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UNREVIEWED SAFETY QUESTION (USQ)

jentification Number:
fencation ! USQ EVALUATION | e 1016

‘itle: Document Changes Required for Implementation of Safety Basis Changes Authorized by Safety Evaluation
deports for 2736-ZB JCO/Plutanium Oxides Powders in Bagless Transfer System and Increase in Glovebox HC-230C-3
ind HC-230C-5 Inventory Limits for Magnesium Hydroxide Precipitation Process.

DESCRIPTION:

DOE-RL recently issued Safety Evaluation Report (SER) amendments to the PFP Final Safety Analysis Report, HNF-
SD-CP-SAR-021 Rev. 2. The Justification for Continued Operations for 2736-ZB and plutonium oxides in BTCs Safety
Basis change (letter DOE-RL ABD-074) was approved by one of the SERs. Also approved by SER was the revised
accident analysis for Magnesium Hydroxide Precipitation Process (MHPP) gloveboxes HC-230C-3 and HC-230C-5
containing increased glovebox inventories and corresponding increases in seismic release consequence. Numerous
implementing documents require revision and issuance to implement the SER approvals.

The SER authorizing plutonium oxides into BTCs specifically limited the SER authorization scope to "'pure' or clean
oxides, i.e., 85 wt% or grater Pu, in this feed change" (SER Section 3.0 Base Information paragraph 4 [page 111).
Comprehensive USQ Evaluation PFP-2001-12 addressed the packaging of Pu alloy metals into BTCs, and the
packaging of Pu alloy oxides (powders) into food pack cans and determined that the activities did not represent an
USQ. The same information used to make the PFP-2001-12 negative USQ determination is applicable to packaging Pu
alloy powders (DOES NOT INCLUDE STABILIZED MHPP MATERIALS OR OXIDES OF MOLYBDATES) into BTCs.
Information from USQ Evaluation PFP-2001-12 is included in this USQ Evaluation for packaging of relatively pure Pu
oxides and Pu alloy oxides into BTCs.

INTRODUCTION:

Comprehensive USQ Evaluation PFP-2001-12 addressed the packaging of Pu alloy metals into BTCs, and the
packaging of Pu alloy oxides (powders) into food pack cans and determined that the activities did not represent an
USQ. The same information used to make the PFP-2001-12 negative USQ determination is applicable to packaging Pu
alloy powders. Informationfrom USQ Evaluation PFP-2001-12 is included in this USQ Evaluation for packaging of Pu
alloy oxides into BTCs.

Numerous implementing documents require revision to implement changes authorized by the SERs. These documents
and description of changes are:

HNF-SD-CP-SAR-021. Rev. 2 - Supplemental ECN written to:

e add MHPP inventory increase dose consequence to Table 2-5,

add the MHPP gloveboxes to Table 5-5,

revise the release consequence discussion in Section 9.2.4.10 to reflect the increased glovebox inventories,

add MHPP inventory increase dose consequence to Table 9-1,

add the MHPP gloveboxes and maximum Pu allowed values to Table 9-25, and revise Tables 9-31 and 9-33 to reflect
the increased release quantities and dose consequences.

WHC-SD-CP-OSR-010, Rev.0-Q - Becausethe OSR changes were reviewed and approved by DOE-RL, a USQ
evaluation of the document changes is not required by procedure, butit is included here for completeness.

» The complete ZB fire hazard analysis JCO Limiting Condition for Operation (LCO) and Administrative Controls (ACs)
set and OSR Appendix C discussion of fire protection procedures approved by the JCO SER is added to the OSR as
revision 0-R.

e The MHPP SER authorized increase in maximum plutonium allowed in gloveboxes HC-230C-3 and HC-230C-5 is
added to OSR AC 5.22 Table 5.22.1 and the effective date of criticality prevention specifications referenced is
updated to June 2001.

HNF-SD-PRP-HA-002 is revised to include a discussion of the ZB fire scenario contained in the drafl fire hazard
analysis document and the ZB JCO. The discussion provides the basis for a revised emergency preparedness action
level for fire in 2736-ZB.
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CPS-Z-165-80101, "Flat-Bed and Fixed Array Wagons" - Revised to add:

e upto 4,400 g nonmetal allowed ina BTC/3013,

e cans must be closed before entering the wagon position,

allow movement of one container over top of another during loading/unloading,

no more than 25 wagons parked in one array,

U-235 restricted to 50 wt% if U H/X >2,

Five wagons, 2 position wagons, or lard can wagons can be intermixed in an array,

fissionable material> 100 g Pu no closer to receptacles than wagon edge except during loading/unloading wagon,

minimum of 18 inch spacing from transition operations except for loading/unieading wagon,

minimum 18 inch spacing from wagon array and fissionable material > 100 g except when moving a wagon into or oL

of an array,

e one item may be left unattended or, one wagon lefl unlatched as the result of off-normal or emergency situations.
The loose item is to be spaced according to General Storage, Transition, and Transportation limits. This itemis to be
placed into an approved storage location during recovery from the off-normal or emergency event.

The changes to CPS-Z-165-80101 have been reviewed against and written to be consistent with CSER 99-005. The

Criticality Safety Representative, Criticality Safety Engineer, and independent Nuclear Safety Engineer have approved
the CPS as compliant with CSER requirements and assumptions.

CPS-2-165-80642 "Glovebox HC-230C-3 and HC-230C-5" - Revised to:

¢ delete the # of poly jars that may be used to load precipitate instead of furnace boats,

o split out Glovebox HC-230C-3 Mass and Container limits out into Limit Sets A and B depending upon the types of
containers in use, both limit sets increasing the maximum glovebox mass to 16,500 gas approved by the MHPP SER,

¢ split out the Glovebox HC-230C-5 Mass and Container limits into Limit Sets A and B depending upon the types of
containers in use, both limit sets increasing the maximum glovebox mass to 7,100 g as approved by the MHPP SER,

e added poly-jars to process controls spacing limits with the HC-3 conveyor glovebox.

e polyjars are to be handled one at a time or in a poly-jar rack,

¢ added section on dealing with filtrate.

The changes to CPS-2-165-80642 have been reviewed against and written to be consistent with CSER 00-003 (HNF-

6537), CSER 00-026 (HNF-7548), CSER-00-001 and technical adequacy determination forms. The Criticality Safety

Representative, Criticality Safety Engineer, and independent Nuclear Safety Engineer have approved the CPS as

compliant with CSER requirements and assumptions.

ZAP-000-003 for dispersible Pu inventory - Revised to incorporate the increased Glovebox HC-230C-3 and HC-230C-
5 inventories.

ZAP-000-008 for periodic criticality safety inspection - Revised to:

e add PFP vault and room 638 and 641 combustible material accumulation inspection,
o reference to revised OSR AC 5.20.

OSD-Z-184-00013, Operating Specification for vault storage - Revised to:
¢ include the BTC lid deflection program required by OSR AC 5.25,
« to reflectthe combustible material control inspections required by revised OSR AC 5.20

Z0-200-032 for periodic inspection of containers invaults - Revised to incorporate the BTC lid deflection program
contained in OSD-2-184-00013.

ZSE-23E-001 - new procedure issued to demonstrate compliance with new LCO 3.2.4.1 and Surveillance
Requirements SRs 3.2.4.1.1, SR 3.2.4.1.2, SR 3.2.4.1.3. The procedure incorporates the SR requirements verbatim.

ZSE-23E-002 - new procedure issued to demonstrate compliance with new LCO 3.2.4.1 and Surveillance Requirement
SR 3.2.4.1.6. The procedure incorporates the SR requirements verbatim.

ZSE-26A-001 - new procedure issued to demonstrate compliance with new LCO 3.2.4.1 and Surveillance
Requirements SR 3.2.4.1.4, SR 3.2.4.1.5, and SR 3.2.4.1.7. The procedure incorporates the SR requirements
verbatim

8-6000-615.1 1031011
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ZSE-26A-002 - new procedure issued to demonstrate compliance with new LCO 3.2.4.2 and Surveillance
Requirements SR 3.2.4.2.1 through SR 3.2.4.2.8. The procedure incorporates the SR requirements verbatim.

Z(-160-044, Package Stabilized Material for Bagless Transfer. This is a new procedure, the same as ZO-160-034,
except that it packages the stabilized oxide and mixed oxide (alloy oxides) material in a BTCC for welding into a BTC in
the bagless transfer system. Inthe body of the procedure where ever Pu element weight is documented or calculated a
duplicate set of instructions have been included for the U element weight. The procedure is written to be consistent with
plutonium bearing material thermal stabilization descriptions contained in FSAR Chapter 6, and Chapter 9 abnormal
events, accident analyses as modified by ECN 666901 (approved by the JCO SER) that makes FSAR changes to allow
oxide packaging in addition to metal items in BTCs, and to be consistent with criticality prevention specification
requirements for handling uranium in RMNRMC line gloveboxes.

0SD-Z-184-00045, Bagless Transfer Material Process. The changes are to add the words "or alloy" where "Pu metal"

is found inthe document to expand the application of the document to cover alloy processing, and to add packaging
oxides or mixed oxides into a BTC.

HNF-SD-CP-OCD-040, Basis Document For Thermal Stabilization. Changes are to include new documentation for

metal or alloy processing with basis for the operating specifications. The basis for including oxide into a BTC is
covered.

Metal Oxide into BTC/3013 Blend Plan. This is a classified document that lists the metal oxide that was generated
during the packaging of metal when a pyrophoric item was thermally stabilized and packaging for bagless transfer to
vault storage. The Metal Oxide Blend Plan has not been issued a document number at this time.

Before issuance, the documents described above must be reviewed and approved by one or more qualified USQ
evaluators to verify document changes are within the scope of this USQ Evaluation.

AFFECTED SSC:

Affected systems, structures, and components include the entire 2736-ZB Building structure and contents, 2736-ZB fire
sprinkler and detection and alarm systems, PFP radiological facilities where flat bed and fixed array wagons are
present, Magnesium Hydroxide Precipitation Process gloveboxes HC-230C-3, HC-230C-5 and the HC-3 conveyor
glovebox in 234-52 Room 230-C. 234-3Z RMC and RMA Line areas where oxides and mixed oxides are processed into
BTCs, PFP areas where BTCs are stored or staged, and PFP facility radiological areas affected by revised combustible
control program requirements.

Technical expert assessment has determined that Pu alloy oxides, with exception of molybdates, behave the same as
relatively pure Pu oxides when packaged. The changes have been screened or otherwise evaluated for criticality safety
and nuclear safety impacts, and the changes have been authorized by Safety Evaluation Report. Technical expert
assessment has determined that Pu alloy oxides, with exception of molybdates, behave the same as relatively pure Pu
oxides when packaged. Therefore no measurable adverse effects upon the SSCs is postulated.

SAFETY BASIS:

The Safety Basis documents listed in FSP-PFP-5-8 Section 2.23 Appendix A applicable to the changes are:

HNF-SD-CP-SAR-021, Plutonium Finishing Plant Final Safety Analysis Report Rev. 2 as appended by:

e Supplemental ECN 658096 incorporating the Magnesium Hydroxide Precipitation Process (MHPP) and Change ECN
660563 to MHPP ECN 658096.

e Supplemental ECN 665381 incorporating the Bagless Transfer System (BTS) process

DQE/DP-0130 Supplement 6 approving the MHPP and Supplement 7 approving ECN 660563 to the MHPP.
WHC-SD-CP-OSR-010, Plutonium Finishing Plant Operational Safety Requirements, Rev. 0-Q.

In addition to the Safety Basis documents listed above, the following are also Safety Basis documents as defined in

DOE and HNF Unreviewed Safety Question programs that are being implemented by the document changes:

» DOE-RL letter 01-ABD-074, "Contract Number DE-AC06-96RL-13200 - Unreviewed Safety Question (USQ} "Fire
Hazard Analysis for the Plutonium Finishing Plant (PFP) (Occurrence Report RL-PHMC-PFP-2001-001)" with
attached Safety Evaluation Report supplementapproving HNF-7616 Rev. 0, "Justification for Continued Operation for

A-6000-615.1 1031011
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the 2736-ZB Building at the Plutonium Finishing Plant" and approving plutonium oxide powders to be processed in
BTCs.

e DOE-RL letter 01-ABD-070, "Contract Number DE-AC06-96RL-13200 - Engineering Change Notice 666938
"Magnesium Hydroxide Precipitation Process" and attached SER supplement approving increased plutonium
inventories in MHPP Gloveboxes HC-230C-3 and HC-230C-5.

The stabilization of Pu alloys will be incorporated in Rev 3 of the PFP FSAR or in a future ECNto Rev 3 of the FSAR

CONCLUSION:

Barney G. S. I T. D. Cooper letter to D. R. Speer, May 9, 2001, Water Reabsorption and Safety Questions on Afloy
Stabilization, 1AC00-PPSL-01-24 Rev.1, Fluor Hanford. Inc., Richland Washington responded to the question on alloys
listed below:

Are the alloys different enough from the high quality oxides to cause us to implement new controls to assure that
moisture reabsorption won't cause the stabilized materials to exceed the 0.5% moisture criteria?

In response to question 1 [there were 2 questions he was asked to answer], it is concluded that the best information
available on water reabsorption on calcined alloys indicates that significant amounts of water will not be absorbed on
these oxides in the time required to handle them before repackaging them in the glove boxes. This the same
conclusion as was reached for Pu metal oxides in Barney, G. S. (2001). Letter to T. W. Halverson, January 2, Water
Readsorption Rates on Relatively Pure PFP Calcined Plutonium Dioxide, | ACOO-01-001, Fluor Hanford, Inc., Richland
Washington. Therefore, water reabsorption of calcined alloys is considered the same as for calcined metals.

The document changes being made are within the PFP Safety Basis as established by the current FSAR as modified by
outstanding engineering change notices, supplements to safety evaluation reports, approval letters, and the conclusions
of this USQ Evaluation. The changes are within the scope of existing approved criticality safety analyses. All
Evaluation questions are answered "No". No additional PRC or DOE approvals are required for the changes.

REFERENCES:

USQ Evaluation PFP-2001-12, "Stabilization of Pu Alloys"

Barney G. S. | T. D. Cooper letter to D. R. Speer, May 9,2001, Water Reabsorption and Safety Questions on Alfoy
Stabilization, 1AC00-PPSL-01-24 Rev.1, Fluor Hanford. Inc., Richland Washington

Barney, G. S. (2001). Letter to T. W. Halverson, January 2, Wafer Readsorption Rates on Refativefy Pure PFF Calcined
Plutonium Dioxide, 1AC00-01-001, Fluor Hanford, Inc., Richland Washington.

CSER 00-026, "3 Boat Limit for Magnesium Hydroxide Glovebox 5

CSER 00-003, "CSER for Magnesium Hydroxide Process Glovebox 3"

CSER 00-001, "CSER for Cementation Operations at the PFP"

CSER 99-005, "CSER for Plutonium Transfer Wagon".

Instructions: ) to each and for each A restatement of the question does not
constitute a satisfactary justification or basis. An adequate justification provides sufficient explanation such that an
independent reviewer could reach the same conclusion based ontr formatic  provided.

Does the PROPOSED ACTIVITY or PISA increase the probability of occurrence of an accident previously evaluated
in the Safety Basis?
(X] No [ ] Yes/Maybe

Basis: Technical expert safety assessment has determine that for packaging purposes, Pu alloy oxides, with
exception of molybdates, behave the same as relatively pure Pu oxides. The new documents and document changes
listed above implement recently approved changes in the plant Safety Basis. In addition, field level implementing
procedures and criticality prevention specification changes have been reviewed and by criticality safety staff
documenting that the document changes are consistent with requirements and assumptions in applicable criticality
safety evaluation reports. Because the documents implement and are consistent with recently approved by DOE
Safety Basis accident analyses as modified by this USQ Evaluation, and are consistent with criticality safety J

A-6000-615.1 (D3/01)
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evaluation report requirements and assumptions, there can be no increase in the probability of any accident
previously evaluated in the Safety Basis.

Does the PROPOSED ACTIVITY or PISA increase the consequences of an accident previously evaluated in the
Safety Basis?
[X] No []YesIMaybe

Basis: The type of Pu powder being packaged into BTCs and 3013 containers does not affect the consequence of a
burst container. Because the documents being issued or changed implement and are consistent with recently
approved by DOE Safety Basis accident analyses as modified by this USQ Evaluation, and are consistent with
criticality safety evaluation report requirements and assumptions, there can be no increase in the consequences of
any accident previously evaluated in the Safety Basis.

Does the PROPOSED ACTIVITY or PISA increase the probability of occurrence of a malfunction of EQUIPMENT
IMPORTANT TO SAFETY (ITS EQUIPMENT) previously evaluated in the Safety Basis?
[XI No [ ]YesIMaybe

Basis: Because the documents being issued or changed implement and are consistent with recently approved by
DOE Safety Basis accident analyses as modified by this US€ Evaluation, and are consistent with criticality safety
evaluation report requirements and assumptions, there can be no increase in the probability of occurrence of
malfunction of ITS equipment previously evaluated in the Safety Basis.

Does the PROPOSED ACTIVITY or PiSA increase the consequences of a malfunction of ITS EQUIPMENT previously
evaluated in the Safety Basis?
[X] No [ ]YesIMaybe

Basis: Because the documents being issued or changed implement and are consistent with recently approved by
DOE Safety Basis accident analyses as modified by this USQ Evaluation, and are consistent with criticality safety
evaluation report requirements and assumptions, there can be no increase in the consequence of occurrence of
malfunction of ITS equipment previously evaluated in the Safety Basis.

Does the PROPOSED ACTIVITY or PISA create the possibility of an accident of a different type than any previously
evaluated in the Safety Basis?
[X) No [ ] YeslMaybe

Basis: The only accident of a different type represented by the document changes is a BTC containing Pu oxide or
Pu Alloy oxide with a significant {> 0.2%) water content bursting due to the influence of heat or flame from a fire. The
JCO and SER approved FSAR ECN analyze this event. Technical expert safety assessment has determined that Pu
alloy oxides, with exception of molybdates, present no more hazard than relatively pure Pu oxide. Because the
documents being issued or changed implement and are consistent with recently approved by DOE Safety Basis
accident analyses as modified by this USQ Evaluation, and are consistent with criticality safety evaluation report
requirements and assumptions, there is no possibly of an accident of a different type than previously evaluated in the
Safety Basis represented.

Does the PROPOSED ACTIVITY or PISA create the possibility of a malfunction of ITS EQUIPMENT of a different
type than any previously evaluated in the Safety Basis?
[XI No [ ] YesIMaybe

Basis: The only accident of a different type represented by the document changes is a BTC containing plutonium
oxide with a significant (> 0.2%) water content bursting due to the influence of heat or flame from a fire. The BTC
bursting would be a malfunction of ITS equipment. The JCO and SER approved FSAR ECN analyze this event.
Technical expert safety assessment has determined that Pu alloy oxides, with exception of molybdates, present no
more hazard than relatively pure Pu oxide. Other documents being issued either have no affect upon, or enhance the
performance of ITS equipment (e.g., LCOs and SRs on the fire systems to assure their operability). Because the
documents being issued or changed implement and are consistent with recently approved by DOE Safety Basis
accident analyses as modified by this USQ Evaluation, and are consistent with criticality safety evaluation report
requirements and assumptions, there is no possibly of a malfunction of ITS equipment of a different type than
previously evaluated in the Safety Basis represented.

a-6000-615.1 1031011
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Does the PROPOSED ACTIVITY or PISA reduce a margin of safety?
[X] No [ ]YesIMaybe

Basis: The FSAR, HNF-SD-CP-SAR-021 (including supplemental ECN 662390, Tank 241-Z-361 Addendum), the

OSR. WHC-SD-CP-OSR-010, and the SER, DOEIDP-0130, however, use different terms like "margin of safety",

"safety margin", "margin of strength". "margin of protection" and "margin of subcriticality" or "subcritical margins" in an

entirely different context to refer to:

e general safety for the public, i.e., in the remoteness of the site and the ability to control access (see FSAR Section
2.1.2),

e structural resistance of components to naturalforces (see FSAR Sections 5.2.2.1.2, 5.2.8.1.1,5.2.8.2.1,5.2.8.3 1,
9.2.4.1.1, and 9.2.8 and SER Appendix Aand SER section 9.2.4A.1)},

e analysis of effects and consequences of excessive building pressurization (see FSAR Sections 9.1.7A.3.3,
9.1.78.3.2,9.1.7C.3.2,and 9.1.7D.3.2),

e analysis of effects and consequences of loss of ventilation (see FSAR Section 9.1.8.3.3),

o hydrogen flammability potential in PR cans (see FSAR Sections 9.1.2A, 9.1.2A.1.4),

e evaporation analysis of chemicals from the 2735-Z retention basin (see FSAR Section 9.2.8 and SER Appendix
A}, and,

e criticality safety and criticality safety evaluations (see FSAR Sections 4.4.4.2, 6.2.9.1,6.2.9.1.1, 6.2.9.1.2,
6.4.2.9.1,9.2.4.2.11.J, 9.2.4.2.11.M. Appendix 9F-Table 9F.2, Table 9F.15, Table 9F.21, Appendix QG-Table
9G.2 and OSR Appendix C - Feature 4 and SER section 11.6).

There are no other implied margins of safety discussed in any of the Safety Basis documents. The packaging of Pu
alloy oxides, with exception of MHPP products and molybdates, into BTCs and 3013 containers, and issuance of new
documents and document changes needed to implement SER approvals for oxides in BTCs and increases in MHPP
glovebox inventories do not affect general public safety or structural strength or ventilation system upsets or hydrogen
flammability in PR cans or the 2735-Z retention basin or the margins of subcriticality in existing criticality safety limits
derived from approved criticality safety evaluations, or any perceived margins of safety contained in the ZB FHA JCO
and SERs. Therefore none of these perceived "margins of safety" are reduced.

ISQE #1 (\T?K\M usae#z D K GrotH

(Prin/Name) (Print Name)

. Date: (-Q{{Q’Zéf Mv 7Z— Date. 6« 7]
Signature b Signature

PRC REVIEW (If Required)

Meeting No.: Date

SRC has determined the Proposed Activity or PISAinvolves aUSQ- [] No [] YesIMaybe

R Chairman Concurrence: Date:

Signature
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Fluor Hanford, Inc.
TS-12
Richland, WA 99352

373-2419 phone
373-4889 fax
gary_s_scott_barmey@rl.gov

FLUOR cLo8AL services

Memorandum

Te: D.R. Speer Dale: May 9,2001
Locatiom: T5-30 Reference: 1ACO0-PPSL-01-24Rev.1
Telephone: 373-111¢ Client:

WATER REABSORPTION AND
From: G.S.Bamey/ T.D. Cooper Subject: SAFETY QUESTIONS ON ALLOY

STABILIZATION
Location: T5-12

R. Ewealt
F.

J.
cc: L. F. Perkins

The purpose of this letter is to provide responses to questions you had concerning stabilization of the
alloy items. The questions are listed below:

1. Are the alloys different enough from the high quality oxides to cause us to implement new
controls to assure that moisture reabsorption won't cause the stabilized materials to exceed the
0.5% moisture criteria?

2. Are the alloys different enough from the metals to cause us to implement new controls to manage
the hazards associated with opening and stabilizing them?

Our responses are as follows:

Water Reabsorption on Stabilized Plutonium-Uranium Alloy Items{G. S. Barney)

Stabilization treatment of the Pu-U metal alloys items in the PFP production furnaces will yield a mixture
of oxides that will absorb small amounts of moisture from the humid glove box air in contact with the
oxides. The objective of this summary is to estimate the amount of water that might be reabsorbed over a
reasonable time period for exposure to glove box air. This must be less than 0.5 wt. percent to meet the
3013 Standard. According to literature references the oxides produced by heating the alloys in air at
1000°C will be a mixture of Pu0,, U;0;, UsO4., and possibly UO; (Haschke et al., 1997). For alloys
containing molybdenum, molybdates of plutonium and uranium would also be expected. Plutonium
dioxide fired at 1000°C has been shown to absorb very small amounts of water. The equilibrium water
content of pure PuQ, treated by the 3013 Standard will be typically less than 0.2 wt. percent (Barney,
2001). Equilibrium with the glove box air will be reached in several hours.



mailto:Y@rI.gov

EcN €637 pae 1o o 1

Date May 23,2001
Page  Page2 of4 FLUOR GLOBAL SERVICES

Information on adsorption of water on the other oxides is much more scarce. Equilibrium thermodynamic
calculations (Taylor et al., 1993) show that at 25°C, all of the uranium oxide products listed above,are
unstable in glove box air. This instability is caused by the adsorption of water to form UQ;+2H,0 and p-
UO0»(OH):. Formation of these hydrated compounds is no doubt very slow, since U;O; is used as a
primary standard for uranium gravimetric analyses (Greenwood and Earnshaw, 1985). The most relevant
moisture absorption data that was found was for a sample of mixed oxide fuel (U0,-Pu0O;) that was
calcined at 750°C for three hours and then exposed to glove box air (Kerraker, 1995). After nine days the
weight gain was determined to be 0.10 wt. percent and leveled off at this value for three more days. X-
ray diffraction analysis of this sample showed that not all of the solid solution of the cubic dioxides was
converted to PuQ, +U;0; even after heating at 900°C for one hour in air.

A Chinese article (Feng and Chen, 1986) reports that during storage of U0;, increases in weight were
observed due to formation of hydrates by reaction with atmospheric water. The method of preparation
and length of storage was not specified in the abstract, so the information is of little value.

Although most molybdates are non-hygroscopic, the compound,Y,Mo,0,,, hydrates in air to form
Y,Mo;0,,°4H,0 (Fournier etal., 1970). Yttrium is a rather rare element and is not known to exist in our
alloy inventory, therefore,Y,Mo;0,,, is not anticipated in the oxide product. No information on water
absorption on plutonium or uranium molybdates was found. We therefore cannot state with certainty the
degree of moisture readsorption that will occur on plutonium or uranium molybdates. Readsorption of
moisture on plutonium or uranium molybdates is not expected to be a significant phenomenon, however if
it occurs, the extent of readsorption will be bounded by the readsorption behavior of MgO found in the
product from the magnesium hydroxide process. Several tests with CeQ; as surrogate plutonium dioxide
along with molybdenum oxide would help to identify any readsorption problems. These tests could be
performed in the PPSL in a relatively short time.

In conclusion, the best information available on water reabsorption on calcined alloys indicates that

significant amounts of water will not be absorbed on these oxides in the time required to handle them

before repackaging them in the glove boxes. Only 0.10 weight percent water was reabsorbed on a
calcined MOX sample over 12 days.
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Safety Review for Handling Pu Alloy Materials (T D. Cooper)

The Plutonium Finishing Plant (PFP) is tasked with ensuring the stability of plutonium (Pu) bearing
materials within the PFP vaults. PFP has already gone through a safety review for handling plutonium
metal and plutonium metal corrosion products that lasted several years. Numerous attempts to prove the
safety in handling these materials through theoretical and mathematical analysis failed due to the complex
nature of these problems and lack of data. We finally resorted to documenting the extensive history of
processing throughout the DOE complex and the historical safety for handling kg sized samples of metal
as buttons and/or ingots and up to 200 grams of pure plutonium hydride within a glovebox. This
documentation is contained in the Denver Workshop notes and in several letters prepared by T. D.
Cooper.

In addition to pure plutonium metal, PFP also possesses many metal alloy items wherein Pu is alloyed
with other metals such as aluminum, molybdenum, etc. The question has been raised as to the safety of
handling these alloys and their relative hazard as compared to Pu.

Plutonium forms a spallable oxide coating that allows continuing oxidation. It is also more
electronegative than many other alloying metals. The rather large reaction enthalpy and the relatively
fast surface reaction rates, results in large temperature increases. This temperature increase also serves to
drive the reaction rates.

The factors affecting the reaction rate of an element are the inherent reactivity of that element, the
reactant concentrations, the temperature, the specific surface area, and the presence of catalytic agents.

Since Pu is the primary reactant within the alloy the concentration will always be less than in pure
plutonium metal. As a general rule of thumb, an alloy's reactivity follows the reactivity of the dominant
metal in the alloy.

The reaction temperature for alloys will typically be less than for pure plutonium metal. Factors that
could increase the alloy reactivity are high specific surface area, and/or the presence of catalytic agents.

From the above discussion, one can see that for items of similar specific area, the behavior of pure
plutonium bounds the behavior of the alloys. Wc can thus adopt the same general rules for handling
alloys as currently exist for handling Pu metal.

These rules are:
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e Handling kg -sized monoliths with the glovebox is permissible,
e Upto 200 grams of potentially reactive powder is permissible

Adequate rules for handling large quantities of turnings and shavings of Pu metal within the glovebox
have not been promulgated. This area will now be discussed.

It is known (Ref. 1)that any configuration of metal is safe as long as it remains within a standard slip lid
can with a diameter less than 5 inches. Natural diffusion or convection rates into this container cannot
move oxygen fast enough to cause unacceptable pressures or temperatures to arise within the glovebox.

If metal with high specific surface area is removed from the can, and the metal heats pyrophorically, the
main heat transfer path is through conduction through the bottom and radiation to the remainder of the
glovebox. Air is notoriously inefficient in absorbing radiation energy since only a very small percentage
of the gas molecules are poly-atomic. Modeling shows that the increase in temperature of the glovebox is
limited to less than 75°C far a 2 kg sample assuming instantaneous and evenly distributed heat transfer.
Since the combustion event is not instantaneous, it is very unlikely that the glovebox temperature increase
would exceed 10 °C. The glovebox pressure never departs from the normal negative regime, for any
condition other than very fine powder being explosively distributed throughout the air.

We therefore conclude that with the exception of the fine powder case, less than 2000 grams of Pu metal
or any of its alloys (in any configuration) has been analyzed and cannot increase the general temperature
of a typical C-Line glovebox beyond 75°C. This 2000 gram value is not meant to be an absolute limit.
Larger amounts in specific configurations will be permissible with appropriate analysis. For fine
pyrophoric powders, an experience-based limit of 200 grams is used.

Reference:

1. Letter [5F00-99-054, " Scientific Evaluation Of Safety In Processing Pu Metal”, Thurman
Cooper, May 25, 1999
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10 INTRODUCTION

The HC-21C and HA-211 gloveboxes will be used to stabilize plutonium bearing material.
This will be accomplished by heating plutonium oxide, plutonium metal or alloy, magnesium

hydroxide precipitated plutonium or plutonium/uranium oxide/hydroxide, reactive incinerator
ash, oxalate precipitated plutonium or plutonium/uranium, plutonium oxalate conversion
product (oxycarbonate from previous processing in RMNRMC lines), and PRE and-other
efg&me-(tnbutyl phosphatej bearlng sludges —plutem—umox*de—reaeﬂwmeme;a{epash

A8 pate). Heating to a
temperature of 1000 Cinanair stream WI|| drlve off re5|dual volatlle components and
convert residual plutonium-ergasniebearing materials to PuQ,.

This technical basis covers the Operation Specification Document (OSD-Z-184-00006) and
explains the limits necessary for criticality prevention, protection of personnel and
environmental safety, minimizing equipment damage, and attempting to maximize process
efficiency.

The following equipment, along with associated instrumentation, interlocks, piping, etc., is
covered.

Equipment

Furnace

Temperature Controller
Temperature Alarm Switches
Off-gas Filter

Sieve

2.0 Feed Specifications
2.1. FeedsPermitted

Limit: Plutonium oxide, plutonium metal or alloy, magnesium hydroxide
precipitated plutonium or plutoniuduranium oxidehydroxide, oxalate
precipitated plutonium or plutonium/uranium, tributyl phosphate (TBP)
bearin®&  ———slueges, from-other-wetprocess-gloveboxes;
plutonivm-oxiderplutonium oxalate (oxycarbonate from previous processing
in RMA/RMC lines), plutenivm-metal-and incinerator ash. Glovebox HA-211
cannot be used to process plutenium-metal-er-any material that may have
orgame-content contain TBP, i.e., PRF sludge and sludges from other wet

process gloveboxes-thatmay-contain-tributyl phesphate {TBP).

Basis: Processing has been limited to the above feeds because analysis has shown
the off-gases produced will not be a safety hazard.

Plutonium metal items will be oxidized at 550 degrees C, a temperature below

the melting point of the metal. This is done to prevent the molten plutonium
metal from forming an alloy with the boat material, which could melt a hole
in the bottom of the boat. Plutonium alloys should be bounded by the metal
processing as described in the Barney/Cooper Letter on Processing Plutonium
Alloys as found in Appendix .
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Magnesium hydroxide precipitated plutonium or plutonium/uranium
oxideihydroxide will have been dried on a hot plate to remove the water
before processing in the furnaces. The furnaces will be run on the
programming used for TBP type organic bearing sludges to t’urther dry the
material before thermal stabilization.

Testing of the oxalate precipitation process for solution stabilization by PPSL
has shown that the filter cake dries on the hot plate without boiling and just
gives off steam during the process. The dried filter cake is then very tine
powder that is loaded into the boat for thermal stabilization at 1000 degrees C.

In the regular production process for this material the sludge program will be
used to thermally stabilize the dried oxalate precipitate to ensure that the
drying process is complete before ramping the furnace on up to 1000 C.

Glovebox HA-211is not equipped with a CO, purge system, and therefore, it
cannot be used to process any item that may contain erganic-material{ TBPJ.

Glevebox -HA-2H-

Over time the Pu Oxalate (that was produced in previous processing in the
RMNRMC lines) will degrade to PuOCO, 2H,0O (plutonium oxycarbonate)
with a reaction half-life of 64 days. Considering the length of time the oxalate
has been in storage (in excess of 4 years), this results in essentially all ofthe
oxalate having degraded to the carbonate form. (Reference: The Chemistry of
Plutonium, J. M. Cleveland, pages 407-408)

Incinerator ash is primarily made of material from the Rocky Flats incinerator.
A small portion of the material is from the 232-Z incinerator. The ash
contained an average of 22% carbon and therefore was re-burned in glovebox
HA-40F to remove the carbon. A portion of the material was not processed in
HA-40F and this material will be stabilized in the muffle furnaces.

The material that came from Rocky Flats is broken into three categories, Old,
Middle and Current. The Old material typically has the high carbon content
(up to 42%) and the lowest plutonium content. The Current material typically
has the lowest carbon content and the highest plutonium content.

A potential concern with the incinerator ash from Rocky Flats is the presence
of lead in the form of lead nitrate which can react violently with graphite.
TGA/DTA testing performed with lead nitrate in the presence of graphite
indicated that only a small exothermic reaction occurred between 340°C and
420<C (Appendix H). The material was heated to over 450°C prior to being
shipped to Hanford, therefore the presence of lead nitrate is not expected.

Any other feeds will be evaluated by PFP Stabilization engineers on a case by
case basis.
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2.2. Feeds NOT Permitted

Limit: Plutonium bearing materials (PBM) with greater than 10 grams maximum
TBP or its degradation products in each charge.

Basis: Feed items that originated in PRF have a potential to contain tributyl
phosphate (TBP). One of the decomposition products of TBP is butene.
Butene, in certain concentrations, can be flammable. Controlling the organic
content to <10 grams is one ofthe barriers which prevents butene generation
from reaching flammable levels. (See Attachment A, Table 1 and Figures 1
and 2.)

The 10 gram TBP type organic limit is specified in the Addendum to WHC- |
SD-CP-SAR-021, Revision 0-K, “Plutonium Finishing Plant Final Safety
Analysis Report”, 1999, Section 5.2.2
2.3. ChargeSize
Limit: Shall not exceed a charge depth in boat of 1'% inches or a mass of

e  <1000g Pu for TBP bearing sludge material

e <500g reactive incinerator ash

e  <2400g for Pu + U in metal and alloy items and magnesium hydroxide
precipitated Pu or Pu/U oxideihydroxide and oxalate precipitated
plutonium or plutoniumiuranium

e <150-gram accumulations of Pu metal or alloy brushings with no more
than 200 grams of brushings exposed to the air in the glovebox at any
time.

Exception
Any amount of brushings from any one item are permitted to be
processed together.

e Brushing accumulations may be mixed with >>85% Pu product quality
oxide or oxide from burned metal or alloy (including any residual metal)

for processing.

® 2400 g of Pu for feed material except organic bearing sludge and reactive
incinerator ash.

1% inches depth in the l
o _-a-maximum-ameunt-of 10 grams TBP type organic in the charge.

Basis: Charge size (depth) was determined to allow for oxidation of the material in
the boat and to allow for safe operation of the process. Safety calculations
have been done using 20 grams TBP. If the charge size is limited to 10grams
TBP type organic, then the amount of butene gas generated during processing |
will be within safe limits (below flammability limits).

Laboratory tests showed that charges containing oxalate (oxycarbonate
produced in previous processing in the RMA/RMC lines) liquefied and
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foamed. The charge must fit into the boat, which has been designed to fit
inside the furnace without interference with thermocouples or purge and vent
lines. The boat allows generous free board to avoid boil over. CSER 94-007
and 94-008 assess the boat size for criticality and allows material to fully load
the boat.

Feed material charges other than organic bearing sludges and reactive
incinerator ash are limited to 2725g total weight with a restriction of 2400g
Pu. The criticality limit for glovebox HC-21C is 5000g Pu when processing
feed material with a H/X < 20. Reducing the boat charge size to 2400g from
the CPS allowed 2500g allows 200g for the glovebox holdup. Typical
glovebox holdup is around 50g Pu.

To eliminate the necessity of doing calculations to determine the allowable
charge that meets the 2400¢g Pu limit that can be placed in a furnace boat
during charge preparation, the maximum charge size will he based on a
product quality oxide that contains about 88% Pu. This results in a maximum
charge size of 2725g ofmaterial in each boat for stabilization.

3.0  Controller Specifications
3.1. Furnace Ramp Rate Settings

Limit: Maximum Furnace Ramp Rate
Temperature Range  Ramp Rate (C/hr) SCR Output (Amps)

25 -500 300 13
500- 700 200 13
700 - 900 125 13
900 - 1000 75 13

Basis: The furnace is ramped up slowly to avoid damaging the furnace heating coils.
The manufacturer recommends that the furnace should not he operated at full
power (17 amps) for extended periods of time (over 4 hours). Process tests
indicate that complying with the specified ramp rates will prevent overloading
the heating coils. (See Attachment C), "Scrap Stabilization Furnace Test
Results”, WHC-SD-CP-TRP-059, J. A. Compton. April 5, 1994)

Consideration was also given to optimize process time within the safety
envelope and to protect the furnace heating coils from overheating causing
failure and short lifetime.

These ramp rates are a safety feature and are programmed into the controller.
The specified ramp rates ensure that gases will be exhausted as they are
generated so combustible mixtures will not be accumulated. (See Attachment
A, Table 1 and Figures 1 and 2)

The ramp rates cited are maximum rates. Ramp rates can he adjusted to avoid
overshooting the soak temperatures.

Page 6 of 87




HNF-SD-CP-OCD-040
REV. 4

BASIS DOCUMENT FOR THERMAL STABILIZATION

3.2. Furnace Temperature Deviation Band Settings

Deviation Limit: +20°C

Basis:

Low deviation alarm can detect a removed thermocouple, burnt out heater
element, poorly tuned controller, etc. High deviation alarm will detect too
high a ramp rate by activating when temperature exceeds the expected
ramping temperature. Exceeding the ramp rate could generate excess butene
gas when processing an organic charge or overheat the heating coils causing
failure and short lifctiine.

The deviation hand alarm will also detect soak temperatures either above or
below the set point. The butene curves in Figures 2 and 6 of Attachment A
show the effect of exceeding the soak temperature set point of 175°C by 20
degrees.

3.3. Heating Cycle PRF Sludge and Magnesium Hydroxide or Oxalate Percipitate |

Settings

Limit:

Basis:

1st Soak - 12 hrat 175°C

2nd Soak - 2 hr at 1000=C

The ramp rate and temperature limit for the first soak time was selected
because this parameter keeps the rate of butene generation outside ofthe
flammable range. The one and a half hour soak time was determined by
calculating the amount of time it would take to thermally decompose 20
grams of TBP to butene. “Twenty grams is double the amount of TBP
allowed in a batch. (See Attachment A, Table 1 and Figures 1 and 2).

Laboratory test results were used to determine the temperature limit and one
hour soak time for the second soak. The tests showed that by heating
material at 1000°C for one hour, essentially all ofthe volatiles will be
removed, thus meeting the vault storage specification. In addition, the
higher temperature reduces the absorptivity of the processed sludge making
it more stable. (See Attachment B)

These soak rates are specified in the Addendum to WHC-SD-CP-SAR-021,
Revision 0-K, “Plutonium Finishing Plant Final Safety Analysis Report”,
1999, Section 5.2.2.

This heating cycle was also chosen for magnesium hydroxide or oxalate

precipitate. The 1.5hour dwell at 175degrees C finishes drying the
precipitate before ramping up to 1000 deqgrees C for thermal stabilization of
the material.
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3.4. Heating Cycle Pu Oxalate (Oxycarbonate) Settings

Limit:

Basis:

1st Soak - 1 hrat 110°C
2nd Soak — % hr at 175=C
3rd Soak — Minimum - 2 hrs at 1000=C

1st Soak - Before start of operation, laboratory tests with oxalate
(oxycarbonate produced in previous processing in RMA/RMC lines)
showed that it became liquid above 100°C. A soak at this temperature
removes the water of hydration and allows the evaporation of the free liquid
portion of the charge to evaporate without foaming over the edge of the
boat. Operating experience has shown that boil-over was not avoided at the
previous soak setpoint of 175=C. Upon further research it was found that
the dehydration temperatures start at 90°C (Reference: J.M. Cleveland, The
Chemistry of Plutonium, 1979, p. 403,404). In order to evaporate water,
the soak temperature must exceed the boiling point of water. To avoid boil-
over and still evaporate water, a new setpoint of 110°C was selected for the
first soak. Even with the lower soak time, some of the material may boil
over. This is not a major concern in that the material can be easily scraped
and brushed out of the furnace. The material is then placed in a can with the
rest ofthe charge material in HC-18M.

2nd Soak — Laboratory test results were used to determine the temperature
limits for the second and third soaks. The second soak separates the
remaining water of hydration from the oxycarbonate (oxalate) and continues
evaporation of free liquids.

3rd Soak — The DOE Standard 3013-96, Long Term Storage Criteria for
>50% Pu oxides, requires that materials be heated to 950<C or higher for 2
hours and meet a <0.5% LO1 @ 1000C. Tests showed that by heating
material at 1000<C for one hour, essentially all of the volatiles will be
removed, thus meeting the vault storage specification of <0.5% LOI for
material less than 50% Pu. In addition. the higher temperature reduces the
absorptivity ofthe processed sludge making it more stable. (See Attachment
B)

Testing of the oxalate precipitation process for solution stabilization by PPSL
has shown that the filter cake dries on the hot plate without boiling and just
gives off steam during the process. The dried filter cake is then very fine
powder that is loaded into the boat for thermal stabilization at 1000 degrees C.

In the reqular production process for this material the sludge program will be
used to thermally stabilize the dried oxalate precipitate to ensure that the
drying process is complete before ramping the furnace on up to 1000 C
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3.5. Heating Cycle Pu Oxide Setting

Limit:

Basis:

Soak — Minimum 2 hrs at 1000=C

Laboratory test results were used to determine the temperature limit and soak
time. The DOE Standard 3013-96, Long Term Storage Criteria for >50% Pu
oxides, requires that materials be heated to 950°C or higher for 2 hours and
meet a <0.5% LOI (@ 1000°C. Tests showed that by heating material at
1000°C for one hour, essentially all ofthe volatiles will be removed, thus
meeting the vault storage specifications of <0.5% LOI for material less than
50% Pu. In addition, the higher temperature reduces the absorptivity of the
processed sludge making it more stable. (See Attachment B)

3.6. Heating Cycle Incinerator Ash Setting

Limit:

Basis:

Reactive Ash Soak - 4 hr at 1000°C
Nonreactive Ash — Minimum 2 hrs at 1000-C

Process testing indicates that a 4 hour soak time at 1000°C along with a one
and one half inch depth in the boat will allow oxidation of sufficient carbon to
meet vault specifications. (Reference: WHC-SD-CP-TP-087 Rocky Flat Ash
Test Procedure (Sludge Stabilization), 9/14/05).

The 2 hrs at 1000°C heating cycle is to be used with nonreactive incinerator
ash that has been processed through HA-40F or the stabilization furnaces.
Because the material was previously processed to 600°C, 2 hours at 1000 "C
is sufficient to meet the Long Term Storage Criteria.

3.7. Heating Cycle for Pu Metal_ or Alloys

Limit:

Basis:

1" Soak - 550°C until metal or alloy is oxidized feré6-hours
2" soak - 1000°C for 2 hours

A laboratory experiment heated a metal button to 550°C in a crucible furnace.
Oxidation of the button was completed in 6 hours._The metal or alloy charge
will be examined and recycled on the metal program with the 550°C dwell
until all metal or alloy will pass through a 4 mesh sieve. (Reference: SD-CP-
PTR-008, Burning Plutonium Metal Buttons Using an Igniter, 10/23/85) The
second soak is identical to the soak performed on other plutonium oxide
items.

The soak temperature of 550°C was selected for the first soak because it is
below the melting point of plutonium metal. 1f the metal melts, it will form
an alloy with the Hastelloy boat and ruin the boat.

found in the Barney/Cooper Letter on Processing Plutonium Alloys in
Appendix I.
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3.8. High Furnace Temperature Setting

Limit:

Basis:

1050C

The high furnace temperature alarm system provides an independent backup
to prevent over-heating the furnace if the Controller fails. The maximum
furnace temperature recommended by the manufacturer is 1093°C. Operating
the furnace at the full output of power required to maintain this temperature
for an extended period of time (>4 hours) can shorten the lifetime ofthe
furnace element and cause failure.

Specification limit is set to allow for over-shooting during ramp time. The set
point changed from 1025°C to 1050°C in September, 1995 because the lower
temperature was found to be more conservative than required and caused
unnecessary process cycle shut-downs. There were no safety reasons for the
lower limit of 1025=C and the new setpoint of 1050°C is still well below the
manufacturers recommended guidelines.

3.9. Glovebox High Temperature Alarm Setting

Limit:
Basis:

70°C (158°F)

This alarm is in place to provide sufficient warning of off-standard conditions
which could cause the glovebox to heat up and reach the Fire Suppression
System activation temperature of 93°C (200°F).

Glovebox HC-21C has a Halon fire suppression system, and Glovebox HA-
211 has a dry chemical suppression system. It is desirable that activation of
the Halon system in Glovebox HC-21C he avoided unless there is an
uncontrolled fire in the glovebox, because once the Halon has been released,
there will he no tire suppression system for the glovebox. Halon is a
regulated material and may be difficult to replace. (Reference drawing H-2-
97481, sheets 26, 27, 28, 29.)
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OFF-GAS SYSTEM
4.1. Off-gas Flow Rate

Limit:

Basis:

120to 180 std. ft'/hr. for Studge, foxalate, and magnesium hydroxide or
oxalate precipitate.

60 to 90 std. ft*/hr. for Oxide/MOX/Pu Metal

A flow rate of 60 - 90 std. {t*/hr shall be used when processing reactive
incinerator ash.

Exception:

Off-gas tlow was specified for sludge charges because of the possibility of
butene which could be generated when PRF Sludge containing tributyl
phosphate (TBP) is processed. Its purpose is to dilute and remove flammable
off-gases during the period butene can be generated. This period is ended
before the furnace reaches a temperature of 250C. The same flow rate was
specified for oxalate and magnesium hydroxide or oxalate precipitate charges
to aid the evaporation of free liquids.

In glovebox HC-21C, off-gases are vented to the 26” Hg vacuum system. in
glovebox HA-211, off-gases are vented to the 5” Hg vacuum system. A flow
rate of 120- 180 std. ft'/hr will provide enough circulation to dilute the
flammable gases generated when processing PRF Sludge to within safe
concentrations. It will also provide greater air circulation through the furnace
to aid oxidation and remove volatiles from the charges. (See Attachment A,
Figures 3, 4, 5, and 6 and associated tables.)

During stabilization of reactive incinerator ash, carbon will oxidize to both
CO and CO,. CO is flammable (though not explosive) in concentrations
greater than 12%. Calculations were performed which indicated that CO
concentrations will remain below 12% as long as sufficient oxygen is present
(0.6 scfim is sufficient to convert almost all carbon to CO,) (Attachment E).

The incinerator ash is very flighty and therefore is susceptible to being pulled
into the off gas line and plugging the filter. The off gas tlow rate will be
reduced to 60 - 90 scfh while processing this material.

The siudge/oxalate/magnesium hydroxide or oxalate percipitate and
oxide/MOX off-gas flow rates are specified in the Addendum to WHC-SD-
CP-SAR-021, Revision 0-K, “Plutonium Finishing Plant Final Safety
Analysis Report”, 1999, Section 5.2.2.

4.2. Filter Differential Pressure
Limit: < 10psi for Glovebox MC-21C

< 50in.-H,0 for Glovebox HA-211

Exception
PFP Stabilization engineers can allow continued operation of a cycle with
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Basis:

greater dP as long as the required exhaust flow is maintained

A filter is installed in the exhaust line after it leaves the furnace. The filter’s
function is to remove airborne particulate matter in the off-gas.

Any particulate matter remaining in the filter can absorb moisture at the
beginning of the cycle. Once the particulate matter absorbs moisture, it
hardens into a solid piece. This reduces the permeability ofthe filter which
decreases the air flow rate through the furnace. Low air flow increases the
possibility of combustible gas build-up. (See Attachment C, Internal Memo
15530-94-DMB-070, D. M. Bershaw to W. S. Lewis, “Pressure Drop
Analysis for Filter on 26 Inch Vacuum Line in Glove Box HC-21C",
Westinghouse Hanford Company, Richland, Washington, June 1, 1994). The
limit for Glovebox HC-21C is also specified in the Addendum to WHC-SD-
CP-SAR-021, Revision 0-K, “Plutonium Finishing Plant Final Safety
Analysis Report”. 1999, Section 5.2.2.

5.0 PURGE SYSTEM
5.1. Purge Flow Rate

Limit:

Basis:

> 45 std. ft'/hr CO,

The carbon dioxide purge flow will be used only for charges originating in
PRF or other wet process gloveboxes with a potential for containing TBP.
The CO, purge is only available in Glovebox HC-21C.

Carbon dioxide was chosen because it was found to be more effective on a
molar basis. Minimum purge flow with carbon dioxide during the ramp and
soak times (about 2 %2 hours) for PRF sludge charges, assures flammable gas
concentration in the furnace remains below minimum safe limit. (See
Attachment A, Figures 3, 4, 5, and 6 and associated tables).

The 45 scth CO, flow rate is specified in the Addendum to WHC-SD-CP-
SAR-021, Revision 0-K, “Plutonium Finishing Plant Final Safety Analysis
Report”, 1999, Section 5.2.2.

6.0 FIRE SAFETY
6.1. Combustible Material

Limit:

Basis:

Glovebox gloves near furnace fixed in position with bungi cord during
processing cycle.

Minimal non-engineered combustible materials such as plastic bags, polyjars,
or rags in Gloveboxes HC-21C and HA-211during the heating cycle.

This limit is set both to prevent contacting of combustible materials with hot

surfaces and accumulating of significant quantities of combustibles. Surface

temperatures of the lines exiting the furnace can exceed 400°C during the

heating cycle. The exhaust line which carries the hot gasses is insulated to the

offgas filter which is a significant heat sink. The CO, line is not insulated and

portions ofthe line near the furnace could reach temperatures over 400°C.
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Radiant heat transfer should reduce the line temperature to below 200°C by
the time the line exits the glovebox. Combustible materials contacting these
surfaces may ignite and the resulting fire may breach glovebox containment if
these materials are present in sufficient quantity.

These requirements are specified in the Addendum to WHC-SD-CP-SAR-
021, Revision 0-K, “Plutonium Finishing Plant Final Safety Analysis Report”,
1999, Section 5.2.2.

7.0 Product Specifications
7.1. Particle Size
Limit: Particles must go through 4 mesh sieve

Exception:

PFP Stabilization engineers can allow larger chunks ofmaterial to be canned
with the concurrence of the Product Handling and Storage Cognizant
Engineer.

Basis: A fairly uniform particle size is required to assure that samples taken for LOI
are representative. Larger chunks also may not be completely dried. If no
large chunks of material are present in product, sieving will not be required.

8.0 PLUTONIUM BEARING MATERIAL FOR BAGLESS TRANSFER

8.1. Permitted Feeds - Metal

Limit: DOE-STD-3013-2000 requires that Metal pieces to be packaged shall each

weigh at least 50 grams net weight. Foils, turnings, and wires shall not be

packaged under this Standard. Metal items packaged shall be visually free

of non-adherent corrosion products (including oxide). liquids, and organic

materials such as plastics and oils.

Basis: The surface area per gram of plutonium metal will be large enough that
pyrophoric reactions will be unlikely. Turnings, foils. and wires have too

large a surface area per gram of plutonium metal and probably will be

pyrophoric.

"The elimination of the non-adherent corrosion products, liguids, and organic

materials such as plastics and oils will prevent adsorbed water in amounts

that could pressurize the storage container above the working pressure.
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8.2. Permitted Feeds - Oxide

Limit:

Well-characterized, high purity product quality oxide resulting from known

Basis:

processes including, Oxidization of metal, Oxidation of metal brushings,
Oxalate derived oxide — that is produced by calcination of Pu oxalate.

A literature search as documented by PPSL staff based on technical research

and testing concludes that plutonium dioxide from metal burning and

oxalate calcinations will not reabsorb enough moisture to fail the 3013

criterion as long as it has been tired at 950C for at least two hours (Barney

2001). Additionally it concludes that moisture reabsorbtion is relatively

rapid and equilibrium water contents are expected to be less than 0.1 wt%.

It can be concluded that this readsorbtion is likely to occur during cooling
and handling of the process furnace charge and will be detected in the LOI

or SFE analysis. For relatively pure oxides, calcined at 1 OOOC, the effect of

relative humidity on readsorbtion was not significant, the reference memo

discusses readsorption tests done with RH as high as 74%. These

conclusions are well known and form the basis for the DOE —-STD-3013

(DOE 2000, Bailey 2000, Haschke 1995)

The 3013 STD limits the total mass of package content to no more than 5 kg
and indicates that mass may be further limited to ensure that the bounding
pressure does not exceed the outer container design pressure. Alternatively
analysis can be done to show the free gas volume ofthe package is at least
0.25 I’kg of oxide. (DOE 2000, Section 6.3.2.).

See Attachment J: Bagless Transfer for Plutonium Metal and Oxides.

8.3. Feeds Not Permitted

Limit:

Any feeds not specifically allowed, including all impure oxides and oxide

Basis:

from the magnesium hydroxide or oxalate precipitation process.

Although reduction in the surface area of plutonium in these materials is

also expected, re-adsorption of moisture is expected to be of concern due to

the presence of salts and ity

as CaQ and MpO. In additional, the magnesium hydroxide product is also

shown to adsorb Carbon Dioxide and behavior of the adsorbed CO, is not
yet well understood. Additional limits and controls will have to be

developed before canning impure oxides, including the potential for dry air
or dry inert atmospheres.
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8.4. Water Content

Limit:

The water content in stabilized oxide should be below 0.2 wt %a

Basis:

The percent moisture of the permitted feeds (relatively pure oxide) should

be very low after calcinations, because of the reduction in specific area.

(DOE 1999 and Haschke 1995). Since oxides less than 5 m’/gm arc
routinely expected to result after calcination at 950C, regardless of the

method of preparation, any oxide from the permitted feeds that is analyzed

above 0.2 % moisture should be considered unusual and subject to

additional review. For the permitted feeds allowable moisture content in the

stabilized oxide should be below 0.2 wt %. Material discovered with a

water content of greater than 0.2 wt% would indicate that the material is not

thermally stabilized and should be rc-sampled or reprocessed as needed.

Sample results for stabilized oxides between 0.5 wt% and 0.2 wt% can be

accepted after evaluation and documentation by the Vault cognizant
engineer.
See Attachment J: Bagless Transfer for Plutonium Metal and Oxides.

8.5. BTCC Contents

Limit:

Limit BTC contents to Hanford BTCC with oxide and no foreign objects

Basis:

allowed
The 3013 STD limits the total mass of package content to no more than 5 kg

and indicates that mass may be further limited to ensure that the bounding

pressure does not exceed the outer container design pressure. Alternatively

analysis can be done to show the free gas volume of the package is at least

0.25 I/kg of oxide. (DOE 2000, Section 6.3.2.). Section 6.5.2 of DOE-

STD-3013 requires measurement of the particle density or reference to a

model that demonstrates a limitation on mass loading is not needed. It will

be necessary, to limit the inners cans in the overall package to the BTCC

and BTC that were analyzed and prohibit any foreign objects, such as metal

spacers or pressure sensing devices, unless analysis shows minimum free

volume requirements are maintained.

See Attachment J: Bagless Transfer for Plutonium Metal and Oxides,
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This series of figures was developed from data obtained from laboratory tests performed with
uranyl nitrate-trihutyl phosphate adduct ("Behavior of Tributyl Phosphate in A-Line Processes",
DP-1418, August 1976, H.D. Harmon, et al). The physical and chemical properties were studied
to define optimum, safe operating conditions for denitration of uranyl nitrate solutions containing
low concentrations of adduct. A conservative kinetic factor (KF) of 3 was used when the data was
applied to plutonium hearing material, which will be used in the sludge stabilization process, to
account for the fact that plutonium nitrate has two times as much nitrate as uranyl nitrate.

Figures 1and 2 show the expected results calculated if the process is operated at conditions
defined in the Operating Specification Document. Figure 1 shows the relationship of the
decomposition curve of 20 grams of TBP and the butene generation curve to the temperature
cycle. Figure 2 shows the flammability curves. The butene concentration is well below the lower
flammability limit.

Changes in inputs for Table 2 and reflected in Figures 3 and 4 are: (1) a hold temperature of 155
°C, which is 20 =C less than setpoint temperature hut still within the OSD limits; (2) furnace
purge flow rates at 5% less than OSD limits: and (3) the off-gas flow rate of 90 scfh, which is 25%
less than OSD limits. Figure 3 shows a part of the butene is generated at a temperature of about
150 =C and dissipated slowly during the hold time. The remainder is generated at the time of the
second ramp up. However, as can be seen in Figure 4 the concentration level ofthe highest peak
is much less than the lower flammability limit. These results indicate that the carbon dioxide
purge flow needs to continue for at least 140 minutes to compensate for this deviation.

Figures 5 and 6 reflect the input changes as follows: (1) the hold temperature of 195 ©C. which is
20 °C greater than setpoint temperature, hut still within the OSD limits; (2) the furnace purge rate
at 5% less than OSD limits; and (3) the off-gas flow rate of 90 scfh, which is 25% less than OSD
limits, The butene peak for these conditions reaches its highest concentration at the set point (See
Figure 5). This is the point most likely to have an overshoot so the upper deviation limit should
not exceed this temperature. The highest butene concentration (as shown in Figure 6) is about
75% of the flammable limit. This concentration is acceptable due to the four other conservative
inputs used in the calculations.

Temperature over-shoots 0 f3 to 13 degrees were observed in the initial furnace tests. Therefore, a
hold temperature of 20 <C less than the upper deviation hand will he set to allow for overshoot
without activating the furnace shutdown interlock.
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Calculations to show the lower flammability limit for butene compared to normal operating
conditions.

Butene is generated at 0.648 mol/hr  (Table #1. Row 9, Columns 1 and 2)
Offgas flow rate is 139.006 mol/hr (Table #1. Last Row, Columns 1 and 2)

0.648 mol/hr butene = (/0046 x 100 =0.46% butene
139.006 mol/hr offgas total offgas

For conservatism, calculations were made for a double batch, with the amount of TBP (20 grams)
See Table #1, Row 1, Columns 3 and 4.

Normal operations will process a charge 0f500 grams with a maximum ot 2% TBP which equals
10 grams TBP. The percent butene is divided by 2.

0.46 =0.23%
2

The lower flammability limit at 25°C as shown in Figure 2 is from Figure 68 on page 54 of
Bureau of Mines Bulletin 627, "Flammability Characteristics of Combustible Gases and Vapors",
M. G. Zabetakis, 1965.

The lower flammability limit at 250°C is calculated by using the temperature correction equation
on page C-67 of AIChE Today Series, "Fundamentals of Fire and Explosion Hazards Evaluation”,
C. Grelecki, 1976.

L,/ L,; =1-0.000721 (t - 25)

where

L, = lower limit of gas mixture at temperature of interest

L,, = lower limit of gas mixture at 25°C

t =temperature of interest

L,;= 1-0.000721 (250 - 25) (2)

L,,= 1.675
The percent of butene which could be generated at normal conditions as compared to the lower
flammability limit at 250<C is as follows:

0.23 =0.1373x 100= 13.73%
1.675
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New Ramp Rate

3.333333 (C/min]

Kin Factor Input

-
3

TABLE # 1
Initial Ramo Rate 5 [Cimin] Initial TBP Wt. | 20 [grams TBP]
Time Interval 1.5 [min] Initial TBP mols | 0.0751 [mol TBP]
Temp @ Time 0 30 [C] TBP Conv Factor | 3 [mol C4/mol TBPI
Time/new Ramp Rate 120 [min] Inert Kzn Gen Fact ; 1 [mol inert/mol C41
|
|

Frn Hold Temo 175 [C1 Kin Factor Min ]
Frn Min Temp 25 [C1 Kin Factor Used 3
Frn Max Temp 400 ICl

Max C4 Gen Rate

0.648 [mol C4/hr]

Max Inert Rate

0.648 [mol inert/hr]

Max Tot Flow

36.047 [(C4+inert+Purge)/hr]

Min Frn OG Req’d

Time at Frn Purge Change

31.118 [efh (@ 298 & | atm]

400 [min]

Furn Purge Rate

30 [scth]

02 in Furn Purge

0.1% [% 02]

Inert in Frn Puree

99.9% [% N2]

Mol Frn Purge Rate

34.751 [mol purgeihr]
0.035 [molO2 purgeihr]

34.717 [mol Inert purgeihr]

Time When OG Rate 400 [min]
Changes
Furn OG Rate 120 [scth]

Mol Frn OG Rate

139.006 [mol Tot OG/hr]
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Unreacted TBP & C4H8 Rate

FIGURE 1

Unreacted TBP, C4H8 Rate, & Temperature
0OSD Nominal Conditions, KF = 3.0
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C4H8 Concentration, [mol % C4HS]

FIGURE 2

Furnace Off-gas Flammabilit
OSD Nominal Conditions, KF H<m 0
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TABLE # 2

Initial Ramp Rate 5 [Cimin]

Initial TBP Wt

20 [grams TBP]
Time Interval

1.5min] Initial TBP mols 0.0751 [mol TBP]
Temo til Time 0 30 1CT TBP Conv Factor | 3 [mol C4/mol TBP]
Time/new Ramp Rate 120 Iminl Inert Rzn Gen Fact | 1 [mol inert/mol C4]
New Ramp Rate 3.333333 [Cimin] Kin Factor Input K
Fm Hold Temp 155 [C] Kin Factor Min 1
Frn Min Temp 25[C] Kin Factor Used 3
Frn Max Temp 400 [C]
Max C4 Gen Rate

0.234 [mol Cé4/hr]
Max Inert Rate

0.234 [mol inertihr]

Max Tot Flow 33.482 [(C4+inert+Purge)/hr]

Min Frn OG Rea'd

28.904 [cth @ 298 & 1 atml
Time at Frn Purge Change 400 [min]
Furn Purge Rate 28.5 Iscthl
02 in Furn Purge

0.1% [% O2]
Inert in Frn Purge

99.9% [% N2]

Mol Frn Purge Rate

34.751 [mol purgeihr]

0.033 [mol O2 purgeihr]

32.981 [mol Inert purgeihr]

Time When OG Rate 400 [min]
Changes
Eurn OG Rate 90 [scfh]
Mol Frn OG Rate 104.254 [mol Tot OG/hr]
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Unreacted TBP & C4H8 Rate

FibUie 3

Lnreacted TBP, C4H8 Rate,

& Temperature

Q8D Error Conditions, KF = 3.0
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FIGURE 4

Furnace Off-gas Flammability
OSD Error Conditions, KF = 3.0

1 6% -+—— —i Flammibility Curves } -
|‘§ 1-butene (C4HB)
14%1—""]in Air + Added CO2

10%} | v ) w

i
A"/
T

C4H8 Concentration, [mol % C4H8g]

% T r 1

0% 20% 40% 60%
Added Inert, [mol % Added Inert]

T

80% 100%

e tim . = T
% CAHB in Furn OG é

Page 23 of 87




HNF-SD-CP-OCD-040, REV. 4

BASIS DOCUMENT FOR THERMAL STABILIZATION

ATTACHMENT A: SLUDGE STABILIZATION STUDIES

TABLE # 3 ‘

Initial Ramp Rate 5 [C/min] Initial TBP Wt. | 20 |grams TBP|

Time Interval 1.5 [min] Initial TBP mols l 0.0751 (mol TBP]
Temp @ Time 0 30 [C] TBP Conv Factor ‘ 3 Imol C4/mol TBP}

Time/new Ramp Rate 120 [min] Inert Rzn Gen Fact J 1 Imol inert/mol C41

New Ramp Rate 3.333333 [C/min] Kin Factor Input 3
Frn Hold Temp 195 [C] Kin Factor Min |
Frn Min Temp 25 [C] Kin Factor Used 3
Frn Max Temo 400 [C]

Max C4 Gen Rate

Max Inert Rate

1.387 [mol C4/hr]

1.387 [mol inert/hr]

Max Tot Flow

35.788 [(C4+inert+Purge)/hr]

Min Frn OG Req’d

30.895 [cfh @ 298 & 1 atm]

rime at Frn Purge Change

400 [min]

Furn Purge Rate

28.5 [scfh]

02 in Furn Purge

0.1% [% O2]

Inert in Frn Purge

Mol Frn Purge Rate

99.9% [% N2]

33.014 [mol purge/hr]
0.033 [mol O2 purge/hr]

32.981 [mol Inert purge/hr]

Time When OG Rate 400 [min]
Changes
Furn OG Rate 90 [scfh]

Mol Frn OG Rate

104.254 fmol Tot OG/hr|
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Unreacted TBP & C4H8 Rate

FlbUKE o

Unreacted TBP, C4H8 Rate, & AmBUm,EEE

OSD Error Condit tions, KF
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C4H8s Concentration, [mol % C4H8]

FIGURE 6

Furnace Off-gas Flammability
OSD Error Conditions, KF = 3.0

18%-

[ T [
16% --————|Flammibility Curves
140;- for 1-butene (C4H8)
4% in Air + Added CO2
0% 20% 0%  60% | 80% | 100%

Added Inert, [mol % Added Inert]

~ % C4H8 in Furn 04
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HNF-SD-CP-OCD-040, REV, 4
BASIS DOCUMENT FOR THERMAL STABILIZATION
ATTACHMENT C: INTERNAL MEMO (15530-94-DMB-070) "D. M. BERSHAW TO W. S.

LEWIS, "PRESSURE DROP ANALYSIS FOR FILTERS ON 26 IN VACUUM LINE IN
GLOVEBOX HC-21C

WestInghouse Internal
Hanford Company Memo
CFromy - ~PFBoRrogess E %ineering 15530-94-0M8-070~
. .Phone; 373-5092 55-5 .

Date: June 1, 1994
Subject:  PAESSURE DROP AMALYSIS FOR FILTER ot 26 INCH vacuust vine IN GLOVE
' BOX HC-ZIC
Ta: W. S. Lewis T5-55
cc: ,L., Dayley 15-55

M. W, GibsonYnd& 15-55
DNB File/LB

(1) CRANE Co. Elow of Fluids Throuoh Valves. Fittinos. and Pige. Technical
Pager No, 410,

Crane Co. King of Prussia, PA. 1988,

(2) Rockwell Hanford Operations. plutonium Einighina Plant Safaty Analvsis
Reoort (SD-HS-SAR-007). Pages 5-21 through 5-26. 1987.

This memo documents an analysis of the 26" vacuum line and filter in glove
box HC-21C, A minimum flow rate of 2 cfm through the vacuum line during
sludge stabilization is necessary to ensure the glove box 1is properly
vented. A differential pressure gauge has been installed across the 26"
vacuum line filter. Tne norma) operating pressure drop across this ceranic
filter §s I psi. It is expected that with use the pressure <rop across the
filter will 1increase, thus reducing flow through the line. Ey approximating
how much vacuum is necessary to sustain the minimum flow rats, 2 guideline
may be established to determine when the filter should be changed out.

Analysis of this system indicates the vacuum required for a 2 ¢fm flow
through the vacuum” line is 0.12 psi (0.25 in. Hg). However. this anaIsz
does not take into account the pressure drop for all the plplngr From the
glove box to the_ 26" vacuum pumps located in building 291-Z. Therefore a
safe operating limit for the pressure drop across the filter would be in the
8-10 psi (16-20in. Hg) range.

In order to calculate the pressure drop a flow rate of 2 cfm (120 cfh},

observed 5 ft. from the end of a 1/2" s.s. pipe, was plugged into a version
of the 8ernou11i equation for compressible fluid flow in"pipe. The ideal

gas law and a temperature of_70'F were used to determine_the_ density of air
under a 26" vacuum. Correction factors for the compressibility of air were

Hanlard Qperations and Engineeting Cantrsctor las the US Dapaniment ol Eaegy
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ATTACHMENT C: INTERNAL MEMO (15530-94-DMB-070) "D. M. BERSHAW TO W. S.
LEWIS, "PRESSURE DROP ANALYSIS FOR FILTERS ON 26 IN VACUUM LINE IN
GLOVEBOX HC-21C

W, 5. Lewis ATTACHMENT c 1553094 -DM8-073

Page 2
June 1, 1994

found in the Crane HMznual. These factors wera zpproximated toc salve ths
fiow equation and ther were refined after sevaral iterations.

Any quastions concerning this analysis may bs addressed to Dwaynz Earshaw &t
373-5092 (T5-83).

L\W%g
6T*H. ers Qi ~—Engvnesr

PFP Proces’ Engingering

Concurrence: G;f;ﬂ?&wéiu -
. DayVey/PFP Process Enginsar
PFP Process Enginsering

cseg

-

Attzchmeats 3
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BASIS DOCUMENT FOR THERMAL STABILIZATION
ATTACHMENT C: INTERNAL MEMO (15530-94-DMB-070) "D. M. BERSHAW TO W. S.
LEWIS, "PRESSURE DROP ANALYSIS FOR FILTERS ON 26 IN VACUUM LINE IN
GLOVEBOX HC-21C

W. 5. Lewis

bas e ‘94 -DMB-070
June 1, 1894 ATtachment 1
Determination Revnold's Number
Re - Dvp
B
D= 0.5 inches
p = LM . 100mmHg mol K 28.85g kg 2.2051bm 1000L m? 2 b
RT 62.36L mmHg 294K mol 1000g kg m? a5 31370 7 9.83+10 fﬂMw
c‘u.m = wwmu 5 MH min 21 4 Lt
min .25 2 o=
m ( = £E)in 6Cs IS

B =0.018¢cP (air at 70°F, 1 atm Crane Manual rg. A-5

AT D

p o= ODHMWH...&U hdl N g : kﬂ@. HH_.._ 2.20510m m _— MH*JQ.M_ ih

100CP 10p m2 N g kg 3.28087¢ . T fr =

rRe = B0 = g gipep_ £t 24.47t9.83+1071b ft = - ans
i 12inch s fe? 1.21+#107%71b
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ATTACHMENT C:

-Page 1 of 2 : .
‘June .1, 1994 Attachment 2

Flow Equation for Compressible Fluid through pipe
{(Crane Manual, Equation 3-20, pg. 3-4)

INTERNAL MEMO (15530-94-DMB-070) "D. M. BERSHAW TO W. S.

9 . —
o ai=678 yar| PR
1) ; KT, 5,
T : :
x .
2 o =2LE 7 -s530r (70°F s, =1.0
L min t . g )
W :
S _
D) p{ = -1.1 inches H,0 gauge = 0.997 atm = 14.7psi  (Ref.2)
For Laminar Flow (Re < 2300) friction factor f = Wm = %NW = 0.0776
o fL 5ft 1zinch . . : .
K. =fZ=0.0 ‘ : -9.31 - K =
otpe = £F 176 G2 rmeh = %31 Kegmneion = 1.0 Ky = 10.3
d*= (0.5inchi? =0.25. ¥ =0.991

,ﬁ.u foind in Crane Mol pg. A2 s solved for after. several iterations

LEWIS. "PRESSURE DROP ANALYSIS FOR FILTERS ON 26 IN VACUUM LINE IN

KT Sy 9 42 10.3(530) (1) 2___

AP =
: P! 678 ¥ d* 14.7 psi 678(0.99) (0.25)

y? = 0.0528psi

#. S. Lewis . 15530 24-DMB-070
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INTERNAL MEMO (15530-94-DMB-070) "D. M. BERSHAW TO W. S.

LEWIS, "PRESSURE DROP ANALYSIS FOR FILTERS ON 26 IN VACUUM LINE IN

ATTACHMENT C:

GLOVEBOX HC-21C

H 5 Lews
Page } ol 1

June {, 1994 Atiacs I5520-94.0H8 b7g
cladheenl 3

Totd Pose
otd Possiiple frossu o Orop Acrass 26" Vacuum Ly

4P = Ruipch g - ¢ 08linch tigy . 1000mmitg 14 Ipas

3P NV anch g TG0 g 12 Tpes

Preszure ncodey Lo masntain 2 ¢fm Aowv ral
: o
AP =D pnop S =0 107 1nches Hag
Acceptable Piecsure Drap Acrase Tylter

AP = 8-1n Per = 14-20 +aches (g

Harmai ofet 3l v pres urp drop a1 the Coramir 1)y
S A iLer
ol o
for Clowlbox HA-2] 1T

— ] Fa — R T
[odal Fossible  Freceur Lrge Mloross, 374 g,
-
- 3 K 14\
Nrmv i \.m \Q\,b R/w - Qm&_ T Tm\p WAL e A=

\U /\_ o \__..n_\ l\u 4

FERT v
ZTE T wen fﬁ. -y Q

= [ opry

f‘\

AT m e

reSiare e e 40 mtinds, o \ S RS 7L

T ,..‘.\... " (*
\wﬁmﬁ\a&ﬁ.\u\ﬂ \Q?Mums\lm xw\b:ma .‘r,\N\ o . \. o e 1%y .\.H,mUnwﬂb
aP=15-1Ts=dl5-52

78 UH.,

checed by 7)..iz \W\\N«x\“ﬂ\
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HC-21C

Material Balance

MG

> ‘ FURNACE ‘

A A

O ©®

Page 41 of87




HNF-SD-CP-OCD-040, REV. 4
BASIS DOCUMENT FOR THERMAL STABILIZATION
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Feed 1 (Pu Oxalate)

PuOCO,*2H,0 +heat ——»Pu0, + 21,0 (g) + CO, (g)
95% HNO, driven off as acid

HNO, ——— 5 HNO, (g)

5% reacts as follows:

2HNO, — - H,;0(g) + NO(g) + NO, (g) + O, (g)
H,0O ———————H,0(g)

Charge Size (grams) 500

Grams
1 2 3 4 5

PuOCO,*2H,0 4725

HNO, 55 5.23

0, 624.4 624.4688

CO, 59.4

PuO, 365.85
NO 0.00645

NO, 0.0989

H,0 22 70.779

N. 2497.6 2497 6
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Feed 2 (PRF Sludge)

(C,H,0),PO + heat —— 3 C,H, (g) + %2 H,P,0, + % H,0 (g)

H,P,0, + heat —»2 H,0O (g) + P,0; (g)

2 Fe(NO,),;*2H,0 ——— Fe,0, + 4 HNO, + NO (g) + NO, (g) + O, (g)
Pu(NO,),* H,0 ———»4 HNO, + NO (g) + NO, (g) + PuO, + O, (g)
95% HNOQ, driven off as acid

HNO, ————»HNO, (g)

5% reacts as follows:

2HNO, —— » H,0(g)+NO (g) + NO, (g) + O, (g)
HO ———»H,0(g)

Charge Size (grams) 500
(Grams
2 3 4 3
Pu(NO,), 130
HNO, 165 258.495
0, 624.4 645.6016
CO, 4658 4658
PuO, 35 105.46
NO 19.89
NO, 30.5
' H,0 2.457
N, 2497.6 2497.6
Fe(NO,), 165
(C,H,0),PO 5
P,0, 135
C,H, 2.96
LFe203 16.05
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Feed 1

PUOCO,*2H,0 + heat ——»Pu0, +2H,0 (g) & CO,(g) 4

FINO, + heat —————»-HNO, (g) 4

2HNO, — 3 H,0(g)+NO(g) +NO, (g) +0, (g) (5% HNO; does this)
H,0 + heat ————»H,0(g) 4

Feed 2
(C,H,0);PO + heat ——-3 C,H, (g) &t }2 H,P,0, + 2 H,0O(g) &

H,P,0, + heat ——»2H,0 (g) # PO, (2) A

2 Fe(NO,),*2H,0 ——p Fe,0, + 4 HNO; + NO (g) + NO, (2) + O, (g)
PuNO,),*H,0 ———»4 HNO, +NO (g} + NO, (g) + PuO, + O, (g)
HNO, + heat ————p-HNO, (g) A

2HNO;, — . H,0(g) +NO(g) + NO,(g) + O, (g)

Off gas flow rate
Based on 1 hr @ 20°C 760 mmHg BDA density 1.225Kg/m’
90 ft’ 0.02832m" 1.225Kg
fi3 "
Assume air is 20% O, +80% N,
0,=624.4¢
N, =2497.6 g

CO, (used only with PRF sludge for 3 hours of the rampup time)
Specific volume = 8.76 ft"/ib

=3.122 g of BDA

30 it fi* 3hrs 220516
hr  8.671b cycle Kg

=22.654 Kg =22654 g/ cycle
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HNF-SD-CP-OCD-040, REV, 4
BASIS DOCUMENT FOR THERMAL STABILIZATION
ATTACHMENT D: MASS BLALNCE
Feed 1

Pu =239 =239 (1) 472.5grams = 1.35g-moles PuOCO,*2H,0
O = 16- 16(6) 349 g/mole

C=12= 12(1)

H- 1= 1@

349 grams/ mole

1.35moles PuOCO, *2H,0 2mole H,O 271 moles H,O 18 grams

PuOCO, *2H,0 - mole H,0

1.35moles PUOCO, *2H,0 1mole C(, 44 grams
PuOCO, *2H,0 mole CO,

=48 grams H, O

=59.4 grums CQO,

0=16(3)
N=14 0.27 grams HNO, = 0.0043 moles HNO,
H= 1 63 g/mole

63

mole H,O 18 grams

0.0043 moles HNO,
2 moles ANCO, mole 1,0

=0.039grums H,O

mole NO  30grams

0.0043moles HNO,
2 moles HNG, mole NO

=0.0645grams NO

mole NO, 46 grums
2 moles HNO, mole NO,

0.0043 moles HNQ, =0.0989 grams H,O

mole ), 32 grams
2 moles ANQ, maole O,

0.0043 moles HNO, =0.0688 grums (),

1 mole fu(), 271 grams
mole PuOCO, *2H,O mole PuQ,

1.35moles PuOCO, *2H,0 = 365.85 grams Pu(),
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ATTACHMENT D: MASS BLALNCE

Feed 2

Fe = 55.85 moles Pu(NO,),*2 H,O = 130 = 0.26 moles Pu(NO,),

H= 1 505

C=12 moles HNO, = 165 = 2.62 moles HNO,

O -16 63

P =30.97 moles Fe(NO,),*2 H,0 = 165 = 0.59 moles HNO,

Pu= 239 277.85

N=14 moles (C,H,0),PO = 5 = 0.019 moles (C,H,0),PO
NO, =46 265.47

H,P,0, = 177.94, Pu(NO,), = 505, HNO, = 63
Fe(NO,),*2 H,0 = 277.85

(C,H,0),PO = 265.97

NO = 30, PuO, = 271

2 moles HNO,

63 grums

0.26 moles Pu(NO,),
""" mole Pu(NO,),

moles NO

=32.76 grams HNO,
mole ANO,

30 grums

0.26 moles Pu{NO,),
""" mole Pu(NO,),

moles NO,

=7.8grams NO
mole NO

46 grams =11.96grams NO,

0.26 moles Pu(NQO,),
mole Pu{NO,),

moles PuO
0.26 moles Pu(NO,), et

mole NO,

2r1grams =70.46 grums Pu(,

mole Pu(NQO,),

les O,
0.26 moles Pu(NO, ), 10e°

mole Pu(),

32 grams _ 8.32grams ¢J,

mole Pu{NQO,), mole O,

3moles C, H, 52 grums

=2.96 grums ', H,
mole (C,H,(),PO mole C,H,

0.019 moles (C',H,0), PO

0.5moles H,P,0, 2moles H,0 18 grams
mole (C', H,(»), PO mole H,P.,0, mole H,O

141.99grums
mole 7,0,

0.019 moles (C,H,0), PO =342 grams H,0

0.5moles #,P,0, moles P,0;
mole (C', H,0),P0O mole H,P,0,

=1.35grams P, (),

3

0.019 moles (C,H,0),P0O

0.5moles H,O 18 grams
mole (C, H,(?), PO mole H,0

0.019 moles (C, H,(), PO =0.171grams If,0

moles Fe, O, 159.7 grams
mole Fe(NO,), *2H,0 mole Fe, (),

0.59 moles Fe(NQO,), *2H,0 =47.11grums Fe, 0,
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4 moles HANO, 63 grams
mole Fe(NO,), *2H,( mole HNO,

0.59 moles Fe(NO,); *2H,0 =74.34 grums HNO,

moles NO 30 grums
mole Fe(NO;), *2H,0 mole NO

0.59moles Fe(NO,), *2H,0 =8.85grums NO

moles NO, 46 grums
mole Fe(NO,),*2H,0 mole NO,

0.59 moles Fe(NO,), *2H,0 =13.57 grams Fe, (),

moles (7, 32 grams
mole Fe(NO,), *2H,0 mole O,

0.59 moles Fe(NO,), *2H,0 =9.44 grams O,

Grams HNO, 13.605
63 g/mole

= 0.216 moles

18 grums

les H,O
0.216 moles HNO, moes
" 2 mole HNO,

males NO

=1.944grums H,0
mole H,O

30 grams

0.216 moles HNO,
2 mole HNO,

moles NO,

=3.24 grums NO
mole NO

46 grums

0.216 moles ANO,
2 mole ANO,

moles O,

=4.97 grums NO,
mole NO,

32 grams

0.216 moles HNO,
2 mole HNQO,

— =3.45grums O,
mole O,
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CALCULATIONS
Westingiiouse Internal
Hanford Company Memo
From: PFP Process Engineering 15530-95-1TC-039
Phane: . 373-3685 T5-55
Date: May 10, 1995

Subject: AIR FLOW REQUIREMENTS FOR STABILIZATIOH OF POCKY FLATS ASH

To: W.5. lewis T5-55

cc: M.¥. Gibson T5-55

The purpose of this memo is to present the results of
calculations for determining the air flow requirid through
the HC-21C muffle furnaces when stabilizing Rocky Flats Ash.
The air flow must be great enough to provide sufficient
oxygen to oxidize ths carbon in the ash.

Observations from 2 TGA don.; by ths PPSL with granular
activated carbsn indicate that a wminirum reaction time of
1.9 hours is required to oxidize a carbon charge. This tims
was used to perform the remaining calculations.

As seen in Attachment 1, calculations show that ar zir flow
of 0.679 scfn is required to oridize 2 chargs of 500 grams
with 37% carbon to carbon dioxide (CO,}.

Formation of carbon monoxide (CO} due to deficient suppily of
oxygen is undesirable since CO concentraticns of 12.5% to
74.2% ai-e flammable. Evaluation of the PPSL analysis dces
not show formation of CO with an air flow of 20 cc/min.

This is equivalent to an air flaw of 1 scfn through the
muffle furnaces in HC-21C using the carbon mass to aiv ratic
used for the TGA amalysis.

Even if the carbon in a charge were to forn exclusively CO,
the air flow can be set to ensure the CO concentration is

below the lower flammability limit of 12.5%. An air flow cf
0.86 scfn was found to maintain the CO level below the LFL.

Therefore, an air fiow of 1 scfm is sufficient for charges
of Pocky Flats Ash. This flori rate is adequate to oxidize

the carbon to CO, and also ensures that CO concentrations
will remain below the LFL for CO of 12.5%.

L. T. Cunningham
PFP Process Engineer

att

Hanfard Operatians snd Eaginecting Cantraciss for the US Depsrtment of Encrgy
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Carbon Monoxide Generation Calculations
Assumptions:

Charge weight is 500 grams hulk weight

Maximum carbon content is 37% (average is 22%)

Carbon homogeneously mixed throughout charge

Oxygen diffusion into charge is sufficient to maintain carbon oxidation at
maximum rate

Efficiency of Oxygen utilization is 75%

Standard Temperature and Pressure

1. Calculate the rate at which carbon will oxidize.

= Used the TGA run of granular activated carbon (GAC) done in the PPSL laboratory.
TGA run done with 130.8 mg GAC and from 20°C to 1000°Cat 5°C/min.

Find the greatest slope of the TG curve.
Data points: 10% weight loss at 590°C and 24% weight loss at 670°C

dT * 100% _ 80°C' *100%
d(Weight L0SS) 5°C/min 14% weight loss 5" C'/min

=114 min

2 Calculate the amount of carbon is a charge.

= The maximum carbon content in the Rocky Flats Ash is 37%. The average carbon
content is 22%. Charge size is currently limited to 500 grams.

Maximum Carbon in charge:

500 g * 0.37 g C/g material = 185 g carbon or 15.417 g-moles

Average carbon is charge:

500 g * 0.22 g C/g material = 110 g carbon or 9.167 g-moles

3. Calculate the flow rate of air needed to oxidize carbon completely to carbon dioxide

= Reaction: C+0, —»CO,
= Assume efficiency of O, use as 75%
= 0, used produces an equal volume of CO,

Oxygen needed:

15.417 g~ molesc*M*L = 20.556 g —moles O,
1 g -moleC" 0.75

Air needed:

22.4 liters fi’ 100 g -moles air

=77.43 fi’ air
g —mole air 28.316 liters 21 g ~ moles O,

20.556 g —moles O,
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77.43 ft* air

=40.76 fi* / hr =0.679 scfm
1.9hours

4. Calculate the air flow rate to maintain the CO level below the LFL if only CO is produced.

= Reaction: 2C + 0, —#»2CO
= LFL of COis 12.5%
= 0, used produces twice the volume of CO

Oxygen needed to make CO:

1g-mole O, 1
S9TMOlee, - _10.278g-molesO,

15.417 g -molesC*
2g—moleC 0.75

Air needed to make CO:

22.4 liters A 100 g - moles uir

. =38.72 fi uir
g -mole uir 28.316liters 21g —moles O,

10.278 g - moles O,

38.72 fi* air

=20.38 ft3 /hr =0.340 s¢fm
1.9hours

Carbon Monoxide Produced:

15.417 g —moles ' 1g —mole CO 22.4 liter fi'
1.9hours 1 g—-mole C g-mole 28.316liter.s

=6.42 f* /hr CO

Air flow rate needed to maintain CO concentration below 12.5%:

6.42 fi* /hr CO

175 =51.35 fi' / hr =0.86 scfm
5%

Page 50 of 87




HNF-SD-CP-OCD-040, REV, 4
BASIS DOCUMENT FOR THERMAL STABILIZATION
ATTACHMENT E: REACTIVE INCINERATOR ASH OFF GAS FLOW RATE CALCULATIONS

smnﬁm&«x NETZSCH S TA-QM5 - System: 4€9/429-403
w 5 5.€-9
]
-18 (- J
‘ W J 1.e-9
u
[— &\ Ay ] T
-38 |- [ | : X
_ \._f}f 4 3.8-8%
: ] e
o Mo d12
- - >
| W 5%2\)_\ ] ”
-59 |- , , <
: : 12.6-90
- -
- TG ] M
7?0+ w
- -4 1.E-9
- T I o ;
IMWSSF 1 1 1 L e 3« 4 1 »._Lli_|ﬁ 1 OJH.V t | u
200 490 g see 1 ;
Trhmrnanatiima £06 moa QGQ _.mmm
LUENIL]T No GHC 43 SAMPLE AC )
} (36.80 m TG 2500
WMMMDHOE WMQDUEHP 1995 REFERENCE  AL203 00,30 BM Drm 500 Mw Mmmm
-5 ATHMOSPHERE RIR i
LABGRATORY PPRSL ) , 70 cean

CRUCTBLE

[L203

Page 51 of 87




——

mass/ Y NETZSCH

STR-aMS -~ System: 409/429-4@3

DTR uV

1

P PN N,
>J.J./.. - N

HNF-SD-CP-OCD-040, REV, 4

2 5

21

29

15 5

Z3

Intensity m 28/ =12~-7

Page 52 of 87

BASIS DOCUMENT FOR THERMAL STABILIZATION

:ﬂmsvnﬁwﬁcﬁo\%ﬂﬁn bed Hmmi:
AJW ZD . GRC 9 CconAr .%.)
e comnn - e 130.60 & o5
e 27 APRIL 1995  REFERENCE ML203 10030 n mm: o
LRBORAT G5B ATHOSPHERE ATR s 20 commm 200 b
Ry & 1 COMIN

CRUCIDLE Ar 203

ATTACHMENT E: REACTIVE INCINERATOR ASH OFF GAS FLOW RATE CALCULATIONS




HNF-SD-CP-OCD-040, REV. 4
BASIS DOCUMENT FOR THERMAL STABILIZATION
ATTACHMENT F: LEAD NITRATE REACTIONS IN SCRAP HEELS

Internal Letter ‘l‘ Rockwell International

Date.  November 8, 1985 No . 65454-85-156

TO: {Name, Organization, Inteinal Addreas} FROM: (Name, O:ganization, internai Address, Prone}
-P. Certa - C. H Delegard/p. G. Bouse )
. Process Enwlneerlng . Plutonium Process Development Unit
- 234-5/200 .234-5/200 W

- 3-3723/3-2419
Subject: . | ead Nitrate Reactions in Scrap Heels

References:? 1) T.C. Johnson and JW. Lindsay, "Flammability of Leaded Dry-Box
Gloves". RFP-1354 (June 1969).

2) JN. Mellor, A Comprehensive Treatise on Inorganic and Theoretical
Chemistry, VoT. VIT, p. 862, Longmans, Green and Co. {19477.

3) L Bretherick, Handbook of Reactive Chemical Hazards, 2nd Edition,
p. 1077, Butterworths (1979].

4) N.I. Sax, Dangerous Properties of Industrial Materials, 6th Edition,
p. 169, Van Nostrand Reinhold Co. (13984).

5) Kirk-Othmer Encyclopedia of Chemical Technology, 3rd Edition, Vol. 14,
p. 168, John Wiley and Sons (219811.

Recently, concern_has been expressed that lead nitrate, Pb(NO,),, may react
violently with_oxidizable materials in scrap heels and cause ga%ety problems
in heel stabilization. Lead nitrate has been found as a precipitate from
nitric acid dissolution of lead-bearing Rocky Flats incinerator ash.
Oxidizable material such as raﬂs, paper, and graphite (also found Rocky Flats
scrap?_may_also be fed, with the lead nitrate, to a furnace for therma
stabilization. In the present study, literature was reviewed and lab tests
performed which showed the reactions were exothermic. While explosive
reactions were described In the literature, no explosions were found in the

lab tests.

The investigations were prompted by J. J. Roemer who recalled a study conducted
at Rocky Flats concerning the flammability of leaded glove box gloves (Reference 1).
The cause of the gloves” flammability was attributed to lead nitrate forming
in cracks In the yEann or Neoprene gloves and, with time or heat, reacting
with the degraded glove material to ignite or explode. Lead nitrate. found to
Bre0|p|tate from solutions produced by nitric acid dissolution of lead-bearing
ocky Flats ash, has a relatively low solubility In nitricacid solution
(Ref. 2), dropping to about 4 g Pb(NO3}2 per liter at 11 M HNO3. On the other
hand, lead nitrate’s solubility in water is about 100 times higher.
This solubility offers a simple way to remove lead nitrate from the scrap.

Page 53 of 87




HNF-SD-CP-OCD-040, REV. 4
BASIS DOCUMENT FOR THERMAL STABILIZATION
ATTACHMENT F: LEAD NITRATE REACTIONS IN SCRAP HEELS

N

Rockwell

P. Certa International
Page 2

References in chemical safety (Refs. 3, 4) indicate violent reactions of lead
nitrate with among other things, graphite, potassium acetate and ammonium thio-
cyanate. Lead nitrate also is acomponent Iin the manufacture of matches,
pyrotechnics (fireworks) and explosives (Ref. §).

The most likely lead ndtrate reactions In PFP were consideredlto ge_with TBPi

i ixtures of lead nitrate and TBP were placed in a muffle
?ﬁPEECeaQQ gfﬁBE!teThe fixture Began %o Lhoke: a8 %he tempera@ure rose and {Ee
fumes eventuall¥ ignited. The flames subsided and some "pops™ occurred to
leave a gray-yellow deposit of lead oxide. A paper filter soaked with lead
nitrate solution also was placed in the 3009C furnace. The paper did not burst
into flames but instead burned from the edges-in along a glowing front.
Mechanically mixed blends of lead nitrate and graphite were placed in the
500°¢ furnace. Small pops were noted as the mixture heated but were no
different in quality from the pops noted for heating lead nitrate alone.

Thermal analyses were run of a lead nitrate-graphite mixture intimately
blended according to the following stoichiometry:

Pb(NO3)2 £ 20 PH0 + N0 + 200,
The results of the thermal analysis are presented in the Figure. Weight loss,
complete_at 550°C, correspond to production of Pb0 or Pb,05. Small, mild
exothermic events occurred at ~340, 380, and 420°C,

Plegse call should you have further questions or requests.

()l s

o) Delegard D. G. Bouse.
Senior Chemist Senior Chemist
CHD:DGB: g1
att.
cc: T. w. Kruppa

T. A. Lane

J. J. Roemer

J. P. Sloughter
c. R. Stroup
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Abstract ) = * ' . Bevins MO—OBZ/ZW
* | . Brown 234-57/2W
Four (4) process tests were performed in Glovebox | * . Davis 2736-2B/2u
HA-21-1 to determine the safest and most effective} * . Ehlert 234-57/2W
method of oxidizing plutonium metal. The final * w, Glover 231-2/24
process, which used the button igniter as a heat | * oodey 234-5Z/2%
source, was performed on 08-21-85 and was the mos chnson 234-57/2W
successful in terms of safety, processing time unkle 234-57/2W
and ease of operation. . Lehrschall 234-5Z/24W
. Nelson 234-5Z/2W
Plutonium metal oxidation i accompli 2751-E/2E
contacting a heat source with the futta 234-57/2U
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occurs and the plutont Tiburng to fo 234-57/2W

plutonium oxide powde!

The first three process#tests inv|
a Hoskins crucible furnace. Bigkausesot, b
supply to the burning oxide an% i
handling of hot crucibles using

in safety and operating time were neededu/,
alternative processing method, a button "
was fabricated for the fourth process tes¥, %
igniter was designed to sit on the button Surface
and supply sufficient heat to initiate oxidation.
Besides reducing processing time from approximate!]

9 hours to approximately 2 hours, no transferring
of hot material was necessary.

The procedure and equipment outlined in the fourth
process test. PTP-Z-995-0004, "Oxidation Process":

oxidation processing in Glovebox HC-21-C.

Raleasm Starnp

will be used as a basis for future plutonium

St ¢ U £Z 190 gawl
G3SV3T3Y ATV o440

®
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20

DESCRIPTION OF TEST

Plutonium (Pu) metal oxidation 1§ accomplished by contacting a heat source
to the metal. which raises the surface temgoerature af the buttan tn
approximately 5500C. A tthistemperature, ignition occurs andinitiates the
oxidation 0f Pu metalto Pu oxide.

A series of four (4)tests, total, Were performedto evaluate processing time
and ease OF operation. The processing details for eachtest are described
below .

21

First Test

The first test examined buttonignition and oxidation of Pu metalin a
crucible furnace. Besides successful oxidation of the plutonium metal
in acruciblefurnace, the processing time, ignition temperature, and
coolingtimes, associated with this apparatus was a question answered
by this process test.

Second Test

The second test was an attempt to ignite the plutonium metal button
using a soldering iron as an alternative heat source to the crucible
furnace. The button was placedin a 6" x 6" X 1" burning pan and the
solderingiron held on the button surface. When the soldering Iron
failed to ignitethe plutonium metal, the button was placed inthe
crucible furnace, heatedto ignition, and transferred to the burning pan
to complete conversion to the oxide form.

Third Test

Vertfication 0f NMIC calorimetry results and increasing the air supply
to the burning plutonium metal were the object of this process test.
The buttonignition was accomplishedinthe crucible furnace and then
transferred to the 6" x 6" x 1* burning pan to oxidize. After about 30
minutes the burning metal was transferred to an 11* x 11* x 1-1/2" pan
which was beingtested to see if processing time could be reduced.
When sufficient time was allowed to complete cooling of the oxide
product, it was transferred to packaging cans.
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24 Fourth Test

An additional heat source, anigniter designed and fabricated for this
process test, initiated oxidation of the plutonium button without the

use of a Hoskin furnace.

The button was placedin an

11" x 11" x 1-1/2" burning pan and the igniter rested on the button
surface supplying enough heat through a circular shaped element to
initiate oxidation. The plutonium oxide product, once formedinthe
pan, was allowed to cool and then packaged. As with the other tests,
criteria such aStotal processing time and ease 0f operation were

considered.

In addition, heat dissipationfrom the burning button was measured
using heat crayons. The results Qf these observations will be discussed
inthe "testresults" section of this dacum ment.
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Test 4

Igniter

(H-2-95860)

S stirrer

Electronic balance

SS 11"x11"x1-1/2* pan

Leather gloves

30 TEST METHOD AND TEST EQUIPMENT
Allfour (4) process testsinvolved plutonium metal oxidation in Glovebox
HA-21-1. The followning summarizes equipment used in each test.

Test 1 Test 2 Test 3

Furnace Furnace Furnace

(Hoskins model  (Hoskins mode  (Hoskins model

FD-104 FD-104 FO-104

Crucible Crucible Crucible

SS  sheathed SS sheathed SS sheathed

chrom-alumel chrom-alumel chrom-alumel

Electronic Electronic Electronic

balance balance balance

Leather gloves

Solderingiron

S.S.
6"x6"x1" pan

Leather gloves

*5.8, = Stainless steel

S.S.
11%x11"x1-1/2"
pan

Leather gloves

Heat crayons
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TEST RESULTS

Processing time and operator safety were major criteria for choosing the
most desirable processing method. The resultsfor processingtime interms
of ignition, burning, and cooling times are summarized in Figure 1. A
significant decrease in processing time betweenthe first and fourth runis
illustrated by the drop from 875 hoursto 2.25 hours. This is a decrease of
74 %, which translatesto a 200% = 300%increase in processing capability.
For Runs 1, 2, and 3 the USe of the furnace increased ignition time because
of of poor air supply to the metal. In Run 1, since the conversion of Py
metal to oxide was performed completelyin the crucible furnace, the air
supply problem was even more evident by the drastic increase inreaction
time. Fortests 2 and 3, transferring Pu metal and oxide in a hot crucible
was awkward and ignition time took longer because of air supply problems.
Forthese reasons, Process Tests 2 and 3 took longer than the fourth process
test.

Interms of safety and ease of operation, Process Test 4 was the best
processing alternative. The results are presented in tabular form on Table
1. Insummary, Run 4 was the safest and easiest process test to perform
because the igniter, instead of the crucible, was the heat source. There was
no transferring of thermally hot material, no awkward and heavy crucible
handling and no air circulation problems around the burning Pu metal. The
first test was the next best alternative, since all transfers were made while
the plutonium was cool. The worst alternatives were Runs 2 and 3. Because
of operating difficulties and transferrance of hot plutonium metal, these
two operating schemes were considered poor choices.

Using the heat crayons during Process Test 4 revealed no heat dissipation
problems around or above the burning pan. Temperatures close to normal
were observed because of good air circulation. However, the area of
contact below the pan, which sat directly on the glovebox floor, became
quite hot, reaching approximately 4009C. Because of this finding, a change
inthe burning pan design wasincorporated which added 1'legs. The
introduction of an insulating layer of air between the pan and glovebox
should prevent future hot spots on the glovebox.
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OBSERVATIONS ON SAFETY AND EASE OF OPERATION

TABLE 1

ACTIVITY EASE OF OPERATION SAFETY LL RATINE
Run 1 | Placed button in crucible Simple No problems
furnace
Ignition, oxidation, & Simple Furnace is hot; caution
cooling around heat source
Removal of crucible from Difficult; crucible with button May be problem if crucible
furnace after run completion oxide is heavy, hard to hold breaks, glove rips or loss
for weighing & packaging with tongs of Pu oxide inventory
zun 2 |Placed button in pan Simple . No problems Poor
Attempted use of soldering Simple Caution around heat source
fron
N~
Placed button in crucible Simple No problems ©
furnace s
After ignition transferrad Difficult; crucible with button Dangerous if button should 3
button from crucible to is heavy (approx. 5 1bs.), very fall out or if crucible @
burning pan hot (5509C), could burn gloves dropped & broke, possibility =
or organics of uncontrolled Pu metal fire, o
burning of qloves
Run 3 |Placed button in crucible Simple No problems Poor
furnace
After ignition transferred Difficult; crucible with button Dangerous if button should
button from crucible to is heavy (approx. 5 1bs.), very fall out or if crucible
burning pan hot {5500C), could burn gloves dropped & broke, possibility
ar organics of uncontrolled m: metal fire,
Kun © |rracea putton 1n burning pan Simple No problems Excellent
Ignited with itniter Simple Caution around heat source,
o potential to burn gloves
Removal from pan after cooling ‘Simple No problems
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RECOMMENOATIONS/CONCLUSIONS

Interms of safety, ease of operation, and processingtime, usingthe igniter
to initiate burning was the optimum alternative. The crucible furnace made
transfers of plutonium metal, or oxide, a problem and lengthened processing
time. This was due to the awkward handling of the crucible with tongs and
to the poor air supply available to the burning metalinthe crucible. Using
the furnace alone, asinthe first process test, the operation was both safe
and easy to perform, butthe processing time was too long and therefore
unacceptable.

The second and third process tests were acceptable in terms of processing
time, but were considered neither safe nor easyto perform.

Since the fourth process test, which evaluated the igniter, met allthe
criteria deemed essential for button burning, the Erocesstest procedure
PTP-Z-995-0004, "Oxidation Process" will be the basisfor future plutonium
oxidation processingin Glovebox HC-21-C. The operating procedure which
will provide instructions for processing is: 20-160-033, Rev 3

As for heat dissipation, continued monitoring of the operation is planned.
Initial operation will involve two (2) buttons burning simultaneouslyin
HC-21-C. With the availability of additional heat sources and increased
operator familiarity with the button burning process, Z-Plant Process
Engineering can approve simultaneous ignition of up to four (4) buttons.
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Numbar Aev. Lir./Chy. No. Page

SUPPORTING DOCUMENT
$D-CP-PTR

OXIDATION PROCESS TEST DATA SHEETS
0Z A-45-06-384 (07-09-85)

Weight of button/ % 240: content: 2064.3
Time of starting furnace:  10:50 am

Time oxidation begins: ~ 11:25 am

Tem perature oxidation begins:  5500C

Time oxidationis complete:  5:45 pm

Time furnace is cooled to 508C:  6:45 pm

Tare weight of slip lid can{s):  87.7 - 94.0 grams
Gross weight of can{s):  1432.4-1172.0 grams

© o N o g A w o

Net weight (8-7):  1344.7 = 1078.0 grams  wt. gain:  359.4 grams
10.  Estimated plutonium value to can(s): (0.88 x netwt. (9.)) 2132 grams
1. Measured Pu value {calorimeter/N DAIA)

NQIES 0 Once oxidation started, the metal burned slow due to lack of
oxygen.

0 Materlal stuck to the sides of pot crucible; operators had to
reheat crucible to clean outremaining metal

0 Metal would arc when temperature reached 2200C
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OXIDATION PROCESS TEST DATA SHEET
DZA-45-06-426 (07-18-85)

Weight of button/ %240 content: 2054 grams
Time soldering ironturnedon:  10:00 am
Time oxidation begins: ~ 10:43 am
Temperature oxidation begins:  5§750C

Time oxidation complete: ~ 1:30 pm

Tare weight of slip lidcan{s): 832 ¢/91.3 g
Gross weight of can{s}:  1331.1 9/1260.2 g
Net weight (8-7): 12429 g/1168.9 g

© 2 N o g~ W DD R

Estimated plutonium value to can(s):  1093.8 g/1028.6 g
(088 x net wetght Q) Total: 21224 g
10. Measured Pu value {calorimeter/N.DALA)
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OXIDATION PROCESS TEST DATA SHEET
0 Z A-45-06-425 (07-19-85)

Weight of button/% 240 content: 20688 grams

Time solderingironturned on:  furnace time: 10:15 am
Time oxidation begins:  10:55 am

Tem perature oxidation begins:  5§500¢C

Time oxidation is complete:  12:45 pm

Tare weight of slip lid can(s): 1280 g

Gross weight of can(s): 24753 ¢

Net weight (8-7): 23473 ¢

Estimated plutonium value to can{s}: 20656 ¢

(088 x net weight (9))

Measured Pu value {calorimeter/N DAIA)
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10.
1n

OXIDATION PROCESS TEST DATA SHEET
0ZA-45-06-401 (08-27-85)

Weight of button/ %240 content: 2037 grams
Timering heater turned on:  11:30 am

Time oxidation begins: 1200 pm
Temperature oxidation begins:  550°C

Time oxidation is complete: ~ 12:55 pm

Tare weight of slip lid can(s): 1245 g

Gross weight of can{s): 24610 g

Net weight (8-7): 23365 g

Estimated plutonium value to can{s):  2056.12 g
(088 x net weight (9.))

Measured Pu value {calorimeter/N D AIA)

Heat Crayon Types  Melt? {y/n) Time Location
520¢C N 12:30 1'from paninside
glovebox
1509C Y 1230 Under glovebox,
under pan
2600C Y 1235 Under glovebox,
under pan
3710C Y 12:40 Under glovebox,
under pan
4270C N 1245 Under glovebox.
under pan
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Summary of Proposed limits and controls to allow oxide packaging in a BTC

These limits and controls will not prevent a BTC failure (i.e., make it incredible), they are

intended to make a failure extremely unlikely and provide adequate worker protection should a

failure occur.

Limit/Control

Basis

Detection/Control

Permitted feeds-

PPSL memo (Barney 2001)

Pure oxide from

documenting literature search

Blend Plan for packaging will specify what

oxide items will be packaged. Source and

metal oxidation

concluding that pure, well

or calcinations of

characterized oxides will not

oxalate

reabsorb after calcination at

1000C, plus other documents

method of preparation must be known.

Feeds not permitted include impure oxides

and oxides from MgOH precipitation.

|_contents to
Hanford BTCC

|_Surveillance Pressure models indicate BTC | Surveillance procedures. Cans that develop
Check can for lid | working pressure could be over 100 psia may be subject to additional
|_deflection exceeded with loading to 3013 | surveillance. Cans that exceed 350 psia will
{pressurization), | limits of % water require reprocessing.
initially, within
| 30 days, and
periodically
| LimitBTC To comply with 3013 standard | Canning procedures control can

requirement demonstrating

through measurement or

with oxide and

analysis that 3013 working

configuration and contents. Analysis
demonstrates gas particle density
measurement not required, as per DOE-STD

moisture content

allowable moisture content in

|_no foreign pressure will not be exceeded. | 3013 requirements
objects allowed
| Allowable For the permitted feeds Stabilized oxides between 0.5 wt% and 0.2

wt% can be accepted after evaluation and

the stahilized oxide should be

documentation by the Vault cognizant

below 0.2 wt %

engineer.

General Process Description:

Stabilized oxide from the permitted feed sources will be removed from the furnace, screened and
collected in a BTCC. Alternatively, stored product oxides previously stabilized at 1000C and
currently stored in food pack cans may be opened and the contents from one or more cans placed
into the BTCC. After filling the BTCC will be blended and sampled. After sampling the lid will
be reinstalled. When acceptable stability test results are received the BTCC will be transferred
for welding/sealing as soon as possible. During the welding process the BTCC atmosphere will
be exchanged with dry helium.
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Permitted oxide feeds

Source and method of preparation must be known

Well-characterized, high purity product quality oxide resulting from known processes
including:
Oxidization of metal
Oxidation of metal brushings
Oxalate derived oxide — that is produced by calcination of' Pu oxalate

Applicable source codes
Oxalate derived product oxides includes:

o PBO-
e RLO-
e |AO-
*

Oxidization of metal
o Includes historical Brushed button oxide (BBO)

o Burned Oxide (BO)
o recent metal brushing

o oxidized metal (461 Prefix)

e DZO (includes oxalate derived oxide and oxide produced by metal burning)

e (GEO source method is unknown)

Other high purity oxides, greater than 85 wt% Pu before stabilization, may be accepted
after evaluation on a case-by-case basis and approval of the Vault Storage Cognizant
engineer. This evaluation must be recorded in the documentation/database file for each
item.

Basis: A literature search as documented in by PPSL staff concludes that based on
technical research and testing that plutonium dioxide from metal burning and
oxalate calcinations will not reabsorb enough moisture to fail the 3013 criterion as
long as it is fired at 950C for at least two hours (Barney 2001). Additionally it
concludes that moisture reabsorbtion is relatively rapid and equilibrium water
contents are expected to be less than 0.1 wt%. It can be concluded that this
readsorbtion is likely to occur during cooling and handling of the process furnace
charge and will be detected in the LOI1 or SFE analysis. For relatively pure
oxides, calcined at 1000C, the effect of relative humidity on readsorbtion was not
significant, the reference memo discusses readsorption tests done with RH as high
as 74%. These conclusions are well known and form the basis for the DOE —
STD-3013 (DOE 2000, Bailey 2000, Haschke 1995)

Additionallv the following controls will be in place as matter of good practice.

1. The stabilized oxide, when stored in the BTCC after blending and sampling,
will have the lid installed.

2. The BTCC atmosphere will be replaced with dry helium during the canning

process.
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Detection/Control:

The Blend plan for oxide canning will only allow relatively pure oxide feed
materials from the approved sources.

Feeds not Currently Permitted

Any feeds not specifically allowed, including all impure oxides and oxide from the

MgOH precipitation.

Basis: Although reduction in the surface area of plutonium in these materials is also

expected, re-adsorption of moisture is expected to be of concern due to the
presence of salts and potentially moisture adsorbing metal oxides, such as CaQ
and MgQ. In addition. the MgOH product is also shown to adsorb Carbon
Dioxide and behavior of the adsorbed CO, is not well yet understood. Additional
limits and controls will have to be developed before canning impure oxides,
including the potential for dry air or dry inert atmospheres.

Detection/Control:

The Blend plan for oxide canning will not allow impure oxide feed materials.

Pressurization Analysis and Models and Oxide Particle Density Measurement

Note:

All the following pressure models are conservative and therefore predict “worst

case” pressure values and do not reflect realistic, anticipated pressures. Actual
pressures are expected to be low, i.e., no more than a few atmospheres, but are
difficult to predict because of the complexity of the situation and lack of a
definitive pressurization model.

3013 Pressurization Model

The 3013 STD limits the total mass of package content to no more than 5 kg and
indicates that mass may be further limited to ensure that the bounding pressure

does not exceed the outer container design pressure. Alternatively analysis can be

done to show the free gas volume of the package is at least 0.25 I/kg of oxide.
(DOE 2000, Section 6.3.2.). The database, as required by section 6.5.2 of DOE-
STD-3013 requires measurement of the particle density or reference to a model
that demonstrates a limitation on mass loading is not needed.

The Hanford 3013 oxide package container description is given as:

| Container Interior volume Mass (grams) Container Free Volume
(liters) Material Volume | (liters)
(liters)
BTCC 1.560 1475 0.187 1.560
| BTC 2.105 1690 0.214 1.918
BNFL outer 2.602 4026 2.204
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Determination of the gas volume of the Containers

The worst-case oxide can loading is that where the bulk material fills the
convenience container.

Therefore an oxide where 5.0 kg mass/1.56 liters = 3.2 kg/l is the worst-case
oxide bulk density. The 3013 STD allows use of a packaging fraction method, in
lieu of gas pycnometer measurement, which states that the ratio of bulk density to
particle density does not exceed 0.62. Thus particle density is determined by
bounding estimate to be 3.2/0.62 or 5.17kg/l. This gives a maximum material
volume as 5.0 kg/5.17 kg/1= 0.967 liters.

The worst-case gas volume of the containers (V,) are:

V, foraBTC only = 1.918-0.967 = 0.95 liters
V, for the overall Hanford 3013 Package =2.204-0.967=1.237 liters

Therefore to eliminate the need for particle density measurement on oxides it can
be shown that the free volume requirement, section 6.2.3 of the DOE-STD-3013
is met, specifically that the free gas volume shall be at least 0.25 I/kg of oxide.
Though the calculated minimum free volume is just slightly under this, (0.013
liters), it is based on worst case assumptions of can filling and the bulk density to
particle density ratio. In practice, the can will not be filled 100% full, as the
current procedure specifies it is filled to ' inch below the threads in the mouth of
the BTCC, providing additional free volume not credited in the analysis above. It
will be necessary, however to limit the inners cans in the overall package to those
analyzed above and limit any foreign objects, such as metal spacers or pressure
sensing devices, unless analysis shows that minimum free volume requirements
are maintained, or expected pressures will not exceed container working

pressures.
Estimate of Maximum Pressure in a BTC with 5 kg of oxide.

From the 3013 STD equation to calculate the maximum theoretical pressure in a
BTC

Page 76 of 87




HNF-SD-CP-OCD-040, REV. 4
BASIS DOCUMENT FOR THERMAL STABILIZATION

ATTACHMENT H: BAGLESS TRANSFER FOR PLUTONIUM OXIDES

Values of Parameters used to Calculate Pressure

Symbol |Quantity Units Symbol [Quantity Units
P Container Pressure Psia vV, Gas Volume of 0.95 1
Container*

B, Fill Gas Pressure at Filling |Psia M Mass of Oxide 5.0 kg

T, Evaluation Temperature 438K |p Density of Oxide 3.2 kg/l
(Determined by thermal (165C)
analysis)

T, Fill Gas Temperature at 298K |Q, Container Energy 19
Filling 25 C) Generation

L Water in Container 0.5 wt% |t Storage Time 50 yr.

* The gas volume is determined by subtracting the material volume {(mass of 5.0 ke divided by

particle density of 5.17kg/l , determined by the from the bulk density by the packing fraction

method to yield 0.967liters) from the 1.918 liter free volume of the BTC/BTCC container

system.

Emamﬂlc—_o'_*,.Io)_Lﬂ.ﬁJ_mL-L/V 1T 7 517x10:5Qneta T4/ V1

Pmaxin B =

Pmaxinerc— 716 t 7773137 9 = 827 nsia

For the maximum pressure in a 3013 outer can, only the gas volume is different.

+0 57*5*0‘5:4.3.810_95; +7 517X10'5*1 9*50*4'38!0 95

previously determined to be 1.237 liters. This assumes the BTC has failed.

Ponax in 3013 qutee = Pos(T1/Tg) + Q87 ml T1/V1 + 7 517x105 QoeteT4/V

Pray o 3013 outer = 14 7HA3R/29R) + 0 B7*5*1 5438 237 + 7.517X 1050 qe502438/1237

Praxinantioer =216 +# 5931 +

203 = 640 psia

Rate Based Radiolysis Model

The 3013 model, which assumes 100% radiolysis, with no time factor can be converted to

a time based prediction with inclusion ofradiolysis rate data. The overall

radiolysis/recombination equation is given as:

Pu0, (s) +x HO (adsorbed) 2 PuO,, (s) + x H, (g)

An experimentally derived rate, determined by LANL (Haschke 1995}, is given as 3.3

nanomoles/m’-day. A comprehensive decay program developed by Hoyt includes this

rate based pressure buildup, applied at a constant value until all available water is reacted.

This approach, while resulting in lower pressures initially, will eventually reached the

same pressures as the 3013 model, because it assumes all the water is reacted. This is

conservative for two reasons:

First, the radiolysis reaction will not realistically run to full completion.

Second, the LANL rate data, which was developed for the initial rate. measured in
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Case | Yowater | % 240 | Total Mass | Wattage Comments
1 0.05 16.5% 2.85Kg 19 High heat oxide, typical of most of
2 0.20 16.5% | 2.85Kg 19 PFP pure oxides, additional free
volume due to reduced mass.
3 0.05 11.5% 5Kg 19 FG oxide (lower power generation)
4 0.20 11.5% 5Kg 19 allow loading to mass limit
5 0.50 16.5% 5Kg 33 High heat oxide loaded 10 5 K¢
exceeds allowable wattage, also
unrealistic residual moisture content
Case /Time He Pressure Hydrogen (from Cover Gas Total Pressure
(from alpha decay) | radiolyislrecombination) | (mostly He)
psi Psi psi psi
1/ 50vyrs 22.5 30.6 20.7 73.8
2/50 yrs 22.5 122.2 20.7 165.5
3/50yrs 33.8 77.2 20.7 1378
4/50yrs 33.8 308.8 20.7 363.4
900
800 Skgmassand 0.5%water
700
< 600
2 so00
?5:1 400
g 300
200 o
2.8kgof bigh heat axide (1 Gwatts) and 0. 2%uwater ]
T
100 “SRG massand U.0bUmwater
O ;’_ d ? RKanf hinh heat neide (1 Quatt<yand i N8%watar
0 5 10 15 20 25 30 35 40 45 50

Years

From this figure, for the normal maximum expected residual water content (0.2wt%) and

using the conservative assumptions for particle density (developed earlier) and the
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conservative rate based model, the calculated pressure does not exceed the BTC working
pressure of 350 psig until 25 years.

Pressure determined by Vapor Pressure Model

Current research suggests that expected pressures are less than the maximum theoretical
pressures predicted by the DOE-STD-3013-99 (Veirs). Radiolysis of adsorbed water is
not expected to determine pressures. Current and historical research on moisture
adsorption on PuQ, indicates that water is adsorbed in layers, The first two layers, called
chemisorbed or molecularly absorbed water are very tightly bound and will not be
desorbed at expected storage temperatures. Water layers above these two, called
physisorbed water can behave like free water and can be expected to be released as vapor
at expected storage temperatures, i.c., above 100C. The amount of water available to
vaporize and create pressure is therefore dependent on the specific surface area of the
oxide. The mass of water per layer has been determined experientially to be 0.22 mg
H20/m’. (Haschke). Predicted storage pressures using this model are essentially
determined by the amount of water adsorbed above two monolayers and the temperature
ofthe gas phase in the storage container. Previous thermal modeling of BTCs in storage,
loaded to 19watts, has estimated gas phase storage temperatures at 165C. The numbers
of monolayers that would result for various surface oxides packaged with differing
moisture contents is given in Table XX ., although the oxide is not expected to load to
more than two monolayers. These values are provided because the standard allows up to
0.5wt% water

Table XX
Total number of monolayers of water present of oxide
Specific Surface Area Weight Percent Water
m2gm Q.5 0.4 0.3 0.2 0.1 005
10 23 118 14 0.8 05 02
5 45 | 36 2.7 18 g9 05
1 227 | 18.2 13.6 9.1 4.5 2.3
0.5 455 | 36.4 27.3 18.2 9.1 4.5
0.1 227.31181.8| 1364 90.9 455 |22.7

Results of a LANL model developed in support of the LANL MISprogram for pressure
in BNFL style 3013 containers is shown in Figure YY (Viers 2000)
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Figure YY — LANL Vapor Pressure Model for 3013 cans

Pressure vs. Temnerature as a Function of Surface Area
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A simplified model for the Hanford BTC is shown in Figure ZZ. With increasing
moisture content pressures rise in accordance with the ideal gas law, until saturation
pressures are reached. With oxides with surface areas of 5 m*gm and less, and with the
DOE-STD-3013 allowable moisture content, there is sufficient moisture available to
reached saturation. There is no time constant in the model; pressures are realized as soon
as the can reaches thermal equilibrium, which is expected to be within hours after
canning. As such, helium generation from alpha decay is not included; but it would be
expected to continue to slowly increase pressures, typically on the order of 15to 30 psia

after 50 yrs.
Other Values used in the this model are:

Gas Constant -R 82 cm3-atmigmol-K

BTC free volume 950 cm3

Evaluation Temperature 165C

Initial Pressure 14.7 psia of He gas at 25C

Saturation Pressure at 165C 103 psia
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Figure ZZ —Vapor Pressure Model Results for Hanford BTC

Estimated Can Pressure from Vapor Desorption Model
Storage Evaluation Temperature. 165C For various surface area oxides
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Allowable moisture content on oxides

As a control measure only oxides that measure less than 0.2 wt% moisture will he
routinely accepted. Oxides that have between 0.2 and 0.5 wt % moisture may he
packaged after evaluation and approval of the Vault Cognizant Engineer.

Basis: The percent moisture ofthe permitted feeds (relatively pure oxide) should be very
low after calcinations, because of the reduction in specific area. (DOE 1999 and
Haschke 1995). In addition analysis of data related to moisture readosorbtion

and ¥» monolayers. (Haschke 1995) Dependent on surface area ofthe oxide, this
would result in % adsorbed moisture as shown in Table Z.

Table Z

Percent Moisture for Equilibrium Water Concentration for Pure Oxides

Specific Surface
Area {m?/gm} |Percent moisture
10 0.310
5 0.155
1 0.031
0.5 0.016
0.1 0.003
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Since oxides less than 5 m*/gm are routinely expected to result after calcination at
950C, regardless of the method of preparation, any oxide from the permitted feeds

that is analyzed above 0.2 Yo moisture should be considered unusual and subject
to additional review.

Analysis of material with greater than 0.2 wt% moisture may include review of
source of the material and stabilization results of similar material, and
stabilization run data. Potentially specification of additional surveillance
requirements could result. The disposition of these items should be documented
and recorded in the database/documentation file for the specific item.

Surveillance for pressurization while stored as BTC only (No outer can)

Limits: The containers will be checked for pressurization by use of a dial indicator to

Basis:

measure lid deflection.

The surveillance frequency ofthe BTCs containing oxide will be:

e Baseline taken with 2 hrs of welding
e Initial taken at nominally 30 days in storage (+/ 5 days)
e Periodic done every 12 months (+/1 one month)

After a significant positive experience basis is accumulated the surveillance
frequency may be relaxed.

The baseline lid deflection must be taken quickly as the vapor pressure model

indicates pressure above 100 psia may occur as soon as thermal equilibrium
occurs. The initial lid deflection, taken at 30 days, isa DOE-STD-3013
requirement to check for “infant mortality” type failures. The periodic inspection

is done to accumulate an experience base to demonstrate that can pressurization is

not occurring and to detect any latent failures.

Detection/Control:
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FLUOR GLoBAL services

Memorandum

Te  D.R. Speer Date May 22, 2001 May-2+-2001}
Location T5-50 Reference  IACO00-PPSL-01-24Rev |
Telephone: 373-1110 Client

WATER REABSORP'I'ION AND
From: G. S. Barney/ T. D. Cooper Subject SAFETY QUESTIONS ON ALLOY
STABILIZATION

Location: T5-12

J. R. Ewalt
ce: L. F. Perkins

The purpose of this letter is to provide responses to questions you had concerning stabilization of the
alloy items. The questions are listed below:

1. Are the alloys different enough from the high quality oxides to cause us to implement new
controls to assure that moisture reabsorption won't cause the stabilized materials to exceed the
0.5% moisture criteria?

2. Are the alloys different enough from the metals to cause us to implement new controls to
manage the hazards associatedwith opening and stabilizing them'?

Our responses are as follows:
Water Reabsorption on Stabilized Plutonium-Uranium Alloy Items (G. S. Barney)

Stabilization treatment of the Pu-U metal alloys items in tlie PFP production furnaces will yield a
mixture of oxides that will absorb small amounts of moisture from the humid glove box air in contact
with the oxides. The objective of this summary is to estimate tlie amount of water that might be
reabsorbed over a reasonable time period for exposure to glove box air. This must be less than 0.5 wt.
percent to meetthe 3013 Standard. According to literature referencestlie oxides produced by heating tlie
alloys in air at 1000°C will be a mixture of PuQj, U30g, U30g.x, and possibly UO3 (Haschke et al.,
1997). For alloys containing molybdenum, inolybdates of plutonium and uranium would also he
expected. Plutonium dioxide fired at 1000°C has been shown to absorb very small amounts of water.
The equilibrium water content of pure PuQ» treated by tlie 3013 Standard will be typically less than 0.2
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wt. percent (Barney, 2001). Equilibrium with tlie glove box air will he reached in several hours

Information on adsorption of water on the other oxides is much more scarce. Equilibrium
thermodynamic calculations (Taylor et al., 1993) show that at 25°C, all of the uranium oxide products
listed above are unstable in glove box air. This instability is caused by the adsorption of water to form
UO3¢2H20 and B-UO2(OH)>. Formation of these hydrated compounds is no doubt very slow, since
U30g is used as a primary standard for uranium gravimetric analyses (Greenwood and Earnshaw. 1985).
The most relevant moisture absorption data that was found was for a sample of mixed oxide fuel {UO>-
PuO») that was calcined at 750°C for three hours and then exposed to glove box air (Kerraker, 1995).
After nine days the weight gain was determined to he 0.10 wt. percent and leveled off at this value for
three more days. X-ray diffraction analysis of this sample showed that not all of the solid solution oftlie
cubic dioxides was converted to PuJ7 + U30g even after heating at 900°C for one hour in air.

A Chinese article (Feng and Chen, 1986) reports that during storage of U30g, increases in weight were
observed due to formation of hydrates by reaction with atmospheric water. The method of preparation
and length o f storage was not specified in tlie abstract, so the information is of little value.

Although most molybdates are non-hygroscopic, the compound,Y2Mo3012, hydrates in air to form
Y2Mo3012°4H20 (Fournier et al., 1970). Yttrium is a rather rare element and is not known to exist in
our alloy inventory, therefore,Y2Mo3012, is not anticipated in the oxide product. No information on
water absorption on plutonium or uranium molybdates was found. We therefore cannot state with
certainty the degree of moisture readsorption that will occur on plutonium or uranium molybdates.
Readsorption of moisture on plutonium or uranium molybdates is not expected to be a significant
phenomenon, however if it occurs, the extent of readsorption will he hounded by the readsorption
behavior of MgO found in the product from the magnesium hydroxide process. Several tests with CeO2
as surrogate plutonium dioxide along with molybdenum oxide would help to identify any readsorption
problems. These tests could be performed in the PPSL in a relatively short time.

In conclusion. tlie best information available on water reabsorption on calcined alloys indicates that
significant amounts of water will not be absorbed on these oxides in tlie time required to handle them
before repackaging them in tlie glove boxes. Only 0.10 weight percent water was reahsorhed on a
calcined MO X sample over |2 days.

References:

Barney, G. S. (2001), Letter to T. W. Halverson, January 2, Water Readsorption Rules on Relutively Pure
PEP Calcined Plutonium Dioxide, 1AC00-01-001, Fluor Hanford, Inc.. Richland Washington.
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53-5.

Fouriiier, J. P., J. Fournier, and R. Kohlmuller (1970), Bull. Soc. Chem. Fr., 1970, 4280.

Greenwood, N. N.. and A. Earnshaw, (1985) ""Chemistry ofthe Elements', Pergamon Press, New York,
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Safety Review for Handling Pu Alloy Materials (T. D. Cooper)

The Plutonium Finishing Plant (PFP) is tasked with ensuring tlie stability of" plutonium (Pu) bearing
materials within tlie PFP vaults. PFP has already gone through a safety review for liandling plutonium
inetal and plutonium metal cerreston products that lasted several years. Numerous attempts to prove the
safety in handling these materials through theoretical and mathematical analysis failed due to the
complex nature of these problems and lack of data. We finally resorted to documenting the extensive
history of processing throughout the DOE complex and tlie historical safety for handling kg sized
samples of metal as buttons and/or ingots and up to 200 grains of pure plutonium hydride within a
glovebox. This documentation is contained in the Denver Workshop notes and in several letters prepared
by T. D. Cooper.

In addition to pure plutonium metal, PFP also possesses many metal alloy items wherein Pu is alloyed
with other metals such as aluminum, molybdenum, etc. The question has been raised as to tlie safety of
handling these alloys and their relative hazard as compared to Pu.

Plutonium forms a spallable oxide coating that allows continuing oxidation. It is also more
electronegative than many other alloying metals. The rather large reaction enthalpy and the relatively

fast surface reaction rates, results in large temperature increases. This temperature increase also serves
to drive the reaction rates.

The factors affecting the reaction rate of an element are the inherent reactivity of that element. tlie
reactant concentrations, tlie temperature, tlie specific surface area, and tlie presence of catalytic agents.

Since Pu is the primary reactant within tlie alloy the concentration will always he less than in pure
plutonium metal. As a general rule of thumb, an alloy's reactivity follows tlie reactivity of the dominant
metal in the alloy.

The reaction temperature for alloys will typically he less tliaii for pure plutonium metal. Factors that
could increase the alloy reactivity are higli specific surface area, and/or the presence of catalytic agents.

From tlie above discussion, one can see that for items of similar specific area, tlie behavior of pure
plutonium bounds the behavior of the alloys. We can thus adopt the same general rules for handling
alloys as currently exist for handling Pu metal.

These rules are:

e Handling kg -sized monoliths with tlie glovebox is permissible.

= Up to 200 grains of potentially reactive powder is permissible.
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Adequate rules for handling large quantities of turnings and shavings of Pu metal within the glovebox
have not been promulgated. This areawill now be discussed.

Itis known (Ref. 1) that any configuration of metal is safe as long as it remains within a standard slip lid
can with a diameter less than 5 inches. Natural diffusion or convection rates into this container cannot
move oxygen fast enough to cause unacceptable pressures or temperatures to arise within the glovebox.

If metal with high specific surface area is removed from the can, and tlie metal heats pyropliorically, the
main heat transfer path is through conduction through the bottom and radiation to the remainder of the
glovebox. Air is notoriously inefficient in absorbing radiation energy since only a very small percentage
oftlie gas molecules are poly-atomic. Modeling sliows that tlie increase in temperature of the glovebox
is limited to less than 75 9C for a 2 kg sample assuming iiistantaneous and evenly distributed heat
transfer.  Since the combustion event is not instantaneous. it is very unlikely that the glovebox
temperature increase would exceed 10 ©C. The glovebox pressure never departs from the normal
negative regime, for any condition other than very tine powder being explosively distributed thraughout
the air.

We therefore conclude that with the exception ofthe tine powder case. less than 2000 grams ot Pu metal
or any of its alloys (in any configuration) has been analyzed and cannot increase thie general temperature
of a typical C-Line glovebox beyond 75 ®C. 'This 2000 grain value is not meant to be an absolute limit,
Larger amounts in specific configurations will be permissible with appropriate analysis. For fine
pyrophoric powders, an experience-based limit 0f200 grams is used.

Reference:

1 Letter 15F00-99-054, " Scientific Evaluation Of Safety In Processing PU Metal", Thurman
Cooper, May 25, 1999
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