room 230C); therefore,  the i n s t a l l a t i o n  
o f  t he  double encased p ipe l i n e  w i l l  be longer (approximately 150 ft). The 
p o t e n t i a l  contamination and rad ia t i on  depend on where the  p i p e l i n e  i s  run  
f r o m  HC-227S/T t o  the new glovebox. 

Depending on i n teg r i t y ;  the cu r ren t  p ipe l i n e  from 
Workers would be exposed t o  l e s s  

Since t h i s  glovebox i s  new, workers would e s s e n t i a l l y  be 

Future product handling t ime would be minimized s ince the  
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A long term disadvantage of a new glovebox iwi11 be to have one more 
glovebox added t o  decontamination and decoanission with the associated 
worker exposure. 

The plant services connections to the new glovebox may have some 
contamination, but it will be insignificant when compared to the removal 
and installation work in glovebox HC-7. 

5.2.3 Security and Safeguards: Glovebox HC-7: The location of this 
glovebox is in roon 228A. which is in a protected area. For the HC-7C 
glovebox to be used for the vertical calciner, a new Vulnerability Analysis 
(VA) would need to be done. 
the VA could result in additional motion detection coverage o f  the new 
target areas. The conveyor belt hoods in these areas may also need 
additional barriers. 
upgrades could be significant, and the cost cannot be determined until the 
new VA is complete. 

New glovebox: If this glovebox is installed in room 230C with the vertical 
calciner in it, a new Vulnerability Analysis (VA) would not need to be 
done, since this proposed glovebox is part of the security upgrade designs 
currently underway. Therefore, no cost or schedule impacts are expected. 

The securlty ulpgrades required as a result of 

The cost of the analysis and resulting security 

5.2.4 C o s t  Estimation: The cost estimation 'was done as part of the 
comparison of the two gloveboxes under consideration (HC-7C and the new 
one). The cost estimate for glovebox HC-7C included the removal of 
existing equipment, reusing some of the existing equipment, and installing 
the new equipment. 
the installation of the equipment into this glovebox and the installation 
of the glovebox into room 230C. The cost estimation was not done for the 
total cost of the entire project. 

The estimated cost for installing the syst.em in the new glovebox is 
$500,000 less than installing the same system in HC-7. This difference 
is discussed below and detailed in Appendix D. 

Glovebox HC-7: The estimated overall cost for the removal of contaminated 
equipment, reuse o f  the existing equipment after decontamination, and the 
installing the new equipment is $770,000. For more detailed infonation, 
see Appendix-0. Connection of the conveyor system to the glovebox would add 
extra cost to the installation of the calciner in this glovebox. 
design using an existing contaminated glovebox is usually 20% more 
expenslve than an uncontaminated glovebox. 

The cost estimate for the new glovebox only included 

The 

New glovebox: 
into this glovebox i s  estimated as $270,000. For detailed information, see 
Appendix D. 
require any special precautions. 

The cost of installing the new vertical calciner equipment 

The installation of the new equipment in the glovebox will not 
However, the tie-ins to the existing 
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process off-gas and glovebox off-gas. w i l l  rcrquire special  precautions. The 
cost o f  mcd l f i ca t lons  t o  t h i s  new glovebox ( c r l t i c a l i t y  drain,  b lanking o f f  
sump, and new windows) w i l l  be i n  add i t ion  t o  the  estimated cos t  o f  new 
equipment i n s t a l l a t i o n .  

5.2.5 Access t o  Conveyor Systen: Glovebox HI:-7: This  glovebox does no t  
have a conveyor system d i r e c t l y  connected t o  i t . There i s  a conveyor 
system i n  another glovebox nearby which could be extended t o  HC-7C or the 
mater ia l  could be manually sealed out. 

New glovebox: The proposed l o c a t i o n  o f  the  new glovebox (230-C-2) would be 
i n  room 230C which has an e x i s t i n g  conveyor system t h a t  can be connected t o  
the glovebox. 

5.2.6 Ease o f  I n s t a l l a t i o n :  Glovebox HC-7: To a c c o m d a t e  the new ca lc iner  
equipment, the fo l low ing  equipment needs t o  be removed: 

1) F i l t e r  k i l l  tank, 

2) F i l t r a t e  storage tank, 

3)  F i l t r a t e  catch tank, 

4) l e s s  than 100 Linear f e e t  o f  p i p i n g  and tub ing  and i t s  

The f o l l o w i n g  e x i s t i n g  equipment can be used t o  support the  system: 

1) The staging feed tank can be subs t i tu ted  by the  e x i s t i n g  
Pre-Reduction tank (PRT) w i t h  moderate p i p i n g  changes. 

2 )  The feed tank can be subs t i tu ted  by the  e x i s t i n g  Transfer head tank, 
w i t h  minor p ip ing  changes. 

3 )  The Aqueous Co l lec t ion  tank and the Flush tank can be used t o  
support the ca lc iner  system. 

accessories. 

The e x i s t i n g  contaminated equipment needing removal w i l l  be bagged ou t  and 
disposed o f f  as contaminated waste. This equipment must have the  residual  
l i q u i d  drained and must be f lushed p r i o r  t o  removal. 
e x i s t i n g  equipment as mentioned above w i l l  requ i re  the same f o l l o w  up 
procedure f o r  d ra ln ing  and f lushing. 

The i n t e r i o r  surface o f  t h i s  glovebox and t h e  e x i s t i n g  equipment are 
contaminated. Precautionary steps t o  prevent the  spread o f  contamination 
need t o  be taken dur ing the removal o f  the imnecessary equipment, the reuse 
o f  the  e x i s t i n g  equipment, and i n s t a l l a t i o n  o f  the  new equipment. 
work w i l l  be done under contamination prevent ion c o n t r o l  and thus w i l l  
requ i re  a longer time t o  accomplish than an uncontaminated glovebox as the 
p o t e n t i a l  f o r  the spread o f  contamination e x i s t s .  

U t i l i z i n g  t h e  

This 
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The a v a i l a b i l i t y  o f  a nearby cont ro l  room could be s a t i s f i e d  by using the 
MC l i n e  cont ro l  room since i t  contains shi i? ld ing and viewing windows o f  
t h i s  glovebox. 

New Glovebox: This glovebox Is f r e e  from any contarnination and equipment. 
The new process equipment can be i n s t a l l e d  wi thout the  removal of equipment 
and no contamination controls.  

The a v a i l a b i l i t y  o f  a near by cont ro l  room could be s a t i s f i e d  by using the 
e x i s t i n g  one in  room 230A. 

5.2.7 Access t o  L i q u i d  Ret r ieva l  Stat ion:  The glovebox HC-7C i s  c lose  (25 
ft) t o  the storage r e t r i e v a l  s t a t i o n  whi le the new glovebox would requ i re  a 
longer (150 ft) encased p ip ing  connection. 

5.2.8 A v a i l a b i l i t y  o f  P lan t  Services: Glovetiox HC-7C and the new glovebox: 
The p l a n t  services connections are ava i lab le  (see Table 2 . The 
i n s t a l l a t i o n  o f  the p l a n t  service connections t o  e i t h e r  glovebox would no t  
have any p o t e n t i a l  d i f fe rence i n  cost  estimation. 
connection t o  e i t h e r  of these gloveboxes would be done by e i t h e r  running 
the l i n e  from the transformer s i t t i n g  a t  the duct l e v e l  o r  i n s t a l l i n g  a new 
e l e c t r i c a l  con t ro l  panel cabinet i n  the room i t s e l f .  Therefore, t h i s  would 
not have any impact on the  comparison. 

Glovebox HC-7C and the new glovebox need the fo l low ing  p l a n t  service 
connections: 

1) 
2) Caustic so lu t ion  i n ,  

3) Waste system out, 

4) 

5) 

6) Process a i r  in.  

The e l e c t r i c a l  power 

C h l l l e r  water i n  and out, 

Feed system I n  (encased l i n e  from glovebox HC-227S/T), 

26”-Hg. process vacuum l i n e  o r  a new vacuum l i n e  out, and 
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TABLE 2. PLANT SERVICES 

, Fro.: n e t t r i e l  entw tho To: Metorfel I- the R E W K S  

fDreulra YO. or dnsrlKfm) 
c d c i w r  wstam u l c i w  e p t a  

(Dw lo. or h s r i D t i m )  I 
Pure Wutim At HC-UWT, . Yo. H-2-2hltU C 
Lod- fn  Load-In I I ' e  or Rl's 

Procn8 I ir  

slo.. to W t ~ X  

cewtfc solution Dw.Wo. H-2-97813 

'See Sect ion  8.0 for Issues To Be Resolved. 
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6.0 RESULTS OF THE CONPARISOH 

The results of the comparison are sunmarized in Table 3 COMPARISON OF HC-7C 
AND THE NEY GLOVEBOX where weighted scores fn the efght categories are shown. 
The Table indicates that the new glovebox has a an overall score o f  684 and 
was more favorable in the areas o f  ALARA, security and safeguards, cost o f  
installation, availability o f  conveyor system, and ease of installation 
(including contamination control). Table 3 also indicates that HC-7C has an 
overall score of 414 and was more advantageous in access to the storage vessel 
liquid retrieval station. 
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TABLE 3. CMPARISOH OF HC-7C AlEi THE NEY PB (230-C-2) 

Tabla 3. CWMISOI OF H C - E  AND THE YEY GLWEDOX (ZO-C-2) 

C r l t l u l l t y  safety 
r y l r m m t m  c n  tm met In  
t h l r  glovebox by m d l f y l n g  
tha glovlbox uith a 
t r l t i c a l l t y  d r a l n  mi 

of tha al& ud 4 r a l r i r m  OM 
I l n i t s  rlll rrad t o  be r a i d .  

A L M A  

C M t  
Estimmtlon 

*uu c m c w u  mro h i 3  &r ing the 
-ai of abut  6L f t  o f  m t r r i a l  
fm tha glovebox ud cbruirg the 
I n r t i l l a t l m  of the u l c i n r  
Wi-t In an .re. ulth 3 - 12 
n r n l h r  dac r m t r  ud udcr 
c o n t r i r u t l m  control real in ud ad 
condi t ion.  CDmctim o f  the 
c m p r  . p e n  t o  glonbox W E  
w l d  rwirt opalm tw nlweboxa. 
If m S o m s t i o n  t o  thm c u w w v r  
iptm I s  ndr, t h m  there u l l i  be n 
i n c r a s s d  prroml d a m  6. t o  
pr&t seal out ud t rars fcr .  

A MY V u i n r a b i l i t y  & M l y . i a  (VA) 
neds t o  be performed t o  use t h i s  
glov.eoX u i t h  pmaib la  secur i ty  
rpprd.r uhich m y  irsluj. mtiw 
detectors e.& cmvwor  b e l t  barr iers. 

L O  

. L L M  c o r e e r n  a r c  lau &r ing 
the I n e a l l a t l a  o f  the 
calclrmr q i p n t .  6- 
e x p u r e  fc w t d  daring 
the -tIm o f  the 
elDnbox t o  the off-gas and 
tha other p l n t  services in 
an area u i t h  0.5 t o  1 H W h r  
dose r.t-. 

Rorn 23OC (propoPed m e n  of 
ins ta l la t ion)  1s pr t  o f  a 
secur l ty  wru* ud no my 
VA md. t o  b. p r f o d .  

lh. r r t l n t o d  c w t  t o  rmwn 
c m t r l n a t d  mwipmt. dum 
u i s t l r g  qipmt, and i m t a l l  the 

collpmt ,, )Tm.Do. j 45 j The n t l r t e d  c m t  t o  I m t a l i  
the c a l c l n r  c q u i p l m t  in the 
ney glwcbar I. S270,oW. 

Pr-d locat ion hat  
cony.yor system t o  c-t 1 . I with. 

Lccarl t o  
Comeyor s w t m .  
spta 

Yo c o m c t i m  t o  an u i s t i r m  c m w r  

Eese of  
I n s t a l l a t t o n  

1ccc.s t o  
1 I v i d  
r e t r l m l  
r t s t l o n  

kvrn i tab i l l ty  
o f  p lant  
p r v l c c s  

R m v a l  of ex la t iha m w i p n t ,  &con 
o f  e q u i p a t  t o  be r u e d .  ard s1.m g l o v o b x .  T i e - i n  M 
I n f a l l a t i o n  of  c i l c l m r  equiprrnt 
udcr cmtn ! ru ted  cm-dltlons. RMC w r v i c c r .  Uae the 2301 
c r n t r o l  r- s e d  f o r  MY contro l  cmnsole f o r  the 
control rm. I ia 

I l r s t a l l  m e q u i p m t  in 

glonbox eo off-gas ud p l a n t  

cont ro l  rom. 

Glov&ax I s  approxinutely 25 f t  auay 
frm r c t r i r n l  stet ion. 

GlwceDx i s  sFproiirrtely 150 
f t  w a y  frm r e t r i c v n l  I 6o I stat ion.  

s l n t  services w e  r d l l y  available 
(see Table 3 for  &ta i ls ) .  

P lant  services are r e n d i i y  
avai lab le (see T i b l c  3 f o r  
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Scoring: The above areas in Table 3 were eva'luated on a scale of 1 to 10 (10 
being a perfect score). 
weighing factors 

Those scores were then multiplied by the following 

Criticality Safety 15 
AURA 15 
Security and Safeguards 10 
Cost Estimation 15 
Access to Conveyor 6 
Ease of Installation 6 
Access to Liquid Retrieval Station 6 
Availability of Plant Services 8 

The score was then totaled at the bottom of the column. 

7.0 RECOMMDATIONS 

On the basis of the comparisons and prioritization made in the previous 
sections between glovebox HC-'IC and the new glovebox. it is recomnended that 
the vertical calciner be installed in the new glovebox. 

The location for the new glovebox is in room 230C o f  234-52 at the end o f  the 
existing conveyor system (see Figure 3). 
is recomnended due to the following reasons: 

This location for the new glovebox 

availability of the conveyor (ALARA considerations), 

enough space for the operation o f  the glovebox, 

plant services are available at this location, 

the process system controls can be added to the computer control 
system in room 230A, 

the security and safeguards upgrade i s  underway in this room, 

will allow installation, and modification In a clean 
environment, and 

ease o f  installation of equipment: workers can fully access all areas 
inside new clean glovebox for weldiw~, fitup, etc, and the whole 
assembled unit could be moved to the process area as a unit. A waste 
tie-in point is also nearby this location. 
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8.0 ISSUES TO BE RESOLVED 

Further problem areas a f f e c t i n g  the  l o c a t i o n  o f  the  v e r t i c a l  ca lc iner .  

The actual layout  o f  the waste c o l l e c t i o n  tanks needs t o  be 
determlned i f  the system I s  i n s t a l l e d  i n  glovebox HC-’IC (waste 
c o l l e c t i o n  tanks i n  HC-96). 

The l i q u i d  handling system f o r  pretreatment and t h e  v e r t i c a l  ca lc iner  
l i q u i d  feed handling system needs t o  be integrated. 

If the new glovebox HVAC supply a i r  i s  provided by the  conveyor 
glovebox, then the capaci ty o f  the system t o  supply the  a i r  must be 
determined before the design continues f o r  the  connection o f  the  new 
glovebox. 

The e l e c t r i c a l  power supply requirements and source loca t ions  must be 
integrated w i t h  the  ca lc iner  system design. 

1) 

2)  

3)  

4 )  
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FIGURE 2 - BLOCK SCHEMATIC OF VERTICAL CALCINER SYSTEM 
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FIGURE 3 - LOCATION OF QLOVEBOX HC-7C AND THE PROPOSED NEW GLOVEBOX 
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APPEWDIX A - AUWI ASSESSMENT 

[23]  From: Robert B (Rob) Sitsler at -UHC7O 12/15/95 12:06PM (3441 bytes: 1 

To: Satya B Dutta at YHC246 
cc: Robert B (Rob) Sitsler 
Subject: Re: ALARA ASSESSMENT ............................... Message Contents ---------------- 
The Assessment was made for glovebox HC-7 (existing) 
and the new one. 

1) Glovebox HC-7: 

Disadvantage: 1) There wlll be high contamination levels within HC-7. 
Workers would be working in these levels when removing old components and 
installing new components in this glovebox. (a) There would be a great amount 
of radioactive waste generated while cleaning the existing equipment, (b) Use 
of HC-7 for the calciner would cost PFP a considerably larger amount of 
personnel exposure. Dose rates around HC-7 range from 3-1Zmrem/hr. where dose 
rates in 230C are (0.5-1 mren/hr. i i )  If HC-7 were used without a hook up to 
the existing conveyor, operators would be expected to receive larger extremity 
exposures when operation cotnnences. This would be due to more product handling 
time for sealing i n  and out and transportation. 

Advantage: The location of Feed storage retrieval station (HC-227s) i s  
closer to the glovebox HC-7, so, running the double encased pipe line will be 
shorter, therefore, workers would be exposed to less contaminatlon while 
running the pipe line (if pipeline is running through currently contaminated 
areas). 

2) New Glovebox: 

In) 

Advantage: Since this glovebox is new , workers would essentially be working 
in a contamination free area. Future product handling time would be minimized 
since the conveyor system i s  connected to thls glovebox, product handling is 
mini mum. 

The only disadvantage to placing the calcinel- in a new glovebox is that the 
location of Feed storage retrieval station (HC-227s) is away from the proposed 
location of new glovebox (Row No. 230C), installlng the double encased pipe 
line will be longer. Therefore, it depending on where the pipeline is run the 
contamination potential involved with running the pipeline would be greater. 

insignificant when compared to that to work in glovebox (HC-7). 

Make a recomnendation based on ALAR4 such as: 

Based on ALARA, installation of a new glovebox in 230C 
would be the wiser of the two choices. 

Moreover, the plant services connection may have some contamination, but 
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APPENDIX B - CRITICALITY ASSESSMENT 

191 From: Laurren T (Tom) N i r i d e r  a t  -YHC120 11/29/95 10:34AM (1182 bytes: 22 

To: Satya B Dutta a t  VHC246 
Subject: HC-7C C r i t i c a l i t y  Questions 

Satya: 

As we discussed t h i s  morning, glovebox HC-7C would be appropr iate from a 
c r i t i c a l i t y  safety perspect ive f o r  v e r t i c a l  ca lc iner  operations. There i s  
p resent ly  an OSR l i m i t  on d ispers ib le  plutonium i n  HC-7C o f  3,000 grams Pu. 
Thts could probably be overcome, however there are some s i g n i f i c a n t  
admin is t ra t i ve  problems associated w i t h  changing t h a t  number. 

HC-7C has a funct ional  c r i t i c a l i t y  d ra in  and so would be safe i n  t h a t  regard. 
The new FHEF glovebox would need t o  have a c r i t i c a l i t y  d r a i n  i n s t a l l e d  and 
have the sumps blanked o f f ,  f i l l e d ,  o r  removed p r i o r  t o  use. As i t  is a clean 
g l  ovebox, t h i s  should n o t  present sign4 f i c a n t  d i  f f i c u l  t i e s .  

If you have any questions, please c a l l  me. 

In) 

Message Contents ---------------- ------------_--_--------------- 

TOM NIRIDER 
373-3180 
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APPENDIX C - SAFEGUARDS AKO SECURITY ASSESSHRIT 

Text i tem 1: Text-] 

Satya, 

You asked about the s e c u r i t y  Impacts o f  add i t iona l  glove boxes i n  room 230C. 
My r e p l y  is as fol lows: 

The i n i t i a l  process conf igura t ion  proposed the  add i t ion  o f  one o r  two glove 
boxes In  room 230C. These were considered as p a r t  o f  the  i n i t i a l  r i s k  
analysis. 
t o  conveyor HC-3. If these are the same glove boxes you are r e f e r r i n g  to ,  
there are no known impacts. These proposed glove boxes are p a r t  o f  the  
secur i ty  upgrade designs c u r r e n t l y  underway. 
conf igura t ion  o r  c a l c i n e r  loca t ion  d i f f e r e n t  than t h a t  o r i g i n a l l y  proposed 
w i l l  necessi tate another r i s k  analysis and may r e s u l t  i n  s i g n i f i c a n t  secur i ty  
design changes. 

Paul Klear 

I have these glove boxes labeled as 230-C-1 and 230-C-2 connecting 

I must say again t h a t  any room 

Subject: Glove _______________________------ Forward _________________________  
Box HC-7 and HC-15 
Author: Paul F Klear a t  -vHC246 
Date: 11/17/95 3:29 PH 

If the HC-7 o r  HC-15 glove box i s  used f o r  the ca lc iner ,  a new V u l n e r a b i l i t y  
Analysis (VA) would need t o  be done. 
r e s u l t  of the  VA would r e s u l t  i n  add i t iona l  motion de tec t ion  coverage o f  the 
new t a r g e t  areas. 
add i t iona l  bar r ie rs .  
would be s i g n i f i c a n t  but cannot be deternined u n t i l  t h e  new VA i s  complete. 
The s e c u r i t y  u grade designs are wel l  undemay i n  a number o f  areas, so the 
sooner we can Yock down the process conf igura t ion  t h e  less rework t o  the 
e x i s t i n g  s e c u r i t y  designs w i l l  be required. 

The s e c u r i t y  upgrades requ i red  as a 

The conveyor b e l t  hoods i n  these areas may a lso  need 
The cost o f  the analysis and r e s u l t i n g  s e c u r i t y  upgrades 

Paul Klear 
372-3448 
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TECHNICAL ASSESSMENT OF THE PFP VERTICAL 
D I RECT DEN IT RATIO N CALC I N ER 

SB Herrick, and PM Rickords 
Westinghouse Hanford Company, Rich1 and, WA 99352 
U.S. Department of Energy Contract DE-AC06-87RL10930 

Org Code: 15520 Charge Code: K6136 
B&R Code: EW7003000 Total Pages: 45 

Key Vords: Calcine,’, material stabilization, liquid scrap stabilization 

Abstract: This paper documents the development, fabrication and 
testing of the prototype PFP vertical direct denitration calciner. This 
calciner is designed t o  treat plutonium nitrate solutions at 
temperatures of up t6 1000°C and directly render them into a stable, 
storable solid oxide powder. 
in meeting all o f  i t s  design objectives. With a fe\.r minor operability 
enhancements, the vertical direct denitration calciner should prove to 
be a valuable tool for stabilization liqJid plutonium scrap material. 

EDT/EC#: 700526 UC: UC-721 

The prototype vertical calciner succeeded 
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c. 

I 

1 .O PFP VERTICAL DENITRATION CALCINER TECHNICAL ASSESSMENT 

In March 1995, t h e  Department of Energy r e l e a s e d  i t s  Plutonium Vulnera- 
This p lan  included a b i l i t y  llanagement Plan f o r  t h e  nation-wide DOE complex. 

requirement  f o r  P F P  t o  s t a b i l i z e  the plutonium n i t r a t e  i t  he ld  by January 
1999. 

PFP p a r t i c i p a t e d  in  t h e  formulat ion of t h i s  r e p o r t  and i t s  recommenda- 

P F P  i n i t i a t e d  development o f  a v e r t i c a l  d i r e c t  d e n i t r a t i o n  c a l c i n e r  
t i o n s ,  one o f  which i s  t o  thermally s t a b i l i z e  the plutonium n i t r a t e  s o l u t i o n s  
a t  P F P .  
f o r  t h e s e  s o l u t i o n s  i n  December of  1994 i n  a n t i c i p a t i o n  o f  the 1995 plutonium 
v u l n e r a b i l i t y  r e p o r t  re lease .  
c a l c i n e r  on s tand-in n i t r a t e  s o l u t i o n s ,  and has  s u c c e s s f u l l y  performed t e s t i n g  
on some plutonium n i t r a t e  s o l u t i o n s .  

PFP has completed development t e s t i n g  o f  t h e  

The t r a d i t i o n a l  prototype development process  involves  design and 
t e s t i n g  of a labora tory  o r  p i l o t - s c a l e  u n i t .  
used t o  s c a l e  u p  t h e  process  f o r  product ion opera t ion .  
vas  made t o  develop a prototype device  t h a t  s imula ted  t h e  product ion-sca le  
c a l c i n e r  t o  t h e  g r e a t e s t  ex ten t  poss ib le .  

Data from th i s  device  i s  then 
A consc ious  dec is ion  @ 

Documentation f o r  t h e  prototype was managed t o  t h e  same r igorous  
s tandards  as  a f i n a l  design.  
apply t o  t h e  production u n i t ,  znd t h e  core design documentation can be 
d i r e c t l y  used f o r  f a b r i c a t i o n  of t h e  product ion-scale  c a l c i n e r .  

There i s  thus no doubt t h e  t e s t  r e s u l t s  d i r e c t l y  

This  r e p o r t  provides a sumnary of t e s t  exper ience  of  t h e  prototype 
v e r t i c a l  c a l c i n e r ,  and i t  i d e n t i f i e s  modi f ica t ions  t o  improve o p e r a b i l i t y  and 
m a i n t a i n a b i l i t y  t h a t  will be included on t h e  product ion-sca le  c a l c i n e r .  

2.0 BACKGROUND 

f iechanical ly  a g i t a t e d  c a l c i n e r s  have been usefu l  f o r  many y e a r s  in  t h e  
DOE complex t o  thermally t r e a t  nuc lear  m a t e r i a l s .  
t y p i c a l l y  been designed t o  opera te  a t  lower tempera tures  than  proposed f o r  the  
P F P  v e r t i c a l  d i r e c t  d e n i t r a t i o n  c a l c i n e r .  
produce r e a c t i v e  oxide mater ia l s  as a s t e p  i n  t h e  product ion  of  nuc lear  
ireapons. 

These c a l c i n e r s  have 

Thei r  primary f u n c t i o n  was t o  

Typical chal lenges with e a r l i e r  hor izonta l  c a l c i n e r  des igns  included 
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bearing and sea l  f a i l u r e  through d i r e c t  exposure of t h e s e  components t o  the 
a b r a s i v e  oxide powder, and t h e  i n a b i l i t y  t o  provide bear ing  l u b r i c a t i o n  a t  t h e  
e leva ted  temperatures .  A hard mast ic- l ike mater ia l  accumulated on r e l a t i v e l y  
cool sur faces  which sometimes caused the c a l c i n e r  t o  s t a l l  o r  completely 
s e i z e .  

The PFP v e r t i c a l  d i r e c t  d e n i t r a t i o n  c a l c i n e r  s o l v e s  t h e s e  problems 
through i t s  unique design.  
l y  o u t s i d e  and above the  mater ia l  chamber, and t h e  feed  s o l u t i o n  i s  atomized 
and i n j e c t e d  i n t o  a ;reheated bed of plutonium oxide  s t a r t e r  m a t e r i a l .  
s o l u t i o n  c o n t a c t s  the hot ,  churning bed o f  m a t e r i a l ,  i t  q u i c k l y  decomposes, 
l eav ing  behind res idua l  oxide powder i n  t h e  mater ia l  bed. 
vapors a r e  c a r r i e d  away under vacuum t o  the o f f g a s  t r e a t m e n t  system. A s  t h e  
mater ia l  accumulates above a c e r t a i n  l e v e l ,  i t  i s  skimmed o f f  a t  an overflow 
p o r t  and c o l l e c t e d  as product. 

The a g i t a t o r  bear ing and s h a f t  s e a l s  a r e  complete- 

As t h e  

The gases  and 

A v e r t i c a l  c a l c i n e r  t e s t e d  i n  1962 was found n o t  t o  be very  s u i t a b l e  f o r  
nuc lear  \r'eapons mater ia l  product ion,  as i t  tended t o  produce a l a r g e l y  
nonreac t ive  oxide mater ia l  even a t  r e l a t i v e l y  low tempera tures .  Idhile t h e  
tendency of  t h e  v e r t i c a l  c a l c i n e r  t o  produce n o n r e a c t i v e  o x i d e  precludes i t s  
use i n  weapons mater ia l  production, i t  makes i t  usefu l  f o r  s t a b i l i z a t i o n  of  
plutonium n i t r a t e  s o l u t i o n s  in  prepara t ion  f o r  dry  s t o r a g e .  

The v e r t i i a l  c a l c i n e r  concept was s u c c e s s f u l l y  t e s t e d  a t  low tempera- 
t u r e s  i n  1962 as  reported i n  document No. Hit-73765. The 1962 design operated 
a t  300'C. The new design h a s  been enhanced t o  o p e r a t e  cont inuous ly  a t  over 
1000°Cc. The h igher  temperature promotes rap id  and complete  decomposition t h e  
plutonium n i t r a t e  so lu t ion  t o  a s t a b l e ,  s t o r a b l e  s o l i d  plutonium oxide powder. 

The PFP  v e r t i c a l  d i r e c t  d e n i t r a t i o n  c a l c i n e r  i s  a system cons is t ing  of 
t h e  c a l c i n e r  i t s e l f ,  a one nicron of fgas  f i l t e r  bank, a feed  s torkge  v e s s e l ,  
metered feed  pump, c h i l l e r ,  scrubber ,  n e u t r a l i z e r  meter ing  p m p  f o r  t h e  
scrubber ,  c o l l e c t i o n  v e s s e l s ,  vacuum t r a p ,  vacuum r e g u l a t o r ,  and a n  instrumen- 
t a t i o n  and cont ro l  system. A s i m p l i f i e d  flow diagram i s  provided in  Figure' 1. 
The c h a r a c t e r i s t i c s  of ezch major system compcnent w i l l  be d iscussed  i n  t h i s  
r e p o r t ,  inc luding  design cha l lenges ,  t e s t  exper ience  and f u t u r e  enhancements 
t o  be incorpora ted  i n t o  t h e  product ion c a l c i n c r  system equipment. 
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3.0 PROTOTYPE CALCINER TEST EXPERIENCE 

The PFP vertical direct denitration calciner has proven itself well 
Its feasibility has been demonstrated beyond our under test conditions. 

original expectations in testing so far. 
engineered and thoroughly analyzed prior to fabrication and testing to ensure 
the greatest chance of successful. testing. 
encountered in the development process. 
es \+ere identified both prior to, and during testing, and successfully 
addressed by the technical and support staff. 
allowed improvements to be made and problem areas coi-rected as they were 
identified. 

The calciner design was carefully 

No major problems have been . 
A number of minor technical challeng- 

The flexibility of the design 

To date, \.:e have over 500 hours of total test experience with the 
prototype denitration calciner. This specifically includes 134 hours of 
development testing of the calciner materials and subassemblies; 34 total 
hours experience operating and testing of the controls and interlocks; 288 
hours "dry" operational tfsting of the calciner system, and 20 hours of feed 
solution processing. 

3s. 

*..w $229 

As  each test \*$as performed, any required design improvements identified 
were processed and incorporated prior to continuing development testing. . The 
calciner and its support equipment consequently evolved with each test cycle, 
improving in performmce and reliability with each test run. Test experience 
and related actions taken are summarized in Appendix A. 

Test runs zre continuing to provide process chemistry re1 ated inforna- 
tion. These tests will help determine if the concept of direct thermal 
denitration and stabilization of plutonium nitrate solutions should be carried 
forward in a production process. 
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4.0 PROCESS DESCRIPTION 

This c a l c i n e r  i s  used t o  convert plutonium n i t r a t e  s o l u t i o n  i n t o  a 
s t a b l e ,  s t o r a b l e  plutonium dioxide powder. The convers ion  is  accomplished by 
hea t ing  t o  (1) boi l  o f f  t h e  l i q u i d s ,  ( 2 )  decompose t h e  n i t r a t e  anion,  leav ing  
only  an oxide compound, and (3)  improve t h e  p r o p e r t i e s  o f  t h e  oxide c r y s t a l s  
a s  they  reach appropr ia te ly  high temperatures .  This  ca lc ine t -  uses the d i r e c t  
d e n i t r a t i o n  process  t o  avoid introducing a d d i t i o n a l  chemica ls  i n t o  t h e  
c a l c i n e r .  

Plutonium n i t r a t e  feed so lu t ions  from v a r i o u s  s o u r c e s  a r e  i n j e c t e d  with 
a c o n t r o l l e d  flow of  a i r  i n t o  t h e  bottom of t h e  c a l c i n e r  a t  a c o n t r o l l e d  r a t e .  
The c a l c i n e r  c o n t a i n s  a pre-mzde bed of  plutonium d i o x i d e  powder t h a t  has been 
heated t o  1000cC while  being a g i t a t e d .  
i s  sprayed onto t h e  hot ,  moving p a r t i c l e s  of  oxide.  
due t o  t h e  high s t a r t i n g  temperature and t h e  c l o s e  proximi ty  o f  the heated 
c a l c i n e r  w a l l s .  The r e s u l t i n g  l a y e r  of c r y s t a l l i n e  plutonium n i t r a t e  decom- 
poses t o  oxide and NOx. The newly formed oxide i n c r e a s e s  the p a r t i c l e  s i z e  
and, eventua l ly ,  t h e  bed volurie. The p a r t i c l e s  a r e  moved around t h e  annular 
s e c t i o n  of t h e  c a l c i n e r  by the  s g i t a t o r ,  which a l lows  them (1) t o  rece ive  new 
feed spray from t h e  feed puiip and repea t  t h e  growth, and ( 2 )  t o  be heated t o  
e v e r  higher  temperatures  as the  l a r g e r  p a r t i c l e s  \vork t h e i r  way upward i n  t h e  
bed. Eventual ly ,  t h e  p a r t i c l e s  reach t h e  top of t h e  bed and f a l l  i n t o  a tube 
leading  t o  t h e  product c o l l e c t o r .  
i s  manually removed and m p t i e d  i n t o  cans,  a s  needed. 

A t h i n  l a y e r  of  the n i t r a t e  s o l u t i o n  
This  l a y e r  qu ick ly  d r i e s  

@$) 

The product  c o l l e c t i o n  v e s s e l  i s  g l a s s ,  and 

The viater vapor, n i t r i c  acid vapor, decoriposi t ion g a s e s ,  and atomizing 
a i r  f low upward through t h e  bed and out  t h e  t o p  o f  the c a l c i n e r .  
pass  through s i n t e r e d  cEramic f i l t e r  elements t o  remove any e n t r a i n e d  plutoni-  
um d ioxide  powder. 
sc rubber .  
and i n t a c t  n i t r i c  acid vapors. 
s o l u t i o n  t o  r e a c t  kiith the  dEcomposition gas€*;, reducing most  o f  them t o  
s o l u b l e  s a l t s .  Caust ic  so lu t ion  i s  metered c o n t i n u o u s l y  i n t o  t h e  scrubber  t o  
maintain t h e  d e s i r e d  c a u s t i c  concent ra t ion .  

These gases 

They a r e  then a r e  t r z n s p o r t e d  by vacuum i n t o  a c h i l l e d  
The scrubber  cools  t h e  gases  t o  condense m o s t  o f  the water  vapor 

The scrubber  u s e s  a r e c i r c u l a t i n g  c a u s t i c  
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The scrubber  i s  designed w i t h  an i n t e r n a l  chimney-shaped " d r a f t  tube" t o  
induce a r e c i r c u l a t i o n  pa t te rn  as t h e  gases  pass  through.  
mixture  f l o w s  upward through t h e  i n s i d e  o f  the d r a f t  tube  and downward on t h e  
o u t s i d e  w i t h  some of the  gas  bubbles s t i l l  e n t r a i n e d .  The d r a f t  tube  i s  made 
from a s i n g l e  t i g h t l y  co i led  tube t h a t  c o n t a i n s  cool ing  water  i n s i d e .  
t i g h t  c o i l i n g  minimizes the amount o f  scrub  s o l u t i o n  pass ing  d i r e c t l y  from t h e  
i n s i d e  t o  t h e  o u t s i d e  of the  d r a f t  tube,  which would d e c r e a s e  t h e  r e c i r c u l a -  
t i o n  e f f e c t .  
Gases not  en t ra ined  by the  scrub s o l u t i o n  e x i t  t h e  l i q u i d  a t  an open a r e a  i n  
t h e  t o p  of t h e  scrubber ,  then pass out  of  t h e  scrubber  through an overflow 
t u b e  along w i t h  p a r t  of the  rezcted scrub  s o l u t i o n .  

A l i q u i d / g a s  

The 

I t  a l s o  increases  t h e  s u r f a c e  a r e a  o f  the heat-exchanger c o i l s .  

This  g a s / l i q u i d  mixture flows i n t o  one of two t a n k s  where t h e  phases 
s e p a r a t e .  
analyzed t o  ensure t h a t  the  s o l u t i o n  i s  acceptab le  f o r  e n t r y  i n t o  t h e  bui ld ing  
d r a i n  system; meanwhile, the  second tank  i s  f i l l i n g .  

Khen one tank i s  f i l l e d  with l i q u i d ,  i t s  c o n t e n t s  a r e  sampled 2nd 

@ The gases  e x i t  continuously i r o n  the t o p  of  the tank  and pass  through a 
This t r z p  is designed i.0 (1) ensure  s e p a r a t i o n  of  t h e  dedica ted  vacuuin t r a p .  

l i q u i d  and gas  phases, and ( 2 )  prevent  overf lowing l i q u i d  from passing through 
t h e  t r a p  i n t o  t h e  bui lding vicuum system. The second o b j e c t i v e  i s  xcom- 
p l i s h e d  by t h e  presence of a f l o a t  t h a t  w i l l  Seal t h e  exhaus t  s i d e  of  t h e  
vacuum t r a p  i f  enough l iqu id  e n t e r s .  
vacuum i n  t h e  of fgas  piping,  which Ends t h e  f low of  gases  through the system. 
The l i q u i d  leve l  in  the  scrubber  drops as the remaining g a s e s  s e p a r a t e  due t o  
l a c k  of  c i r c u l a t i o n ,  thus ending t h e  overflow o f  l i q u i d  from t h e  scrubber .  
Eases bui ld ing  up ins ide  t h e  c a l c i n e r  a r e  e x h x s t e d  throuah a pressure  r e l i e f  
device  a t  t h e  top .  

This  s e a l i n g  a c t i o n  e l i m i n a t e s  t h e  
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5.0 VERTICAL DIRECT DENITRATION CALCJNER 

The design of t h e  t e s t  s c a l e  c a l c i n e r  presented  many c h a l l e n g e s  t o  meet 
the design requirements. 
i s s u e s  presented ser ious  mater ia l s  cha l lenges  and l i m i t e d  t h e  types  o f  
m a t e r i a l s  t h a t  could be used. 

The opera t ing  temperatures  and re1  a t e d  cor ros ion  

The c a l c i n e r  needed t o  be ab le  t o  r e s i s t  cor ros ion  from n i t r i c  a c i d ,  and 
poss ib ly  t r a c e  amounts of hydrochlor ic  ac id  and h y d r o f l u o r i c  a c i d  i n  some 
feeds.  
and i t  must s u s t a i n  mater ia l  bed temperatures  O F  around 1OOO'C. 
i s  engineered t o  be inherent ly  c r i t i c a l l y  favorable  under any condi t ions .  
i s  engineered t o  generate  minimal waste, both i n  hazard and q u a n t i t y .  

I t  i s  designed t o  maintain a s o l u t i o n  feed  r a t e  o f  4 l i t e r s  per  hour, 
The c a l c i n e r  

I t  

A pr inc ipa l  advantage o f  t h e  v e r t i c a l  c a l c i n e r  des ign  i s  i t s  f l e x i b i l i -  
I t s  modular design allows any o f  i t s  subcomponents t o  be r e a d i l y  re-  t y .  

placed. 
minimal d i f f i c u l t y .  

This  enables  r e p a i r s ,  upgrades or modif ica t ions  t o  be m;de w i t h  

The main components o f  t h e  c a l c i n e r  a r e  f a b r i c a t e d  from type  310 
s t a i n l e s s  s t e e l .  This mater ia l  was chosen f o r  i t s  s t r e n g t h ,  thermal conduc- 
t i v i t y ,  and r e s i s t a n c e  t o  cor ros ion  and thermal s t r e s s  c racking  f o r  t h e  
major i ty  o f  t h e  known condi t ions t h a t  \:auld be p r e s e n t  i n s i d e  t h e  calcin 'er ,  
and f o r  i t s  a b i l i t y  TO perforn these  func t ions  a t  very high temperatures .  
welding was done using type 310 s t a i n l e s s  f i l l 2 ' r  metal a s  w e l l .  

A l l  

Figure 2 shows a c ross -sec t iona l  view o f  t h e  pro to type  v e r t i c a l  d i r e c t  
Each of d e n i t r a t i o n  c a l c i n e r  and i d e n t i f i e s  a l l  o f  i t s  major subcomponents. 

t h e s e  components wi l l  be discussed i n  t h e  fol lowing s e c t i o n s .  
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5.1 Calciner Shaft Bushings and Seals 

On top  of t h e  c a l c i n e r  t h e r e  i s  a 1 inch t h i c k  p l a t e  w i t h  f i t t i n g s  
welded t o  i t  t o  d i r e c t  the  offgas  t o  the scrubber ,  a ho le  f o r  the s h a f t ,  a 
p r e s s u r e  r e l e a s e ,  and a s leeve t o  hold the s h a f t  a l ignment  bushing i n  place.  
The t o p  p l a t e  a l s o  provides t h e  sea l  p ressure  f o r  t h e  f i l t e r s  and s h a f t  
packing.  

The bushing alignment s leeve  is welded t o  t h e  c a l c i n e r  t o p  p l a t e ,  and i s  
one of  t h e  key areas  in the  c a l c i n e r  design.  
bushing and s l e e v e  i s  t o  a l i g n  and c e n t e r  t h e  a g i t a t o r  s h a f t  w i t h i n  i t s  bore 
h o l e  i n  t h e  top  and f i l t e r  p l a t e s .  
t h e  weight o f  t h e  a g i t a t o r  and s h a f t ,  s e r v e  as a gas  sea l  t o  preserve  vacuum 
i n  the c a l c i n e r  vessel ,  and a c t  as  a t h r u s t  bear ing .  

The primary f u n c t i o n  o f  the top 

This  bushing \\'as a l s o  designed t o  support  

The alignment bushing and s l e e v e  assembly s u s t a i n s  by f a r  th"e l a r g e s t  
mechanical s t r e s s e s  in  the  c a l c i n e r .  La tera l  f o r c e s  on the 2 f o o t  a g i t a t o r  
a r e  opposed l a r g e l y  i n  t h e  4 inch long bushing s l e e v e  and the s i n g l e  weld a t  
t h e  base  o f  the s leeve .  

Proper alignment of t h e  top p l a t e s  and f i l t e r  p l a t e s  i s  c r u c i a l  t o  allow 
t h e  guide  bushing t o  ensure the  s h a f t  makes no c o n t a c t  wi th  t h e  p l a t e s .  
Improper alignment has twice caused t h e  a g i t a t o r  t o  s t a l l  dur ing  t e s t i n g ;  once 
through g a l l i n g  of t h e  s h a f t  on one of  t h e  p l a t e s ,  and once by binding of t h e  
bushing and s h a f t .  

I t  was found t h a t  t h e  alignment d i f f i c u l t y  a r i s e s  from i n t e n t i o n a l l y  
l o o s e l y  to le ranced  al ignnent  pins  ( i t  was feared  t h a t  p r e s s - f i t  to le rance  of 
t h e  s t a i n l e s s  s t e e l  alignwent p i n s  might cause t h e n  t o  s e i z e  t h e  p l a t e s  
t o g e t h e r  a t  high temperatures) ,  and from t h e  a b i l i t y  of the t o p  p l a t e  t o  rock 
s l i g h t l y  on t h e  offgas  f i l t e r  washers. 
i n  t h e  product ion c a l c i n e r .  

Both o f  t h e s e  a r e a s  w i l l  be improved 

A second s h a f t  becring i s  loca ted  i n s i d e  t h e  c a l c i n e r  vesse l  i n s e t  i n t o  
the lower por t ion  of the  f i l t e r  p l a t e .  
f o r c e s  exer ted  by the  a g i t a t o r  s h a f t  over a wider  a r e a ,  and a s s i s t s  i n  
a l i g n i n g  t h e  s h a f t  t o  prevent t h e  s h a f t  c o n t z c t i n g  t h e  s t e e l  of  t h e  f i l t e r  
p l a t e .  The i n t e r n a l  s h a f t  bear ing i s  subjec t  t o  an extremely harsh environ- 

This  bear ing  h e l p s  d i s t r i b u t e  t h e  

-' n 
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ment. 
cor ros ive  atmosphere within the c a l c i n e r  v e s s e l .  

I t  i s  d i r e c t l y  exposed t o  t h e  i n t e n s e  tempera tures ,  a b r a s i v e  d u s t ,  and 

An extensive industry search f o r  s u i t a b l e  bushing m a t e r i a l  was conducted 
e a r l y  i n  t h e  design process. Bearing exper t s ,  ceramics  e x p e r t s ,  and o ther  
c a l c i n e r  design exper t s  were consul ted t o  f i n d  bushing m a t e r i a l  capable  o f  
withstanding temperatures up t o  1200'C, abras ion ,  and t h e  c o r r o s i v e  atmosphere 
w i t h i n  t h e  c a l c i n e r .  
due t o  i t s  corrosion r e s i s t a n c e  and e x c e l l e n t  performance a t  high tempera- 
t u r e s .  These \$'ere soon replaced w i t h  g r a p h i t e ,  a s  d i s c u s s e d  below. 

S i l i c o n  carb ide  was i n i t i a l l y  s e l e c t e d  f o r  t h e  bushings 

I n  addi t ion  t o  providing s h a f t  a l ignment ,  t h e  upper bushing was designed 

This was des igned  t o  provide 
t o  serve  a s  a vacuum s e a l .  
pu l led  downward between t h e  s h a f t  and bushing. 
some cool ing t o  t h e  s h a f t  2nd t o  c l e a r  any product  d u s t  t h a t  rnight,.zccumulate 
between moving sur faces  causing abrasion and w a r .  

The engineered t o l e r a n c e  permi ts  some a i r  t o  be 

"77 
$$$ 5.1.1 Graphite Bushing Test Experience 

The s i l i c o n  carb ide  s h a f t  a l i g n s e n t  bushing f r a c t u r e d  dur ing  t h e  f i r s t  
The f r a c t u r e  \$as caused by t o o  t i g h t  of  to le rance  

I t  was not  known a t  t h e  time o f  
t e s t  run of t h e  c a l c i n e r .  
between t h e  a g i t a t o r  s h a f t  and t h e  bushing. 
i n i t i a l  design w h a t  t h e  d i f f e r e n t i a l  thermal expansion r a t e s  were between the  
ceramic bushing and t h e  s t a i n l e s s  s t e e l .  
o r  any o t h e r  Fe ta l  d o  nor extend up t o  t h e  nominal o p e r a t i n g  temperature  of 
our  c a l c i n e r ,  and t h a t  inforination \,'as not a v a i l a b l e  from t h e  manufacturers. 

The mater ia l  d a t a  s h e e t  f o r  s t e e l s  

Calcu la t ions  based on expansion r a t e s  e x t r a p o l a t e d  from t h e  d a t a  shee ts  

The to le rances  
underestimated expansion o f  t h e  s t e e l  s h a f t .  Consequent ly ,  t h e  s h a f t  over- 
expanded wi th in  t h e  bushing, causing t h e  bushing t o  f r z c t u r e .  
were appropr ia te ly  redesigned, t h e  bushing mater ia l  \>cas changed t o  graphi te ,  
and no problems with bushing breakage have s i n c e  been encountered .  

In e a r l y  development t e s t i n g ,  t h e  high compressive s t r e s s e s  a t  t h e  edges 
of  t h e  bushings caused chipping of  t h e  f l a t  ceramic s u r f a c e s .  
s i l i c o n  carb ide  f l a k e s  chipped from t h e  bushing caused e x c e s s i v e  f r i c t i o n  and 
rap id  \<ear of  t h e  a g i t a t o r  s h a f t .  

The small 

I t  was a l s o  conceived t h a t  i f  t h e  carbide 
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i n t e r n a l  bear ing  were t o  f r a c t u r e ,  i t  could f a l l  down i n t o  the mater ia l  bed 
and cause p o t e n t i a l l y  ser ious  damage t o  the a g i t a t o r  o r  t h e  c a l c i n e r  v e s s e l .  
I t  \gas quickly determined s i l i c o n  carb ide  bushings i n  th i s  c o n f i g u r a t i o n  were 
not  well s u i t e d  f o r  t h i s  appl ica t ion .  

Fortunately,  t h e  t e s t i n g  revealed t h e  h e a t  o f  t h e  a g i t a t o r  s h a f t  above 

In te rna l  tempera tures  a t  t h e  top  of  t h e  
the c a l c i n e r  top  p l a t e  t o  be l e s s  than 300"C, s i g n i f i c a n t l y  less than t h e  
worst  case temperature  an t ic ipa ted .  
f i l t e r  sec t ion  were found t o  be about 700'C o r  l e s s .  
replacement of t h e  carb ide  bushings with high tempera ture  n u c l e a r  grade 
g r a p h i t e .  
alignment bushings gradual ly  wear from f r i c t i o n  w i t h  the s h a f t ,  t h e  eroded 
powder serves  t o  provide f u r t h e r  l u b r i c a t i o n  t o  ivear s u r f a c e s  below. 

a l ,  p ressure  pulses  from the  f i l t e r  bloi+back system dur ing  f u l l  fiow opera- 
t i o n  caused b r i e f  per iodic  pressure r e v e r s a l s ,  p u f f i n g  d u s t  up between t h e  
bushing and s h a f t .  This would not  have been l i k e l y  when process ing  higher  
d e n s i t y  m a t e r i a l s  such as plutonium oxide. I t  was n e v e r t h e l e s s  determined 
t h a t  the design should be changed t o  sea l  t h i s  a r e a .  
t h a n  expected tenpera tures  i n  t h i s  region allowed t h e  i n s t a l l a t i o n  of a n  a i r -  
t i g h t  g r a p h i t e  and f a b r i c  s h a f t  sea l  i n  t h e  f i l t e r  p l a t e .  
worked i,8ell i n  continued t e s t i n g .  

This  f i n d i n g  enabled t h e  

These have worked very wel l ,  so f a r .  As t h e s e  g r a p h i t e  s h a f t  

During e a r l y  t e s t i n g  using a very f i n e  magnesium oxide  s tand-in mater i -  

@$ 
f o r t u n a t e l y ,  t h e  lower 

This sea l  h a s  

The wear r a t e  of the  9r;phite bushings from f r i c t i o n  with t h e  a g i t a t o r  
s h a f t  has been found t o  be n inor .  
opera t ion ,  the only s i g n i f i c a n t  wear observed r e s u l t e d  from a misaligned 
s h a f t .  
when t h e  s h a f t  i s  properly al igned.  

A f t e r  more t h a n  80 hours  of a g i t a t o r  

No s i g n i f i c a n t  wear of t h e  s h a f t  a l ignment  bushing has  been observed 

In t h e  o r i g i n a l  design phase, t empera tures  u p  t o  1 O O O ' C  on top of t h e  
c a l c i n e r  were conserva t ive ly  a n t i c i p a t e d .  Consequent ly ,  t h e  l o c a t o r  p ins  t h a t  
were put i n  t h e  top  p l a t e s  had l a r g e  c learances  t o  prevent  ox ida t ion  problems 
and/or a n  i n t e r f e r e n c e  f i t .  Due t o  t h i s  c l e a r a n c e ,  i t  has  been d i f f i c u l t  t o  
a l i g n  t h e  p l a t e s  t o  t h e  s h a f t  ins ide  t h e  gloLebox. 

Alignment of  t h e  t o p  and f i l t e r  p l a t e s  i n  t h e  p r o t o t y p e  c a l c i n e r  i s  
l a r g e l y  accomplished through t h e  s k i l l  of t h e  c raf t smen performing t h e  
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assembly. 
bushing t o  increased s t r e s s e s .  In te r fe rence .  between the s h a f t  and t h e  f i l t e r  
p l a t e  s h a f t  bore from t h e  misalignment r e s u l t e d  i n  e x c e s s i v e  f r i c t i o n  which 
caused the a g i t a t o r  t o  s t a l l  during two of our  t e s t  runs. Should we have any 
f u r t h e r  alignment d i f f i c u l t i e s ,  a mating r i n g  has  been designed which can be 
placed between t h e  c a l c i n e r  p l a t e s  t o . p r e v e n t  rocking o f  t h e  t o p  p l a t e  on t h e  
f i l t e r  washers and wi l l  ensure t h a t  the t o p  and f i l t e r  p l a t e s  remain p a r a l l e l .  
5.1.2 Production-Scale Calciner Top Plate a n d  Bushing Design Enhancements 

Itisalignment of t h e  top  p l a t e  and f i l t e r  p l a t e  w i l l  s u b j e c t  t h e  

R e l i a b i l i t y  of  t h e  graphi te  bushing w i l l  be f u r t h e r  enhanced i n  t h e  
product ion vers ion by increasing t h e  length  of t h e  bushing t o  reduce t h e  
s u r f a c e  pressures  exer ted from s h a f t  moments. 
hor izonta l  alignment of  the  s h a f t  with t h e  p l a t e  bore ,  a l ignment  pin and p l a t e  
t o l e r a n c e s  w i l l  be t ightened,  Snd diamond l o c a t o r  p i n s  will be provided t o  
ensure  p o s i t i v e  p l a t e  alignment. The c a l c i n e r  t o p  p l a t e  will a l s o  be machined 
t o  f i t  completely over  the  f i l t e r  sea l  washers 
provide the requi red  pressure on t h e  F l e x i t a l l i c u '  sea l  washers  while mating 
f l u s h  with t h e  f i l t e r  p l a t e .  

To e n s u r e  proper  v e r t i c a l  and 

I t  \d i l l  be engineered t o  
@ 

5.2 Agitator and Shaft 

The z g i t a t o r  was designed t o  provide a cont inua l  mixing ac t ion  of t h e  
mater ia l  bed and t o  serve a s  a n  impel le r  t o  d r i l e  processed powder t o  t h e  
product  c o l l e c t i o n  por t .  
and 120 rpm. 
t h e  vesse l  w a l l s  and absorb heat  from t h e  i n n e r  (dome) and o u t e r  ( j a c k e t )  
h e a t i n g  elements. Heat i s  t r a n s f e r r e d  from t h e  oxide  bed t o  t h e  mater ia l  
which has  been fed i n t o  t h e  chzmber from t h e  i n j e c t o r  p o r t .  

I t  r o t a t e s  a t  a nominal 60 rpm, a d j u s t a b l e  between 0 
The ac t ion  of t h e  a g i t a t o r  CIUSPS t h e  m a t e r i a l  t o  wipe a g a i n s t  

The a g i t a t o r  and s h a f t  a r e  shown i n  F igure  3. The a g i t a t o r  was engi- 

This  g r e a t l y  enhances t h e  
neered i n  a domed shape. 
ing t h e  i n t e n s e  temperatures in  t h e  r e a c t i o n  bed. 
e f f i c i e n c y  of opera t ion ,  vthile s h e l t e r i n g  t h e  upper  s e c t i o n  of  t h e  c a l c i n e r  
from t h e  t e n p e r a t u r e  e x t r m e s  i n  t h e  c a l c i n e r  r e a c t i o n  bed. 

The domed shape s e r v e s  a s  a h e a t  s h i e l d ,  concent ra t -  

The arched shape 

I )  Flexirsllic is a t rzdemrk cf  ilexitcllic ezsket coapny,  lnc. ,  Deer PErk,  TX 
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of the a g i t a t o r  b lades  a l s o  s e r v e s  t o  
provide reinforcement t o  the sof tened 
s t e e l  i n  t h e  presence o f  r e l a t i v e l y  
l a r g e  fo rces  on the blades.  

The a g i t a t o r  s h a f t  was made from 1 
inch diameter  310 s t a i n l e s s  s t e e l  sha f t -  
ing  ma te r i a l .  
c a t e d  from a 5 inch pipe cap and 1/4 
inch  p l a t e  and w l d e d  onto t h e  s h a f t .  
con ica l  cap was placed on top  of  t h e  
dome t o  r e i n f o r c e  the s h a f t - a g i t a t o r  
j o i n t .  I4ore importantly,  t h e  conica l  
cap  he lps  shed t h e  heavy oxide powder 
from the t o p  o f  t h e  agitator. t .0 minimize 
load  on the thrust bearing. 
he lps  prevent  poktder buildup i r o n  accu- 
mulat ing t o  t h e  poin t  where i t  Snter -  
f e r e s  with operat ion o f  the f i l t e r s .  

The a g i t a t o r  was f a b r i -  

A 

I t  a l s o  

@ 

The a g i t a t o r  blades a r e  cont inu-  
ous ly  r o t a t e d  through t h e  oxide bed. 
Plutoniua oxide i s  extremely ab ras ive  
and, over  t ime,  w i l l  erode iway t h e  
b l ades  of t h e  a g i t a t o r .  The a g i t a t o r  
has been designed t o  be r ep laceab le  
under r o u t i n e  maintenance, although i t  
i s  important  t o  minimize required main- 
tenance i n t e r v a l s .  The b lades  a r e  

~~ 

DRIVE SLOT 

Figure  3 C a l c i n e r  a g i t a t o r / i m p e l l e r  
and d r i v e  s h a f t .  

t h e r e f o r e  designed roughly an inch longer  than  necessary for  c l ea rance  w i t h  
t h e  overf low dome. 
down\srard a s  t h e  Ends of  t h e  b lades  e rode  from c o n t a c t  w i th  t h e  ab ras ive  
ma te r i a l  bed. 

This  i s  intended t o  a l low t h e  a g i t a t o r  t o  be adjusted 
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5.2.1 Agitator Test Experience 

During e a r l y  t e s t i n g ,  i t  was determined t h a t  the a g i t a t o r  blades needed 

The added r e s i s t a n c e  of t h e  modified a g i t a t o r  n e c e s s i t a t e d  use o f  a 
t o  be twis ted  t o  provide s u f f i c i e n t  mixing o f  t h e  bed. m a t e r i a l  i n  the c a l -  
c i n e r .  
l a r g e r  motor t o  turn t h e  s h a f t .  The a g i t a t o r  motor horsepower was increased 
t o  1/4  hp from t h e  1/12 hp motor o r i g i n a l l y  s p e c i f i e d .  
to rque  l imi ted  t o  50 inch-pounds t o  prevent  damage t o  t h e  a g i t a t o r  o r  vessel  
should t h e  assembly s t a l l ,  

The new motor i s .  

The \\'ear r a t e  of the  e g i t a t o r  h a s  been i n s i g n i f i c a n t .  A f t e r  over  80 
hours a g i t a t o r  run time in  t h e  oxide mater ia l  t e d ,  we have not  y e t  observed 
s i g n i f i c a n t  wear on t h e  a l l  s t e e l  a g i t a t o r .  
5.2.2 Production-Scale Agitator Design Enhancements 

Although t h e  a g i t a t o r  i s  designed t o  be e a s i l y  r e p l a c e a b l e  as i t  wears, 
i t s  t e s t  performance has  exceeded our  expec ta t lons .  
a g i t a t o r  a r e  planned f o r  t h e  production c a l c i n e r .  

No changes t o  t h e  (9 
5.3 Calciner Vessel Jacket 

The c a l c i n e r  j a c k e t  provides t h e  b a s i c  s t r u c t u r e  of  t h e  c a l c i n e r .  I t  
conducts  hea t  from t h e  furnace,  o r  j e c k e t  h e a t e r ,  t o  t h e  m a t e r i a l  i n  the  
r e a c t i o n  bed. 
nominal; and in  height  t o  the  minimum necessary t o  c o n t a i n  t h e  f i l t e r s ,  

f o r  c r i t i c a l i t y  s a f e t y ,  i t  i s  l i m i t e d  i n  di;met.fr t o  6 inches 

a g i t a t o r ,  and overflow housing. 

The c a l c i n e r  vessel  i s  cons t ruc ted  of high tempera ture ,  low carbon 310 
s t a i n l e s s  s t e e l .  
c o n s t r u c t i o n  of t h e  c a l c i n e r  vesse l .  These inc luded  v a r i o u s  s t e e l  a l l o y s ,  
Has te l loys ,  Inconels ,  var ious r e f r a c t o r y  meta ls ,  and ceramics .  The o ther  
m a t e r i a l s  were ruled out f o r  a v a r i e t y  of reasons ,  inc luding  lo\$ melting o r  
annea l ing  p o i n t ;  poor corrosion r e s i s t a n c e  t o  n i t r a t e ,  c h l o r i d e s  o r  f luor ides ;  
low a v a i l a b i l i t y ;  o r  problem with b r i t t l e n e s s  o r  p o t e n t i a l  thermal s t r e s s  
c racking .  
few o f  t h e  mater ia l  p roper t ies  c h a r t s  extend UP i n t o  t h e s e  extreme tef iperature  
ranges .  

An extensive number of o t h e r  m a t e r i a l s  were inves t iga ted  f o r  

One of t h e  chief  d i f f i c u l t i e s  i n  mater ia l  s e l e c t i o n  was t h a t  v f ry  

Even \ $ i t h  t h e  high temperature  310 s t a i n l e s s  s t e e l ,  t h e  c a l c i n e r  

http://di;met.fr
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opera tes  near  t h e  absolute  limits of t h e  mater ia l  c a p a b i l i t i e s  (1100°C maximum 
operat ing,  temperature ,  cor ros ives ,  abras ives ,  e t c  .). 

Page 6-20 of B-47 e %  

The o u t e r  s h e l l  of t h e  c a l c i n e r  was f a b r i c ? t e d  i n  two s e c t i o n s .  
was done t o  f a c i l i t a t e  maintenance and t o  provide both a thermal  b a r r i e r  and 
thermal s t r e s s  r e l i e f  between t h e  hot  lower r e a c t i o n  s e c t i o n  and t h e  c o o l e r  
upper f i l t e r  s e c t i o n  of t h e  c a l c i n e r .  The t\vo c a l c i n e r  s e c t i o n s  were f a b r i -  
ca ted  using 6 inch schedule 10 p ipe ,  and f l a n g e s  of  1 /2  inch  p l a t e .  
f l a n g e s  were machined t o  square o f f  t h e  f a c e s  and form the grooves f o r  t h e  o- 
r i n g  s e a l s .  

This  

The 

A thermowell was i n s t a l l e d  i n  t h e  upper s e c t i o n  us ing  1/4 inch 310 
s t a i n l e s s  tub ing  t o  allow measurement of temperatures  i n  the f i l t e r  sec t ion  of  
t h e  c a l c i n e r  vesse l .  

Only minor a g i n g  of t h e  c a l c i n e r  vessel  i s  expected over  t h e  dura t ion  o f  
any a n t i c i p a t e d  process  campaign. 
o u t  by one of  several  mechanisms, inc luding  c o r r o s i o n ,  a b r a s i o n ,  high tempera- 
t u r e  oxida t ion  o r  sca l ing ,  o r  thermal s t r e s s  c racking .  
normal war. The age-related f a i l u r e  i n  any o f  t h e s e  a r e a s  will be manifested 
by a s teady  increase  in d i f f i c u l t y  maintaining vacuum w i t h i n  the v e s s e l .  The 
modular design o f  t h e  c a l c i n e r  has been provided t o  a l low replacement of.worn 
o u t  components. 
5.3.1 Calciner Vessel Vt'alI Test Esperience 

Eventual ly  the c a l c i n e r  vesse l  w i l l  wear 

@ T h i s  is considered 

The 310 s t a i n l e s s  s t e e l  h a s  so f a r  proven edequate  under t e s t  condi- 
With over  Z O O  hours o f  high temperature  t e s t i n g  done t o  d a t e ,  t h e  t i o n s .  

o u t s i d e  w a l l s  o f  t h e  lower part of  t h e  c a l c i n e r  vesse l  around t h e  furnace have 
only l i g h t l y  oxidized.  
s h i n e  on t h e  i n s i d e  of  t h e  calcine,- .  
o u t s i d e  t h e  c a l c i n f r  as would be expected w i t h  type  304 s t a i n l e s s  s t e e l  a f t e r  
exposure t o  t h e s e  temperatures. 
i n  e x c e l l e n t  condi t ion .  
5.3.2 Production-Scale Calciner Vessel Design Enhancements 

There i s  only s l i g h t  d u l l i n g  o f  t h e  s t a i n l e s s  s t e e l  
No s c a l i n g  i s  e v i d e n t  e i t h e r  i n s i d e  o r  

All of t h e  f l a n g e  weld j o i n t s  have remained 

It0 s i g n i f i c a n t  changes a r e  planned t o  t h e  product ion  c a l c i n e r  v e s s e l .  
I t  i s  n o t  a n t i c i p a t e d  The 310 s t a i n l e s s  s t e e l  has held up vel1 i n  t e s t i n g .  

-' n 
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t h a t  vessel  l i f e  can be s i g n i f i c a n t l y  enhanced through use o f  Haste l lby ,  
Inconel ,  o r  o t h e r  grade of  s t a i n l e s s  s t e e l .  
program, t h e  310 s t a i n l e s s  s t e e l  s e l e c t e d  i s  f u l l y  expected t o  perform 
s a t  i s f a c t o r i  1 y . 

For t h e  c u r r e n t  s t a b i l i z a t i o n  

5.4 Calciner Base Plate Assembly 

The c a l c i n e r  baseplate  i s  a machined weldment t h a t  i n c l u d e s  t h e  overflow 

Figure 3 i s  a dia!lram of  the b a s e p l a t e  assembly. 
dome and h e a t e r  assembly, t h e  feed i n j e c t o r  assembly, and s e v e r a l  thermowells 
f o r  temperature  measurement. 
These subcomponents a r e  discui 

5.4.1 Overflov Dome a n d  

Heater Assembly 

The overflo\.r dome and 
h e a t e r  assembly provides 
severa l  key func t ions  i n  t h e  
c a l c i n e r  opera t ion .  I t  
houses one o f  t h e  two c a l -  
c i n e r  heat  sources ,  a n  1100 
Watt ,  1400'C Kanthal canis-  
t e r  h e a t e r .  Radiant heat  i s  
t r a n s f e r r e d  from t h e  heat ing 
element t o  t h e  overflow 
dome. From t h e  dome, heat  
i s  t r a n s f e r r e d  pr imar i ly  by 
d i r e c t  conduction t o  t h e  
mater ia l  bed. The dome a l s o  
houses t h e  product  co l lec-  
t i o n  p o r t ,  o r  "overflow 

@ 

C 

ed below. 

CkCNUCh? I1U3 

PRDDUCT DROP 1UEt 

, i g u r e  4 Cross-sect ional  diagram o f  t h e  ca lc in-  
tube ."  This i s  a one inch e,. b a s e p l a t e  assembly.  
tube  i n s e t  i n t o  t h e  dome 
wal l .  The overflow tube i s  adjusted v e r t i c a l l y  t o  s e t  t h e  depth of the 

-' TI 
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mater ia l  bed. F i n a l l y ,  t h e  dome assembly s e r v e s  t o  c o n t a i n  the mater ia l  bed 
i n  the a r e a  of  t h e  a g i t a t o r  blades t o  promote r a p i d  mixing and hea t  t r a n s f e r .  

The main body of  t h e  dome was fabr ica ted  from 4 inch s t a i n l e s s  pipe and 
p ipe  cap. The dome w a s  seal welded t o  the bottom edge o f  the bottom p l a t e ,  
and a cosmetic  weld was placed between t h e  dome and t h e  t o p  s u r f a c e  of  t h e  
lower p l a t e .  
tube  which permi ts  t h e  excess bed mater ia l  t o  drop i n t o  a c o l l e c t i o n  vesse l .  

A s l o t  c u t  ou t  on one s i d e  of the p i p e  accommodates t h e  overflow 

The 1100 Matt dome hea ter  was mounted i n s i d e  the dome and anchored t o  a 
mounting bracke t  a t tached t o  t h e  lower p l a t e .  
o b t a i n  temperature  readings from the top s u r f a c e  of  t h e  dome, one of t h e  
h o t t e s t  s u r f a c e s  on t h e  c a l c i n e r .  

A thermowell was a t tached  t o  

The c o l l e c t i o n  tube extends down well below the base  of  t h e  c a l c i n e r .  
I t  is a d j u s t a b l e  v e r t i c a l l y  v i a  a Teflonez f i t t i n g  and c a l i b r a t e d  t o  al low 
t h e  depth o f  the mater ia l  bed t o  be ad jus ted  e x t e r n a l l y  dur ing  c a l c i n e r  
opera t ion .  
mounted on t h e  t o p  p l a t e  of  t h e  product r e c e i v f i r  v e s s e l .  This  valve allows 
mater ia l  c o l l e c t i o n  t o  be suspended without  i n t e r r u p t i n g  opera t ion  t o  allow 
t h e  r e c e i v e r  c a n i s t e r  t o  be replaced.  

t7 The base of the c o l l e c t i o n  tube  i s  connected t o  a b a l l  va lve  
G- 

- 

The overflow doire w i l l  age due t o  t h e  sane  mechanisms a s  t h e  vessel  wall 
d i scussed  under Sect ion 5.3. Corrosion, o x i d a t i o n ,  a b r a s i v e  e ros ion ,  and 
s t r e s s  c racking  can be expected a f t e r  extended o p e r a t i o n .  

The heated sur face  of  t h e  doirie i s  maintained a t  over  1OOO'C during 
opera t ion .  Less t h a n  2 cen t i f ie te rs  away, the feed p o r t  i s  i n j e c t i n g  room 
temperature  a i r  and feed so lu t ion .  
high s t r e s s  on t h e  mater ia l s  and t h e  in te rvening  weld. This may e v f n t u a l l y  
l e a d  t o  s t r e s s  cracking a t  t h i s  po in t .  
ered s i g n i f i c z n t ,  as i t  i s  p r imar i ly  cosmetic 
l o c a t e d  a t  the bottom of t h e  base p l a t e ,  o u t s i d e  t h e  a r e a  of  s i g n i f i c a n t  
thermal s t r e s s .  

The r e s u l t a n t  thermal  g r a d i e n t  czuses  very 

Cracking o f  th is  weld i s  not  consid- 
The pr imary dome sea l  weld i s  

2 Teflon is a t r rdczrrk  cf  E,. I .  Duiont dc h'emiurs & Co., h'i(mlngton, G E  
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Should t h e  base p l a t e  assembly eventua l ly  w a r  o u t ,  i t  can be replaced 
wi th  a spare  u n i t .  
d e t e r i o r a t i o n  i n  t h e  dome s t r u c t u r e  over extended o p e r a t i o n  could prevent  
adequate  vacuum from being maintained, and rvould al low some mater ia l  t o  escape 
and s p r i n k l e  down onto t h e  d r i p  pan beneath t h e  product  c o l l e c t i o n  v e s s e l s  
when vacuum i s  in te r rupted .  
5.3.1.1 OwrfJow Dome and Heater Test Esperience 

Without replacement of th is  component, age- re la ted  

As w i t h  t h e  c a l c i n e r  vesse l ,  only l i g h t  o x i d a t i o n  o f  the  overf low dome 
i s  e v i d e n t  a f t e r  over 200 hours of high temperature  t e s t i n g .  
have remained in  exce l len t  condi t ion.  
5.4.1.2 Production-Scale Calciner 01 erflow Dome Design Enhancements 

All weld j o i n t s  

The dome assembly, a s  with o t h e r  major components o f  t h e  c a l c i n e r ,  i s  
designed t o  be replaceable  should i t  eventua l ly  wear o u t .  
dome could be enhanced by el iminat ion of  t h e  welded j o i n t s  i n  t h e  assembly. 
The dome housing could r e a d i l y  be c a s t  and machined from 310 s t a i n l e s s ,  
e l i m i n a t i n g  welded j o i n t s .  
o p e r a t e  t h e  c a l c i n e r  considerably longer  t h a n  i s  p r e s e n t l y  a n t i c i p a t e d .  

The l i f e  of  t h e  

i - +& -7 
This \vi11 only be cons idered  i f  i t  i s  decided t o  

The base of t h e  production s c a l e  c a l c i n e r  dome \vi11 be threaded i n t o  the  
c a l c i n e r  basepla te  r a t h e r  t h e n  welded, e l imina t ing  p o t e n t i a l  s t r e s s  f a i l u r e  of 
t h e  dome welds provided on the prototype c a l c i n f r .  
t i o n a l  per iod of t h e  neH production c a l c i n e r ,  no o t h e r  m a t e r i a l  f a b r i c a t i o n  
changes will be made. 

For t h e  pro jec ted  opera- 

5.4.2 Material Feed Injector 

The mater ia l  feed por t  \gas s u r p r i s i n g l y  one of  t h e  more d i f f i c u l t  design 
c h a l l e n g e s  faced by the  c a l c i n e r  engineer ing des ign  team. The cha l lenge  of 
providing a means of introducing cold l i q u i d  feed  m a t e r i a l  i n t o  t h e  c a l c i n e r  
mater ia l  bed r e l i a b l y  \:as s i g n i f i c a n t .  
the c a l c i n e r  without  w t t i n g  any of t h e  c a l c i n e r  s u r f a c e s  o r  b o i l i n g  i n  t h e  
feed  tube ,  and without i t  s c a l i n g  and clogging t h e  feed  t u b e ,  s a t u r a t i n g  t h e  
t o p  of  t h e  mater ia l  bed, o r  i n t e r f e r i n g  with t h e  a g i t a t o r  o p e r a t i o n .  

The feed  s o l u t i o n  must introduced i n t o  



Fed from t h e  top or  
s i d e ,  t h e  plutonium so lu t ion  
would have wet the top sur- 
f a c e  of the a g i t a t o r .  This 
\qould have eventua l ly  caused 
bui ldup o f  s o l i d i f i e d  pas te  
t o  i n t e r f e r e  with r o t a t i o n  
of t h e  c a l c i n e r ,  and could 
have caused damage t o  t h e  
of fgas  f i l t e r s .  I t  iqould 
a l s o  have wet t h e  top sur- 
face  of  the mater ia l  bed 
such t h a t  incompletely re- 
ac ted 'mater ia l  could be 
c a r r i e d  out  the overflow 
p o r t  t o  t h e  c o l l e c t i o n  ves- 
s e l ,  reducing q u a l i t y  o f  the 
product .  I f  introduced in to  
t h e  c e n t e r  o f  t h e  mater ia l  
bed, t h e  feed tube may hava 
i n t e r f e r e d  with t h e  f r e e  
r o t a t i o n  of  t h e  a g i t a t o r  01- 

prevented f r e e  c i r c u l a t i o n  
of t h e  mater ia l  i n  t h e  bed. 
Introduced through t h e  bot- 
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Figure 5 Calc iner  feed m a t e r i a l  i n j e c t o r  assem- 
bl! 

tom, the l i q u i d  must pass through a ha l f  inch Thickness of  t h e  red-hot s t e e l  
b a s e p l a t e  lqithout bo i l ing ,  and \qithout severe ly  cool ing  o f f  t h e  basepla te  
which would cause mater ia l  s t r e s s  and loss of ' ca lc iner  r e a c t i o n  e f f i c i e n c y .  
To prevent  an unacceptably high corrosion r a t e ,  t h e  feed  m a t e r i a l  could not  be 
allowed t o  boi l  o f f  from the  s u r f a c e  of t h e  b a s e p l a t e  ( o r  any o t h e r  metal 
s u r f a c e ) .  

suzoelok is a trsdemtrk c f  crtufcrd Filling Co.~+jrny, solon, OH 
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After  analyzing a number of p o t e n t i a l  feed t u b e  d e s i g n  concepts ,  t h e  
b e s t  opt ion was determined t o  be a bottom feed  system where the s o l u t i o n  i s  
introduced t h r o u g h  an i n j e c t o r  system. 

The i n j e c t o r  i s  comprised of a l i q u i d  feed  t u b e  c o n c e n t r i c a l l y  housed 
The a i r  serves  t o  i n s u l a t e  l i q u i d  f e e d  from t h e  hot  i n s i d e  of an a i r  l i n e .  

basepla te ,  a s  well as t o  provide some cool ing .  
from b o i l i n g  i n s i d e  t h e  feed tube which would have l e d  t o  e x c e s s i v e  cor ros ion  
o r  poss ib ly  p r e c i p i t a t i v e  blockage of  t h e  feed  tube .  The f e e d  l i n e  system i s  
f i t t e d  w i t h  an a i r  nozzle a t  t h e  basepla te  s u r f a c e .  
engineered so t h a t  above 1 cubic  f o o t  per  minute a i r  d e l i v e r y ,  t h e  a i r  
v e l o c i t y  a t  t h e  p l a t e  surface i s  supersonic .  This  breaks  the feed  l i q u i d  (fed 
a t  a maximum r a t e  of about 1 me/sec) i n t o  a f i n e  mist, \qhich i s  c a r r i e d  by t h e  
a i r  up i n t o  t h e  mater ia l  bed. 
a'nd corroding t h e  baseplate .  
been designed t o  be replacezble .  

This p r e v e n t s  the mater ia l  

The i n j e c t i o n  nozzle  i s  

This prevents  t h e  feed  s o l u t i o n  from pooling 
Should t h e  feed tube  cor rode  o r  plug,  i t  has 

q q  
&J The feed  p o r t  loca t ion  has been engineered so the a g i t a t o r  blades wipe 

T h i s  i s  designed t o  d i r e c t l y  across  t h e  o r i f i c e  roughly 4 t imes p e r  second. 
c o n t i n u a l l y  br ing  new mater ia l  in contac t  with the feed  s o l u t i o n .  
he lps  prevent  tube blockage, s c a l e  bui ldup,  and pool ing  o f  s o l u t i o n .  

I t  a l s o  
. 

During normal operat ion,  p o s i t i v e  l i q u i d  feed f low p r e v e n t s  powder from 
t h e  mater ia l  bed from being packed down t h e  tub& by the a c t i o n  of  t h e  ag i ta -  
t o r .  A c leanout  rod has a l so  been provided should t h e  f e e d  t u b e  become 
plugged. 
as a plug t o  prevent  powder from being packed (down t h e  t u b e  by ac t ion  of  t h e  
a g i t a t o r  when t h e  feed pump i s  not running. 

I t  i s  designed t o  f i t  f l u s h  w i t h  t h e  t o p  o f  t h e  b a s e p l a t e  and serve 

The feed  tube i s  desianed t o  be r e a d i l y  r e p l a c e a b l e ,  a l though high 
tempera tures  i n  t h i s  area prevent s a f e l y  doing so  d u r i n g  o p e r a t i o n .  
i z p o r t a n t  t o  completely i n s e r t  t h e  c leanout  rod a t  the complet ion of  each run 
t o  prevent  blockage. 
performed. 

I t  is  

Periodic  inspec t ion  of t h e  feed  t u b e  should a l s o  be 

Loss of  a i r  pressure t o  t h e  feed i n j e c t o r  could  cause  cor ros ion  and 
bui ldup  of  s c a l e  i n  a n d  around t h e  feed  p o r t .  Lab t e s t s  wi th  b o i l i n g  acid 
revea led  t h a t  t h e  thickness  of t h e  310 s t a i n l e s s  l i q u i d  f e e d  t u b e  could 
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corrode  through a t  the  l iquid-vapor  i n t e r f a c e  p o i n t  i n  a s  few as  40 hours .  
Operat ing personnel have been i n s t r u c t e d  t o  f l u s h  the feed  t u b e  . a f t e r  each run 
t o  he lp  extend i t s  l i f e .  

There was a l s o  a c r e d i b l e  p o t e n t i a l  upon loss o f  a i r  p r e s s u r e  f o r  l i q u i d  

For t h e s e  reasons,  a n  i n t e r l o c k  was i n s t a l l e d  t o  shut down t h e  feed 
t o  be forced by t h e  feed pump back up t h e  a i r  l i n e  and i n t o  t h e  process  a i r  
system. 
pump should the a i r  pressure f a l l  below about € 0  p s i .  

Should t h e  a i r  i n j e c t o r  nozzle  corrode o r  wear s i g n i f i c a n t l y  over  time, 
i t  w i l l  l o s e  some o f  i t s  e f f e c t i v e n e s s  i n  d i s p e r s i n g  t h e  f e e d  s o l u t i o n .  
could a l s o  then be more l i k e l y  t o  become blocked by t h e  oxide  product  mater i -  
a l .  As t h e  prototype c a l c i n e r  is designed f o r  a l i m i t e d  o p e r a t i n g  l i f e ,  t h e  
i n j e c t o r  nozzle  was not  designed t o  be r e p l a c e a b l e .  For the product ion s c a l e  
c a l c i n e r ,  t h e  e n t i r e  feed tube and a i r  i n j e c t o r  assembly w i l l  be designed t o  
be r e a d i l y  replaceable .  

I t  

&3 -37 
One poss ib le  operat ional  hazard w i t h  the i n j e c t o r  system is conceivable .  

The process  a i r  l i n e  supplying the . feed  i n j e c t o r  i s  known t o  have s i g n i f i c a n t  
q u a n t i t i e s  o f  o i l  and water t rapped i n  i t s  p ip ing .  
water  o r  worse, o i l ,  be in jec ted  throuah t h e  feed  i n j e c t o r  a i r  l i n e  i n t o  t h e  
hot  c a l c i n e r  vesse l ,  t h e  evolved gases  would be emi t ted  from t h e  vent ,  
p o t e n t i a l l y  blowing q u a n t i t i e s  of t h e  product po\r*der i n t o  t h e  glovebox. I f  
o i l  i s  i n j e c t e d ,  i t  would be incoaple te ly  reac tad  and would l i k e l y  be q u i t e  

Should a l a r g e  s l u g  of 

. 

flammable as i t  i s  e jec ted  from t h e  vent .  

I t  i s  c l e a r  t h a t  such a n  event  could not  be p e r m i t t e d .  The a i r  l i n e  was 
thus blown down when i t  was i n s t a l l e d  t o  remove as much l i q u i d  as  p o s s i b l e ,  
and f i l t e r  traps were i n s t a l l e d  to s e p a r a t e  any r e s i d u a l  1 i q u i d .  Ikver the-  
l e s s ,  during cons t ruc t ion  and p r i o r  t o  energ iz ing  the c a l c i n e r ,  t h e  a i r l i n e s  
w r e  pressur ized  f o r  leak  t e s t i n g ,  t h e  f i l t e r  traps were overwhelmed, and 
water  from t h e  air l i n e  leaked i n t o  t h e  glovebox from a l o o s e  f i t t i n g .  

The hazard has been el iminated by modif:ying t h e  f i l t e r  t r a p  dra in  l i n e s  
such t h a t  they  a r e  l e f t  permanently open. 
be t rapped  by t h e  separa tors  and d iver ted  t o  a c o l l e c t i o n  v e s s e l .  

Any l i q u i d  i n  t h e  a i r  l i n e  w i l l  now 

i 
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5.1.2.1 Material Feed Injector Test Experience 

Experimental t e s t i n g  so f a r  has shown that .  the feed  i n j e c t o r  design has 
. worked extremely wel l .  

on the basepla te  o r  within the feed system has been d iscovered .  
d r y  product i s  being del ivered from t h e  col lect . ion p o r t .  

No evidence of s u r f a c e  cor ros ion  o r  s c a l e  accumulation 
High q u a l i t y ,  

The a i r  in jec ted  i n t o  t h e  vessel  h a s  been found t o  have the s i d e  benef i t  
of keeping t h e  temperatures i n  t h e  upper s e c t i o n  o f  t h e  c a l c i n e r  l o w r  t h a n  
a n t i c i p a t e d .  
g r a p h i t e  f o r  bushings in  t h e  cons t ruc t ion  of  ths c a l c i n e r .  

This  has permitted use of o t h e r  d e s i r a b l e  m a t e r i a l s  such a s  

Prevention of  blockage of t h e  feed tube  h a s  been the g r e a t e s t  chal lenge 
faced with t h e  feed system. 
i n a d v e r t e n t l y  l e f t  in  i t s  r e t r x t e d  pos i t ion  a f t e r  complet ion of  t h e  run. 
a c t i o n  of t h e  a g i t a t o r  completely packed t h e  feed tube  wi th  powder from t h e  
mater ia l  bed. 
p a s t e .  
cool .down cyc le  and the  heat  up  cyc le  f o r  t h e  next  t e s t  run and had t o  be 
rep1 aced. 
5.4.2.2 Production-Scale Calciner Feed Sxrlem Design Improvements 

During one t e s t  run, t h e  c l e a n o u t  rod was 
The 

The powder mixed with t h e  l i q u i d  i n  t h e  feed  t u b e  and formed a 
The pas te  baked i n t o  a hard,  cement-like mater ia l  dur ing  t h e  extended @ d 

The feed system on t h e  production vers ion of  the c a l c i n e r  wi l l  be 
suppl ied  from bot t led  9;s. 
l i q u i d  en ter ing  the  c a l c i n e r  throuah the  a i r  i n j e c t o r .  
a l s o  be modified s o  t h a t  the  e n t i r e  i n j e c t o r  assembly can be r e a d i l y  replaced 
as a u n i t .  

This wi l l  prevent  q y  c r e d i b l e  p o s s i b i l i t y  of  
The feed  system wi l l  
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5.5 Offgas Filters 

The c a l c i n e r  operates  with a g r e a t  deal of i n t e r n a l  g a s  and vapor 
turbulence .  Feed so lu t ion  in jec ted  a t  1 rnt/sec q u i c k l y  vapor izes  and decom- 
poses i n t o  oxide powder, NO, and o t h e r  gases .  The i n j e c t o r  a i r  i s  introduced 
with t h e  feed so lu t ion  a t  about 2 scfm, but  r a p i d l y  expands a s  i t  is  heated. 
These gases  and vapors, combined t o t a l i n g  about 15 acfm, expand up through t h e  
hot  mater ia l  bed, l o f t i n g  some polqder from the m a t e r i a l  bed a s  they  do. 

The of fgases  must be removed from t h e  c a l c i n e r  iqi thout  allolding escape 
of s o l i d s .  
a s e t  o f  1 micron h i g h  temperature s i l i c o n  c a r b i d e  p a r t i c l e  f i l t e r s .  
f i l t e r s  ensure high e f f ic iency  o f  rad ionucl ide  s e p a r a t i o n  from t h e  waste 
gases ,  while  minimizing contamination of t h e  gaseous and 1 i q u i d  e f f l u e n t s .  

The top  sec t ion  of t h e  c a l c i n e r  i s  designed p r i n c i p a l l y  t o  house t h e  

The offgases  from t h e  c a l c i n e r  a r e  dratm o f f  under  vacuum through 
These 

o f f g a s  f i l t e r s .  
o f  f i l t e r s  requi red  t o  handle f u l l  flow w i t h  25 p e r c e n t  a d d i t i o n a l  capac i ty .  
The t h r e e  ceramic f i l t e r s  toge ther  have a c a p a c i t y  o f  about  20 cfm. 

The height  of t h e  f i l t e r  s e c t i o n  was determined by t h e  length 

$3 
The f i l t e r s  a re  mounted i n  a 2 inch t h i c k  s t a i n l e s s  p l a t e  machined t o  

mate w i t h  t h e  f i l t e r  s e a l s .  F l e x i t a l l i c c 3  g a s k e t s  on t o p  o f  t h e  f i l t e r s  are 
held i n  compression by the  1 inch top  p l a t e  t o  p rovide  a vacuum-tight s e a l .  
The top  p l a t e  a l s o  houses the  vacuum exhaust  manifold,  and t h e  f i l t e r  blou- 
back assembly, as \,jell as the  a g i t a t o r  sea l  bushing s l e e v e ,  and t h e  pressure 
r e l e a s e .  

The of fgas  f i l t e r s  could conceivably break  o r  become blocked. Breakage 
of  the ceramic f i l t e r s  vould prevent confinement of t h e  oxide  s o l i d s  t o  t h e  
c a l c i n e r  v e s s e l ,  and would allow p a r t i c u l a t e s  t o  be c a r r i e d  t o  t h e  scrubber .  
Blockage would cause h i g h  d i f f e r e n t i a l  p r e s s u r e  t o  over\rthelm t h e  a v a i l a b l e  
V Z C U U ~  and r e s t r i c t  flow from t h e  c a l c i n e r .  
above 2 p s i ,  t h e  pressure re lease  weight would l i f t ,  a l lowing  t h e  of fgases  t o  
escape  i n t o  t h e  glovebox. 

,qs p o s i t i v e  p r e s s u r e  bui lds  u p  
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The high temperature f i l t e r s  a r e  made o f  s i l i c o n  c a r b i d e  ceramic. 
S i g n i f i c a n t  mechanical o r  thermal shock can cause  them t o  c r a c k  and lose t h e i r  
i n t e g r i t y .  
the f i l t e r s  are well shielded from mechanical shock. 
designed t o  e l imina te  the  p o s s i b i l i t y  of thermal shock caused by l i q u i d  
spraying u p  and impacting on t h e  f i l t e r  candles .  

This i s  not considered l i k e l y .  Once i n s t a l l e d  i n  t h e  c a l c i n e r ,  
The c a l c i n e r  i s  a l s o  

The feed s o l u t i o n  i s  slowly introduced by t h e  feed i n j e c t o r  i n t o  t h e  
c a l c i n e r  vessel  under several  inches of  heated plutonium oxide  as  a f i n e  
atomized mist. Should t h e  mater ia l  bed be absent  f o r  whatever  reason,  t h e  
a g i t a t o r  covers  t h e  feed por t  and i s  designed t o  s h i e l d  the f i l t e r s  from t h e  
feed  spray.  
s u f f i c i e n t  thermal shock t o  cause f i l t e r  damage. 

IMist impacting on t h e  f i l t e r s  could not  i n  any c a s e  induce 

1 

With the h i g h  g a s  f l o w ,  moist a i r ,  and l a r g e  amounts o f  l o f t e d  powder, 
i t  was c r u c i a l  t o  provide a neans of  c l e a r i n g  t h e  f i l t e r s  w h i l e  under opera- 
t i o n .  
au tomat ica l ly .  

A f i l t e r  blow-back system was thus engineered t o  accomplish this  

The blon-back system s e q u e n t i a l l y  sends ii pulse  o f  a i r  t o  e ich  f i l t e r .  
The pulse  i s  d i r e c t e d  through a ventur i  p o r t ,  caus ing  a small  shock wave t o  
d is lodge  any accumulated n a t e r i a l  from t h e  f i l t e r  s u r f a c e .  

Increasing t h e  faEd r a t e  o f  t h e  n i t r a t e  s o l u t i o n  beyond t h e  design l i m i t  

This 
of 4 t / h r  might cause a i'apor j e t  w i t h  enough v e l o c i t y  t o  break  through t h e  
mater ia l  bed and depos i t  i io i s ture  laden powder on the f i l t e r  c a r t r i d g e s .  
can quickly draw t h e  terrperature down, a l lowing t h e  vapor t o  condense on t h e  
f i l t e r s ,  compounding t h e  problem. Should this  happen, the high f i l t e r  
d i f f e r e n t i a l  p ressure  ind ica tor  w i l l  l i g h t .  I f  t h e  feed  r a t e  i s  not reduced 
irrithin a s h o r t  time, s t e i n  w i l l  begin t o  vent  through the p r e s s u r e  r e l e a s e .  
If the problem i s  corrected before  a t h i c k  p a s t e  i s  formed on t h e  f i l t e r s ,  
they  should quick ly  dry out and a l low t h e  b l o w b a c k  system t o  c l e a r  t h e  
blockage. Otherwise, the  process  will have t o  be shut  down and t h e  f i l t e r s  
c leaned o r  replaced.  

An excess  o f  orgtn ics  in  t h e  feed s o l u t i o n  could a l s o  l e a d  t o  f i l t e r  
blockage through coat ing t h e  f i l t e r s  in  a n  unreac ted  o i l y  r e s i d u e .  
t h e  feed  r a t e ,  t h e  organics  w i l l  be allowed t o  o x i d i z e  o r  evapora te ,  and t h e  

By slowing 

m ... I- .. ., 
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blow-back should clear the filters. 

the feed solution \vould have been carefully sampled for organics to prevent 
formation of organic nitrates. 

This type of event is very unlikely, as 

5.5.1 Offgas Filter Test Experience 

The filters have performed very well in testing. 
the filters whatsoever has been detected. Sampling found only very lo\$ levels 

o f  plutonium in the condansed calciner offgases. 

No deterioration of 

Evidence from filter differential pressure measurements and post run 
inspection of the filter surfaces indicates that the blow-back system is 
perf o rmi ng effect i vel y under opera t i ng cond i t i o n  s . 

It i s  worth noting that in early testing with magnesium oxide stand-in 
material, the blowback system could not keep up with the large volume of 
extremely fine lofted mag-ox powder. 
more dense ceric oxide, which was more representative of plutonium oxide. 
filters remained adequately clear once that substitution was made. 
thus determined that the filter and blow-back design was acceptable to allow 
initiation o f  process testing on plutonium nitrate. 
filters has been evident in testing vith the plutonium solutions. 

. 
The magnesium oxide bras replaced \+ith 

@j The 
It \vas 

No blockage of the 

5.5.2 Production-Scale Offgar Filter System Design Ebhancements 

No nodifications o f  the filter design is anticipated. 
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6.0 OFFGAS SCRUBBER 

The purpose o f  t h e  scrubber  i s  two-fold: (1) t o  cool and condense t h e  
vapors, and ( 2 )  t o  n e u t r a l i z e  t h e  a c i d i c  o f f g a s e s  with a c a u s t i c  s o l u t i o n .  
Sodium hydroxide s o l u t i o n  is c u r r e n t l y  used t o  n e u t r a l i z e  t h e s e  ac ids .  

Figure 6 shows a diagram of t h e  scrubber .  The pr imary components o f  the 
scrubber  a r e  fabr ica ted  from quar tz  g l a s s  and s t a i n l e s s  s t e e l .  
from the c a l c i n e r  i s  brought t o  t h e  scrubber  under vacuum through a n  insu la ted  
3/4  inch s t a i n l e s s  s t e e l  pipe.  
through a 25 mm g l a s s  i n l e t  tube and e n t e r  a 100 mm quartz g a s  d ispers ion  
chamber. 
d i s k  designed t o  d isperse  t h e  of fgases  i n t o  small bubbles .  This  f a c i l i t a t e s  
e f f i c i e n t  conduction of t h e  heat  f r o 3  t h e  o f f g a r e s  and n e u t r a l i z a t i o n  of t h e  
a c i d s .  

The of fgas  

The of fgases  a r e  brought i n t o  t h e  scrubber  

A t  the top  of t h e  gas  d i spers ion  chamber i s  a f r i t t e d  g l a s s  d i f f u s e r  

The q u a r t z  g l a s s  r e s i s t s  cor ros ion  i n i t i a l l y  expected from some of  t h e  

iQ t e s t  s o l u t i o n s ,  and i t  i s  able  t o  \.rithstand t h e  tempera ture  d i f f e r e n c e  between 
t h e  c h i l l e d  c a u s t i c  so lu t ion  and steam and n o t  c rack .  

The heat  exchanger c o i l s  a r e  t i g h t l y  s tacked  t o  provide  a chimney 
e f f e c t .  
t h e  s t a i n l e s s  cool ing c o i l s  i n  t h e  c a u s t i c  s o l u t i o n .  
t h e  t o p ,  t h e  g a s ,  along with any excess  l i q u i d  js pul led  down t h e  exhaust  
tube .  

The bubbles ,  as they r i s e ,  c r e a t e  a c u r r e n t  t h a t  c i r c u l a t e s  around 
Once t h e  bubbles reach 

All o f  these  components a r e  contained w i t h i n  two p i e c e s  of 6 inch 
diameter  PyrexG4 g l a s s  pipe with s t a i n l e s s  s t e e l  t o p  and bottom f langes  and a 
s t a i n l e s s  s t e e l  s e r v i c e  r ing  f o r  c h i l l e r  and c a u s t i c  s o l u t i o n  access .  
the g l a s s  pipe,  t h e  f l u i d  l e v e l s ,  c o l o r  o f  the s c r u b  l i q u o r ,  and any o t h e r  
i n d i c a t i o n s  t h a t  t h e r e  m y  be a problem can r e a d i l y  be observed.  

W i t h  

4 P y r e x  i s  a trzdemirk cf t c rn inp  tlzsm Ucrks, Corning, h'l' 

-' n 
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* 6” GLASS PIPE 

/ FROM CALCINER 

;F 

1 

F i g u r e  6 D i a g r a a  of  t h e  c a l c i n e r  o f f - g a s  scrubber .  
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6.1 Offgas Scrubber Test Esperience 

The scrubber  has performed very well i n  t e s t i n g .  
scrubber  have been f r e e  from a c i d s ,  and have been c o n s i s t e n t l y  c h i l l e d  below 
room temperature  t o  condense excess  vapor. No condensat ion has  been ev ident  
i n  t h e  g l a s s  vacuum t r a p  vessel as t h e  offgases  a r e  exhausted t o  t h e  process  
vacuum. 

Gases emit ted from t h e  

The q u a r t z  g l a s s  tube \$as found t o  be too  f r a g i l e  f o r  use i n  t h e  
product ion c a l c i n e r  system. 
during assembly. 
problems w i t h  breakage. 

The g l a s s  i n l e t  tube  f r a c t u r e d  severa l  t imes 
The design was modif ied,  and t h e r e  have been no f u r t h e r  

Glass welds have been i d e n t i f i e d  as weak a r e a s .  I n  t e s t i n g ,  t h e  f r i t t e d  
This g l a s s  d i f f u s e r  d i s k  and cy l inder  separa ted  from one another  a t  the.weld. 

\gas l i k e l y  caused by the  c a u s t i c  s o l u t i o n  e x p l o i t i n g  f laws  i n  t h e  g l a s s  weld. 

‘3 6.2 Production-Scale Scrubber Design Enhancements 

Corrosion by ch lor ides  and f l u o r i d e s  will be minimal due t u  t h e i r  
in f requent  and d i l u t e  presence i n  feeds .  Since t h e  feed s o l u t i o n s  w i l l  be 
c h a r a c t e r i z e d  and t reatEd f o r  compat ib i l i ty  with t h e  c a l c i n e r ,  a s t a i n l e i s  
s t e e l  i n l e t  tube  and a s in te red  s t a i n l e s s  d i s p e r s i n g  f i l t e r  w i l l  be employed 
f o r  t h e  production c a l c i n e r .  

The pH i s  cont ro l led  nanual ly  i n  t h e  prototype s c r u b b e r  by ad jus t ing  the  
c a u s t i c  makeup pump flow r a t e  t o  match t h e  feed a c i d i t y ,  s a l t  n i t r a t e ,  and 
feed r a t e .  In  t h e  production vers ion ,  we wil l  provide a pH ana lyzer /  cont ro l -  
l e r .  The c o n t r o l l e r  wi l l  add, j u s t  enough c a u s t i c  s o l u t i o n  t o  maintain t h e  
scrubber  pH i n  t h e  range of about 9 t o  13. 
t h e  v e s s e l s  and tubing,  and  i t  \ < i l l  a l s o  minimize use of  c a u s t i c  n e u t r a l i z e r .  

This \ + i l l  minimize corrosion of  
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7.0 PHASE SEPARATORS 

There a r e  two phase separa tors  i n  t h e  c a l c i n e r  system. These units 
s e p a r a t e  the c a l c i n e r  offgases  from the l i q u i d s  which a r e  comprised o f  t h e  
condensed vapor and the  c a u s t i c  make up s o l u t i o n  i n j e c t e d  i n t o  the scrubber .  

The phase separa tors  a r e  each f a b r i c a t e d  from a 4 f o o t  p iece  o f  6 inch 

Liquid and gases  come from t h e  scrubber  t o  the separa-  
PyrexQ g l a s s  p ipe ,  PVC end f langes ,  neoprene gaske ts ,  and s t a i n l e s s  s t e e l  
f i t t i n g s  and tub ing .  
t o r s  through 3 / 4  inch s t a i n l e s s  s t e e l  tubing and va lves .  

Figure 7 Phase separat ion vessel  

In opera t ion ,  one separa tor  i s  f i l l e d  a t  a t ime.  The process  vacuum i s  
appl ied  a t  t h e  f a r  end of t h e  s e p a r a t o r ,  causing t h e  g a s e s  t o  t r a v e l  t h e  
length  o f  t h e  vesse l .  
f o o t  length  o f  t h e  separa tor .  The gas  leav ing  the s e p a r a t o r  i s  l a r g e l y  devoid 
o f  ent ra ined  l i q u i d  as i t  leaves  t h e  glovebox 'and e n t e r s  t h e  process  vacuum 
system. 

Excess moisture  s e t t l e s  o u t  as t h e  g a s e s  flow t h e  4 

When f u l l ,  t h e  a c t i v e  s e p a r a t o r  i s  valved o u t  and t h e  s tand by separa tor  
i s  valved i n .  A l i q u i d  sample from t h e  f i l l e d  tank  i s  taken t o  check f o r  

5 )  P y r e x  is a i r s d e a z r l  cf Cerninp Glzss Ucrks, Corning, h'Y 
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nuclear  mater ia l s  and c a u s t i c  concentrat ion.  
i s  v e r i f i e d  t o  meet r e l e a s e  c r i t e r i a ,  i t  i s  re leased  t o  the waste  d r a i n s .  

Once t h e  l i q u i d  i n  t h e  s e p a r a t o r  

I f  t h e  separa tors  a r e  allowed t o  be o v e r f i l l e d ,  l i q u i d  would be pul led  
There i s  a l s o  t h e  i n t o  t h e  vacuum t r a p  in te r rupt ing  flow from the c a l c i n e r .  

p o s s i b i l i t y  t h a t  the g l a s s  used i n  t h e  pro to type  s e p a r a t i o n  u n i t  might be 
cracked.  
although vacuum would be l o s t  f o r  t h e  c a l c i n e r .  

Should t h i s  occur, any leakage would be conta ined  by t h e  glovebox, 

7.1 Phase Separator Test Experience 

The phase separa tors 'have  performed well i n  t e s t i n g ,  meeting a l l  of  
t h e i r  design objec t ives .  
dur ing  t e s t i n g .  
f laws i n  the g l a s s  weld. 

One of  t h e  separa tors  d i d  c r a c k  a t  a g l a s s  se;m weld 
The crack was caused by t h e  c a u s t i c  l i q u i d  a t t a c k i n g  small 

7.2 Phase Separator Design Enhancements 
t 3  

S t a i n l e s s  s t e e l  wi l l  be used f o r  t h e  phase s e p a r a t o r s  i n  t h e  production 
c a l c i n e r  system. Level de tec t ion  instrumentat ion will be provided t o  provide 
l e v e l  ind ica t ion  and t o  prevent overflow. 
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8.0 VACUUM TRAP 

The vacuum t r a p  was f a b r i c a t e d  from s t a i n l e s s  s t e e l  p l a t e ,  angle  i ron ,  
per fora ted  p l a t e ,  f i t t i n g s ,  b o l t s ,  a polyethylene f l o a t ,  and a 6 inch long 
p iece  of 3 inch diameter  Pyrexc5 pipe.  In t h e  event  l i q u i d  e n t e r s  t h e  vacuum 
t r a p ,  t h e  f l o a t  w i l l  plug the  flow and i n t e r r u p t  t h e  vacuum. This  in te r rup-  
t i o n  i n  flaw from t h e  c a l c i n e r  \qould cause t h e  p r e s s u r e  r e l e a s e  cap t o  l i f t ,  
s a f e l y  vent ing c a l c i n e r  offgases  i n t o  t h e  glovebox. 

Liquid i n  t h e  vacuum t r a p  w i l l  d ra in  back t o  the phase s e p a r a t o r  as soon 
a s  an empty u n i t  has been valved i n .  
c a l c i n e r ,  t h e  26 inch VBCUUI ; I  s e r v i c e  t o  t h e  glovebox w i l l  have t o  be i n t e r -  
rupted b r i e f l y  by c los ing  the  vacuum l i n e  valve t o  a l low t h e  f l o a t  t o  be 
re leased .  

For vacuum t o  be r e s t o r e d  t o  t h e  

8.1 Potential Vacuum Trap Failure Mechanisms 
,a 
.<? No c r e d i b l e  f a i l u r e  modes a r e  evident  f o r  this p i e c e  o f  equipment. 

8.2 Production Version Vacuum Trap Design Enhancements 

Level d e t e c t i o n  instrumentat ion in  t h e  product ion  c a l c i n e r  c o l l e c t i o n  
v e s s e l s  will prevEnt l i q u i d  overflow from t h e  phase s e p a r a t o r s .  
t i o n  vers ion vacuum trzp wi l l  a l s o  be f i t t e d  i g i t h  an alarm,  and in te r locked  
with t h e  feed pumps as a backup. 

The produc- 

6 )  P y r e x  is a rrtdemcrk cf corning C.l~as Vorks, tornin?, h'Y 



9.0 VACUUM REGULATOR 

The vacuum regula tor  c o n t r o l s  t h e  leve l  of  vacuum i n s i d e  t h e  c a l c i n e r .  
The vacuum r e g u l a t o r  was modified a t  t h e  f a c t o r y  t o  our  s p e c i f i c a t i o n s .  The 
r e g u l a t o r  s t a r t e d  out  as a s tandard F isher  Y612 model wi th  a s t a i n l e s s  s t e e l  
body, and was modified with a l a r g e r  Teflont7 p r o t e c t e d  Nitrile diaphragm and 
an ex terna l  cont ro l  por t  t o  allow t h e  u n i t  t o  cont ro l  t h e  vacuum i n  t h e  range 
needed. 
r e g u l a t o r  cont ro l  por t  receives  i t s  pressure  r e f e r e n c e  sens ing  from t h e  i n s i d e  
of  t h e  c a l c i n e r  through 1/4 inch tubing.  

The r e g u l a t o r  i s  designed t o  be mounted i n  any p o s i t i o n .  The 

9.1 Vacuum Reguulator Test Esperience 

The vacuum regula tor  has  funct ioned \Jel l  i n  t e s t i n g ,  and t h e . a b i l i t y  i t  
has provided t o  a d j u s t  the vacuum leve l  as needed has been u s e f u l .  

The p o s s i b i l i t y  f o r  t h e  vacuum sensing l i n e  t o  become plugged by powder i%B 
L from wi th in  the c a l c i n e r  vessel was recognized dur ing  e z r l y  t e s t i n g  on t h e  

magnesium oxide s tand-in.  The b u r s t  of a i r  from t h e  f i l t e r  blow-back d i s -  
lodged mater ia l  from t h e  offgas f i l t e r s  in  t h e  v i c i n i t y  o f  t h e  vacuum t a p  and 
caused some t o  be drawn i n t o  t h e  sensing l i n e .  

The problem was resolved by i n s e r t i n g  a so lenoid  v a l v e  i n t o  t h e  sensing 
l i n e  synchronized with the  blow-back pulses .  Tfie v a l v e  c l o s e s  during t h e  
p r e s s u r e  pulses  t o  prevent dus t  being forced i n t o  t h e  l i n e .  
modi f ica t ion  \vas incorporated,  and t h e r e  h a s  been no evidence  of  mater ia l  
e n t e r i n g  the sensing l i n e .  

S ince  t h i s  

Given t h e  r e l i a b i l i t y  o f  t h e  o t h e r  s i m i l a r  vacuum r e g u l a t o r s  i n  t h e  
f a c i l i t y ,  f a i l u r e  of t h i s  u n i t  i s  un l ike ly  f o r  many y e a r s .  
a r e  a n t i c i p a t e d  w i t h  the  vacuum r e g u l a t o r  over any conce ivable  l i f e  of  t h e  
c a l c i n e r  system. 
9.2 Recommended Vacuum ReguIator Design Enhancements 

No d i f f i c u l t i e s  

The r e g u l a t o r  i t s e l f  i s  extremely r e l i a b l e  and has  no c r e d i b l e  f a i l u r e  
c o n d i t i o n s  o t h e r  t h a n  normal war and t e a r  duc! t o  extended use.  No modifica- 
t i o n s  a r e  a n t i c i p a t e d .  
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10.0 INSULATION 

The c a l c i n e r  vessel and of fgas  tubing a r e  thoroughly i n s u l a t e d  t o  ensure 
e f f i c i e n t  opera t ion  o f  the  c a l c i n a t i o n  process  and t o  prevent  overheat ing of  
the glovebox. The c a l c i n e r  top p l a t e  and the j a c k e t  f u r n a c e  surrounding t h e  
c a l c i n e r  r e a c t i o n  sect ion a re  insu la ted  with high e f f i c i e n c y  c a s t a b l e  f i b r o u s  
i n s u l a t i o n .  The f i l t e r  sec t ion  and t h e  of fgas  tub ing  \$ere o r i g i n a l l y  i n s u l a t -  
ed with a ceramic f a b r i c  insu la t ion  blanket .  
keeping t h e  i n t e r n a l  temperature o f  t h e  glovebox well w i t h i n  i t s  design 
1 i m i t s .  

l h e  i n s u l a t i o n  performed wel l ,  

C r i t i c a l i t y  sa fe ty  cons idera t ions  l e d  t o  the des ign  o f  a n  a l t e r n a t i v e ,  
nonabsorpt ive insu la t ion .  
"mirror"  i n s u l a t i o n  jacke t  was custom f a b r i c a t e d  t o  our  s p e c i f i c a t i o n s .  
Thermal a n a l y s i s  determined t h a t  i t  w i l l  be n e a r l y  as e f f i c i e n t  a r t h e  f i b r o u s  
i n s u l a t i o n  blanket .  
t u r e  o f  t h e  insu la t ion  jacke t  will be under 50'C, wel l  w i t h i n  our  s a f e t y  
margin. 

A r e f l e c t i v e  mul t i - layered  s t a i n l e s s  s t e e l  f o i l  

The ana lys i s  found t h a t  t h e  wors t -case  s u r f a c e  tempera- 
,=. 
@ 

The mir ror  insu la t ion  j a c k e t  was immersion t e s t e d  and v e r i f i e d  t o  not  
r e t a i n  l i q u i d .  
than  t h e  b lanket .  
been in-serv ice  t e s t e d ,  but i t  i s  a n t i c i p a t e d  t h a t  i t  will perform \ e l l  i n  
opera t ion .  

I t  a l so  provides e a s i e r  access  f o r  maintenance on t h e  c a l c i n e r  
The thermal e f f i c i e n c y  o f  t h e  m i r r o r  i n s u l a t i o n  has not  y e t  



WHC-SD-CP-FDC-003, Rev 0 
Page 8-39 of B-47 

-. : I  

11.0 INTERLOCKS AND CONTROLS 

&$. WHC-SD-CP-SA-009 
Revision 0 

Page 37 of 45 

All of t h e  funct ions of t h e  c a l c i n e r  and i t s  v a r i o u s  system components 
a r e  l o c a l l y  cont ro l led ,  e i t h e r  from the dedica ted  c a l c i n e r  c o n t r o l  panel ,  o r  
from w i t h i n  t h e  c a l c i n e r  glovebox. There a r e  s i x  pr imary v a r i a b l e s  involved 
i n  t h e  c a l c i n e r  control  process; t h e s e  a r e  tempera ture ,  f e e d  f low r a t e ,  
c a u s t i c  makeup flow, a g i t a t o r  speed, vacuum l e v e l ,  and a i r  f low.  The f i l t e r  
blow-back pulse  volume and dura t ion  a l s o  impact c a l c i n e r  o p e r a t i o n ;  Each of 
t h e s e  v a r i a b l e s  can be safe ly  i n t e r r u p t e d  from t h e  mas ter  s t o p  switch loca ted  
on t h e  cont ro l  panel .  

11.1 Calciner Temperature ControIs 

The c a l c i n e r  i s  provided w i t h  two high tempera ture  e l e c t r i c  furnaces ,  

This  f u r n a c e  i s  f i t t e d  
each with i t s  own power supply. The c a l c i n e r  vesse l  j a c k e t  i s  heated from a 
6000 h 'a t t ,  240 Volt, 55  Amp v e r t i c a l  tube furnace.  

, w i t h  molybdenum d i s i l i c i d e  elements capable  of cont inuous  o p e r a t i o n  a t  up t o  
1600'C. The in te rna l  done i s  heated by a n  1100 Watt, 12 Vol t ,  90 Amp u n i t  
capable  of  opera t ion  a t  up t o  1400'C. 

6 3  

The furnaces  a re  suppl ied f r o 3  h i g h  powered phase-angle  c o n t r o l l e d  SCR 
The power suppl ies  a r e  operated from a programmable tempera- 
The tenperz ture  c o n t r o l l e r  r o n i t o r s  the temperature  on the  

A t  f u l l  temperature, t h e  heat ing elements  a r e  des igned  t o  opera te  

c u r r e n t  sources .  
t u r e  c o n t r o l l e r .  
o u t s i d e  of t h e  c a l c i n e r  z t  a po in t  near  the  cen ' ter  o f  the j a c k e t  hea t ing  
elements .  
about  250'C above the  tenpera ture  of t h e  vessel  w a l l ;  t h i s  i s  t h e  temperature 
drop across  t h e  a i r  space between t h e  furnace and t h e  v e s s e l .  

The c o n t r o l l e r  var ies  t h e  amount of c u r r e n t  the power sources  supply t o  

Any f a s t e r  t h z n  1O'C per  minute would cause  e x c e s s i v e  thermal s t r e s s  
t h e  furnaces  t o  maintain a s e t  rimp-up r a t e ,  t y p i c a l l y  between 5' a n d  1O'C per 
minute .  
on t h e  c a l c i n e r  due t o  uneven expansion of i t , ;  v a r i o u s  components. 
s l o w r  t h a n  5' p e r  minute \\lould take  unnecessar i ly  long t o  reach  operat i f ig  
temperature  o f  100O'C. 
reach opera t ing  temperature. 

I4uch 

I t  t y p i c a l l y  takes  about  2 hours  f o r  t h e  c a l c i n e r  t o  
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Once a t  f u l l  operat ing temperature ,  t h e  ' c o n t r o l l e r  modulates  the power 
t o  maintain i t s  s e t p o i n t  temperature. 
t h e  i n j e c t i o n  a i r  flow r a t e  i s  increased,  the c o n t r o l l e r  s e n s e s  t h e  tempera- 
t u r e  begin t o  drop from t h e  increased load and i n c r e a s e s  power t o  t h e  furnaces  
u n t i l  t h e  temperature s t a b i l i z e s .  
maintain the s e t p o i n t  temperature. 

For example, a s  t h e  f e e d  s o l u t i o n  o r  

I t  then t h r o t t l e s  back the output  power t o  

The c o n t r o l l e r  a l so  provides a programmable i n t e r l o c k  t o  t h e  mater ia l  
feed p u m p .  
c a l c i n e r  vessel  temperature i s  below 700'. 

This in te r lock  prevents  t h e  feed pump from o p e r a t i n g  \dhenever t h e  
T h j s  p r e v e n t s  i n a d v e r t e n t  f looding 

of t h e  c a l c i n e r  w i t h  l i q u i d  feed,  and prevents  p a s t e  format ion  i n  the mater ia l  
bed due t o  q u a n t i t i e s  of l i q u i d  introduced i n t o  the powder bed a t   lo^ tempera- 
t u r e s .  

The temperature control  system i s  designed t o  f a i l  s a f e l y .  4 thermocou- 

Ho\r'ever, d i s l o c a t i o n  of  t h e  tempera ture  c o n t r o l l e r  thermocouple 
p l e  f a i l u r e  w i l l  be detected au tomat ica l ly ,  caus ing  shutdown o f  t h e  furnace  
power supply.  
probe would not be automatical ly  de tec ted  and could r e s u l t  i n  thermal runaway 
of the furnaces .  Vessel temperatures  above 125O'C could c a u s e  d e s t r u c t i o n  of 
the c a l c i n e r .  
provided.  
r e l a y  which rece ives  i n p u t  from a redundant thermocouple probe .  
senses  ternperature on the  c a l c i n e r  vessel  wall c l o s e s t  t o  the hea t ing  element. 
Should t h e  vessel  temperGture r i s e  above t h e  a'larm s e t p o i n t  (llOO'C), i t ' w i l l  
au tomat ica l ly  shut  o f f  power t o  the furnaces  and provide  a l o c a l  over- 
temperature  a1 a rm.  

. ,gg3 .. 
c z . ~  

To preclude t h i s ,  a c a l c i n e r  o v e r t e n p e r a t u r e  i n t e r l o c k  h a s  been 
This in te r lock  i s  provided by a programmable tempera ture  al.arn 

This probe 

A t o t a l  o f  20 thermocouples, including t h e  two pr imary probes ,  w r e  
incorpora ted  i n t o  a l l  areas  of t h e  prototype c a l c i n e r .  These permit ted a n  
a c c u r a t e  temperature  p r o f i l e  t o  be produced, and enabled us t o  r u l e  o u t  any 
p o t e n t i a l  t r o u b l e  spots  due t o  temperature  extremes.  Ikny  o f  these  thermo- 
couples  \ r i l l  be e l iminated from t h e  product ion model v e r t i c a l  c a l c i n e r .  

One o f  t h e  two primary thermocouple probes became b e n t  dur ing  mainte- 
nance. \!hen i t  \.:as inser ted  i n t o  t h e  furnace ,  i t  d i d n ' t  t r a c k  well through 
i t s  p o r t .  
v e s s e l ,  s h o r t  c i r c u i t i n g  and burning out  t h e  h e a t i n g  e lement .  

I t  made contzc t  between t h e  hea t ing  element  and t h e  c a l c i n e r  
The thermocou- 
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p l e  guide holes  through t h e  furnace i n s u l a t i o n  were s i n c e  r e i n f o r c e d  with 
ceramic guide tubes ,  and t h e  thermocouple probes themselves  have been encased 
i n  ceramic i n s u l a t i o n  over t h e i r  e n t i r e  length .  
occurrence.  

This  will prevent  any s i m i l a r  

The f r a g i l i t y  of the  j a c k e t  furnace  i n s u l a t i o n  and h e a t i n g  elements was 
e s t a b l i s h e d  i n  e a r l y  t e s t i n g  of t h e  c a l c i n e r .  
i n  handling p r i o r  t o  i n s t a l l a t i o n  and t e s t i n g .  
the f a c t o r y  and returned t o  serv ice .  
t e rmina ls  t o  prevent  contac t  and damage t o  t h e  elements .  
p r o t e c t s  personnel from potent ia l  contac t  with 1 i v e  e l e c t r i c a l  components. 
The production c a l c i n e r  furnace w i l l  a l s o  be provided w i t h  a ceramic terminal 
bushing t o  damzge t o  t h e  elements from handl ing.  

The furnace  was damaged twice 
The f u r n a c e  was repa i red  a t  

A cage was f a b r i c a t e d  around t h e  
The cage a l s o  

I t  was found in  t e s t i n g  t h a t  t h e  j a c k e t  furnace  d i d  n o t  prov,ide s u f f i -  
c i e n t  power t o  d r i v e  the  process  a t  t h e  f u l l  des ign  f low r a t e .  When i n v e s t i -  
ga ted ,  i t  was found t h a t  t h e  furnace suppl ied  by t h e  vendor  was a lower power 

vendor e r r o r  was corrected by t h e  manufacturer a t  t h e i r  expense.  
furnace  p o w r  supply idas upgraded while  we were w a i t i n g  f o r  t h e  replacement 
furnace.  
f u l l  design flow r a t e .  

*xi_ 
p.?;* 
-.;_.a .,zIy off - the-she l f  u n i t  r a t h e r  than custom high-power furnace  s p e c i f i e d .  The 

The j a c k e t  

Avai lable  pov:~r i s  nov more than adequate  t o  r u n  t h e  process  a t  t h e  

11.2 Feed SoIution and Caustic Makeup Flow Controls 

The mater ia l  and c a u s t i c  make up feed pur~ps a r e  two i d e n t i c a l  corrosion 
r e s i s t a n t ,  l a b  s c a l e  metering pumps. 
betyeen 0 and 15 l i t e r s  per  hour.. 

The pumps a r e  a d j u s t a b l e  over  a rznge 

Eoth pumps a r e  in te r locked  with t h e  mas ter  s t o p  w i t c h .  The mater ia l  
feed pump i s  a l s o  in te r locked  with furnzce  tempera ture  c o n t r o l l e r  and t h e  
process  a i r  supply sys ten .  

The feed pump i s  enabled by t h e  t e x p e r a t u r e  c o n t r o l l e r  t o  opera te  only 
above iOO'C, a s  descr ibed in  Sect ion 11.1. 
p r e s s u r e  shut  do\m s\gitch. 
\$shenever t h e  feed  a i r  pressure f a l l s  below 60 p s i  ( s e e  S e c t i o n  5.4.2) .  

I t  i s  a l s o  l i n k e d  t o  a low a i r  
This switch i s  designed t o  shut  t h e  pump down 
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11.3 Agitator Drive and Controls 

The a g i t a t o r  i s  powred by a torque- l imi ted  1/4 horsepower, v a r i a b l e  
It i s  

The a g i t a t o r  d r i v e  has  funct ioned well i n  

The product ion c a l c i n e r  

speed dc motor. 
d i s a b l e d  by the master s top  but ton.  
t e s t i n g .  
prevent ing poten t ia l  damage t o  t h e  t e s t  equipment. 
w i l l  be provided with a n  a g i t a t o r  tachometer and low speed alarm. 

The speed i s  c o n t r o l l a b l e  between z e r o  and 120 rpm. 

I t  successfu l ly  shut down both t imes t h e  s h a f t  bound i n  i t s  c o l l a r ,  

The d r i v e  motor t r a n s f e r s  powers t o  t h e  a g i t a t o r  o v e r  a chain and 
sprocket  assembly w i t h  a one-to-one gear  r a t i o .  
t h e  a g i t a t o r  s h a f t  with a s l i d e  coupling t o  a l low quick  disconnect ion f o r  ease 
of maintenance. 
pinch poin ts .  

The d r i v e  g e a r  i s  l inked  t o  

The assembly i s  enclosed in  a guard housing t o  prevent  any 

The chain d r i v e  prevents heat  from being conducted from t h e  a g i t a t o r  
s h a f t  t o  t h e  motor. 
t h e  a rea  o f  high convective heat  flow from the c a l c i n e r .  

This arrangement a l s o  s e r v e s  t o  move t h e  motor away from 

#?3 i,.. 
+ e  

11.4 GIovebox High Temperature InterIock 

A programmable glovebox overtemperature  a larm r e l a y  provides  a cont inu-  
ous readout  of  t h e  glovebox in te rna l  temperature  n e a r  t h e  c e i l i n g  adjacent  t o  
t h e  exhaust  i n l e t .  
furnaces  i f  t h e  in te rna l  glovebox temperature  exceeds 50°C. 
funct ioned properly in  t e s t i n g  u s i n g  a d i r e c t  h e a t  source .  
temperature  has not exceeded t h e  r e l a y  t r i p  p o i n t  under t e s t  condi t ions .  

The re lay  i s  s e t  t o  shut  d w n  power t o  the c a l c i n e r  
This i n t e r l o c k  
The glovebox 
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12.0 CONCLUSIONS 

Due t o  t h e  s e n s i t i v i t y  of this p r o j e c t ,  a c o n s e r v a t i v e  engineer ing  
design philosophy nas  followed throughout  t h e  development process .  
was made t o  p e r f e c t  t h e  c a l c i n e r  pro to type  on pzper  as much a s  poss ib le .  All 
a s p e c t s  o f  the design were thoroughly researched ,  analyzed,  and i n  many cases  
t e s t e d  p r i o r  t o  preparing t h e  f a b r i c a t i o n  ske tches .  

An a t tempt  

A conscious decis ion was made t o  develop ii product ion-sca le  prototype 
t h a t  s imulated t h e  production u n i t  t o  the g r e a t e s t  e x t e n t  p o s s i b l e .  Documen- 
t a t i o n  of  t h e  prototype was managed t o  the same r i g o r o u s  s t a n d a r d s  as  a f i n a l  
des ign .  
f a b r i c a t i o n  o f  t h e  product ion-scale  c a l c i n e r .  

. 
The r e s u l t  i s  t h a t  core  design documentation can be d i r e c t l y  used f o r  

Development t e s t i n g  of  t h e  c a l c i n e r  \+as q u i t e  s u c c e s s f u l  and f u l l y  
e s t a b l i s h e d  t h e  soundness of the des ign .  
encountered during t h e  course of the devel opment t e s t i n g  process .  
modi f ica t ions  were i d e n t i f i e d  and incorpora ted  as necessary  wi th  each t e s t  run 
of  t h e  pro to type  c a l c i n e r .  
improved w i t h  each t e s t  run. 
gained from f u r t h e r  operat ional  t e s t i n g .  

No major des ign  cha l lengds  were 
Correc t ive  

tq, 
t;r I t s  performance and r e l i a b i l i t y  have cont inued t o  

t h e r e  i s  l i t t l e  mechanical d a t a  l e f t  t o  be 

To prepare t h e  c a l c i n e r  f o r  cont inued process  chemis t ry  t e s t i n g ,  t h e  
main c a l c i n e r  furnace and i t s  power supply were r e p l a c e d ,  and t h e  f i b e r  
i n s u l a t i o n  blanket  was replaced rrith t h e  "mirrok" i n s u l a t i o n  j a c k e t .  
changes w i l l  a1loi.r c r i t i c a l i t y  s a f e t y  l i m i t s  t o  be modif ied and enable  a f u l l  
range o f  mater ia l  types and feed d e n s i t i e s  t o  be eva lua ted  under continued 
process  chemistry t e s t i n g .  
a follow-on r e p o r t .  

These 

The e f f i c z c y  of t h e r e  changes w i l l  be evaluated i n  

The remaining nechanical modi f ica t ions  necessary  t o  prepare  the c a l c i n e r  
des ign  f o r  production use wi l l  be t o  enhance process  c o n t r o l s  f o r  t h e  nuc lear  
process  opera tors  and t o  f a c i l i t a t e  maintenance i n  c e r t a i n  key a r e a s .  
cha l lenges  \<ere  EncounterEd during t h e  t e s t i n g  process  t h a t  w i l l  preclude t h e  
product ion s c a l e  from re1i;bly processing t h e  a v a i l a b l e  s t o c k  of  plutonium 
n i t r a t e  s o l u t i o n s  a t  the  PFP.  Tes t ing  should cont inue  t o  o b t a i n  addi t iona l  
information r e l a t e d  t o  process  chemistry.  

If0 

Im .. ., 
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APPENDIX A SUMMARY OF CALCINER TEST EXPERIENCE 

Wcld I n t c g r i t y  

Corrosion Rcsis tancc 

Scrubber Tcs t i  ng 

Iligli Tciiip Oxidation 

Systcni Shakcdown 111 

Systcni Shakcdown 1 2  

Systcni Shakcdown 113 

Controls  and i n t c r l o c k s  

I l ig l i  Tcnip 111 
(Dry) 

4 v i sua l  and dyc pcnct ra t ion  t e s t s  ok 

14 

soinc s l i gh t  weld rindcrciit.ting cvitlcnt. 
Adcquatc cor ros ion  r c s i s t a n c c  t o  n i -  
t r i c  vapors .  S i g n i f i c a n t  cor ros ion  
o f  310 SS in  conccntratcd b o i l i n g  
acid a t  1 iquid/vapor  boundary. 

80 c x c c l l c n t  cool ing aiid imixing c f f c c t s  
in t c s t  scrubber  

96 a l l  a l l o y s  t c s t c d  with cxccpt ion of  
p1 atinuiii 1 osc mass over  extcndcd 
1000°C cyc l ing  i n  Sludge S t a b i l i z a -  
t i o n  Furnaces. Besides plat inum, 
Ilast.clloy and 310 s t a i n l e s s  a r e  b e s t .  

ag i t a t  o r  woul dn ' t run, 
no a i r  prcssi i rc  

4 a g i t a t o r  specd c a l i b r a t e d ,  
a1 ignnicnt bear ing squcakcd 

4 s c m b b c r  ac t ion  c x c c i l e n t ,  

8 inst rumentat ion nonfunct iona l ,  
furnacc powcr s u p p l i e s  i n o p c r a t i v c ,  
product. r c c c i v c r  clamp t l i f f i c u l t i c s  

G a11 c o n t r o l s  and i n t c r l o c k s  
func t i  oncd c o r r c c t l y ,  
Did not: v c r i f y  fi1I:cr D P I  

4 inadcquatc powcr t o  furnacc ,  
inadcquatc  a i r  flow through c a l c i n c r ,  
I;llcrmal 1 ag bctwccn furnacc and 
con i.ro 1 l;h e riiioco ii p 1 c 

Actions Taken 1 
ll 

- 0 '  g 2  

As 
% &  

m:, 
m ?  

-0 

w m. 
replaced d r i v e  fuse ,  
f ixcd  valve 0 

s h a f t  coupl ing ad jus ted ,  g r a p h i t e  
l u b r i c a n t  t o  bear ing 
programmed ins t rumenta t ion ,  
cor rcc ted  miswiring, 
modified r e c e i v e r  clamp 
added c a u s t i c  feed pump and 
teniperaturc c o n t r o l l e r  t o  mas ter  
s h u t  down i n t e r l o c k  
reconfigured c o n t r o l l e r  wi r ing ,  
incrcascd vacuum l c v e l  
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17 rcachcd 800°C s c t  po in t  tcrnpcraturc, 
bl owback tinling probl cni, 
cont ro l  thcrniocoupl c temp. 1 ag , 
f rac turcd  uppcr bear ing,  

High  Tcaip 113 
(D1-y 1 

Low Tcmp A g i t a t o r  Run ,  

a g i t a t o r  no t  niixing adcquatcly 
cxcccdcd design fccd r a t e  x3 
vcntcd stcani and powdcr 

chi  ppcd 1 owcr bcar i  ng , 
iiiel 1:cd thcrrnocoupl c connector  
brokc furnacc  clcnicnt during 
i i i a i  intcnancc 

23 rcaclicd 1000°C sctpoinl ;  tcnipcralurc, 
cont ro l  thcrmocoupl e tcmp. 1 ag 
ovcrshot  s c t p o i n t  tcmp., 
high F i l t c r  d p ,  
carb idc  f l a k c  scorcd a g i t a t o r  s h a f t ,  . 
F i  1 t,cr powcr SCCIIIS i nadcquate 

4 bcar ing s t i l l  squeaking 

High  Tcnip 1 4  
(cerous ni t r a t c  fccd)  

Actions Taken - 

:a1 ibra tcd  blowback c o n t r o l s ,  

rcpl accd t i g h t  bearing:, 

rc l  ocalcd t h r r m o c o q l  c conncc t o r  
rcplaccd furnacc,  i a b r i c a l c d  t c r -  
iiinJl guard 

z x n 

zc!? 
a m :  

rcplaccd carb idc  bushing m 7  A- ..x 
appl icd graplii t c  spray % g  

9" .- 
(1040'C) Z $  
installed tiigticr powcrcd supply 
movcd cont ro l  t l~crr i~ocouplc  from 
basc t o  j a c k c t  
ad jus ted  blowback and a i r  flow, 
carb idc  bcdring I-cplaccd wi th  
graphi  t c  

ca l  i b r a t c d  feed pump 
i n s t a l l c d  s h a f t  s e a l ,  vacuum t a p  
cu t -of f  so lcnoid  va lve ,  rcp laccd  
bcd w i t h  CcO, 

twis tcd  paddlcs 

23 tcmp. s t a b l c  a t  sctpoinl ;  of LOOO'C . 
( 3 )  graphi tc  s h a f t  bearing hcld u p  wcll 

imadc good product powdcr 2 rcplaccd 1 /12hp d r i v c  w i t h  1/4hp 
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iigli Tcnip 115 

l igh Temp //G 
(cerous n i t r a t c  fccd)  

gig11 Tcoip 117 
(ccrous ni t r a t c  Fccd) 

Iicld inspect ior ,  
High Tcmp 118 

Systcni I-ctc: t 
Calcincr  in  " h o t "  
gl ovcbox 

High Temp C3 
( p l u t o n i u m  n i t r a t c  fccd)  

High Tcinp 1\10 
(plutoniuni n i  ti-atc fccd)  

High Tcnip fill 
(p lu ton iun i  n i t r a t c  Fccd) 

(cci-nus nitrat.t! f c c d )  

2 2  temp. t o  800" when abortcd t c s t  
a g i t a t o r  s h a f t  binding:  
seal  fo l lowcr  g a l l e d  and f r o z c  shaft, 
domc Ineatcr powcr stuck on f u l l  

fccd I-atc  o f  4 l j t c r s / l i r  s u s t a i n e d ,  
good q u a l i t y  powdcr pi-oduccd 

l i g h t  caking on f i l t c r s  and i n t e r n a l  
s u r f a c c s  
s l : i l l  not cnougli furnace powcr 

25 
(2 .5 )  tciiip. s t a b l e  a t  s c t p o i n t  of 1000°C 

(LOI=0.571) 

25.5 tcmp. s t a b l c  a t  s c t p o i n t  of 1000°C 
(2)  d u s t  on domc h c a t c r  

j a c k c t  h c a t c r  o u t p u t  only 100014 
(1 /6  rat.ctl o u t p u t )  

4 prcsstrrc t . cs t ,  visua l  inspec t ion  OK 

25.5 tcnip. s t a b l c  a t  s c t p o i n t  of  1OOO'C 
( 4 )  
22 water  i n  a i r  l i n c  , 

23.5 
( 3 )  t o  850°C with fccd 

22  tciiip. s t a b l e  a t  s c t p o i n t  of  1000°C 

tcmp. dropped froiii s c t p o i n t  of 1000°C 

a g i t a t o r  s l :a l lcd 

fccd tubc blocked 

25 tcnip. di-oppcd froiii s c t p o i n t  o f  1000°C 

250 g r a m  fced w i l h  no product outpiit 
( 3 . 4 )  t o  850°C w i t h  f c c d  

Actions Taken . .- - __ _---- -. 

rcplaced s t a i n l e s s  fo l lowcr  w i t h  

f ixcd  s t u c k  ' l o a d  t c s t '  bu t ton  

= I n 

a -  
m A  

sea l  weld addcd t o  overf low p o r t  7'4 
ordcred rep1 acement furnace  whic 2 E 
meets o r i g i n a l  s p e c i f i c a t i o n s  

a l l  welds i n  good condit.ion y - !  

-0 

s& 
$g 

4 

0 

i n s t a l l e d  s e l f  d ra in ing  l i n c  t r a p s  
addcd low a i r  p r c s s u r c  i n t c r l o c k  

Largcr  powcr supply ordered  

Rcplaccd tubc,  added s t c p  t o  
procedurc t o  plug tubc  a f t c r  
opera t ion  
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disasscmbly and 
inspcct ion 

Mirror i n s u l a t i o n  
drainage test 

l l igl i  Tciiip 112 
(plutoniuiii n i t r a t e  fccd) 

High Tcmp 1113 
(d ry  r c t c s t  of powcr 
supply and a g i t a t o r )  - 

8 wclds ok, inininial ox ida t ion ,  no 
v i s i b l e  cor ros ion  o r  abras ion ,  good 
q u a l i t y  but dcnsc powder i n  bcd, 
f i l t c r s  c l c a r  

0 .5  f looded i n s u l a t i o n  r c p c a t c d l y  drained 
t.o o r i g i n a l  wcight i n  untlcr 1 niinutc 

23 tcinp. droppcd froir s c t p o i n t  o f  1000°C 

t i o n )  
not iced onc phasc s e p a r a t o r  weld 

I n s t a l l e d  GOA, 24OV powcr supply 
( 2 )  t o  850°C with I'ccd, = 

a g i t a t o r  s t a l l c d  ( s h a f t - p l a t e  Fric- polislicd and rea l igncd  s h a f t  I 

rcplaced weldcd tank  wi th  s c a m l c g k  
si11 i t  opcn glass  pipe a:, 

m 7  o much b c t t c r  wariii-up c y c l c ,  more than A T  
adcquatc powcr a v a i l a b l e ,  a g i t a t o r  Y X  

0 '  * z  

0 

fvnct ioncd wcll 

0 
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