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Executive Summary 

Glovebox HA-211 is located in Room 235B of the 234-52 Building at the Plutonium 
Finishing Plant. This enclosure contains three muffle krnaces used to thermally s t a b i i  
plutonium and uranium in the form of metal or oxide. This criticality safety evaluation includes 
these materials with a hydrogen to fissile atom ratio 0 I; 20 for the oxide. Glovebox HA-211 
is classified as a dry glovebox, meaning it has no internal liquid lines, and no free liquids or 
solutions in excess of 50 ml of lubricants are allowed. 

Two glovebox limit sets are supported by this document. If any plutonium or uranium 
metal is present, then the metal limit set applies and 4.65 kg of plutonium or fissile equivalent is 
allowed in up to six boats, weeps container, and sieve pan assembly. This limit set applies for 
any c o m b d o n  of metal or oxide. For oxide only, then 8.0 kg of plutonium or fissile equivalent 
in up to six boats and a sweeps container is allowed. Sieve pan assembly must be removed or 
made into a noncontainer in the oxide limit set. These mass limits include glovebox and filter 
holdup. 

Evaluation of this glovebox operation included normal, base case, and contingencies. The 
base case took the normal operation and added the likely off-normal events. Each contingency is 
evaluated assuming the unlikely event happens to the conservative base case. A hazards 
assessment was conducted to assure that each credible unlikely event or set of correlated unlikely 
events was included in this analysis. Each contingency was shown to meet the double 
contingency requirement. That is, at least two unlikely, independent, and concurrent changes in 
process conditions are required before a criticality is possible. Therefore, this CSER meets the 
requirements for a criticality evaluation contained in the Hanford Site Nuclear Criticality Safety 

5480.24. This CSER also follows Fluor Federal Services, Inc. Practice 134.290.1 121. 
Manuals, HNF-PRO-334, HNF-PRO-537, and HNF-PRO-539, ANSI standards, and DOE Ordm 
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1.0 INTRODUCTION AND SUMMARY 

1.1 INTRODUCTION 

The plutonium stabilization program at the Plutonium Finishing Plant VFP) includes high 
temperature firing of plutonium-bearing materials in muffle fiunaces. Such heat treatments have 
been conducted in two fUrnaces in Glovebox HC-21C situated in Room 230A. Glovebox HA-211 
in Room 235B has three m d e  &maces to be used to stabilize plutonium and uranium metal or 
oxide. This criticality safety evaluation supports operation under two limit sets, one for material 
containing metal and/or oxide and a second for oxide only. In both sets, the maximum 
moderation is a hydrogen-to-fissile 
allowed in excess of 50 ml of lubricants. Operationally, 25.4 cm (10 in.) spacing will be required 
between containers of fissile material. The base case, however, will include one spacing violation 
to preclude the argument over whether it is likely or unlikely two containers will be brought closer 
than 25.4 cm (10 in.) from each other. A second 25.4 cm (10 in.) violation is considered a 
contingency. Stacking is strictly prohibited, as it is throughout the PFP. The limits and controls 
of Section 3 provide the basis for the Criticality Prevention Specifications for the operations in 
this glovebox. 

ratio of 20. This is a dry glovebox so no liquids are 

The fixed glovebox equipment includes three furnaces and their off-gas filters. The sump 
located near the southern end of the glovebox must be removed and a criticality drain must be 
installed such that in the unlikely case of liquids entering this glovebox, the liquid level will not 
exceed 5.08 cm (2 in.) in depth. The tank located on the mezzanine just above and to the east of 
this glovebox must remain empty of any liquid. An empty tank falling on the glovebox would not 
be worse than the seismic analysis of Section 5.3.1. However, ifthis tank contained a liquid, then 
it could be a source of moderation that could be introduced in a manner that may move or stir 
fissile material not considered by this CSER. A barrier is required so that a fissile material 
transport wagon cannot roll under the glovebox. 

Only muffle fUrnace boats, sieve pan assembly (metal processing only), and a 0.5 L 
container for cleanup are allowed as primary containers for plutonium or uranium-bearing 
material. From the standpoint of the criticality safety analysis, the 0.5 L container is any 0.5 L 
container. Off-gas filter cartridges do not contain fissile material and the HEPA filters are 
changed using their own CSER (Altschuler 1981) after unloading the fissile material containers 
from the glovebox. Any holdup of fissile material on the filters, floors or walls must be counted 
towards the glovebox mass limits. Glovebox HA-211 is periodically non-destructive assayed 
(NDA) to establish the fissile material holdup. Each of the containers used to fill the boats were 
NDA in the past and those fissile values are used to determine the inventory of the glovebox. 
M e r  being fired in the furnaces, the boats are taken to Glovebox 18M where their material is 
canned and NDA before transporting to a vault, thus providing a check of the fissile quantity 
assigned. Carem material balances are performed for each container movement for safeguards 
reasons. 

1-1 
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1.2 DOUBLE CONTINGENCY DOCUMENTATION 

1.2.1 Metal 

This section presents a summary description of expected operations, expected normal 
conditions, base case of normal condition plus anticipated off-normal conditions for metal feed in 
Table 1-1, and results ofthe contingency analyses in Table 1-2. Ifmetal is present, the limit set of 
this section applies. For oxide, see the limit set of Section 1.2.2. 

Exoected Ooention: 

Receive furnace boats with metal pieces, buttons or pieces of buttons. There may be 
oxide present. Heat in muffle furnaces to oxidize the metal and then allow to cool. Sieve the 
resultant 6red material and heat in muffle furnaces again, if metal pieces remain. Transfer the 
material to other gloveboxes to place in containers for storage. 

Exoected Normal Cond'itions: 

Glovebox HA-211 may contain plutonium andor uranium in metal, alloy, or oxide form. 
The fissile mass is limited to 4.65 kg plutonium or fissile equivalent with the uranium "'U 
enrichment less than or equal to 50%. Containers are limited to six boats, a 0.5 L container 
sweeps container, a 3.3 L sieve pan assembly, and lubricant containers not to exceed 50 ml. The 
fissile mass may be present in any of the boats or the container or as holdup with each container 
limited to a maximum of 2.5 kg of plutonium or fissile equivalent and spaced a minimum of 25.4 
cm (10 in.) fiom each other and other fissile material. Any spill will be cleaned up prior to 
continued operation. There is 1.27 cm (0.5 in.) of lead shielding around the lower sides of the 
glovebox. Any glovebox holdup, such as in the HEPA filter, must be counted towards the 
glovebox mass limit. 

Base Case Model: 

The base case encompasses the normal and worst-case likely off-normal events. This 
includes 4.7 kg of Pu in the most reactive combination of metal and oxide conservatively modeled 
in two boats with another 2.5 kg ofPu in boat on HA-28 conveyor (CPS 1997). The Pu is 100% 
p% with WX = 20 for the oxide and one spacing violation is included. There is full reflection 
on all sides of glovebox and nominal reflection around each group of containers, the most 
conservative likely arrangement. Structural materials and their neutron absorption is ignored. 
The metal base case (case c9007bml) had a calculated &of 0.8556 f 0.001 1, which is less than 
the allowable & of 0.932 for MCNP calculations of plutonium metal systems. 

1-2 
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Table 1-1. Glovebox HA-211 - Base Case Metnl Limia Summary 

Controlled Parameter 

Mass 

Volume 

Moderation 

Interaction r 
Reflection I----- 
Geometry 

Limit 

Maximum 4.65 kg PU & fissile 
equiv., glovebox total 
Maximum 2.5 kg PU & fissile 
equiv.iboat or sieve pan assembly 
Maximum 2.2 moat ,  six boats 
Maximum 0.5 L container; 3.3 L 
sieve pan assembly, 50 ml 
I u b ri c t 
m s 2 0  
Dry Glovebox, except 50 ml 
lubricants 
Minimum 25.4 cm (IO-in.) 
surface to surface spacing of 
fissile containers in glovebox and 
to fissile material in HA-28; 
transportation and storage 
spacing around glovebox, no 
stacking of containers 
Dry glovebox 
Criticality drain visibly 
unobstructed 
Pu in boats, container, or sieve 
pan assembly 
NA 
Maximum 50% ='U in U 

NA 
NA 
NA 

4bnormd but anticipated 
conditions (conservatism for 
mdysis) 
1.7 kg PU with all fissile modeled 
Is =%I 

h e  spacing error included 

7ull reflection around glovebox 
md 2.54 cm (I-in.) reflection 
uound each group of containers 
3oldup is included in the boat 
nass 
100% "%I 

quivalent 
treated as fissile 

Contineencv Summarv: 

Table 1-2 summarizes the analyses of the unlikely, independent, off-normal events 
(contingencies). Each event is assumed to occur with the glovebox configured as the described 
base case with the contingency added. The resultant computed reactivity is  compared to the 
subcriticality target 
Section 4.0. This table summarizes the results ofthe contingency evaluation found in Section 5.  
Specific 
analyzed contingencies. 

of 0.932 for MCNP calculations of plutonium metal systems, explained in 

calculations were not made for contingencies in Table 1.2 that were bounded by other 

1-3 



Contingency 
Description 

Seismic event 
with flooding 
causes fissile 
material to 
accumulate in 
comer 
Fire with 
sprinkler 
soaking of 
containers 

Extra boat with 
2.5 kg Pu as 
metal in 
glovebox, 
stacked 
Boat with 2.5 
kg Pu as oxide 
spilled on boat 
with 2.5 kg Pu 
button 
Two buttons in 
one boat 

Container with 
2.5 kg Pu 
brought too 
close to 
glovebox 
Excess holdup 
exceeding 
glovebox mass 
limit 
Container too 
large 
Extra oil or 
plastic 
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Table 1-2. Glovebox HA-211 - Metal Contingency Summary 

Affected 
Parameter@) 

Reflection 
Moderation 
Interaction 
Geometry 

Reflection 
Moderation 

Volume 
Mass 
Interaction 

Mass 
Interaction 

MaSS 

Interaction 

Mass 

Volume 

Moderation 

Barriers that make contingency 
unlikely 

Seismic event unlikely; Requires severe 
damage to glovebox, fissile material 
accumulation in a comer, and concurrent 
sprinkler flooding. 

Major building fire that melts glovebox 
panels is unlikely; interspersed water 
density above 0.03 glcc in glovebox is 
unlikely with density above 0.2 glcc not 
credible 
Operator traininglprocedurelinventory 
posted limits 

Operator traininglprocedurehnventory 

Operator traininglprocedurelinventory 

Operator traininglprocedure 

Operator traininglprocedurdinventory 
control 

Operator traininglprocedure 

Operator traininglprocedure 

lcrr bounding 
contingency 
jcase ID) 
0.93 14 f 0.0013 
(PYW 

0.9306 f 0.0013 
(c9007fin8) 

0.9316 fO.OO1l 
(c9007sm2b) 

0.8833 f 0.0017 
(~9007~02) 

Covered by base 
case-two buttons 
together 
Less reactive than 
extra boat stacked 

Less reactive than 
extra boat stacked 

Less reactive than 
fire analysis 
Less reactive than 
fire analysis 

1-4 
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The hazards assessment determined that it is not credible to have uranium with ='U 
enrichment exceeding 50% in this glovebox. Therefore, no contingency was evaluated for 
enrichment. 

1.2.2 Oxide 

This section presents a summary description of expected operations, expected normal 
conditions, base case of normal condition plus anticipated off-normal conditions for oxide feed 
material in Table 1-3, and results ofthe contingency analyses in Table 1-4. This l i t  set is for 
oxide only. Ifmetal is present, then the metal l i t  set of Section 1.2.1 applies. 

Exoected Ooerntion: 

Receive furnace boats with plutonium or uranium oxide. Heat in muffle hrnaces to drive 
off moisture and then dlow to cool. Transfer the material to other gloveboxes to place in 
containers for storage. 

Exoecte d Normal Condition!: 

Glovebox HA-211 may contain plutonium andor uranium oxide. The fissile mass is 
limited to 8 kg plutonium or fissile equivalent with the uranium ='U enrichment less than 50%. 
Containers are limited to six boats, a 0.5 L container sweeps container, and lubricant containers 
not to exceed 50 ml. Fissile material may be present in any of the boats or the container or as 
holdup with each container limited to a maximum of 2.5 kg plutonium or fissile equivalent with a 
minimum of 25.4 crn (10 in.) spacing between each other and other fissile material. Any spill will 
be cleaned up prior to continued operation. There is 1.27 cm (0.5 in.) of lead shielding around 
the lower sides of the glovebox. 

Base Case Model: 

The base case encompasses the normal and worst-case likely off-normal events. This 
includes 8 kg of Pu in the most reactive arrangement of allowed containers modeled as three boats 
and sweeps container with another 2.5 kg ofPu in a boat spaced a minimum of 25.4 cm (10 in.) 
on the HA-28 conveyor (CPS 1997). The Pu is 100% =%I with WX = 20 and one spacing 
Violation as two boats adjacent, is included. There is 111 reflection on all sides, above and below 
the glovebox and nominal reflection around each group of containers. Structural materials and 
their neutron absorption is ignored. The oxide base case (case c9007bO1) had a calculated rC, of 
0.7873 f 0.0014, which is less than the allowable rC, of 0.942 for MCNP calculations of 
plutonium nonmetal systems. 

1-5 
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Table 13. Glovebox EA-211 - Base Case Oxide Limitr Summvy 

Controlled Parameter 

MaaS 

Volume 

Moderation 

Interaction 

Reflection 

Geometry 
Isotopics 
Enrichment 

Density 
Concentration 
Poisons 

Limit 

Maximum 8.0 kg Pu & fissile 
equiv. Oxide, glovebox total 
Maximum 2.5 kg Pu & f i d e  
&V./bOat 
Maximum 2.2 moat, six boats 
Maximum 0.5 L container; 50 ml 
lubricant 
m s 2 0  
Dry Glovebox, except 50 ml 
lubricants 
Aminimumof25.4cm(lOin.) 

between fissile material 
containers and to fissile material 
in HA-28; transportation and 
storage spacing around 
gloveboq no stacking of 
containers 

Criticality drain visibly 
unobstructed 
Pu in boats or container 

surface to surface spacing 

Dry glovebox 

NA 
Maximum 500h B?J in u 
NA 

Abnormal but anticipated 
conditionr (conruv.tirm for 
analysis) 
Pu and fissile U modeled as "%I 

One spacing error included 

Full reflection around glovebox 
and 2.54 cm (lin.) reflection 
around each p u p  of containers 

loooh "vu 
%I treated as =vu fissile 

Continnencv S u m  

Table 1-4 summarks the analyses of the unlikely, independent, off-normal events 
(contingencies). Each event is assumed to occur with the glovebox con6gured as the described 
base case with the contingency added. The resultant computed reactivity is compared to the 
subcriticality target ka of 0.942 for MCNP calculations of non-metal systems, explained in 
Section 4.0. The table s u n m a r h s  the analysis found in Section 5 in this CSER. Specific lbar 
calculations were not made for contingencies in Table 1-4 that were bounded by other analyzed 
contingencies. 

1-6 



Conthgency 
Dtscription 

seismic with 
flooding CBUses 

fissile material 
to accumulate 
in corner 
Fire with 
sprinkler 
soaking of 
container.9 

Extra boat with 
2.5kgPuas 
oxide in 
glovebox, 
stacked 
Button in one 
boat 
overloaded 
boat 
Container 
brought too 
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glovebox 
Excess holdup 
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large 
Sieve pan 
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glovebox 
Extra oil or 
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Table 1-4. Glovebox EA-211 - Oxide Contingency Summary 

to empty boats. Requires severe damage 
to glovebox and concurrent sprinkler 
floodmg 

Affwted 
Parameter(s) 

Renection 
Moderation 
Interaction 
G=mehy 

Renection 
Moderation 
Interaction 

(pyr3) 

Volume 
Mase 
Interaction 

Operator traininglproceduredmventov 

Operator training/procedurdmventofy 

Operator traininglproceduredientoq 

Operator traininglprocedure 

Operator traininglprocedurdiventov 
control 

Operator traininglprocedure 

Operator training/procedure 

Mass 

0.9385 f 0.0016 
(c9007sol) 

0.8833 f 0.0017 
(c9007so2) 
Less reactive than 
extra boat stacked 
Less reactive than 
extra boat stacked 

Less reactive than 
extra boat stacked 

Less reactive than 
extra boat stacked 
Less reactive than 
tire analysis 

Mass 

Interaction 

Operator trnininglprdure 

Volume 

Less reactive than 
fire analysis 

Volume 

Moderation 

I  case^) 
Seismic event is unlikely and is unlikely I 0.9377 f 0.0018 

(c9007fol) (c9007fol) 

The hazards assessment determined that it is not credible to have uranium with % 
enrichment greater than 50% in this glovebox. Therefore, no contingency was evaluated for 
enrichment. 
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1.3 SUMMARY 

This criticality safety evaluation report (CSER) documents the criticality d e t y  of 
operation using three mufne &maces to thermally stabilize plutonium and uranium in the form of 
metal or oxide in Glovebox HA-211. An oxide is formed with very low moisture content that can 
meet long term storage requirements. This criticality safety evaluation includes introduction of 
materials with a hydrogen-to-fissile atom ratio 0 I 20 for the oxide. Glovebox HA-211 is 
classified as a dry glovebox, meaning it has no internal liquid lines, and no free liquids or solutions 
in excess of 50 ml of lubricants are allowed. 

Two glovebox limit sets are supported by this document. If any plutonium or uranium 
metal is present, then the metal l i t  set applies allowing 4.65 kg of plutonium or fissile equivalent 
in up to six boats, sweeps container, or sieve pan assembly. This limit set applies for any 
combination of metal or oxide. For oxide only, then 8.0 kg of plutonium or fissile equivalent 
(uranium is less than 50% 23’U) in up to six boats or sweeps container is allowed. Sieve pan 
assembly must be removed or made into a noncontainer in the oxide limit set. 

Evaluation of this glovebox operation included normal, base case, and contingencies. The 
base w e  took the n o d  operation and added the likely off-normal events, so that each 
contingency is evaluated upon the worst likely situation. A hazards analysis was conducted to 
assure that each credible unlikely event or set of correlated unlikely events was included in this 
analysis. Demonstrating that each contingency has a calculated b l e s s  than the subcritical safety 
limit shows that this operation meets the double contingency requirement. That is, at least two 
unlikely, independent, and concurrent changes in process conditions are required before a 
criticality is possible. Therefore, this CSER meets the requirements for a criticality evaluation 
contained in the Hanford Site Nuclear Criticality Safety Manuals, HNF-PRO-334 @H 1997), 
HNF-PRO-537 (FDH 1997a), and HNF-PRO-539 (FDH 1997b), ANSVANS-8 wries Standards 
(ANSI 1998), and DOE Order 5480.24@0E 1992). This CSER also follows Fluor Federal 
Services, Inc. Practice 134.290.1121. 

It is required that the sump located in the southern end of the glovebox be removed and 
that a criticality drain be installed. It is also required that the tank, located on the mezzanine just 
above and to the east of this glovebox, remains empty of any liquid. During a seismic event, this 
not seismically qualified tank could fall on the glovebox and not cause to exceed that 
calculated in Section 5.3.1. However, ifthis tank contains liquid, then another source of 
moderator could be introduced in a manner that may move or stir fissile material in a manner not 
considered here. A physical barrier is required to prevent a fissile material transport wagon from 
rolling under the glovebox. 
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2.0 SYSTEM DESCRIPTION AND NORMAL OPERATIONS 

Glovebox HA-211 will be used to process metallic plutonium, plutonium oxide or other 
plutonium or uranium compounds by thermal stabilization in the muffle furnaces. The normal 
operational sequence relating to criticality safety is given in Section 2.1 below. 

The following sections describe the facilities, fissionable materials, and technical practices 
and process features of the handling processes. 

2.1 OPERATIONAL SEQUENCE 

Furnace boats containing either plutonium or uranium in metal or oxide form will be 
prepared for thermal stabilization in another glovebox such as HC-21A or 235-B-5, with that 
operation evaluated in other CSERs. The oxide material will have an WX less than or equal to 20 
and a plutonium or fissile equivalent mass less than or equal to 2.5 kg plutonium. The boats will 
be covered while in transit and be handled one at a time, maintaining 183 cm (6 ft) spacing on 
conveyors and 25.4 cm (10 in.) edge-to-edge spacing in Glovebox HA-211. 

Up to six boats, a 0.5 L sweeps container, and sieve pan assembly (fissile metal 
processing) is allowed in HA-211, at one time. Up to three boats are staged for muffle furnace 
operation and up to three furnaces are operated in unison. Only one boat can fit into a furnace at 
a time. Upon completion of a heating cycle, boats are removed to their cooling stands using a 
boat handling tool because boats are too hot to handle with gloves. Other boats can be staged in 
the south end of Glovebox HA-211, but not close to the hot furnaces or cooling boats. 

For fissile metal stabilization, a sieve pan assembly is used to separate metal pieces from 
the resultant oxide for reheating in the furnaces. Ifmetal pieces are still present after the first 
heating, the contents of the boat are poured into the sieve pan assembly. The pieces are 
sufEciently separated and poured back into the boat for a second heating that usually completely 
oxides the plutonium. When the material is completely oxidized, boats are covered and 
transferred to Glovebox HC-ISM for loss-on-ignition sampling and canning. 

2.2 FACILITY AND EQUIPMENT DESCRIPTION 

The glovebox and the equipment within it are described in this section 

2.2.1 Glovebox HA-211 Description 

Glovebox HA-211 is located in room 235B in the main PFF' Building 234-52. Figure 1 
shows a sketch of the approximate layout of the glovebox in relation to the other gloveboxes and 
conveyors used for thermal stabilization activities. HA-211 is 109.2 cm (43 in.) deep, 102.2 cm 
(40.25 in.) high, 396.2 cm (156 in.) long, and supported 91.4 cm (36 in.) above the room floor by 
a table frame. The floor plan arrangement of the glovebox is shown in Figure 2. Note that this 
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glovebox has gloveports on both sides. This sketch shows the approximate layout of operations 
in the glovebox. The south end of HA-211 connects to conveyor HA-28. The north end view of 
Glovebox HA-211 in Figure 3 illustrates the tilted configuration of the off-gas filters adopted to be 
able to accommodate the furnace installations within the narrow confines of the box walls. The 
22.9 cm (9-in.) deep by 25.4 cm (10 in.) diameter pot-sump shown under the box floor in Figure 
3, and near the south end of the box in Figure 2, will be replaced with a criticality drain that will 
prevent liquids from exceeding a 5.08 cm (2 in.) depth in this glovebox. Near the south end ofthe 
glovebox a section of the floor is lower than the rest of the floor by 5.08 cm (2 in.). 

A summary of the process equipment and containers expected in Glovebox HA-211 for 
operations is given below. 

The equipment available in Glovebox HA-211 are: 

muffle furnace (3) . off-gas filter (3) 

The containers available in Glovebox HA-211 are: 

. Furnace boat covers, 

Other materials available in Glovebox HA-211 are: 

Furnace boats (2.2 L max.)(6), 

Polyjar or similar container With 0.5 L nominal volume for floor sweeps (ineeded), 
Containers of MgOz sand in the glovebox in case of fire (2.2 L max.). 
Sieve Pan Assembly (3.3 L max.), metal processing only 

Glovebox HA-211 does not have any internal water l i e s  or water fire protection. It does 
have a dry chemical fire suppression system. The glovebox is listed as a "seismically unqualified" 
glovebox. Such gloveboxes could incur structural damage as a result of stresses from a Design 
Basis Earthquake @BE). 

Damp rag (l i i ted to 6 sq. ft. total) for cleaning. 

2.2.2 Furnaces and Other Equipment 

A general view of the muffle fiunace design in Glovebox HA-211 is given in Figure 4. The 
cut-away diagram in Figure 4 illustrates the orientation of the furnace chamber and the piping for 
off-gas extraction. Specification literature from the furnace manufacturer gives overall 
dimensions for the unit as a width of 39.4 cm (15.5 in.), a height of 45.7 cm (18 in.), and a length 
of 61 cm (24 in.), including the door and appendages. Also, according to the manufacturer's 
data, the heating chamber width is 14 cm (5.5 in.), its height is 12.7 cm (5.0 in.), and its length is 
33 cm (13 in.) (these are also the cavity dimensions reported by CSER 94-007 [Altschuler 19941 
for the furnaces in HC-2 1 C). 
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Figure 1. Approximate Layout for Gloveboxes and Conveyors Utilized for Thermal 
Stabilkation Activities 
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Figure 2. Glovebox HA311 Layout for Mume Furnace . .  Operations - 
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Figure 3. End View of Mufne Furnace Glovebox HA-211 

I '  ' I  

A: HA-211 
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Based upon scaling estimates tiom the layout drawing in Figure 2 and perspective drawing 
in Figure 4, the main insulated body of the fumace consists of a 39 cm (15.4 in.) wide by 42.2 cm 
(16.6 in.) high by 50.5 cm (19.9 in.) long block. The heating chamber is centered in the fiont face 
and has a swing-away door of about 6.0 cm thickness to cover the chamber at the front. This 
block is then supported about 5.08 cm (2 in.) above the floor by four stout legs. 

The scale of the drawings also indicate that the off-gas flter assemblage for each furnace 
has a 19 cm (7.5 in.) outer diameter insulation jacket surroundmg a 8.9 cm (3.5 in.) diameter by 
45.7 cm (18 in.) long filter casing. These units contain replaceable 5.08 cm (2 in.) diameter 
sintered silicon carbide filter cartridges. 

Boat stands are also utilized in this glovebox. A boat stand is a 15.2 x 17.8 cm (6 x 7 in.) 
steel plate platform. These stands have three 20.3 cm (8 in.) legs which elevate a boat so its 
bottom surface will be even with the bottom of the heating cavity of a fumace. In this way, a just- 
fired boat may be Withdrawn from the furnace a short distance out onto a boat stand using the 
boat handling tools. This is necessary because the boats are too hot to handle with gloves. The 
boat cools on the stand unit until it may be handled. 

A boat rack may optionally be used in the glovebox to help maintain the 25.4 cm (10 in.) 
spacing requirement between fissile containers. 

2.2.3 Mume Furnace Boat 

The furnace boat is made from 0.32 cm (118 in.) thick Hastelloy-X’ sheet stock shaped into a 
“cake pan”, with an outside width of 13.34 cm (5.25 in.) and an outside length of 28.58 cm 
(1 1.25 in.). Inside, the bottom of the pan has an area of 354.84 cm2. A measured brim-full 
volume of 2.2 L equates to an inside height of 6.20 cm (2.44 in.). The total pan height of 6.5 cm 
(2.57 in.) thus does not allow stacking of two such boats inside a 12.7 cm (5 in.) mufne fumace 
heating chamber. Two 0.79 cm (5/16 in.) diameter holes were located at an outside height of 
4.45 cm (1.75 in.) in each end plate. The holes were centered at a distance of 5.08 cm (2.0 in.) 
center-to-center. The boat has a cover used to minimize dispersion of PUG powder when 
transported. Only one boat can fit in a mufne furnace at a time. Magnesium oxide liners, 
approximately 0.32 cm (0.125 in.) thick, may be used in the boats to prevent bum through of the 
boat pan when metal items are processed. 

Hastclloy is a trademark of Stcllitc Rod Division, Stoody Lklom StcUitc. Inc., Industry, Ca. 
I 
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2.2.4 Sieve Screen Assembly 

The sieve screen is 7.30 cm (2-7/8 in.) high with 5.08 cm (2 in.) above the screen and 
2.22 cm (7/8 in.) below the screen. The sieve pan and sieve screen both have 20.32 cm (8 in.) 
diameters. The sieve pan and sieve screen, when filly engaged, each make up 5.08 cm (2 in.) of 
the 10.16 cm (4 in.) height that gives a nominal total volume of 3.3 L. The sieve screen is only 
used when processing metal, and will be removed or made into a noncontainer when processing 
oxide. 

2.3 FISSIONABLE MA'l'EIUALS DESCRIPTION 

The fissionable material handled in Glovebox HA-211 is plutonium in the fonna of metal, 
oxide and other compounds as well as mixed oxides of plutonium and uranium. The ='U is 
counted as an equivalent mass of plutonium as specified in PFP CPS-Z-165-80010 and analyzed 
by CSER 99-003 (Marusich 1999) for calculating the total plutonium mass to compare to a mass 
limit. The fissionable isotope content and physical forms are discussed below. 

2.3.1 Fbrionable hotopw 

The plutonium used in the models in this CSER is all =%I. This simplification is 
conservative for the plutonium with more % than "Pu, which is the case for the reactor 
produced plutonium at PPP. This also includes any depleted or natural uranium or mixed oxides 
of plutonium and uranium that may be present. Uranium enriched up to 500h =?J is 
conservatively modeled as =%I as demonstrated by the analysis in CSER 99-003 (Marusich 
1999). The fissile material may contain a nominal 10 wt?? or less of carbon. Table 11 of the 
Nuclear Criticality Safety Guide, LA-12808, (Pruvost and Paxton 1996) shows that as carbon is 
increased fiom CN = 0 to CN = 20, the minimum critical mass increases by over a factor of 
three. At 10 wt?? (CN - 2) carbon in highly enriched uranium (93.5 wt?? 235U), the carbon has 
a negligible efFcct, but the effect would decrease the reactivity. Plutonium is similar enough to 
highly enriched uranium to assume that 10 wt?? would have negligible effect on its reactivity, 
especially compared to H/Pu of 20. 

2.3.2 Metallic Plutonium 

Metallic plutonium introduced into Glovebox HA-211 will g e n d y  be in the form of 2.5 
kg or d e r  buttons or scrap pieces fiom clean out opera ti^^. A density of 19.48 ghn3 for 
metallic plutonium wan used for this evaluation. This value is in the range of densities found in 
actual metal systems in Paxton (1987). The glovebox mass limit wan established by the non- 
physical c o m b i i  of more than one button into a sphere of this high density. Also, the metal 
base case and contingencies bring metal buttons closer than is physically possible because the steel 
of the boats was ignored. Metallic plutonium may form corrosion products of hydrides, oxides, 
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and nitrides. CSER 98-008 (Greenborg 1999) shows that mass limits for plutonium metal are 
adequate for metal with corrosion products. 

2.3.3 Plutonium Oxide 

Plutonium compounds or other forms (e.g., MOX with a limit of =% enrichment of 
50 wt??), is hereafter referred to as plutonium oxide ma). The plutonium oxide will be in 
furnace boats or the sweeps container. The allowable HiX ratio for operations in this glove box 
will be less than or equal to 20. The criticality mass limits are given for plutonium and the 
analysis has been done using plutonium oxide. CSER 98-008 (Greenborg 1999) has shown that 
other plutonium compounds are less reactive than plutonium oxide. The limit set derived from 
analyses for plutonium oxide bound other plutonium compounds. 

CSER 99-003 (Mmsich 1999) shows that plutonium and water mixtures are more 
reactive than uranium enriched to 5Owt% ='U and water mixtures. This result allows 50 wt% 
enriched uranium to be mixed with or substituted for lutonium and still use the mass limits set for 
plutonium. PFP CPS-Z-165-80010 requires 1 g of U to be counted as 1 g ofp%. Natural or 
depleted uranium does not make a positive contribution to reactivity and may be included without 
adding to the plutonium maw. 

23P 

2.4 FISSIONABLE MATERIAL HANDLING 

Fissionable materials will be handled as a safe batch 90 that the limits and controls for 
criticality safkty will be easier to implement. These controls include multiple levels of protection 
of a safe batch such as limits on fissionable mass, maximum container volume, elimination of 
moderation, and separation distance from other fissionable materials. The multiple levels of 
protection will assure that criticality safety will not be jeopardized by the inadvertent failure of a 
single control. 

In addition, processiig will be stopped as necessary to clean up visible accumulations of 
fissionable materials from spills or processing. 

The following is a description of the handling of fissionable materials in this glovebox. 

2.4.1 Receipt of Firrion8ble Material 

Material will be received in Glovebox HA-211 in muffle furnace boats of < 2.5 kg Pu with 
an H/X < 20. The maximum container mass will be 5 2.5 kg plutonium or its equivalent in other 
fissionable materials. The glovebox mass limits are 4.65 kg Pu for metal and 8.0 kg Pu for oxide. 
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2.4.2 Process Description 

Figure 1 illustrates the layout of the area encompassing the Pu stabilization activities on 
the first floor of the PFP. Preparation of the furnace boat charges is done in Glovebox HC-21A in 
Room 230B, or a future glovebox attached near the west end of HA-28. Product is handled in 
glovebox HC-18M. Loaded boats are transferred to the furnace glovebox HA-211 in Room 235B 
via the conveyor gloveboxes HC-2, HC-3, HC-4, and HA-28. Thus, the furnace glovebox HA- 
211 only receives prepared boats, and boats of fired material are output from HA-211 for transfer 
to other gloveboxes for fiuther processing. 

The gloveboxes involved in the processes for preparation, firing, and product packaging 
for the furnace operations are designated as dry gloveboxes, so that free water is not allowed 
(except for damp cleanup rags per usual restrictions). Also, there are no water lines for processes 
or fire fighting within the gloveboxes. 

2.4.3 Waste Packages 

Glovebox waste is generated from PFP plutonium stabilization operations. It is placed 
into plastic bags, transferred to Isolated Transport Containers, assayed, then placed into waste 
drums. This waste consists of gloves, bags, rags, containers used to port-in items, etc. Prior to 
bagging, all noticeable fissile material is shaken or brushed from these items and no fissile item is 
intentionally placed in these packages. Inspection of historical assay data shows that normally 
these packages contain only 1 or 2 grams of fissile material. Appendix F documents this 
inspection and supports the conclusion that it is not credible for the packages to contain more 
than a few tens of grams of fissile material except for the upset of a fissile item in the waste 
package, which is bounded by other upset conditions (reflection). 

Waste packages are allowed in Glovebox HA-211 and would result from glovebox 
cleaning operations. Waste packages created in this glovebox would only contain the fissile 
material already inventoried and resultant neutron reflectiodmoderation is already conservatively 
modeled by water in the base calculations. 

It is unlikely that a waste package containing fissile material from another glovebox would 
be transferred to HA-211 because it is not a destination glovebox for waste packages. This event 
is not forbidden and is bounded by the analysis of upset conditions for Glovebox HA-211. 
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Yes 

3.0 LIMlTS AND CONTROLS 

8.0 kg plutonium total glovebox mass for oxide processing, 
4.65 kg plutonium total glovebox mass for metal processing, 

1) Maximum 2.5 kg plutonium per container, and 
2) Glovebox holduu. 

consisting of: 

Table 3-1 lists each of the parameters of c o n m  for criticality safety, and discusses 
whether these parameters are necessary. 

Table 3-1. Controk on Panmetera Related to Criticality in Glovebox HA-211 

Yes 

Yes 

Parameter I Controlled I Discuuion (Limit or Proma Control if Yea, Reason if No) 

A limit of six 2.2 L furnace boats, one 0.5 L container sweeps 
container, and 3.3 L sieve pan assembly for the metal limit set. 
25.4 cm (10 in.) edge-to-edge minimum spacing between 
containers of fissile material, including containers on conveyor 
HA-28. Two containers can be brought together to pour contents 
of one into the other provided the combined mass of plutonium is 
not greater than 2.5 kg. No fissionable material in excess of 15 

is allowed underneath the dovebox. 
Moderator 

spacing 

Yes I Maximum allowed HIX = 20. 

I Poisons No I Poisons were not used in this analysis 

No fkee liquids or solutions are allowed in the glovebox except 50 I yes I ml of lubricants. 

Enrichment Plutonium, plutonium was assumed to be 100 wt% =%I. This 
no; conservatively encompasses all allowed fissionable materials 

Uranium, including depleted or natural uranium and uranium enriched to 
ves So?? BJU. 

I Concentration I No I Worst credible concentrations were analwed. I 

Density 
Other 

No 
N/A 

Maximum credible densities were used for all materials. 
No other parameters affecting criticality were identified. 

3.1 LIMITS 

The operations in Glovebox HA-211 are dehed in Section 2. Operations are performed 
in the main glovebox area. The fissionable material mass limits specified for these operations are 
under the constraints of the overall fissionable material mass limits of the glovebox. There will be 
two glovebox limit sets. One for metal and/or oxide and one for oxide-only operations. If any 
metal is present, then the metal limit set must be used. 
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Metal limit set: 

4.65 kg plutonium or fissile equivalent including holdup in glovebox, 
2.5 kg plutonium or fissile equivalent per container, 
Container volume limited to a maximum of six boats of 2.2 L, each; a maximum of one 
0.5 L sweeps container; a maximum of one 3.3 L sieve pan assembly, 50 ml of 
lubricants, a maximum of 2.2 L MgOz sand 
Minimum 25.4 cm (10 in.) edge-to-edge spacing between containers of fissile material, 
including containers on conveyor HA-28. Two containers can be brought together to 
pour contents of one into the other provided the combined mass of plutonium is not 
greater than 2.5 kg. 
No liquids other than 50 ml of lubricants, 
Maximum m = 20, 
Stacking of containers and/or boats is rohibited, 
Maximum uranium enrichment SO'?? U. BP 

Oxide limit set: 

8.0 kg plutonium or fissile equivalent including holdup in glovebox, 
2.5 kg plutonium or fissile equivalent per container, 
Container volume limited to a maximum of six boats of 2.2 L, each; a maximum of one 
0.5 L sweeps container; 50 ml of lubricants, a maximum of 2.2 L MgOz sand 
Minimum 25.4 cm (10 in.) edge-to-edge spacing between containers of fissile material, 
including containers on conveyor HA-28. Two containers can be brought together to 
pour contents of one into the other provided the combined mass of plutonium is not 
greater than 2.5 kg. 
No liquids other than 50 ml of lubricants, 

Stacking of containers andor boats is rohibited, 
Maximum uranium enrichment 50% 

MkXimum m = 20, 

3.2 PROCESS CONTROLS 

To assure continued criticality safety during operations, several process controls are 
required. Theyare: 

One 0.5 L nominal volume container for floor sweepings is allowed. 
Rags (maximum 6 sq. ft. total) allowed for cleaning. 
One can of MgOz sand for fire fighting is allowed (2.2 L maximum volume). 
Noticeable accumulations of fissionable materials, such as from spills, are not allowed 
to remain in Glovebox HA-21I, and are to be cleaned up before continuing operating. 
During HEPA filter change out, all loaded containers shall be removed t?om the 
glovebox. 
No fissionable materials > 15 g are permitted underneath the glovebox at any time. 
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Fire fighting category C. . Waste packages minimized to those required for cleanup of HA-211. 

3.3 ENGINEERED CONTROLS 

Engineered controls are the primary means of preventing a criticality in the Glovebox HA- 
211. These controls include the following: 

Eliminating of water sources or other moderator sources inside the glovebox such as 
fire sprinkler systems. 
Minimizing of structural materials such as plastics that moderate neutrons. 
Criticality drain installed and has no visible obstructions. 
Blocking the area below the glovebox to prevent entry of the transport wagon 
containing fissionable materials. 
Eliminate the sump in the floor of the glovebox. 
Size of muffle furnace allows only one boat at a time. 
Size of furnace boat and sweeps container 
Tank on mezzanine above Glovebox HA-211 blanked to prevent liquid accumulation. 

3.4 ADMINISTRATIVE CONTROLS 

Criticality Prevention Specifications (CPS), postings and procedures provide l i t s  and 
controls for handling fissionable materials, moderators, and other conditions that will assure 
criticality safety. These controls will address the following: 

Fissionable material interaction, 
Masses of fissionable materials, 

The criticality analysis in this document demonstrates that a single failure of any 
administrative control will not result in a 14g that will exceed the criticality prevention criterion. 

Elimination or minimization of moderator materials, 
Volumes of fissionable material containers. 

3.5 SUPPORTING INFORMATION 

Operations within Glovebox HA-211 require: 

Fire Fighting Category: C. 

This allows mists or fogs during fire fighting, but no directed solid streams of water are 
allowed (that may move or upset containers of fissionable materials). 
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3.6 CONTROLLED DIMENSIONS AND ASSUMPTIONS 

No additional equipment dimension controls are required. 
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4.0 METHODOLOGY 

4.1 ANALYSIS PHILOSOPHY 

The statement of work for this safety evaluation required the allowable glovebox fissile 
mass to be maximized. Handbook analyses were first consulted to obtain the approximate masses 
that could be accommodated given the normal operation and the off-normal events that could 
occur. Based upon ARH-600 (Carter 1968) it was apparent that during the seismic event when 
the glovebox collapses on one comer and the fissile material accumulates in one comer and fire 
suppression water creates neutron reflection, any fissile metal would limit the glovebox mass 
relative to an all-oxide case. Therefore, two limit sets were evaluated in order to maximize the 
oxide allowed. Also, ARH-600 provided a starting point for the maximum mass determination by 
showing that 5 kg of plutonium or fissile equivalent is approximately the l i t  for metal and 8 kg 
for oxide. The actual criticality evaluation was then performed using the Monte Carlo computer 
code MCNP, described below. 

4.2 MCIVPCODE 

The Monte Carlo Code MCNP Version 4B, was certified (Schwinkendorf 1998) and 
validated (Erickson 1998a and Lan 1999) for plutonium systems such as the operation in this 
glovebox. Room temperature cross sections were used for the MCNP calculations. Some 
experimental data indicate that 2-’9pu may have a very small positive (on the order of IO” to IO4 
Ak/k/kg) reactivity response to increasing temperature (Hummel 1978). This is insignificant 
compared with the typical statistical uncertainty of 0.002 for the MCNP calculations. Only under 
normal conditions are the furnace boats heated to 1000 “C in the furnaces. The heating in the 
furnace drives off water, reducing the WX ratio to less than 2 after firing. The heating also 
slightly expands the physical dimensions of the fissile material according to the temperature 
coefficient of expansion. Both of these phenomena decrease reactivity, but were not included in 
the analyses. Therefore, room temperature cross sections and material densities are the most 
appropriate to compare with safety limits. 

A summary of the validation of MCNP4B is included in Appendix B, MCNP 4B 
Computer Code Validation, which determines a maximum dowable b v a l u e  of 0.942 for 
nonmetal and 0.932 for metal system calculations. These values are for calculations with 
statistical uncertainties 2 f 0.002 and assure subcriticality with an acceptable margin, including 
the uncertainties in the analytical methods and benchmark experimental data. 

4.3 SUBCRTz2CALITY LIMIT 

For the purposes of this report, the principal criticality prevention criterion or parameter is 
that the effective neutron multiplication (or criticality) factor &) shall not exceed 0.95 
(Le., IC& 0.95) for all permitted normal configurations of materials, containers, etc., and for any 
credible off-normal event. This criterion is based on implementing the applicable DOE Orders, 
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ANSI standards, and HNF-PROS. The subcriticality criterion is used to judge the acceptabiity of 
a calculated value for fissionable material contigumtion. This criterion must account for the 
bias inherent in the code and cross sections used, any uncertainties in the physical problem being 
analyzed, and the uncertainties in both the bias determination (the experimental basis) and the 
calculational methods. 

4.4 APPLICATION OF DOUBLE CONTINGENCY PRINCIPLE 

This analysis must meet the requirements of HNF-PRO-334, Criticali@ Safe@ General 
Requirements, (FDH 1997) HNF-PRO-537, Criiicality &$e@ Control of Fissionable Material, 
(FDH 1997a) and HNF-PRO-539, Criticality Safety Evaluations (FDH 1997b). HNF-PRO-539 
states that for all new operations and changes pertinent to criticality safety issues in existing 
operations, the CSER is required to demonstrate that there is an acceptable margin of 
subcriticality for all normal and credible abnormal conditions. To demonstrate the Double 
Contingency Principle is satisfied, this CSER must show that there are sufficient factors of safety 
in the operation of Glovebox HA-211 such that at least two unlikely, independent, and concurrent 
changes in process conditions are required before a criticality accident is possible. 

4.5 HAZARDS ASSESSMENT 

Identification of the contingencies for the operation described in Section 2 and evaluated 
in Section 5 used a hazards assessment technique called a P r e l i i  Hazard Assessment (€"A). 
The goal of this effort is to identify deviations from the planned operation that may pose a 

challenge to criticality safety. Analysis is done as necessary to demonstrate that each identified 
condition satisfies the criticality safety criteria. 

In a PHA, an interdisciplinary team uses a disciplined, systematic approach to identify 
hazards and deviations that could lead to undesirable consequences. Because the criticality safety 
concerns usually arise from deviations from the process design, an experienced team leader 
systematically guides the team through the planned operation. Off-normal events are identified 
and separated into likely and unlikely to happen during the duration of the operation. The likely 
events become part of the base case and the unlikely events are the contingencies of Section 5. 
The detailed results of this assessment are presented in Appendix D. 
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5.0 EVALUATION AND RESULTS 

5.1 NORMALCASE 

This section presents the standard model of the HA-211 Glovebox with Mufne Furnaces 
under normal conditions of operations. The following assumptions were used to model the 
normal conditions for fissionable materials and geometry of equipment in the glovebox. 
Conservatism was used to represent the normal conditions in the most limiting credible forms with 
respect to fissionable material arrangements and modeling conventions. 

The normal case is described in detail in the sections below. The items modeled within the 
glovebox are the furnaces, the furnace boats, and the cleanup can. Details of the normal oxide 
case and the normal metal case models are summarized in Tables 5-1 and 5-2, respectively. 

The oxide normal case model for the glovebox had a lbrr of 0.6732 f 0.0014 (case 
c9007nol), and the metal normal case model for the glovebox had a lc,,~ of 0.7093 f 0.001 1 (case 
c9007nml). These values are well below the allowable &of 0.942 for plutonium oxide systems 
and 0.932 for plutonium metal systems. 

Table 5-1. Normal Oxide Case Model 

Glovebox Assumptions 

Glovebox dimensions 

F u m a c e s 

Off-gas Filters 

Glovebox is surrounded with a minimum of 30.48 cm (12 in.) 
of water for neutron reflection. 
Rectangular transverse cross-section instead of actual slanted- 
side outlines. 
2.54 cm (lin.) water reflection representing hands around each 
container 
Pu holdup in glovebox included in total glovebox mass limit 
109.2 cm (43 in.) deep, 102.2 cm ( 40.25 in.) high, 442.0 cm . -  
(174 in.) long. ' 

14cm(5.5 in.)x33.0cm(13.0in.)x 12.7cm(5.0in.)chamber 
39 cm (15.4 in.) x 42.2 cm (16.6 in.) x 56.5 cm (22.2 in.) block 
of insulation (W x H x L) (including door) 
Full density firebrick. 
Furnace legs, off-gas piping, and electrical junction box 
ignored. 
Full face furnace doors. 
Not included in model since covered by water reflection. 
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Furnace boats 

Maintenance fluids 

sweeps container 

Room Assumptions 

Inside dimensions used, metal container and liner ignored. 
12.7 cm (5 in.) wide by 27.94 cm (1 1 in.) long by 6.20 cm 

3 boats with 2.5 kg Pu per boat 
m = 2 0  
25.4 cm (10 in.) edge-to-edge spacing 
Not explicitly modeled since covered by water reflection. 

One 0.5 L container 
0.5 kg Pu, wX= 20 
8.89 cm (3.5 in.) diameter 
25.4 cm (10 in.) edge-to-edge spacing 
One boat containing 2.5 kg Pu as oxide at WX = 20 on 
conveyor HA-28 modeled at 25.4 cm (10 in.) spachg (vertical) 
&om other boats. 

(2.44 in.) high 

Glovebox Assumptions 

Glovebox dimensions 

Glovebox is surrounded with a minimum of 30.48 cm (12 in.) 
of water for neutron reflection. 
Rectangular transverse cross-section instead of actual slanted- 
side outlines. 
2.54 cm (lin.) water rdection representing hands around each 
container 

Furnaces 

m-gas Filters 

Furnace boats 

Pu holdup in glovebox included in total glovebox mass limit 
109.2 cm (43 in.) deep, 102.2 cm (40.25 in.) high, 442.0 cm 

' (174 in.) long. . 
~ 

14 cm (5.5 in.)x33.0 cm (13.0 in.) x 12.7 cm(5.0 in.) chamber 
39cm(15.4in.)x42.2cm(16.6in.)x56.5 cm(22.2in.)block 
of insulation (W x H x L) (including door) 
Full density firebrick. 
Furnace legs, off-gas piping, and electrical junction box 
ignored. 
Full face furnace doors. 
Not included in model Since covered by water reflection. 

Inside dimensions used, metal container and h e r  ignored. 
12.7 cm (5 in.) wide by 27.94 cm (11 in.) long by 6.20 cm 

2 boats with 2.35 kg Pu in sphere per boat 
w X = O  
25.4 cm (10 in.) edge-to-edge spacing 

(2.44 in.) high 
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Maintenance fluids 

Sweeps container 

Room Assumptions 

Not explicitly modeled since covered by water reflection. 

Not included since more reactive to have all Pu in boats 

One boat containing 2.5 kg Pu as oxide at WX = 20 on 
conveyor HA-28 modeled at 25.4 cm (10 in.) spacing (vertical) 
from other boats. 

5.1.1 Glovebox HA-211 

Glovebox HA-211 was modeled as a box that is 109.2 cm (43 in.) deep, 102.2 cm 
(40.25 in.) high, and 442.0 cm (174 in.) long. The end of the glovebox opening on HA-28 
conveyor was extended 45.7 cm (18 in.) beyond the actual end of the glovebox to include the 
HA-28 conveyor, The glovebox walls are not included (except for a check of the effect of the 
lead shielding on the walls described in Section 5.2) and the sides, top, and bottom are surrounded 
with a minimum of 30.48 cm (12 in.) ofwater for neutron reflection representing operators. The 
glovebox was modeled with a rectangular transverse cross-section instead of actual slanted-side 
outlines. Nominal water reflection of 2.54 cm (1 in.) representing hands was included around each 
container. Plutonium holdup in the glovebox was included in total glovebox masses modeled in 
containers. The normal cases included the maximum quantity of fissionable materials allowed in 
the glovebox. This model represents the most limiting situation that could credibly occur in the 
glovebox. The interacting units and the reflection surrounding the model adequately cover all 
situations of fissionable material brought into close proximity to the glovebox, such as a transport 
wagon on the floor, material on conveyor HA-28, and the reflection from the glovebox walls, 
windows, gloves and personnel. 

The glovebox has a mass limit of 8.0 kg of plutonium for oxide and 4.65 kg of plutonium 
for metal. The 8.0 kg of plutonium oxide was conservatively modeled in three boats of 2.5 kg 
plutonium each and 0.5 kg plutonium in a 0.5 L sweeps container. The 4.65 kg glovebox limit for 
plutonium metal was conservatively modeled as a 4.7 kg quantity of plutonium metal in two boats 
of 2.35 kg plutonium each. Dispersing the material into more boats reduces reactivity. 

5.1.2 Modeling Assumptions of Plutonium Metal Buttons and Pieces 

Several different buttons will be handled in Glovebox HA-211, however there are no 
limitations on the shapes of the metal pieces to be thermally stabilized. The metal representing 
buttons or pieces was modeled as spheres or cuboids to maximize reactivity. The plutonium 
metal was modeled as 100 wt% =%I with a density of 19.48 s/cm’ and up to 2.5 kg per 
container as explained in Section 2.3.2. 
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Description 

5.1.3 Modeling Assumptions of Plutonium Oxide 

The WX ratio of plutonium oxide was modeled at the upper allowed l i t  of 20. At 
theoretical densities of 11.46 g/cm3 for ha particles (Carter 1968) and 1.0 g/m3 for water, the 
components of material densities in the h02 models are listed in Table 5-3. The 2.2 L modeled 
boat volume filled with this hodwater mixture at WX=20 results in 2.58 kg Pu per boat, which 
conservatively represents the 2.5 kg h l i t .  This water content is more reactive than any higher 
density and lower water content up to the 11.46 g/cm3, as explained in Section 5.3.1.1 where the 
glovebox oxide mass limit was established. The plutonium of the plutonium oxide was modeled 
as loo?? =%l. 

m = 0  m = 2 0  1 

I Total Density (g/cm3) 

I h O 2  Volume Fraction I 1.00 I 0.116 I 

11.46 2.214 

I h Densitv Wcm3) I 10.11 I 1.173 

I Water Density (a/cm3) I 0.0 I 0.884 I 

5.1.4 Mufne Furnace Boat 

The muffle furnace boat was modeled as a box. The dimensions are 27.94 cm (1 1 .OO in.) 
length, 12.70 cm (5.0 in.) width, and 6.20 cm (2.44 in.) height. These correspond to the inside 
dimensions for the furnace boat. The volume of the boat filled level to the top is 2.2 1. The mass 
of plutonium in a boat fully filled with plutonium oxide is 2.5 kg at an WX ratio of 20. The 
plutonium oxide was modeled as a mixture with water at a WX ratio of 20 that fills the boat. The 
metal representing buttons or pieces was modeled as a fir11 density metal sphere in a corner of 
each boat. The material in the boat walls and floor was not included in the model for 
conservatism and simplicity and to account for any effects due to corrosion. The structural 
materials act mainly as a neutron poison. The magnesium oxide liner that may optionally be used 
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in the boats also was not included in the model. The liner would slightly reduce the available 
volume in a boat. 

5.1.5 Sweeps Container 

One 0.5 L container is allowed in the glovebox for cleaning up spills. The 0.5 L container 
is a cylinder with a diameter of 8.89 cm (3.5 in.) and a height of 8.89 cm (3.5 in.). For the normal 
oxide case the sweeps container was modeled as containing 0.5 kg of plutonium as Pu02, water 
with a WX of 20 and was located in the model with 25.4 cm (10 in.) edge-to-edge spacing from 
the furnace boats. For the normal metal case the sweeps container was empty since it was more 
reactive to have the glovebox mass limit located in the two boats. 

5.1.6 Mufne Furnaces 

There are three muffle furnaces in glovebox HA-211. Each m d e  furnace was modeled as 
a full density firebrick 39 cm x 42.2 cm x 56.5 cm block of insulation (W x H x L) (including 
door) with a 14 cm x 33.0 cm x 12.7 cm chamber. The furnace legs, off-gas piping, and electrical 
junction box were ignored. The furnace doors were simplified in the model as full face furnace 
doors. 

5.1.7 HA-28 Conveyor Fissile Movement Past HA-211 Glovebox 

Glovebox HA-211 is open to the HA-28 conveyor, providing a path for fissile material 
movement to, from, and past HA-211. The PFP conveyor CPS (CPS-Z-165-80608) requires an 
edge-to-edge spacing limit of 25.4 cm (10 in.) between a container on a conveyor and a loaded 
container in a connecting glovebox. This separation isolates fissile material on the conveyor from 
fissile material in the glovebox for normal operations. One boat containing 2.5 kg Pu as 
plutonium oxide and water at WX = 20 on conveyor HA-28 was modeled inside the glovebox 
with 25.4 cm (10 in.) spacing from other boats. It was positioned vertically above the other boats 
in the calculation for conservatism. 

5.1.8 Glovebox Filter Holdup for EfEPA Filter Replacement Operation 

PFP gloveboxes have in-place High Efficiency Particulate Air (HEPA) filters in the 
exhaust lines to remove plutonium dust and other particulate. The nominal 20.3 cm x 20.3 cm x 
15.2 cm (8 in. x 8 in. x 6 in.) filter is normally located in a recess in the glovebox roof. A 
glovebox would only have one significantly contaminated filter since experience has shown that 
even ifthere are two filters in sequence, only the first is contaminated with sufficient fissile 
material to be of any concern for criticality safety. The second filter will be contaminated but only 
with milligram quantities of plutonium (unless the first filter has been physically broken through). 

CSAR 80-014 shows that over the credible range of plutonium particle densities, criticality 
in an optimally moderated filter is not credible at either full or nominal water reflection. In 
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Glovebox HA-211 with no water lines and the introduction of water prohibited, nominal reflection 
is considered n o d .  Per CSAR 80-014, dozens of filters are needed to approach criticality at 
low plutonium densities; at higher densities, tens of kg of plutonium are needed; and in between, 
both the number and mass required for criticality is incredible. Clearly the HEPA filter alone is 
not a threat to criticality safety. 

The HEPA filter is made of material that is considered a moderator, so the HEPA filter is 
classified as having unrestricted moderation. CSER 80-014 shows that for a critical configuration 
at an optimal moderation of 30 g Pun and hU water reflection, the 11 1 g of plutonium contained 
in the 3.72 L media volume of the 20.3 cm x 20.3 cm x 15.2 cm (8 in. x 8 in. x 6 in.) HEPA filter 
at 30 gR. is about 21% of the minimum critical mass. As the plutonium particle density is 
increased, the percent of the critical mass increases to about 50% at an upper limit density of 5 g 
Pu/cc on the filter at 240 g PdI. Ifthe remaining plutonium in a glovebox is restricted to less than 
a quarter of a minimum critical configuration, then criticality would not be possible during HEPA 
filter change out. By removing all loaded containers from the glovebox, only the holdup on the 
floor needs to be considered. Figure IlI.A.5(100)-3 in ARH-600 (Carter 1968) shows that a slab 
less than a 1.27 cm (0.5 in.) thick of z)%-water hlly water reflected is less than a quarter of the 
critical slab thickness. No containers of fissionable material are allowed in the glovebox while 
removing a HEPA filter. Floor accumulations are minimized by the requirement to expeditiously 
clean up spills. Therefore, reactivity would not be increased significantly above that for the filter 
by itsell; which is well within allowables for credible accumulations in the filter. 

5.1.9 Normal Cases Results 

Normal case evaluations were conservatively modeled to represent the operations defined 
in Section 4.4. The results for all of the normal evaluations are given in Table 5-4. These b are 
all significantly less than the criticality safety limit. The criticality safety criterion has been met for 
the normal situation. 
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Table 5-4. MCNP Calculational Results of Normal Cases in Glovebox HA-211 

Case Description 

c9007nml 

c9007nol 

ka* 
0.709 
- 

Two 2.35 kg plutonium metal spheres in boats, 25.4 cm 
separation, nominal reflection on boats, one extra boat with 
2.5 kg Pu as Pu@ with WX = 20 representing boat on HA- 
28 conveyor, nominal reflection on all containers, 10 in. 
spacing on all containers. 
Three boats with 2.5 kg Pu each as PuOz with WX = 20, 
One sweeps container with 0.5 kg Pu as Pu02 with WX = 20, 

0.673 

1u 
0.001 
- 

0.001 

One extra boat with 2.5 kg Pu as P u 0 2  with WX = 20 
representing boat on HA-28 conveyor, nominal reflection on 
all containers, 10 in. spacing on all containers. 

ote: All normal cases represent glovebox mass limits, including holdup, along with one unit 
mass (2.5 kg Pu) more than is allowed inside glovebox HA-211 by the limits in 
Section 3.1, to account for interaction with a unit mass on the HA-28 conveyor. 

5.2 BASECASE 

This section presents the standard model of the HA-211 Glovebox with Muffle Furnaces 
under base conditions of operations. The base case is composed of the normal operation with all 
parameters to their limiting values and expected abnormal conditions. The main difference 
between the base case and the normal case is the inclusion of one spacing violation as an expected 
abnormal condition. The following assumptions were used to model the base conditions for 
fissionable materials and geometry of equipment in the glovebox. Conservatism was used to 
represent the base conditions in the most limiting credible forms with respect to fissionable 
material arrangements and modeling conventions. The last paragraph of Section 5.3.3.2 discusses 
the conservatism of the selected modeling. 

The base case is described in detail in the sections below. The items modeled within the 
glovebox are the furnaces, the furnace boats, and the cleanup can. Details of the base oxide case 
and the base metal case models are summarized in Tables 5-5 and 5-6, respectively. The 
description of the normal case in sections 5.1.1 through 5.1.7 also apply to the base case, with the 
exceptions described in the following sections. 

The oxide base case model for the glovebox had a b of 0.7873 f 0.0014 (case 
c9007bol), and the metal base case model for the glovebox had a &of 0.8556 f 0.001 1 (case 
c9007bml). These values are well below the allowable b of 0.942 for plutonium oxide systems 
and 0.932 for plutonium metal systems. 
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Table 5-5. Base Oxide Case Modd 
Glovebox Assulnptions 

Glovebox dimensions 

Furnaces 

off-gas Fitas 

Furnace boats 

Maintenance fluids 

Sweeps container 

Room Assumptions 

Glovebox Assumptions 

Glovebox is surrounded with a minimum of 30.48 cm (12 in.) 
of water for neutron reflection. 
Rectangular transverse cross-section instead of actual slanted- 
side outlines. 
2.54 cm (1 in.) water reflection representing hands around each 
container 
Pu holdup in glovebox included in total glovebox mass limit 
109.2 cm (43 in.) deep, 102.2 cm (40.25 in.) high, 442.0 cm 
(174 in.) long. 
14 cm (5.5 in.) x 33.0 cm (13.0 in.) x 12.7 cm (5.0 in.) chamber 
39 cm (15.4 &.)x 42.2 cm.(16.6 in.) x 56.5 cm.(22.2 in.) block 
of insulation (W x H x L) (including door) 
Full density firebrick. 
Furnace legs, off-gas piping, and electrical junction box 
ignored. 
Full face hrnace doors. 
Not included in model since covered by water reflection. 

Inside dimensions used, metal container and liner ignored. 
12.7 cm (5 in.) wide by 27.94 cm (1 1 in.) long by 6.20 cm 
(2.44 in.) high 
3 boats with 2.5 kg Pu per boat 
m = 2 0  
2 boats touching sides, 1 boat with 25.4 cm (10 in.) edge-to- 
edge spacing 
Not explicitly modeled since covered by water reflection. 

One 0.5 L container 
0.5 kgh, wX= 20 
8.89 cm (3.5 in.) diameter 
25.4 cm (10 in.) edge-to-edge spacing 
One boat containing 2.5 kg Pu as oxide at wX = 20 on 
conveyor HA-28 modeled at 25.4 cm (10 in.) spacing (vertical) 
from other boats. 

Table 5-6. Base Metal Case Model 

Glovebox is surrounded with a minimum of 30.48 cm (12 in.) of 
water for neutron reflection. 
Rectangular transverse cross-section instead of actual slanted-side 
outlines. 
2.54 cm (1 in.) water reflection representing hands around each 
container 
Pu holdup in glovebox included in total glovebox mass l i t  
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Sweeps container 

Room Assumptions 

Giovebox dimensions 

Not included since more reactive to have all Pu in boats 

One boat containing 2.5 kg Pu as oxide at WX = 20 on conveyor 
HA-28 modeled at 25.4 cm (10 in.) spacing (vertical) from other 
boats. 

Furnace boats 

Maintenance fluids 

109.2 cm (43 in.) deep, 102.2 cm ( 40.25 in.) high, 442.0 cm 
(174 in.) long. 
14cm(5.5in.)x33.0cm(13.0in.)x 12.7cm(5.0in.)chamber 
39 cm (15.4 in.) x 42.2 cm (16.6 in.) x 56.5 cm (22.2 in.) block of 
insulation (W x H x L) (including door) 
Full density firebrick. 
Furnace legs, off-gas piping, and electrical junction box ignored. 
Full face furnace doors. 
Not included in model since covered by water reflection. 

Inside dimensions used, metal container and liner ignored. 
12.7 cm ( 5  in.) wide by 27.94 cm (1 1 in.) long by 6.20 cm (2.44 

2 boats with 2.35 kg Pu in cuboid per boat 
W X = O  
Boats touching with Pu metal touching 
Not explicitly modeled since covered by water reflection. 

in.) high 

5.2.1 Base Case Modd Differences from Normal Case 

For the metal base case the 4.7 kg plutonium metal representing buttons or pieces was 
modeled in two adjacent boats as two 2.35 kg plutonium cuboids in intimate contact in adjacent 
corners of each boat, together approximating a cube. This represents a violation of the 25.4 cm 
(10 in.) spacing requirement. AU other aspects of the model were identical to the normal metal 
case. 

For the oxide case the 8.0 kg plutonium oxide was represented the same as in the normal 
oxide case, in three boats, at 2.5 kg plutonium in each boat, and 0.5 kg in a sweeps container, as a 
mixture of plutonium oxide and water with WX of 20. The only Merence was that for the base 
oxide case two of the three boats were located side by side 90 that the boat contents were 
touching. This represents a violation of the 25.4 cm (10 in.) spacing requirement. AU other 
aspects of the model were identical to the normal oxide case. 

5.2.2 Base Casw Rwults 

Base case evaluations were conservatively modeled to represent the operations defined in 
Section 4.4. The results for all of the base case evaluations are given in Table 5-7. These k& are 
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c9007bml r 
all significantly less than the criticality safety l i t .  The criticality safety criterion has been met for 
the base situation. 

Two 2.35 kg plutonium metal cuboids in boats, no 
waration, nominal reflection on boats, one extra boat with 
2.5 kg Pu as Pu02 with WX = 20 representing boat on HA- 
28 conveyor, nominal reflection on all containers with 10 in. 

0.8556 0,0011 

Table 5-7. MCNP Calculational Results of Base Cases in Glovebox HA-211 

c9007bmlpb 

I Case I Description I k I  1 0 1  

spacing kom other boats. 
Same as c9007bml except lead in glovebox walls included in 
model. 

0.8557 0.001 1 

c9007bol Three boats with 2.5 kg Pu each as PuO2 with WX = 20, 
One sweeps container with 0.5 kg Pu as P u 0 2  with 
wx = 20, 
One extra boat with 2.5 kg Pu as P u 0 2  with WX = 20 
representing boat on HA-28 conveyor, nominal reflection on 
all containers, 10 in. spacing on all containers except two 
boats touching. 

0.7873 0.0014 

5.3 CONTINGENCY ANALYSIS 

The contingency analysis section addresses the effect of various unlikely, off-normal 
events on the critical parameters and their associated controls to conlirm the double contingency 
criterion has been met. 

Masr is controlled administratively by measurement. The total fissile mass of the 
glovebox is limited to 8.0 kg when processing oxide and 4.65 kg when processing metal. These 
mass limits were determined by the maximum mass that would satisfy the criticality safety limits 
on b f o r  the limiting conditions ofthe seismic contingency analysis. Sections 5.3.3 and 5.3.7 
address the contingency of exceeding the glovebox mass limit. Each container is limited to 2.5 kg 
Pu. Sections 5.3.3, 5.3.4, 5.3.5, and 5.3.10 address the contingency of exceeding container mass 
limits. 
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Volume and Geometry are physically controlled by restrictions on container numbers and 
volumes. There is a l i t  of six 2.2 L furnace boats, a 0.5 L container sweeps container, and a 
sieve pan assembly (metal processing only) in the glovebox. Sections 5.3.3 and 5.3.8 address the 
contingency of exceeding the volume limits. 

Density is not controlled. The most reactive credible densities were used for all materials. 

Moderation and reflection are controlled for hydrogeneous materials, such as water, 
carbon, and other low atomic number elements, mixed with plutonium compounds or surrounding 
the plutonium bearing containers. Moderation and reflection are also controlled by prohibiting 
free liquids and solutions in this glovebox. Section 5.3.2 addresses the contingency ofwater 
increasing the WX ratio and moderation between the plutonium bearing containers. 

Interaction is controlled by a minimum 25.4 cm (10 in.) spacing requirement between 
containers and limits on the numbers and types of containers. Section 5.3.3 addresses the 
contingency of container stacking, A single violation of the 25.4 cm (10 in.) spacing requirement 
is included in the base cases, and is not considered a contingency. Firefighting Category C is 
specified to restrict solid streams of water. Stacking bounds a second spacing violation. 

Enrichment, Concentration, and Isotopes are not controlled for plutonium which was 
assumed to be 100 wt% "h. This conservatively encompasses all allowed fissionable materials 
including depleted or natural uranium and uranium enrichment which is restricted to 50% "5U. 
The hazards assessment, Appendix D, states that it isn't credible to exceed this uranium 
enrichment in Glovebox HA-211. 

Neutron Absorption is not controlled. 

The off-normal situations of fissionable material handling for the operations in Glovebox 
HA-211 are listed in Tables 1-2 and 1-4. The following discussions in this section give a 
description of the off-normal conditions and the calculational results. Each of the unlikely 
off-normal events results from a loss of one or more controls, and is therefore considered to be a 
contingent condition. 

Fissionable material in the form of either metallic plutonium or plutonium oxide was 
evaluated in Section 5.2 for the base case situation in the glovebox. The model assumed the most 
limiting allowed conditions for criticality controls of mass, moderator, volume, and separation 
distance including likely off-normal events, A contingency is an unlikely situation where a control 
is inadvertently lost. A contingency may involve multiple losses of controls if a common mode of 
failure is identified. The following cases are evaluations of the unlikely off-normal situations 
where one or more of these controls are violated. 
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5.3.1 Seimic Event 

The following d o n s  descn i  the seismic criticality safety evaluation. This contingency 
is the limiting event for setting the glovebox fissile mass limits. The metal and oxide limit sets are 
analyzed separately. 

The Plutonium Finishing Plant Final Safety Analysis Report (FJIH 1999) states that 
Glovebox HA-211 is not seismically qualified, and neither is the fire suppression water piping 
overhead. Therefore, this glovebox could incur structural damage and the fire water piping could 
break during an earthquake. From a criticality safety viewpoint, the worst situation is for one 
comer of the glovebox to drop to the floor and the windows break allowing fire suppression 
water to enter. For this analysis, it is assumed that the comer distant from the criticality drain 
drops, the maximum dowed fissile loadiig of the glovebox accumulates in that comer outside of 
the containers, and the fire suppression water covers the fissile material. The maximum credible 
Saturation of oxide is assumed to be WX = 20 which corresponds to 88% water by volume and a 
plutonium oxide density of 1.33 g/cc. This happens to be the maximum allowed normal glovebox 
moderation and in effect means that the material accumulates in the collapsed comer and water 
fiom the sprinklers sits on top adding reflection. It is not considered reasonable to assume that 
the water could stir this material or that it could be more saturated. Also, any non fissile objects, 
such as d e  fiunaces. tools, and containers are conservatively assumed not to fall and displace 
the fissile material and add neutron absorption. Such objects would reduce the reactivity. 

5.3.1.1 M e a  Sebmic Analysis 

If any fissile metal is present then the metal limit set applies for any combination of metal 
or oxide. The seismic event is assumed to occur with the maximum allowed loading in the 
glovebox. Normally the boats are covered except when placed into the furnace and when sitting 
on the cooling tray after being fired. Because up to 2.5 kg Pu is allowed in a boat and three boats 
could be fired at a time or be cooling at one time, then up to 7.5 kg Pu could be sitting in 
uncovered boats. This mass could then spiU into the collapsed comer of the glovebox during an 
earthquake and be dected with water from the fire suppression system. However, a quick check 
of handbook analyses (Carter 1968), shows that in reality, only about 5 kg of plutonium metal 
would remain subcritical if reflected and in the form of a sphere. Because the statement of work 
directed that the glovebox allowable fissile mass limit be maximizd, the following analysis 
searches for the greatest mass for the metal limit set that can be in present in Glovebox HA-211, 
regardless of whether it is oxide or metal. 

The collapsed comer of tho glovebox was modeled as an inverted pyramid of fissile 
material with its point resting on the concrete floor. Steel of the glovebox was ignored and the 
fissile material was surrounded by 1 in. of water on the sides, representing nominal neutron 
reflection and 1 foot on the top represent@ rll reflection by the water entering the glovebox. 
Fissile metal was modeled as a sphere within the pyramid. Eight MCNP calculations were 
pdormed to determine the effect on the reactivity of combinations of metal and oxide with 
WX = 20 in this geometry. The results of those calculations are shown in Table 5-8. 
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Table 5-8. Seismic Analysis of Metal Limit Set' 

ere surroun 

a) Neutron reflection for all cases was modeled as concrete below the Doint of the fissile material 
p w d ,  one in. of water on each side, and one foot of water on top of the fissile material, 

Comparison of cases pyr8 and pyr9 shows that changing metal to oxide with WX = 20, 
holding fissile mass constant, reduces the reactivity. For cases pyr8, pyl0, pyl 1, and py12, 
changing oxide to metal, holding fissile mass constant increased reactivity. Then for case py13, 
the metal mass was increased to obtain a kc lose  to the 0.932 limit for metal calculations as 
explained in Section 4. The oxide mass remained the same. Then that mass was converted to all 
metal surrounded by water which is the most reactive arrangement. Because this mass is too 
reactive, &s demonstrated by case py14, the mass was reduced until b dropped below 0.932. 
These calculations thus established the glovebox metal limit set mass at 4.65kg with a calculated 
b of 0.9314 f 0.0013. 

5.3.1.2 (hide Seismic Analysis 

As observed for the metalloxide calculations described above, as metal is converted to 
oxide with H/X=20, the reactivity decreases for a constant fissile mass. Therefore, for the all 
oxide case, one would expect the allowed mass to be greater. Three MCIW calculations were 
ueed to find the maximum fissile mass if it were all plutonium oxide. The above model was used 
with the entire pyramid region consisting of plutonium oxide with WX = 20. For Cases pyrl 
through pyr3, summarized in Table 5-9, the plutonium loading was reduced from 8.3 12 kg, to 8 
kg to drop below the b limit of 0.942 for oxide calculations as explained in Section 4. The 8 kg 
plutonium glovebox mass limit was established by Case pyr3 with a calculated k of 0.9377 f 
0.0018. To check the assumption that this was the most reactive density, an additional calculation 
with the maximum theoretical plutonium oxide density was performed. From the drop in 
reactivity ofthis case, py17, and from figure III.A.9(100)-4 of Carter 1968, any displacement of 
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the water and subsequent increase in density of the oxide between WX = 20 and WX = 0 will 
reduce reactivity compared to case pyr3. 

Table 5-9. Seismic Analysis of Oxide Limit Set 

5.3.2 Fire Event 

Glovebox HA-211 is designated as a dry glovebox. There are no liquid lines running into 
or through the glovebox and no fiee liquids or solutions are allowed. Three ways moderator or 
reflector material can be introduced are 1) introduction of objects that can cause a moderating or 
decting &&t, such as human hands and arms inside rubber gloves, 2) introduction of containers 
with moderating liquids, and 3) breakage or bum through of plastic glovebox panels concurrently 
with water sprinkler activation or other water sources introducing water until flooding is possible. 
Water could then collect in containers in the glovebox. Only firefighting category C, such as 
mists or fogs are allowed. It was assumed that the fissile material is not moved by the water, and 
therefore for firdghting no solid streams of water are allowed. The criticality drain will limit the 
Bccumulation ofwater to no more than 5.08 cm (2 in.). 

The normal and base case models included partial neutron reflection from operator hands 
inside rubber gloves around every fissile container. The entire glovebox was also modeled as 
surrounded by 30.48 an (12 in.) ofwater to represent operator bodies or other external 
reflectors. 

The main containen in the glovebox are flat open top boats. Therefore, there is the 
potential for water dilution of the fissile-bearing material. If the water ingress occurs as a spray or 
overhead "rain", the f i d e  material is not expected to be disturbed, and will occupy its original 
volume firaction. The introduction of water into the glovebox was analyzed by filling the fissile 
containers with water and flooding the glovebox floor to the height of the boats, 6.20 cm 
(2.44 in.). The oxide material at WX = 20 was already modeled at the maximum water content 
for the 2.5 lcg Pu limit per boat, so any water added to the boats would displace Pu. A separate 
oxide case wan analyzed where the 8.0 kg Pu was distributed among six boats mixed with enough 
water to fill the volume of the six boats. The introduction of mist in the glovebox atmosphere 
was analyzed by increasing the interspersed water density above the flooded floor and containers 
from no water to ibll flooding. 

5.3.2.1 Oxide Procuring 

The results of the fire contingency cases for oxide material are shown in Table 5-10. The 
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CUC 

c9007bol 

c9007f02 

c9007fo3 

base case oxide results are also shown for comparison. The separate case (case c9007fo2) where 
the 8.0 kg PU was distributed among six boats mixed with enough water to fill the volume of the 
boats had a lower b(0.7029 f 0.0014) than the base case that had the 8.0 kg Pu distributed in 
three boats (0.7873 f 0.0014). Therefore further studies on glovebox water introduction were 
mdications ofthe oxide base case. The oxide results in Table 5-10 show that reactivity 
increases with incxeashg interspersed water density, but that even the incredible event of IU 
flooding of the glovebox is less than the criticality safety limit of 0.942 for oxide systems. 

Table 5-10. MCNP Calculational Results of Fire Contingency Cases for Oxide Processing 

Description 

Oxide Base Case.. Three boats with 2.5 kg Pu each as PuOz 
with WX = 20. One sweeps container with 0.5 kg Pu as 
Puo2 with WX = 20. One extra boat with 2.5 kg Pu as PuO? 
with WX = 20 representing boat on HA-28 conveyor, 
nominal reflection on all containers, 10 in. spacing on all 
containers except two boats touching. 
Six boats with 1.33 kg Pu each as Pu02, mixed with water to 
fill boat volume (wx = 41). 0.5 kg Pu as P u 0 2  with 
WX = 20 in sweeps container. One extra boat with 2.5 kg Pu 
as PuOl with WX = 20 representing boat on HA-28 
conveyor, nominal reflection on all containers, 10 in. spacing 
on all containers except two boats touching. 
Same as oxide base case c9007bol except glovebox flooded 
to height ofboats (6.20 cm). Interspersed water density = 
0.0 dcm3 

c9007fo7 

c9007fol 

c9007fo4 Same as c9007f03 except interspersed water density = 
10.01 dm3 

Same as cw7fo3 except interspersed water density = 
0.50 g/cm3. 
Same as c9007fo3 except interspersed water density = 
1 .00 dcm3 &llv flooded) 

Same as c9007fo3 except interspersed water density = 
c9007f05 I 0.03 dun3 
c9007fo6 Same as c9007fo3 except interspersed water density = Io. d m 3  

0.7873 

0.7029 

0.7987 

0.8008 

0.8017 

0.8221 

0.8612 

0.8775 

1CS 

0.0014 

0.0014 

0.0014 

0.0015 

0.0015 

0.0015 

0.0015 

0.0014 

These calculations show that the criticality safety limit of 0.942 for oxide is met for the fire 
Contingency. A second unlikely and unrelated contingency would have to occur in order to 
exceed the safety limits. The double contingency criterion has been met. 
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c9007bml 

c9007fm2 

5.3.2.2 Metal Processing 

The results for the metal material in Table 5-1 1 show that reactivity increases with 
increaPing interspersed water density, but that even at interspersed water densities of up to 0.20 
g/m3 the glovebox reactivity is less than the criticality safety limit of 0.932 for metal systems. 
The criticality drain will limit the water depth to 5.08 cm (2 in.). Therefore full flooding of the 
glovebox is not credible. Achieving an interspersed water density of even 0.20 s/cm3 is not 
credible, since eprinklers and fire mist systems are typically in the range less than 0.03 g/cm3 as 
explained in Appendix G. 

Table 5-11. MCNP Calculational Results of Fire Contingency Cases for Metal Processing 

Base Metal Case. Two 2.35 kg plutonium cuboids in boats, 
no separation, nominal reflection on boats, one extra boat 
With 2.5 kg Pu as h O 2  with WX = 20 representing boat on 
HA-28 conveyor, nominal reflection on all containers with 
10 in. spacing from other boats. 
Same as metal base case c9007bml except glovebox flooded 
to height of boats (6.20 cm) and interior of boats flooded. 
Interspersed water densitv = 0.0 dcm3 

Cue I Description 

c9007fhl Same as c9007fm2 except interspersed water density = 
1.00 g/cm3 (fully flooded) 

c9007fM I Same as c90076n2 except interspersed water density = 
10.01 g / c m 3  

c9007fh4 Same as c9007fm2 except interspersed water density = 
10.03 dcm3 

c9007fm5 Same as c9007fm2 except interspersed water density = 
lo.log/cm3 

c9007hS I Same as c9007fm2 except interspersed water density = 

c9007fh6 Same as c9007fm2 except interspersed water density = 
10.50 dm3. 

0.8556 

0.9238 

0.9242 

0.9252 

0.9272 

0.9306 

0.9342 

0.9396 

0.9451 

10 

0.001 1 

0.0013 

0.0013 

0.0013 

0.0013 

0.0013 

0.0012 

0.0013 

0.0013 

These calculations show that the criticality safety l i t  of 0.932 for metal systems is met 
for the fire contingency provided Category C fire fighting is used and the criticality drain 
functions. A second unlikely and unrelated contingency would have to occur in order to exceed 
the safety limits. The double contingency criterion has been met. 

5-16 



HNF-5450 Rev. 0 

Caae Description k* 
~9007901 Same as oxide base case c9007bol except extra boat with 

2.5 kg Pu at WX = 20 representing unit mass on HA-28 
conveyor stacked (centered) on top of two adjacent boats 

0.9385 

5.3.3 Extra Boat in Glovebox Stacked on Other Boats 

la 
0.0016 

5.3.3.1 Oxide Prowring 

The normal situation for oxide processing is to have up to 8.0 kg of Pu at a WX 5 20 in 
up to six boats and one 0.5 L container, with a minimum 25.5 cm (10 in.) edge-to-edge spacing, 
and no more than 2.5 kg Pu in any container. The base case for the oxide processing included a 
violation of the 25.4 cm (10 in.) spacing limit between fissile containers as a not-unlikely event. 
However, a stacking violation is considered an unlikely event and therefore a contingency that 
must be evaluated. Similarly, the oxide base case included a 2.5 kg Pu unit mass on the HA-28 
conveyor at the 25.4 cm (10 in.) spacing limit as a not-unlikely event. Bringing this unit mass into 
the glovebox and stacking it on an existing boat in the glovebox would violate both the glovebox 
mass limit of 8.0 kg Pu with a total of 10.5 kg Pu and the no-stacking restriction in a single event. 
Thedore, rather than performing analyses for separate stacking violation and mass limit 

violations, a singIe analysis was performed to represent the limiting event of bringing a 2.5 kg Pu 
loaded boat from the HA-28 conveyor into the glovebox and stacking it on an existing boat in the 
glovebox, with the gIovebox already at the total Pu mass limit. 

The MCNP model of the oxide contingency case (case ~9007901) for this event was the 
same 89 the oxide base case c9007bol except that the extra boat with 2.5 kg Pu at WX = 20 
representing a unit mass on the HA-28 conveyor was moved so that it was stacked (centered) on 
top of the two adjacent boats. This resulted in a compact arrangement of 7.5 kg of Pu at 
WX = 20, with ~ 0 t h ~  2.5 kg of Pu in a boat and 0.5 kg Pu in a sweeps container at a distance of 
25.5 cm (10 in.). Nominal water reflection (1 in.) was included around the combined mass and 
other containers, with fill reflection on the bottom, sides, and top of the glovebox. The result of 
the MCNP calculation of this extra boat stacking contingency for the oxide material was a 14ar of 
0.9385 f 0.0016, as shown in Table 5-12. This is less than the criticality safety limit of 0.942 for 
MCNP calculations of nonmetal systems. 
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Case 

c9007sml 

c9007sm2b 

Bringing this unit mass into the glovebox and stacking it on an existing boat in the glovebox could 
violate both the glovebox mass limit of 4.65 kg Pu with a total mass of 7.2 kg Pu and the no- 
stacking restriction in a single event. Therefore, rather than performing analyses for separate 
stacking violation and mass limit violations, a single analysis was performed to represent the 
limiting event of bringing a 2.5 kg Pu loaded boat from the HA-28 conveyor into the glovebox 
and stacking it on an existing boat in the glovebox, with the glovebox already at the total Pu mass 
limit. 

The MCNP model of the metal contingency case (case c9007sml) for this event was the 
same as metal base case c9007bml except that the extra boat with 2.5 kg Pu at WX = 20 
representing a unit mass on the HA-28 conveyor was moved so that it was stacked (centered) on 
top of the two adjacent boats. This resulted in a nearly cubic arrangement of 4.7 kg Pu metal with 
a cuboid mass 2.5 kg of Pu in the form of PuOl and water at H/X of 20 directly on top, with 
nominal (1 in.) water reflection on the sides and top of the combined mass and full reflection on 
the bottom, sides, and top of the glovebox. The result of the MCNP calculation of this extra boat 
stacking contingency case for the metal material was a &of 0.9007 f 0.0015, as shown in Table 
5-13. A second metal case for this contingency (case c9007sm2b) was used to evaluate metal in 
the extra boat. This case modeled the extra 2.5 kg Pu unit mass as a single piece of plutonium 
metal that was stacked on top of the glovebox boats so that the metal mass was in direct contact 
with the two adjacent metal masses in the boats. This effectively formed a single piece of 
plutonium metal with a combined mass of 7.15 kg Pu in a compact arrangement. The actual limit 
of 4.65 kg Pu was used for the two adjacent boats. This is a much more compact arrangement of 
Pu metal than could be realistically achieved in three boats. The spacing and poisoning effect of 
the boat walls and floor were ignored and it is very unlikely for the Pu metal to achieve the 
compact mass modeled. The result of the MCNP calculation of this extra boat stacking 
contingency for the metal material (case c9007sm2b) was a &of 0.93 16 f 0.001 1, as shown in 
Table 5-13. Both cases were less than the criticality safety limit of 0.932 for MCNP calculations 
of metal systems. 

Table 513. MCNP Calculational Results of Extra Boat Stacking Cased for Metal 

Description L 10 

Same as metal base case c9007bml except extra boat with 
2.5 kg Pu at WX = 20 representing unit mass on HA-28 
conveyor stacked (centered) on top of two adjacent boats 
Same as c9007sml except 4.65 kg Pu in two adjacent boats, 
stacked extra boat contains 2.5 kg Pu metal in cuboid 

0.9007 0.0015 

0.93 16 0.001 1 

C9007Sm2e 

I centered on top of other Pu mass& 
c9007sm2d I Same as c9007sm2b except fissile material spaced by the I 0.8803 I 0.0011 

width of the adjacent boat walls and the thickness of the boat 
floor for the extra boat 
Same as c9007sm2d except the boats are adjacent to full- 
height water reflector 

0.8944 0.0011 
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Upon reviewing the first two entries of Table 5-13, the independent reviewer asked how 
the calculated k4ectives of Tables 5-12 and 5-13 would change ifthe boats were adjacent to full 
height water-reflected walls. Modeling placed the boats next to the 2-inch high step in the floor 
of the glovebox that extends the water reflection ffom under the glovebox up along side the boat. 
Does the conservatism of ignoring the spacing between fissile masses by the 1/8-inch walls of the 
boats overshadow the fact that they are not sitting right next to the wall having a line of people on 
the other side? The second two entries of Table 5-13 show that the k-effective drops by 0.051 
when the plutonium buttons are separated by the width of the boat walls and only rises 0.014 
when moved adjacent to the side water reflection. Therefore, the computer modeling for this 
evaluation is conservative. 

5.3.3.3 Summary 

These calculations show that the criticality safety limits of 0.942 for oxide and 0.932 for 
metal system are met for the stacking and extra boat contingency. A second unlikely and 
unrelated contingency would have to occur in order to exceed the safety limits. The double 
contingency criterion has been met. 

5.3.4 Button in One Boat While Processing Oxide 

The n o d  situation for oxide processing is to have up to 8.0 kg of Pu at a WX 5 20 in 
up to six boats and one 0.5 L container, with a minimum 25.5 cm (10 in.) edge-to-edge spacing, 
and no more than 2.5 kg Pu in any container. If any metal is present when processing oxide, the 
more restrictive metal mass limit of 4.65 kg Pu must be used. A contingency would involve 
discovering that there was metal in a boat, when it was assumed to be oxide, with the oxide mass 
limit of 8.0 kg Pu in the glovebox. The glovebox would thus contain up to 2.5 kg of Pu metal, or 
Pu metal and oxide, in one boat with 5.5 kg of oxide in the remaining boats and sweep container. 
This contingency was analyzed by staying within the 8.0 kg Pu glovebox limit for oxide but 
including a 2.5 kg PU metal button in a boat that already contained 2.5 kg ofPu as P u 4  at 
WX = 20. The button was modeled as a 2.5 kg Pu metal sphere centered in a boat on the 
glovebox floor, with the remainder of the boat volume filled with the 2.5 kg Pu oxide. The height 
of the oxide material was increased beyond the height of the boat to compensate for the displaced 
volume of the metal sphere. The spacing violation assumed in the base case was thus represented 
by the more reactive situation of combining the contents of two boats. The mass of Pu in the 
glovebox boats and sweeps container was maintained at the oxide limit of 8.0 kg Pu as in the 
oxide base case. The extra boat representing a unit mass on the HA-28 conveyor was maintained 
at 25.4 cm (10 in.) vertical spacing ffom the combined boat. The calculation for the button in boat 
contingency provided a k o f  0.8833 f 0.0017 (case ~9007~02) for oxide processing. This b 
satisfies the criticality limit of 0.932 for MCNP calculations of metal systems. A second unlikely 
and unrelated contingency would have to occur in order to exceed the safety limits. The double 
contingency criterion has been met. 
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Table 5-14. MCNP Calculational Results of Button in Boat Case for Oxide 

Case 
c9007s02 

Description k c s  la 
Same as oxide base case c9007bol except 2.5 kg Pu metal 
sphere surrounded by 2.5 kg Pu as PuOz at WX = 20 in one 
boat 

0.8833 0.0017 

5.3.5 Two Buttons in One Boat While Processing Metal 

The normal situation for metal processing is to have up to 4.65 kg of Pu in up to Six boats 
and one 0.5 L container, with a minimum 25.5 cm (10 in.) edge-to-edge spacing. Two metal 
buttons could be in the glovebox in separate boats under normal conditions, as long as the 4.65 kg 
Pu total mass limit was met. A contingency would be to have a spill or operator error where 
these two buttons ended up in contact in a single boat. The base case for the metal processing 
modeled the 4.65 kg Pu in two adjacent boats since it included a violation of the 25.4 cm (10 in.) 
spacing limit between fissile containers as a not-unlikely event. This base case model placed the 
Pu metal in each boat as approximately one half of a cube, with the sides touching to complete the 
cube. The contingency of having two buttons in one boat is therefore covered under the metal 
base case calculated 
0.932 for MCNP calculations of metal systems. A second unlikely and unrelated contingency 
would have to occur in order to exceed the safety limits. The double contingency criterion has 
been met. 

of 0.8556 f 0.001 1 (case cOO7bml), which satisfies the criticality limit of 

5.3.6 Container Outside Glovebor Brought too Close 

The normal situation for oxide processing is to have up to 8.0 kg of Pu at a WX < 20 in 
up to six boats and one 0.5 L container, with a minimum 25.5 cm (10 in.) edge-to-edge spacing, 
and no more than 2.5 kg Pu in any container. The normal situation for metal processing is to have 
up to 4.65 kg ofPu in up to six boats and one 0.5 L container, with 25.5 cm (10 in.) edge-to-edge 
spacing, and no more than 2.5 kg Pu in any container. Normal operation allows fissile containers 
within 46 cm (18 in.) of the outside of the glovebox while in transit. A contingency would be 
through operator m o r  to place a fissile container with no more than 2.5 kg Pu against the 
glovebox wall. The extra boat stacking contingency described in Section 5.3.3 covers a more 
reactive codgumtion than any arrangement of this metal or oxide outside of the glovebox. The 
calculations for this contingency in Section 5.3.3 provided a & of 0.9007 f 0.0015 (case 
c9007sml) for an extra boat of oxide and 0.9316 f 0,001 1 (case c9007sm2b) for an extra boat of 
metal for metal proceasiq and 0.9385 f 0.0016 (case ~9007901) for oxide processing. These 
kaa satid) the criticality limit of 0.932 for MCNP calculations of metal systems and 0.942 for 
MCNP calculations of oxide systems. A second unlikely and unrelated contingency would have 
to o m  in order to exceed the safety limits. The double contingency criterion has been met. 
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5.3.7 Holdup Exceeding Glovebox Mass Limits 

The normal situation for oxide processing is to have up to 8.0 kg of Pu at a WX S 20 in 
up to aix boats and one 0.5 L container, with a minimum 25.5 cm (10 in.) edge-to-edge spacing, 
and no more than 2.5 kg Pu in any container. The normal situation for metal processing is to have 
up to 4.65 kg ofPu in up to six boats and one 0.5 L container, with a minimum 25.5 cm (10 in.) 
edge-to-edge spacing, and no more than 2.5 kg Pu in any container. Any glovebox holdup must 
be subtracted from the total mass limit to determine the maximum fissile mass allowed in 
containers. Normal operation allows holdup in a variety of forms, such as a layer on the floor or 
furnaces, piles of material on the floor, or filter accumulations. However, noticeable 
accumulations of fissionable materials, such as fiom spills, are not allowed to remain in the 
glovebox and must be cleaned up as soon as practical. A contingency would be through operator 
mor to exceed the glovebox mass limits by not accounting correctly for the amount of holdup in 
the glovebox. It is not credible for any unaccounted glovebox holdup to exceed a siigle unit mass 
of 2.5 kg Pu. Therefore, the extra boat stacking contingency described in Section 5.3.3 covers a 
more reactive configuration than any arrangement of this metal or oxide holdup. The calculations 
for this contingency in Section 5.3.3 provided a k o f  0.9007 f 0.0015 (case c9007sml) for an 
extra boat of oxide and 0.93 16 f 0.001 1 (case c9007sm2b) for an extra boat of metal for metal 
processing and 0.9385 f 0.0016 (case c9007sol) for oxide processing. These kegs satisfy the 
criticality limit of 0.932 for MCNP calculations of metal systems and 0.942 for MCNP 
calculations of oxide systems. A second unlikely and unrelated contingency would have to occur 
in order to exceed the safety limits. The double contingency criterion has been met. 

5.3.8 Container Too Large 

The normal situation for both metal and oxide processiig allows one 0.5 L container for a 
sweeps container. Through operator error, a larger container could be brought in to the glovebox 
in place ofthe 0.5 L container. The fire contingency described in Section 5.3.2 covers flooding of 
the glovebox with water up to the top of the boats and the entire glovebox volume filling with 
water mist at various densities. These analyses conservatively bound any contingency of larger 
containers in the glovebox. For the oxide processing, even idly flooding the glovebox with water 
provided a ka of 0.8775 f 0.0014 (case c9007fol), which satisfies criticality safety limit of 0.942 
for oxide systems. For the metal processing, flooding the glovebox with water to the top of the 
boats and filling the glovebox air with water at a density of 0.20 gkm3 provided a lGar of 0.9306 f 
0.0013 (case c9007hS), which satisfies the criticality safety l i t  of 0.932 for metal systems. 

5.3.9 Extra Oil or Plastic 

The normal situation for both metal and oxide processing allows a 0.5 L container, a damp 
rag for cleaning, a lubricant container not to exceed 50 ml, and waste packages that may contain 
gloves, rags, containers used to port-in items, etc. Extra oil or plastic could be introduced into 
the glovebox by bringing in a larger container of lubricant or other liquid, or allowing an 
accumulation of excess plastic such as gloves or bags. The fire contingency described in Section 
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5.3.2 covers f l o w  of the glovebox with water up to the top of the boats and the entire 
glovebox volume f 3 h g  with water mist at various densities. These analyses conservatively bound 
any contingency of extra oil or plastic in the glovebox. For the oxide processing, even klly 
flooding the glovebox with water provided a b  of 0.8775 f 0.0014 (case c9007fol), which 
satistles criticality safety limit of 0.942 for oxide systems. For the metal processing, flooding the 
glovebox with water to the top of the boats and filling the glovebox air with water at a density of 
0.20 &cm3 provided a k o f  0.9306 f 0.0013 (case c9007fin8), which satisfies the criticality 
safety limit of 0.932 for metal systems. 

5.3.10 Overloaded Boat 

The normal situation for oxide processing is to have up to 8.0 kg of h at a WX S 20 in 
up to six boats and one 0.5 L container, with a minimum 25.5 cm (10 in.) edge-to-edge spacing, 
and no more than 2.5 kg Pu in any container. The normal situation for metal processing is to have 
up to 4.65 kg ofPu in up to six boats and one 0.5 L container, with a minimum 25.5 cm (10 in.) 
edgeto-edge spacing, and no more than 2.5 kg Pu in any container. A contingency would be 
through operator error, such as a spill, to exceed the container mass limit by overloading a boat 
with oxide or metal material. It is not credible to overload a boat by more than a sigle unit mass 
of 2.5 kg Pu, or for this overloaded material to have an WX greater than 20. Therefore, the extra 
boat stacking contingency described in Section 5.3.3 covers a more reactive configuration than 
any arrangement of this metal or oxide overload. The calculations for this contingency in Section 
5.3.3 provided a k o f  0.9007 f 0.0015 (case c9007sml) for metal processing and 0.9385 f 
0.0016 (case c9007sol)for oxide processing. These b satisfy the criticality limit of 0.942 for 
MCNP calculations of oxide systems and 0.932 for MCNP calculations of metal systems. A 
second unlikely and unrelated contingency would have to occur in order to exceed the safety 
limits. The double contingency criterion has been met. 

5.3.11 Oxide Boat Spilled on Metal Boat While Processing Metal 

The normal situation for metal processing is to have up to 4.65 kg of Pu in up to six boats 
and one 0.5 L container, with a minimum 25.5 cm (10 in.) edge-to-edge spacing. Oxide material 
can, and will, be present in the glovebox when processing metal, as long as the 4.65 kg Pu total 
mass limit is met. A contingency would be to have a spill or operator error where an oxide boat is 
spilled on a metal boat. The glovebox could therefore contain a single boat with up to 4.65 kg of 
some combiition of Pu metal and oxide. This contingency is covered by the button in boat 
analysis for oxide processing described in Section 5.3.4. The analysis in Section 5.3.4 included a 
2.5 kg Pu metal sphere in a boat that already contained 2.5 kg ofPu as P u 0 ~  at WX = 20. The 
button was modeled as a 2.5 kg Pu metal sphere centered in a boat on the glovebox floor, with 
the remainder of the boat volume Wed with the 2.5 kg Pu as h oxide. The height of the oxide 
material was increased beyond the height of the boat to compensate for the displaced volume of 
the metal sphere. The spacing violation assumed in the base case was thus represented by the 
more reactive situation of combining the contents of two boats. The mass of Pu in the glovebox 
boats and sweeps container was at the oxide l i t  of 8.0 kg h, which is more reactive than the 

5-22 



HNF-5450 Rev. 0 

4.65 kg PU metal mass limit. The calculation for the button in boat contingency provided a koe of 
0.8833 f 0.0017 (case. ~9007~02). This b satisfies the criticality limit of 0.932 for MCNP 

calculations of metal systems. A second unlikely and unrelated contingency would have to occur 
in order to exceed the sat'kty limits. The double contingency criterion has been met. 

5.3.12 Sieve Pan Assembly Left in Glovebox While Processing Oxide 

The sieve pan assembly can be used when processing metal or mixed metal and oxide 
material to separate any combined oxide and metal materials under the metal limit set. The sieve 
pan assembly is removed or made a noncontainer in the glovebox when processing only oxide 
material under the oxide limit set. A contingency would be for the sieve pan assembly to be a 
container in the glovebox when processing oxide material under the oxide limit set. The sieve pan 
assembly provides a larger volume, 3.3 L, than a boat. Having 2.5 kg of oxide material in the 
sieve. pan assembly rather than a boat is covered by the extra boat stacking contingency described 
in Section 5.3.3. The other impact of the sieve pan assembly is it provides additional volume that 
could be filled with water in the event that fire sprinklers introduce water into the glovebox. The 
fire Contingency analysis described in Section 5.3.2 showed that for oxide processiig the fully 
flooded glovebox had a &of 0.8775 f 0.0014, which satisfies the criticality limit of 0.942 for 
MCNP calculations of oxide systems. A second unlikely and unrelated contingency would have 
to occur in order to exceed the safety limits. The double contingency criterion has been met. 
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Peer Review comments 

D. G. Erickson, a qualified Criticality Safety Specialist of the Criticality and Shielding 
group in FDNW Safety Analysis and Nuclear Engineering, carried out an independent, technical 
review of "F-5450, Rev. 0, CSER 99-007: Criticality Safety Evaluation Report for the PFP 
Glovebox HA-ZIIMuJle Furnace Operation for Plutonium Stabilization, for which the following 
comments were provided. 

The technical arguments given in the report were found to be sound for qualifying the 
criticality safety ofPFp glovebox HA-211 for use in receiving muffle hrnace boats filled with a 
maximum of 2.5 kg of plutonium as metal and/or oxide and thermally stabilizing the material. All 
credible contingencies resulted in 
the code bias and calculational uncertainties. 

that are within the subcriticality limit of & = 0.95 including 

The review of this CSER showed that the normal condition analyses adequately and 
conservatively modeled the actual conditions that would be found in the glovebox. The base case 
model conservatively included the effects of any anticipated off-normal operating conditions. 
Some of the conservatisms in the base case were: 1) assuming all material was =%'u, 2) not 
includw any of the structural metal for the boats, 3) nominal (2.54 cm) water reflection on all 
containem, 4) assuming maximum moderation for all oxides cases, and 5) combining plutonium 
metal pieces into worst possible geometry. For the oxide cases, the boats actually contained 2.58 
kg of plutonium when filled to the maximum volume of 2.2 P at the maximum WX of 20. 

The review of the unlikely off-normal condition analysis (contingencies) also incorporated 
all of the above mentioned conservatisms, as well as including additional conservatisms that 
bound any credible off-normal operation. The analysis shows that even ifthe glovebox were to be 
flooded, containers were to be overbatched, or spacing between containers was lost, the system is 
still subcritical. 

The plutonium densities, including all or part of a plutonium metal button, between the 
theoretical density of Pu02(11.46 &m3) at an Wpu of 0 up to the maximum "u (lowest 
density) possible with the available container volume is analyzed and shown to be acceptable. In 
all cases adequate margins of safety exist to assure that the operations to be performed in 
glovebox HA-211 will not pose any criticality concerns. 

The analysis of the postulated seismic event also very conservatively models any credible 
rearrangement of the materials and containers in glovebox HA-211. The model used either a 
spherical geometry for the metal contingency or an inverted pyramid in the corner of the glovebox 
for the oxide contingency with at least nominal (2.54 cm) water reflection surrounding the entire 
model. It is incredible to believe that any event could cause the materials contained in the 
glovebox to even approach the modeled geometry. 

The report was reviewed for technical accuracy, consistency, coverage of all credible 
contingencies, and adequacy of limits. Discrepancies, inconsistencies, and significant editorial 
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presentation issues were r a i d  and have been adequately resolved. 

The input and output files &om all computer calculations were also reviewed. The input 
tiles were checked for material densities, material masses, geometry, and container volumes. 
During the course of that review several modeling discrepancies and non-consematisms were 
noted, and those cases were correctedrevised and recalculated. The output files were checked 
for convergence. The hva lues  reported in the report were verified against the results in the 
output files. 

This reviewer affirms that based on the analysis contained in CSER 99-007, the operations 
p r o p o d  for PFP glovebox HA-211 are safe &om a criticality standpoint. 
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B.l VALIDATION PROCEDURE 

Validation of the computer code methods in this analysis consisted of testing the code and 
neutron cross SCaion~ on calculations of known critical configurations. These benchmark experiments 
have fissile isotopes in systems similar to that evaluated by this CSER. The computed and measured 
& for the benchmark confiprations were compared to establish a bias that includes the uncertainty in 
the calculational methods. A bias-adjusted b for the benchmark systems was defined to include both 
the deviations of the calculated from the measured us, and experimental and calculational 
uncertahtiea along with the spread in the ability of the computer code to calculate similar systems. In 
addition, criticality safely criteria require that the bias-adjusted b for CSER analysis calculations not 
exceed the established koti safkty limit at the 95% confidence level. 

This method is illustrated in Figure B. 1. Critical is defined as a IC,E of unity, adjusted by the bias 
established from the comparison of calculations with benchmarks. The bias is combined with the safety 
margin of 0.05 (a safety limit that kotimust be less than or equal to 0.95) to compare with the calculated 
value md statistical uncertainty of the computer calculated us of this CSER analysis. The calculated 
targd h i s  established by adding the bias, 0.05, and 1.645 times the one-sigma uncertainty ofthe 
calculated k for the particular CSER analysis and subtracting that value from 1 .O. For the analyses in 
this CSER, all the computer statistical uncertainties were less than f 0.002, so this value was used to set 
the target U s  as described in Section B.2. 

k.”+1.645@ 

k.” 

0.05 of N d  D i d  + 0.95 o f N d  Didhtim 

Figure B. 1. Logic of Validation Procedure 
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B.2 GENERIC VALIDATION FOR PLUTONIUM SYSTEMS 

A report by J. S .  Lan, MChP Version 4B Approval For Use Documentation & Authorized User 
List (Lan 1999), presents the results of calculations to determine a generic bias for plutonium 
configurations, as encountered in the Plutonium Finishing Plant. One hundred and forty three bench- 
mark experiments were calculated. There were different material types that were considered in the 
plutonium validation calculations: 

. Plutonium metal, . Plutonium oxide, . Plutonium solutions, . . Plutonium solutions with cadmium (a neutron poison), 
Water and polystyrene moderators, and 
Water, plexiglass, paraffin, polyethylene, and steel and concrete reflectors . 

The lower tolerance limit h was calculated for the benchmark experiments such that there is 
95% confidence that 95% of the benchmark calculated U s  is above that limit. This is expressed by the 
following formula: 

m. = k"g-%*owp 

where: h = lower tolerance limit for 95% confidence that 95% of the benchmark calculated 

= the average of the U s  calculated by MCNP 4B, 
= a multiplier found from statistical tables for non-central t-distribution, and depends 

on number of degrees of freedom, and 
= standard deviation of the MCNP U s .  

1661s is above this limit, 

Ks 

=..r 

Bias is calculated by the following formula: 

bias = h-k ,  

where: 
kaa = the average of the Us for the critical experiments; for the plutonium experiments 

k&, = 1.000. 

The bias for the plutonium metal group was significantly different than for all other groups. For 
this reason, it was concluded that separate bias values for metal and non-metal groupings would be 
appropriate. The lower tolerance limit for the metal group (17 benchmark critical experiments) 
calculated to be 0.9884. The lower tolerance limit for the non-metal group (126 benchmark critical 
experiments) calculated to be 0.9991. These lower tolerance limits yielded the bias appropriate for each 
material category: 

. Plutonium metal bias is -0.0116, . Plutonium non-metal bias is -0.0009. 
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For conservatism, these calculated biases were recommended to be increased to: 

. Plutonium metal recommended bias is -0.0150, . Plutonium non-metal recommended bias is -0.0050. 

The safety criteria for future calculations on undetermined systems requires that the 
bias-adjusted ken does not exceed 0.95 at the 95% confidence level. This is expressed by the following 
formula: 

k = LI.- bias+ 1.645 * o,~, 5 ht 

where: k& = k value given by MCNP 4B calculation for system in question, 
bias = -0.015 for PU metal, and -0.005 for Pu non-metal systems, 
1.645 = a constant number of standard deviations for .95 ofthe distribution for a one-sided 

u d  = standard deviation given by MCNP 4B calculation for system in question, and 
k = 0.95 for plutonium systems, generally. 

standard normal distribution 

kt is generally taken to be 0.95 for plutonium systems. 

For a standard deviation ( 0 ~ 1 ~ )  of 0.002 or less, the b v a l u e  for plutonium metal systems is: 

- (-0.015) + 1.645 * 0.002 5 0.95, or 

b b  S 0.95 + (-0.015) - 1.645 * 0.002 = 0.932. 

On this basis, it is determined that the true k of an analyzed configuration with plutonium will 
not exceed 0.95 with a 95% confidence level for plutonium metal systems ifthe calculated value (kUlc, 

and Q < 0.002) is limited to a maximum value of 0.932. 

Experiment, Benchmark Computer Code Calculation 
l.OOO+bias= 1.000+(-0.015) 

kl~~+bias=0.950+(-0.015) 

Critical 

kl*"O.95 

4 k""'+bias-l .6450°'0= 
0.950+(-0.0 15)-1.645(0.002) 
=0.932 

4 kx& 

Figure B.2. Implementation of Validation Procedure 

B-5 



HNF-5450 Rev. 0 

For a standard deviation ( U ~ J  of 0.002 or less, the b value for non-metal systems is: 

b b  - (-0,005) + 1.645 * 0.002 5 0.95, Or 

& S 0.95 + (-0.005) - 1.645 * 0.002 0.942. 

On this basis, it is determined that the true b of an analyzed codguration with plutonium will not 
exceed 0.95 with a 95% contldence level for plutonium non-metal systems ifthe calculated value &.lo, 

and u < 0.002) is limited to a maximum value of 0.942. 

Experiment. Benchmark Computer Code Calculation 

Critical 7 7 1.000+bias=1.000+(-0.005) 

kmU=0.95 kum.u+bias=0.950+(-0.005) 

Safety Margin=0.05 

0.0 

Figure B.3 Implementation of Validation Procedure 

B.3 VALIDATION OF MCNP 4B 

The validation of the MCNP4B code on the new computing system, IntergraphTu, 400/450 MHZ 
Pentium 11, personal computers was documented in Lan, 1999. The essence of the validation was 
cross-correlation of calculational results obtained with this code version and results of critical 
experiments, as reported i n M W  Version 4B Approval for Use Documentation &Authorized User 
List (Lan 1999). 
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MCNF' Input Files for Base Cases and Seismic Model and Diff Files for Others 

pyl6.M 
diffpyl6.M pyl5.M 
diffpyl6.M pyl4.M 
diffpyl6.M pyl3.M 
diffpyl6.M pyl2.M 
diffpyl6.M pyl1.M 
diffpyl6.M pyl0.M 
diffpyl6.M pyr9.M 
diffpyl6.M pyr8.M 
Pyr3.M 
diffPyr3.M Pyt2.M 
diffpyr3.txtpyrl.M 
difFpyr3.txt pyl7.M 
c9007bol.i 
diffc9007bol.i c9007nol.i 
diffc9007bol.i c9007fo2.i 
diffc9007bol.i c9007fo3.i 
diffc9007fo3.i c9007fo4.i 
diff c9007fo3 .i c9007fo5.i 
diffc9007fo3 .i c9007fo6.i 
diffc9007fo3.i c9007fo7.i 
diffc9007fo3.i c9007fol.i 
diffc9007bol.i c9007sol.i 
diffc9007bol.i c9007s02.i 
c9007bml.i 
diffc9007bml.i c9007nml.i 
difFc9007bml.i c9007bmlpb.i 
diffc9007bml.i c9007fm2.i 
diffc9007fm2.i c9007fm3.i 
diffc90076n2.i c9007fm4.i 
diffc9007fm2.i c9007fin5.i 
diffc9007fm2.i c9007fm6.i 
dBc9007fm2.i c9007fm7.i 
diffc9007fm2.i c90076n8.i 
diffc9007fm2.i c9007fml.i 
diffc9007bml.i c9007sml.i 
diffc9007bml.i c9007smZb.i 
diEc9007sm2b.i c9007sm2d.i 
diffc9007sm2d.i c9007sm2e.i 
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pyl6.txt 

seiemic contingency for metaUPu02 H/X - 20 in pyramid with 12" h2o on top 
1 5 -1.00 1 2 3 -4 11 imp:n=l $ inside pu 
2 5 -1.00 i-1:-2:-3: 41 5 6 7 -8 9 imp:n=l $ 1" h2o 
3 3 -2.37 -9 -10 imp:n=l $ concrete floor 
4 4 -0.00129 1-5:-6:-7: 81 9 -10 imp:n=l $ air 
5 0 10 imp:n-O $ outside world 
6 6 -19.48 -11 imp:n=l $ metal sphere 

boat ------- 
1 PX 
2 PY 
3 PZ 
4 P 
5 PX 
6 PY 
7 PZ 
8 P 
9 P 

10 80 
11 B 

-2.54 
50.03 0 0 0 50.03 0 0 0 50.03 
0.707107 0.701101 0.707107 0.0 
80.0 $ outside world 
4.0 4.0 4.0 3.84769 

mode n 
ml 94239.55~ 1.00 8016.50~ 12.0 1001.50~ 20.0 $ rho=2.2124, boat 
mtl 1wtr.Olt 
m4 7014.50~ 0.790000 8016.50~ 0.210000 $ rho=0.00129 ar, air 
m5 1001.50~ 0.66667 8016.50~ 0.3333 $ rho=1.00 , h20 
mt5 1wtr.Olt 
m3 1001.50~ 0.0642 8016.50~ 0.5916 14000.50~ 0.2405 $ rho=2.37 

20000.50~ 0.0738 26000.55~ 0.0299 $ concrete 
mt3 lwtr.0lt 
m6 94239.55e 1.00 
kcode 3000 1.0 10 100 
kerc 3.64 3.64 3.64 
prdmp j -300 1 3 
totnu 
print 
ctme 40 

diff pyl6.txt pyl5.txt 

2oczo 
< 11 s 4.0 4.0 4.0 3.84169 --- 
> 11 s 4.0 4.0 4.0 3.86143 

diff pyl6.txt pyl4.txt 

2oc20 
< 11 8 4.0 4.0 4.0 3.84769 _ _ _  
> 11 s 4.0 4.0 4.0 3.8165 

diff pyl6.txt py13.txt 

2C2 
< 1 5 -1.00 1 2 3 -4 11 imp:n=l $ inside pu 

> 1 1 -2.2124 1 2 3 -4 11 imp:n-1 $ inside pu 
1 3 ~ 1 3  
< 4 p 19.55 0 0 0 19.55 0 0 0 19.55 

> 4 P 17.55 0 0 0 17.55 0 0 0 17.55 
1 7 ~ 1 7  
< 8 P 50.03 0 0 0 50.03 0 0 0 50.03 

--- 

--- 

--- 
> 8 p 48.03 0 0 0 48.03 0 0 0 48.03 
2oc20 
< 11 9 4.0 4.0 4.0 3.84769 

> 11 s 3.6416 3.6416 3.6416 3.64 
--- 
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diff py16.txt pyl2.txt 

2C2 
< 1 5 -1.00 1 2  

> 1 1 -2.2124 1 2  
13c13 

_ _ _  
< 4 p 19.55 0 0 0 _ _ _  
> 4 P 11.55 0 0 0 
11C11 
< 8 P 50.03 0 0 0 _ _ _  
> 8 P 48.03 0 0 0 
2OC20 
< 11 s 4.0 4.0 4.0 3. 

> 11 s 3.6416 3.6416 
--- 

diff pyl6.txt pyll.txt 

3 -4 11 

3 -4 11 

19.55 0 0 0 19.55 

11.55 0 0 0 11.55 

50.03 0 0 0 50.03 

48.03 0 0 0 48.03 

,84769 

3.6416 3.591 

2C2 
< 1 

11C11 
< 8 _ _ _  
> 8 
2oc20 
< 11 

5 -1.00 1 2 3 -4 11 

1 -2.2124 1 2 3 -4 11 

P 19.55 0 0 0 19.55 0 0 0 19.55 

p 18.06 0 0 0 18.06 0 0 0 18.06 

p 50.03 0 0 0 50.03 0 0 0 50.03 

P 48.54 0 0 0 48.54 0 0 0 48.54 

s 4.0 4.0 4.0 3.84769 

* 3.6416 3.6416 3.6416 3.565 

diff pyl6.txt pyl0.txt 

2C2 
< 1 

> 1 
13c13 
< 4 

> 4 
11011 
< 8 

> 8 
2oczo 
< 11 

> 11 

_ _ _  

_ _ _  

5 -1.00 1 2 3 -4 11 

1 -2.2124 1 2 3 -4 11 

P 19.55 0 0 0 19.55 0 0 0 19.55 

p 18.55 0 0 0 18.55 0 0 0 18.55 

p 50.03 0 0 0 50.03 0 0 0 50.03 

p 49.03 0 0 0 49.03 0 0 0 49.03 

8 4.0 4.0 4.0 3.84169 

8 3.6416 3.6416 3.6416 3.533 

diff pyl6.txt pyr9.txt 

2c2 
< 1 5 -1.00 1 2 3 -4 11 _ _ _  
> 1 1 -2.2124 1 2 3 -4 11 
1 3 ~ 1 3  
< 4 p 19.55 0 0 0 19.55 0 0 0 19.55 

> 4 p 21.0 0 0 0 21.0 0 0 0 21.0 
17c17 
< 8 p 50.03 0 0 0 50.03 0 0 0 50.03 

_ _ _  

imp:”-1 $ inside pu 

imp:”-1 $ inside pu 

imp:n=l S inside pu 

imp:n=l $ inside pu 

imp:n=l $ inside pu 

imp:n=l 9 inside pu 

imp:n-1 S inside PU 

imp:n=l 4 inaide PU 
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--- 
> 8 p 51.48 0 0 0 51.48 0 0 0 51.48 
2oc20 
< 11 s 4.0 4.0 4.0 3.84769 

> 11 9 3.9416 3.9416 3.9416 3.325 
33c33 
< ksrc 3.64 3.64 3.64 

> ksrc 3.94 3.94 3.94 

_ _ _  

_ _ _  

diff pyl6.txt pyra.txt 

2c2 
< 1 5 -1.00 1 2 3 -4 11 imp:n=l $ inside pu 

> 1 1 -2.2124 1 2 3 -4 11 imp:n=l S inside pu 
1 3 ~ 1 3  
< 4 p 19.55 0 0 0 19.55 0 0 0 19.55 

--- 

--- 
> 4 p 19.0 0 0 0 19.0 0 0 0 19.0 
17~17 
< 8 P 50.03 0 0 0 50.03 0 0 0 50.03 --- 
> 8 P 49.48 0 0 0 49.48 0 0 0 49.48 
2oc20 
< 11 s 4.0 4.0 4.0 3.84769 

> 11 
33c33 
< ksrc 

8 3.9416 3.9416 3.9416 3.5 

3.64 3.64 3.64 

> ksrc 3.94 3.94 3.94 
_ _ _  

pyx3 . txt 
seiemic contingency for PuO2 H/X = 20 in 7.0 liter pyramid with 12" h2o on top 

1 1 -2.2124 1 2  3 - 4  imp:n=l 9 inside pu 
2 5 -1.00 i-1:-2:-3: 4 )  5 6 7 -8 9 imp:"-1 9 1" h2o 
3 3 -2.37 -9 -10 imp:n=l 9 concrete f loo r  
4 4 -0,00129 (-5:-6:-7: 81 9 -10 imp:n=l 9 air 
5 0 10 imp:n=O $ outside world 

boat c ------- 
1 PX 
2 PY 
3 PZ 
4 P 
5 PX 
6 PY 
7 PZ 
8 P 
9 P 

10 80 

mode 
ml 
rntl 
m4 
m5 
mt5 
m3 

mt3 
kcoda 
ksrc 
prdw 
totnu 
print 
ctme 

.................................................................... 
0.00 
0.00 
0.00 

34.4810 0 0 0 34.4810 0 0 0 34.4810 
-2.54 
-2.54 
-2.54 
64.9610 0 0 0 64.9610 0 0 0 64.9610 
0.707107 0.707107 0.707107 0.0 
80.0 9 outside world 

" 
94239.55c 1.00 8016.50~ 12.0 1001.50~ 20.0 $ rho=2.2124, boat 
1vtr.01t 
7014.50~ 0.790000 8016.50~ 0.210000 9 rho-0.00129 ar, air 
1001.50~ 0.66667 8016.50~ 0.3333 $ rho-1.00 , h20 
lutr.01t 
1001.50~ 0.0642 8016.50~ 0.5916 14000.50~ 0.2405 S rho-2.37 
20000.50~ 0.0738 26000.55~ 0.0299 S concrete 
1wtr.01t 
3000 1.0 10 100 
5.0 5.0 5.0 
j -300 1 3 

40 
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diff pyr3.txt pyr2.txt 

1zc12 
< 4 p 34.4810 

> 4 p 34.6936 
1 6 ~ 1 6  
< 8 p 64.9610 

> 8 p 65.1136 
30c30 
< ksrc 5.0 5.0 5.0 

--- 

-_- 

0 0  

0 0  

0 0  

0 0  

0 34.4810 0 0 0 34.4810 

0 34.6936 0 0 0 34.6936 

0 64.9610 0 0 0 64.9610 

0 65.1736 0 0 0 65.1736 

> ksrc 9.0 9.0 9.0 

diff pyr3.txt pyr1.txt 

IC1 
< seismic contingency for PuO2 H/X = 20 in 1.0 liter pyramid with 12" h2o on top --- 
> seismic contingency for PuO2 H/X - 20 in 7.2 liter pyramid with 12" h2o on top 
1zc12 
< 4 P 34.4810 0 0 0 34.4810 0 0 0 34.4810 

> 4 P 34.92501 0 0 0 34.92501 0 0 0 34.92501 
1 6 ~ 1 6  
< 8 D 64.9610 0 0 0 64.9610 0 0 0 64.9610 

--- 

--- 
> 8 D 65.40501 0 0 0 65.40501 0 0 0 65.40501 

diff pyr3.txt pyl7.txt 

2C2 
< 1 1 -2.2124 1 2  3 - 4  imp:n=l S inside pu 

> 1 1 -11.46 1 2  3 - 4  imp:n=l S inside pu 
12e12 ~~~~~ 

< 4 p 34.4810 0 0 0 34.4810 0 0 0 34.4810 

> 4 p 16.808 0 0 0 16.808 0 0 0 16.808 
1 6 ~ 1 6  
< 8 P 64.9610 0 0 0 64.9610 0 0 0 64.9610 

_ _ _  

--- 
> 8 P 47.29 0 0 0 47.29 0 0 0 47.29 
21c21 
< ml 94239.55~ 1.00 8016.50~ 12.0 1001.50~ 20.0 S rho-2.2124, boat _ _ _  
> ml 94239.55~ 1.00 8016.50~ 2.0 S rho-2.2124, boat 

09007bo1.i 

glovebox ha211 muffle furnace model - base oxide - c900lbol 
c baea case oxide 8 kg pu total 
c glovebox - full water reflection on all sides 
c furnaces - empty 
E boats - 3 boats on floor 
E 2 boats touching sides, 1 boat 10" spacing 
c 1.113 g pu/cc oxide 
E 2.5 kg pu/boat 
c h l x  - 7 0  . .., .. -. 
c 1 inch water reflection on boats 

C containers - 1 0.5 liter polyjar 10" spacing from boats c sides, top, bottom of boats not included 

C 1.113 cg pu/cc oxide 
C h/x-20 
C 5009 pu 
c 1 inch water reflection on polyjar 
c ha28 conveyor - 1 boat 10 inch spacing from boats in glovebox 
c 2.5 kg pu 
C h/x - 20 
C 1 inch water reflection 
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C 
E 

1 

0 
2 

c 
3 
4 
5 
6 

C 
8 

9 
C 

0 

10 

C 
11 

C 
12 

13 

20 

21 

22 

23 

30 

31 

32 

33 

201 
202 
204 

205 

C 

C 

E 

C 

C 

c 

C 

C 

C 

C 

c 

207 
208 

301 
302 

E 

glovebox 
0 1 -2 3 -4 20 -6 

110 111 112 113 
120 121 122 123 
130 131 132 133 
(-211:9:-210:212:213I 
(-211:9:-224:214:213) 
(-307:308:-309:310:-311 
1402:4041 

glovebox floor depression 
0 3 -2 7 -5 8 -9 

1-211:9:-210:212:2131 
I-211:9:-224:214:2131 

.:3121 
imp:n=l 

14021 
glovebox lead sidewall and window 
1 -1.0 I-1:2:-31 I10 -11 12 -4 5 -191 
1 -1.0 7 -5 8 -9 12 -3 
1 -1.0 7 -5 8 -9 -11 2 
1 -1.0 (-1:2:-31 I10 -11 12 -4 19 -61 
full water reflection 
1 -1.0 ~~-10:11:-12:4:61~13 -14 15 -16 

(13 -14 15 -16 -5 17 (-8:-7:9:- 
outaide m r l d  
0 -13:14:-15:16:-17:18 
floor layer 
0 1 -2 3 -4 5 -20 

(-211:9:-210:212:2131 
(-211:9:-224:214:213I 
1402:4041 

f l l rnloc 1 - -_ . .- - - 
2 -2.1 

furnace 
0 

boat in 
0 

- 
(101 -102 105 -106 -103 1041 
(-108:109:-110:111:1121 

cavitv 

furnace door 
2 -2.1 101 -102 -104 107 105 -106 
furnace 2 
like 10 but trd-2 
furnace cavity 
like 11 but trcl-2 
boat in furnace cavity 
like 12 but trcl-2 
furnace door 
like 13 but trcl-2 
furnace 3 
like 10 but trcl-3 
furnace cavity 
like 11 but trcl-3 
boat in furnace cavity 
like 12 but trcl-3 

with 

polyjar 
3 -2.214 -401 7 -403 
1 -1.0 (-402 7 -4041 1401:4031 
1 boat with 10" apacing from others 
3 -2.214 301 -302 303 -304 305 -306 
1 -1.0 1-301:302:-303:304:-305:3061 

307 -308 309 -310 311 -312 

px 0.0 
py 109.20 
PY 0.0 
px 441.96 

5 -1811:  
12:111 I 

trc1=1 

1" water 

imp:n=l 

imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 

imp:"-1 

imp: n-0 

imp:n-1 

imp:n=l 

imp:n-1 

imp:n=l 

imp:"-1 

imp:n-1 
imp:n-1 

imp:n-1 

imp:n-l 

imp:n=l 
imp:"-1 

imp:n=l 

imp: n-1 
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5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
C 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 

201 
202 
203 
204 
205 
206 
207 

209 
210 
211 
212 
213 
214 
215 
216 
217 
223 
224 

301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 

0 

208 

c 

pz 0.0 
pz 102.24 
pz -5.08 
px 283.21 
px 358.14 
px -1.27 
py 110.47 
py -1.27 
px -30.48 
py 139.68 
py -30.48 
px 472.41 
pz -30.48 
pz 132.72 
pz 41.91 
DZ 2.54 .~ ~ 

furnace 
pz -21.1 
pz 21.1 
py 50.5 
PY 0.0 
px -19.50 
px 19.50 
py -6.035 
pz -6.35 
pz 6.35 
px -6.985 
px 6.985 
py 33.02 
pi -6.20 
pz 0.0 
px -6.35 
px 6.35 
py -2.54 
py -30.48 
pz -8.74 
pz 2.54 
px -8.89 
px 8.89 
PY 0.0 
py -33.02 
py 27.94 
boats 
pz 1.12 
py 86.35 
py 99.05 
px 327.66 
px 355.60 
py 60.95 
py 48.25 
py 22.85 

py 83.81 
px 325.12 
py 101.59 
pz 3.66 
py 63.49 
py 45.71 
py 25.39 
py 7.61 
py 35.55 
py 33.01 
boat with 10” apacing from other boats (conveyor) 
px 327.66 
px 355.60 
pz 26.52 
pz 32.72 
py 48.25 
py 60.95 
px 325.12 
px 358.14 

pz 35.26 
py 45.71 
py 63.49 

py 10.15 

PZ 23.98 
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c polyjar 
401 c / z  297.815 54.60 4.445 
402 c/z 297.815 54.60 6.985 
403 pz 1.787 
404 pz 4.327 

ml 1001.5 2 8016.5 1 $water 
mtl lwtr.01 
m 2  8016.50 0.03930 12000.50 0.00063 13027.50 0.00994 Sfirebrick 

m3 94239.55 1.00 8016.50 12 1001.50 20 Spu oxide h/x=20 
mt3 lwtr.01 
'trl 78.74 34.29 26.18 40 50 90 130 40 90 90 90 0 Sfurnace 1 
'tr2 166.31 34.29 26.18 40 50 90 130 40 90 90 90 0 Sfurnace 2 
*tr3 254.00 34.29 26.18 40 50 90 130 40 90 90 90 0 Sfurnace 3 
ksrc 341 54 -2 

14000.50 0.01135 20000.50 0.00022 26000.55 0.00032 

341 16 -2 
341 92 -2 
298 54 -2 
341 54 30 

kcode 1000 1.0 10 400 
ctme 300 
print 10 40 50 
P r d w  1 1 1 3 

diff aSOO7bol.i aS007nol.i 

1,2c1,2 
< glovebox ha211 muffle furnace model - base oxide - c9007bol 
< c baas case oxide 8 kg pu total 

> glovebox haZli muffle furnace model - normal oxide - c9007nol 
> c normal case oxide 8 kg pu total 
6c6 
< E  2 boats touching sides, 1 boat 10" spacing 

> c  10" spacing 
28C28.29 
< (-211:9:-224:214:2131 

> (-211:9:-215:214:2131 
> 1-211:9:-217:216:2131 
34~35.36 
< 1-211:9:-224:214:2131 

> (-211:9:-215:214:213) 
> (-211:9:-217:216:213I 

< 1-211:9:-224:214:2131 

> I-211:9:-215:214:2131 
> I-211:9:-217:216:2131 
7 7 ~ 8 0  
< c  3 boats, 1 with 10" spacing on floor with 1" water 

_ _ _  

_ _ _  

_ _ _  

--- 

4 9c51.52 

--- 

_ _ _  ~~~ 

> c  3 boats, with 10" Bpacing on floor with 1" water 
79c82,83 
< 202 3 -2.214 223 -206 204 -205 7 -201 imT):n=l _ _ _  
> 202 3 -2.214 
> 203 3 -2.214 
82.83c86.89 
< 205 1 -1.0 
< 

> 205 1 -1.0 
> 
> 206 1 -1.0 
> 

--- 

207 -206 204 -205 7 -201 
209 -208 204 -205 7 -201 

1201:-223:206:-204:2051 
224 211 -214 -213 -9 7 

(201:-207:206:-204:205] 
215 211 -214 -213 -9 7 
1201:-209:208:-204:2051 
217 211 -216 -213 -9 7 

imp:n=l 
imp:n=l 

imp:n=l 

imp:n=l 

imp:n=l 

diff aS007bol.i asOo7fo2.i 

1,ZCl. 2 
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< glovabox ha2li muffle furnace model - base oxide - c9007bal 
< c base caae oxide 8 kg pu total 

> glovebox ha2li muffle furnace model - fire case oxide - c9007f02 
> c base case oxide 8 kg pu total, boats flooded 

< E  boat8 - 3 boats on floor 
< c  2 boats touching sides, 1 boat 10" spacing 
< E  1.173 g pu/cc oxide 
< c  2.5 kg pu/boat 
< E  h/x - 20 
> f  boatB - 6 boats 10" spacing on floor, 2 boats touching 

--- 

5.9C5.8 

--- 
0.5783 g PU/CD oxide + water > c  

> c  
> c  
1 3 ~ 1 2  

> c  
15cl4 
< c  

> c  
26,28c25,30 
< 
< 
< 

> 
> 
> 
> 
> 
> 

_ _ _  

--- 

32,35c34 
< 2 0  
< 
< 
< 

> 2 0  
48.49c41.51 
< 
< 

> 
> 
> 
> 
> 

--- 

--- 

1.33 kg-pdboat 
h/x - 41 

1.113 g pu/cc oxide 

1.173 g pulcc oxide + water 
5009 pu 

500 g pu 

(30 #31 (132 X33 
l-211:9:-210:212:2131 
1-211:9:-224:214:2131 

3 -2 7 -5 R -9  . _  .. . 
1-211:9:-210:212:213) 
1-211:9:-224:214:213) 
14021 

3 -2 7 -5 8 -9 

l-211:9:-210:212:213:-51 
1-211:9:-224:214:213:-51 
1-219:222:-210:212:213:-51 
1-219:222:-215:214:213:-51 
l-219:222:-217:216:213:-51 

imp: n-1 

imp:n=1 

< c  
< 201 
< 202 
< 204 
< 
< 205 
< 

> E  
> 201 
> 202 
> 204 
> 205 
> 206 
> 207 
> 
> 208 
> 
> 210 
> 
> 211 
> 
> 212 

--- 

71,83c79,94 
3 boats, 1 with 10" spacing on f l o o r  with 1" water 
3 -2.214 202 -203 204 -205 7 -201 imp: n-1 
3 -2.214 223 -206 204 -205 I -201 imp:n=l 
1 -1.0 l201:-202:203:-204:2051 

210 211 -212 -213 -9 7 imp:n=l 
1 -1.0 1201:-223:206:-204:2051 

224 211 -214 -213 -9 7 imp:n=l 

6 boats 10 
4 -1.627 
4 -1.627 
4 -1.627 
4 -1.627 
4 -1IS27 
1 -1.0 

1 -1.0 

1 -1.0 

1 -1.0 

1 -1.0 

" spacing on floor with 1" wi 
202 -203 204 -205 218 -201 
223 -206 204 -205 218 -201 
202 -203 220 -221 218 -201 
207 -206 220 -221 218 -201 
209 -208 220 -221 218 -201 
(201:-202:203:-204:205:-218) 
210 211 -212 -213 -9 5 

imp: "-1 
imp:n=l 
imp:n=l 
imp:n-1 
imp:n-1 

imp:n-1 

imp:n=l 

imp:n=l 

imp:"-1 
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> 217 219 -216 -213 -222 5 
85.86c96.97 
< 207 3 -2.214 -401 7 -403 
< 208 1 -1.0 (-402 7 -4041 1401:4031 --- 
> 213 3 -2.214 -401 218 -403 
> 214 1 -1.0 1-402 5 -4041 (401:403:-2181 
lllC122 
< 20 pr 2.54 

> 20 pz 1.12 

< 201 pz 1.12 

> 201 pz 8.74 

_ _ _  
139~150 

--- 
151~162 
< 213 pz 3.66 

> 213 p r  11.28 
155a167.171 
> 218 pz 2.54 
> 219 px 378.46 
> 220 px 381.00 
> 221 px 408.94 
> 222 px 411.48 
161,162~177,178 
< 303 pz 26.52 
< 304 pz 32.72 

> 303 pz 34.14 
5 304 pz 40.34 
167,168~183,184 
< 309 pz 23.98 
< 310 pr 35.26 

> 309 pz 31.60 
> 310 p r  42.88 
174,175~190,191 
< 403 pz 1.787 
< 404 pz 4.327 

--- 

--- 

--- 

> 403 pz 9.407 
> 404 pz 11.947 
182a199.200 
> m4 94239.55 -0.6059 
> mt4 lvtr.01 
186,189~204,210 
< ksrc 341 54 -2 
< 341 16 ~ -2 
< 341 92 -2 
< 298 54 -2 

imp:n-l 

imp:n-l 
imp:n=l 

imp:"-1 
imp:n=l 

8016.50 -0. 9167 1001.50 -0,1045 SPU oxide flooded 

diff 09007bol.i 09007fOS.i 

1,2Cl, 2 
< glovebox ha211 muffle furnace model - base oxide - c9007bol 
< c base cane oxide 8 kg pu total 

> glovebox ha2li muffle furnace model - base oxide - c9007fo3 
> c baae caes oxide 8 kg pu, flooded to top of boats, int. water-0 
3 2 ~ 3 2  
< 2 0  3 -2 7 -5 8 -9 

> 2 1 - 1  3 -2 7 -5 8 -9 
47c47 

--- 

--- 
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< 9 0  1 -2 3 -4  5 -20 _ _ _  
> 9 1 - 1  1 -2 3 -4 5 -20 
1llClll 
< 20 pz 2.54 

dlff 09007f03.1 09007f04.1 

1.2Cl. 2 
< glovebox ha211 muffle furnace model - base oxide - c9001fo3 
< c base cane oxide 8 kg pu, flooded to top of boats, int. water-0 

> glovabox ha2li muffle furnace model - base oxide - c9001fo4 
> c base case oxide 8 kg pu, flooded to top of boats, int. water-0.01 
23c23 
< l o  1 -2 3 -4  20 -6 

> 1 1 -0.01 1 -2 3 -4 20 -6 
32c32 
< 2 1 - 1  3 -2 1 -5 8 -9 

> 2 1 -1.0 3 -2 1 -5 8 -9 

--- 

--- 

--- 

dlff OP007f09.1 09007fOS.1 

1,2Cl, 2 
< glovebox ha2li muffle furnace model - base oxide - c9001fo3 
< c baas Case oxide 8 kg pu, flooded to top of boats, int. water-0 

> glovebox ha2li muffle furnace model - base oxide - c900lfo5 
> c base cane oxide 8 kg pu, flooded to top of boats, int. water-0.03 
23023 
< l o  1 -2 3 -4 20 -6 

--- 

--- 
> 1 1 -0.03 1 -2 3 - 4  20 -6 
32~32 
< 2 1 - 1  3 -2 1 -5 8 -9 --- 
> 2 1 -1.0 3 -2 1 -5 8 -9 

dlff 09007f03.1 09007f06.1 

1, ZCl. 2 
< glovebox ha2li muffle furnace model - base oxide - c9001fo3 
< c base caae oxide 8 kg pu, flooded to top of boats, int. water-0 

> glovebox ha2li muffle furnace model - base oxide - c9001fo6 
> E base cane oxide 8 kg pu, flooded to top of boats, int. water-0.10 
23~23 
< 1 0  1 -2 3 -4 20 -6 

> 1 1 -0.10 1 -2 3 -4 20 -6 

--- 

--- 
3 2 ~ 3 2  
< 2 1 - 1  3 -2 1 -5 8 -9 _ _ _  
> 2 1 -1.0 3 -2 1 -5 8 -9 

diff oS007fo3.1 oSO07fo7.1 

1.2c1.2 
< glovebox ha211 muffle furnace modal - base oxide - c9001fo3 
< c base case oxide 8 kg pu, flooded to top of boats, int. water-0 

> glovebox ha211 muffle furnace model - base oxide - c900lfol 
> c base case oxide 8 kg pu, flooded to top of boats, int. water-0.50 
23c23 
< 1 0  1 -2 3 -4 20 -6 

--- 

--- 
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> 1 1 -0.50 1 -2 3 -4 20 -6 
32~32 
< 2 1 - 1  3 -2 7 -5 8 -9 _-_ 
> 2 1 -1.0 3 -2 7 -5 8 -9 

diff 09007fOol.~ 09007fOl.i 

1.2c1.2 
< glovsbox ha211 muffle furnace model - base oxide - c9007fo3 
< c base case oxide 8 kg pu, flooded to top of boats, int. water-0 

> glovebox ha211 muffle furnace model - base oxide - c9007fol 
> c base case oxide 8 kg pu total interstitial water density -1 
23023 
< 1 0  1 -2 3 -4 20 -6 

_ _ _  

--- 
> 1 1 -1.0 1 -2 3 -4 20 -6 
32~32 
< 2 1 - 1  3 -2 7 -5 8 -9 

> 2 1 -1.0 3 -2 7 -5 8 -9 
1llClll 
< 20 pz 1.12 

> 20 pz 2.54 
194a195 
> 

diff 09007bol.i 01007.ol.i 

1,201. 2 
< glovebox ha211 muffle furnace model - base oxide - c9007bol 
< c base case oxide 8 kg pu total 

> glovebox ha211 muffle furnace model - baae oxide - ~9007801 
> c base cane oxide 0 kg pu boat from conveyor stacked 
17c17 
< c ha28 conveyor - 1 boat 10 inch spacing from boats in glovebox 

_ _ _  

--- 
> c ha28 conveyor - 1 boat no spacing from boats in glovebox 
7R.7qr7R 

f-211:9:-224:214:213) 
l-307:308:-309:310:-311:3121 --- 

> f-211:9:-224:214:l213 -228):1213 2271:3021 
79C78,79 
< 202 3 -2.214 223 -206 204 -205 7 -201 imp:n-1 --- 
> 202 3 -2.214 I223 -206 204 -205 7 -2011: 
> 1201 -301 -225 226 204 -205) imp:n-1 
82.83c82.83 
< 205 1 -1.0 1201:-223:206:-204:205) 
< 224 211 -214 -213 -9 7 imp:n-l 

> 205 1 -1.0 11201 -2261:1201 2251:301:-223:206:-204:2051 
> 224 211 -214 1-213:2281 l-213:-2271 -302 -9 7 imp:n-1 
87.9Cd86 
< c 1 boat with 10" spacing from Others 
< 301 3 -2.214 301 -302 303 -304 305 -306 imp:n-1 
< 302 1 -1.0 f-301:302:-303:304:-305:306) 
< 307 -308 309 -310 311 -312 imp:n-l 
157a154.157 
> 225 py 54.60 
> 226 py 41.90 
> 227 py 57.14 
> 228 py 39.36 
159,1JOc159,160 
< 301 px 327.66 
< 302 px 355.60 
< 303 pz 26.52 
< 304 pz 32.72 

--- 

C-14 



HNF-5450 Rev. 0 

< 305 py 48.25 
< 306 py 60.95 
< 307 px 325.12 
< 308 px 358.14 
< 309 pz 23.98 
< 310 pz 35.26 
< 311 py 45.71 
< 312 py 63.49 _ _ _  

dif f  aSOO7bol  .i oS007no2.i 

1,ZCl.Z 
< glovebox ha211 muffle furnace model - base oxide - c9007bol 
< c base case oxide 8 kg pu total 

> glovebox hatli muffle furnace model - base oxide - ~9007802 
> E base case oxide 8 kg pu total with metal and oxide boats combined 

--- 

> c  
2 8 ~ 2 9  
< _ _ _  
> 
34,235 
< _ _ _  
> 
49c50 
< --- 

2 boats touching sides, 1 boat 10" spacing 

1 boat with 2.5 kq metal combined with 1 boat 2.5 kg oxide, 
1 boat 10" spacing 

1-211:9:-224:214:2131 

1-211:9:-215:214:2261 

1-211:9:-224:214:2131 

I-211:9:-215:214:2261 

I-211:9:-224:214:2131 

> 1-211:9:-215:214:226I 
79000,81 
< 202 3 -2.214 223 -206 204 -205 7 -201 

> 202 3 -2.214 207 -206 204 -205 7 -225 501 
> 203 5 -19.48 -501 
82.83c84.85 
< 205 1 -1.0 1201:-223:206:-204:2051 
< 224 211 -214 -213 -9 7 

> 205 1 -1.0 1225:-207:206:-204:2051 
> 215 211 -214 -226 -9 7 
157a160,161 
> 225 pi 1.4817 
> 226 p i  4.0217 
161,162~165,166 
< 303 pz 26.52 
< 304 pz 32.72 

imp: n-1 

imp:n=l 
imp:n=1 

lmp:n=l 

imp:"-1 

Spu metal h/x-0 
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glovebox ha211 muffle furnace model - base metal - c900lbml 
0 
0 

0 

0 

0 
C 
0 
C 
0 

c 

C 

C 
C 
C 
C 
C 
C 
c 
E 
c 
0 

C 
C 
c 
c 
C 
C 

1 

C 
2 

C 
3 
4 
5 
6 

I 
C 

C 
8 

9 
C 

C 
10 

C 
11 

C 
12 

13 

20 

21 

22 

23 

C 

C 

C 

C 

c 

C 

base case metal 4.7 kg pu total 

glovebox - full water rafleotion on all sides 
furnaoss - empty 
boata - 2 boats on floor 

2 boats touching sides 

19.48 g pufcc pu metal 
2.35 kg pu/boat 
hlr - 0 ... .. - 
1 inch water reflection on boats 
aides, top, bottom of boats not included 

containers - 1 0.5 liter polyjae  10" spacing from boats 
0 9 pufcc 
h/x-0 

0 inch water reflection on polyjar 
ha28 conveyor - 1 boat 10 inch spacing from boats in glovebox 

0 9 PU 

2.5 kg pu 
h/x - 20 
1 inch water reflection 

glovebox 
0 1 -2 3 -4 20 -6 

#io 111 112 ai3 
Y Z O  xzi wzz a23 
(30 131 132 a33 
(-211:9:-210:212:2131 
(-211:9:-224:214:2131 
I-307:308:-309:310:-311:3121 
1402: 404 I 

glovebox floor depraesion 
0 3 -2 7 -5 8 -9 

(-211:9:-210:212:213l 
(-211:9:-224:214:2131 
14021 

glovebox lead sidewall and window 
1 -1.0 I-1:2:-31 110 -11 12 -4 5 -191 
1 -1.0 7 -5 8 -9 12 -3 
1 -1.0 I -5 8 -9 -11 2 
1 -1.0 1-1:2:-31 110 -11 12 -4 19 -61 
full water reflection 
1 -1.0 ~1-10:11:-12:4:61~13 -14 15 -16 5 -1811: 

outside world 
0 -13:14:-15:16:-17:18 
floor layer 
0 1 -2 3 -4 5 -20 

(13 -14 15 -16 -5 17 ~-8:-1:9:-12:1111 

(-211:9:-210:212:2131 
I-211:9:-224:214:2131 
1402:4041 

imp:"-1 

imp:n=l 

imp:"-1 
imp:"-1 
lmp:n=l 
imp:n=l 

imp:n=l 

imp:n=O 

imp:n=1 
furnace 
2 -2.1 

1 
(101 -102 105 -106 -103 104) 
~-108:109:-110:111:1121 trc1=1 imp:"-1 

furnace cavity 
0 108 -109 110 -111 -112 104 

I-113:114:125:-115:1161 trc1=1 imp:"-1 
boat in furnace cavity 
0 113 -114 -125 123 115 -116 trc1=1 imp:n=l 
furnace door 
2 -2.1 101 -102 -104 101 105 -106 trc1-1 imp:"-1 
furnace 2 
like 10 but trd-2 
furnace cavity 
like 11 but trcl-2 
boat in furnace cavity 
like 12 but trcl-2 
furnace door 
like 13 but trcl-2 
furnace 3 
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30 
C 

31 

32 

33 
C 
201 
202 
204 

205 

501 

207 
208 
C 
301 
302 

C 

C 

C 

e 
9 

1 0  
11 
12  
13 
1 4  
15 
1 6  
17  
18 
1 9  
20 

C 
101  
102  
103  
104 
105  
106 
107 
108 
109 
110  
111 
112 
113 
1 1 4  
115 
116  
111 
118 
119  
120  
121  
122 
1 2 3  
124 
125 
C 
201 
202 
203 
204 
205 

l i k e  1 0  b u t  t r c l - 3  
f u r n a c e  c a v i t y  
l i k e  11 b u t  trcl-3 
boat i n  f u r n a c e  c a v i t y  
l i k e  1 2  b u t  t r c l - 3  
f u r n a c e  door 
l i k e  13 b u t  trcl-3 
3 boats, 1 w i t h  10" s p a c i n g  on f l o o r  w i t h  1" w a t e r  
0 202 -203 204 -205 7 -201 
0 223 -206 204 -205 7 -201 1503:-502:-501] 
0 (201:-202:203:-204:2051 

1 -1.0 1201:-223:206:-204:205) 

4 -19.48 501 502 -503 -205 7 -201 
polyjar 
0 -401 7 -403 
0 (-402 7 -4041 i401:4031 
1 boat w i t h  10" s p a c i n g  from o t h e r s  
3 -2.214 301 -302 303 -304 305 -306 
1 -1.0 l-301:302:-303:304:-305:306] 

307 -308 309 -310 311 -312 

210 211 -212 -213 -9 7 

224 211 -214 -213 -9 7 

px 0.0 
py 109.20 
PY 0.0 
px 441.96 
pz 0.0 
PZ 102.24 
pz -5.08 

px -1.27 
p y  110.47 
py -1.27 
px -30.48 
py 139.68 
py -30.48 
px 472.44 
pz -30.48 
pz 132.72 
pz 41.91 
pz 2.54 
f u r n a c e  
PO -21.1 
p r  21 .1  

PY 0.0 

px 283.21 
px 358.14 

py 50 .5  

px -19.50 
px 19.50 
py -6.035 
pz -6.35 
p i  6 .35  
px -6.985 
px 6.985 
PY 33.02 
pz -6.20 
p r  0.0 
px -6.35 
px 6 .35  
py -2.54 
py -30.48 
pz -8.74 
pz 2.54 
px -8.89 
px 8.89 
PY 0.0 
p y  -33.02 
py 27.94 
boats 
pz 1.12 
py 86.35 
py 99.05 
PX 327.66 
px 355.60 

imp: n i l  
imp: n-1 

imp:"-1  

imp:"-1 
imp:n-1 

imp:n=l 
imp:n=l 

imp: n = l  

imp:n=l 
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206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
223 
224 
C 
301 
302 
303 
304 
305 
306 
301 
308 
309 
310 
311 
312 

401 
402 
403 
404 

501 
502 
503 

ml 
mtl 
m2 

0 

E 

py 60.95 
py 48.25 
py 22.85 

py 83.81 

py 101.59 

py 45.71 
py 25.39 
py 1.61 
py 35.55 
py 33.01 
boat with 10" spacing from other boats lconveyorl 
px 327.66 
px 355.60 
pz 26.52 
pz 32.72 
py 48.25 
py 60.95 
px 325.12 
px 358.14 
pz 23.98 
pr 35.26 
py 45.71 
py 63.49 
p01yjar 
C/E 297.815 54.60 4.445 
c/z 297.815 54.60 6.985 
pz 1.787 
pz 4.327 
metal buttons in boats 
py 45.131 
px 349.36 
py 51.369 

1001.5 2 8016.5 1 swater 
1vtr.01 
8016.50 0.03930 12000.50 0.00063 13027.50 0,00994 Sfirebrick 

py 10.15 

px 325.12 

pz 3.66 
py 63.49 

14000.50 0.01135 20000.50 0.00022 26000.55 0.00032 
m3 94239.55 1.00 8016.50 12 1001.50 20 SPU oxide h/x-ZO 
mt3 lvtr.01 
in4 94239.55 1.00 Spu metal 
*trl 18.14 34.29 26.18 40 50 90 130 40 90 90 90 0 Sfurnace 1 
'tr2 166.37 34.29 26.18 40 50 90 130 40 90 90 90 0 Sfurnace 2 
'tr3 254.00 34.29 26.18 40 50 90 130 40 90 90 90 0 Sfurnace 3 
ksrc 352 48 -2 

352 54 30 
kcode 1000 1.0 10 400 
ctme 300 
print 10 40 50 
prdw 1 1 1 3 

dff 09007hl.i 09007lml.i 

1,2Cl, 2 
< glovebox ha211 muffle furnace model - base metal - c900lbml 
< E bass case metal 4.7 kg pu total 

> glovebox ha211 muffle furnace model - normal metal - c9007nml 
> c normal case metal 4.7 kg pu total 
5.6~5 
< c  boat8 - 2 boats on f loor  
< c  2 boats touching sides 

> c boate - 2 boats on floor lo" spacing 

--- 

_-- 
28C27,28 
< (-211:9:-224:214:2131 --- 
> I-211:9:-215:214:213) 
> 1-211:9:-217:216:213) 
34c34.35 
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< (-211:9:-224:214:2131 --- 
> I-211:9:-215:214:2131 
> 1-211:9:-217:216:213I 
49~50.51 
< (-211:9:-224:214:2131 

> 
> 
77c79 

(-211:9:-215:214:2131 
1-211:9:-217:216:2131 

~~ 

< c  3 boats, 1 with 10" spacing on floor with 1" water 

> 0 2 boats. with 10" spaoing on floor with 1" water 
--- 
79081,82 
< 202 0 

> 202 0 
> 203 0 
82,84c85,90 
< 205 1 -1.0 
< 
< 501 4 -19.48 

> 205 1 -1.0 
> 
> 206 1 -1.0 
> 
> 501 4 -19.48 
> 502 4 -19.48 
178,180~184,185 
< 501 py 45.131 
< 502 px 349.36 
< 503 py 51.369 

--- 

--- 

_ _ _  

223 -206 204 -205 7 -201 (503:-502:-501) 

207 -206 204 -205 7 -201 501 
209 -208 204 -205 7 -201 502 

(201:-223:206:-204:2051 
224 211 -214 -213 -9 7 
501 502 -503 -205 7 -201 

1201:-207:206:-204:205) 
215 211 -214 -213 -9 7 
(201:-209:208:-204:2051 
217 211 -216 -213 -9 7 
-501 
-502 

imp:n-1 

imp:"-1 
imp:n=l 

imp:n=l 
imp: n=l 

imp: n=l 

imp:n=l 
imp:"-1 
imp:n=l 

> 501 8 352.534 51.316 -2.014 3.0652 
> 502 8 352.534 19.784 -2.014 3.0652 

diff 0 1 o o m . i  o e o o m ~ . l  

1,3cl, 3 
< glovebox ha211 muffle furnace model - base metal - c9007bml 
< c bass caBe metal 4.7 kg pu total 
< E glovebox - full water reflection on a l l  Sides 

> glovebox ha211 muffle furnace model - base metal - c9007bmlpb 
> c baae case metal 4.7 kg pu total 0.5 inch lead walls 
> c glovebox - full water reflection on all sides 0.5 inch lead walls 
37,39037.39 
< 3 1 -1.0 (-1:2:-31 (10 -11 12 -4 5 -19) imp: n=l 
< 4 1 -1.0 7 -5 8 -9 12 -3 imp:n-1 
< 5 1 -1.0 7 -5 8 -9 -11 2 imp:n=l 

> 3 5 -11.4 (-1:2:-31 (10 -11 12 -4 5 -19) imp:n-1 
> 4 5 -11.4 7 -5 8 -9 12 -3 imp:n-1 
> 5 5 -11.4 7 -5 8 -9 -11 2 imp: n = l  
l88a189 
> m5 82000.50 1.00 $lead metal 

_ _ _  

--- 

diff O S O O ~ . i  01007fm2.1 

1,2Cl,Z 
< glovebox ha211 muffle furnace model - base metal - c9007bml 
< c base case metal 4.7 kg pu total 

> glovebox ha211 muffle furnace model - base metal f ire  - c9007fmZ 
> c base case metal 4.7 kg pu total, flooded to top of boat 
32c32 
< 2 0  3 -2 7 -5 8 -9 

> 2 1 - 1  3 -2 7 -5 8 -9 
47c47 
< g o  1 -2 3 -4 5 -20 

_ _ _  

_ _ _  
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_ _ _  
> 9 1 - 1  

< 201 0 
< 202 0 
< 204 0 

> 201 1 -1 
> 202 1 -1 
> 204 1 -1 
86.87c86.81 
< 207 0 

i8,ao~78,ao 

--- 

< 208 o _ _ _  

1 -2 3 -4 5 -20 

202 -203 204 -205 7 -201 imp:n-1 
223 -206 204 -205 7 -201 (503:-502:-501) imp:n=l 
1201:-202:203:-204:205) 

202 -203 204 -205 7 -201 lmp:n=l 
223 -206 204 -205 7 -201 (503:-502:-5011 lmp:n=l 
(201:-202:203:-204:205) 

-401 1 -403 
1-402 7 -404) 1401:403) 

> 207 1 -1 -401 7 -403 
> 208 1 -1 ( -402 7 -404) (401:403) 
llZC112 
< 20 pz 2.54 

> 20 pr 1.12 
_ _ _  

imp: n-1 
imp:n-1 

lmp:n=l 
lmp:n=l 

diff a900lN.i aSOOlfm3.i 

1,2c1,2 
< glovebox ha211 muffle furnace model - base metal fire - c9007fmZ 
< c baaa Case metal 4.7 kg pu total, flooded to top of boat 

> glovebox ha2li muffle furnace model - base metal f i r e  - c9007fm3 
> C base case metal 4.7 kg pu total, flooded to top Of boat, 0.01 above 
2 3 ~ 2 3  
< 1 0  1 -2 3 -4 20 -6 

> 1 1 -0.01 1 -2 3 -4 20 -6 
197a198 
> 

diff a9007N.i aSOOlfm4.i 

1, ZCl, 2 
< glovebox ha211 muffle furnace model - base metal fire - c9007fm2 
< C baae case metal 4.7 kg pu total, flooded to top of boat 

> glovebox ha211 muffle furnace model - base metal f i r e  - c9007fm4 
> C base case metal 4.7 kg pu total, flooded to top of boat, 0.03 above 
23~23 
< 1 0  1 -2 3 -4 20 -6 

--- 

--- 

--- 

--- 
> 1 1 -0.03 1 -2 3 -4 20 -6 
i97aige 
> 

diff a9007N.i a 9 0 0 7 N . i  

1.2c1.2 
< glovebox ha211 muffle furnace model - base metal fire - c9007fm2 
< 0 base case metal 4.7 kg pu total, flooded to top of boat 

> glovebox ha211 muffle furnace model - base metal fire - c9007fm5 
> c baae case metal 4.7 kg pu total, flooded to top of boat, 0.1 above 
2 3 ~ 2 3  
< 1 0  1 -2 3 -4 20 -6 

> 1 1 -0.1 1 -2 3 - 4  20 -6 

> 

--- 

--- 
i97aige 

diff a 9 0 0 7 N . i  a9OOlfm6.i 

1.2c1.2 
< glovabox ha211 muffle furnace model - base metal fire - c9007fm2 
< c bane case metal 4.7 kg pu total, flooded to top of boat 
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--- 
> glovebox ha211 muffle furnace model - base metal f ire  - c9007fm6 
> c baae case metal 4.7 kg pu total, flooded to top of boat, 0.5 above 
2 3 ~ 2 3  
< 1 0  1 -2 3 -4 20 -6 -_- 
> 1 1 -0.5 1 -2 3 - 4  20 -6 
197a198 
> 

diff 01007N.i OS007fi7.i 

1, ZCl, 2 
< glovebox ha211 muffle furnace model - base metal fire - c900lfmZ 
< c bame came metal 4.7 kg pu total, flooded to top of boat 

> glovebox ha211 muffle furnaoe model - base metal fire - c900lfml 
> c base case metal 4.7 kg pu total, flooded to top of boat, 0.3 above 
23c23 
< 1 0  1 -2 3 -4 20 -6  

--- 

__- 
> 1 1 -0.3 1 -2 3 -4 20 -6 
197a198 
> 

diff 00007N.i o S O O 7 f d . i  

1,2c1,2 
< glovebox ha211 muffle furnace model - base metal fire 
< c base c a m  metal 4.7 kg pu total, flooded to top 

> glovebox ha211 muffle furnace model - base metal fire 
> c base case metal 4.1 kg pu total, flooded to top 
23e23 
< 1 0  1 -2 3 -4 20 -6 

--- 

> 1 1 -0.2 1 -2 3 -4 20 -6 
197a198 
> 

diff 01007N.i 0 0 0 0 7 N . i  

1.2c1.2 
< glovebox ha211 muffle furnace model - base metal fire 
< c base case metal 4.7 kg pu total, flooded to top 

> glovebox ha211 muffle furnace model - base metal f i r e  
> c base case metal 4.7 kg pu total all flooded 
23c23 
< 1 0  1 -2 3 -4 20 -6 

--- 

_ _ _  

- c9001fm2 
of boat 

- c900lfm8 
of boat, 0.2 above 

- c900lfmZ 
of boat 

- c9007fml 

> 1 1 - 1  1 -2 3 -4 20 -6 
112c112 
< 20 pz 1.12 

diff oSO0'lhrl.i o S O O 7 d . i  

1,2Cl, 2 
< glovebox ha211 muffle furnace model - base metal - c900lbml 
< c base case metal 4.7 kg pu total 

> glovebox ha211 muffle furnace model - spacing metal - c900lsml 
> c baae case metal 4.7 kg pu, conveyor boat on other boats 
1 7 ~ 1 1  
< c ha28 conveyor - 1 boat 10 inch spacing from boats in glovebox 

_ _ _  
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> E ha28 conveyor - 1 boat no spacing from boats in glovebox 
28 ,29C28  
< 1-211:9:-224:214:2131 
< 1-307:308:-309:310:-311:3121 --- 
> (-211:9:-224:214:(213 -228):(213 221):3021 
79a19 
> 203 3 -2.214 1201 -301 -225 226 204 -2051 imp:n=l 
82.83~82.83 
< 205 1 -1.0 1201:-223:206:-204:2051 
< 224 211 -214 -213 -9 7 imp: n-1 

> 205 1 -1.0 11201 -2261:1201 2251:301:-223:206:-204:2051 
> 224 211 -214 1-213:228) 1-213:-2271 -302 -9 7 imp:n=l 
88,91687 
< c  1 boat with 10" spacing from others 
< 301 3 -2.214 301 -302 303 -304 305 -306 imp:n=l 
< 302 1 -1.0 1-301:302:-303:304:-305:306) 
< 307 -308 309 -310 311 -312 imp:n=l 
158a155.158 
> 225 py 54.60 
> 226 py 41.90 
> 227 py 51.14 
> 228 py 39.36 
160,111~160,161 
< 301 px 327.66 
< 302 px 355.60 
< 303 pz 26.52 
< 304 pz 32.12 
< 305 py 48.25 
< 306 py 60.95 
< 301 px 325.12 
< 308 px 358.14 
< 309 pz 23.98 
< 310 pr 35.26 
< 311 py 45.71 
< 312 py 63.49 

> 301 pz 7.32 
> 302 pz 9.86 
197a188 
> 

LUff 0900mrl.i 090078m2b.i 

< glovebox ha211 muffle furnace model - base metal - c9007bml 
< c base case metal 4.7 kq pu total 

> glovebox ha211 muffle furnace model - spacing metal - c9007smZb 
> c base case metal 4.65 kq pu, conveyor boat on other boats 
8C8 
< c  2.35 kq pu/boat 

_ _ _  

--- 

--- 

_ _ _  
> c  2.325 kq pu/boat 
1 7 ~ 1 7  
< c ha28 conveyor - 1 boat 10 inch spacing from boats in glovebox 

> c ha28 conveyor - 1 boat no spacing from boats in glovebox 
19c19 
< c  h/x = 20 --- 
> c  h/x = 0 
28.29C28 
< 1-211:9:-224:214:2131 
< 1-307:308:-309:310:-311:3121 _ _ _  
> 1-211:9:-224:214:1213 -2281:1213 2271:3021 
79a79 
> ~ 2 o 3  o (201 -301 -225 226 204 -205) 1503:-502:-501:5061 imp:n=l 
82.83c82.84 
< 2 0 5  1 -1.0 1201:-223:206:-204:2051 
< 224 211 -214 -213 -9 1 imp:n=l 
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> 205 1 -1.0 l(201 -2261:1201 2251:301:-223:206:-204:2051 
> 224 211 -214 1-213:2281 l-213:-2271 -302 -9 I imp:n-1 
> c metal pieces 
84a86 
> 502 4 -19.48 501 502 -503 -205 201 -506 imp:”-1 
88.91d89 
< c  1 boat with 10” spacing from others 
< 301 3 -2.214 301 -302 303 -304 305 -306 imp:n=l 
< 302 1 -1.0 I-301:302:-303:304:-305:306~ 
< 307 -308 309 -310 311 -312 imp:n=l 
158a151,160 
> 225 py 54.60 
> 226 py 41.90 
> 221 py 57.14 
> 228 py 39.36 
160,111~162,163 
< 301 px 321.66 
< 302 px 355.60 
< 303 pz 26.52 
< 304 pz 32.72 
< 305 py 48.25 
< 306 py 60.95 
< 301 px 325.12 
< 308 px 358.14 
< 309 pz 23.98 
< 310 PO 35.26 
< 311 py 45.71 
< 312 py 63.49 

> 301 pz 1.32 
> 302 pz 9.86 
178,180~170,175 
< 501 py 45.131 
< 502 px 349.36 
< 503 py 51.369 

> 501 py 45.148 
> 502 px 349.395 
> 503 py 51.353 
> 504 py 46.59 
> 505 py 49.91 
> 506 pz 4.453 
192C181 
< kerc 352 48 -2 

> kart 352 40 0 
19lal93 
> 
diff a9007mm2b.i oSOO7sm2d.i 

--- 

--- 

--- 

IC1 
< glovebox ha211 muffle furnace model - spacing metal 
> glovebox ha2li muffle furnace model - spacing metal 
85,86c85,89 
< 501 4 -19.48 501 502 -503 -205 7 -201 
< 502 4 -19.48 501 502 -503 -205 201 -506 

> 501 4 -19.48 501 502 -504 -205 7 -201 
> 502 4 -19.48 505 502 -503 -205 I -201 
> 503 4 -19.48 501 502 -503 -205 501 -506 
> 504 0 504 502 -505 -205 I -201 
> 505 0 501 502 -503 -205 201 -507 
110~113 
< 501 py 45.148 

--- 

--- 

- c900lsm2b 
- c900lsm2d 

imp:”-1 
imp:n=l 

imp:n-1 
imp: n-1 
imp:n=l 
imp:n=l 
imD:n=l 

> 501 py 44.830 
112,115c115.179 
< 503 py 51.353 
< 504 py 46.59 
< 505 py 49.91 
< 506 pz 4.453 

> 503 py 51.610 
-_- 
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> 504 py 47.9325 
> 505 py 48.5675 
> 506 pz 4.4375 
> 507 pz 1.4375 
187,188~191,193 
< ksrc 352 48 0 
< 352 51 30 

> ksrc 352 46 -2 
> 352 50 -2 
> 352 50 3 

diff a9007m2d.i 09007m2a.i 

IC1 
< glovebox ha211 muffle furnace model - apacing metal - c9007em2d 
> glovebox ha211 muffle furnace model - spacing metal - ~90078m28 
97c97 
< 4 px 441.96 

> 4 px 358.141 
109c109 
< 16 px 472.44 

> 16 px 388.621 

--- 

-__ 

--- 

--- 
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APPENDM D 

PRELIMINARY HAZARDS ANALYSIS 
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1.0 HA-211 Glovebor Criticality Preliminary Hazards Analysis 

1.1 PURPOSE 

The purpose of this Preliminaty Hazard Analysis (PHA) is to identify the important 
process parameters and conditions that could impact the potential for the occurrence of a 
criticality in the PFF’ HA-211 Glovebox. The results of this PHA will be used for input 
into the HA-211 Criticality Safety Evaluation Report (CSER). 

1.2 HAZARDS EVALUATION 

APHA is a technique derived fiom the U.S. Military Standard System Safety 
Program Requirements (MIL,-STD-882). A PHA focuses on the hazardous materials and 
major process areas of a facility. Because of its military heritage, the PHA technique is 
useful for reviewing process areas where energy can be released in an uncontrolled 
manner. In general, the PHA formulates a list of hazards and hazardous situations by 
considering the following process characteristics: 

. 
Plant equipment 
Facility layout 
Operating environment 

. Interfaces among system components. 

Raw materials, intermediate and final products, and their reactivity 

Operational activities (testing, maintenance, etc.) 

The American Institute of Chemical Engineers (AIChE) recognizes the PHA 
process as a creditable method of hazard evaluation. AIChE describes this process in their 
publication titled “Guidelines for Hazard Evaluation Procedures” (AIChE 1992) A multi- 
disciplinary team records the results of the PHA process using a tabular format. 

The depth of a PHA is directly related to the experience and knowledge of the 
participants. A short resume of each team member is included (Section 3.0) to document 
the experience and knowledge of the PHA team. 

1.3 PHA EVALUATION STRUCTURE 

Criticality events are prevented by establishing limits for specific parameters. 
These parameters are referred to as controlled parameters. This PHA was structured to 
address the following controlled parameters: 

Mass . Volume 
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Geometry 
Moderation 
Reflection 
Interaction 
Enrichment 
Density 
Concentration 
Poisons 

1.4 PHA TABLE DESCRIPTION 

The PHA table (Appendix B, Table B-1) was structured to ensure a systematic and 
thorough evaluation of the controlled parameters. The PHA table captured the following 
information: 

ID: Item Identillcation; used to record a unique identifier for the hazardous condition 

Hazardous Condition: Hardware failures, operational faults, or conditions that have the 
potential for causing a criticality in the HA-211 glovebox 

Controlled Parameter: Parameters that are controlled to prevent the occurrence of 
criticality events. Ten parameters are used: mass, volume, moderation, 
interaction, reflection, geometry, enrichment, density, concentration, and 
poisons. 

General Cause: The general cause leading to the hazardous condition. In many cases, 
multiple hardware or operational faults are required to produce the hazardous 
condition. This column, in conjunction with the following column, identifies the 
sequence of hardware or operational faults postulated to produce the hazardous 
condition. 

Detailed Causes: Specific causes within the general group of causes identified in the 
preceding column that can lead to the hazardous condition. This column is used to 
capture important details that may be important in the analysis that will define the 
controls to prevent a criticality. 

Existing Eng Safety: Hardware items identified by the PHA team that have the potential 
to mitigate or prevent the hazardous condition of concern 

Existing Admin Safety: Administrative controls such as facility worker training and safety 
procedures identified by the PHA team that have the potential to mitigate or 
prevent the hazardous condition 
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Freq Cat NC: Frequency Category, No controls - The frequency ranking is a qualitative 
estimate of whether the hazardous condition is considered credible or not. 
Conditions considered not credible will not be evaluated further. 

Remarks: Miscellan~us observations or clarifying comments for a given item. This 
column is also used to capture criticality analysis requirement decisions of the PHA 
team. 

1.5 PHARESULTS 

The results of this PHA are in the form of information to be considered as part of 
the Criticality Safety Evaluation Report (CSER). The raw data is presented in Table Al. 

The following data was derived from the PHA: 

Fissile Material Considerations 

. 

. 

. . . 

. . 

. 

. 

. 

. 

Planned material to be thermally stabilized are metals, alloys, pure metal, product 
quality oxide (>85% Pu), high-grade oxide (50%-85% Pu), “junk” low grade 
oxide (30%-50?? Pu), defective buttons, pieces of buttons, and filtrate from the 
magnesium hydroxide process if WX 5 20 

Activities not planned for thermal stabilization in HA-211 are processimg of button 
ash, reactive ash, or sludge 

Materials: 
MOX (Mixed Oxide) 
Plutonium-Uranium 6 50% U235; not credible to have higher enriched uranium in 
Glovebox HA-211) 
Metal 
Alloys 

PFP has Mixed Oxide material (MOW which consists of U/Pu - up to 50% =’U 
enriched. Accidental introduction ofthis material into HA-211 needs to be 
considered. 

Precipitate of the magnesium hydroxide process will be addressed in calculations 
as WX unlimited ( 4 5 0  g/L) which is beyond the scope of this CSER 

Liquid present in Mg(0H)Z filtrate (potentially “soupy” consistency) 

For calculational purposes assume density of fissile material to be -2.7 B/cc to 
1 lB/cc PuOz. Density of material to be confirmed by PFP. 
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Mated Hand ling Considera tions 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Assume the normal operation situation is glovebox has three loaded furnace boats 
staged in HA-211, with three furnaces loaded and operating (one boat each) 

Furnace boats are handledmoved e2500 gm loading) ONE AT A TIME 

For metal material calculations assume 2 boats in boat dock, 1 boat being sieved, 
1 boat containing metal, three boats cooling after thermal stabilization complete 

Assume that sieving and sampling will be performed in glovebox HA-211 

Assume pieces of a button or a defective button may be processed in glovebox 
HA-2 1 I 

Assume the presence of furnace boats, sweep cans (containers) - 0.5 L, sievdpan 
assembly. Do not assume both loaded furnace boat and loaded sieve pan assembly 
present and adjacent. If sieve pan assembly used, contents of furnace boat 
transferred to sieve pan assembly, then transferred back to furnace boat. 

Assume fiunace boats are not staged on conveyors 

3 operators are required to be involved in the process of loading a furnace boat, 
one operator in Room 230-A and two in Room 235-B. 

Potential fissile material that can move past HA-211: Cement billets, waste 
packages, sludges, lard can wagons 

Assume maintenance activities will occur in glovebox HA-211 in CSER analysis 
e.g. plastic introduced in glovebox 

Facilit~ Confirmration Considerations 

Mezzanine hangs over HA-211. A tank is on mezzanine just above the HA-211 
glovebox and has the potential to impact the glovebox. 

HA 28 conveyor higher than floor ofHA-211 

Criticality drain will be installed in HA-211 

Sump will be removed &om HA-211 

Flooding of room containing glovebox HA-211 not considered credible - doors 
will not hold water in room 
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Glovebox HA-211 is not seismically qualified. 

Fire system piping is not seismically qualified. 

Tank on mezzanine is not seismically qualied. It was not determined whether it 
can be filled and whether it is isolated. 

Hardware will be installed to prevent wagons fiom going under HA-211 

Glovebox HA-211 shell - 42 in. Wide x 39 in. height x 156 in. length 

Furnaces are assumed to stay shut during DBE 

Furnace off-gas vacuum system up on mezzanine: vacuum pump pulls maximum of 
6 m . a  

A furnace boat racking structure (boat dock) for staging furnace boats should be 
considered as part of the glovebox equipment. 

2.0 PEA TEAM MEMBER BIOGRAPHIES 

Janice R Billinw1e.v. B&W Hanford Companv. PFP Operations - Ms. Billingsley has nine 
years of experience as a Nuclear Chemical Operator at the Plutonium Finishing Plant. She 
is certified in Thermal S t a b i t i o n  Operations and the Cementation process. She also, 
has four years of experience in Solid Waste Operations and currently holds certifications 
for that group. 

Ken Dobbin - Fluor Federal Se rvices. Inc. Criticality Safety Engineer - Mr. Dobbin has 25 
years experience as a nuclear engineer, 20 of these years analyzing reactor physics and fuel 
management and 5 years in criticality safety. He is qualified as a Criticality Safety 
Engineer at the Plutonium Finishing Plant and has 20 months experience with PFP 
systems. During his PFP tenure, he contributed criticality safety expertise for the 
succes&l completion of an Operational Readiness Review to resume thermal stabilization 
of plutonium. Mr. Dobbin has both undergraduate and masters degrees in nuclear 
engineering. 

Joe Estrellado. J r. Fluor Federal Services. Inc - Scribe for PHA. Mr. Joe Estrellado has 
over 30 years of combiined engineering and management experience in the nuclear and 
chemical industries. He has successfully completed assignments in the safety analysis and 
process engineering arenas and has taken a number of HazOp-related training courses at 
the University of Texas, Austin. Mr. Estrellado has a bachelor degree in Chemical 
Engineering &om the University of Washington. 
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Alan Ramb le - B&W Hanfo rd Comuanv. PFP Facility Engineering - Mr. Ramble is 
currently the Criticality Safety Representative, the cognizant engineer for the Safety 
Analysis Report, and project manager for the Solution Stabilization Project at the 
Plutonium Finishing Plant. As Criticality Safety Representative, Mr. Ramble has 
responsibility for implementation of the criticality safety program at PFP, including 
approval of Criticality Safety Evaluation Reports, Criticality Prevention Specifications, 
operating procedures, initial training and annual retraining of fissile material handlers, and 
inspection for compliance with criticality safety requirements of PFP. 

H. Rees Risenmav -Fluor Daniel Hanford Inc.. Engineer. PFP Thermal Stabilization 
Team. So lids Stab iliition Co gnizant Enaineer - Mr. Risenmay has 16 years experience at 
the W o r d  site. His experience has been in the Chemical Engineering Laboratory, the 
PUREX plant, the U03 plant, and the PFP plant. His experience is mostly in process 
engineering with detailed knowledge of the processes and safety aspects for each plant. 
Mr. Risenmay has a Bachelor of Science Degree in Chemistry from Brigham Young 
University and a Bachelor of Science Degree in Engineering with chemical engineering 
emphasis from the University of Washington. 

Milton V. Shultz. J r. -Fluor Federal Services Inc.. Safety Analvsis and Risk Assessment. 
B.S. Nuclear Engineering Technology. Facilitator for Glovebox HA-211 PHA. More than 
twenty-four years experience in a broad range of engineering and technical assignments at 
the W o r d  Site. Experience includes leading PHAs and HAZOPs for a variety of TWRS 
projects, including several for the TWRS FSAR and BIO efforts, contributor to the 
hazards analysis work for the TWRS BIO. Has performed independent Nuclear Safety 
evaluations of reactor plant design and operation at Hanford’s N Reactor. 

Dwayne R, Sueer. Proiect Manager. Materials Stabilization Project. Plutonium Finishing 
Plant B&W Hanfo rd Comoany - Mr. Speer has over 20 years of experience and is 
currently Project Manager for Materials Stabilization at the Plutonium Finishing Plant. 
Prior to moving to PFP he was Manager of the B P l a n W S F  Baseline Control group. 
He has been the Program Manager for the Liquid Effluents Interim Compliance and 
Miscellaneous Streams Programs, Manager of Decommissioning Engineering for 
Westinghouse Hanford, Activity Manager responsible for the Decontamination and 
Decommissioning Program and the Effluent and Environmental Surveillance Programs for 
Rockwell Hanford Operations. He has been a Senior Health Physicist for Rockwell, and 
worked for Eberline Instruments Company in Santa Fe, NM. Before joining Eberline, he 
worked for Battelle-Northwest, the State of North Carolina, the State of Nebraska, and 
Princeton University. He has a B.S. Engineering Technology, Oklahoma State University 
and an AA. Radiation and Nuclear Technology, Oklahoma State University. 

David W. Wootan Fluor Federal Services. Inc. Criticality Safety Ensheer, - Mr. Wootan 
has a B.S. Nuclear Engineering and M.S. Nuclear Engineering He has twenty years 
experience at Hanford performing nuclear engineering analyses in the areas of reactor 
physics, shielding, and characterizing radiation environments, with 4 years experience in 
criticality Safety. 
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Figure El. N o d  Oxide Case Horizontal Cross Section Through Boats and Sweeps Container. 
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Figure E-2. Normal Oxide Case Vertical Cross Section Through Boats, Sweep Container, and 
Furnaces 
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Figure E-3. Normal Oxide Case Horizontal Cross Section Showing M a e  Furnaces and Boat. 

0 
0 
0 
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Figure E 4  Normal Metal Case Horizontal Crosa Section Showing Metal Sphere in Boats. 
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Figure E-5. Normal Metal Case Vertical Cross Section. 
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Figure E-6. N o d  Metal Case Vertical Cross Section. 

... 
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Figure E-7. Base Oxide Case Horizontal Cross Section. 
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Figure E-8. Base Metal Case Horizontal Cross Section Showing Two Adjacent Boats 
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Figure E-9. Oxide Stacking Contingency Case Vertical Cross Section. 
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Figure E-10. Metal Stacking Contingency Case With Oxide Boat Vertical Cross Section. 
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Figure El 1.  Metal Stacking Contingency With Metal Boat Vertical View. 
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Figure E-12. Metal Stacking Contingency With Metal Boat Vertical Cross Section. 
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Figure E13. Oxide Fire Contingency Vertical Cross Section. 
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Figure E-14. Metal Fire Contingency Vertical Cross Section. 
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Figure E-15. Metal Seismic Case Cross Section Showing Glovebox Comer Pyramid Resting on 
Concrete Floor. 
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Figure E-16. Seismic Case Cross Section. 
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Figure E-17. Button in Boat Contingency Oxide Case Horizontal Cross Section. 
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in Boat Contingency Oxide Case Vel dtical Cross Section. 
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Figure E19. M d  Stacking Contingency with Metal Boat, Full Water Reflection One Side, and 
Boat Wall Spacing 

. 
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Figure E20. Metal Stacking Contingency With Metal Boat, Full Reflection One Side, and Boat 
wall spacing 
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APPENDIX G 

-FIGHTING WATER DENSITY 
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R. D. Men, C 

F- PFP Facility Syrt ~4430  

- 
T~ PFP Facility Enginemhg 

pittwo' ISS10-99-RDP-038 OTBJ.: 

T5-54 I 

SubJ FIREFLOODING AND SPRAY ANALYSIS FOR ROOM 638 1 M. 
Reference: Tdephone Request for Firc Water Floodlng and Spray Analysis, dated May 7, 

May 17,1999 

1999. 

ASSUAMPIIONS 

- 
- 
- 

Fire department on scene within 40 minutes (see FSAR section 9.2 .U) .  
120 psi at each sprinkler herd (lhir is very conservative sin- line l o s ~ s  and operation of 
other sprinkler heads would d e u a c  this pressure). 
Fight I fire with two hoses for 8 total of 900 8pm (one hose at 100 gpm and second hose at 
300 gpm per information provided by the fue department). Note: thue hoses arc variable 
strum typu so the paiiern and flows are adjustable. - For flooding, assume dl sprinkler huda operate (this is worae than a shear of a 1 lL2" water 
line). - 1 second of flow fkom a sprinkler herd or hose will suspend the amount of water to achieve 
the maximum density. - Assume 3 sprinkler heads worth of flow into the cage area. - No leakage out ofthe mom. 

- Them is 8 Ib. Water in 1 gallon. - Erclude floor space ud volume of room 639 and 640. 

BACKGROUND 

- Aranoftheroomflwr=130ftZ. - - 
- - - 
- 
- - 
- 

14 iprintda heads in tk room (see CVI 21097) 
Sprinklen have a IR" orifice with I 5.62 K-factor. 
lhac arc 7.481 gdllona per ft3. 
Occupational Chlsifiutioa is Ordinary Huard (see CVI 21097). 
Caged UCI has two spriprinldn heads. 
Ceiling height i8 9' 6". 
Floor dimensions ofcaged srca l ' x  18'3' 
Pmbability of fire not being noticed and the fire department being delayed 30 minutes is 
discussed in section 9.2.2A ofthe FSAR. 
Flooding cannot occur when a fire hose Is used fincc the doors to thc room have to be open 
along the hose route all the way to the outside of the build-. T h e  arc no hose connections 
inside 2736-28 or 1736-2. 
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A. L. Ramble, a. rl. 
Page 2 
MAY 17.1999 

15510-99-RDP-038 

CALClhkTIONS 

Flow p a  iprinlilahsd - Q =IC 6 - 5 . 6 2  s'lzo=61.56 gpm 

Spdnklafkwintoageuea-3 '61.56- 185gpm 

Sprinkler flow into Iho whole room - 14 61.56 - 862 gpm 

Volume of cage uer = T * 18' 9.5'- 1200 QI. A. 

CAGE DEN- CALCULATIONS 

Cage Density during fire Eighting in cage uu- 185 gpm from sprinklers + 400 gprn from fire 
hoses = 585 gpm toul flow. 

Water relured in 1 second of sprinldas ud bra - 585 gpm (1 mid60 rec) 1 sec - 9.75 
gaL 

Water density in cage m a  - 9.75 glvl200 w. A. - 0.0081225 grVcu: A. 

FUJODING CALCULATIONS 

Volume of water rclcltuc in 40 d n u t a  - 40 min * 862 gpm * (1 cy. A.n.481 gal) - 4609 cy. A. 

W u a  level &a 40 mln. 4609 cu. A l l  340 q. ft. fkmr ua - 3.44 ft. 
CONCLUSIONS 

AAcr 40 minuttr of qx inkk  flow, the w ~ r k n n l  in room 638 will be 3.44 fat. T k  nuximum 
density o f w a  mpaded in the age arm u 0.008-~VCU. A. 

klm 

K. D. Dobbin B4-44 
I. s. h B4-44 
J. A. Miller B4-44 
RDP FilclLB 
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