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Executive Summary

Glovebox HA-211 is located in Room 235B of the 234-5Z Building at the Plutonium
Finishing Plant. This enclosure contains three muffle furnaces used to thermally stabilize
plutonium and uranium in the form of meta! or oxide. This criticality safety evaluation includes
these materials with a hydrogen to fissile atom ratio (H/X) < 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, sweeps container, and 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
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 untikely
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
Manuals, HNF-PRO-334, HNF-PRO-537, and HNF-PRO-539, ANSI standards, and DOE Order
5480.24. This CSER also follows Fluor Federal Services, Inc. Practice 134.290.1121,
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1.0 INTRODUCTION AND SUMMARY

1.1 INTRODUCTION

The plutonium stabilization program at the Plutonium Finishing Plant (PFP) includes high
temperature firing of plutonium-bearing materials in muffle furnaces. 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 muffle furnaces 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 (H/X) ratio of 20. This is a dry glovebox so no liquids are
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.

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, if this 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 8 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 0.5L
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.
After 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. Careful material balances are performed for each container movement for safeguards
reasons.
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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 of the contingency analyses in Table 1-2. If metal is present, the limit set of
this section applies. For oxide, see the limit set of Section 1.2.2.

Expected Operation:

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 fired material and heat in muffle furnaces again, if metal pieces remain. Transfer the
material to other gloveboxes to place in containers for storage.

Expected Normal Conditions:

Glovebox HA-21I may contain plutonium and/or 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.) from 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 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 of Pu in boat on HA-28 conveyor (CPS 1997). The Pu is 100%
B%py with H/X = 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 ke of 0.8556 £ 0.0011, which is less than
the allowable kg of 0.932 for MCNP calculations of plutonium metal systems.
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Table 1-1. Glovebox HA-211 — Base Case Metal Limits Summary

Controlled Parameter | Limit Abnormal but anticipated
conditions {conservatism for
analysis)
Mass Maximum 4.65 kg Pu & fissile 4.7 kg Pu with all fissile modeled
equiv., glovebox total as ®’Pu
Maximum 2.5 kg Pu & fissile
equiv./boat or sieve pan assembly

Volume Maximum 2.2 L/boat, six boats

Maximum 0.5 L container; 3.3 L
sieve pan assembly, 50 ml

lubricant
Moderation H/X <20
Dry Glovebox, except 50 mi
lubricants
Interaction Minimum 25.4 cm (10-in.) One spacing error included

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

Reflection Dry glovebox Full reflection around glovebox
Criticality drain visibly and 2.54 cm (1-in.) reflection
unobstructed around each group of containers

Geometry Pu in boats, container, or sieve Holdup is included in the boat
pan assembly mass

Isotopics NA 100% “°Pu

Enrichment Maximum 50% °U in U B3U treated as > Pu fissile

equivalent

Density NA

Concentration NA

Poisons NA

Contingency Summary:

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 k. of 0.932 for MCNP calculations of plutonium metal systems, explained in
Section 4.0. This table summarizes the results of the contingency evaluation found in Section 5.
Specific k. calculations were not made for contingencies in Table 1.2 that were bounded by other
analyzed contingencies.

1-3




HNF-5450 Rev. 0

Table 1-2. Glovebox HA-211 — Metal Contingency Summary

Contingency | Affected Barriers that make contingency kerbounding

Description Parameter(s) | unlikely contingency
(case ID)

Seismic event | Reflection Seismic event unlikely; Requires severe 0.9314 £ 0.0013

with flooding | Moderation damage to glovebox, fissile material (pyl6)

causes fissile Interaction accumulation in a corner, and concurrent

material to Geometry sprinkler flooding.

accumulate in

corner

Fire with Reflection Major building fire that melts glovebox 0.9306 £ 0.0013

sprinkler Moderation panels is unlikely; interspersed water (c9007fm8)

soaking of density above 0.03 g/cc in glovebox is

containers unlikely with density above 0.2 g/cc not

credible

Extra boat with | Volume Operator training/procedure/inventory 0.9316 £ 0.0011

25kgPuas Mass posted limits (c9007sm2b)

metal in Interaction

glovebox,

stacked

Boat with 2.5 | Mass Operator training/procedure/inventory 0.8833 £ 0.0017

kg Pu as oxide | Interaction (c9007s02)

spilled on boat

with 2.5 kg Pu

button

Two buttons in | Mass Operator training/procedure/inventory Covered by base

one boat case-two buttons
together

Container with | Interaction Operator training/procedure Less reactive than

2.5kgPu extra boat stacked

brought too

close to

glovebox

Excess holdup | Mass Operator training/procedure/inventory Less reactive than

exceeding control extra boat stacked

glovebox mass

limit

Container too | Volume Operator training/procedure Less reactive than

large fire analysis

Extra oil or Moderation Operator training/procedure Less reactive than

plastic fire analysis
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The hazards assessment determined that it is not credible to have uranium with 2°U
enrichment exceeding 50% in this glovebox. Therefore, no contingency was evaluated for
enrichment.

1.2.2 Orxide

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 of the contingency analyses in Table 1-4. This limit set is for
oxide only. If metal is present, then the metal limit set of Section 1.2.1 applies.

Expected Operation:

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

Expected Normal Conditions:

Glovebox HA-211 may contain plutonium and/or uranium oxide. The fissile mass is
limited to 8 kg plutonium or fissile equivalent with the uranium 2°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 cm (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 of Pu in a boat spaced a minimum of 25.4 ¢cm (10 in.)
on the HA-28 conveyor (CPS 1997). The Pu is 100% **Pu with H/X = 20 and one spacing
violation as two boats adjacent, is included. There is full 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 ¢c9007b01) had a calculated ks of
0.7873 £ 0.0014, which is less than the allowable k.g of 0.942 for MCNP calculations of
plutonium non-metal systems.
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Glovebox HA-211 - Base Case Oxide Limits Summary

Controlled Parameter

Limit

Abnormal but anticipated
conditions (conservatism for

analysis)

Mass

Maximum 8.0 kg Pu & fissile
equiv. Oxide, glovebox total
Maximum 2.5 kg Pu & fissile
equiv./boat

Pu and fissile U modeled as > Pu

Volume

Maximum 2.2 L/boat, six boats
Maximum 0.5 L container; 50 ml
lubricant

Moderation

H/X <20
Dry Glovebox, except 50 ml
lubricants

Interaction

A minimum of 25.4 cm (10 in.)
surface to surface spacing
between fissile material
containers and to fissile material
in HA-28; transportation and
storage spacing around
glovebox; no stacking of
containers

One spacing error included

Reflection

Dry glovebox
Criticality drain visibly
unobstructed

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

Geometry

Pu in boats or container

Isotopics

NA

100% 2°Pu

Enrichment

Maximum 50% “°Uin U

B treated as 2 Pu fissile
equivalent

Density

NA

Concentration

NA

Poisons

NA

Contingency Summary;

Table 1-4 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 ke of 0.942 for MCNP calculations of non-metal systems, explained in
Section 4.0. The table summarizes the analysis found in Section 5 in this CSER. Specific ke
calculations were not made for contingencies in Table 1-4 that were bounded by other analyzed

contingencies.
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Table 1-4. Glovebox HA-211 - Oxide Contingency Summary

Contingency | Affected Barriers that make contingency k. bounding
Description Parameter(s) | unlikely contingency
(case ID)

Seismic with Reflection Seismic event is unlikely and is unlikely | 0.9377 £ 0.0018
flooding causes | Moderation | to empty boats. Reguires severe damage | (pyr3)
fissile material | Interaction to glovebox and concurrent sprinkler
to accumulate | Geometry flooding
in corner
Fire with Reflection Major building fire that melts glovebox | 0.8775 £ 0.0014
sprinkler Moderation panels is unlikely (c9007fol)
soaking of Interaction
containers
Extra boat with | Volume Operator training/procedures/inventory | 0.9385 £ 0.0016
2.5kgPuas Mass (c9007s01)
oxide in Interaction
glovebox,
stacked
Buttonin one | Mass Operator training/procedure/inventory 0.8833 £ 0.0017
boat (c9007s02)
Overloaded Mass Operator training/procedures/inventory | Less reactive than
boat extra boat stacked
Container Interaction Operator training/procedure Less reactive than
brought too extra boat stacked
close to

' glovebox
Excess holdup | Mass Operator training/procedure/inventory Less reactive than
exceeding control extra boat stacked
glovebox [imit
Container too | Volume Operator training/procedure Less reactive than
large extra boat stacked
Sieve pan Volume Operator training/procedure Less reactive than
assembly left in fire analysis

| glovebox
Extra oil or Moderation Operator training/procedure Less reactive than
plastic fire analysis

The hazards assessment determined that it is not credible to have uranium with 2°U
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 safety of
operation using three muffle furnaces 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 (H/X) < 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 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% **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 case took the normal 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 ke less 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 (FDH 1997),
HNF-PRO-537 (FDH 1997a), and HNF-PRO-539 (FDH 1997b), ANSI/ANS-8 series Standards
(ANSI 1998), and DOE Order 5480.24(DOE 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 ks to exceed that
calculated in Section 5.3.1. However, if this 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 foliowing 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 H/X 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 c¢m (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 intc 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. If metal pieces are still present after the first
heating, the contents of the boat are poured into the sieve pan assembly. The pieces are
sufficiently separated and poured back into the boat for a second heating that usuatly completely
oxides the plutonium. When the material is completely oxidized, boats are covered and
transferred to Glovebox HC-18M 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-211I is located in room 235B in the main PFP Building 234-5Z. 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-211is 109.2 ¢m (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

2-1
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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-21I 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 ¢m (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 of the
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-21I 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 gre:

« Fumnace boats (2.2 L. max.){6),

Furnace boat covers,

Polyjar or similar container with 0.5 L nominal volume for floor sweeps (if needed),
Containers of MgQ; sand in the glovebox in case of fire (2.2 L max.).

Sieve Pan Assembly (3.3 L max.), metal processing only

Other materials available in Glovebox HA-211 are:
o Damp rag (limited to 6 sq. f&. total) for cleaning.

Glovebox HA-21I does not have any internal water lines 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 (DBE).

2.2.2 Furnaces and Other Equipment

A general view of the muffle furnace 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 1994]
for the furnaces in HC-21C).
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Figure 1. Approximate Layout for Gloveboxes and Conveyors Utilized for Thermal
Stabilization Activities
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Figure 2. Glovebox HA-211 Layout for Muffle Furnace Operations
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Figure 3. End View of Muffle Furnace Glovebox HA-211
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Figure 4. Muffle Furnace Basic Design
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Based upon scaling estimates from the layout drawing in Figure 2 and perspective drawing
in Figure 4, the main insulated body of the furnace 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 front 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 filter assemblage for each furnace
has a 19 cm (7.5 in.) outer diameter insulation jacket surrounding 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 standisa 152x17.8cm(6x7in.)
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 furnace. 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 Muffle Furnace Boat

The furnace boat is made from 0.32 cm (1/8 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
(11.25 in.). Inside, the bottom of the pan has an area of 354.84 cm®. 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.) muffle furnace
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 PuQ, powder when
transported. Only one boat can fit in a muffle furnace at a time. Magnesium oxide liners,
approximately 0.32 cm (0.125 in.) thick, may be used in the boats to prevent burn through of the
boat pan when metal items are processed.

! Hastelloy is a trademark of Stellite Rod Division, Stoody Deloro Stellite, Inc., Industry, Ca.
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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 fully 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 MATERIALS DESCRIPTION

The fissionable material handled in Glovebox HA-211 is plutonium in the forms 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 Fissionable Isotopes

The plutonium used in the models in this CSER is all ®*Pu. This simplification is
conservative for the plutonium with more *Pu than *'Pu, which is the case for the reactor
produced plutonium at PFP. This also includes any depleted or natural uranium or mixed oxides
of plutonium and uranium that may be present. Uranium enriched up to 50% **U'is
conservatively modeled as ®°Pu 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 from C/U = 0 to C/U = 20, the minimum critical mass increases by over a factor of
three. At 10 wt% (C/U ~ 2) carbon in highly enriched uranium (93.5 wt% 235U), the carbon has
a negligible effect, 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 generally be in the form of 2.5
kg or smaller buttons or scrap pieces from clean out operations. A density of 19.48 g/cm’® for
metallic plutonium was used for this evaluation. This value is in the range of densities found in
actual metal systems in Paxton (1987). The glovebox mass limit was established by the non-
physical combining 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 2*U enrichment of
50 wt%), is hereafter referred to as plutonium oxide (PuQO;). The plutonium oxide will be in
furnace boats or the sweeps container. The allowable H/X 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 (Marusich 1999) shows that plutonium and water mixtures are more
reactive than uranium enriched to 50wt% #°U and water mixtures. This result allows 50 wt%
enriched uranium to be mixed with or substituted for Plutonium and still use the mass limits set for
plutonium. PFP CPS-Z-165-80010 requires 1 g of 2°U to be counted as 1 g of **Pu. Natural or
depleted uranium does not make a positive contribution to reactivity and may be included without
adding to the plutonium mass.

2.4 FISSIONABLE MATERIAL HANDLING

Fissionable materials will be handled as a safe batch so that the limits and controls for
criticality safety 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 figsionable 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, processing 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 Fissionable 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 < 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 further 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-211I and would result from glovebox
cleaning operations. Waste packages created in this glovebox would only contain the fissile
material already inventoried and resultant neutron reflection/moderation 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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3.0 LIMITS AND CONTROLS

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

Table 3-1. Controls on Parameters Related to Criticality in Glovebox HA-211

Parameter | Controlled | Discussion (Limit or Process Control if Yes, Reason if No)

Mass Yes 8.0 kg plutonium total glovebox mass for oxide processing,
4.65 kg plutonium total glovebox mass for metal processing,
consisting of’
1) Maximum 2.5 kg plutonium per container, and
2) Glovebox holdup.

Volume or Yes A limit of six 2.2 L furnace boats, one 0.5 L container sweeps

Geometry container, and 3.3 L sieve pan assembly for the metal limit set.

Spacing Yes 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
grams is allowed underneath the glovebox.

Moderator Yes Maximum allowed H/X = 20.

Reflector Yes No free liquids or solutions are allowed in the glovebox except 50
ml of lubricants.

Poisons No Poisons were not used in this analysis.

Concentration No Worst credible concentrations were analyzed.

Enrichment Plutonium, |Plutonium was assumed to be 100 wt% Z°Pu. This

no; conservatively encompasses all allowed fissionable matenals
Uranium, |including depleted or natural uranium and uranium enriched to
yes 50% Z*U.

Density No Maximum credible densities were used for all materials.

Other N/A No other parameters affecting criticality were identified.

3.1 LIMITS

The operations in Glovebox HA-211 are defined 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 [imited 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 MgO, 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 H/X = 20,

Stacking of containers and/or boats is ;)rohibited,

Maximum uranium enrichment 50% *°U

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; S0 ml of lubricants, a maximum of 2.2 L MgO- 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 H/X = 20,

Stacking of containers and/or boats is ?rohibited,

Maximum uranium enrichment 50% 2°U.

3.2 PROCESS CONTROLS

To assure continued criticality safety during operations, several process controls are

required

. They are:

One 0.5 L nominal volume container for floor sweepings is allowed.

Rags (maximum 6 sq. fi. total) allowed for cleaning.

One can of MgO; 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-21], and are to be cleaned up before continuing operating.
During HEPA filter change out, all loaded containers shall be removed from 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 limits 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,

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

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

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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40 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 corner and the fissile material accumulates in one corner 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 limit for metal and 8 kg
for oxide. The actual criticality evaluation was then performed using the Monte Carlo computer
code MCNP, described below.

42 MCNP CODE

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 ®°Pu may have a very small positive (on the order of 10° to 10
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 H/X 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 allowable k. value of 0.942 for
non-metal and 0.932 for metal system calculations. These values are for calculations with
statistical uncertainties < + 0.002 and assure subcriticality with an acceptable margin, including
the uncertainties in the analytical methods and benchmark experimental data.

4.3 SUBCRITICALITY LIMIT

For the purposes of this report, the principal criticality prevention criterion or parameter is
that the effective neutron multiplication (or criticality) factor (k.q) shall not exceed 0.95
(i.., keg< 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 acceptability of
a calculated ke value for fissionable material configuration. 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, Criticality Safety General
Requirements, (FDH 1997) HNF-PRO-537, Criticality Safety 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 Preliminary Hazard Assessment (PHA).
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 NORMAL CASE

This section presents the standard model of the HA-21I Glovebox with Muffle 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 k. 0of 0.6732 + 0.0014 (case
€9007n01), and the metal normal case model for the glovebox had a k.g of 0.7093 + 0.0011 (case
¢9007nm1). These values are well below the allowable k.« of 0.942 for plutonium oxide systems
and 0.932 for plutonium metal systems.

Table 5-1. Normal Oxide Case Model

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 (lin,) water reflection representing hands around each

container
Pu holdup in glovebox included in total glovebox mass limit
Glovebox dimensions 109.2 cm (43 in.) deep, 102.2 cm ( 40.25 in.) high, 442.0 cm
(174 in.) long.
Furnaces 14 cm (5.5in.)} x 33.0 cm (13.0in.) x 12.7 cm (5.0 in.) chamber

39cm (15.4in.) x42.2 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.

Off-gas Filters Not included in model since covered by water reflection.
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Furnace boats

Inside dimensions used, metal container and liner ignored.
12.7 cm (5 in.) wide by 27.94 cm (11 in.) long by 6.20 cm
(2.44 in.) high

3 boats with 2.5 kg Pu per boat

H/X=20

25.4 cm (10 in.) edge-to-edge spacing

Maintenance fluids

Not explicitly modeled since covered by water reflection.

Sweeps container

One 0.5 L container

0.5 kg Pu, H/X =20

8.89 cm (3.5 in.) diameter

25.4 cm (10 in.) edge-to-edge spacing

Room Assumptions

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

Table 5-2. Normal Metal Case Model

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 (lin,) water reflection representing hands around each
container

Pu holdup in glovebox included in total glovebox mass limit

Glovebox dimensions

109.2 cm (43 in.) deep, 102.2 cm ( 40.25 in.) high, 442.0 cm
(174 in.) long.

Fumaces

14cm (5.5in.)x33.0cm (13.0in.) x 12.7 cm (5.0 in.) chamber
39 cm (15.4in.) 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.

Off-gas Filters

Not included in model since covered by water reflection.

Furnace boats

Inside dimensions used, metal container and liner ignored.
12.7 cm (5 in.) wide by 27.94 cm (11 in.) long by 6.20 cm
(2.44 in.) high

2 boats with 2.35 kg Pu in sphere per boat

H/X=0

25.4 cm (10 in.) edge-to-edge spacing
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Maintenance fluids Not explicitly modeled since covered by water reflection.

Sweeps container Not included since more reactive to have all Pu in boats

Room Assumptions One boat containing 2.5 kg Pu as oxide at H/X = 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.) of water 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 meta! 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% °Pu with a density of 19.48 g/cm® and up to 2.5 kg per
container as explained in Section 2.3.2.
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5.1.3 Modeling Assumptions of Plutonium QOxide

The H/X ratio of plutonium oxide was modeled at the upper allowed limit of 20. At
theoretical densities of 11.46 g/cm’ for PuO particles (Carter 1968) and 1.0 g/cm® for water, the
components of material densities in the PuO, models are listed in Table 5-3. The 2.2 L modeled
boat volume filled with this PuO,/water mixture at H/X=20 results in 2.58 kg Pu per boat, which
conservatively represents the 2.5 kg Pu limit. This water content is more reactive than any higher
density and lower water content up to the 11.46 g/cm’, 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 100% “’Pu.

For metal, the most reactive boat is to have the 2.5 kg of Pu metal in one low neutron
leakage lump. For the oxide, the most reactive boat is 2.5 kg of Pu with a water content of
H/X =20. For H/X > 20, plutonium mass is displaced from the boat as the water is added and the
reactivity is less as shown in CSER 98-003 (Erickson, 1998b). For H/X < 20, reactivity also
decreases as shown by the previous HA-211I glovebox CSER 96-008 (Hess, 1996) based upon
ARH600 handbook information (Carter, 1968). The present CSER evaluation checked this trend
by calculating H/X=0 with maximum plutonium oxide density and found it to be less reactive than
2.5 kg H/X=20 in these containers.

Table 5-3. Densities Assumed in Modeling of Plutonium Oxide for Normal Condition

Analysis
Description H/X=0 H/X =20
PuO; Volume Fraction 1.00 0.116
Water / Void Volume Fraction 0.0 0.884
PuO; Density (g/cm’) 11.46 1.330
Pu Density (g/cm’) 10.11 1.173
Water Density (g/cm’) 0.0 0.884
Total Density (g/cm”) 11.46 2.214

£.1.4 Muffle Farnace Boat

The muffle furnace boat was modeled as a box. The dimensions are 27.94 cm (11.00 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 H/X ratio of 20. The
plutonium oxide was modeled as a mixture with water at a H/X ratio of 20 that fills the boat. The
metal representing buttons or pieces was modeled as a full 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..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 ¢m (3.5 in.). For the normal
oxide case the sweeps container was modeled as containing 0.5 kg of plutonium as PuO,, water
with a H/X 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 Muffle Furnaces

There are three muffle furnaces in glovebox HA-211. Each muffle furnace was modeled as
a full density firebrick 39 ¢m x 42.2 cm x 56.5 cm block of insulation (W x H x L) (including
door) with a 14 ¢m 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 H/X = 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 HEPA 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 if there 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 normal. 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 Pu/L and full water reflection, the 111 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 g/L 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 S g
Pu/cc on the filter at 240 g Pu/l. If the 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 III.A.5(100)-3 in ARH-600 (Carter 1968) shows that a slab
less than a 1.27 ¢m (0.5 in.) thick of Z*Pu-water fully 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 itself, 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 keas 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 Keate 1o

c9007nm1 |Two 2.35 kg plutonium metal spheres in boats, 25.4 cm 0.709 | 0.001
separation, nominal reflection on boats, one extra boat with
2.5 kg Pu as PuQ, with H/X = 20 representing boat on HA-
28 conveyor, nominal reflection on all containers, 10 in.
spacing on all containers.

¢9007nol |Three boats with 2.5 kg Pu each as PuO, with H/X = 20, 0.673 | 0.001

One sweeps container with 0.5 kg Pu as PuO, with H/X = 20,

One extra boat with 2.5 kg Pu as PuO; with H/X =20

representing boat on HA-28 conveyor, nominal reflection on

all containers, 10 in. spacing on all containers.

Note: 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-21I by the limits in
Section 3.1, to account for interaction with a unit mass on the HA-28 conveyor.

5.2 BASE CASE

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 ke of 0.7873 £ 0.0014 (case
€9007bo1), and the metal base case model for the glovebox had a kg of 0.8556 + 0.0011 (case
¢9007bm1). These values are well below the allowable ka of 0.942 for plutonium oxide systems
and 0.932 for plutonium metal systems.
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Table 5-5. Base Oxide Case Model

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

Glovebox dimensions

109.2 cm (43 in.) deep, 102.2 cm ( 40.25 in.) high, 442.0 cm
(174 in.) long.

Fumaces

14cem (5.5in.)x33.0cm (13.0in.) x 12.7 cm (5.0 in.) chamber
39cm (15.4in)x42.2 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.

Off-gas Filters

Not included in model since covered by water reflection.

Furnace boats

Inside dimensions used, metal container and liner ignored.
12.7 cm (5 in.) wide by 27.94 cm (11 in.) long by 6.20 cm
(2.44 in.) high

3 boats with 2.5 kg Pu per boat

H/X=20

2 boats touching sides, 1 boat with 25.4 cm (10 in.) edge-to-
edge spacing

Maintenance fluids

Not explicitly modeled since covered by water reflection.

Sweeps container

One 0.5 L container

0.5 kg Pu, /X =20

8.89 cm (3.5 in.) diameter

25.4 cm (10 in.) edge-to-edge spacing

Room Assumptions One boat containing 2.5 kg Pu as oxide at H/X =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 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
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Glovebox dimensions 109.2 cm (43 in.) deep, 102.2 cm ( 40.25 in.) high, 442.0 cm
(174 in.) long.

Furnaces 14cm (5.5in}x33.0cm (13.0in.) x 12.7 cm (5.0 in.) chamber
39cm(15.4in.)x42.2 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.

Off-gas Filters Not included in model since covered by water reflection.

Furnace boats Inside dimensions used, metal contatner and liner ignored.

12.7 cm (5 in.) wide by 27.94 cm (11 in.) long by 6.20 cm (2.44
in.) high

2 boats with 2.35 kg Pu in cuboid per boat

H/X=0

Boats touching with Pu metal touching

Maintenance fluids Not explicitly modeled since covered by water reflection.

Sweeps container Not included since more reactive to have all Pu in boats

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

5.2.1 Base Case Model 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. All 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 H/X of 20. The only difference was that for the base
oxide case two of the three boats were located side by side so that the boat contents were
touching. This represents a violation of the 25.4 cm (10 in.) spacing requirement. All other
aspects of the model were identical to the normal oxide case.

5.2.2 Base Cases Results

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.as are

5-9




HNF-5450 Rev. 0

all significantly less than the criticality safety limit. The criticality safety criterion has been met for
the base situation.

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

Case Description Keuic lo

c¢9007bm1 |Two 2.35 kg plutonium metal cuboids in boats, no 0.8556 | 0.0011
separation, nominal reflection on boats, one extra boat with
2.5 kg Pu as PuQO;, with H/X = 20 representing boat on HA-
28 conveyor, nominal reflection on all containers with 10 in.
spacing from other boats.

c9007bm1pb |Same as c9007bm1 except lead in glovebox walls included in | 0.8557 | 0.0011
model.
¢9007bol | Three boats with 2.5 kg Pu each as PuO, with H/X = 20, 0.7873 | 0.0014
One sweeps container with 0.5 kg Pu as PuO; with

H/X = 20,

One extra boat with 2.5 kg Pu as PuO, with H/X = 20
representing boat on HA-28 conveyor, nominal reflection on
all containers, 10 in. spacing on all containers except two
boats touching.

Note: All base cases represent glovebox mass limits, including holdup, along with one unit mass
(2.5 kg Pu) more than is allowed inside glovebox HA-21I by the limits in Section 3.1, to
account for interaction with a unit mass on the HA-28 conveyor.

The metal and oxide base cases did not include the effect of the lead in parts of the
glovebox walls. The impact of the 1.27 cm (0.5 in.) lead in parts of the glovebox walls on the
glovebox reactivity was investigated by making a separate calculation including the lead walls for
the metal base case. This case (case ¢9007bm1pb) had the same ks within statistical uncertainties
as the metal base case neglecting the lead (case c9007bm1).

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 confirm the double contingency
criterion has been met.

Mass 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 ke for the limiting conditions of the 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 limit 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 of water
increasing the H/X 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% Z°Pu. This conservatively encompasses all allowed fissionable materials
including depleted or natural uranium and uranium enrichment which is restricted to 50% *°U.
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 Seismic Event

The following sections describe 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 (FDH 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
corner 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 corner distant from the criticality drain
drops, the maximum allowed fissile loading of the glovebox accumulates in that corner outside of
the containers, and the fire suppression water covers the fissile material. The maximum credible
saturation of oxide is assumed to be H/X = 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 corner and water
from 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 muffle furnaces, 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 Metal Seismic Analysis

If any fissile metal is present then the metal limit set applies for any combination of metai
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 spill into the collapsed corner of the glovebox during an
earthquake and be reflected 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 maximized, the following analysis
searches for the greatest mass for the metal limit set that can be in present in Glovebox HA-211I,
regardless of whether it is oxide or metal.

The collapsed comer of the 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 representing full reflection by the water entering the glovebox.
Fissile metal was modeled as a sphere within the pyramid. Eight MCNP calculations were
performed to determine the effect on the reactivity of combinations of metal and oxide with
H/X = 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*

Case | Description Kerr 1-sigma
pyr8 | 3.5 kg metal sphere surrounded by pyramid of 1.13 kg Pu | 0.9193 | 0.0016
as oxide H/X =20
pyr® | 3.0 kg metal sphere surrounded by pyramid of 1.63 kg Pu | 0.9020 | 0.0020
as oxide H/X = 20
py10 | 3.6 kg metal sphere surrounded by pyramid of 1.03 kg Pu | 0.9202 | 0.0018
as oxide H/X = 20
pyll | 3.7 kg metal sphere surrounded by pyramid of 0.93 kg Pu | 0.9188 [ 0.0015
as oxide H/X =20
pyl2 | 3.8 kg metal sphere surrounded by pyramid of 0.83 kgPu | 0.9212 | 0.0018
as oxide H/X = 20
pyl13 | 3.93 kg metal sphere surrounded by pyramid of 0.83 kg Pu | 0.9302 | 0.0017
as oxide H/X = 20
pyl4 | 4.75 kg metal sphere surrounded by pyramid of water 0.9390 |0.0012
15 | 4.7 kg metal sphere surrounded by pyramid of water 0.9343 | 0.0015
16 | 4.65 kg metal sphere surrounded by pyramid of water 0.9314 |0.0013

a) Neutron reflection for all cases was modeled as concrete below the point of the fissile material
pyramid, 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 H/X = 20,
holding fissile mass constant, reduces the reactivity. For cases pyr8, pyl0, pyl1, and py12,
changing oxide to metal, holding fissile mass constant increased reactivity. Then for case pyl3,
the metal mass was increased to obtain a kerclose 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, as demonstrated by case pyl4, the mass was reduced until ks dropped below 0.932,
These calculations thus established the glovebox metal limit set mass at 4.65kg with a calculated
kg 0f 0.9314 £0.0013.

5.3.1.2 Ozxide Seismic Analysis

As observed for the metal/oxide 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 MCNP calculations were
used 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 H/X = 20. For Cases pyr!
through pyr3, summarized in Table 5-9, the plutonium loading was reduced from 8.312 kg, to 8
kg to drop below the k.g 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 kg of 0.9377 +
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 of this case, py17, and from figure ITI. 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 H/X = 20 and H/X = 0 will
reduce reactivity compared to case pyr3.

Table 5-9. Seismic Analysis of Oxide Limit Set

Case | Description Keer 1-sigma

pyrl | 8.3 kg plutonium as oxide with H/X = 20 in pyramid 0.9509 0.0017

pyr2 | 8.2 kg plutonium as oxide with H/X = 20 in pyramid 0.9443 0.0018

pyr3 | 8.0 kg plutonium as oxide with H/X = 20 in pyramid 0.9377 0.0018

pyl7 | 8.0 kg plutonium as oxide with H/X = 0 and maximum | 0.8067 0.0014
theoretical density of 11.46 g/cc

5.3.2 Fire Event

Glovebox HA-21I is designated as a dry glovebox. There are no liquid lines running into
or through the glovebox and no free 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
reflecting effect, such as human hands and arms inside rubber gloves, 2) introduction of containers
with moderating liquids, and 3) breakage or burn through of plastic glovebox panels concurrently
with water sprinkler activation or other water sources introducing water untit 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 firefighting no solid streams of water are allowed. The criticality drain will limit the
accumulation of water 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 cm (12 in.) of water to represent operator bodies or other external
reflectors.

The main containers 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 fissile material is not expected to be disturbed, and will occupy its original
volume fraction. 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 H/X = 20 was already modeled at the maximum water content
for the 2.5 kg Pu limit per boat, so any water added to the boats would displace Pu. A separate
oxide case was 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 full flooding.

5.3.2.1 Ozxide Processing

The results of the fire contingency cases for oxide material are shown in Table 5-10. The
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base case oxide results are also shown for comparison. The separate case (case c9007f02) 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 k. (0.7029 + 0.0014) than the base case that had the 8.0 kg Pu distributed in
three boats (0.7873 £ 0.0014). Therefore further studies on glovebox water introduction were
modifications of the oxide base case. The oxide results in Table 5-10 show that reactivity
increases with increasing interspersed water density, but that even the incredible event of full
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

Case Description Keale 1o

c9007bol |Oxide Base Case. Three boats with 2.5 kg Pu each as PuOQ, | 0.7873 | 0.0014
with H/X = 20. One sweeps container with 0.5 kg Pu as
PuO; with H/’X = 20, One extra boat with 2.5 kg Pu as PuO;
with H/X = 20 representing boat on HA-28 conveyor,
nominal reflection on all containers, 10 in. spacing on all
containers except two boats touching.

¢9007fo2 |Six boats with 1.33 kg Pu each as PuO,, mixed with water to | 0.7029 | 0.0014
filt boat volume (H/X = 41). 0.5 kg Pu as PuO; with

H/X = 20 in sweeps container. One extra boat with 2.5 kg Pu
as Pu0O, with H/X = 20 representing boat on HA-28
conveyor, nominal reflection on all containers, 10 in. spacing
on all containers except two boats touching,

c9007fo3 |Same as oxide base case c9007bol except glovebox flooded | 0.7987 | 0.0014
to height of boats (6.20 cm). Interspersed water density =

0.0 g/cm®

c9007fo4 |Same as c9007fo3 except interspersed water density = 0.8008 | 0.0015
0.01 g/em®

c9007fo5 |Same as c9007fo3 except interspersed water density = 0.8017 | 0.0015
0.03 g/cm’

c9007fo6 |Same as c9007fo3 except interspersed water density = 0.8221 | 0.0015
0.10 g/cm’

c9007fo7 |Same as c9007fo3 except interspersed water density = 0.8612 | 0.0015
0.50 g/em’.

c9007fol |Same as c9007fo3 except interspersed water density = 0.8775 | 0.0014

1.00 g/em’ (fully flooded)

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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5.3.2.2 Metal Processing

The results for the metal material in Table 5-11 show that reactivity increases with
increasing interspersed water density, but that even at interspersed water densities of up to 0.20
g/cm’ 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 g/cm’ is not
credible, since sprinklers and fire mist systems are typically in the range less than 0.03 g/cm® as
explained in Appendix G.

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

Case Description Keakc lc

c¢9007bm1 |Base Metal Case. Two 2.35 kg plutonium cuboids in boats, | 0.8556 | 0.0011
no separation, nominal reflection on boats, one extra boat
with 2.5 kg Pu as PuO, with H/X = 20 representing boat on
HA-28 conveyor, nominal reflection on all containers with
10 in. spacing from other boats.

¢9007fm2 (Same as metal base case c9007bm1 except glovebox flooded | 0.9238 | 0.0013
to height of boats (6.20 cm) and interior of boats flooded.
Interspersed water density = 0.0 g/cm’

¢9007fm3 |Same as c9007fm2 except interspersed water density = 0.9242 | 0.0013
0.01 g/cm®

c9007fm4 |Same as c9007fm2 except interspersed water density = 0.9252 | 0.0013
0.03 g/em®

c9007fm5 |Same as c9007fm2 except interspersed water density = 0.9272 | 0.0013
0.10 g/cm’

c9007fin8 |Same as c9007fin2 except interspersed water density = 0.9306 | 0.0013
0.20 g/cm’.

¢9007fm7 |Same as ¢9007fin2 except interspersed water density = 0.9342 | 0.0012
0.30 g/cm®,

c9007fm6 |Same as c9007fm2 except interspersed water density = 0.9396 | 0.0013
0.50 g/cm®,

c9007finl |Same as c9007fm2 except interspersed water density = 0.9451 | 0.0013
1.00 g/cm® (fully flooded)

These calculations show that the criticality safety limit 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.
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5.3.3 Extra Boat in Glovebox Stacked on Other Boats
5.3.3.1 Oxide Processing

The normal situation for oxide processing is to have up to 8.0 kg of Puat a H/X <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.

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 oxide contingency case (case c9007so1) for this event was the
same as the oxide base case c9007bo1 except that the extra boat with 2.5 kg Pu at H/X =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
H/X = 20, with another 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 full 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 ke of
0.9385 + 0.0016, as shown in Table 5-12. This is less than the criticality safety limit of 0.942 for
MCNP calculations of non-metal systems.

Table 5-12. MCNP Calculational Results of Extra Boat Stacking Cases for Oxide

Case Description Keate 1o

¢9007s01 |Same as oxide base case ¢9007bol except extra boat with 0.9385 | 0.0016
2.5 kg Pu at H/X = 20 representing unit mass on HA-28
conveyor stacked (centered) on top of two adjacent boats

5.3.3.2 Metal Processing

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 & 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 metal processing modeled a total of 4.7 kg
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. Similarly, the metal 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.
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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 c3007sm1) for this event was the
same as metal base case ¢c9007bm1 except that the extra boat with 2.5 kg Pu at H/X =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 PuQ; 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 kg of 0.9007 £ 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 ks 0f 0.9316 £ 0.0011, 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 5-13. MCNP Calculational Results of Extra Boat Stacking Cases for Metal

Case Description Keue 1o

c9007sml |Same as metal base case c9007bm1 except extra boat with 0.9007 | 0.0015
2.5 kg Pu at H/X = 20 representing unit mass on HA-28
conveyor stacked (centered) on top of two adjacent boats

¢9007sm2b |Same as c9007sm1 except 4.65 kg Pu in two adjacent boats, | 0.9316 | 0.0011
stacked extra boat contains 2.5 kg Pu metal in cuboid
centered on top of other Pu masses

¢9007sm2d |Same as c9007sm2b except fissile material spaced by the 0.8803 | 0.0011
width of the adjacent boat walls and the thickness of the boat
floor for the extra boat

c9007sm2e |Same as c9007sm2d except the boats are adjacent to full- 0.8944 | 0.0011
height water reflector
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Upon reviewing the first two entries of Table 5-13, the independent reviewer asked how
the calculated k-effectives of Tables 5-12 and 5-13 would change if the 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 from 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 systems 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 normal situation for oxide processing is to have up to 8.0 kg of Puat a H/X <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 of Pu as PuO, at
H/X =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 from the combined boat. The calculation for the button in boat
contingency provided a ke of 0.8833 + 0.0017 (case c¢9007s02) for oxide processing. This ke
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 Description Keuic 1o

c9007302 |Same as oxide base case c9007bo]l except 2.5 kg Pu metal 0.8833 | 0.0017
sphere surrounded by 2.5 kg Pu as PuO, at H/X =20 in one
boat

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 ke of 0.8556 + 0.0011 (case c007bml), which 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.

5.3.6 Container Outside Glovebox Brought too Close

The normal situation for oxide processing is to have up to 8.0 kg of Puat a /X <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 of Pu 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 error 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 configuration than any arrangement of this metal or oxide outside of the glovebox. The
calculations for this contingency in Section 5.3.3 provided a k. of 0.9007 4 0.0015 (case
¢9007sm1) for an extra boat of oxide and 0.9316 £ 0.0011 (case c9007sm2b) for an extra boat of
metal for metal processing and 0.9385 £ 0.0016 (case c9007s01) for oxide processing. These
koas 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.
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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 H/X <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 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, 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 from spills, are not allowed to remain in the
glovebox and must be cleaned up as soon as practical. A contingency would be through operator
error 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 single 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 ks of 0.9007 £ 0.0015 (case c9007sm1l) for an
extra boat of oxide and 0.9316 + 0.0011 (case c9007sm2b) for an extra boat of metal for metal
processing and 0.9385 1 0.0016 (case c9007so1) for oxide processing. These ks 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 processing 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 of the 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 fully flooding the glovebox with water
provided a keg of 0.8775 + 0.0014 (case ¢9007fol), 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 g/cm’ provided a ke of 0.9306 +
0.0013 (case c9007fm8), which satisfies the criticality safety limit 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 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 extra oil or plastic in the glovebox. For the oxide processing, even fully
flooding the glovebox with water provided a ke of 0.8775 1 0.0014 (case ¢9007fo1), 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 g/cm’ provided a ke of 0.9306 + 0.0013 (case c9007fm8), 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 t0 8.0 kg of Puat a H/X <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 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, 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 single unit mass
of 2.5 kg Pu, or for this overloaded material to have an H/X 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 kg 0of 0.9007 + 0.0015 (case c9007sm1) for metal processing and 0.9385 +
0.0016 (case c9007so1)for oxide processing. These k.gs 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 combination 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 of Pu as PuO, at H/X = 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 as 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 at the oxide limit of 8.0 kg Pu, which is more reactive than the
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4.65 kg Pu metal mass limit. The calculation for the button in boat contingency provided a k.« of
0.8833 + 0.0017 (case c9007302). This ke 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.

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 processing the fully
flooded glovebox had a k.« of 0.8775 £ 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 HNF-5450, Rev. 0, CSER 99-007: Criticality Safety Evaluation Report for the PFP
Glovebox HA-21I Muffle 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 of PFP glovebox HA-21I for use in receiving muffle furnace 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 k.gs that are within the subcriticality limit of ke = 0.95 including
the code bias and calculational uncertainties.

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 “*Pu, 2) not
including any of the structural metal for the boats, 3} nominal (2.54 cm) water reflection on all
containers, 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 ¢ at the maximum H/X 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 if the 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 PuO, (11.46 g/cm®) at an H/Pu of 0 up to the maximum H/Pu (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 feast 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 raised and have been adequately resolved.

The input and output files from all computer calculations were also reviewed. The input
files were checked for material densities, material masses, geometry, and container volumes.
During the course of that review several modeling discrepancies and non-conservatisms were
noted, and those cases were corrected/revised and recalculated. The output files were checked
for convergence. The k.« values 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
proposed for PFP glovebox HA-211 are safe from a criticality standpoint.
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MoHR AND ASSOCIATES
ENGINEERING - ANALYSIS - CONSULTING

1440 AGNES STREET
RICHLAND, WA 90352
500-848-0041
500-048-2240

FAX 300-048-4385

December 9, 1999
To: Kenneth D. Dobbin, Fluor Daniel Northwest
From: Wamer A. Blyckert

Subject: ‘Review of CSER99-007: Criticality Safety Evaluation Report for PFP Glovebox
 HA-211 Muffle Fumnace Operation for Plutonium Stabilization (HFN-5450 Rev 0)

Document HNF-5450, Rev. 0, CSER 99-007: Criticality Safety Evaluation Reporr for PFP
Glovebox HA-211 Muffle Furnace Operation for Plutonium Stabilization, was given an
independent technical review. The approach to analyzing the proposed operations, technique
used, and computer calculation inputs were checked for suitability, accuracy and completeness.
The results indicate that the operation may be safely operated under the constraints of the
analysis.

The material which was reviewed consisted of the draft of the final report. The output files of
the computer calculations were not reviewed so that no assessment was made of accuracy,
convergence, or any other parameter of the results. The correciness and results of the validation
effort was not reviewed so that the limits used in the CSER were not checked for accuracy nor

applicability other than the narrative account of the approach which is reported in an appendix.
The referenced CSERs and CSARs were not reviewed and the statements concerning their
results were accepted without verification. .

Rewonmmﬂwraﬁm’swmmtshavebeminoomormdinlothcﬁnﬂmponmd
adequately address the comments. )

The reviewer agrees with the conclusion of the report that the proposed stabilization operations
may be safely operated with the postulated material under the limiting conditions of operation.

Very truly yours,

S

Wamer A. Blyckert
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MCNP COMPUTER CODE VALIDATION
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B.1 VALIDATION PROCEDURE

Validation of the computer code methods in this analysis consisted of testing the code and
neutron cross sections 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
k.as for the benchmark configurations were compared to establish a bias that includes the uncertainty in
the calculational methods. A bias-adjusted ks for the benchmark systems was defined to include both
the deviations of the calculated from the measured k.q's, and experimental and calculational
uncertainties along with the spread in the ability of the computer code to calculate similar systems. In
addition, criticality safety criteria require that the bias-adjusted k.g for CSER analysis calculations not
exceed the established kg safety limit at the 95% confidence level.

This method is illustrated in Figure B.1. Critical is defined as a k.« 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 ke must be less than or equal to 0.95) to compare with the calculated
value and statistical uncertainty of the computer calculated k.q's of this CSER analysis. The calculated
target ke is established by adding the bias, 0.05, and 1.645 times the one-sigma uncertainty of the
calculated k. for the particular CSER analysis and subtracting that value from 1.0. For the analyses in
this CSER, all the computer statistical uncertainties were less than + 0.002, so this value was used to set
the target k.a's as described in Section B.2.

Experiment, Benchmark Computer Code Calculation
Critical 1.000+bias
Safety Margin
Kot kts+bias
0.0

\ 0.05 of Normal Distribution

ke + 1,645

/ ke

0.95 of Normal Distribution

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

A report by J. S. Lan, MCNP 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 by was calculated for the benchmark experiments such that there is
95% confidence that 95% of the benchmark calculated k.4's is above that limit. This is expressed by the
following formula:

bL = klvg‘Kb*cwg

where: by = lower tolerance limit for 95% confidence that 95% of the benchmark calculated
kes's is above this limit,
Kuvg = the average of the k.4's calculated by MCNP 4B,
Ks = a multiplier found from statistical tables for non-central t-distribution, and depends
on number of degrees of freedom, and
Ouvg = standard deviation of the MCNP k.'s.

Bias is calculated by the following formula:
bias = by - ket

where:
kair = the average of the kes's for the critical experiments; for the plutonium experiments
kcﬁt = 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 kg does not exceed 0.95 at the 95% confidence level. This is expressed by the following

formula:
ket = keate - bias + 1.645 * Gee < Kiimit

where: ko = 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 of the distribution for a one-sided
standard normal distribution
Cuk = standard deviation given by MCNP 4B calculation for system in question, and
kime = 0.95 for plutonium systems, generally.

Kumit is generally taken to be 0.95 for plutonium systems.
For a standard deviation (G..ic) of 0.002 or less, the k.s value for plutonium metal systems is:
Keate - (-0.015) + 1,645 * 0.002 < 0.95, or
keae <0.95 +(-0.015) - 1.645 * 0.002 = 0.932,
On this basis, it is determined that the true kes of an analyzed configuration with plutonium will

not exceed 0.95 with a 95% confidence level for plutonium metal systems if the calculated value (ke.i,
and o < 0.002) is limited to a maximum value of 0.932.

Experiment, Benchmark Computer Code Calculation
Critical 1.000+bias=1.000+(-0.015)
Safety Margin=0.05
kiims=() 95 kimi+biag=0.950+(-0.015)
k""i'+bins-1.6450 "=
0.950+(-0.015)-1.645(0.002)
> 0.0 =0.932

ek

Figure B.2. Implementation of Validation Procedure

B-5



HNF-5450 Rev. 0

For a standard deviation (Gec) of 0.002 or less, the k. value for non-metal systems is:
Keat = (-0.005) + 1.645 * 0.002 < 0.95, or
Keate <0.95 + (-0.005) - 1.645 * 0.002 = 0.942.
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 non-metal systems if the calculated value (keate,
and o < 0.002) is limited to a maximum value of 0.942.

Experiment, Benchmark Computer Code Calculation
Critical 1.000+bias=1.000+(-0.005)
¢ Safety Margin=0.05 ¢
kimx=0,95 kumit+bing=0.950+(-0.005)
k'™*4+bias-1.645 "=
0.950+(-0.005)-1.645(0.002)
> 0.0 =0.942

Kok

Figure B.3 Implementation of Validation Procedure

B.3 VALIDATION OF MCNP 4B

The validation of the MCNP4B code on the new computing system, Intergraph™, 400/450 MHz
Pentium II, 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 in MCNP Version 4B Approval for Use Documentation & Authorized User
List (Lan 1999).
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MCNP Input Files for Base Cases and Seismic Model and Diff Files for Others

pyl6.txt

diff py16.txt pyl5.txt

diff py16.txt pyl4.txt

diff py16.txt py13.txt

diff py16.txt pyl12.txt

diff py16.txt pyll.txt

diff py16.txt pyl0.txt

diff py16.txt pyr9.txt

diff py16.txt pyr8.txt
pyr3.txt

diff pyr3.txt pyr2.txt

diff pyr3.txt pyrl.txt

diff pyr3.txt py17.txt
¢9007bol.i

diff ¢9007bo1.i ¢9007nol.i
diff ¢9007bo1.i c9007f02.1
diff ¢9007bo1.i ¢9007f03.1
diff ¢9007f03.i c9007fo4.i
diff ¢9007fo03.i c9007f05.i
diff c9007f03.i ¢9007f06.i
diff ¢9007fo3.i ¢9007fo7.i
diff ¢9007f03.i c9007fol.i
diff ¢9007bo1.i c9007s01.1
diff ¢9007bo1.i ¢9007s02.i
¢9007bm1.1i

diff ¢9007bm1.i c9007nm1.i
diff ¢9007bm1.i ¢9007bmipb.i
diff ¢9007bm1.i ¢9007fm2.i
diff ¢9007fm2.i ¢9007fm3.i
diff ¢9007fm2.i ¢9007find.i
diff ¢9007fim2.i c9007fm5.1
diff ¢9007fm2.i c9007fm6.i
diff ¢9007fm2.i c9007fm7.i
diff ¢9007fm2.i c9007fm8.i
diff ¢9007fm2.i c9007fm1.i
diff c9007bm1.i c9007sm1.i
diff ¢9007bm1.i ¢9007sm2b.i
diff ¢9007sm2b.i c9007sm2d.i
diff c9007sm2d.i c9007sm2e.i
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$

S
8
$
$
$

0.
5 outside world

2 i w

o]

inside pu

1" hzo
concrete floor
air

outside world
metal sphere

20.0 8 rho=2.2124, bhoat

rho=0.00129 ar, air
rho=1.00 s h20
rho=2.37
concrete

imp:n=1 $ inside pu

imp:n=1 $ inaside pu

pylé.txt
seismic contingency for metal/PuQ2 H/X = 20 in pyramid with 12" h2o0 on top
1 5 =-1.00 1 2 3 -4 11 imp:n=1
2 5 -1.00 (=1:~2:~3: 4) 5 6 7 -8 9 imp:n=1
3 3 -2.37 -9 =10 imp:n=1
4 4 -0.00129 [~5:~6:-7: 8) 9 =10 imp:n=1
5 0 10 imp:n=0
6 6 -19.48 ~11 imp:n=1
C  mesmee=- DOAL o e e e e e e
1 pX 0.00
2 Py 0.00
3 pz 0.00
4 P 19.55 0 0O 0 19.55 0 0 0 19.55
5 px -2.54
& PY -2.54
7 Pz -2.54
8 o} 50.03 0 0 0 50.03 0 0 D 50.03
g =] 0.707107 0.707107 0.707107
10 so B80.0
11 8 4.0 4.0 4.0 3.8B4769
mode n
ml 94239.55¢ 1.00 8016,.50¢ 12.0 1001.50¢
mtl lwtr.01t
md 7014.50c ©.790000 8016.50c 0.210000
m5 1001.50c 0.66667 8016.50c 0.3333
mt5 lwtr.0lt
m3 1001.50c 0.0642 8016.50c 0.5916 14000.50c 0.2405
20000.50c 0.0738 26000.55c 0.0299
mt3 lwtr.01t
mé 94239.55¢ 1.00
kcode 3000 1.0 10 100
kasrc 3.64 3.64 3.64
prdmp j =300 1 3
totnu
print
ctme 40
diff pylé.txt pyl5.txt
20c20
< 11 s 4.0 4.0 4.0 3.8B4769
> 11 s 4.0 4.0 4.0 3.86143
Aaiff pyls.txt pyld.txt
20c20
< 11 8 4.0 4.0 4.0 3.84769
> 11 s 4.0 4.0 4.0 3.8B765
diff pylé.txt pyl3.txt
2¢c2
< 1 5 ~1.00 1 2 3 -411
> 1 1 -2.2124 1 2 3 -4 11
13c13
< q P 19.55 0 0 0 19.55 0 0 0 19.55
> L] P 17.55 ¢ 0 0 17.55 0 00 17.585
17¢17
< 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
20c20
< 11 s 4.0 4.0 4.0 3.84769
> 11 s 3.6416 3.6416 3.6416 3.64
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diff pylé.txt pyl2.txt

2¢c2

< 1 5 ~-1.00
> 1 1 -2.2124
1313

< 4 p

> 4 4]
17ec17

< 8 [ =)

> 3] 2]
20c20

< 11 ]

> 11 3

diff py16.txt pyll.txt

2c2

< 1 5 =-1.00
> 1 1 =-2.2124
13c13

< 4 P

> 4 P
17e17

< 8 p

> 8 p
20c20

< 11 8

> 11 ]

diff pyl6.txt pyl0.txt

2c2

< 1 S5 -1.00
> 1 1 ~2.2124
13¢c13

< 4 P

> 4 p
17c¢l7

< 8 p

> 8 P
20220

< 11 -]

> 11 -]

diff pyl6.txt pyr9.txt

2¢2

< 1 5 -1.00
> 1 1 -2.2124
13ei3

< L] P

> 4 P
17¢17

< 8 P

HNF-5450 Rev. 0

1 2 3-411

1 2 3 -411
19.55 0 0 0 19.55 0 0 0 19.55
17.855 0 ¢ 0 17.55 ¢ 0 0 17.55
50.03 0 ¢ 0 50.03 © 0 0 50.03
48.03 0 O 0 48.063 0 0 0 48.03
4.0 4.0 4.0 3.B4769
3.6416 3.6416 3.6416 3.597

1 2 3-411

1 2 3-411
19.55 ¢ O 0 19.55 0 0 0 19.585
18.06 0 O 0 18.06 O 0 0 18.06
50.03 0 © 0 50.03 0 C 0 50.03
48.54 0 © 0 48.54 © 0 0 48.54
4.0 4.0 4.0 3.84769
3.6416 2.6416 3.6416 3.565

1 2 3-411

1 2 3-41
19.55 0 0 0 19.55 0 00 19.55
18.55 0 0 0 18.55 0 0 0 18.55
£0.03 0 © ¢ 50.03 0 0 0 50.03
49.03 0 © 0 49,03 0 0 0 49.03
4.0 4.0 4.0 3.84769
3.6416 3.6416 3.6416 3.533

1 2 3 -411

1 2 3-411
19.55 0 0 0 19.55 0 00 19,55
21.0 0 0 0 21.00 00 21.0
50.03 0 0 0 50.03 0 0 0 50.03

C-5

imp:n=1 % inside pu

imp:n=l $ inside pu

imp:n=1 $ inside pu

imp:n=1 $ inside pu

imp:n=1 § inside pu

imp:n=1 $ inside pu

imp:n=1 $ inside pu

imp:n=1 § inside pu



HNF-5450 Rev. 0

> 8 p 51.48 0 0 0 51.48 © ¢ 0 51.48
20c20

< 11 L] 4.0 4.0 4.0 3.84769

> 11 ] 3.9416 3.9416 3.9416 3.325

33c33

< ksrc 3.64 3.64 3.64

> ksrc 3.9 3.94 3.94

diff pyl6.txt pyrs.txt

2c2

< 1 5 =1.00 1 2 3 -411 imp:n=1 $ inside pu
> 1 1 -2.2124 1 2 3-411 imp:n=1 $ inside pu
13cl3

< 4 P 19.55 ¢ 0 0 19.55 0 00 19.55

> 4 =] 19.0 0 0 0 19.0 0 00 19.0

17el?

< 8 p 50.03 0 © 0 50.03 0 0 0 50.03

> 8 p 49.48 0 © 0 49.48 0 0 0 49.48

20c20

< 11 a 4.0 4.0 4.0 3.84769

> 11 2] 3.9416 3.9416 3.9416 3.5

33c33

< ksrc 3.64 3.64 3.64

> ksre 3.94 3.94 3.94

pYr3.txt
seiamic contingency for Pu02 H/X = 20 in 7.0 liter pyramid with 12" h2c on top
1 1 =-2.2124 1 2 3 -4 imp:n=1 $ inside pu
2 5 =1.00 {=1:=-2:=-3: 4} 5 & 7 -8 9 imp:n=1 $ 1" hZo
3 3 -2.37 -9 =10 imp:n=1 3 concrete floor
4 4 -0.00129 {(-5:-6:-7: 8] 9 =10 imp:n=1 $ air
5 0 10 imp:n=0¢ $ outside world
[= I L) BOAt o e e e e e e e
1 px 0.00
2 BY 0.00
3 pz 0.00
4 P 34.4810 0 © 0 34.4810 0 0 0 34.4810
5 px -2.54
[ ey -2.54
7 Pz -2.54
8 P 64.9610 0 O 0 64.9610 0 0 0 64.9610
9 P 0.707107 0.707107 0.707107 0.0
10 30 80.0 3 outside world
mode n
ml 94239,55¢ 1.00 8016,.50c 12.0 1001.50¢ 20.0 & rho=2.2124, boat
mtl lwtr.01t
mé 7014.50¢c 0.790000 8016.50c 0.210000 $ rho=0,00129 ar
m5 1001.50¢ 0.66667 8016.50c 0.3333 $ rho=1.00
mt5 lwtr.0lt
m3 1001.50c 0.0642 B016.50c 0.5916 14000.50c 0.2405 $ rho=2.37%
20000.50c 0.0738 26000.55c 0.0299 $ concrete

kcode 3000 1.0 10 100

, alr
r h20
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ALff Pyr3.txt pyrz.txt

12cl2

< 4 [e] 34.4810 0 O 0 34.4810 ¢ 0 0 34.4810
> 4 p 34.6936 0 0 0 34.6936 0 0 0 34.6936
l6clé

< 8 P 64,9610 0 0 0 64.9610 0 0 0 64.9610
> 8 P 65,1736 0 0 0 65,1736 © 0 0 65,1736
30¢30

< ksrc 5.0 5.0 5.0

> karc 9.0 9.0 9.0

diff pyr3.txt pyrl.txt

lel

< seismic contingency for PuO2 H/X = 20 in 7.0 liter pyramid with 12" h2o on top
> selsmic contingency for PuO2 H/X = 20 in 7.2 liter pyramid with 12" h2c on top
12c12

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

> 4 <] 34.,92501 0 O 0 34.92501 0 0 0 34.92501
16clé

< 8 p 64.9610 0 O 0 64.9610 © 0 0 64.9610

> 8 p 65.40501 0 © 0 65.40501 0 0 0 65.40501

Aiff pyr3.txt pyl7.txt

2c2

< 1 1 -2.2124 1 2 3 -4 imp:n=1 $ inside pu

> 1 1 -11.46 1 2 3 -4 imp:n=1 $ inside pu
12e12

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

> q ] 16.808 0 O 0 16.8B08 © 0 0 16.808

16clé

< 8 P 64.9610 0 O 0 64.9610 0O 0 0 64.9610

> 8 p 47.29 0 0O 0 47.29 0 00 47.29

2le21

< ml 94239,55¢c 1.00 8016.50c 12.0 1001.50c 20.0 $ rho=2.2124, boat
> ml 94239.55¢c 1.00 8016.50c 2.0 $ rho=2.2124, boat
c9007bol. 1

glovebox ha2li muffle furnace model - base oxide - c%007bol

c bage case oxlde 8 kg pu total

c glovebox - full water reflection on all sides

] furnacesa — empty

c boats - 3 boats on floor

c 2 boats touching sides, 1 boat 10" spacing

c 1.173 g pu/cc oxide

c 2.5 kg pu/boat

c h/x = 20

c 1 inch water reflection on boats

o] gides, top, bottom of boats not included

<] contalners - 1 0.5 liter polyjar 10" spacing from boats
c 1.173 g pufcc oxide

c h/x~20

c 500g pu

c 1 inch water reflection on polyjar

c ha28 conveyor - 1 boat 10 inch spacing from boats in glovebox
] 2.5 kg pu

c h/x = 20

=4

1 inch water reflection
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glovebox

o] 1l =23 -4 20 -6
#10 #11 #12 #13
#20 #21 #22 ¥23
#30 #31 #32 #33
{=211:9:-210:212:213}
(-211:9:-224:214:213)
(=307:308:-309:310:-311:312)

{402:404)
glovebox floor depression
0 3=-27-58 -9

(-211:9:-210:212:213)
[(-211:9:-224:214:213)
[402)
glovebox lead sidewall and window
1 =-1.0 (=1:2:-3) {10 -11 12 -4 5 =19}
1 =1.0 7 =-58 -9 12 -3
1 =1.0 7 -58 -9 =11 2
1 -1.0 {-1:2:-3) (10 -11 12 -4 19 -6}
full water reflection

1 -1.0 ((-10:11:-12:4:6) (13 -14 15 -16 5 -18)):

{13 -14 15 -16 -5 17 (-8:-7:9:-12:11))

outside world

[¢] =-13:14:-15:16:-17:18
floor layer
o 1 -2 3 -4 5 =20

{-211:9:-210:212:213)
(—211:9:-224:214:213)
[402:404)

furnace 1

2 =2.1 (101 =102 105 =106 =103 104)

{(=108:109:-110:111:112)
furnace cavity
0 108 =109 110 -111 =112 104
{=113:114:125:~115:116)

boat in furnace cavity

0 113 -114 -125 123 115 -116

furnace door

2 =2.1 101 -102 -104 107 105 =106

furnace 2

like 10 but trcl=2

furnace cavity

like 11 but trel=2

boat in furnace cavity

like 12 but trel=2

furnace door

like 13 but trcl=2

furnace 3

like 10 but trel=3

furnace cavity

like 11 but trcl=3

boat in furnace cavity

like 12 but trcl=3

furnace door

like 13 but trol=3

3 boatsa, 1 with 10" spacing on floor with 1" water

3 =2.214 202 =203 204 -205 7 -201
3 =-2.214 223 -206 204 -205 7 =201
1

-1.0 (201:-202:203:-204:205}
210 211 =212 =213 -9 7
1 -1.0 (201:~223:206:~204:205}
224 211 -214 -213 -9 7
polyjar
3 -2.214 -401 7 -403
1 -1.0 {-402 7 -404) {401:403)

1 boat with 10" apacing from others

3 =-2.214 301 =302 303 -304 305 -3086

1 =-1.0 {-301:302:-303:304:-305:306)
307 =308 309 -310 311 -312

px 0.0
py 109.20

py 0.0
px 441.96

trcl=1

trcl=1
trecl=1l

trel=1

C-8

imp:n=1

lmp:n=1
imp:n=1
imp:n=1
imp:n=1
imp:n=1
lmp:n=l

imp:n=0

imp:nel

imp:n=1

imp:n=1
imp:n=1

imp:n=1

imp:n=1
imp:n=1

imp:n=1
imp:n=1

imp:n=1
imp:n=1

imp:n=1

imp:n=1



HNF-5450 Rev. 0

5 pz 0.0

6 pz 102.24
7 pz =-5.08
8 px 283,21
9 px 358.14

10 px -1.27
11 py 110.47
12 py -1.27
13 px =-30.48
14 py 139.68
15 py =30.48
16 px  472.44
17 pz =30.48
18 pz 132.72
19 pz 41.91
20 pz 2.54
c furnace
101 pz =-21.1
102 pz 21.1
103 pyY 50.5
104 PY 0.0
105 px -19.50
106 px 19.50
107 py -6.035
108 pz -6,35
109 pz 6.35
110 Px =-5.985
111 Px 6.985
112 PY 33,02
113 pz -6.20
114 pz 0.0
115 px -6.35
116 px 6.35
117 pPY -2.54
118 py =30.48
119 pz -8.T74
120 pz 2.54
121 =34 -8.89
122 px 8.89
123 pY 0.0
124 py -33.02
128 py 27.94
c boats
201 pz 1.12
202 PY 86,35
203 PY 99.05
204 px 327.66
205 px 355.60
2086 PY 60.95
207 Py 48.25
208 Py 22.85
209 Py 10.15
210 PY 83.81
211 px 325.12
212 Py 101.59
213 PZ 3.66
214 PY 63.49
215 PY 45.71
216 py 25.39
217 py 7.61
223 py 35.55
224 py 33.01
c boat with 10" spacing from other boats {conveyor}
301 px 327.66
302 px 355.60
303 pz 26.52
304 pz 32.72
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
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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 B8016.5 1 Swater

mtl lwtr.01

m2 8016.50 0.03930 12000.50 0.00063 13027.50 0.00994 Sfirebrick
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=20

mt3 lwtr.0l

*trl 78.74 34.29 26.18 40 50 90 130 40 90 90 90 O $furnace 1

*tr2 166,37 34.29 26.18 40 506 90 130 40 90 90 90 0 $furnace 2

*tr3 254.00 34.29 26.18 40 50 90 130 40 90 %0 9C O $furnace 3

ksrc 341 54 -2

341 16 -2

341 92 -2

298 54 -2

341 54 30
kcode 1000 1.0 10 4090
ctme 300

print 10 40 50
prdmp J J 3 3

diff a9007bol.1 ¢9007nol.1

1,2c1,2
< glovebox ha2li muffle furnace model ~ base oxide - c9007bol
< ec base case oxide B kg pu total

> glovebox ha2ll muffle furnace model - normal oxide -~ c%007nol

> e normal case oxide 8 kg pu total

6c6

< c 2 boats touching sides, 1 boat 10" spacing

> ¢ 10" spacing

28c28,29

< {-211:9:-224:214:213)

> (-211:9:-215:214:213)

> [-211:9:-217:216:213)

34c35,36

< [-211:9:-224:214:213)

> {~211:9:-215:214:213)

> {=211:9:-217:216:213)

49¢c51,52

< {-211:9:-224+214:213)

> {-211:9:-215:214:213)

> (-211:9:~-217:216:213)

77c8B0

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

>c 3 boats, with 10" apacing on floor with 1" water

79c82,83

< 202 3 -2.214 223 -206 204 -205 7 =201 imp:n=1
> 202 3 =-2.214 207 -206 204 -205 7 =201 imp:n=1
> 203 3 =2.214 209 -208 204 =205 7 =201 imp:n=1
82,83c86,89

< 205 1 -1.0 (201:-223:206:-204:205}

< 224 2311 -214 -213 -9 7 imp:in=1
> 205 1 =-1.0 [201:-207:206:-204:205)

> 215 211 -214 -213 -9 7 imp:in=1
> 206 1 -1.0 [201:-209:208:-204:205)

> 217 211 -216 -213 -9 7 imp:n=1

diff c9007pol.1 c9007f02.1

1,2¢1,2
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< glovebox haZli muffle furnace

< c

> glovebox ha2li muffle furnace

HNF-5450 Rev. 0

base case oxide 8 kg pu total

model - base oxide ~ c9007bol

model - fire case oxide - c9007fo2

> c base case oxlde 8 kg pu total, boats flooded

5,9c5,8

< c boats - 3 beoats on floor

< c 2 boats touching sides, 1 boat 10" spacing

<c 1.173 g pu/cc oxide

< c 2.5 kg pu/boat

< c h/x = 20

> c boats - 6 boats 10" spacing on flocor, 2 boats touching

> c 0.5783 g pu/cc oxide + water

> c 1.33 kg pu/boat

> ¢ h/x = 41

13ci2

<c 1.173 g pu/cc oxide

> e 1.173 g pu/cc oxide + water

15c14

<c 500g pu

> c 500 g pu

26,28¢25,30

< #30  #31 #32 #33

< (-211:9:-210:212:213)

< {=211:9:-224:214:213)

> #30 #31 #32 ¥33

> (=211:9:=-210:212:213:-5}

> {=211:9:-224:214:213:-5}

> (=219:222:~-210:212:213:-5)

> (-219:222:-215:214:213:-5)

> (—=219:222:-217:216:213:=5)

32,35c34

< 2 [} 3-27-58 -9

< (=211:9:-210:212:213)

< (=211:9:-224:214:213)

< (402) imp:n=1

> 2 0 3=-27=-58 -9 imp:n=1
48,49c47,51

< {-211:9:-210:212:213)

< {=211:9:-224:214:213)

> {=211:9:-210:212:213:-5)

> {=211:9:-224:214:213:~5)

> {(=219:222:-210:212:213:=5)

> (~219:222:-215:214:213:-5)

> (=219:222:-217:216:213:-5)

77,83c79,94

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

< 201 3 =-2.214 202 -203 204 -205 7 -201 imp:n=1
< 202 3 -2.214 223 -206 204 -205 7 -201 impin=1
< 204 1 -1.0 {201:-202:203:-204:205)

< 210 211 =212 =213 -9 7 imp:n=1
< 205 1 =-1.0 {201:-223:206:-204:205)

< 224 211 =214 -213 -9 7 imp:n=1
> ¢ & boats 10" spacing on floor with 1" water

> 201 4 -1.627 202 -203 204 -205 218 -201 imp:n=1
> 202 4 =1.627 223 -206 204 =205 218 =201 imp:n=1
> 204 4 =1.627 202 =203 220 -221 218 =201 imp:n=1
> 205 4 -1.627 207 -206 220 -221 218 -201 impin=1
> 206 4 ~-1.627 209 -208 220 -221 218 -201 imp:n=1
> 207 1 -1.0 {201:-202:203:-204:205:-218)

> 210 211 -212 -213 -9 5 imp:n=1
> 208 1 -1.0 {201:-223:206:-204:205:-219)

> 224 211 =-214 =-213 ~8 5 imp:n=1
> 210 1 -1.0 (201:-202:203:-220:221:-218)

> 210 219 -212 -213 =222 5 imp:n=1
> 211 1 =-1.0 (201:-207:206:-220:221:-218)

> 215 219 -214 -213 =222 5 impin=1
> 212 1 -1.0 (201:-209:208:-220:221:-218)

C-11



HNF-5450 Rev. 0

> 217 219 =216 -213 -222 5 imp:n=1
85,86c96, 97

< 207 3 «2.214 -401 7 -403 imp:in=1
< 208 1 -1.0 (=402 7 -404) {401:403) imp:n=1
> 213 3 «2.214 -401 218 =403 imp:n=1

> 214 1l =-1.0 [-402 5 -404) (401:403:-218) imp:n=1
1l1llel22

< 20 pz 2.54
> 20 pz 1.12
139150

< 201 pz 1.12
> 201 pz 8.74
151cl62

< 213 pZ 3.686
> 213 pz 11.28
155a167,171

> 218 pz 2.54
> 219 px 378.46
> 220 px 381,00
> 221 px 408,94
> 222 px 411.48
161,162c177,178

< 303 pz 26.52
< 304 pz 32.72
> 303 pz 34.14
> 304 Pz 40.34
167,168c183,184

< 309 pz 23.98
< 310 Pz 35.26
> 309 pz 3l1.60
> 310 pz 42.88
174,175¢190,191

< 403 pz 1.797
< 404 pz 4.327
> 403 pz 9,407
> 404 pz 11l.947
182a199,200

> mé 94239.55 -0.6059 8016.50 -0.9167 1001,50 -0.1045 $pu oxide flooded
> mtd lwtr.01

186,189c204,210
< ksrc 341 54 -2
< 341 16 -2
< 341 92 -2
< 298 54 -2
> ksrc 341 54 3
> 341 16 3
> 341 92 3
> 298 54 3
> 395 54 3
> 395 16 3
> 395 82 3

diff c9007bol.i c9007£c3.41

1,2¢c1,2

< glovebox ha2li muffle furnace model - base oxide - c9007bol

< ¢ base case oxide B kg pu total

> glovebox ha2li muffle furnace model - base oxide - c9007fo3

> e base casge oxide 8 kg pu, flooded to top of boats, int. water=0
32232

< 2 0 3-27-518 -9

> 2 1 -1 3-27=-58 -9

47¢c47
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< 9 o 1 -23-45-20

> 9 1 -1 1 -23 -45 -20
1i1e1l1

< 20 pz 2.54

> 20 pz 1.12

Aiff c9007f03.1 c9007fo4.1i

1,2¢1,2
< glovebox haZ2li muffle
< c baae case oxide

> glovebox ha2li muffle

furnace model - base oxide
8 kg pu, flooded to top of

furnace model - base oxide

>c base case oxlde 8 kg pu, flooded to top of
23c23

< 1 0 1 -23 -4 20 -6

> 1 1 -0.01 1 -23 -4 20 -6

32¢32

< 2 1 -1 3-27-58 =9

> 2 1 -1.0 3-27-58-9

diff cP00T7£03.1 c9007f05.1

1,2c1,2
< glovebox ha2li muffle furnace model ~ base oxide
< c base cage oxide 8 kg pu, flocoded to top of

> glovebox haZli muffle furnace mcdel - base oxide

> base case oxide 8 kg pu, flooded to top of
23¢23

< 1 0 1 -23 -4 20 -6

> 1 1 -0.03 1l -23 -4 20 -6

32e32

< 2 1 -1 3-27-58-9

> 2 1 ~-1.0 3-27-58 -9

diff c9007f03.1 c9007fo6.4

1,2¢1,2
< glovebox ha2li muffle furnace model - base oxide
< e base case oxlde 8 kg pu, flooded to top of

> glovebox ha2li muffle furnace model - base oxide

> e base case oxide 8 kg pu, flooded to top of
23c23

< 1 0 1 -23-420 -6

> 1 1 -0.10 1 =-23 -4 20 -6

32c32

< 2 1 -1 3-27-58 -9

> 2 1 -1.0 3~-27=-58 -9

diff cS007£03.1 cB007f07.1

1,2¢c1,2
< glovebox ha2li muffle furnace model - base oxide
< c base case oxide 8 kg pu, flooded to top of

> glovebox ha2li muffle furnace model - base oxide

> e base case oxide 8 kg pu, flooded to top of
23023
< 1 o] 1 -23-~420 -6

- c9007fo3

boats, int. water=0

- ¢9007fo4

boats, int. water=0D.01l

- ¢c9007f03
boats, int. water=0

- ¢9007fo5

boats, int. water=0,03

- c9007f03
boats, int. water=0

- ¢9007fo6
boats, int., water=0,10

- c9007fo3
boats, int. water={Q

- c9007£f07

boats, int. water=0.50
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> 1 1 -0.50 1 -23 -4 20 -6
32c3z

< 2 1 =1 3-27-58 -9

> 2 1 -1.0 3-27-586 -9

diff c$007£03.1 c®007fo0l.1

1,2ec1,2

< glovebox ha2li muffle furnace model - base oxide - c%007fo3

<c base case oxlide 8 kg pu, flooded to top of boats, int. water=0
> glovebox haZli muffle furnace model - base oxide -~ ¢9007fol

> o base case oxide 8 kg pu total interstitial water density =1
23c23

< 1 o 1 -23-420 -6

> 1 1 -1l.0 1l -2 3 -4 20 -0

32c32

< 2 1 -1 3-27-58 -9

> 2 1 -1.0 3-27-58 -9

111cl111

< 20 pz 1.12

> 20 pz 2.54
194a195
>

diff a9007bol.1i a9007scl.i

1,2¢c1,2

< glovebox ha2li muffle furnace model - base oxide - ¢9007bol

< c base case oxide B kg pu total

> glovebox haZ2li muffle furnace model - base oxide - ¢9007s01

> e base case oxide 8 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
28,29c28

< {-211:9:-224:214:213)

< {-307:308:~-309:310:-311:312)

> (=211:9:-224:214:(213 -228):(213 227):302)

79¢78,79

< 202 3 -2.214 223 -2086 204 -205 7 -201 impin=1
> 202 3 -2.214 (223 ~206 204 -205 7 =-201):

> {201 -301 -225 226 204 -205} imp:n=1
82,83c82,83

< 205 1 -1.0 {201:-223:206:-204:205)

< 224 211 -214 -213 -9 7 imp:n=1
> 205 1 =1.0 ({201 -226):{201 225}:301:-223:206:-204:205)

> 224 211 -214 (-213:228) (-213:-227) -302 -9 7 dimp:n=1
87,90d86

<c 1 boat with 10" spacing from others

< 301 3 =-2.214 301 -302 303 -304 305 -306 imp:in=1
< 302 1 -1.0 {=301:302:-303:304:-305:306)

< 307 -308 309 ~-310 311t =312 imp:n=1
157a154,157

> 225 Py 54.60
> 226 py 41.9%0
» 227 PY 57.14
> 228 py 39.36
159,170c¢15%,160

< 301 px 327.66
< 302 px 355.60
< 303 pz 26.52
< 304 pz 32.72
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< 305 PY 48.25
< 306 Py 60,95
< g7 px 325,12
< 308 px 358.14
< 309 Pz 23.98
< 310 pz 35.26
< 311 py 45.71
< 3l2 PY 63.49
> 301 pz 7.32
> 302 Pz 9.86
1942185

>

alff c8007bol.i cP007s02.1

1,2¢c1,2

< glovebox ha2ll muffle furnace model - base oxide - ¢9007bol

< c base case oxlde 8 kg pu total

> glovebox ha2li muffle furnace model - base oxide - c9007s02

> c base case oxlde 8 kg pu total with metal and oxide boats combined
6c6,7

< c 2 boats touching sides, 1 boat 10" spacing

> e 1l boat with 2.5 kg metal combined with 1 boat 2.5 kg oxide,
> c 1 boat 10" spacing

2Bc29

< (=211:9:=-224:214:213)

> (=211:9:=-215:214:226)

34c35

< [=211:9:-224:214:213)

> (=211:9:-215:214:226)

49c50

< {=211:9:-224:214:213)

> {=211:9:-215:214:226)

79¢80, 81

< 202 3 =2.214 223 -206 204 =205 7 =201 imp:n=1
> 202 3 -2.214 207 -206 204 -205 7 -225 501 imp:n=1
> 203 5 -19.48 -501 imp:n=1
82,83cB4,85

< 205 1l -1.0 (201:-223:206:-204:205)

< 224 211 -214 -213 -9 7 imp:n=1
> 205 1 -1.0 {225:-207:206:-204:205)

> 215 211 =214 =226 =9 7 imp:n=1
157al160,161

> 225 pz 1.

4817

> 226 pz 4.0217
161,162¢c165,166

< 303 Pz 26.52

< 304 Pz 32.72

> 303 pz 26.8817
> 304 Pz 33.0817
167,16B¢cl71,172

< 309 pz 23.98

< 310 Pz 35.26

> 309 pz 24.3417
> 310 Pz 35.6217
175a180,181

> c metal sphere
> 501 -] 341.63 54.60 -1.79915 3.129
182al189

> m5 94239.55 1.00
c9007bml . 1
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glovebox haZ2li muffle furnace model - base metal - c9%007bml

aooocooanaonoooOocoaecbDo0a0000000

[

~

lo

11

12
13
20
21
22

23

base case metal 4.7 kg pu total

glovebox - full water reflection on all sides

furnaces - empty

boats -

ha28 conveyor - 1 boat 10 inch spacing from boats

2.5 kg pu

h/x = 20

1l inch water reflection
glovebox
4] 1 =23 -4 20 -6

2 boats on floor
2 boats touching sides
19.48 g pufcc pu metal

2.35 kg pu/boat
h/x = 0

1 inch water reflection on boats

gidea, top, bottom of beats not included
containers - 1 0.5 liter polyjar 10" spacing from boats

0 g pu/cc
h/x=0
0 g pu

0 inch water reflection on polyjar

#10 #11 K12 #13

20 #21 #22 #23

30  #31 #32 #33
{-211:9:-210:212:213)
{~211:9:-224:214:213)
(~307:308:-309:310:-311:312)
(402:404)

glovebox floor depreasion

0

3=-27 =58 =9
{(=211:9:-210:212:213)
(=211:9:-224:214:213)
{402)

glovebox lead sidewall and window

T -1.0
1 -1.0
1 -1.0
1 =-1.0

[-1:2:-3}) (10 -11 12 -4 5 -19)

7-58-912 -3
7-58-9-112

(=1:2:=3} (10 -11 12 -4 19 -6}

full water reflection

1 -1.0

outside
0

{{-10:11:-12:4:6) (13 -14 15 -1& 5 -18}):

{13 =14 15 =16 ~5 17 {-8:-7:9:-12:11)}

world
-13:14:-15:16:-17:18

floor layer

0 1

furnace
2 =-2.1

furnace
0

boat in
0

furnace
2 =2.1
furnace
like 10
furnace
like 11
boat in
like 12
furnace
like 13
furnace

-2 3 -4 5 -20
(=211:9:=-210:212:213)
(-211:9:-224:214:213)
(402:404)

1

{101 =102 105 =106 =103 104)

{=108:109:=-110:111:112)
cavity

108 -109 110 -111 -112 104

{-113:114:125:-115:116)
furnace cavity

113 -114 -125 123 115 -116

door
101 -102 =104 107 105 -106
2
but trocle2
cavity

but trol=2
furnace cavity
but trol=2
door

but trcl=2

3

trcl=1

trcl=1
trel=1

trol=1

C-16

in glovebox

imp:n=l

imp:n=1
imp:n=1
imp:n=1
tmp:n=1
tmp:n=1
imp:n=1

imp:n=0

imp:n=1

imp:n=l

imp:n=1
imp:n=1

imp:in=1



S01

207
208

301
302

WE-JoWa WK

204
205

like 10
furnace
like 11
boat in
like 12
furnace
like 13

HNF-5450 Rev. 0

but trel=3
cavity

but trel=3
furnace cavity
but trcl=3
door

but trcl=3

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

0
0
0

1l -1.0

202 -203 204 -205 7 ~201

223 -206 204 -205 7 -201 (503:-502:-501)
{201:-202:203:-204:205)

210 211 -212 -213 -9 7
{201:-223:206:-204:205)

224 211 -214 -213 -9 7

4 -19.48 501 502 -503 -205 7 -201

polylar
0
0

-401 7 -403
{-402 7 -404}) {401:403)

1 boat with 10" spacing from others
3 =-2.214 301 -302 303 -304 305 -306

1 -1.0 (-301:302:-303:304:-305:306)
307 -308 309 -310 311 -312
px 0.0
py 109.20
py 0.0
px 441.96
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 472.44
pz =30.48
pz 132.72
pz 41.91
Pz 2.54
furnace
pz =-21.1
pz 21.1
(<34 50.5
PY 0.0
px -19.50
Px 19.50
=3 -6.035
pz -6,35
pz 6.35
=54 -6.985
px 6.985
pY 33.02
pz -6.20
pz 0.0
px -6.35
px 6.35
ey -2.54
py =30.48
P2 -B.74
Pz 2.54
PX -8.89
pPXx 8.89
Py 0.0
py =33.02
Y 27.94
boate
pz 1.12
Py 86.35
pY 99,05
px 327.66
px 355.60
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206 PY €60.95

207 ey 48.25

208 PY 22.85

209 py 10.15

210 py 83.81

211 px 325.12

212 py 101.59

213 pz 3.66

214 py 63.49

215 PY 45.71

216 PY 25.39

217 pY 7.61

223 PY 35.55

224 pPY 33.01

c boat with 10" spacing from other boats {conveyor)
301 px 327.66

302 px 355.60

303 pz 26.52

304 pz 3z2.72

305 PY 48.25

306 py 60.95

3o? px 325.12

308 px 358.14

309 pz 23.98

310 pz 35.26

311 Py 45.71

312 Py 63.49

-] 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

c metal buttons in boats
501 py 45.131

502 px 349.36

503 py 51.369

ml 1001.5 2 8016.5 1 Swater

mtl lwtr.01

m2 B016.50 0.03930 12000.50 0.00063 13027.50 0.00994 $firebrick
14000.50 0.01135 20000.50 0.00022 26000.55 0.00032

m3 94239.55 1.00 8016.50 12 1041.50 20 8pu oxide h/x=20
mt3 lwtr.01
mé 94239.55 1.00 Spu metal

eyl 78.74 34.29 26.18 40 50 90 130 40 %0 90 90 O $furnace 1
*tr2 166.37 34.29 26.18 40 50 S0 130 40 90 90 %0 O $furnace 2
*tr3 254.00 34.29 26.18 40 50 90 130 40 90 90 %0 O S$furnace 3
ksrc 352 48 -2

352 54 30
kcode 1000 1.0 10 400
ctme 300

print 10 40 50
prdmp 3 3 3 3

diff c9007bml.1 c9007nml.1i

1,2¢1,2

< glovebox ha2li muffle furnace model - base metal - c9007bml
< c base case metal 4.7 kg pu total

> glovebox haZ2ll muffle furnace model =- normal metal =- c9007nml
> c normal case metal 4.7 kg pu total

5,6c5

< c boats - 2 boats on floor

< ¢ 2 boats touching sides

> e boats - 2 boats on floor 10" spacing

28c27,28

< {~211:9:-224:214:213)

> {-211:9:-215:214:213})

> [«211:9:-217:216:213)

34034,35
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< (-211:9:-224:214:213)

> [=211:9:-215:214:213)

> [=211:9:-217:216:213)

49¢50,51

< {=211:9:-224:214:213)

> {(=211:9:-215:214:213)

> {-211:9:=217:216:213)

17¢79

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

> c 2 poats, with 10" apacing on floor with 1" water

79cBl,82

< 202 o 223 -206 204 -205 7 ~201 (503:-502:-501) imp:n=1
> 202 0 207 -206 204 -205 7 -201 501 imp:n=l
> 203 0 209 -208 204 -205 7 -201 502 imp:n=1
82,84¢85, 90

< 205 1 -1.0 (201:=-223:206:-204:205}

< 224 211 -214 -213 -9 7 imp:n=1
< 501 4 ~19.48 501 502 -503 -205 7 -201 imp:n=1
> 205 1 -1.0 (201:=-207:206:-204:205)

> 215 211 ~214 -213 -9 7 imp:n=1
> 206 1 -1.0 {201:-209:208:-204:205)

> 217 211 -216 -213 -9 7 imp:in=1
> 501 4 =-19.48 =501 imp:n=1
> 502 4 -19.49 =502 imp:n=1
178,180cl84,185

< 501 py 45.131

< 502 px 349.36

< 503 py 51.369

> 501 s 352.534 51.316 -2.014 3.08652

> 502 8 352.534 19.784 -2.014 3.0652

diff c%007bml.1i c9007bml.

1,3c1,3

< glovebox ha2li muffle
< c base case metal
< c glovebox - full

> glovebox ha2li muffle

> c base case metal

> c glovebox - full

37,39¢37,39

< 3 1 =-1.0 {-1:2:
< 4 1 =-1.0 7 -5 8
< 5 1 -1.0 7 =58
> 3 5 =11.4 {-1:2
> 4 5 -11.4 7 =5

> 5 5 -11.4 7 =5

188a189

> md 82000.50 1.00

diff cS007bml.1i a9007fm2

1,2¢1,2
< glovebox haZli muffle
<c base case metal

> glovebox ha2li muffle

> ¢ base case metal

32c32

< 2 0 3-27-~
> 2 1 -1 3 -2
47¢47

< 9 0 1 -2 3 -4

pb.1

furnace model - base metal - <¢9007bml
4.7 kg pu total
water reflection on all sides

furnace model - base metal - c39007bmlpb
4.7 kg pu total 0.5 inch lead walls
water reflection on all sides 0.5 inch lead walls

-3) {10 -11 12 -4 5 -19) imp:n=1
-212 -3 imp:n=1
-9 =11 2 imp:n=1
:=3) {10 -11 12 -4 5 -19) imp:n=1
8 -9 12 -3 imp:n=1
g -9 -11 2 imp:n=1

$lead metal
.4

furnace model - base metal - c9007bml
4.7 kg pu total

furnace model - base metal fire - ¢9007fm2
4.7 kg pu total, floocded to top of beat
58 -9
7T -58 -9

s -20
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> 9 1 -1 1 -2 3 -4 5 <20

78,80c78,80

< 201 0 202 -203 204 -205 7 -201 imp:n=1

< 202 0 223 -206 204 -205 7 -201 {503:-502:-501) imp:n=1

< 204 0 (201:-202:203:-204:205)

> 201 1 -1 202 -203 204 -205 7 -201 imp:n=1
> 202 1 -1 223 -206 204 -205 7 -201 {503:-502:-501) imp:n=1
> 204 1 -1 {201:-202:203:-204:205)

86,87c86,87

< 207 0 =401 7 =403 imp:n=1

< 208 0 (=402 7 =404) (401:403) imp:n=1

> 207 1 =1 -401 7 =403 imp:n=1
> 208 1 -1 (-402 7 =-404) [401:403) 1mp:n=1
1l12¢112

< 20 pz 2.54

> 20 pz 1.12

diff c9007fm2.1 cH007Lfm3. 4

1,2¢c1,2

< glovebox ha2ll muffle furnace model - base metal fire - c9007fm2

< c base case metal 4.7 kg pu total, flooded to top of boat

> glovebox ha2l1i muffle furnace model - base metal fire - @9007fm3

> c base case metal 4.7 kg pu total, flooded to top of boat, 0.0l above
23c23

< 1 ] 1 -2 3 -4 20 -6

> 1 1 -0.01 1 -2 3 -4 20 -8

1972198

>

diff c9007fm2.1i c9007fmd.1

1,2¢c1,2

< glovebox ha2li muffle furnace model - bage metal fire - c9007fm2

<c base case metal 4.7 kg pu total, flooded to top of boat

> glovebox ha2ll muffle furnace model - base metal fire - c9007fm4

> e base case metal 4.7 kg pu total, flooded to top of boat, 0.03 above
23c23

< 1 "] 1 -23 -4 20 -6

> 1 1 =-0.03 1 -2 3 -4 20 -8

1972198

>

diff c9007fm2.1 c9007LmS.1

1,2¢1,2

< glovebox ha2li muffle furnace model - base metal fire - ¢3007fm2

<c base case metal 4.7 kg pu total, flooded to top of boat

> glovebox haZll muffle furnace mcdel - base metal fire - c9007fmb

> c base case metal 4.7 kg pu total, flooded to top of boat, 0.1 above
23c23

< 1 0 1 -23-420 -6

> 1 1 -0.1 1 -23 -4 20 -6

197a198

>

diff c9007fm2.1 cPO07Lfmé .1

1,2c1,2
< glovebox haZli muffle furnace model - base metal fire - c9007fm2
< c base case metal 4.7 kg pu total, flooded to top of boat
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> glovebox ha2li muffle furnace model - base metal fire - ¢9007fmé

> c bagse case metal 4.7 kg pu total, flooded to top
23c23

< 1 0 1l -2 3 -4 20 -6

> 1 1 -0.5 1 -2 3 -4 20 -6

197a198

>

daiff cS007fm2.i oP007fm7.4

1,2¢1,2

< glovebox ha2l1i muffle furnace mcdel - basgse metal fire
< c base case metal 4.7 kg pu total, flooded to top
> glovebox ha2li muffle furnace model - base metal fire
> c base case metal 4.7 kg pu total, flooded to top
23c23

< 1 0 1=-23~-420-6

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

197al198

>

diff cP007fm2.1 cS007fm8 .1

l,2¢1,2

< glovebox ha2li muffle furnace model - base metal fire
< c base case metal 4.7 kg pu total, flooded to top
> glovebox ha2li muffle furnace model - base metal fire
>c base case metal 4.7 kg pu total, flooded to top
23c23

< 1 0 1 -2 3 -420 -6

> 1 1 -0.2 1-23 -4 20 -6

197al198

>

dAiff cf007fm2.1 cPO07fml.1

of boat,

0.5 above

- c9007fm2

of boat

- c%007£fm7

of boat,

0.3 above

- ¢9007£fm2

of boat

- ¢c9007fm8

of boat,

of boat

0.2 above

1,2¢l,2

< glovebox ha2li muffle furnace model - base metal fire - c9007fm2
< c base case metal 4.7 kg pu total, flooded to top

> glovebox ha2li muffle furnace model - base metal fire - ¢9007fml
> e base case metal 4.7 kg pu total all flooded

23c23

< 1 0 1 -2 3 -4 20 -6

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

112e112

< 20 pz 1.12

> 20 pz 2.54

diff cS9007bmli.1i c9007sml.1i

1,2c1,2

< glovebox haZli muffle furnace model - base metal - c¢9007bml

< e base case metal 4.7 kg pu total

> glovebox haZli muffle furnace model - spacing metal - ¢%007sml

> e base case metal 4.7 kg pu, conveyor boat on other boats

17¢c17

< c haZ?8 conveyor - 1 boat 10 inch spacing from beoats in glovebox
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- ha28 conveyor - 1 boat no spacing from boats in glovebox
28,29c28

< (~211:9:~224:214:213)

< {=307:308:-309:310:~-311:312)

> {-211:9:-224:214:(213 -228):(213 227):302)

79279

> 203 3 =-2.214 ({201 -301 -225 226 204 -205) imp:n=1
82,83c82,83

< 205 1 =-1.0 (201:-223:206:-204:205)

< 224 211 =214 =213 =9 7 imp:n=1
> 205 i -1.0 {(201 ~226):{201 225):301:-223:206:-204:205)

> 224 211 -214 (-213:228} (-213:-227) -302 -9 7 imp:n=1
88, 91487

<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 {(-301:302:-303:304:-305:306)

< 307 -308 309 -310 311 -312 imp:n=1
158a155,158

> 225 py 54.60
> 226 py 41.90
> 227 Py 57.14
> 228 py 39.36
160,171cl160,161

301 px 327.66
302 px 355.60
303 pz 26.52
304 pz 3z2.72
305 ey 48.25
306 ey 60.95
307 px 325.12
308 px 358.14
309 pz 23.98
310 pz 35.26
311 (Y 45.71
31z PY 63.49

AAAAAANAAANAAANAN

> 301 pz 7.32
> 302 pz 9.86

Aiff o9007bml.i ¢9007am2b.1

< glovebox ha2li muffle furnace model - base metal - ¢9%007bml

< ¢ base case metal 4.7 kg pu total

> glovebox ha2li muffle furnace model - spacing metal - c9007sm2Zb

> c base case metal 4.65 kg pu, conveyor boat on other boats

8c8

< e 2.35 kg pu/fboat

> e 2.325% kg pu/boat

17¢17

< ¢ ha28 conveyor - 1 boat 10 inch spacing from boats in glovebox
>c ha28 conveyocr - 1 boat no spacing from boats in glovebox
19c19

< ¢ h/x = 20

> c h/x = 0

28,29c28

< {=211:9:~224:214:213)

< {-307:308:-309:310:-311:312)

> (-211:9:-224:214: (213 -228):{213 227):302)

79a79

> 203 0 {201 -301 -225 226 204 -205) {(503:-502:-501:506) imp:n=1
B2,83cB2,84

< 205 1 =-1.0 {201:=223:206:=204:205}

< 224 211 =214 =213 =9 7 imp:n=1
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> 205 1 ~-1.0 ({201 ~226):(201 225}:301:-223:206:-204:205)

> 224 211 -214 (-213:228) (-213:-227) -302 -3 7 imp:n=l
> c metal pieces

B4a86

> 502 4 =-19.48 501 502 =503 =205 201 -506 imp:n=1
88,91d89

<c 1 boat with 10" spacing from others

< 301 3 -2.214 301 -302 303 -304 305 -306 imp:in=1
< 302 1 -1.0 {=301:302:-303:304:-305:306}

< 307 =308 309 -310 311 -312 imp:in=1
158al157,160

> 225 py 54.60
> 226 py 41.90
> 227 py 57.14
> 228 py 39.36
160,171c162,163

301 px 327.66
302 px 355.60
303 pz 26.52
304 pz 3z2.72
3056 ey 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

AAAAAANAANAANAAAN

> 301 pz 7.32
> 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 349.385
> 503 py 51.353
> 504 py 46.59
> 505 PY 49.91
> 506 pz 4.453
192187

< karc 352 48 =2

> karc 352 48 0
197a193

>

diff c9007sm2b.1 ocS007sm2d.1

lecl
< glovebox ha2li muffle furnace model - spacing metal - c9007sm2b

> glovebox ha2l1i muffle furnace model - spacing metal - ¢9%007sm2d

85,86c85,89

< 501 4 -19.48 501 502 =503 -205 7 =201 imp:n=1
< 502 4 -19.48 501 502 =503 ~-205 201 =506 imp:n=1
> 501 4 -19.48 501 502 -504 -205 7 -201 impin=1
> 502 4 ~-19.48 505 502 -503 -205 7 -201 imp:nm]
> 503 4 ~-19.48 501 502 -503 -20%5 507 -506 imp:n=1
> 504 0 504 502 -505 -205 7 -201 imp:n=1
> 505 0 501 502 -503 -205 201 -507 imp:n=1
1702173

< 501 py 45.148
> 501 py 44.830
172,175c175,179

< 503 py 51.353
< 509 py 46.59

< 505 py 49.91

< 506 pz 4.453

> 503 py 51.670

C-23
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504 py 47.932%
505 py 48.5675
5086 pz 4.4375

507 pz 1.4375

187,1868c191,193

< ksrc 352 48 0

VVVY

< 352 54 30
> ksrc 352 46 =2
> 352 50 =2
> 352 50 3

AUff cP007am2d.i c9007smle.i

lel

< glovebox haZll muffle furnace model - spacing metal - c9007sm2d
> glovebox ha2li muffle furnace model - spacing metal - c9007sm2e
97297

< 4 px 4d41.96

> 4 px 356.141

109¢109

< 16 px 472.44

> 16 px 3B8B.621

C-24
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APPENDIX D

PRELIMINARY HAZARDS ANALYSIS
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1.0 HA-211 Glovebox Criticality Preliminary Hazards Analysis
1.1 PURPOSE

The purpose of this Preliminary 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 PFP HA-21I Glovebox. The results of this PHA will be used for input
into the HA-211 Criticality Safety Evaluation Report (CSER).

1.2 HAZARDS EVALUATION

A PHA is a technique derived from 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:

Raw materials, intermediate and final products, and their reactivity

Operational activities (testing, maintenance, etc.)
Interfaces among system components.

« Plant equipment
o Facility layout
o Operating environment

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 Identification; 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: Miscellaneous 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 PHA RESULTS

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 Materi nsiderations

» 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 H/X < 20

« Activities not planned for thermal stabilization in HA-21I are processing of button
ash, reactive ash, or sludge

« Materials:
« MOX (Mixed Oxide)
+ Plutonium-Uranium (< 50% U235; not credible to have higher enriched uranium in

Glovebox HA-211)
o Metal
- Alloys

« PFP has Mixed Oxide material (MOX) which consists of U/Pu - up to 50% *°U
enriched. Accidental introduction of this materiat into HA-211I needs to be
considered.

« Precipitate of the magnesium hydroxide process will be addressed in calculations
as H/X unlimited (<450 g/L) which is beyond the scope of this CSER

« Liquid present in Mg(OH), filtrate (potentially “soupy” consistency)

« For calculational purposes assume density of fissile material to be ~2.7 g/cc to
11g/cc PuQ,. Density of material to be confirmed by PFP.

D-5
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lin, nsi tions

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

Furnace boats are handled/moved (<2500 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-211

Assume the presence of furnace boats, sweep cans (containers) — 0.5 L, sieve/pan
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 furnace 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-21I in CSER analysis
e.g. plastic introduced in glovebox

Facili nfiguration 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 of HA-211
Criticality drain will be installed in HA-211
Sump will be removed from HA-211

Flooding of room containing glovebox HA-211 not considered credible — doors
will not hold water in room

D-6
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+ Glovebox HA-211 is not seismically qualified.
« Fire system piping is not seismically qualified.

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

« Hardware will be installed to prevent wagons from going under HA-211
+ Glovebox HA-21I shell - 42 in. Wide x 39 in. height x 156 in. length
+ Fumaces are assumed to stay shut during DBE

« Fumnace off-gas vacuum system up on mezzanine: vacuum pump pulls maximum of

6 in. Hg

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

2.0 PHA TEAM MEMBER BIOGRAPHIES

Janice R Billingsiey, B&W Hanford Company, PFP Operations — Ms. Billingsley has nine
years of experience as a Nuclear Chemical Operator at the Plutonium Finishing Plant. She
is certified in Thermal Stabilization 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 Services, 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
successful completion of an Operational Readiness Review to resume thermal stabilization
of plutonium. Mr. Dobbin has both undergraduate and masters degrees in nuclear

engineering.

Estrell 1, Fluor Federal Services, Inc — Scribe for PHA. Mr. Joe Estrellado has
over 30 years of combined 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 from the University of Washington.
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Alan Ramble - B&W Hanford Company, 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 Risenmay — Fluor Daniel Hanford Inc., Engineer, PFP Thermal Stabilization

T li ilization Cogni Engineer — Mr. Risenmay has 16 years experience at
the Hanford site. His experience has been in the Chemical Engineering Laboratory, the
PUREX plant, the UO3 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, Jr. — Fluor Federal Services Inc., Safety Analysis 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 Hanford Site. Experience includes leading PHAs and HAZOP:s 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, Speer, Project Manager, Materials Stabilization Project, Plutonium Finishing
Plant B&W Hanford Company — 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 Plant/WESF 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 A.A. Radiation and Nuclear Technology, Oklahoma State University.

David W. Wootan, Fluor Federal Services, Inc, Criticality Safety Engineer, — 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.

D-8



HNF-5450 Rev. 0

References

AIChE, 1992, Guidelines for Hazard Evaluation Procedures, American Institute of
Chemical Engineers, New York, New York.

MIL-STD-882B, 1977, System Safety Program Requirements, Department of Defense,
Washington, DC



HNF-5450 Rev. 0

SUOHIPUOD

(peuaynu

SEWUI J)0 JO UOTIENJEAS I -
PRIIPISU0D 3q 0 JOJOE] Y “€ uon:.v.—:ﬁ
syuymuowazmbos “synds dn
SsHtll [0} B30 0) AIn[rEy
XOQIAO[S Ut JOJ PAjUnoaos Bunyoun 8'3) suonuiado
9q o parmbsy °Z dnpjoy xoqaaolp) - UOTRZ¥}S
15onbay jzosunfeunu XOGRAO[H 10J Jounsa PRpUSIATU] Iz
U0 2UCp VAN '1 0 | swuowaumbas yaN - PROIUIPI SUON | © 58 dnpjoy XOg] | UBY) SEBUI AR SERIN -“VH W Ageonu) | €0-11TVH
SIA[ISUING JO SWM[oA UO
BN JOUURD 5180H] T FWN JAYRDSAIUIPY -
oMo XOGIAOS Ul s5BW UO (ousueumy) | popususmuy nz
TeRu2j0d JOI URUNE - D | I AGRNSIMUPY - | SUWMIOA XOGIACED) | £180q AU 00] | UeY) S5 0y SSUN | -VHWAMOIND | ZollZvH
"810419 9819 Juanaxd
0 apenbaps Y(IN sape0mpu
sousuadxa puonrIado
(OND 21qTpar)
10N 2q O} pUIPELOS A58
s101ED BEIRT - (AJUo SI0ND
Trvurs) Jous Bunjaqe ] - y30u>
Furpeal ul JOLD UNWIOE] - uBIpOISTd VHI -
anpea ampasasd sopmisd( -
U pad)/md Ut JOLT] "¢ Burpeo]
Jous Buunp poyBram wog - o (somd
wouidmbo Suunsespy 7 Smpeoypoquo | wnwTEWW KU uvumy) woq Ppopusyul Uy I1T-VH
JOIR URUmE] ‘| J | VI SANRDSURIPY - oA oy PIPUOLRAQ) | TRy SsWI 2SO BTN w Ayogu) | 10-11ZVH
oN SEHINLVAA STANLVAA
1vd ALAIVS ALEAVS SASOVD ASOVD WHITNVEVD | NOLLIANOO
SRV OHMi | HALLVIISININGY | TTTAINIONH QIIVLIId TVIHNED JHTIOYINOD SNOMIVZVH a

© spovared pogozineo e 10) yuosaid 3G 6) PARISS 9] [P I SMON

SNOSIOd

‘NOLLVYINIONOD ‘ALISNIA ‘INTWHORINT ‘AULINOT ‘NOLLOTLITY ‘NOLL)VHALNI ‘NOLLYEIAOW ‘TRNTOA ‘SSYI Seuming pagonwes)
6661 ‘¥ quIRAON N8

~

11 :s98sg o

SISATVNY S(VZVH AVNINITHd ALI'TVILLIMD XOHIAOTO ddd 14 9198,

D-10



HNF-5450 Rev. 0

BUNE0D pagosad
U0 FEERuwEImbal
SIINT00 JO IqUInT suogsoyRods
oo spowalmbal paaasdde (roxm wwny
owpanSREIpY - AT | o5 30p pasoqe o opmery
YT PN JUMIOA Apuanmod vy Jo (pomquiod)
DO spEanEsmbas SIRUNIUOD | JAPO) FXTBU0D spran| Anaanoap) | 4
MIERSURUPY - | pasoidde Jo a8 Boorp aJes poooxy poumpp |  -yHmARRED | 90 11ZVH
| xoqaaod 2qposm oexqu
E R0 sswul Und 2ANS P
aum » = podump XunI0o Raoum oppdo
AJuO smoffe InPac0ly NS W s% 2ANe
“wonEpuod yedn Joj By I SRARN PIRISL] - (o
PS03 2AWY 1,U0(] "€ wnd a0 Burpeo] Twwny) sseu
(7€ ¢) ounjor X0} SAMPS00L] - yonu 0oy -
oltzv s und a3 - d fiqueese | popuoymammy
30135 NN AN JOJ STV SEUP - POUTIEOp! JUON und aAmg | Ow ssewI 2O b 4 | WH W Ayeonu O11ZVH
{30125 uvumy)
a{ v o8ize 003 -
(30139 usumy)
!ﬂ_!uo
SERW JANO0 [ PATIQIID » Ul seyml
UM A0 WR000)) “f 150 Yoo ooy -
15051 s sdoomg 7 9q 0y poabar £1 1uf - SUROTOO
Xoqarorl o1 rumgooe ROGAAOFE U pamofe SO URTIOD | popiojur I nz
1 Aquo yuepd 3o o | o] U | A0 - 971 JUTMUO)) adoomg | wep ssww a0 sepy | -yH W Aweonu) | v0-NIZVH
ON SMANIVIA SRANIVAL .
AL ALTAVS ALEIVS sASAVD ASNVD FHLANVIVd NOLLKINOD
STV OMid | FAILVIISINDNAY | CHIEANIONA aamviaa TVHENGD | GHTIONINOD | SNOMAVZYH a
spyouwnied pogenyuco e 20j Judsaxd 3q 0) PIRERES S [FLENUW IESOLT SHON
SNOSIOd
‘NOLLVUINTIONOD ‘ALISNIA ‘INTWHOTENT ‘A41TWOI ‘NOILTTITH ‘NOLLD VEEINI ‘NOLLVETIAON ‘THITOA ‘SSYIN SHwmieg pioane)
6661 ‘p BdqURACN e 11 :93eg o],

SISATTVNY SQAVZVH AMVNIWNI THEd ALITVOILIND XO99AO ddd "1d 21qeL

D-11



HNF-5450 Rev. 0

oN0q, Je0q Ul oy
N0 PINOD FOTILNJ UT W)U
Buwsaooud “zaul] Inoyim -
SUCHIAUL Uonnati 1oye
Anuz sioury -samgeiadus
JIRIP I8 SNLIEW
gnoLrea ssa00ad of J80q
ut yusasd oq Aewr s1oury - UIOE JANE
HON uf feLivjEW
sqsy ysodap
1B} SUCHIPUCD
SISERIU Jagjo Y poydnos
I BURORISIUT JOT TIS0U0D (PY 2A9t
pue zapmod s wed wmop apisdn)
1y snyd uopng IAqUIALYY oumRuoo
“uonduwmsse VN[N, © Sumuoy [RUSJRI S[ISST
IaurEues B Sunnosaq yuoureou[d sa1s 100]] XOoqaAC]B Jo (pouquuod)
Ja2id 0} 9P UO Burpsesas joquoo uo paowyd SH] Anawoary 11z
A1 98 0) JuswMbay ‘| o) SANBRSTUNOpY - PITRUIPE SUON UDAIO6 JANS 388 pa9Xy % SWIN[OA “YH W Appeonu) | 80-11ZVH
(30113 wwwInY)
e JQissl Jeuew Hissy
Fupjowys JourEIud Bururejuoo Jo (paulquuoo)
paao[e JoJ syuswaamnba BISUTEJUOD S| Anouioany Iz
Aquaum jou si Surpug o SAYRISIUTRIPY - pRijpuapl SuUoN Jo Bunpwmg 988 paIXy P Wnjop “VH W Appeonu) | Lo 11ZVH
ON STANIVAL SHANILVAL
1VD ALAIVS ALAAVS SASNVO g8OVD YHLANVAV NOLLIONOD
SIRIVINHA OFMd | HALLVILSININGY | IITINIONA THTVLEa TVHENAD QI TIOYLNOD SNOTAVZVH a
sspaunied pajonyuod [ie 10J Juasaid aq o) pIUMSSS § [FLIAJEW {ISSTY NON
SNOSIOd
‘NOILVYINIONOD ‘ALISNAA ‘INFWHOTINT ‘AYLINOTD ‘NOLLITTITH ‘NOILOVHIINI ‘NOILVHAAOW ‘TNNTOA ‘SSYW S19ulss g pjjenuc)
6661 ‘p JIQUIDAON 3y 11 ;5338 [®30],

SISATVNY SAVZVH AdVNIANI'THYd ALTTVOLLIND XO93AOTD ddd "1d 2iqel

D-12




HNF-5450 Rev. 0

sEg
ang aunyre
xoqarofB oyt $9X0qaA0(8 apisut J0 uogETe
Jopem Jo sagnuenb ofire; 103 [edwsYo A1p ureAs e
0} SOUBUSOE JABMAI AJUQ o) pognuapi suoN | 1 uoissazddns an | wio pemalt] | 9ousd Iem UOTRISPOTY “VH ul Apeonu)y | [1-T1ZVH
JOPRIPOW JO
MO D_n_io vo.-uv_u-—oo
30U JOOI WOl sYe] JOOs
Y} MOJoq EIOOT [BIIADS 1z
S1 U220U00 JO X0qaA0f8 YL IN YN VYN syea[ Jooy | voussad xoyem uogespoy |  -VH W Aeonu) | O1-T1ZVH
nz
“VH 01 Justeaow
Jayem Juaasd
OEEQ_— BE
P paulquIod
YU} HOBN [[FWS D-0£T - Moowgo
poren[eAS UB RIORATOD -
Kut {€) sxyurey uogeydioasd IIT-VHW
ysum (HOMBI - uelp Aifesnus -
Y% € X0qIAO|8 §-£7T - SIXOGAAOTE
suoqu8 apxospAy
wnrsaudey
§ %0qaA0B EIN-0ZVH - . : X0qaro(8
. 0g urelp Ayireoquy) - W uonnQLISIp
PR TR [1Z-VH o e
MO] 0) JuOIINS 1 Bugsas
"TOLASUBOD JOAIAUOD 10U 59X0qA0[F suoHIpucy
0} oNp SIXOGIACTD jogue) | snoireA UTIajem pue 3amos XOqaAQIS I nz
IO WOLJ UCHINpORU] o) SANRNSIUUPY | JO QWMOA pai0)S - | J9jem X0qaaol) | ooussaud iopem UONRISPOI “VH W &twogir | 60 11ZVH
ON SHANLVAL STAINIVAA
Lvo ALZIVS ALFIVS SASOVD ASAVD WLLANVIVA NOLLIINOD
SV OTAd | FAILVIISININGY | TIIIENIONT aamviad TVIANED JITIOUINOD | SNOMIVZIVH at

cixounted pafjonuos (s 10 yussaxd 3q 0) PoUmSSE 5 [SLIEW IS )N

SNOSIOd

‘NOLLVEINTINOD ‘ALISNAA ‘INTFWHORINT ‘Ad1INO0TD ‘NOILYTTITH ‘NOILIVHAINI ‘NOLLVIIUON ‘TNNTOA SSVIN SiNumisj pIAOIuc)
6661 ‘y JquRAON :8Q

11 :s33eg 0]

SISATVNY S@AVZVH AGVNINI THId ALI'TVOLLIYD XO9JAOTO ddd '1d 2IqeL

D-13



HNF-5450 Rev.

SUOTERO[ED JLIO T Papnjout

9q proys yomm uBmop
X0qaa0(B ut Yoy wogl
V - 19pIsod [im 33fold ¢
TIZ-VH
- 15ud poaow Buaq [eueww (nuenb
s unopwd uo jeoq pue Butouds
51 Waouoo Jo so8id AuQ 7 1aptEu0o)
"oury IZ-vH
Aure 8 Xo0qanof8 suy) 1sed papeo] Ay
g [PURRU IJSURS OF Jqe Burowds 1sud soaour
Buiaq se 1v] £8 UORIPUCD Ioj syustuarmnbar J0AaAU0D JUADIACI 11z
POMOIE Ue 5T ST '] d FATRISIINUIPY PRIUSP! SUON U0 [EUSBN TeuE uonoelo] | -VH urAypeonu) | ¢I-IIZVH
{10115 vsUMY)
1o yonur
PaIEouqn] 3q 0} pIpadu ©0} 3onpoxul
suITOdwIos 0¥y Aiuenb 110 jo saQIARoe e
J1jusaxd oq pinom SO D [ Joxu0 AnRKSTUIUIpY PaYQuap! 3uoN SOUBUAIUIAL | [0 Jo S0UBAL] uoneopol | -VH urAueonu) | €1-11ZVH
09N JedU
Pamol[s J0u Jauteto
d (1o wguIny)
SuBryoed i Bupaw onswid soy O
apsem ogsed T pangrIsTp 10U03 IAFRASUIWPY [ewusy Suump
$1 0 Moy Uo spuada] - X0qoA0[8
uoneiado uoneiado aowumy ui yuasasd
sosurmy BuLmp XoqoAofl Buunp xoqaao8 BuBeyoed (soussaud) 1ne
UT POMO][e J0U JjseM - D | uIpomofpe jou oqseid PATUIP! JUON AFeM oused uonupo | -VHW Amesnu) | ZIHIZVH
N SHANLVEL STANIVIL
Lvd ALAAVS ALAAVS SASAVD ASOVO YALANVEVd NOLLIONOD
STV O | FALLVILSININGY | QITIFaNIONT QI IV1ad TVNEANID | QITIONINOD |  SNOMIVZVH a

siamesed paienued [v 105 yuasaid aq 0 PAUNSSY S [PLIWUL AIESLY 1JON

SNOSIOd

‘NOLLVULNADNOD ‘AJISNIA ‘INTWHORINT ‘AU LTNOTD ‘NOILDYATITHE ‘NOILLDVHAINI ‘NOLLVHIGON “TWN'TOA ‘SSYI SIaunied pAonu)
6661 ‘P IIQUIBAON :Mje(

I1 :533eg W0 L

SISATVNY SAVZVH AAVNINITHYd ALI'TYIILND XOHHAOTD ddd "1 2198l

D-14



HNF-5450 Rev. 0

(proopg (Quauoo OZH
) sswo uoaap XOqaA0[S yBny) ajdoad nz
FUTRIUOO LN 0F JSABUY | o) QgL PSGNUSP SUON IpISUL SquIr] Jo souzsarg uonoayy | -VH Ul Ameonun | g1-11ZVH
xoqaaolf | (usyuoa OZH
26D UOROIJ 13pun 1o 0 [X3U yBry) srdoad e
Ty unz o} 184Uy | adl pagnuapl auoN | Butpuws sjdoog Jo soussarg UoRoaFIY “VH W Aeonu) | L1-11ZVH
N0 UeA noYIm sds ‘g (3013 usumy)
BYoUE Sururen Leonu) Xoqanoyd
140 JBoq 1 Jo TS 0} EuRW
. Jo vongoeIu
1oq jo doj uo BBUUO) "¢ Suuren Jowsado SupY Jome
Buroeds apig 7 0} JR0q pus JUSUIDAO] Iz
Suppms 1 D | Wnuoo JAgRNSIIIPY PSFRUPI SUON 18oq 0} JROR eUgE uonOeINU] “VH W Ameonu) | 9111zvH
suonesgidads Ao
s[qeondds o) sunoyucs
pasows Juiaq penapeur
UMSSY SJU RVURBYT ‘€
(pofpeism 2q
o 1R pR0g) Jjuaacad jo pagsod sy fonuoy (susa1os ‘sreq J0UXD
vogumeu swed LMoy 7 Xogaaod “8'0) Xoqaao8 | X0qaroyS zapun
popeoy JROU [VIRNUTE SN JO | I9PUN JUNUIAOW | 30 opmaq saesed JUBURACTY ne
81 X0GA0JB oumsey °| O | 1oquod AneRsIIUpY | juaasxd of amges] | euapw opssiy U vogoRiqu] | -VH mApmonu) | SI-IIZVH
ON SIMLVEL STANIVHA
AL X134vS ALAIVS SHSOVD HSOVD YHIFNVIVd NOLLIANOD
SNIVNTA OMld | FALLVALISININGY | CHYFANIONS (g Iy AR: e TVEANED | GITIONINGD |  SNOMIVZVH Qal

sEgusred parranod e 20j yaasand 9q 0F PINEISES Y [ULENUW IR SNON
SNOSIOd

‘NOLLVELNIONOD ‘ALISNTQ ‘INTWHODINT ‘A4LTWOTD ‘NOLLTTATE ‘NOLLDVYAINI ‘NOILVHIGON ‘THNNT0A SSVIH SRR pigonEe)
6661 ‘p SIqUIBAON v 11 :598wg yo ],

SISATVNV SQIVZVH ANVNINITHNd ALI'TVILLIND XOGHAOTO did "1 dqeL

D-15



HNF-5450 Rev. 0

L

0Z>XH'T
paymunun X/H ‘1
SOpEUOS ¢} SaloUaBunLo)

(suoneinoyed

o| 4qpounusp) qar

PRNU2p! JUON

spmbyf
Jo sousg

apIXo Uy fEow

URB} 18D

UONRIEIIUOT)

z
“VH W Aoy

CCTIITVH

[y 28N ‘T Jo "€
vomoydxa “poof ‘ary

are suswoudyd ey 'z
Arsuap speuopw

Pa9) Ystiqegsa of paoN “1

wuswouayd
[FWaiXa Iopum

uohnqqsip

1z
-VH W Apeoqud) | [Z-

"SPPAS] JUSIIOLIIS
SqETRAR AUSLIND U
pobeq 3 | SUOYENIOED
Aoy J4d 9

Ul JqETBAB [EUIIEW oY) Aq
POUILLIIaP §1 JUSUIoUUY

VN

EIENED
payjpuapiun
0} anp JoyBry

Juswyoug

“VH W Aypmonuy) | 074

"810j00[Jal
snouma Jo aoussaxd oty
1IPISUO [ SUOHETNSTR.)

HQIp Jou
IRM JO ] W00y NON

onsvl] €
Apwqre]) VOIS "
PRTl

o]

dL

PTRIRP WON

asaad
S[VIRRW IRNO)

ussaxd
B0 IO

uonasgay

nz
“VH W AjIpeonuy)

GITITVH

STRIVINEA

ON
IV
OTId

SHANLVAA
ALTAVS
HALLVALSININGY

STANLYHL
ALTIVS
ATIAHINIONH

SESNVO
JQIovLIEd

HSNVO
TVHANED

YILIANVIVd
JATIONLNOD

NOILLKINGO
SNOMIVZVH

al

sauered pogonuco ge 2o jRsasd 2q o) poumses s [FLINEN AN NON

SNOSIOd

‘NOLLVYINZINOD ‘ALISNEQ "INIWHOTINT ‘X4LTNOED ‘NOLLOTTITY ‘NOLLD VHAINI ‘NOLLVIIGON ‘TWNNTOA ‘SSVI SRmmIeg pigonwo)
6661 ‘¥ RURAON e

11 :3eg 0],

SISATVNY SAVZVH AYVNINT T AL'TVILLIND XOgdAOTO ddd "1d 2IqeL

D-16



WETRAIIEUOD
oy oeasand suosiod ou nz
SUINGET [fua FIONEIOAS,) ‘| ¥N VN VN VN VN Bostod “VH W Ayqeonuyy | £Z1ZVH
ON SHANLVAY SHINLVAE
Vo ALAIVS ALBIVS S$4Snvo HSNVD WHLANVIVd NOLLIONOD
SV OFN | FALLVALSININGY | CEIEENIONA dTIVLIEd TVHHNAD (HTIOULNOD SNOMIVZVH a
sEpoumivd pagonwes e 20j yWosand 3q 09 PONRISS B [ULIY JEINLY S9ON

SNOSIOd
‘NOLLVYINEONOD ‘ALISNAQ ' INTWHORINT ‘AHLINOIS ‘NOLLOTLITE ‘NOLLD VELLN] ‘NOLLYYIGON “TN/ITOA ‘SSVIN S5eming pogatywe)

6661 ‘p IIqURAON e 11 :533eg pyo
SISATVNY SQAVZVH AdVNINI T ALI'TVOLLIY) XOgHAOTO ddd '1d 21981




HNEF-5450 Rev. 0

$J00P) JUSAD STUIEIOE
fuunp posesial 10U 08WMJ
TSUIBW JRy} SWINSSY *f
IOACD JNOTM
Inoy 1 30 jo0d 0] S0BWINJ
Jojno mﬂson— £ SUMSEY @
pagrenb jou Buwdid ang -¢
pegienb
U SUTURZZOUI UQ SjUe] ‘¢
pogTenb Afeonusios —
81 umrezzow Surpping "¢ (
) pefjonuoo
PoGIEnb 30U XOGRAGID 7 afdnmur swdun
UoRRAAI PIISPISHOD
w1 aBuwyo ‘vogorigu UoUETI{EAS AJeoni Buaq syuass ne
safluwyd Anouran ' o) U0 poevq (L PIGRUSPE JUON NUNPS | JUAAD pIIXT Hp) snoimp | -VH wAgeoqu) | #Z11ZVH
SHSNYD 4SOV YALINVV. NOLLKINOD
STIVINTS (EANIONA. | GETIVIAd TVEENAD | QITIONINOD |  SNOAUVZVH a
sxpaumn.nd pagronuco e 20] yuacaad oq O PIERESE B LI JEL (0|
SNOSIOd
‘NOLLVYLNTZINOO ‘ALSNECQ ‘INTWHOTINT ‘AULTNOTD ‘NOLLOTLITY ‘NOLLDVHLINI ‘NOLLVIIGON ‘THNTOA ‘SSVIN LSsawning pogonue)
6661 ‘p IqUIAON N 11 :5a3eg 0],

SISATVNY SAAVZVH AdVNINITTEd ALI'TVOLLIND XOGIAO ddd "1 3iqeL

D-18



HNF-5450 Rev. 0

poffonu00
pnur yoedusn
(uonesedas sfum £) pasoprsuoD
U003 JOHUY 8 X0qaAof8 YseR JRIAY Buiaq susAe ne
2ENBIN IGIpald JON IIN VN VN FOPRIOL, | jusao oy Y1) enotrep “VH W Aenu) | Lz-11zvH
(samsurered
pafIonuos
sqdnmuo wedwy
PAIIPIBUOD
WHSD uoTenfEAS AJUONLE X0qaAo[8 Buiaq spaad ne
D1Z-OH i sieAsue 20g 0 U0 poseq (JHL PSUA SUON i vosodyy | yuoas pumxy 1)) snouwp “VH W Aypeonud | 9Z-11ZVH
UoRoE UENSAS
uomssarddns aig uo paseq
POWINES? 5q O} JUMNUIAOW
TeuspEW o £ AJ0Fas)
PALPISU0 STAN g
"PAUIPISUCS 5
O} UOHBISPOUI NRISINU] g
UM UTRIp AURALD ¢
oM
Y pOfJly SISUTRIGOY) ¢ EB_B_.S%EE._
X0qaA0(d ordymu soedusy
m pem sind waneds any 'z PALOPEUOO
T¥J SAVOPULA Soa 08 uoten[eas ieonu wsis Bumpq soass ne
OG0T | 2 o penq gL | womsaaddng any a | 1RA9 puagxy AP soUwA “VH W Apenu) | sz-I1TvH
SHAENLVAL SHANLVH
1vo ALTAVS ALFAVS SASNVO SNV WHIANVIVE NOLLIANOO
SAVINT Omid | FALLVIISININGY | QIYFHNIONA qaTv1isEd TVHENAD | GITIONINOD | SNOQAVZVH a
styovmred pogonucs [¢ 20) yuasaxd 30 0) PIENISS 5] [ULIAYTI L M0
SNOSIOd
‘NOLLVEINIONOD ‘ALISNEQ ‘LNTWHORINT ‘AULIWOID ‘NOLLTLATY ‘NOLLO VELINI ‘NOILVHFAON ‘TNNTOA ‘SSVIN ‘SINuming pogonne)
6661 ‘p FquRACN :eq 11 :58sg Mo,

SISATVNV SQUVZVH AYVNINTTHEd ALI'TVOLLND XO9HAO O did '1d 2198l

D-19



HNF-5450 Rev. 0

(s1purered
Po[Ionuod
adymus joedun
PARPISHOO
uoHenEAd X0qaA0ff uo Bupq nuoAs 1z
OILISISE Aq PAIIN0D) o) PoynuSPi ouoN | PogRUIISUON | s} m ews |  JusAo EwExy ap)snowsp | -yHu Auwonud | 6Z-11ZVH
(sxspouresed
pofonuoo
spdnpnur youdin
380
samoq Bupq nuans nz
wmuipwoeN | N VN VN | =8 pozumssorg | juoas pumsxy ) snousp, | -VH W Aeogud | 8ZTIZVH
SRINIVAL STANLVEL
1vo ALHAVS AL3AVS SASNVD SOV WHLANVIV NOILIANCD
SYUVINTA OMM | HALIVIISININGY | GINZEANIONS | aarmvisd TVHANED | G3TI0¥INOD |  SNOMIVZVH a
sigmed pogonyuoes fe 0] yessaad aq 03 pownese sy [epIg e I SON
SNOSIOd

‘NOLLVUINTONOD ‘ALISNIA ‘LNAWHOTENT ‘AN LINOTO ‘NOILTTITY ‘NOLLDVHALNI ‘NOLLYVETJON ‘TNTOA ‘SSVIN SiaIsie] pagogeo))
6661 ‘¥ JIqUIRAON :Neq 11 :93wg 0,
SISATVNY SMIVZVH AdVNINT T ALI'TVOLLND XOg9AOTO didd '1d 9198l

D-20



HNF-5450 Rev. 0

This page intentionally left blank.

D-21



HNF-5450 Rev. 0

APPENDIX E

MCNP MODEL FIGURES
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Figure E-1. Normal 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 Muffle Furnaces and Boat.
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Figure E-4. Normal Metal Case Horizontal Cross Section Showing Metal Sphere in Boats.
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Figure E-5. Normal Metal Case Vertical Cross Section.

f00°00T ‘00°00T ) = jusaxe
ooy ‘06" §¥ ‘08 ISE )

uybrro
(000000 T ‘0000000 ‘0000000 )
(000000°0 "00CG00° T “000000°0 )

TR
00 TO:ZT €6/¥2/11 = pyqoad

TWILGOED - THION JWiou -~ tepow
SOWMILG ST FIIWG xOqRAOTS
OTIIZOTI &6/02/1T

E-7



HNF-5450 Rev. 0

Figure E-6. Normal 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 E-11. 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 E-13. Oxide Fire Contingency Vertical Cross Section.
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Figure E-14. Metal Fire Contingency Vertical Cross Section.

{0008 ‘00' o8 ) = 3uejne
(00" 0% ‘00 ér ‘90" 0% }

ruybgae

{o00000°T “0D0OCO 0 ‘0000000 )

(0000000 “000000°0 ‘000000°T )

H 3z -1

TOIBGIZE 66/9T/TT = prycxd
T LOGED

- BITT TRIGE S6Uq - 1epom

WOWING STIFOM TIEVY xocmaoth
§03LGICL 66/9T/1T

E-16



HNF-5450 Rev. 0

Concrete Floor.

{oo’ 0% ‘00° 0% } = jue3xe

{eo'o ‘000 ‘o0 )

{aphrao

(SEYe18°0 “O%LBOY O ‘0STSOY 0~}

(0000000 ‘LOTLOL D "LOTLOL'D )

i

TTICTICY $6/PE/TT = PyRoad
doy uo OFY LZT YITA

PTweadd Uy O0F = X/8 ZOWE/TwIw

T z03 Souebuiniues oTmETes
: CT:SLIET ¢6/V2/1L

Figure E-15. Metal Seismic Case Cross Section Showing Glovebox Corner Pyramid Resting on

E-17



HNF-5450 Rev. 0
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Figure E-17. Button in Boat Contingency Oxide Case Horizontal Cross Section.

(00'00T ‘00°C0T ) = 3umaxe
{os 1~ ‘08 vs wstvE )

:uybyxo
{000000° 0 ‘000000 T "0C0000'0 )
(000000° 0 “000000°0 ‘000000°T )

1 apsey
-unnounuo.\cnsuusugnuan

CT:ToIst $6/vE/IT

E-19



HNF-5450 Rev. 0

Figure E-18. Button in Boat Contingency Oxide Case Vertical Cross Section.
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Boat Wall Spacing
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Figure E-20. Metal Stacking Contingency With Metal Boat, Full Reflection One Side, and Boat

Wall Spacing

E-22

{00 ot ‘00°0¢C § = UeINS
(vo'e ‘00 8y ‘00°05¢ )
ruylyxo

(000000t ‘00060070 ‘000000°0 }

(0000000 ‘000000°T ‘ODO0OD 0 )

H a3, ]

PRISTIET E6/E0/ET  w pravad
ague{noso

- {wyew Burawds - Tepow

sowaing eIFFw TIIey Xoquasth
YGIOEIST S6720/2X



HNF-5450 Rev. 0

APPENDIX F

WASTE PACKAGE DATA
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From: Ramble, Alan L

Sant mum 19, 1999 3:.00 PM
To: , Ksnneth D

Ce: Shaw, Maria E; Ramble, Alan L
Subject: FW. G Pu in Waste Packages

Ken, some data. More 10 foliow. Al
From:

Balwr, Bugens § (Sool)
1._:?!: W. N-g-nhlr “r" 1w¢_.9:|3 A_:“; " A
Ce; ..ﬁu L

NE: G Puin Wasle Packeges

Al has asked for a litlie more information on what | hava mentioned balow in my earier message.

There are iwoa calibration curves thal ovorghlng in ITC's are counied on.
» <25 ba., low density, both combustible and non-combustible (#1)
s densaitams or [TC's > 25 bbs. (#2)

Looking at the dats below, and classifying the 100 analyses {down from 102 d ie to some confusion in classification), the
inl'om&melnbogruupodnum; 9 neyses )

#of iams countad by #1 #.of hems countad by ¥2
0-2 grams 53 15
241 grams 15 9
10-20 grame 1 2
20-30 grams 0 1
30-40 grams 1 1
40+ grams 0 3
Average value 216 9.82
High value 3543 88.53
Basad on this informalion, ¥ you maka the assumption that il of the items that would be considered "waste 82" are
leas than 25 Ibs. and do not contain any dense metal items. your CSER evalustion of a waste package containing 2 grams

us he "normal and basa case condition” would be valid, You would also be correct in pointing out the 30 gram item
muuw. | would feel a littls uncomfortable in stating that kem to be the “ only contingency identified

Seoft

From: Daker, EW!

Sent Monday, 15. 1099 1:22 PM
To: F , Dennis M; Westsk, George A
Cs: Mm%uﬂm

Subject: RE: 3 Pu in Wasile Packages

i agree with the commenis Dannis makes. | have also looked at the {TC rasults from the Nal counter for 671/88 to the
prasent, snd can make the following observations:

Pu condant #of tarns
2 idgrams 5
10-20grans 3
20-30grams 1

3040 grame 2

40+ grams 3

Total 102

gram Pu value, ail items - 4.5 grams
Average gram value, 0 - 10 gram itams (93 items) - 1.7 grams
Highest value for s single lem - 68.53 grams

If you look only at iems counted 9/1/99 to the present, the numbers change i
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Esm g.id.hm

2Mm& 16

1 gams 1

20-30 grams 1

N4Wgem 2

40+ grams 1

Tolal 41

Average gram Pu vaiue, sl tems - 6.0 grams
Average gram value, O - 10 gram Hems (36 items) - 2.4 grams
Highest vaiue for a single kem - 45.29 grams
Scolt

—O:Udll-u-— o

#:‘: mwm1mvum
Ce: mh + Baker, Eugene S (Scolt)

There is no way | can detarmine what ilems were wasle, scrap, shiige, etc... and, for that matter, what the average or
mmw Operations does not identify items well and, as a result, the information you raquested
cannot be easily . t waste items are assayed on the Nal counter - which is Scolt's (Baker) responsibility.

rmnotmwmmwg‘-nmmnmhm. Basad upcn the measurement resuits 've reviewed, | doubt any
ressonable

sislement can boe made regerding average or maximum quantities.
Similar commanis beltow.
Dennis
—Original Task—
Subject: G Pu in Wesle Packages
Priority: Normel
Start date: Mon 114151090
Due duts: Man 111151900
Sinfus: Not Sterted
% Complate: 0%
Total work: 0 hours
Aciusl warl: 0 hour
Pleass look

in mebumof re and et Al Rembile (with 2 copy 10 me) know by COR 11/15 if the
m%wmdhwpﬂ' ql.i:n.hPi; are reasonable. Th-(nkynu. Py ) by

Gmmwwummmmmmmhr. Mike this is the process upset for waste packages we are considering in

Al Ramble

From: 'mmo

Sent: .NW'U.W%‘W“?:&M

Yo: muwn. G Miller, M Rgenble. Alan L. Richerd, Robert F: Shaw, Maria E; Tofler, Hans; Wikinson. Alen D: Wooten,
Cs; Kannelh D

Sukject: Wasls age Dafinilion

Yi afamoon. we agreed upon the definition of a wasie package ko be used for CSERs associsted with plutonium

. The purposs of this message is lo put that definition in writing and aliow mesting participents a chance to
commant. Unhulhurblckbhy.hfalbwirs’tth iﬁonwilbeuadhgmcssﬂs.

Glovebox wasie s from PFP plutonium stabilzation operations. It is placed into plastic bags. transferred to
mm Wlmmdmm. Triluﬁumag mngl. containers

used 1o Rame, alc. mumlnwwhdhmﬁhmmm.uh:’ﬁlmd Dennis M} |

doubt this is true. | suspect the kems ars and removad without brushing. and no fssile tem is intentionally placed
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in these .| of historical data show that normally these contain only 1 or 2 grams of
mmum?mmfw"mm No. ! don't belleve there is any hchn', ical m; MMZL The ggrum
found was one package that contained 30 grama of piutonium. [Farzarl, Dannis M] Where did this value come

This CSER evalustion includes a waste & containing .zdglrnculho nonmal and base case conditions. For this
Ioldiu'll acls s a r and passibly interspersed modaration between containers, howgver,
O More 80 modeled in the base case. The only contingency kientified is the axcess fissile mess condition of
aomumfomummmmhm.mmm ??? Errors associsted with loading Fssile
are not because if loaded in this glovebox they would be aiready covered
and if the loading error occurs in other gloveboxes and trensferred 10 this giovebox, then two errors would be
required. Waste packages are not normally brought from other gloveboxes io this one.

£
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FIREFIGHTING WATER DENSITY
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A. L. Ramble, Engineer

To PFP Facility Engineering TS-54

R.D. m‘lt. CD,B i IEI'I r File No.
From  PFP Facility Squ Td4-20 |ocRer: 15510-99-RDP-038
swj  FIRE FLOODING AND SPRAY ANALYSIS FOR ROOM 638 |Dat=:  May 17, 1999

Reference: Telephone Request for Fire Water Flooding and Spray Analysis, dated May 7,

1998,

ASSUMPTIONS

- Fire department an scene within 40 minutes {scc FSAR section 9.2.2A).

120 psi at each sprinkier head (this is very conservative since line losses and operstion of
other sprinkler heads would decrease this pressure).

Fight a fire with two hoses for a total of 400 gpm (one hose at 100 gpm and second hose at
300 gpm per information provided by the fire department). Note: these hoses are variable
stream types so the paitern and flows are adjustable.

For flooding, assume all sprinkler heads operate (this is worse than a shear of a 1 1/2" water
iine).

1 second of flow from & sprinkler head 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 of the room.

There is 8 Ib. Water in 1 gallon.

Exclude floor space and volume of room 639 and 640.

BACKGROUND

Aren of the room floor = 130 ft2.

14 sprinkler heads in the room (see CVI 21097)

Sprinklers have a 1/2" orifice with a 5.62 K-factor.

There arc 7.481 gallons per fi3.

Occupational Classification is Ordinary Hazard (sce CVI 21097).

Caged area has two sprinkler heads.

Ceiling height is 9' 6",

Floor dimensions of caged area 7 x 18'3"

Probability of fire not being noticed and the fire department being delayed 30 minutes is
discussed in section 8.2.2A of the FSAR.

Flooding cannot occur when a fire hose is used since the doors to the room have to be open
along the hose route all the way to the cutside of the building. There are no hose connections
ingide 2736-ZB or 2736-Z.
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CALCULATIONS

Flow per sprinkler head = Q = K VF = 5.62 ® V120 = 61.56 gpm

Sprinkler flow into cage area =3 * 61,56 = 1BS gpm

Sprinkler flow into the whole room = 14 ® 61.56 = 862 gpm

Volume of cage area =7 * 18995 =1200cu. f.

CAGE DENSITY CALCULATIONS

Cage Density during fire fighting in cage area = 185 gpm from sprinklers + 400 gpm from fire
hoses = 585 gpm total flow,

Water released in 1 second of sprinkiers and hoses = 585 gpm ® (1 min/60 sec) ® 1 sec = 9.75
gal.

Water density in cage area = 9,75 gal/1200 cu. ft. = 0.0081225 gal/cu: ft.

FLOODING CALCULATIONS _

Volume of water release in 40 minutes = 40 min * 862 gpm * (1 cu. R./77.481 gal) = 4609 cu. fi.
Water level after 40 min. = 4509 cu. ft./13408q. R. floor srea =3 44 R.

CONCLUSIONS

After 40 minutes of sprinkler flow, the water level in room 638 will be 3.44 feet. The maximum
density of water suspended in the cage area is 0.008-gaVcu. ft.

kim

Distributi

Fluor. Daniel Notthwest

K. D. Dobbin B4-44
J.S.Lan B4-44

J. A Miller ‘ B4-44
RDP File/LB

A-6002-136 (02/91)
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