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EXECUTIVE SUMMARY

CSER 99-001 analyzes the criticality safety of Phase 1, Operation of the Plutonium Finishing Plant
(PFP)vertical denigrating calcinerin Glovebox 188-1. The PlutoniumProcess Support Laboratories will
operate thegloveboflcdciner system wtichis located inthe PFP234-5Zbuil&ng. Thecalcineristobe
mtitititic acid fwdtocheck outthecdciner operation andtrtin tecticd persomel to operate it. No
newplutonium oxide product isto be made or added to the 4.1 kgofplutonium oxide already in the
calciner. Theodyother fissile materifl invento~in theglovebox orroomis 17gofplutonium in ahalf
liter slip lid can and up to 14 g of plutonium holdup in the glovebox. This CSER uses a modified hazards
analysis to determine the abnormal condhions that can increase reactivity, The purpose of this CSER is
to demonstrate that the nitric acid feed operation meets the requirements of HNF-PRO-334, CRITZCAHTY
SAFETY: GENER4L REQUIREMENTS, for operations with more than 15 g of fissile material. A
combination of new calculations and summarizing those in CSER 95-005 (Geiger 1995a) and its
addendum (Geiger 1995b) is used to demonstrate conformance to requirements.

This CSER shows that normal conditions, normal plus expected abnormal conditions, and
contingencies axe within allowable. These results also indicated that only extraordkmry changes to the
present configuration of less than 4.5 kg of Pu, all in oxide form inside the calciner, can make a critical
configuration. To create a critical configuration, the plutonium would have to be removed from the
calciner, dksolved or energetically mixed with water to a lower density than presently expected for
calcine, reflected by several inches of water, and confined to a spherical shape to reach criticality. Even
the seismic analysis does not project that these conditions could be met. As summarized in the double
contingency documentation forms, the contingencies of adding plutonium feed solution, of dksolving the
plutonium in the calciner, of dropping the calcine out of the calciner onto the product tray, even if
saturated with plutonium solutio~ of increasing the calcine density, or of bringing in bottles of plutonium
solution are all within allowable. Normal operation of the calciner containing 4.5 kg of plutonium oxide
for the nitric acid feed test has large margins of safety and no credible event or casual action could result
in a criticality. The analysis in this CSER has shown that the Phase I operations of the calciner with nitric
acid feed meets the requirements of HNF-PRO-334.
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1.0 INTRODUCTION AND SUMMARY

1.1 INTRODUCTION

The vertical denigrating calciner in Glovebox 188-1, which is located in Room 188 in the PFP
234-5Z building, is run by the Plutonium Process Support Laboratories, This CSER is to cover
operation of the calciner with nitric acid feed to check out the calciner operation and train technical
persormel to run the calciner. No frssile material is to be added to the 4,1 kg of plutonium oxide
already in the calciner, glovebox, or room. The only other fissile material inventory in the glovebox or
room is 17 g of plutonium in a half liter slip lid can and up to 14 g of plutonium holdup in the
glovebox (Hieb 1995), This CSER uses a modified hazards analysis to determine the abnormal
conditions that can increase reactivity. The purpose of this CSER is to demonstrate that the nitric acid
feed operation meets the requirements of HNF-PRO-334 (FDH 1997a) for operations with more than
15 g of tissile material. A combination of new calculations and summarizing those in CSER 95-005
(Geiger 1995a) and its addendum (Geiger 1995b) is used to demonstrate conformance to requirements.

1.2 DOUBLE CONTINGENCY DOCUMENTATION

This section presents a summary description of expected operations, expected normal
conditions, base case of normal condhions plus expected off-normal condhions. The results of the
contingency analyses are presented in Table 2.

Exnected ODeration:

For Phase I calciner operation, equipment will be started and system operation checked using
non-fissile bearing nitric acid solution. Pumps, heaters, stirrer, airtlow, interlock, scrubber, and filter
backtlow will be operated. Nitric acid will be injected into the hot powder bed from below via the
feed tank, pump and nozzle as the plutonium oxide already present in the powder bed is stirred. Off-
gas will be processed in the scrubber system.

ExDected Normal Conditions:

The powder bed in the lower calciner ammlus contains less than 4.1 kg plutonium as plutonium
oxide and is limited to not more than 4.5 kg. There are 17 grams of plutonium in one of four 0.5 t
containers and up to 14 g of holdup in Glovebox 188-1, Nitric acid will be brought into the glovebox
in a 4L bottle, maintaining 25.4 cm (10 in.) spacing from plutonium-bearing components, and poured
into the feed tank, located 40.6 cm (16 in.) from the calciner. The nitric acid is fed into and oxidized in
a hot calciner using a diaphragm feed pump. Off-gases are drawn into a scrubber system containing a
water-based neutralizing solution. No additional plutonium-bearing compounds are to be brought into
Room 188, but there may be plutonium stored in adjacent rooms and the hallway. An extremely
conservative estimate of the reactivity for the normal condhion is the first of two base cases, presented
in Section 5.1, that used calcine at 5 g Pu/cm3 and filled all tanks with 140 g Pu/0 to calculate a &of
0.815. The plutonium solution used in this case is a conservatism, not a normal condition.

1
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Base Case Conditions:

The calciner is tilled with 5.5 g Prr/cm3 plutonium as plutonium oxide at H/X= 2. The filtering,

upper, section of the calciner has a volume of 4.20 available to the calcined powder, and Cm therefore
contain 23.1 kg of plutonium at 5.5 g Po/cm3. The calcination, lower, section has au available volume
of 2 I and a capacity of 11 kg. Thereforej the calciner can hold a total of 34.1 kg of calcined
plutonium. There are four 0.5 I polyjars containing less than 100 g plutonium at HLX=20 among them
as oxide. The feed tank and 4L bottle will contain at least 5.2 I and 4.2 I?,respectively, of nitric acid.
The scrubber and scrubber tanks will contain water. A water saturated insulation will surround the
lower region of the calciner and damp metal insulation(10% steel, 10% water) surrounds the upper
section. The entire calciner and its insulation are surrounded by a 2.54 cm (1 in.) water reflector. The
other plutonium-bearing containers also are surrounded with 2.54 cm (1 in.) of water. The glovebox
will have 30.4 cm(12 in.) of water reflection on all sides with 2.54 cm (1 in.) water reflection top and
bottom. Table 1 summarizes the base case conditions. An extremely conservative base case model is
described in Section 5.2. This model which included calcine at 5.5 g Pu/cm3 and filled all tanks with
140 g Pu/0 solution, resulted in a k,fi of 0,88.

Table 1. PFP Lab Denigrating Calciner, Acid Feed Testing - Base Case Summary

Controlled
Abnormal but Anticipated

Parameter
Limit Conditions (Conservatism for

Analysis)

Mass 4.5 kg pu

Volume One 4L bottle, Four 0.5 t polyjars, 750 m~ of
maintenance fluids, twenty 30 ml sample bottles

Moderation WX=2 for calcine,
WX=20 in sweeps
No fissile solution added to caiciner

Interaction Mlnimurn 25.4 cm ( 10 in.) spacing between Pu
bearing containers and other Pu containers and
process equipment (and Section 3.1.4)

L
30.4 cm ( 12 in.) water around glovebox and
2.54 cm(l in.) water around containers.
Criticality drain visibly unobstructed
Metal skirt covering msulatlon m place

Equipment and plutonium bearing containers
diameter 15.2 cm (6 in.) nominal or less

Nitric acid feed bottle is
modeled adjacent to calciner

Enrichment Minimum Pu-240 3%

Maximum Pu-241 1/5 of Pu-240 I
Density I 5.5 g Po/cm3 I

Concentration NIA

2
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ContinPencv Summary:

Table 2 summarizes the analysis of contingencies that challenge the barriers to criticality for

each of the standard criticality parameters. The table references the sections in this CSER that presents
the analysis. For the nitric acid run, there are no credible contingencies involving enrichment. -

Plutoniumoxide in Geometry
wrongarea of
calciner

Nitric acid fed to cold Moderation
calciner,or fed to
calcinertoo quickly
or throughrelief rrort

Equipmentdesign;gravity k.~ 0.88 (Note 1)
.:. ,

Equipmentinterlock operatortraining ktm=0,91 (Note2)
operationsprocedures

Mass limit operatortraining ke~ 0,88 (Note 1)

*

Operatortraining skirtingprevents
significantmoisturewetting insulation

Requiresfilter failure failureto observe
scrubbersolutioncolor change,and failure
to stop operation,scmbber tank

Seismic Geometry Eanhquakethat wouldcauseall fissile k#O.914 (Note 3)
materialto accumulateat one comer of
gloveboxis unlikely

Fire Moderation Melt gloveboxpanels; skbting prevents ke~ 0.912(Note4)
Reflection sprinklersfi,omdampeningcalciner

insulation,coverson pnlyjarslimitswater

Plutoniumoxide Density Periodicdensitymeasurements,slow k.~ 0.934(Note 5)
densityexceeded increasein densityper unit time

Second4L bottle of Reflection Operatortraining operationsprocedures ke~ 0.88 (Note 1)
acid in glovebox I I I
Significantspill of Geometry Operatortrainin~ operationsprocedures ke~ 0.87 (Note 6)

Plutonium-bearing Interaction
drumbroughtinto [plusMass aad
room 188 Volumel

Operatortraining,operationsprocedures k~ 0.88 (Note 7)

Dissolvingplutonium Moderation Incrediblecontingency:Two independent Calcinersubcritical(Note 8)
oxide in calciner Geomehy errorsof operatortrainingand procedures

Notel: Section5.2, MCNPcaseinpgc Note5: Section5.2, MCNPcaseinpgd
Note2: Section5.2. MCNPcaseinuxe Note6: Section5.3.3
Note3: Section5.3;6,MCNPcase p~_sphI.inp Note7: Section5.2, MCNPcases inpgc3pandinpgc3p450
Note4: Section5.3.7 Note8: Section5.3.12

3
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1.3 SUMMARY

The analysis in this CSER has shown that operations of the calciner with nitric acid feed meets
the requirements of HNF-PRO-334, CRITICALITY SAFETY: GENERAL REQUIREMENTS

(FDH 1997a). The analysis of normal conditions, normal plus expected abnormal conditions, and
contingencies are within allowable. These results also indicated that only extraordinary changes to the
present configuration can make a critical configuration. The plutonium would have to be removed
from the calciner, dissolved or energetically mixed with water to a lower density than presently
expected for calcine, reflected by several inches of water, and confined to a spherical shape to reach
criticality. Even the seismic analysis in Section 5,3,6 does not predict that these conditions would be
met. As summarized in the double contingency documentation (DCD) forms, the following
contingencies are within allowable: adding plutonium feed solution; dissolving the plutonium in the
calciner; dropping the calcine out of the calciner onto the product tray, even if saturated with plutonium
solution, increasing the calcine density; bringing in bottles of plutonium solution. These results show
that the calciner operations for acid feed are double contingent, Normal operation of the calciner
containing 4.5 kg of plutonium oxide for the nitric acid feed testing has been found to have large
margins of safety and no credible event or casual operator action would result in a criticality.

2.0 SYSTEM DESCRIPTION AND NORMAL OPERATIONS

2.1 DENIGRATION CALCINER SYSTEM DESCRIPTION

The denigrating calcination system resides in the old 34-1 glovebox at the Plutonium Finishing

Plant (PFP), which has been renamed 188-1. The process begins when a 4L (4.2 ~) nominal polybottle
of solution is loaded into the glovebox. The nitric acid solution is then poured into the feed tank. A
diaphragm pump slowly injects the solution from the feed tank into the hot calcine bed from below.
The nitric acid produces no new calcine. The calciner outlet is closed to prevent loss of the calcine out
of the calciner. The off-gases (water vapor, nitrogen oxides, and air injected into the calciner) are
drawn through filters to the scrubber tank. In the scrubber tank, which operates at a negative pressure,
the gases bubble through a chilled basic solution. The chilled solution condenses water vapor and
removes nitrogen oxides from the off-gases. The scrubbed gases pass through the building vacuum
system. The overflow from the scrubber flows to one of the catch tanks, from which the spent scrub
solution is transferred out of the glovebox after testing for plutonium content and dispositioned based
on the results. For acid test operations, only nitric acid will be added to this system, CSER 95-005
analyzed previous calciner operation and evaluates much more plutonium than will be present for the
nitric acid run. Because these previous analyses are referenced, Section 2 describes the calciner system
with the much more conservative CSER 95-005 analyzed system.

2.1.1 Concentration and Composition of the Fissile Material

Z40puis less reactive than 239Pu,whereas 241puis more reactive. In the base case analysis using

MONK, the plutonium is considered to contain 3% 240Puand approximately l% 24tPu by weight of
plutonium. Because some of the cases (Geiger 1995b) referenced in the CSER used 3% 2q0Puand
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0.6% 2~’Pu, a minimum 240pucontent of 3 wto/0, and a maximum 2~lpu content of 1/5 ‘40PtrWtO/Ois

specified as a limit on the Pu in the calciner for acid feed operation. The plutonium isotopic
composition already present in the calciner has a 241Pucontent of -0.5°/0,

2.1.1.1 Feed Solution. For the operations being allowed in this analysis, the feed solution is
nitric acid. However, for the purposes of consistency with past analysis, the solution in the feed tank is

often plutonium nitrate solution. While not expected to be the normal operation, the use of plutonium
nitrate in place of a nitric acid is conservative from a criticality safety standpoint. Furthermore, this
assumption helps to defend against the credible abnormal upset condition of mistakenly adding a
plutonium nitrate solution instead of a plain nitric acid solution.

Feed solution at PFP may vary in plutonium concentration up to the allowable fissile

concentration of 450 g Pu/4 in PFP and PUREX solution processes (Hillesland 1997). Volubility
problems are encountered above 450 g/1 of plutonium nitrate and at less than 1 ~ nitric acid. The
specifications for the PR solutions call for a maximum of 450 g/1 plutonium nitrate and a minimum
nitric acid concentration of 1 ~. At 450 g Pu/L?,the density of plutonium nitrate solution is 1.75 g/cm3,
based on theoretical density of 5.629 g/cm3 for plutonium nitrate.

2.1.1.2 Calcine (PuOJ Product. The maximum expected tap density of the calcine product is
5.0 g Pu/cm3, or 5.67 g Pu02/cm3 for the oxide under normal operating conditions. This is based on
experience with the PFP laboratory calciner, where normal product tap density was found to be 4.0 to
4.3 g Pu/cm3. A product density of 4.75 g Pu/cm3 was reached when it was continuously heated and
stirred without addition of fresh feed solution (Nirider 1997).

Calcine product densities of 5.0, 5.5,6.0 and 6.5 Pu/cm3 were used for conservative evaluation
of the calciner. However, operation of the calciner above 5.5 g Pu/cm3 (6.24 g Pu02/cm3 oxide) is not
expected and is not justified by this CSER. The maximum theoretical calciner density possible is
expected (Compton 1999b) to be 5.56 g Pu/cm3 (6.30 g Pu02/cm3).

2.1.1.3 Precipitated Pu Solids in Scrnbber Tank. Precipitation of plutonium solids from
nitrate solution which could pass through the intact calciner filters is modeled as plutonium nitrate at
2 g Pu/cm3 mixed with water in the scrubber tank. This gives a total density of 4.35 g/cm3 based on a
theoretical density of 5.629 g/cm3 for plutonium nitrate, tilling the remaining interstitial volume with
water. The 2 g Pu/cm3 is considered a reasonable value. In general, the densest precipitate is
plutonium oxide (Miller 1997). Plutonium oxide formed from plutonium nitrate at temperatures below
400° C has a bulk density of no more than 2 g Pu02/cm3 according to page IH.C.2-2 of ARH-600
(Carter 1968).

Whh 450 g Pu/t solution in the scrubber tank, the 10 I nominal volume holds 4.5 kg of
plutonium. The plutonium mass for 2 g Pu/cm3 at the allowable 25.4 cm (1O in.) height of precipitate
amounts to a total mass of 9.8 kg in each tank. Therefore, the density for the precipitate together with
the allowable height is considered conservative.

2.1.1.4 Mud. Earthquake and fire scenarios may cause water flooding. Feed solution could be

injected into a cold calciner (not credible for the nitric acid run). Each of these events allows for the
formation of “mu&by mixing the liquid with the PU02 product. In this section, it will be shown,

5
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using MONK6B results from Table 1 in CSER 97-004 (Hillsland 1997) presented in Table 3, that
complete saturation of maximum density plutonium oxide with maximum concentration feed solution
yields the most reactive mud composition.

Table 3. Reactivity for Various Forms of “Mud”
Results in this table used 5% ‘OPu and 2’%241Puin plutonium

Case Product Total Pu Liquid Percent H/Pu kem Std.
Density Density Saturation Dev.
(g Pu/cm3) (g Pu/cm3)

Solspso 5.00 5.23 Pu solution(’) 100% 2.51 0.9438 0.0029

so155n 5.50 5.71 Pu nitrate(2) 100% 1.78 0.9443 0.0029

solsp55 5.50 5.71 Pu solution(’) 100% 2,07 0.9650 0.0029

Solsp 6.00 6.18 Pu solution(l~ 100’% 1.71 0.9807 0.0029

HPu50s 6.00 6.09 Pu solution(’) 44% 0.85 0.9354 0.0029

HPu25s 6.00 6.05 Pu solution(’) 22% 0.43 0.9243 0.0029

HPuO 6.00 6.00 (none) Ovo 0.00 0.8997 0.0029

HPu50w 6.00 6.00 Water 49~o 0.88 0.9254 0.0029

HPuI OOW 6.00 6.00 Water 100% 1.80 0.9673 0.0029

HPu450w 4.00 4.00 Water 1Oovo 4.01 0.9027 0.0029

HPu1200w 2.00 2.00 Water 100% 10.6 0.8486 0.0029

I 450 g Pu/O plutonium water mixture in interstitial space
2 450 g Pa/( plutonium nitrate solution

The theoretical density of plutonium oxide is 11.46 g/cm3 (Carter 1968). Given an assumed
product density, one may calculate the interstitial volume available for liquid saturation. For example,
an assumed product density of 6.0 g Pu/cm3 corresponds to a total PU02 product density of 6.80 g/cm;.
Comparison of this density to the theoretical density for PU02 indicates a void fraction of 0,406 in the
product. Filling this void space with liquid would be considered full saturation,

The cases listed in Table 3 were modeled (Hillesland 1997) with the calciner full of mud, the
calciner filters filled with 450 g Pu/0 feed solution and the calciner lower insulation saturated with
water. The floor is covered with 0.953 cm (3/8 in.) of the same mud as in the calciner, and above it,
4.45 cm (1-3/4 in.) of 450 g Pu/t feed solution, which reaches to the top of the criticality drain. The
scrubber tank and two feed tanks are modeled with 25.4 cm (1O in.) of Pu particulate, and then are
filled to the top with 140 g Pub? feed solution. The product receiver vessels are filled with the same
mud as in the calciner, two are under the calciner and two 25.4 cm (1O in.) away towards the scrubber
tank. The calciner mud was made of various density calcine, 450 g Pu/! feed solution or water, and at
different saturations to vary the H/Pu to find the most reactive mud. For the dry case, the calciner and
product receiver containers hold dry product and the filters are full, but the tanks are as described
above and the mud on the floor is saturated with 450 g Pn/0 solution. As internal flooding of the
calciner is considered an independent event from floodlng external to the calciner, these cases represent

6
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higher H/Pu ratios, it is necessary to reduce the plutonium oxide density because of the limited volume
in the calciner.

Most cases were run for plutonium solution (plutonium and water only), excluding the nitrate
in feed solution. This is conservative in comparison to an equivalent case using plutonium nitrate, and
allows for easier comparison to the cases involving water saturation, Case so155n shows that the
reactivity drops over 0.020 in ~fi when nitrate is included at a total plutonium density of
5,71 g Pu/cm3.

Table 3 indicates that for product densities up to 6.0 g Pu/cm3, the most reactive mud is formed
with the highest density PU02 folly saturated with 450 g Pu/0 solution, forming the materird with the
highest plutonium density,

2.1.1.5 4L Bottle, Nitric acid solutions are expected to be handled in 4L bottles. The 4L
bottle is made of low-density polyethylene and has a capacity of 4.2 t, with a wall thickness of

approximately 0.16 cm (0.063 in.). The inside diameter is 11 cm (4.33 in.), and the outside height is
assumed to be 24.33 cm (9,58 in.).

2.1.2 Glovebox

Glovebox 188-1 at PFP is described in drawings H-2-3712, H-2-28536, H-2-28584,
H-2-33764. The main section of the glovebox measures 244 cm (8 ft) long by 112 cm (3 ft-8 in.) wide
by211 cm(6ft-11 in.) high. At one end, there are two narrower sections 91 cm (3 tl) wide by 94 cm
(3 R-1 in.) long. The upper narrower section (attic) is 84 cm (2 ft-9 in.) tall with a ceiling continuous
with the main box. The lower narrow section (annex of the basement) is 91 cm (3 ft) tall, with a floor
continuous with the floor of the main box. There is an intermediate floor in the main section, 152 cm
(5 ft) below the ceiling. This leaves approximately58cm(1tl-11 in.) below the intermediate (main)
floor that the calciner rests upon. The downcomer empties into the product receiver, which is below
the intermediate floor of the calciner section, but suspended above a tray that is also above the bottom
floor of the calciner section. A sketch of the glovebox is given in Figure 1.

‘7
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Prototype Calciner Glovebox 88-1

2.1.2.1 Criticality Drain. To protect against spills, the glovebox contains a bottom-mounted
criticality drain, described in H-2-28536, as changed by ECN- 125369 and ECN- 185589. This 7,62 cm
(3 in.) diameter drain projects 5.08 cm (2 in.) into the glovebox. The criticality drain is located
underneath the scrubber in the basement. The criticality drain limits the flooding of the glovebox to a
static depth of 5.08 cm (2 in.).

2.1.2.2 Accumulation of Fissile Material on Glovebox Floor. The present (27 January 1999)

plutonium inventory assigned to glovebox holdup is up to 14 g Pu (Hieb 1995). Previous analyses
(Hess 1995, Geiger 1995a) assumed substantial thickness of tissile material on the glovebox floor.
This analysis assumes that any spill will be cleaned up soon after the spill, so that there will be no
noticeable accumulation of solid tissile material on the glovebox floor.

2.1.2.3 Water Flooding the Glovebox. There is water flowing through the scrubber system

from a closed system in a neighboring room with a capacity of approximately 20 !!(5 gal.). If this total
inventory were flooded into the calciner section of the glovebox, the flooded thickness would be
0.559 cm (0.220 in.) water.

There is a limited volume water bottle extinguishing system for tires inside the glovebox, as
well as a fire extinguishing spray outside the glovebox. The unlimited volume water supply would
remain outside the glovebox as long as the glovebox maintains its structural integrity, If the tire
extinguishing spray was turned on and some breach was created in the glovebox to let water in, but not
out, then the liquid depth would be limited to a 5.7 cm (2.2 in.) depth due to the criticality drain as
determined in Section 5.3.8 in this CSER.

8
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2.1.3 Vertical Calciner

The calciner is depicted in several drawings (H-2-95609). Due to the high temperatures

employed in the calcination process and the presence of nitrates and nitrogen oxides in the off-gases,
the structure of the calciner is made of310 stainless steel. The calciner consists of two firnctional
units, bolted together to forma continuous void space. The lower calcining section should normally be
the only part of the calciner with any significant quantity of calcine in it.The upper filtration section
houses the off-gas filters. A stirring assembly (agitator blade in Figure 2) in the lower calcining
section is driven via a steel shaft, which passes through the centerline of the upper filtration section.
Figure 2 illustrates the conceptual design of the calciner. The calciner is mounted on the intermediate
(main) floor of the glovebox (noted as bottom plate in Figure 2) at a distance of no less than 40.64 cm
(16 in.) from both the feed tank and the scrubber. The downcomer penetrates the intermediate (main)
floor into the lower (basement) section of the glovebox.

2.1.3.1 The Lower Section. Calcination is accomplished in an armulus between the inner and

outer walls of the lower calcining section. The outer wall is a 22.86 cm (9 in.) long section of 6 in.
ScheduIe 10 pipe madeof310 stainless steel, with flanges on each end. The inner wall is a 4 in.
Schedule 10,310 stainless steel pipe with a pipe capon the top. A stirrer, made of a section of pipe
welded to a pipe cap and with several pieces cut out to produce long prongs, agitates the calcine. The
top of the stirrer is welded to a power shaft that extends through the upper tiltration section.

The lower section of the calciner is wrapped in insulation. The outer wall is surrounded by a
heating element cast in porous insulation. The insulation has an inside diameter of 20 cm (7-7/8 in,),

an outside diameter of 39.7 cm (15-5/8 in.), and a height of 20.2 cm (8 in.), As described in

Appendix E of CSER 95-005 (Geiger 1995a), the insulation is easily satwable with water. To protect
the insulation from falling water, a metal skirt covers the lower insulation. It begins inside the upper
“mirror” insulation and extends below the insulation to forma drip end to prevent wicking up into the
insulation. Falling water would not get into the insulation. However, because it can not be confirmed
that the insulation is dry, analyses model this insulation as saturated with water.

Inside the inner annulus wall area heating element and a calcine overflow downcomer. The
downcomer is made of 1 in. schedule 10,310 stainless steel pipe. The top of the downcomer is capped
with a piece of310 stainless steel plate. Where the downcomer parallels the inner annulus wall, the

downcomer is sliced and bent open to form straight rectangular walls, separated to the dimension of the
inside diameter of the pipe. The straight walls are welded to a same-sized rectangular opening in the
inner annulus wall. The downcomer protrudes through the bottom of the calciner. A 1 in. tube,
attached to the product receiver, fits into the downcomer and sets the overflow level for the calciner.
By raising or lowering the overflow tube inside the downcomer, the overflow level is changed by the
level of the overflow tube top. This is how the calcine upper bed level is controlled.

9
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Figure 2. Vertical Calciner
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2.1.3.2 The Upper Section. The upper filtration section is a 6-inch schedule 10 pipe made of
310 stainless and surrounded with non-water absorbing insulation. A 2.54 cm (1 in.) diameter shaft
passes down the centerline of this section to drive the stirrer in the lower section. The pipe is 30.48 cm
(12 in.) long, with flanges on each end. Two plates are above the upper flange, the upper plate is
2.54 cm (1 in.) thick, while the lower is 5.08 cm (2 in.) thick and holds the three silicon carbide filters,
which extend the length of the filtration section. In place of a fourth filter is a covered pressure relief
opening for the filtration section. A beveled weight sits above the opening and will lift up to relieve
pressure at 1.3 psig. The filters are back-pulsed by a preset timer to clear them of dust.

This section is wrapped in 304 stainless steel reflective “mirror” insulation that does not absorb

liquids (see Appendix B of Geiger 1995b). The bulk of the insulation consists of concentric cylinders
of foil, separated by thin strips of foil. The ‘<mirror” insulation is made of two concentric right circular
cylinders with the irmer cylinder directly attached to the outer. The cylinders are made in semicircular
halves to allow assembly and disassembly on the calciner. The outer cylinder has a 40-cm outside
diameter and 25.4-cm inside diameter, which is also the OD of the inner cylinder. The inner cylinder’s

ID is 19.7 cm. The outer cylinder is 37.1 cm tall. The inner cylinder is 21.6 cm tall and attached with
its top 10.8 cm beneath the top of the outer cylinder. The total volume of the insulation is 32.20 with
27.80 of that volume in the outer cylinder. The unit has a mass of approximately 10 kg (22 lb), and an
average density of 0.32 g/cm3.

The inner and outer cylinders are subdivided internally into 15 concentric chambers separated

by sheet metal. Eleven of those chambers are in the outer cylinder. Additional narrow sheet metal
sections are formed into numerous zig-zig-shaped lengths that extend from the top to the bottom of
each internal chamber. These narrow strips of metal create a “honeycom& effect in each chamber,
creating many spaces of dead air to decrease heat transfer through this all-metal insulation.

Appendix B of the Addendum to CSER 95-005 (Geiger 1995b) contains a test showing the
“mirror” insulation, used in the upper section of the calciner, drains at a rate of 25 O/minute. This
indicates that a fill rate of at least 25 I/minute is required to cause accumulation of liquid in the
insulation. Consequently, to fill the insulation on the upper section with water is considered incredible,

2.1.3.3 Product Collection Tube. A product collection tube (over flow to be on Figure 2) is
used to feed the final product from the calciner into product receiver vessel. The top of the tube is
inside the center dome of the calciner. There is a 11.43 cm (4.5 in.) tall slot in the side of the dome to
allow product to flow from the calciner down the tube into an attached product receiver vessel. The
top of the tube forms a weir to control the height of the product inside the calciner. A valve attached to
the product collection tube controls the flow of product. The tube was found to adjust such that the
bottom may range between 12.7 cm (5 in.) to 30.48 cm (12 in.) from the glovebox floor.

2.1.3.4 Internal Flooding. Flooding can be caused by many scenarios such as: feeding a nitric
acid solution into a cold calciner; feeding a nitric acid solution into the calciner too quickly; or pouring
the nitric acid into the calciner through a relief port.

11



HNF-3908 Rev. O

2.1.4 Feed System

2.1.4.1 Feed Polybottle. The feed is contained in the 4L polybottles. Lab measurements
(Compton 1999e) show that the actual volume for a nominal 4L narrow mouthpolybottleis4.20. The
polybottle has an outer diameter of 15.2 cm (6.0 in.) and an effective height of 26.7 cm (10.5 in.) up to
the bottom to the outlet neck. The inside dimension of the polybottle is expressed as 425 g of water per
inch of height (Hess 1994). The tare mass of the polybottle is given as 420 g low density polyethylene.
The feed polybottle size allows it to be moved around the glovebox.

2.1.4.2 Feed Tank. The feed tank is depicted in drawing SK-2-300307. The feed tank is made
from a 30.48 cm (12 in.) section of 6 in. borosilicate glass pipe (inside radius of 7.856 cm, wall
thickness of 0.502 cm). The top of the tank is open. The contained volume of the feed tank is modeled
as 5.90. The feed tank is mounted on the intermediate (main) floor of the glovebox, at a dktance of at
least 40.64 cm(16 in.) from both the calciner and the scrubber. The measured feed tank inside
diameter was 14.92 cm (5.88 in.) and the volume was determinedtobe5.20, which is less than the
modeled 5.9 !2. Spilling the feed tank contents on the glovebox floor, calculates to a 0.145 cm
(0.057 in.) possible depth of the liquid.

2.1.4.3 The Diaphragm Feed Pump. The solution is fed from the feed tank into the calciner
by a Milton Roy Liquid Metronics Division series C electronic metering pump. According to the
drawings in the catalogue, the liquid end has a diameter of 14.63 cm (5.76 in.) and a thickness of
5.3 cm (2.1 in.). The feed pump is located on the bottom floor of the glovebox.

2.1.5 Scrubber System

The scrubber scrubs the acid vapors out of the calciner off-gas. The calciner off-gas is acidic
(from the HNO, and NO, vapors that may react with H,O) and the scrub solution is caustic. The heated
calciner off-gas is also cooled in the scrubber. The spent scrubber solution is drained from the scrubber
to the spent scrubber solution catch (or receipt) tanks.

The scrubber system is composed oh

● The scrubber, a 6 inch diameter, 117.76 cm (46-5/8 in.) high borosilicate pipe used as
approximately a 20 ! tank,

● The scrub solution catch tanks, two 6 inch nominal diameter, 22 t tanks receiving spent scrub
solution,

● A chilled water supply with a 190 (5-gal) capacity,
● A vacuum trap that connects to the plant process vacuum system, and
● A scrub solution reservoir and scrub solution pump

2.1.5.1 Scrubber Tank. The off-gas scrubber is a vertical section of 6-inch diameter Pyrex’TM

glass pipe (SK-2-300306), filled with an alkaline scrub solution. The scrub solution is cooled by a
91.44 cm (36 in.) tall cooIing coil of 1.27 cm (% in.) diameter 304 stainless steel tubing with a .089 cm

‘Pyrex is a trademark of Coming Glass works, Coming, N.Y.
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(0.035 in.) wall, The inside diameter of the cooling coil is 9.84 cm (3-7/8 in.); the outside, 12.38 cm
(4-7/8 in.). The off-gas flows from the top of the scrubber through a pipe and a porous quartz glass
(drawing SK-2-300306) plate into the scrub solution below the cooling coil, The gas bubbles entrain
the scrub solution, flow up the inside of the cooling coil, and disengage at the top of the scrubber. The
liquid flows down around the outside of the cooling coil. The scrubbed off-gas exits the top of the
scrubber. A stand pipe of stainless steel tube (same specifications as the cooling coil) located between
the cooling coil and the scrubber outer wall, protrudes 15.24 cm (6 in.) above the cooling coil and
conducts scrnb solution overtlow out of the scrobber and into the scrub solution catch tanks. The
scrubber is mounted on the intermediate floor, no less than 40.64 cm (16 in.) from both the calciner
and the feed tank,

The silicon crrxbide filters in the calciner should prevent significant fissile contamination of the
scrubber, Human observation provides manual system shutoff upon failure of a filter.

2.1.5.2 Spent Scrubber Receipt Tanks. Each scrub solution receipt tank is a 122 cm (4 it)
section of 6 in. borosiiicate glass pipe. The axes of the two tanks are aligned along the long axis of the
glovebox. These tanks are located on the bottom floor in the amex, with a minimum of 40.64 cm
(16 in.) between their outer surfaces.

The scrub solution catch tanks accept and retain the spent scrub solution from the scrubber and
give the non-condensable exhaust gases a path to the vacuum trap then to the plant process vacuum
system. Periodically the scrob solution catch tanks are drained from Glovebox 188-1 into the building
radioactive drain system atler being sampled for plutonium content. These spent scrub solution catch
tanks have also been referred to as “phase disengaging tanks” (Compton 1997). As phase disengaging
tanks, they allow gases to exit from the top of these tanks through a vacuum trap (SK-2-3003 10)
Iocared in the glovebox, and the liquids to collect at the bottom of the slightly sloped catch tanks. The
plant 26 in. Hg process vacuum draws the air injected into the calciner through the filters, scrubber,
scrub catch tanks, and vacuum trap.

2.1.5.3 Scrubber Cbilled Water Supply. The scrubber tank is cooled by chilled water
flowing through cooling coils in the scrubber tank. The cooling water comes from a 19 t (5-gal)
reservoir that is located in an adjacent room, Room 187. The 19 d (5-gal) reservoir, a non-favorable
geometry reservoir is analyzed in Section 5.3,5,3.

2.1.5.4 Spent Scrub Solution Vacuum Trap. The two 22! spent scrubber solution storage
tanks are connected through a vacuum trap to the PFP 234-5Z plant 26 in. Hg process vacuum system,
The vacuum trap in Glovebox 188- I that is on the flow path between the spent scrubber solution
storage tanks and the 234-5Z process vacuum system is (per drawing SK-2-300310, sheets 1 and 2) a
6 in. length of nominal 3 in, dhrneter PyrexTM glass pipe, A polyethylene ball floats up against the
trap’s outlet if liquid fills the trap. If the ball floats up to the trap outlet, the seahng action ends the
vacuum to the off-gas system, and, in turn, ends off-gas flow through the system. When the off-gases
stop flowing through the scrubber, its liquid level drops, ending the flow of liquid to the dkengaging
tank in use (Compton 1997), The vacuum trap is redundant to the demisters built into the plant 26 in.
Hg process vacuum system which also shuts off the gas flow to the plant vacuum system.

2.1.5.5 Scrubber Solution Supply. A scrubber solution reservoir and scrubber solution pump
form the scrubber solution supply system (Compton 1997). The caustic solution enters the scrubber at
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the top, but is discharged 15 in. below the entry point on the inside of the cooling coils, where the
rising calciner off-gas bubbles are mixing with the scrubber solution.

Room 188 contains a 55-Gallon drum of 30 weight percent (1O~) sodium hydroxide that is
pumped into Glovebox 188-1 for fresh scrubbing solution in the scrubber (Compton 1997). A positive
dkplacement pump reduces the possibility of back flow from the scrubber to the caustic solution
reservoir pump. There is also a check vrdve in the line at the outlet to the pump as an additional means
to prevent the highly ufllkely backflow of scrubber solution back into the caustic supply drum. A ball
valve also exists between the caustic drum pump and the scrubber that is normally closed, and must be
opened to permit flow into the scrubber (Compton 1997).

2.1.6 Containers

2.1.6.1 The Product Receiver. The product receiver is an advertised 500 ml nominal (1 pt)
borosilicate glass reaction kettle with a rounded bottom. The product receiver volume was measured
to be 850 ml, The inside height is 15.24 cm (6.0 in.), and the inside diameter is 8.89 cm (3.5 in,),
which gives a volume of 945 ml for a flat bottomed cylinder. The glass walls are about 0.476 cm
(3/16 in.) thick. The bottom is more rounded on the sides than a standard beaker, but is flat in the
middle, The product receiver is removable from the calciner downcomer to allow emptying into the
load out container,

2.1.6.2 The Load out Container. The load out container for this system is part number
42-1500-300, commonly known as a”1 pound can.” The 1 lb slip lid can has a nominal capacity of
0.5 ! and an actual volume of 0.55 !. A pan located under the calciner includes storage spots for two of
these containers to keep their normal spacing at no less than 40.64 cm (1 6 in.). Each load out
container carr be moved to glovebox ports to exit the glovebox. A maximum of 2 cans are allowed in
the basement, one on the main level and 2 in the attic.

2.1.6.3 Other Containers. There can be twenty 30 ml sample vials of up to 0.6 ! volume,

containers of lubricants of up to 750 ml volume, and small measurement containers of up to 30 m!
volume.

2.2 NORMAL OPERATION DESCRIPTION

The intended initiaJ laboratory calciner operation is for operator training in the complex
calciner operation, and to demonstrate hardware tirnctionirrg. It is not intended to process or calcine
new fissile material solutions into PuOZ or other fissile oxides.

The normal operation planned for the initial operation is that the 4.05 kg Pu in the calciner will
remain in place. F@rre 3 demonstrates the normal calciner process flow schematic (Compton 1997,
Stubbs 1997). The feed tank will be filled with HNO, from 4L polybottles that are transferred into the
glovebox through the air lock. The calciner will be heated, and the feed HN03 will be pumped into the
calciner, the boiled off HN03 off-gas and any other vapors will be neutrahzed and cooled in the
scrubber. The scrubber overtlow and escaping neutrahzed gases will proceed to the spent scrubber
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Figure 3. Calciner Process Flow Schematic
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storage tanks, also called phase dkengaging tanks, where the gas will exit the glovebox through the
plant vacuum system, while the liquid will be transferred out in batches. The re-calcined PU02 residing
in the calciner may become denser, and some of it may be spilled into the product receiver but this is
not expected because the receiver tube will be pushed up so as to confhe the calcine to the calciner and
prevent it overflowing into the product receiver. This PU02 overflow from the calciner into the product
receiver may be collected into a 0.5 I slip lid can that could be bagged out of the glovebox.

3.0 LIMITS AND CONTROLS

3.1 LIMITS

3.1.1 Mass and Isotopics

The total plutonium mass in the glovebox shall be limited to 4.5 kg. The plutonium is to
contain at least 3 Wt.O/O*40Pu,and a maximum 241pucontent of one-fifth (1/5) of the 240Pu Uranium

enriched to 1.25 WtO/O235Umay be processed in the calciner.

3.1.2 Moderation

Hydrogenous material except lubricants and feed solutions are prohibited from the interior of
the calciner. Feed shall not be added to a cold calciner. The combined volume of all lubricants and
their containers is limited to 0.75 L

3.1.3 Volnme and Process Equipment

Volume is to be controlled by allowing only the following containers in the glovebox that have

capacity to hold tissile material:

Process equipment: calciner, product receiver jar (0.85 0), feed tank (5.2 l), vacuum trap, and

the vessels of the scrubber system. Containers: one polybottle of 4.2 liters maximum, four 0.5 t
polyjars or slip lid containers, twenty 30 m~ sample bottles or small measurement containers, and up to

750 mt of containers of maintenance fluids in the glovebox. Total allowed volumes of 0.5 [ containers:

1.1 ! in attic, 0.55 Ion main floor, and 1.1 f!in basement.

3.1.4 Spacing

a. Containers of tissile material shall be spaced a minimum of 25.4 cm (1O in.) from any other
containers of tissile material.

b. Only one container may be within 25.4 cm (1O in.) of the calciner.
c. No spacing is required to transfer material from one container to another or to clean up a spill.
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3.2.2 Wet Insulation

Calciner operation is allowed only with dry calciner insulation. If the calciner insulation is known
to be wet, stop or prohibit addition of feed to the calciner, If there are no spills on or splashes of
liquids at or steam around the insulation, it maybe considered dry.

3.2.3 Plutonium Solutions or Plutonium Materials

No additional fissionable materials or fissionable solutions shall be introduced into the calciner

or the glovebox. Plutonium spilled or removed from the calciner may be put back into the calciner.

3.2.4 Solids and Precipitates

The depth of solids and precipitates in the scrubber tank in the glovebox is limited to a total
height of 25.4 cm (1O in.). Any solids accumulation height in excess of 25.4 cm shall be removed from
the tank in accordance with an approved written plan prior to continuing operations.

3.2.5 Criticality Drain

The 7.6 cm (3 in.) diameter criticality drain in the glovebox shall not be obstructed and shall be
in operable condition.

3.2.6 Floor Accumulations

Any spill of tissile material shall be expeditiously cleaned up before further operations.

3.2.7 Rags

Clean-up rags are limited to up to 1 ft2 area each and 6 ft2 total in the glovebox at a time. Only

one rag is allowed adjacent to a given piece of equipment or a given container with fissile material at a
time.

3.2.8 Use of Plastics

Use of plastic bags, sleeves or sheets inside or outside of Glovebox 188-1 shall be approved by
operating procedure, or approved work plan which conforms to the general limits as listed in PFP
Criticality Prevention Specifications, CPS-1 65-80010.

A close fitting neutron reflector (e.g., plastic pipe for shielding) shall not be installed on the

calciner without permissions of the CSR and CSE.
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Containers may be placed on the glovebox decking, product tray, or shelves, but not on the
calciner insulation horizontal surfaces.
Ten 30 ml sample jars maybe stored in a group spaced a minimum of 25.4 cm (IO in.) tlom
other containers or fissile bearing objects.
No stacking containers.
One open or closed 30 ml sample vial maybe anywhere in the glovebox.

Density

Plutonium density shall be limited to 5.5 g Pu/cm3.

Fluoride Compounds

Fluoride compounds and similarly strong dissolving compounds are prohibited in the feed
solution and the interior of the calciner. (Nitric acid is not a strong dissolver of plutonium.)

Disassembly of calciner

Additional limits for disassembly of the calcine~

The top plate and attached filters and piping shall be removed first.

Remove loose fissile material from above the junction of the upper and lower spool pieces

before removing the upper spool piece.

If there is a spill of tissile material in the glovebox, discontinue disassembly operations until the
spill has been cleaned up.

3.2 PROCESS CONTROLS

3.2.1 PuDensity Limit

The plutonium density limit of 5.5 g Pu/cm3 shall be met by frequent measurements of the

calcine bulk density. Ifmeasmements approach aPudensity of5.5g Pticm3, cease cdciner operation
or add impurities, such as magnesium nitrate, to the feed to dilute the plutonium.
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3.2.9 Plutonium Metal Prohibition

No plutonium metal shall be introduced into the Glovebox 188-1

3.2.10 Miscellaneous Glovebox Items

3.2.1

A scale, non-container equipment, and non-container tools are allowed in the glovebox,

Fire Fighting

Fke fighting designation for the glovebox is Fire Fighting Category C.

4.0 METHODOLOGY

4.1 REQUIREMENTS AND EXEMPTIONS

This analysis must meet the requirements of HNF-PRO-537, Rev. O Criticali~ Safety Control

of Fissionable Material (FDH 1997b), andHNF-PRO-539, Criticality Safety Evaluations (FDH
1997c), No exemptions apply to the evaluation in this document.

HNT-PRO-539 states that for all new operations and changes pertinent to criticality issues in
existing operations, the CSER is required to “demonstrate that there is an acceptable margin of
subcriticahty for all normal and credible abnormal conditions” being considered,

The criteria used to demonstrate that subcriticality margins are acceptable, in this document,
are given in HNF-PRO-537, The HNF-PRO-537 states that “the fraction of a critical dimension,
volume, mass, etc. including allowance for accuracy, is equal to or less than 0.90. When mass control
is used and maintained only by administrative controls, the tlaction of a criticaJ mass set as the
operational limit shall be <0.45, unless double batching is not credible.” The limits on kcficalculated
for systems is 0.95 for cases with limited experimental data and with relatively large but reasonable
interpolations or extrapolations, All analyzed cases have materials whose cross sections were tested
against benchmarked data. HNF-PRO-537 specifies a 0.90 k.fi limit where no applicable experimental
data exists.

The double contingency principle states: “Process designs shall incorporate sufficient factors of
safety to require at lease two utilkely, independent and concurrent changes in process conditions
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before acriticality accident impossible.” Acriticality accident isinte~reted tomeanthat critical mass
orvohunehasbeenre achedor exceeded. The CSERmust showthat theallowed fissile material
configurations and any credible single contingency will not reach or exceed the critical mass or
volume.

4.2 ANALYTICAL METHOD

4.2.1 MONK Code

The MONK6Bcode wasused forthemalyses in CSER95-O05 mdits addendum. The

MONK6B code is commercially licensed from the British ANSWERS organization. The MONK6B
code uses cross sections from a point energy library based on the UKNDL and JEF evaluations. It was
verified and validated on the Sun3 workstation in the Scientific Engineering Computer Center (SECC).

Appendix B provides a standardized summary for the documentation of the validation (Macklin
and Miller 1992; Miller 1994) carried out for the MONK6B Monte-Carlo code, and its predecessor
versions, as applicable to plutonium materials encountered at PFP. With the cross-section library

supplied, the MONK6A/6B validation calculations indicate an allowed maximum kefivalue of 0.935
for new system calculations to assure subcriticality with an acceptable margin, including the
uncertainties in the analytical methods and benchmark experimental data.

4.2.2 MCNP Code

The Monte Carlo code MCNP 4B was used in this criticality analysis for the base case
calculations. MCNP 4B was certified by Schwinkendorf (1998). Values of ker in Table 8, Calculated
Results Using MCNP Base Case, are from MCNP 4B. The plutonium validation is in Erickson (1998)
and Lan (1999). A summary of the validation of MCNP 4B is included in Appendix A, MCNP 4B
Computer Code Validation, which determines a maximum allowable k,r value of 0.942 for new system
calculations with statistical uncertainties s+ 0.002 to assure subcriticality with an acceptable margin,
including the uncertainties in the analytical methods and benchmark experimental data.

4.3 HAZOP/WHAT-IF ASSESSMENT

Identification of contingencies for the operation described in Section 2.0 used a modfiied
combination of the Hazard and Operability (HazOp) study technique and the What-If technique. The

goal of the study is to identify deviations from the planned operation. The identified deviations 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 HazOp, an interdisciplinary team uses a disciplined, systematic approach to identifi hazard
and operability deviations that could lead to undesirable consequences. Because the criticality safety
concerns usually arise from deviations from the process design, an experienced team leader
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systematically guides the team through the plant design. The result is the “What-If’ and
“HazardJConsequences” columns in the following assessment table, Table 4. The third column gives
the safeguard determined in the comment column.

Appendix D, Criticality Hazards Identification and Assessment, contains a more complete
discussion of the methods used in the HazOp as well information about the assessment team.

Table 4. Assessment of “PFP Vertical Denigration Calciner.”

Activity Assessment Team: Jim Cotnpton, Maria Shaw, Warren Whtekind, Edward Miller, Ken

Dobbin, and Dennis Clapp.
Assessment Conducted: January 16, 1999

tern # What-If Hazard/Consequences Safeguard Comments

1 enough material has Pu in largest Analysis shows a Section 5. I,
agglomerated on filter contiguous volume in min 3°/0240Pu,max Previous Base
surfaces and/or top plate calciner 5.5 g Pu/cm3, and Case, and Section
itself to create a criticality full calciner is 5.2, Base Case
concern if it fell into 6“ double contingent.
diameter portion of
chamber?

2 product receiver tube is Pu powder fills Analysis shows a Section 5.1,
placed in the extreme “up” calciner min 30/0240Pu,max Previous Base
position? 5.5 g Pu/cm3, and Case, and Section

full calciner is 5.2, Base Case
double contingent.

3 product receiver tube is Pu powder runs out and Bounding analysis Section 5.3.3,
removed? builds powder piles on of piled product Oxide Spill

product tray tray is double
contingent.

4 polyethylene tube is potential criticality Disciplined Inserting totally

substituted for metal tube? concern operations and inappropriate and
operator training. non-functional rod

is not considered
credible.
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Table 4. Assessment of “PFP Vertical Denigration Calciner.”

Activity Assessment Team: Jim Compton, Maria Shaw, Warren Wlttekind, Edward Miller, Ken

_
tern #

5

6

7

8

9

10

Dobbin, and Dermis Clapp.
Assessment Conducted: Jannary 16, 1999

What-If ] Hazard/Consequences I Safeguard Comments

ralve is ouerated at the 1A. Calciner filled with 1A. Analysis shows 1A. Section 5.1.
wrong time? Pu if closed when a min 30/o240Pu,

calcining. max 5.5 g Pu/cm3,
and full calciner is
double contingent.

B. Bounding

B. Spill Pu onto analysis of piled
product tray and floor product tray is
if opened and product double contingent.
collection pot is not in

place

Previous Base

Case, and Section
5.2, Base Case

B. Section 5.3.3,

Oxide Spill

product collection pot Pu powder spills on Bounding analysis Section 5.3.3,
breaks while operating or product traylfloor of piled product Oxide Spill
filled? tray is double

contingent.

:learr acid is spilled on spill runs down to Bounding analysis Section 5.1,
main level floor? basement floor with of 3/8” Pu depth Previous Base

entrained Pu and 2“ of water is Case, and Section
double contingent 5.2, Base Case

]cid bottle contents is increased reflection of Bounding analysis Section 5.1,
moved too close to calciner of calciner with Previous Base
:alciner body? wetted upper or Case, and Section

lower insulation is 5.3.4, Acid Spill
double contingent.

icid is mistakenly added increasing moderation Bounding analysis Section 5.1,
to calciner through in calciner of full calciner Previous Base
pressure relief port? flooded with Pu Case, and Section

solution is double 5.2, Base Case
contingent.

heater only is run without heat may shrink Pu For less than 6 kg Section 5.3.13,
feed input? crystals in calciner bed in the calciner, up Oxide Density

with powder density to 8 g Pu/cm3 is Exceeded
increase double contingent.
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Table 4. Assessment of “PFP Vertical Denigration Calciner,”
Activity Assessment Team: Jim Compton, Maria Shaw, Warren Whtekind, Edward Miller, Ken

Dobbin, and Dennis Clapp.
Assessment Conducted: January 16, 1999

tern # What-If Hazard/Consequences Safeguard Comments

11 agitator is run without feed comminuted crystals For less than 6 kg Section 5.3.13,
input? with powder density in the calciner, up Oxide Density

increase to 8 g Pu/cm3 is Exceeded
double contingent.

12 liquid (of different dissolves Pu oxide in Analysis shows a Section 5.1,
chemical composition) is calciner min 3010Z40pu,mm previous Base
added to feed tank? 5.5 g Pu/cm3, and Case (Reactivity

full calciner is is decreased by
double contingent. dissolving

5.5 g Pu/cm3 in
solution that then
must be of lower

density)

13 fissile solution rather than increased mass and Analysis shows a Section 5.1,
clean acid is added to the moderation of Pu in min 3% 240Pu,max Previous Base
calciner feed tank? calciner 5.5 g Pu/cm3, and Case, and Section

full calciner is 5.2, Base Case
double contingent.

14 Pu is driven into the increasing Pu Bounding Analysis Section 5.3.5,
scrubber? concentration in tilling scrubber Plutonium in

scrubber and scrubber tanks with Pu Scrubber System
system as a whole solution and 10“ of

Pu solids is double
contingent

15 the feed system leaks? acid solution is spilled Bounding analysis Section 5.1,

to basement of 3/8” Pu depth Previous Base

and 2“ of water is Case, and Section
double contingent 5.23 Base Case

16 there is excess air flow? Pu cloud in calciner Analysis shows a Section 5.1,
min So/o240Pu,max Previous Base
5.5 g Pu/cm3, and Case, and Section
full calciner is 5 .2, Base Case
double contingent.
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Table 4, Assessment of “PFP Vertical Denigration Calciner,”
Activity Assessment Team: Jim Compton, Maria Shaw, Warren Wittekind, Edward Miller, Ken

Dobbin, and Dennis C1app.
Assessment Conducted: January 16, 1999

tern # What-If Hazard/Consequences Safeguard Comments

17 more liquid volume than A. Flooding calciner A. Bounding A. Section 5.1,
heaters can handle? with acid solution and analysis of full Previous Base

increased moderation - calciner flooded Case, and Section
potential criticality with Pu solution is 5,2, Base Case
concern. double contingent,

B. Overflow B. Bounding
production collection analysis of piled
pot. product tray is B. Section 5.3.3,

double contingent. Oxide Spill

C. Pu cloud in calciner C. Analysis shows
(too much feed a min 30/0240Pu,
evaporating at once max 5.5 g Pu/cm3, C, Section 5.1,

with a steam pressure and full calciner is Previous Base
buildup.) double contingent. Case, and Section

5.2, Base Case

18 Pu concentration in scrub potential criticality Bounding Analysis Section 5.3.5,
solution is too high? concern of Pu-water filling scrubber Plutonium in

mixture tanks with Pu Scrubber System
solution and 10“ of
Pu solids is double
contingent

19 too many PR can drums in potential criticality Bounding analysis Section 5.1,
the room? concern of excess mass in Previous Base

glovebox is double Case and
contingent Section 5.3.11, PR

drum brought into
Room 188

20 wrong drums (8 liter PR potential criticality Bounding analysis Section 5.1,
can) are brought into the concern of excess mass in Previous Base
room? glovebox is double Case and

contingent Section 5.3.11, PR
drum brought into
Room 188
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Table 4. Assessment of “PFP VerticaI Denigration Calciner.”
Activity Assessment Team: Jim Compton, Maria Shaw, Warren Whtekind, Edward Miller, Ken

Dobbin, and Dennis Clapp.
Assessment Conducted: January 16, 1999

[tern # What-If J3a.zard/Consequences Safeguard Comments

21 55 gallon waste drum is potential criticality Bounding analysis Section 5.1,
brought into the room? concern of excess mass in Previous Base

glovebox is double Case and
contingent Section 5.3.11, PF

drum brought into
Room 188

22 10 liter type containers potential criticality Bounding analysis Section 5,1,
brought into the room? concern of excess mass in Previous Base

glovebox is double Case, and Section
contingent 5.2, Base Case

23 room sprinkler water potential moderation Flooding glovebox Section 5.1,
enters glovebox? and reflection is shown double Previous Base

contingent Case, and Section
5.3.7, Fire

24 Seismic - glovebox tilts to Collection of spilled Seismic analysis Section 5.3.6,
the comer opposite the calcine and liquids in shows collection of Seismic
criticality drain? comer of glovebox for material in

mass, moderation, and glovebox corner is

reflection double contingent

25 insulation on lower increase in reflection of Flooding glovebox Section 5.1,
calciner section wetted? calciner is shown double Previous Base

contingent Case, and Section
5.3.7, Fire

These identified “What-Ifs” are considered in Section 5.0, Evaluation and Results. For
simplicity, the contingencies and the relevant analysis are tabulated in Table 5, Controlled Parameters,
Controls, Limits and Contingency Analyses.
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Table 5. Controlled Parameters, Controls, Limits and Contingency Analyses

Controlled
. . Relevant

Parameter
Control ~L:m::r Contingency

Analysis

Mass 4.5 kg Pu glovebox total 3.1.1 5.1 & 5.2

Volume One 4.2 L feed polybottle, five 0.5 L polyjars or slip lid 3.1.3 5.1 & 5.2
containers, twenty 30 ml sample bottles, maximum 750 ml of
maintenance fluids.

Moderation Hydrogenous materials limited in calciner 3.1.2 5.1 & 5.2

Interaction 10 inch spacing requirement 3.1.4 5.1 & 5.2

Reflection No operation with wet calciner insulation 3.2.2 5.3.4.4
Rags limited to 6 ftz total area 3.2.7 5.1 & 5.2

Geometry Clean up fissile material spills before disassembly 3.1.7 5.3.4
Criticality drain not visibly obstructed 3.2.5 5.3.8
Clean up fissile material spills 3.2.6 5.3.3
Use of plastics is limited inside or outside glovebox 3.2.8
Fire fighting category C, no directed streams of HZO 3.2.9 5.3.7.2
No liquids in sweeps containers 3.2.10 5.3.4

Isotopics Min. 3 wtYo 2’OPu,Max. wt% 241Pu= (*’”Pu wtYo)/5 3.1.1 5.1 & 5.2

Density Maximum 5,5 g Pu/cm3 3.1.5 5.3.13
Maximum 5.5 g Pu/cm3, dilute or cease operation. 3.2.1 5.3.13

Concentration No fissionable materials introduced 3.2.3 5.1 & 5.2

Poison No controls for neutron poisons

5.0 EVALUATION AND RESULTS

5.1 PREVIOUS BASE CASE

The previous base case calculations were taken from CSER 95-005 (Geiger 1995a) and its
addendum (Geiger 1995b). Salient features of that model are provided in the following sections and
summarized in Table 6. That model used plutonium feed which is conservative to evaluate the calciner
processing nitric acid feed that is to be evaluated in this CSER. For 6 inch diameter tanks, the most
reactive feed is 140 g Pu/cm3 Pu(N03)d, This determination is made in this section.

The criticality safety of the vertical denigration calciner normal conditions with plutonium

nitrate feed was assessed using the computer code MONK6B in CSER 95-005 (Geiger 1995a) and its
addendum (Geiger 1995b). Appendix B discusses validation of the MONK6B code. This section
presents the standard model of the denigrating calciner under normal conditions of plutonium nitrate
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feed which is conservative for the acid feed operation. It discusses each unit of the system in turn.
Appendix B of CSER 95-005 contains an input listing for the MONK 6B standard model. Appendix C

of CSER 95-005 presents a study of the effect of changing the location of the fission source in the
model. The study, which concluded that the model was rather insensitive to different fission source
locations, justifies the source used throughout the criticality safety assessment; a fission source
distributed over the tissile material throughout the glovebox.

For the entire system, the Previous Base Case standard plutonium model had a ~fi of
0.8151 + 0.0030. This value is well below the allowable k.~ of .935 for these systems.

Tnhle 6 Previnm Raw f’nw Model from CSF.R 9W)05------- ------------ ---- . . . . .. .. .... . . . . . . . . . .

;Iovebox Assumptions Process equipment can contain 91 (of liquid.
Capacity of floor up to criticality drain is 144 L
Plutonium composition of 27. 240Puand 3~o 24’Pu.
Plutonium nitrate was assumed to be the most reactive at a
concentration of 140 g Pa/t for 6 in. diameter tanks.
Glovebox is surrounded with 6 in. of water for neutron
reflection.
Intermediate floor coated on top with 0.3 cm plutonium.
Bottom of glovebox has 2 in. deep water with 3/8 in. (168 kg)
plutonium.

ilovebox dimensions 8 ft long by 3 ft 8 in. wide by 6 ft 11 in. high.

Upper narrower section 3 ft wide by 3 ft 1 in. long by 2 il 9 in.
high.
Lower narrower section 3 ft wide by 3 ft 1 in. long by 3 ft high.
Intermediate floor in main box is 5 ft 10 in. below ceiling.
Criticality drain limits static depth of liquid to 5.08 cm (2 in.).

‘eed polybottle 6 in. OD, 5.75 in. ID, 10.5 in. tall and holds 4.20.
Polyethylene walk are C and H.
Bottle holds 0.59 kg of plutonium for 140 g Pu/0 solution.

‘eed tank Borosilicate glass with 6.19 in. ID, wall thickness of 0.2 in.
Holds 5.20 and is spaced 16 in. from both calciner and
scrubber.

Sits on 1 in. thick polyvinyl chloride slab.
Volume modeled as 5.9 t holding 0.8 kg of plutonium.

)iaphragm feed pump Has chamber 2.88 in. diameter and 2.1 in. long.
Volume is 0,9 ! and holds 0.13 kg of plutonium.
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~alciner

Scrubber

Scrub Solution Catch Tanks

?roduct Receiver

Load out Containers

HNF-3908 Rev. O

evious Base Case Model from CSER 95-oo5

Two sections of 6 in. schedule 10,310 stainless steel pipe.
Upper filtering section is surrounded with 3 in. thick water-
saturated 10°/0alumina-and-silica insulation;
Upper section Volume of 4.2 I containing 21 kg of plutonium
oxide.
Lower calcining section is an annulus between the outer 6 in.
and inner 4 in. schedule 10, 310 stainless steel pipe; interior of
inner pipe is left empty;

3 in. thick aluminum-and-silica insulation surrounds outside of
lower 6 in. pipe; lower section volume of 2 ! and contains 10 kg
of plutonium oxide.

Upper and lower sections bolted together, forming continuous
void space.
Calciner is spaced 16 inches from both feed tank and scrubber.
Calciner is filled with plutonium oxide with a density of
5 glcm’.
Total mass of plutoniumincalcineris31 kg in this base model.

6 in. quartz pipe filled with plutonium nitrate solution.
Spiral torus of 304 stainless steel pipe contains cooling water.
Solids modeled as plutonium oxide at 2 g/cm3.
Volume of 210 contains 3 kg of plutonium in solution.

6.19 in. ID borosilicate pipes.
Tanks spaced 16 inches apart.
Combined capacity of 47 I contains 6.6 kg of plutonium in

solution.

Cylindrical container 3.5 in. ID and 6 in. high.
Volume of 0.950 tilled with 5 g/cm3 dry plutonium oxide for a
mass of 4.7 kg plutonium.

1 Pound slip lid cans 3.5 in. ID and 3.5 in. tall.
Total volume of 1.10 and capacity of 5.5 kg of plutonium.

5.1.1 Feed Solution

The fissile material to be processed in this system is variable, but all solutions contain
plutonium with at least 3V0Z40pu(HeSS 1994), None of the solutions listed in Hess (1994), contained

more than 1YO24’Pu. Laboratory records were reexamined for this CSER with a representative set of
isotopic analyses presented in Table 7 showing that Z41PUis leSS than ().5 wtO/4 To help account for

additional fissionable and ensure conservativity the actinide content in these solutions is assumed to
be 30/0J41PUand only 20i0240puin the standard model. This assumption is highly conservative and

yields a plutonium more reactive than could be derived from any un-enriched source.
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Uranimn enriched to 1.25 wt?40or less maybe processed in the calciner because uranium is
significantly less reactive than Zqspuwith 3 WO/OaiOpU~til the uranium enrichment exceeds 50 Wt”zo.

Table 7. Piutonimn Isotopic Analysis
(Atomic Percent)

Sampie ID Pu-238 Pu-239 Pu-240 PU-241 Ptr-242

L-1 040 0.0334 93.437 6.0006 0.4913 0.038

L-1041 0.0321 93.5216 5.9385 0.4718 0.036

L-1042 0.0338 93.4716 5.9647 0.4918 0.038

L-1043 0.0335 93.5454 5.8920 0.4916 0.039

L-1044 0.0309 93.6104 5.8755 0.4471 0.036

L-1045 0.0329 93.4900 5.9765 0.4627 0.038

L-1 046 0.0315 93.5308 5.9569 0.4447 0.037

L-1047 0.0333 93.4292 6.0333 0.4656 0.039

The most reactive plutonium composition for volume limited situations was demonstrated by
CSER 97-004 (Table 1 in Hillesland 1997) to be the highest Pu concentration. Hillesland
demonstrated that for PuO, densities up to 6.0 g Pu/cm3, the most reactive “mud” mixture was formed
by the highest plutonium density (6.00 g Pu/cm3) PU02, fully saturated with 450 g PufOsolution. This
was for a thin layer on the glovebox floor or within confined volumes of calciner or product receiver.
This also assumed that Pu metal was not available.

The most reactive plutonium composition for the feed tank, scrubber, and scrubber catch tanks
was chosen as the minimizing radius of an infinite cylinder of solution. Graph 111.A.4.97- 1 from
ARH-600 (Carter 1968) provides minima at 135 g Pu/! unreflected and 145 g Pu/0 reflected for
aqueous plutonium nitrate containing 3 0/0240Puand no excess acid. Therefore, a concentration of
140 g Pu/0 was chosen for the most reactive plutonium feed solution. Hillesland (1997) also
demonstrates that the 140 g Pu/d concentration is optimally moderated and is more reactive than the
450 g Pu/! in the 6 inch diameter PyrexTM tanks.

5.1.2 Calcine (PuOJ Product

The density of the caIcine was expected to be 3.0 g Pn/cm3. Previous experience at PFP
indicated it would be quite difficult to exceed a density of 5.0 g Pu/cm3. Therefore CSER 95-005 used
a density of 5.0 g Pu/cm3 for the calcine (Geiger 1995a). This is also the maximum expected density of
the calcine for normal operations. The analysis using 5.0 g Pu/cm3 establishes the limit of
5.5 g Pu/cm3. Figure IH.A.9(1OO)-9 in ARH-600 shows that the minimum critical mass for the density
range of 5.0 to 5.5 g Pa/cm3 is constant. Using 5.0 g Pu/cm3 is equivalent to 5.5 g Pu/cm3 in
calculations.
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5.1.3 Mud

The “mud” was modeled as PuOj saturated with water, and was located on the glovebox floor,

The glovebox floor is assumed to contain 5.08 cm (2 in.) of water with 0.95 cm (3/8 in.) layer of mud
under it. The basis for use of this composition mud is established in Section 2.1.1.4.

5.1.4 Precipitated Pu Solids in Tanks

Precipitated plutonium solids may accumulate in the bottom of the scrrrbber because the scrub

solution is basic. Therefore, the base case modeled these solids as a mixture of oxide (2 g/cm3 of
plutonium) with the interstitial void spaces tilled by feed solution in a 25.4 cm (10 in.) layer at the
bottom of the scrubber.

5.1.5 Glovebox

The glovebox is modeled as a box of 304L stainless steel, with the dimensions described in
Section 2.1.2. The atom densities listed in Carter 1968 Q. 11.F.1-6) are used for this material. Because
ARH-600 Carter (1968), page H.E-2, shows that reflector savings does not increase with more than
15 cm (6 in.) of water, the glovebox is surrounded by a minimum of 15 cm (6 in.) of water, This close
filling water reflection is more reactive than tissile material moved in adjacent rooms or hall. The
intermediate floor of the glovebox is assumed to be coated on top with 0.3 cm (0,12 in.) of Pu
(N0,),.5H20 plutonium. This layer conservatively bounds the reactivity of a % 0 container or sample
bottles on this main floor.

5.1.6 Criticality Drain

To protect against spills of liquids accumulating to too great a depth, the glovebox contains a
bottom-mounted criticality drain. This 7.6 cm (3 in.) diameter drain projects 5.08 cm (2 in.) into the
glovebox. The drain limits the static depth of water in the glovebox to 5.08 cm (2 in.). Consequently,
the bottom of the glovebox is assumed to be 5.08 cm (2 in.) deep in water, with 0.95 cm (3/8 in.) of
plutonium oxide on the bottom. With these assumptions, the glovebox basement can hold 180 ~of
solution (with no calcine) or 144 ! of liquid on top of the mud. A layer of calcine 0.95 cm (3/8 in.)
deep would contain 168 kg of plutonium. Note that the tanks and vessels in the glovebox contain a
total volume of91 t, as compared to the minimum 180 I basement capacity of the glovebox floor.
Therefore, if all of the vessels spill into a dry glovebox, there will be less liquid in the glovebox
basement than is assumed in the standard model. Furthermore, nothing will flow out of the glovebox
onto the floor of the room.
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5.1.7 Vertical Calciner

The model of the calciner closely matches the description in Section 2 tilled with calcine.
Notable departures are:

1. The filters are modeled as solid silicon carbide instead of porous
2. The calcining region is filled with calcined powder and does not include the mixer
3. The inside plug of the annulus is lefl empty of everything, including the heating

element.

The filtering segment of the calciner is modeled as surrounded with 7.62 cm (3 in.) of water-
saturated 100/OaIumina-md-silica insulation, with thephysical mdchemical propetiies of thecalcining
section insulation. Thecalcined powder isasswed to be PuO~, with adensityof5g/cm3of
plutonium. (Asaresult of themalyses in CSER95-O05 [Geiger 1995a]the insulation onthe filtering
section of the calciner was changed to metal reflective insulation that doesn’t absorb water but included
water atO.1 g/cm.. Theeffect of fiischmge ininsulation wascalculated inthe Addendum of CSER
95-005 [Geiger 1995b].)

The filtering section of the calciner has a volume of 4.2 I available to calcined powder, and can
therefore contain21 kgofplutonium at5g/cm3. Thecalcination section hasanavailable vohrmeof21
anda capacity of 10 kg. Therefore, thecalciner holds atotalof31 kgofcalcined plutonium (Geiger
1995a).

5.1.8 Feed System

5.1.8.1 Feed Polybottle. The feedpolybottie isdescribed onpage280f Hess (l994). The
outside diameter isgivenas6 in. Theinside dimension isexpressed ~425gofwater perinchof
height. Assming lgofwatertAes upexactly lcm3, theintemal radius of thecontainer is7.298cm
(2.873 in.), andthewall thickness is 0.322cm(0.127 in.). Thecompletely fullvolume of the
polybottle isgiven as4.200(Compton 1999e). Assuming theinside imperfectly cylindrical, thkgives
asolution cylinder height of25.101 cm(9.882 in.). Assuming aconstant wall thickness, the outside
height of thepolybotile is25.745cm (10.136in.), mdthewall volume is496cm3(l.05 pt.). Thetare
mass of the polybottle is given as 420 g, which yields a density of 0.846 g/cm3 - a reasonable value for
low density polyethylene.

Accordingly, the polybottle is modeled as two concentric cylinders, with an inner cylinder of
solution 25.101 cmtallwith aradius of7.298cm, sumomded byalowdensity polyethylene cylinder
25.745 cmtalIwith aradiusof7.620 cm. Theconcentrations ofcarbon andhydrogen inthe
polyethylene are taken as 0.036333 and 0.072666 nucleihrn-cm, respectively.

With a volume of 4.20, a polybottle would hold 0.59 kg of plutonium assuming worst case
solution. Tomuimize thereactivity contribution of thepolybotile, thestmdmd model assmesit
touches both the feed tank and the outer surface of the insulation surrounding the calciner.

5.1.8.2 Feed Tank. The feed Wisa5.21 nominal capacity cylinder of borosilicate glass,
consisting ofastandard sized 6in. diameter, 12in. long pipe. This tmnslatesi ntoaninsider adiusof
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7.856 cm, a wall thickness of 0.502 cm, and a height of 30.480 cm. The feed tank is open at the top.
The wall composition is taken tlom page 11.F.1-6 of Carter 1968. The design drawing shows the pipe
sitting on a slab of polyvinyl chloride 1 in. thick. This slab is modeled as a disk of polyvinyl chloride,
2.54 cm thick with a radius of 13.970 cm.

With a volume of 5.9 t, the feed tank can hold 0.8 kg of plutonium when filled with 140 g Pu/1
solution.

5.1.8.3 Diaphragm Feed Pump. Information on the feed pump is rather scanty. The
manufacturers catalogue gives dimensions for the largest diaphragm chamber only, while noting that
some pumps are smaller. Accordingly, the pump is modeled at the maximum size: a fissile solution
cylinder with a diameter of 7.315 cm and a horizontal axis of 5.334 cm. This corresponds to a volume
of 0.9 !, with a worst-case holdup of 0.13 kg of plutonium when filled with 140 g Pu/0 solution.

5.1.9 Scrubber System

The scrubber system is made up ofi

● The scrubber, a 6 inch diameter, 117.76 cm (46 5/8 in.) high PyrexTM glass pipe used as
approximately a 200 tank,

● The scrub solution catch tanks, two 22 ~tanks receiving spent scrub solution,
● A chilled water supply, in adjacent room 187, with a 5 gallon capacity, and
● A vacuum trap that connects to the plant process vacuum system.

The contamination of the cooling water supply with solution from the scrubber is considered
incredible and the cooling water supply is not modeled in the base model. The scrub solution is
pumped into the scrubber through the scrub solution pump from a scrub solution reservoir and, because
of location, geometry, and incredibility of back flow against a pump head and gravity, is not considered
in this criticality analysis. Also, the vacuum trap is not modeled because the other scrubber tanks are
conservatively modeled full of plutonium solution and the vacuum trap is much smaller and even less
likely to get any plutonium solution than the other tanks.

5.1.9.1 Scrubber. The scrubber is modeled as a vertical section of PyrexTM glass tubing
7.856 cm (3.093 in.) inside radius, 8.358 cm (3.29 in.) outside radius, and 117.76 cm (46.36 in.) high.
The scrubber system is cooled by a 91 cm (36 in.) high cooling coil of 1.3 cm (0.5 in.) diameter 307
stainless steel with a 0.089 cm (0.035 in.) thick wall. The inside diameter of the cooling coil is
9.84 cm (3.875 in.) while the outside diameter is 12.38 cm (4.875 in.). There is a feed pipe 112.68 cm
high and 0.95 cm outside radius, and 0.80 cm inside radius. There is an overflow pipe 112.76 cm
(44.37 in.) high that is tilled with 140 g Pu/1 feed solution. The MONK standard model (case
DeN03as in Geiger 1995a) includes 33 in. height of 140 g Pu/4 Pu(N03)d solution on top of a 25.4 cm
(10 in.) thickness of 2 g Pu/cm3 precipitate in the scrubber. The 140 g Pu/0 layer contains a modeled
mass of 1.72 kg Pu. The 2 g Pu/cm3 precipitate 25.4 cm (10 in.) layer contains a modeled mass of 7.39
kg Pu. This adds to a modeled mass of 9.11 kg Pu in the scrubber.

5.1.9.2 Scrub Solution Catch Tanks, Each scrub solution catch tank is modeled as 7.82 cm
(3.08 in.) inside radius 122.42 cm (48.2 in.) inside height, and 8.32 cm (3.27 in.) outside radius and
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122.92 cm (48.39 in.) outside height. The standard model (case DeN03as in Geiger 1995a) also

included the waste scrub solution storage tanks with a conservative 23.4 liter nominal volume tilled
with a 140 g Pull feed Pu(N03)~ solution in each tank. This models each storage tank containing
3.28 kg of Pu.

5.1.10 Containers

5.1.10.1 Product Receiver. The product receiver is modeled as full of 5 g/cm3 of absolutely
dry PuOZ. The walls are modeled with the same composition as the feed tank. For conservatism, the
model does not take the bottom rounding into account. The inside is modeled as a cylinder of radius
4.445 cm and height 15.24 cm. The external dimensions of the model are 15.716 cm high with a radius
of 4.921 cm. This model yields an internal volume of 0.95 ! and a mass capacity of 4.7 kg of actinide,
which is more plutonium than contained in the entire glovebox so it can bound having sample bottles
and two % I containers.

5.1.10.2 Load Out Container. The load out container, a 1 pound slip lid can, is a steel
cylinder 3 !4 in. tall and 3 !4 in. in diameter, with a capacity of 0.550. For conservatism, the inside is
modeled as a cylinder 8.89 cm in height with a radius of 4.445 cm. The outside dimensions are 8.99
cm in tall and 4.495 cm radius. There are two of these containers, one on each vertex of the triangular
load out pan away from the product receiver. Together, the load out containers have a volume of 1.11,
and a capacity of 5.5 kg of actinide.

5.1.10.3 Other Containers. Three additional 0.5 t containers, one a sweeps container with
<100 g Pu and an H/x <20, twenty 30 ml sample vials, and maintenance fluid containers of up to
750 m~ are not explicitly covered in the base case. However, they are covered by the overly
conservative modeling of fissile material in the feed tank and scrubber system.

5.1.11 Entire System

The calciner is full of31 kg of dry calcine. The tanks and vessels in the glovebox can contain a
total of 91 I with 144 I in the basement on the glovebox floor above the mud layer on the floor. The
extremely conservative base case MONK6B model hadak,fof0.8151 + 0.003 (Geiger 1995a).

5.2 BASE CASE

There are several differences between the base case MCNP4B computer model described here
and the MONK6B computer model previous base case described in CSER 95-005 (Geiger 1995a) and
in Section 5.1 above. The models of the scrubber and calciner are not as detailed but are more
conservative. The 1 cm (3/8 in.) thick layer of oxide on the floor of the glovebox and the layer of
plutonium pentahydrate on the intermediate floor are not included. Neither are several piles of “mud”
underneath and adj scent to the containers. A plutonium oxide density of 5.5 g Pu/cm3 was used in this
model compared to the 5.0 g Pticm3 used in the CSER 95-005 (Geiger 1995a) model. A 2.54 cm
(1 in.) thick layer of water was included completely surrounding (sides, top, and bottom, if exposed)
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every container and vessel in the glovebox to conservatively represent hands. A 30.48 cm (12 in.)
thick layer of water surrounds the entire glovebox. All of the ‘OBin the borosilicate glass vessels (feed
tank, product receiver, scrubber waste tanks) was removed from the compositions in the MCNP
models. The MCNP model of the calciner arrangement is described below.

5.2.1 Concentration and isotopic composition of the fissile material

The fissile composition in the model is the same as that used in CSER 95-005 (Geiger 1995a).
The plutonium material to be processed in this system is variable, but solutions contain at least s~o
240Pu(Hess 1994). Table 7 shows a sampling of the isotopic analysis of the plutonium in the calciner.
For conservatism, the plutonium isotopics are assumed to be s~. 24’Puand only 2’XO240Pu.

The plutonium feed solution is modeled as a mixture of plutonium nitrate and water. The

optimum reactivity concentration of 140 g Puh was used for the plutonium solution in 6 inch diameter
vessels.

The dry calcine product is modeled as pure PU02 powder with a concentration of 5.5 g Pu/cm3.

5.2.2 Glovebox

The glovebox is modeled as boxes of 304L stainless steel. The main section is divided into

upPer and lower levels by an intermediate floor of 304L stainless steel. The attic and amex are
separate boxes attached to one end of the glovebox with open access to the main section. The
glovebox is surrounded on all sides with 30.48 cm of water. The lowest floor of the main section and
the basement are covered to a depth of 5.08 cm (2 in.) with water. The upper level of the main section
of the glovebox contains the calciner, the scrubber, the feed tank, and one 4.2 ! feed bottle. The lowest
level of the main section contains the calciner product collection tube, the product receiver vessel, two
load out containers, the diaphragm pump, and portions of the two scrubber waste collection tanks. The
basement contains the remaining portions of the two scrubber waste collection tanks.

5.2.3 Feed polybottle

The feed polybottle is modeled as two concentric cylinders, with an inner cylinder of solution
25.101 cm tall with a radius of 7.298 cm, surrounded by a low density polyethylene cylinder 25.745 cm
tall with a radius of 7.620 cm. The polybottle has a volume of 4.2 I and contains 588 g of plutonium
when filled with 140 g Pu/~ solution.

5.2.4 Feed tank

The feed tank is modeled as two concentric cylinders, with an imer cylinder of solution
30.48 cm tall with a radius of 7.856 cm, surrounded by a cylinder of Pyrex’” glass with an outer radius
of 8.358 cm. This glass feed tanl is modeled without any ‘OBin the glass. The feed tank is sitting on a
disk of polyvinyl chloride 2.54 cm thick with a radius of 13.970 cm. The tank has a volume of 5.90
and contains 827 g of plutonium when filled with 140 g Pu/0 solution.

34



HNF-3908 Rev. O

5.2.5 Diaphragm feed pump

The diaphragm feed pump is modeled as a cylinder with a diameter of 7.315 cm and a
horizontal axis of 5.334 cm. The pump has a volume of 0.9 t and contains 125 g of plutonium when
tilled with 140 g Pu/0 solution.

5.2.6 Vertical calciner

The outer vessel of the calciner consists of two sectionsof310 stainless steel, 6 inch schedule
10 pipe. This pipe is modeled with an inner radius of 8.07339 cm and an outer radius of 8.41375 cm.
The overall height of the calciner is 59.69 cm.

The heating and agitation of the product take place in the lower portion of the calciner. There is
a dome made from 4 inch pipe and pipe cap in the center, which is modeled as extending up 18.91 cm
into the internal volume of the calciner from the bottom. No credit is taken for the volume occupied by
the agitator, except that the rod is modeled as having its lower end 2.54 cm above the top of the dome.
The product collection tube is modeled as a cylinder with a radius of 1.11633 cm extending from inside
the dome to the product receiver vessel.

The upper section contains three filtering elements and the agitator rod. Each filter element is

modeled as a hollow cylinder of silicon carbide 30.48 cm tall with an outside radius of 2.54 cm, an
inside radius of 1.4351 cm, and a bottom thickness of 3.810 cm. The inner volume of the filters are
empty in this model.

The inside of both the upper and lower sections of the calciner and the product collection tube
are modeled as filled with dry plutonium oxide powder at a density of 5.5 g Pu/cm3. The lower section,

upper’ section and product collection tube have volumes of 2.4 P, 4.4 I, and O.118 0, respectively,
resulting in plutonium masses of 13,325 g, 24,218 g, and 648 g when tilled with plutonium oxide at
5.5 g Pu/cm3.

The lower section of the calciner is surrounded by 11.43 cm (4.5 in.) of insulation. All
calculations include water saturation of this insulation as part of the normal condition as a
conservatism to represent spills of non-tissile solutions and condensation buildup when the calciner is
cooled down.

The upper section of the calciner is surrounded by 7.62 cm (3 in.) of metal reflective insulation
that does not absorb liquids. The insulation is conservatively modeled as being 10?4odensity 304L steel
to accommodate the concentric sheets and narrow strips of sheet metal used to create many of the
spaces of dead air within the insulation. Water at 100/0density was also added to this insulation to

bound the amount of water that may cling to the inner and outer surfaces of the insulation.
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5.2.7 Scrubber

The scrubber is not expected to contain more than a token amount of tissile material under
normal operating conditions. The scrubber tank is modeled as a cylinder of feed solution with a radius
of 7.85876 cm and a height of 96.52 cm on top of a 25.4 cm (10 in.) tall cylinder of plutonium
precipitate. The solution is 140 g Pu/1 plutonium nitrate with water. The solution portion of the
scrubber model has a volume of 18.70, which contains 2,622 g of plutonium when tilled with feed
solution. The solids are plutonium oxide (2 g Pu/cm3) with the void space filled with the plutonium
nitrate feed solution. The solids portion of the scrubber has a volume of 4,928 cm3, and contains
9,886 g of plutonium. The actual scrubber has cooling tubes that will reduce the volume available for
liquids and solids. Steel plates are located at the top and bottom of the scrubber column. The PyrexTM
glass is conservatively neglected and modeled as a void in the MCNP model.

5.2.8 Scrubber waste tanks

There are two scrubber waste tanks that have a combined volume of 46.850. These tanks are
122.92 cm long, and are made of PyrexTM glass with an inside radius of 7.82 cm and an outside radius
of 8.32 cm. In the model these tanks are filled with the 140 g Pu/1 feed solution, containing a total of
6,558 g of plutonium. These PyrexTM glass tanks are conservatively modeled without ‘OB.

5.2.9 Product receiver

The product receiver is attached to the bottom end of the product collection tube below the
calciner. The product receiver is modeled as a 15.716 cm tall glass cylinder with an outside radius of
4.921 cm and an inside radius of 4.445 cm, with a metal flange on top. The product receiver has an
internal volume of 0.948 ( and is filled with dry plutonium oxide at 5.5 g Pu/cm3, for a total of 5,216 g
of plutonium.

A 0.9525 cm thick cylindrical pile of plutonium oxide the diameter of the product receiver is
included in the model below the product receiver vessel to represent spilled material. This pile
contains 955 g of plutonium.

5.2.10 Load out container

There are two load out containers in the model in the standard front and back load out positions
on the load out tray. The load out container is a 1 pound slip can, represented as a steel cylinder 8.89
cm in height with an inner radius of 4.445 cm and an outer radius of 4.495 cm. The load out containers
are tilled with plutonium oxide powder at 5.5 g Pu/cm3. Both containers combined (each 0.55 0) have a
volume of 1.1 0 and a mass total of 6,070 g of plutonium.

36



5.2.11

HNF-3908 Rev. O

Other Containers

Three additional 0.5 t containers, one a sweeps container with <100 g Pu and an H/x <20,
twenty 30 m~ sample vials, and maintenance fluid containers of up to 750 ml are not explicitly covered
in the base case. However, they are covered by the overly conservative modeling of fissile material in
the feed tank and scrubber system.

5.2.12 Entire System

The MCNP base case described above (case inpgc), has a calculated ker of 0.8776 + 0.0010.
This will be referred to as the MCNP base case. To determine whether the 2.54 cm (1 in.) of water
reflection around each container would act to isolate containers of fissile material, a second calculation
was performed. When the 2.54 cm (1 in.) of water is removed, k,f drops to 0.7516 * 0.0018 (case
inpgcno). Table 8 summarizes the MCNP calculations for the base case and the contingencies that are
disci sed in Section 5.3.

Table 8. Calculated Results Using Base Case

Case Input file kcalc o

Base case that includes 2.54 cm inpgc 0.8776 0.0010
(1 in.) water around all containers

Base case without 2.54 cm (1 in.) inpgcno 0.7517 0.0018
water around all containers

Base case with three 4.20 inpgc3p 0.8778 0.0009
polybottles tilled with 140 g Pu/1
solution against outside of
glovebox added

Base case with three 3 L inpgc3p450 0.8789 0.0015
polybottles filled with 450 g Pu/t
solution against outside of
glovebox added

Base case with all calcine inpge 0.9088 0.0014
(5.5 g Pu/cm3) saturated with
water

Base case with 6.0 g Pu/cm3 inpgd 0.9337 0.0015
calcine saturated with water
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5.3 CONTINGENCY ANALYSIS

5.3.1 Plutonium Oxide in Wrong Area of Calciner

The denigrating calciner normally operates to produce and have the calcine in the annular region
atthebottom of thecalciner. Calcite could beprojected into theupper sections of thecalcinerby
excess air or aqueous feed flow into the hot calciner bed or if the outlet is closed and calcine is still
being made. Themalyzed previous base casemodel described in Section 5.10fthis CSERhas the

calciner filled with dry, maximmdensity calcine of5.0g Pticm3. Because calcine maygetto parts of
the calciner other than the annular region, the previous base case model tills the entire calciner with
calcine. This is bounding forcalcine density upto5.0 gPticm3because there isnomorespace to be
filled, evenin a contingency. Thisisthe maximum expected density ofcalcine fiomnorma1
operations. Section 4.11 of CSER 95-005 (Geiger 1995a) found thek,rfor the conservative previous
base case model described in Section 5.1 of thisCSERtobe0,815 + 0.003.

Addendum 1 to CSER95-O05 (Geiger 1995b)concludes in Section 6,Othatthecalcineris
within allowable wherrfullof5.5 gPo/cm3. This model bounds thecaseofthe 4.5 kgofcalcine being
displaced tlom the geometrically favorable annular volume at the bottom of the calciner to the less
favorable volume above the dome. Section 5.3.130fthis CSERpresents themalysis thateven higher
calcine densities are within allowable when the mass in the calciner is no more than 6 kg, as it is for
thecalciner during nitric acid feed only testing. This model bounds both theexpected abnormal cases
mdcontingency cases witiak.rthat iswithin theallowable of O.935. The MCNP base case
(k,fi=0.8776) has5.5g Pticm3filling thecalciner andtherefore bounds forthis density. Thusthe case
of calcine tilling or being displaced in the calciner is double contingent.

5.3.2 PhrtoniumNitrateA ddedInsteado fNitricAcid

Intheexpected operation, ~0, isthefeed tothe Pu02calcine bed. The Pu02will notbe
dissolved innitric acidalone (Compton1999d). Ifplutonimn rritrate ismistakenly usedas feed instead
of HN03, two things are different, one is that the plutonium is already dissolved into the plutonium
nitrate, and the other is that the plutonium inventory has been increased.

The 4L feed jug containing plutonium solution at the maximum allowed concentration of
450 g Po/1 would contain a maximum of 1.8 kg Pu, for a total of 1.8 kg Pu + 4,5 kg Pu = 6.3 kg Pu in
the calciner. There are three MONK6B cases that are relevant from Addendum 1 of CSER-95-005
(Geiger 1995b) shown in Table 9 below that have a larger plutonium inventory than this because the
11 t calciner is tilled with 5.5 g Pu/cm3 calcine.
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Table 9. Calciner Filled with Calcine and Flooded with Feed
Lower Insulation Saturated With Water

Calculation Calculated kef Calcine Density Feed Model
Number (g Pu/cm3) (g Pu/Liter)

pr55 0.9114 k 0.0038 5.5 450

sln55 0.9120 + 0.0042 5.5 140

wat55 I 0.9123& 0.0039 15.5 10

The MCNP base case was modified by replacing all of the interstitial void space in the dry
calcine with water. This case (case inpge) thus had the calciner, downcomer, product receiver, and
load out cans tilled with this “mud” at a plutonium density of 5.5 g Pu/cm3 and had a k,r of
0.9088 + 0.0014. With over 38 kg of plutonium in the calciner alone, this case bounds any plutonium
nitrate or nitric acid addition to the calciner.

These cases demonstrate that, even with the calciner tilled with PU02, and saturated with
450 g/t Pu feed, 140 g Pu/! feed, or nitric acid feed (water), the feed Pu concentration does not cause
the calculated k,fi to exceed the 0.935 allowable for the MONK calculations and 0.942 for the MCNP
runs. The glovebox is double contingent for introduction of plutonium solution as feed to the calciner.

5.3.3 Oxide Spill

The MCNP base case includes a product receiver container and two slip lid 0.50 containers
filled with PU02, which bounds a spill for nitric acid feed operation, The calculation in CSER 95-005
(Geiger 1995a) assumed that the entire load-out tray is tilled with 1-pound cans full of calcine (more
than 10 cans) at a normal product density of 5 g Pu/cm3 for the MONK6B calculations. For purposes
of modeling, only the two cans placed in the load-out can spots were completely modeled. Then in
addition to the two cans, the entire tray was covered with a right (non-circular) cylinder of dry calcine
to a depth of 10 cm. (This depth was chosen because it is deeper than the 1 pound can used for load-
out, approximately 4 in.). The rest of the glovebox has the same configuration as in the standard
model. The MONK6B plutonium model yielded a calculated keflof 0.87, as shown in Table 1, item #3,
Load out Over Batch, in CSER 95-005 (Geiger 1995a).

The MONK6B model also includes 1 cm (3/8 in.) of calcine under the load out tray and 5 cm
(2 in.) of water on the floor under the tray. The amount of calcine modeled on the tray would be many
times the 4.5 kg allowed in the calciner and glovebox for the nitric acid feed test. This model is very
conservative by mass, but only uses 5.0 g Pu/cm3, the maximum normal density expected, not the 5.5 g
Pu/cm3 that is the density limit. The conservatism in mass and reflection compensates for the non-
conservatism of density. Also, Figure 111.A.9(1 00)-5 in ARH-600 (Carter 1968) shows the minimum
critical mass for the plutonium oxide density range of 5.0 to 5.5 g Pu/cm3 is constant. Using 5.0 g
Pu/cm3 is equivalent to 5.5 g Pu/cm3 in calculations. The model shows that an oxide spill is safe. In
addition, Section 5.3.7, Seismic Event, of this CSER shows that 4.5 kg of plutonium is within
allowable when outside the calciner in the presence of water.
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A spill of calcine from the calciner would be dry for a one contingency case. Figure

111.A.9 (100)-5 of ARH-600 (Carter 1968) shows that even fully reflected, H/Pu=2, 5,5 g Pu/cm3 PU02
sphere has a minimum critical mass of more than 12 kg. An inventory of 4.5 kg in Glovebox 188-1 is
then less than 0.45 of the minimum critical mass. A spill of the calcine is within allowable and the
glovebox is double contingent.

5.3.4 Acid Spill

For this contingency, it is assumed that both the entire contents of the 64 feed tank and a 4.24
polybottle spill onto the intermediate floor of the glovebox. Sufficient liquid flows into the load-out
containers to displace all the air, and the rest of the liquid flows onto the bottom floor of the glovebox.
The two load-out containers are assumed to have been filled with calcine, so that the addition of liquid
produces mud. For wet calcine, Figure 111.A.9(1 00)-5 in ARH-600 (Carter 1968) shows that in the
range of 5.0 to 5.5 g Pu/cm3, the minimum critical mass is insensitive to changes in plutonium density.
An analysis at 5.0 g Pu/cm3 is representative of results at 5.5 g Pu/cm3.

5.3.4.1 Falling Solution. Initially, the solution will be draining from the intermediate floor of
the glovebox, and therefore will be distributed through the air. For this analysis, a case was analyzed
using MONK6B in CSER 95-005 where the solution is assumed to be above the load-out tray and
partially surrounding the load-out cans; except for this change, the configuration is the same as in the
standard model. The MONK model (DeN03a2) yielded a calculated k,fi of 0.87. This value is
acceptably low to ensure subcriticality during this portion of the accident. Table 10 shows the results
of the MONK analysis for acid spill scenarios.

Table 10. MONK6B Contingency Analysis Results

Contingency Computer Code Discussion Calculated kefi
Run Number Section

#2, Feed Tank and Polybottle Spill DeN03a2 5.3.4.1 0.8688 + 0.0039

DeN03A2 5.3.4.2 0.8666 ● 0.0039

DeN03AT 5.3.4.3 0.8660 + 0.0039

5.3.4.2 Spilled Mud. The force of the falling liquid can be expected to move the powder
around, potentially causing a less favorable geometry. In the analysis in CSER 95-005, the powder
from the cans is assumed to be added to the powder from the floor of the load-out tray, and distributed
in a right cone on top of the maximum allowed layer of wet powder (“mud”) on the bottom of the
glovebox. The water covering the mud (limited to 5.1 cm [2 in.] above the bottom of the glovebox by
the criticality drain) is replaced with feed solution in the vicinity of the cone of mud. For ease of
analysis, the load out tray is also removed. Except for these changes, the configuration is the same as
in the standard model. The MONK model (DeN03A2) yielded a calculated k,~ of 0.87 as shown in
Table 10. Thus, after the spilled feed solution has washed the calcine to the floor, the system is still
acceptably subcritical and within the allowable value of 0.935.
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5.3.4.3 Lower Density Mud. In addition to moving the calcine around, the liquid may also
reduce its density. In the CSER 95-005 analysis, the powder is assumed to distribute as above, but
have a lowered density of 3 g/cm3 of plutonium. The rest of the glovebox configuration remains the
same. The MONK model (DeN03AT) yielded a calculated k,mof 0.87 as shown in Table 10. Thus,
the system will remain acceptably sub-critical in case of a feed solution spill. The seismic Section,
5.3.6, shows that at even lower densities, the 4.5 kg plutonium inventory is within allowable and is
double contingent.

5.3.4.4 Wet Lower Insulation. The contingency where a spill of feed solution onto the
absorbent insulation around the lower calciner section has been addressed in Addendum 1 of
CSER 95-005 (Geiger 1995b). For this contingency, an entire 3 ~bottle of plutonium nitrate solution is
assumed to have spilled into the absorbent insulation. The solution is modeled with a plutonium
concentration of 450 g/t, an isotopic composition of 96.4 w/o 239Pu,3 w/o 2d0Pu,and 0.6 w/o 24]Pu, and
a nitric acid concentration of 1 M. Four configurations of spilled solution were modeled:

The PR solution saturating an annular shell against the inner surface of the insulation, with
water saturating the remainder of the insulation;

The PR solution saturating a slab against the top surface of the insulation, with water saturating
the remainder of the insulation;

The Pr solution saturating the outer “half’ of a torus (vertical cross section a semicircle) with
the inner cylindrical surface coinciding with the inner surface of the insulation at the top, with
water saturating the remaining insulation,

A homogeneous mixture of water and some spilled PR solution saturating the entire volume of
the insulation.

Table 11 copied from Table 5.1 in Addendum 1 of CSER 95-005 (Geiger 1995b) presents the
results of the calculations for these geometries, for a calciner full of dry calcine. For a calcine density
of 6.5 g Pu/cm3, each of the four configurations yielded a k.mof less than 0.935 and therefore satisfies
criticality safety limits.
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Table 11. Addendum 1 of CS13R 95-oo5
Contingency Analysis for a Feed SpilI1

Calctdation Calculated km Calci~e Density
Number (g Pn/cru$)

she11652 0,8562 + 0.0046 6.5

shelll 1702 0.8919 + 0.0041 7

slab653 0.8496 + 0.0040 6,5

slab703 0.8795 + 0.0041 7

tor65~ 0.8595 ~ 0.0043 6,5

tor704 0,8987 + 0.0041 7

di1655 0.9328 + 0,0042 6.5

di11705 0.9483 + 0.0044 7

‘The total spilled volume is 3,15 [, and the total insulation
interstitial volume is 16.88 L

2she1165,shell 70: The feed is distributed in a cylindrical shell
bounded on the inside by the inside surface of the insulation.

3slab65, slab70: The feed is dktributed in an annular dkk bounded
on the top by the top surface of the insulation.

‘tor65, tor70: The feed is distributed in a splint torus (rotated semicircle)
with the flat surface of the semicircle against the inside surface of the insulation
and the top of the torus touching the top of the simulation.

‘di165, di170: The feed is diluted with sufficient water to just saturate
the insulation and distributed throughout the insulation.

The MCNP base case (case inpge) included water saturated insulation on the lower section of
the crdciner. In addition, it had 2.54 cm (1 in.) of water surrounding the calciner and all other
containers and vessels,

5.3.4.5 Spilled Acid Conclusion. The actual initial conditions for an acid spill are that the
4.5 kg of dry PU02 is in the calciner and about 30 g is outside. The above analysis is for much larger
amounts of PU02 mass outside the calciner and plutonium solution, 140 g Pu/0, rather than just nitric
acid solutions. The above results show that operations of the calciner for the nitric acid feed test are
double contingent for an acid spill, since for the actual conditions there would only be about 6% of a
minimum critical mass (3Og Pu)/(530 g Pu).
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5.3.5 Plutonium in Scrubber System

The scrubber system is considered to be composed ofl

● The scrubber, a 6 inch diameter, 117.76 cm (46 5/8 in.) high PyrexTM glass pipe used as
approximately a 20 ! tank,

● The scrub solution catch tanks, two 22 L!tanks receiving spent scrub solution,
● A chilled water supply with a 5 gallon capacity, and
● A vacuum trap that connects to the plant process vacuum system.

The scrub solution is pumped into the scrubber through the scrub solution pump from a scrob
solution reservoir and, because of location, geometry, and incredibility of back flow against a pump
head and gravity, is not considered in this criticality analysis.

5.3.5.1 Scrubber. The scrubber system is not expected to contain more than a token amount
of tissile material (less than 0.01 g Pu/cm3 of solution) under normal operating conditions. The silicon
carbide filters in the calciner should prevent significant fissile contamination in the scrubber. Human
observation provides manual system shutoff upon failure of a filter.

During off-normal conditions of calciner heating loss and filter failure, precipitation could
occur and solids could accumulate in the scrubber. A concentration of 1 g Pu/cm3 would be noticeable
through the clear borosilicate glass. A concentration of 2 g Pu/cm3 is very apparent and would be
easily detected by the operator,

The standard model (case DeN03as in Geiger 1995a) included 33 in, thickness of 140 g Pu/0
PU(N0,)4 solution on top of a 25.4 cm (10 in.) thickness of 2 g Pu/cm3 precipitate in the scrubber. The
140 g Pu/[ layer contains a modeled mass of 1.72 kg Pu, The 2 g Prr/cm3 precipitate 25.4 cm (10 in.)
layer contains a modeled mass of 7.39 kg Pu. This totals to a modeled mass of 9,11 kg Pu in the
scrabber. The standard plutonium model hadk,m=0.8151 + 0.003 (page 12 in Geiger 1995a).

The MCNP calciner model, inpgc, has 2.6 kg Pu in the scrobber solution, 9.8 kg Pu in the
scrubber solids, 3,28 kg Pu in each of the spent scrubber solution storage tanks and had
k.fi = 0.8776+ 0,0010.

The unhkely nature of large amounts of precipitates accumulating within the scrubber along
with the demonstrated safety of such an accumulation suggests that the usage of a 25.4 cm (1O in.)
layer of 2,0 g Pu/cm3 for the plutonium precipitate is acceptable. A scrubber solution overbatch,
doubling the precipitate height for the feed and scrubber tanks to 50.8 cm (20 in.), (case DeN03 a7 in
Geiger 1995a) had kcm= 0.8295 + 0.0037. Thus the 25.4 cm precipitate height can be used as a
critically limit for operations. The 25.4 cm (1O in.) height limit for solids in the scrubber tank satisfies
the double contingency criterion.

5.3.5.2 Scrub Solution Catch Tanks. The standard model (case DeN03as in Geiger 1995a)
also included the waste scrub solution storage tanks with a conservative 23.4 liter nominal volume
filled with a 140 g Pu/1 feed PU(N03), solution, This models each storage tank containing a total of
3.28 kg of Pu. Comparing the 7.39 kg Pu precipitate volume to the 3.28 kg Pu per tank demonstrates
just how much extra material is added to the overall system by the 25,4 cm (1Oin.) precipitate layer in
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the scrubber assumption. All of these cases satisfied the critically safety criteria, The standard
plutonium model, with feed solution in the spent scrub solution storage tanks, hadkcf=0.8151 + 0.003
@age 12 in Geiger 1995a).

The MCNP calciner model, inpgc, has 2.6 kg Pu in the scrubber solution, 9.8 kg Pu in the
scrubber solids, 3.28 kg Pu in each of the spent scrubber solution storage tanks and had
k.fi = 0.8776 + 0.0010. Thus showing that even if plutonium feed solution also got in the scrub over
flow tanks, the glovebox is double contingent,

5.3.5.3 Scrubber Chilled Water Supply, The scrubber tank is cooled by cooling coils. The
cooling coils are cooled by water from a 5 gallon reservoir of chilled water that is located in an
adjacent room, Room 187. The 5 gallon reservoir is potentially a non-favorable geometry for
critically safety. However, that the scrubber tank would have more than trace amounts of plutonium
is unlikely because the contamination is so easily detected. The pressure head from cooling coils to
scrubber tank prevents flow to the unfavorable geometry tank,

The coolant inside the coils in the scrubber is at a higher pressure than atmospheric pressure,
because this coolant must be pumped from another room and returned to that room. The scrubber
drains to the two 22 t spent scrub solution tanks that me connected to the plant process vacuum
system, The scrubber tank is at a pressure lower than the coolant coil liquid, causing any leak in the
coolant system coils to drain the coolant system into the scrubber, and not vice versa, The transfer
lines bringing the coolant water to the scrubber, enter Glovebox 188-1 at a level higher than the
scrubber, again causing a bigher hydraulic head for the coolant water supply that would drain into the
scrubber and not the scrubber solution toward the unfavorable geometry cooling water reservoir.

The contamination of the cooling water supply with solution from the scrubber is considered
incredible,

5.3.5.4 Spent Scrub Solution Vacuum Trap. The two 22 d spent scrub solution storage tanks
are connected through a vacuum trap to the PFP 234-5Z plant 26 in. Hg process vacuum system. The
234-5Z plant process vacuum system is covered by CPS-Z- 165-80141. This criticality protection
specification is supported by CSAR 78-013, CSAR 78-013 Addendum 1, CSAR 78-013 Addendum 2,
and CSER 94-011. The vacuum trap operation is described in Section 2.1.5.4. The plant vacuum
system is double contingent for fissile solutions and shuts off the vacuum. The scrub solution vacuum
trap is redundant.

According to the technical assessment of the PFP verticid direct denigration calciner (Merrick
and Rickords 1996), no credible failure modes are evident for this piece of equipment.

The small 7.62 cm (3 in.) diameter, and the small volume ~ 0.7 !, both preclude any criticality
concern in this piece of equipment. The vacuum trap is double contingent.
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5.3.6 Seismic Event

If, during the seismic event, the vertical calciner downcomer falls out and the stirrer keeps
turning, the calciner could easily release up to 100°/0of the tissile material contained within. This
material will then be free to combine with the rest of the plutonium oxide in the glovebox. In reality,
some release fraction less than 100°/0would be expected, with the balance remaining in the calciner
and separated from tissile material outside. It is also realistic that some plutonium oxide powder
would cover the floor and sides of the glovebox, resulting in a higher-leakage, lower-reactivity
geometry. However, unless the distribution of fissile material is known, controlled, or can be predicted
based upon physical arguments, it is conservative to assume all 4.5 kg of plutonium comes together
into a compact spherical geometry, fully reflected with water. For this analysis, full reflection means
25 cm of water. The current inventories of materials present in glovebox 188-1 are:

Available moderator 5.21 in the form of HN03 in the feed tank
750 ml in the form of maintenance fluids
scrubber tanks of solution (water+ NaOH)

Fissile material: 4.05 kg Pu in the form of PuOZ in the lower calciner
14 g Pu in one polyjar
14 g Pu holdup assumed in the glovebox (dust covering walls, etc.)
(Seismic base case conservatively assumes 4.5 kg Pu in glovebox)

The plutonium is in oxide form, PuOZ, and is analyzed at densities between 0.45 to
5.0 g Pu02/cm3. The minimum density for plutonium oxide powder given in the SAR (Section
9.2.4.2.11 in FDH 1999) is 2.0 g PuOz/cm3, and this value is also given by Carter (1980). According to
electronic-mail communication from J. A. Compton (Compton 1999a), hk estimate for a
conservatively-low density for PU02 powder from the calciner is 2.75 g Pu02/cm3, with 2.5 g Pu02/cm3
being a “totally ‘audit-proof [density], given the process we’re using, the temperature of the bed where
the feed is entering, and the speed of conversion in a bed that hot.” This is consistent with the value
used in the SAR, and is more than twice the bulk density required to assure criticality safety as shown
in Table 12, even if all of the PU02 exits the calciner and combines with the rest of the fissile material
in the glovebox (up to the 4.5 kg Pu inventory), and forms a fully-reflected sphere, with full moderator
penetration of the interstitial voids within the bulk powder. The results show the glovebox is double
contingent in a seismic event.

The theoretical density of PuOj is 11.46 g Pu02/cm3, For powder density of 2.0 g PuOq/cm3,
this implies a packing fraction of 2,0/1 1.46= 0.17, The remainder of this volume is assumed to be
interstitial space available for water penetration. Whh water filling these voids, the result is treated as
a homogeneous PU02-HZ0 mixture. Table 12 contains the results for oxide densities of between 0.45
and 5.0 g Pu02/cm3; Figure 4 shows these results graphically. Plutonium isotopics are conservatively
assumed to be 96 WtO/O239Pu,3 WtO/O240Pu,and 1 WtO/O24’Pu.

45



HNF-3908 Rev. O

Table 12. Calculated ker for 4500 g of Plutonium in Spherical Geometry, Fully Water Reflected.

Pu Density Oxide Mixture Moderator H/Pu Sphere kal, o
(g/cm’) Density Density Volume Ratio Radius

(g/cm3) (g/cm3) (L) (cm)

4.410 5.00 5.564 0.575 3.4 6.245 0.7316 0.0028

3.528 4.00 4.65 t 0.830 4.9 6.728 0,7436 0.0026

2.646 3.00 3.738 1.256 7.4 7.405 0.7670 0.0027

1.764 2.00 2.825 2.106 12.4 8.476 0.8111 0.0033

0.882 1.00 1.913 4.657 27.5 10.68 0.9140 0.0032

0.397 0.45 1.410 10.90 64.3 13.94 1.0581 0.0035

0.397(’) 0.45 1.410 10.90 64.3 17.56 1.0335 0.0013

(1) Note: This case was a higher-leakage hemisphere with the same Pu mass.

Figure 4. Effective Multiplication Factor, k,fi, vs. Plutonium Oxide Density.
Fully Reflected Spherical Geometry - Water Penetrates All Void Space in Oxide.
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As long as the bulk oxide density remains above 1.0 g Pu0,/cm3, which is only half the

expected (SAR) value, criticality safety in the seismic event can be assured (ker will be less than 0,914
and the allowable is 0.938 per Erickson 1998). The glovebox is double contingent for a seismic event
when the plutonium mass is limited to 4.5 kg of high tired calcine.
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The following conservative assumptions were used to analyze the seismic event. An actual seismic
event is expected to be less reactive than these conditions which would decrease the k,m

1. All of the plutonium inventory (4.5 kg Pu) comes together into a compact sphere.
This represents a 100% release fraction from the calciner.

2. Water penetration into the interstitial voids between the sand-like particles of PuOj provides for
a maximum credible amount of moderation,

3. The plutonium oxide region is filly reflected with water.

4. The Pu02/Hz0 mixture was modeled as a homogeneous mixture, taking no credit for any self-
shielding associated with clumps of oxide, which would reduce kem Realistically, a well-
mixed, homogeneous slurry of plutonium oxide and water is not likely, as there is no significant
energy source available to agitate or suspend the constituents.

Additional analysis was performed, with smaller release fractions of plutonium oxide from the
calciner than 10OO/O.If one-fourth (1125 g) of the mass, or one-third (1 500 g), is released and this
material formed the same folly-reflected sphere, any H/Pu ratio between Oand 60 can be shown to be
safe. The H/Pu = 60 value is the highest value possible before the powder would become a solution
where the PU02 particles are completely surrounded by water. But this is not possible because the
dense, insoluble plutonium oxide particles will fall out of the surrounding water under the influence of
gravity. H/Pu of 60 is the conservative upper bound on H/Pu that needs to be considered in this
analysis. The fissile material released from the calciner will not go into solution because it is insoluble,
high-tired PuOZ. Introduced nitric acid or water is not capable of dissolving it. The dense PU02
particles would fall out of the water into a layer of PU02 with water interstitial in it. Figure 4 shows
that the curve of 2500 g Pu release mass is the largest mass that is within the conservative allowable of
0.94 for the H/Pu range of Oto 60. A mass of 2500 g Pu is a release of 56% of the 4.5 kg Pu allowed
in the calciner. Figure 5 shows these results superimposed over those shown in Figure 4.

An upper limit for the Pu in oxide density is projected from calciner run data and theoretical
analysis (Compton 1999b) to be around 5.5 g PuOz/cm3, and this is why the analyzed density range was
extended this far. However, as the oxide density increases beyond 2.0 g Pu02/cm3 (or the H/i% ratio
decreases below 10), there is clearly no danger of criticality from only 4500 g of plutonium; the kcm
curves indicate a downward trend with increasing Pu density (or decreasing H/Pu).

A plutonium oxide density of 2.0 g Pu02/cm3 is equivalent to an H/Pu atom ratio of 12.4, and is
therefore under moderated, but the physical form of the PU02 will be sand-like particles that will not
float in water. Complete water penetration into the interstitial voids in bulk powder of normal density
was considered to be the most reactive credible configuration. Agitation, acting against gravity to
induce a lower packing fraction, is not considered credible in static geometries. While it is true that the
glovebox will not be “static” during the earthquake, these events last for only a short time; it will take
time for the plutonium oxide to exit the calciner, once it is damaged by the earthquake. It will take
more time for the powder to drain into and come into close proximity with the other i-lssile material in
the glovebox. It is considered incredible to maintain an agitated configuration, where plutonium oxide
particles are suspended against gravity, during the same earthquake that causes the damage which
allows the material to come together.
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Figure 5. Effective Multiplication Factor, k,m, vs. Hydrogen-to-Plutonium Atom Ratio.
Fully Reflected Spherical Geometry - Water Penetrates All Void Space in Oxide.
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As for the end-state geometry, in all likelihood, a more realistic geometry would be a
hemispherical pile, cone, slab, or some other higher-ieakage geometry, which has a lower k,r for the
same mass of tissile material.

It is therefore concluded that a criticality accident in Glovebox 188-1 is not credible as a result
of a seismic event for an inventory of 4.5 kg Pu in the form of high tired calcine, for on~y nitric acid as
feed material, and for a seismically unqualified glovebox. The glovebox is then double contingent for
a seismic event.

5.3.7 Fire

5.3.7.1 Water Ingress into Glovebox. In the event of a fire, the introduction of sprinkler and
tiretighting water is considered. According to Addendum 1 to CSER 95-005 (Geiger 1995b), the ker
for tire water entry is 0.912, which is withhr the MONK6B allowable of 0.935. The fire contingency
was analyzed in Section 5.2 of Addendum 1 (Geiger 1995a). The model includes a calciner tilled with
5.5 g Pu/cm3 calcine saturated with water, even though tire water would not have a way to enter the
metal calciner. The lower insulation is modeled as saturated with water, although the insulation is
covered by a metal skh-t that would prevent water falling into the glovebox from wetting the insulation
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The product containers, plutonium layer on the floor and water on the floor are included in the model
as are the feed container, feed tank, and scrubber tanks. The water depth in the glovebox is limited to
the 5.1 cm (2 in.) as modeled in the analysis by a criticality drain in the glovebox as shown in Section
5.3.8 below. Table 5.2 in Section 5.2 of the Geiger reference also shows that the k,r for the model only
increases to 0.942 (0.007 above allowable), for the MONK analysis even if the calcine density
increases to 6.0 g Pu/cm3, which is above the limit of 5.5 g Pu/cm3. For the MCNP calculation (case
inpge), this contingency results in a kef = 0.9088 + 0.0014 which is within the allowable of 0.942. The
MCNP analysis using 6.0 g Pu/cm3 flooded calcine gave a kcmof 0.9337 + 0.0015 (case inpgd), which
is still within the allowable 0.942. This gives assurance of a reasonable margin of safety on glovebox
operations. Table 5.2 from Addendum 1 also shows that even if plutonium is entrained in the tire
fighting water, the reactivity does not increase significantly. These results show that the calciner
operation with acid feed is double contingent.

5.3.7.2 Fire Fighting Category. A solid stream of water could enter the glovebox, displace
plutonium from the calciner, wet the lower calciner insulation, supply water faster than the criticality
drain could drain it, displace rags to clog the criticality drain, and stir up the loose plutonium to a
critical configuration. The use of solid streams of water to tight tires is rare because it is not a normal
fire fighting method. To decrease the probability that a solid stream of water would be used in Room
188 for fire fighting, a criticality fire fighting category limit of C is specified for Room 188. This limit
supports the conclusion that the glovebox is double contingent for a tire for the acid testing of the
calciner.

5.3.8 Criticality Drain

A study of PFP sprinklers (Hammelman 1974) did not find inflow rates to any PFP gloveboxes
greater than 0.4 !/s (6 gpm) to be credible, A criticality drain study (Lehmkuhl 1974) demonstrated
that even a water inflow rate of 0.4 0/s (6 gpm) will increase the water level by less than 0.64 cm
(1/4 in.) above a 7.6-cm (3-in.) diameter bottom-mounted criticality drain. Therefore, the liquid level
in the glovebox will not significantly exceed 5 cm (2 in.) if the criticality drain is operable.

Assuming the criticality drain plugs, and the glovebox tills completely with water (two
contingencies), then the system is not acceptably subcritical as shown in Appendix D of CSER 95-005
(Geiger 1995a). Consequently, the criticality drain must be kept unobstructed to make a complete
glovebox flood double contingent.

5.3.9 Acid Fed Too Quickly

The contingency of mixing nitric acid solution with the plutonium oxide within the calciner to
form “mud” has been examined, and demonstrated to be safe by CSER 95-005 (Geiger 1995a) and
CSER 95-005, Addendurn 1 (Geiger 1995b), Scenarios where this mud formation could occur are:
feeding a nitric acid solution into a cold calciner; feeding a nitric acid solution into the calciner too
quickly; or pouring the nitric acid into the calciner through a pressure relief port. It has been
demonstrated that the complete saturation of maximum density plutonium oxide with maximum
concentration feed solution yielded the most reactive mud composition. In CSER 95-005,
Addendurn 1, the mud was made from a 5.5 g Prr/cm3 plutonium oxide mixed with either a 450 g Pu/1,

49



HNF-3908 Rev. O

a 140 g Pu/1 solution, or water. Table 5.2 from CSER 95-005, Addendum 1 demonstrates that the
maximum calculated k,fi for these scenarios was 0.912+ 0.004, within the allowable of 0.935. The
MNCP model with 5.5 g Pa/cm’ calcine saturated with water had a calculated kef of 0.9088 + 0.0014
(case inpge) which is within the allowable of 0.942. Further, Table 7 shows that there is statistically no
difference when comparing the results for mixing the plutonium oxide with a plutonium nitrate
solution or with water because most of the reactivity is due to the much denser calcine at 5.5 g Pu/cm3,
rather than the added solution. All these cases using the 5.5 g Pu/cm3 (or less) density plutonium oxide
was determined to satisfy the criticality safety limit, thus showing the glovebox to be double
contingent.

5.3.10 Second 4L Bottle of Acid in Glovebox

The reactivity of bringing a second bottle of acid into the glovebox was modeled as an increase
in reflection for calciner acid feed operation. In the original MONK code calculations (Geiger 1995a),
this case was included in the kcm= 0.912 calculation of Section 5.2.3. For the MCNP analysis, the base
case included 2.54 cm (1 in.) of water reflection around every container and vessel for a kefi= 0,8776.
The difference between these two calculations is due to the model differences, but both show that the
double contingency requirement is met with calculated reactivities less than the targets of 0.935 and
0.942 for the MONK and MCNP codes, respectively.

5.3.11 Plutonium-bearing Drum Brought into Room 188

No plutonium is to be brought into Room 188-1 during the nitric acid feed operation. It is only
an unlikely mistake that could cause plutonium to be brought into the room. In the original MONK
calculations (Geiger 1995a), this case was covered by the great quantity of plutonium in the base case
(kefi= 0.81 5) that is larger and closer to the calciner than any other mass that could be brought into the
room. In the new MCNP analysis, three 4.20 containers of the greatest reactivity solution(140 g Pu/!)
were modeled with no spacing on three sides of the glovebox. The resultant kCr was 0.8778 + 0.0009
(case inpgc3p), which is less than the 0.942 safe kemtarget. To show the effect on reactivity if the
maximum Pu(N03)~ concentration was in the containers, an MCNP calculation was performed with the
resultant k,fi of 0.8789 + 0.0015 (case inpgc3p450). All of these calculations show that the double

contingency requirement is met. These cases also cover removal of calcine from the calciner or

glovebox in allowed containers because separating and removing material lowers the total reactivity of
the glovebox.

5.3.12 Dissolving Acid Placed in Feed Tank

The expected operation of the vertical calciner involves pure HN03 in the feed tank that is
pumped into the calciner. The calciner is heated before feed solution is allowed in, and the scrubber
will condense the resulting vapors for collection in the spent scrubber solution tanks, The PU02 in the
calciner is not expected to dissolve if pure HN03 is used in the feed tank (Compton 1999d),

The off-normal, unlikely condition is that another acid that could dissolve PU02 could be placed
in the feed tank. The acid can only pose a criticality threat if it gets into the calciner as a liquid. For
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this to happen a second unlikely error would have to be made. The acid would have to be poured into
the calciner or the interlock fail and allow feed into a cold calciner. Because two unlikely errors would
have to be made before this contingency could happen it is considered incredible. If this incredible
event occurred, the dissolution, occurring in the calciner, would have the most likely result of being
calcined back into PuOZ again. In the transitional state of PU02 being dissolved and with greater
moderation, then the 5.2 I of feed tank solution volume is insufficient to cause 4.5 kg Pu to become
critical, even in spherical geometry and with full water reflection, as indicated in Section 5.3.6 on
seismic analysis and on Figure III,A.9( 100)-4 in ARH-600 (Carter 1968). The calciner could be filled
by repeatedly filling the feed tank with dissolving acid. The calciner is 6 in. schedule 10 pipe which
has an inside diameter of less than 6.5 in. and an outside diameter of 6.625 in. Figure HI. A.7-97-1in
ARH-600 (Carter 1968) shows that a plutonium nitrate solution with 3% 240Puin a cylinder less than
6.9 in. in diameter, fully water reflected, can not go critical at any plutonium concentration. Thk is
conservative because the calciner has much less continuous volume than a cylinder. Section 5.3.2,
Plutonium Nitrate Added Instead of Nitric Acid, of this CSER showed that dense calcine flooded with
water or plutonium feed solutions is within allowable. For confined volumes such as the calciner, the
denser the tissile material the more reactive. With results showing criticality not possible at low
concentrations and calculations for dense material within allowable, the extreme condition of adding
special dissolving acid several times does not lead to a critical configuration. Leaking this material to
the floor would make too thin a slab to present a critical configuration. The arrangement can be judged
to be within allowable, making the calciner double contingent even to a dissolving acid added to the
calcine in the calciner.

5.3.13 Oxide Densiiy Exceeded

5.3.13.1 Pu Density Determination. The density of the elemental plutonium in the product
PuOZ powder, Pu density, g Pu/cm3 is one parameter that must be controlled for criticality safety in the
prototype vertical calciner. The Pu density in the product powder is not the same as the overall powder
bulk density, which includes the oxygen content of the PU02 and any impurities. This bulk density is
measured by the PFP Analytical Laboratory using procedure ZL-5 10-335, “Tap Density of Bulk
Solids.” on powder samples from the calciner. The tap density is a bit more dense than the bulk
density, which means that the Pu density inside the powder bed is slightly less dense than that
calculated from the tap density. The plutonium mass found by calorimetry of the canned powder and
the measured net weight of powder inside the product may be used to calculate the fraction of powder
that is elemental Pu, This fraction is then multiplied by the overall powder’s bulk density to obtain the
elemental Pu density.

5.3.13.2 Maximum Calcine Density Expected. The maximum calcine bulk density expected
is considerably lower than recent suggestions of 8.0 gnr/cm3 (elemental Pu density, not PuOZ density).
The maximum density should occur with spherical particles piled up with their centers alternating such
that the lowest points of one layer are slightly lower than the highest points of the layer beneath and the
highest points are slightly higher than the lowest points of the layer above. As such, the comparison of
volumes between a sphere (4/3 rcR3) and a cube (D3 or 8R3) can’t be made directly. The amount of
overlap between layers can be read from Table 1-20 on page 1-27 of the 6th edition of The Chemical
Engineer’s Handbook (Perry & Green, McGraw-Hill 1984). That overlap is 0.013 of the sphere’s
volume at both the top and bottom of each layer of spheres. The volume actually occupied by these
spheres is then:
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(4/3)(x/8} + (2)(0.013)= 0.550 of the total volume of space.

The theoretical density of the crystals of PuOZ, not taking interstitial spaces into account, is
11.46 grn/cm3 (Katz& Seaborg, The Chemistry of the Actinide Elements, Methuen & Company, Ltd.,
1957, page 279, Table 7.20).

These data yield a theoretically maximum bulk density of PuO, powder of
(0.55)(1 1.46 grdcc) = 6.30 grn/cm3. If the powder crystals are pure PU02, then the elemental Pu
density is (0.8 S2)(6.30) = 5.56 gm/cm3. Assuming that the listed theoretical density of 11.46 gm/cm3 is
accurate for directly denigrated PU02 and not PU02 from some other process, then we should not be able
to get higher than an elemental Pu density of 5.56 grn/cm3.

The calciner was run and the Pu density of the product was determined. Nirider (1997) shows
that for normal operations the highest recorded Pu density was 4.26 g Pu/cm3. If the calcine bed is held
at the operating temperature and stirred as will be the case in the acid feed test, the Pu density reached a
high of 4.75 g Pu/cm3. It is possible this value could increase firrther during operation without feed
addition, but further increases are expected to be small. The graph in Nirider (1997) shows the
increase for dry roasting and stirring was small. The maximum value expected is 5.0 g Pu/cm3, with
5.5 g Pu/cm3 considered a conservative upper limit.

5.3.13.3 Product Density Monitoring. Although the official method for determing the Pu
density in the calciner is explained in Section 5.3.13.1, a faster unofficial method (Compton 1997c)
that the calciner working crew performs while the powder is still inside the glovebox uses a 10-m!
graduated cylinder that is kept in the product handling area of the calciner glovebox. This cylinder is
partially tilled with powder to get the volume and weighed to get the weight of the powder. The
overall powder bulk density is calculated from those data. That density is multiplied by the elemental
Pu fraction in the last reported batch of product to estimate the current elemental Pu density. Thk
method assumes that the density is changing relatively slowly and is fairly consistent throughout the
powder bed, allowing the working crew to stop before the density limit is exceeded. If there is any
doubt about the elemental Pu fraction in the product, a value of 0.88 is used, which is the theoretical
maximum for perfectly pure PuOq, The assumption that the density is fairly consistent throughout the
powder bed is believed reasonable due to the mixing that occurs in the bed during operation.

The latest known elemental Pu density is recorded on the plutonium inventory sheet, which is ●

kept on the room wall, and in the laboratory notebook to allow tracking. If the limit of 5.5 g Pu/cm3 of
product is approached, one of two methods will be implemented to keep from exceeding the limit. One
method is to stop operating, obtain a new CSER/CPS/Posting with a higher density limit and any
corresponding changes to other limits, then resume operating. This first method could also yield a new
CSEWCPS Posting that eliminates the elemental Pu density limit and substitutes entirely different
types of limits. The second method is to begin using “dirtier” feed (i.e., deliberately choose feeds with
more impurities or deliberately add impurities to relatively clean feed) to dilute the Pu in the product
powder. The choice between methods will be made in consultation with criticality safety, nuclear
safety, and Process Engineering Persormel.

5.3.13.4 Calciner Pu Density Analysis. Determination of the calcine Pu density limit
assumes a critical mass limit on calcine of 6 kg of plutonium or less.
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The Criticali@ Safety Control of Fissionable Material, HNF-PRO-537 (FDH 997b) requires 1
that when administrative mass limits are used to ensure criticality safety, the limit must be no m-ore
than 45% of the critical mass, A limit of 6 kg of plutonium therefore requires that the system must be
subcritical for 13.33 kg of plutonium. Accordingly, the calciner is modeled as containing 13.33 kg of
plutonium in the form of calcine.

As in previous calculations for a calciner flood, the lower section of insulation is assumed to be
saturated with water. Because it has the minimum critical radius in the form of a cylinder, the solution
flooding the calciner is assumed to be an aqueous solution containing 140 g Pu/1 in the form of
plutonium nitrate, with no excess acid.

Table 13 presents the results of calculations for a calciner flood assuming an administrative
mass limit of 6 kg of plutonium in the calciner. To ensure modeling of the most reactive case, Table
13 covers two geometries:

. The annulus full of calcine, with the remainder of the 13.33 kg immediately above the
anmdus (arm60, anr370, and armpack);

. The calcine starting in the lower portion of the filter section and extending down to the
bottom of the pipe-cap dome in the calciner section (fi160, fi165, fi170, fil 75, and
filpack).

For both geometries, the calculated MONK6B k,r is acceptably low (< 0.935) regardless of
calcine density.

Table 13. Calciner Flood with a 6.0 kg Mass Limit

Calculation Calculated k,fl Calcine Density
Number (g Pu/cm3)

ann60 0.8102 + 0.0036 6.000

ann70 0.8232 + 0.0035 7.000

annpack 0.8319 + 0.0034 8.017

ti160 0.8692 + 0.0042 6.000

ti165 0.8945 + 0.0041 6.500

fi170 0.9104 * 0.0043 7.000

fi175 0.9131 + 0,0043 7.500

tilpack 0.9120 + 0.0044 8.017

I
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7.0 PEER REVIEW

7.1 Technical Peer Review

D. G. Erickson of the Criticality and Shielding group in FDN W Specialty Engineering carried out the
technical peer review of HNF-3908, Rev. O,CSER 99-001, PFP Lab Denigrating Calcirrer, for which the
following comments are provided.

The technical arguments given in the report were found to be sound for qualifying the criticality safety of
the PFP Lab vertical denigrating calciner located in Glovebox 188-1 in Room 188 of the 234-52 Building The
maximum mass limit of 4.5 kg and nitric acid feed only are both significant limits that help assure the criticality
safety of the operation. All credible contingencies resulted in k,~ that are within aliowables.

The review of this CSER showed that the normal conditions were analyzed adequately and very
conservatively modeled the actual conditions that would be found in the glovebox. Some of the conservatism
were: 140 g Pu/ii or 450 g Pu/Oplutonium nitrate solution for all feed materials, excessive amounts of holdup on
the glovebox floors, nominal reflection on all containers, and full water reflection of the glovebox.

Analysis of the off-normal conditions also incorporated most if not all of the above mentioned
conservatism, as well as including additional conservatism that bound any credible off-normal conditions. The
analysis shows that even if the glovebox were to be flooded, improper materials were brought into the glovebox,
container spacing were lost, or operations continued without proper material collection containers in place, the
system is still subcritical. Plutonium nitrate solutions in place of the allowed clean nitric acid feed solution is
analyzed, and shown to be acceptable. In all cases adequate margins of safety exist to assure that the operations
to be performed in the glovebox does not pose any criticality concerns. For the fire analysis non-credible
scenarios that have unlikely material in the glovebox and full flooding were postulated, and were shown to be
acceptable.

The analysis of the postulated seismic event, also, very conservatively modeled any credible
rearrangement of the materials and containers in the glovebox. The model used a sphere of PuO1 with full water
reflection surrounding the spherical model. It is not credible 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, and found to be sound. Many comments regarding he document format and content were
made and have been adequately resolved. All editorial comments have also been adequately resolved.

The input and output files from all new computer calculations were also reviewed. The input files were
checked for model adequacy, material densities, geometry, and container volumes. The k,fivalues given in the
report were verified against the results in the output files, and the outputs were reviewed for adequate
convergence. It was noted that the ‘OBin the borosilicate glass was included in some of the vessels, and there
were no operational controls to assure that the 10B was present. The ‘OBwas removed from all final models, so no
controls on its presence are necessary.

This reviewer affirms that based on the analysis contained in CSER 99-001, the operations proposed for
the PFP Lab denigrating calciner in Glovebox 188-1 are safe from a criticality standpoint,

57



HNF-3908 Rev. O

CHECKLIST FOR TECHNICAL PEER REVIEW

Document Reviewed: CSER 99-001: PFP LAB DENIGRATING CALC~ER

Yes No* NA

[X][][]
[X][][]
[X][][]
[X][l[]
[X][][]

[X][][]
[X][][]

[X][][]

[X][][]

[X][][]

[X][][]

[X][][]
[X][][]
[X][][]
[x]
[X][]H

[X][][]

Problem completely defined.

Necessary assumptions explicitly stated and supported.
Computer codes and data tiles documented.
Data used in calculations explicitly stated in document.
Data checked for consistency with original source information as applicable.
Mathematical derivations checked including dimensional consistency of results.
Models appropriate and used within range of validity or use outside range of
established validity justified.
Hand calculations checked for errors. Spreadsheet results should be treated exactly
the same as hand calculations.
Software input correct and consistent with document reviewed.
Software output consistent with input and with results reported in document
reviewed.
Limits/criteria/guidelines applied to analysis results are appropriate and referenced.

Limits/criteria/guidelines checked against references.
Safety margins consistent with good engineering practices.
Conclusions consistent with analytical results and applicable limits.
Results and conclusions address ali points required in the problem statement.
**Review calculations, comments, and/or notes are attached.

Document approved (i.e., the reviewer affirms the technical accuracy of the
document).
Traceability

Reviewer: (Printed and Signed) Date

* All “NO” responses must be explained below or on an additional page.
** Any caIcuIations, comments, or notes generated as part of this review should be signed, dated

and attached to this checklist.
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7.2 Independent Technical Peer Review

Independent peer review documented on the Checklist for Independent Technical Peer
Reviewer on the next page.
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CHECKLIST FOR INDEPENDENT TECHNICAL PEER REVIEW

Document Reviewed: CSER 99-001: PFP LAB DENIGRATING CALCINER

Yes No* NA
[X][][]

[X][][]
[X][][]

[I[w[l
[X][][]
[X][][]
[X][][]

[X][][]

[I[v[l
[Iml[l

[X][][]

[X][][]
[X][][]
[X][][]
[x]
[X][]H

[X][][]

Problem completely defined.
Necessary assumptions explicitly stated and supported.
Computer codes and data files documented.
Data used in calculations explicitly stated in document.
Data checked for consistency with original source information as applicable.
Mathematical derivations checked including dimensional consistency of results.
Models appropriate and used within range of validity or use outside range of
established validity justified.
Hand calculations checked for errors. Spreadsheet results should be treated exactly
the same as hand calculations.

Software input correct and consistent with document reviewed.
Software output consistent with input and with results reported in document
reviewed.

Limits/criteria/guidelines applied to analysis results are appropriate and referenced.
Limits/criteria/guidelines checked against references.
Safety margins consistent with good engineering practices.
Conclusions consistent with analytical results and applicable limits.
Results and conclusions address all points required in the problem statement.
**Review calculations, comments, and/or notes are attached.

Document approved (i.e., the reviewer affirms the technical accuracy of the
document).
Traceability

* AH “NO” responses must be explained below or on an additional page.
** Any calculations, comments, or notes generated as part of this review should be signed,

dated and attached to this checklist.

I commented that there is no table of materials and compositions/atom densities. I believe that the
information is much easier to follow and review with such a table. Its lack does not invalidate the
document. I reviewed no computer input or output.
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APPENDIX A. MCNP 4B COMPUTER CODE VALIDATION
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A.1 VALIDATION PROCEDURE

The validation of the computer code methods used in this anrdysis consisted of testing that the code
and neutron cross-sections calculations on known critical configurations, benchmark experiments, that
have the tissile isotopes in systems being studied match the benchmark cases k,m Such analyses
determine a calculational bias (the deviations of calculated k.fi values from unity for the benchmark
cases) and the uncertainties culminating from the experimental and calculational errors and spread in
the values calculated for benchmark cases.

The safety criteria for future calculations on undetermined systems requires that the bias-adjusted
k,r does not exceed k,,~,, at the 950/. confidence level. This is expressed by the following formula

k,f = km], - bias+ 1.645 * u,,,, < k,i~,,

where k.,,. = k value given by MCNP 4B calculation for the system in question,
bias

1.645

~cal.
kI,m,t

= mean difference (kCa,C- 1.0) for benchmark criticals plus the product of the standard
deviation of this mean difference times a multiplier for incorporating 95% of the population
at the 95°/0 confidence level for the number of degrees of freedom in the validation with

benchmark criticals,
= number of standard deviations in standard normal distribution required to yield 95°/0 of

the distribution (95°A confidence) of a one-sided distribution,
= standard deviation given by MCNP 4B calculation for system in question, and
= 0.95 for plutonium systems, generally.

Thus, the bias-adjusted k,mincludes the statistical uncertainties in both the particular MCNP 4B
calculation and the validation calculations to benchmark experiments.

Experiment,Benchmark Comp.tcrCodeCalculation

Critical
A & ~ar,in 4

1,000+bias

k Y ---------- .—–A-–.-V.
b,, -– k~,,+bias

I

$
0.05ofNormalDistribution

-v----- k,,,+ 1.6450eab

/

—— . _—— k

/

. d.

1’

{

0.95 ofNonnd Distribution

Figure A. 1 Logic of Validation Procedure
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A.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

A k,j.i, of 0.95 is used when the cases to be calculated are predominately composed of these bench

marked material. For materials which are analyzed, but not benchmarked, a lower k limit is to be used
(usually k,,~i, = 0.90) per HNF-PRO-537.

The safety criteria for future calculations on undetermined systems requires that the lower tolerance

limit b~ is calculated such that there is 95% confidence that 95% of the population is above that limit.
This is expressed by the following formula

& = h, - & * %,

where b~ = lower tolerance limit for 95°/0 confidence that 95°/0 of population is below this limit,
k,v&j = the average of the kc~s calculated by MCNP 4B,
K, = a multiplier found from statistical tables for non-central t-distribution, and depends on

number of degrees of freedom, and

%.* = standard deviation of the MCNP kCr’s.

Bias is calculated by the following formula

bias = b. -1.000

where bias = mean difference (kWIC- 1.0) for benchmark criticals plus the product of the
standard deviation of this mean difference times a multiplier for incorporating 95°/0
of the population at the 95°/0 confidence level for the number of degrees of freedom
in the validation with benchmark criticals,

b. = lower tolerance limit for 95% confidence that 95% of population is below this limit, and
1.000 = the average of the kc~s for the critical experiments.

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
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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.

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

kc~ does not exceed 0.95 at the 95% confidence level. This is expressed by the following formula

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

standard normal distribution

0.,1, = standard deviation given by MCNP 4B calculation for system in question, and
k,i~i, = 0.95 for plutonium systems, generally.

kli~,,is generally taken to be 0.95 for plutonium systems, but, kli~i,of 0.90 may be used if the
moderator or reflector in the system being analyzed were not included in the materials evaluated in the

MCNP 4B criticality code validation.

For a standard deviation (oC,,,) of 0.002 or less, the kcmvalue for non-metal systems is:

kC,,C- (-0.005)+ 1.645 * 0.002 s 0.95, or [Plutonium non-metal]

kc,lC s 0.95+ (-0.005) -1.645 * 0.002= 0.942. [Plutonium non-metal]

On this basis, it is determined that the true ker of an analyzed configuration with plutonium will not
exceed 0.95 with a 95°/0 confidence level for plutonium non-metal systems if the calculated value (kC,,C,
and o s 0.002) is limited to a maximum value of 0.942.
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Experiment,Benchmark ComputerCodeCalculation

+“

; 20.0

...--Y. .-. --

1.000+bias=l.000+(-O.005)

kti,,+bias=0.950+(.0.005)

k~,,+bitn-l.6450c,k

0.950+(-0.005)-1.645(0.002)

‘0.942

kt,k

Figure A.2 Implementation of Validation Procedure

A.3 VALIDATION OF MCNP 4B

The validation of the MCNP4B code on the new computing system, IntergraphTM, 400/450 MHZ
Pentium II, personal computers was documented in Lan, 1999. The essence of the validation was
cross- comelation 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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APPENDIX B. MONK6B COMPUTER CODE VALIDATION
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B.1 MONK VALIDATION PROCEDURE

The validation of the methods used in the analysis consists of testing the ability of the code and
neutron cross-sections in calculations of known critical configurations, which are various benchmark
experiments withthe fissile material inquestion. Such analyses determine acalculational bias (the
deviations of calculated k,r values from unity for the benchmark cases) and the uncertainties
culminating from the experimental and calculational errors.

The safety criteria for future calculations on undetermined systems requires that the bias-adjusted
k,rdoes notexceed 0.95 atthe95% confidence level. Thisisoften expressed bythe following
formula;

km = kCtlC-bias +(U~2+U~)x s 0.95

where k.,,. = kvaluegiven bycalculation forsystem inquestion,
bias = mean difference (kC,lC- l. O) for benchmark criticals

u, = 95Yoconfidence level mcefiainty inthebim determination,
and UC = 95°/oconfidence level uncertainty in new calculation.

Thus, the bias-adjusted keKincludes thestatistical uncetiainties. Asdescribed inthenext sectionof
statistical method of determining the target kefiwas used for setting the kc~bias for the computer
calculations of this CSER.

B.2 GENERIC MONK VALIDATION FOR PLUTONIUM SYSTEMS

A report by L, L. Macklin and E. M. Miller, A40NK6A Pu Validation (Macklin and Miller 1992),
presents the results of calculations to determine a generic bias for plutonium configurations, as
encountered in the Plutonium Finishing Plant. Seventy benchmark experiments were calculated,
ranging from simple metal spheres to highly dilute (9 g plutonium per liter) plutonium nitrate solution
spheres, and also compacts of PuOZ blended with polystyrene. A mean k.~ value of 1.0047 was
determined over the full experimental range, with an overall standard deviation of 0.0097.

The direct calculational bias is thus +0.0047 (average kemgreater than unity). Accomrting for the
uncertainties using a tolerance limit analysis, the report then concludes that

At least 95°A of all critical experiments of this type computed by the MONK6A code will produce
calculated kefivalues greater than 0.9857 with 95 0/0 confidence.

For a standard deviation (u) of 0.01 or less for the convergence of a future calculation (UC), the
0.9857 value is lowered to 0.9855. Rounded conservatively, a value of +0.015 can be used for [ -bias +
(LJ$ + UC2S’]. On this basis, it is determined that the true k,fl of an analyzed configuration with
plutonium will not exceed 0.95 with a 95% confidence level if the calculated value (kC,,C,o s 0,01) is
limited to a maximum value of 0.935.

B-3



HNF-3908 Rev. O

The 95% confidence level on 99.9’% of the data is 0.9699. So a subcritical margin of 5?40is 3 .5% larger
than the uncertainties between the 95.O”Aand 99.9% coverage of the benchmark data.

B.3 VALIDATION OF MONK6B

The validation of the MONK6B code on the SUN microcomputers was documented in Miller
(1994). The essence of the validation was cross-correlation of calculational results obtained with this
code version and computer with results for identical input models done on the CRAY machine with
MONK6A, as reported in the previous subsection. Also, the equivalence of MONK6B to MONK6A
was well documented by the code vendors, the United Kingdom Atomic Energy Authority, in the
verification package supplied with the software.

The abstract from CCVR 94-001 summarizes the validation study as follows;

The MONK6B validation for bare plutonium and plutonium water systems on the SUN
computer and operating system is established in this report. Because the calculational
method and nuclear cross-sections have not changed from the MONK6A code to the
MONK6B code, the bias determination done for MONK6A is valid for MONK6B.

Macklin, L. L., and E. M. Miller, 1992, CCVR 91-001 MONK6A Pu Validation, WHC-SD-SQA-
20015, Rev O, Westinghouse Hanford Company, Richland, Washington.

Miller, E. M., 1994a, CCVR 94-001; MONK6B Pu Validation, WHC-SD-SQA-CSWD-200 19,
Westinghouse Hanford Company, Rlchland, Washington.

Miller, E. M., 1994b, CCVR 94-002; MONK6B - Sofware Quality Assurance Plan, WHC-SD-SQA-
CSWD-20017

ANSWERS, 1992 MONK6 - Monte Carlo Code Criticality Calculations Rev. 5. AEEW R2248,
United Kingdom Atomic Energy Authority.
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APPENDIX C. MCNP INPUT FILES

Plots of MCNP Model Geometry and Materials Used to Analyze the Base Case Model and the MCNP
Input Listings.

Figure Title Page

Figure C-I. Horizontal cross section ofupper level. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C-4

Figure C-2. Horizontal cross section oflower level. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C-5

Figure C-3. Vertical cross section of base case model showing feed tank, diaphragm pump, scrubber

waste tank, and intermediate floor. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C-6

Figure C-4. Vertical cross section of base case model through the centerline of the scrubber and
calciner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. C-7

Figure C-5. Vertical cross section of base case model through the centerline of the calciner. C-8

Figure C-6. Horizontal cross section through the upper part of the calciner showing the three silicon
carbide tilters, theagitatorrodin the center. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C-9

Figure C-7. Horizontal cross section of upper level of contingency analysis for the base case model
withthree polybottles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. C-10

Figure C-8. Vertical cross section of contingency analysis for the base case model showing one of the
three 31iterpolybottles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. C-l 1

Table C-1. Volumes and Masses in MCNP Model of Base Case. . . . . . . . . . . . . . . . . . . . . . C-12

Input fileinpgc.txt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. C-13
diffinpgc.txt inpgcno.txt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. c-22
dlffinpgc.txt inpgc3p.txt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C-23
diffinpgc.txt inpgc3p450.txt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C-24
diffinpgc.txt inpge.txt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C-26
diffinpgc.txt inpgd.txt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. C-27

c-1



HNF-3908 Rev. O

This page intentionally left blank

c-2



HNF-3908 Rev. O

Plots of MCNP Model Geometry and MateriaIs Used to Analyze the Base Case Model and the MCNP
Input Listings.
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Figure C-2. Horizontal cross section of lower level of the base case model showing (from right to left)
the two load out cans, the product receiver vessel, and the two scrubber waste tanks. Each is

surrounded by 2.54 cm (1 in.) of water.
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Figure C-3. Vertical cross section of base case model showing feed tank, diaphragm pump, scrubber
waste tank, and intermediate floor. The upper Iefi section is the upper level of the main section. The
lower left section is the lower level of the main section. The upper right section is the attic level. The
middle right section is the space between the attic and annex outside the glovebox. The lower right
section is the armex. There is a two inch layer of water on the floor of the main section and armex.
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Figure C-4. Vertical cross section of base case model through the centerline of the scrubber and
calciner. The upper region of the scrubber is feed solution and the lower region is precipitated solids.
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Figure C-5. Vertical cross section of base case model through the centerline of the calciner. The
calciner is resting on the intermediate floor. Two of the three silicon carbide filters can be seen in the

uPPer Part of the calciner. The agitator rod extends down the center between the filters. The outer
areas of the upper and lower parts of the calciner are wrapped in insulation. The product receiver
vessel is shown below the calciner. The product delivery tube extends from inside the calciner dome to
the top of the product receiver vessel, A deposit of plutonium oxide is shown below the product
receiver vessel, representing a spill of product. The diaphragm pump can be seen to the lower left of
the calciner.
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Figure C-6. Horizontal cross section through the upper part of the calciner showing the three silicon
carbide filters, the agitator rod in the center, the outside vessel wall, the insulation, and the 2.54 cm

(1 in.) water layer surrounding the calciner.
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Figure C-7. Horizontal cross section of upper level of contingency analysis for the base case model
with three polybottles filled with solution outside the glovebox close to the scrubber, feed tank, and
calciner. Additional water reflection outside the glovebox was added to maintain one foot of water
reflection around the polybottles.
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Volumes and Masses in MCNP Model of Base Case

Table C-1 summarizes the volumes and plutonium masses for the containers and vessels in the base
case MCNP model, inpgc. These masses were selected to conservatively represent the extent of likely
normal and abnormal conditions and to be consistent with previous calciner analyses,

Table C-1. Volumes aud Masses in MCNP Model of Base Case

Component Volume, cm3 Pu mass, g

Diaphragm pump 897 126

Pile under product receiver 174 956

Product receiver 948 5216

Load out vessel 1 552 3035

Load out vessel 2 552 3035

Scrubber waste tank 1 23423 3279

Scrubber waste tank 2 23423 3279

Feed tank 5910 827

Scrubber solution 18727 2622

Scrubber solids 4928 9886

4.2L polybottle 4200 588

Calciner upper 4403 24218

Calciner lower 2423 13325

Downcomer 118 648

Total 90677 71040
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MCNP Input File for Base Case and listing of differences from base case for other cases

Input file inpgc.txt

Calclner glovebo. 188-1, 18, water around all container. and Ve$$eI,, s.s ~ ~ujcc, .O bIO
c main cell .DDer level
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

20

c
21

c
22

c
23

c
24

c
25

rnai”cell lik level
mezzanine
... ..

surrounded by 1 foot of water . . .s.11 sides
910vebox walls 304 s. 0.25 Inch thick
intermediate floor in main section 304 ss 0.25
inside glovebox

Calciner (ka.l,s model)
lower insulation soaked with water

upper ..sulati.. 10% steel 10% water
internals and dmmcomer - Calci”e
ins.de filters - air

scrubber (ka.1,s model)
4,928 cc [10 inch) solids 2g p.[cc
18,727 cc v.1 (38 inch) sol”tlon 140
3.094 inch radius

inch

9 P.{]

scrubber waste tank 1
23,422 cc solution 140 q p./1

scrubber waste tank 2
23,422 cc solution 140 g pu/1

Product receiver
946 cc calcine 5.5 g p./cc de”itrated 2% puo2
boxosilicate 01.3ss wall

feed tank
5,909 .. solution 140 g pu/1
glass wall

feed tank base
PVC

load in lug
4.21 polybottle f~lled with solution 140

lo.do.t “essel in front loado.t spot
1 lb slip c.”
552 cc calcine 5.5 g Pu/cc denigrated 2%

loadout vessel ,. back loadout $Pot
1 lb sl,p can
552 .. calclne 5.5 g p“/cc de”itrated 2*

dia~hram D“rmI

9 P./l

p“02

p“02

89? C; S;1IM1OII 140 g p“/1 2%pu

pile of calcine on loadout tray under p. vessel, 3/8 inch
water o“ floor to depth of 2 inches
water on floo, of .“;,, to depth of 2 ,“ches

man glovebox

water reflector outside glo”ebox
8 0.100281 ( -49 50 -51

(43: -44 : 45 :
main qlovebox se.tlon
10 0.08636 ( -43 -57

( 55 : -5;4
wall to annex a“d rne~zanine
10 0,08636 57 -75 48

(-80:85:(-90 101))
water (replaci”q mud) m floor of
8 0.100281 -55 56 -57

(40:-41:42)

52 -53
-46 : 41

46 -47
-58 : 71

-47 44

nta,” glovebox
58 -107

water co”eri”g mud to depth of 2,,above floor
8 0,100281 -55 56 -57 58 -113

(40:-41,42)

54)
-48)

48)
-72I

-43

- 3/8,,
72

107

emptyspace ,“ box uPper
0 -55 56 -51 58 -71 65

( 501 : 502 ) ( -531 , 535 : 537 )
( 513 : -514 : 592)
( 585 : -580 : 584 )

imp:n=l

mp:”=l

imp:*=1

lmp :“=1

imp:n=l

imp:n=l
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c
26

c
27

c
28

c
29

c
c
c
c
30

c
31

c
c
c
c
32

c
33

c
34

c
35

c
99

c

empty space in box lower
0 -55 56 -57 58 -60 113

[ 501 : -568 )
( 519 : -529 : 5211 [ 522 : -529 : 521)
( 25 : -26 : 27)
(-574 : 570) (-574 : 572)
( 540 : -541 : 542)

intermediate floor of 3041
10 0.08636 -55 56 -57 58

Ullp:n=1

-59 60
1

air (replacing 3rNnp. n.trate pentahydratel
o -55 56 -57 58

imp:.=1
.. mtermed. ate floor
-65 59

imp:n=l

imp:n=l

imp:.=1

imp:n=l

imp:n=l

imp:.=1

imp:.=1

.mp:.=1

lmp:n=o

imp:n=l

Htp:rl=l

imp:n=l

imp:n=l

imp:n=l

imp:.=1

Hnp:n=l

imp:n=1

imp:.=1

imp:n=l

imp:n=l

Ullp:”=l

1
empty space around annex and mezzanine
o 48 -47

(-i;:85:(Ei; 101))

mezzanine

44 -43

ss plate around mezzanl”e
10 0.08636 ( -85 80 -45 51

(79:-86:81:
-47 90)
71 , -84)

-71 84
space in mezanine
0 -79 86 -81 57

ss plate around annex
10 0.08636 ( -85 80 -45 57

(79,-86,81,
wate. (replacing imxi) on f1.0. of annex
$ 0.100281 -79 86 -81 57
w.te. covering mud to depth of 2,,above
8 0.100281 -79 86 -81 57
space in annex
0 -79 86 -81 57

(S77 : 572 ) (577 : 570)
outs.de world
o 53 : -54 : -52 : 51

-101
95 :

481
-72)

-107
floor of

-113

72
annex

107

-95 113

49 -50

c .alciner
c
c bottom plate

201 1 0.087786 (201 -202 -207 )(209 )
c downcomec

202 2 -6.23576 -209 -208 210
c between downc.mer and internals

203 2 -6.23576 (202 -211 212 -213 214 -215 )(209 )
c 4,,pine

204 1 0.087786 (216 -217 202 -218 ) (215 :-214 :211 :213
c air space under dome

205 0 (((-2I6 202 -221 ):
(215 :-214 :213 :211

c 4‘,pipe dome
206 1 0.087786 219 -220

c agitator shaft
207 1 0.087786 223 -204

c -x ins.de filter

(221 -219 -216 ])(209 :208 ))

218

-222

-225208 0 -226 224
c -x filter

209 6 0.095282 (203 -227 -226 )(225 :-224 )
c +x .ns.de f.lter

210 0 -229 224 -226
c +x filter

211 6 0.095282 (-228 203 -226 )(229 :-224 )
c +y ..Side f.lter

212 0 -230 224 -226
c +y filter

213 6 0.095282 (-231 203 -226 )(230 :-224 )
c top plate

214 1 0.087786 (((204 -205 -207 )(226 :227 ))
(226 :228 )](231 :226 )

215 2 -6.23516 ((((-204 223 -206 1 (-203 :227 I ) (228 :-203
(-203 :231 )) (222 )

imp:n=l

Mllp:n=l
1)
Hnp:n.1

c bottom half interna15
216 2 -6.23576 (((-206 202 -223 ) (217 :218 )) (220 :-218 ))

(-212 :213 :215 :-214 :211 )
c side wall

irnp:n=l
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217 1 0,087786 206 -207 -204 202
218 0 (209 ,208 :-210 )(-234 ,232 :223 )1-223 :233 :205 )

( -1 -2 3)
c lower insulat~on

219 4 0,101687 201 207 -223 -232
c upper insulat~on

220 17 -0.89337 207 -233 -205 223
c xntermedzate floor

221 1 0.087786 -201 234 -1 207
222 0 -201 234 209 -207

c
c diaphragm pump
c

230 3 0.101179 -40 41 -42
c
c
c
c

250
c

251
c

252
c

253
c

254
c

255
c
c
c
c

260
261

c
262

c
263

c
264

c
c
c
c

270
271

c
212
273

c
c
c
c

280
c

282
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

290
c

291
c

292

loadout vessel

slip ..” in back loadout spot
1 0.087786 -19 30 -21 (250:-252:253)
calcl”e in back loado.t spot

2 -6.23576 -250 252 -253
slip can in front loado.t spot
1 0.087786 -22 30 -21 (251:-252:253)
Calcine in front loadout spot

2 -6.23576 -251 252 -253
“o mud under left .,”

0 -19 29 -30
“o mud .“der right can

o -22 29 -30

product receiver

calcine
2 -6.23576 260 -261 -262
2 -6.23516 261 -3 -263

ala.,,wall
‘7 0,069710 268 -261 -267 ( 262 : -260 )
metal fla”’ge
1 0.087786 261 -3 263 -267
pile of Galcine on loa.do.ttray under PR vessel, 3/8,,
2 -6.23576 -25 26 -27

scrubber waste tanks

solution
3 0.101179 275 -276 -271
3 0.101179 275 -276 -273

glass wall
7 0.069710 214 -277 -270 ( -275 : 276 : 271I
7 0.069710 214 -277 -2?2 ( -275 , 276 : 273)

4 .2L Poly bottle full of feed

feed solution
3 0.101179 281 -282 -286
poly wall
12 0.108999 280 -284 -285 ( -281 : 282 : 286 I

3L POIY bottle full of feed

feed solut=on
280 3 0.101179 281 -282 -286
281 3 0.101179 282 -283 -287

poly w.i~l
282 12 0,108999 280 -284 -285 ( -281 : 286 )

poly top
283 12 0.108999 282 -283 -286 287

space on top
284 0 283 -284 -286

feed tank

feed solut,on
3 0,101179 291 -292 -293
glass tank
7 0.069710 291 -292 -290 293
feed tank base
15 0.086718 -13 14 -291

irnp:n=l

imp:n=l

Imp:n=l

imp:n=l

imp:n=l
Ullp,.=1

imp:n=l

imp:n=l

imp:.=1

imp:n.1

Hop:rl=l

Hnp:n=l

Unp:.=1

imp:n=l
imp:n=l

Nlp:.=1

Mnp:n.1

imp:n=l

HIIp:”.1
imp:*=1

imp:.=1
Hllp:”=l

,Inp:..1
imp:.=1

imp:n=l
mp:n=l

imp:n=l

imp:n=l

mp: .=1

Unp:.=1

mp:n=l

imp:n=l
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c
c
c
c
300

c
301

c
302
303

c
304

c
c
c
c
501

c
502
503

c
504

c
505

c
506
507

c
508
509

c
510

c
511
512

c
1
2
3

c
4
5
6

c
7
8
9

c
10
11
12

c
13
14
15

c
16
17
18

c
19
20
21

c
22
23
24

c
25
26
27

c
28
29
30

c
31

scrubber

solutlon 140 9 p./1
3 0.101179 303 -304 -306
sollds
5 0.098355 302 -303 -306
flanges
10 0.08636 301 -302 -307
10 0.08636 304 -305 -307
air
0 306 -307 302 -304

water reflector around containers

Cal.,”,, upper
8 0.100281
calc,ner lower
8 0.100281
0
scrubber

568
267

-501 65 (1:

-501 -60 ( 1 :
-1 268 -3

2)

-268)

8 0.100281 -S35 -537 531 (305 : -301 : 307)
POIY bottle
8 0.100281 -584 580 -585 (284 , -280 : 285I
loado.t cans
8 0.100281 -521 529 -519 (21 : -29 : 19)
8 0.100281 -521 529 -522 (21 : -29 , 22)
feed tank
8 0.100281 -592 514 -513 65 (292 : -14 , 13)
0 290 -13 291 -292
diaphragm pump
8 0.100281 -540 541 -542 113 [40 : -41 , 42)
scrubber waste tanks
8 0.100281 574 -577 -570 113 (-274 : 277 : 270)
8 0.100281 574 -577 -572 113 (-274 : 277 : 2721

Calclner
cl, 70 100 19.84375
P, 59.69
P, -16,4465

scrubber
Clz 70 21.56 8.358
Pz 128.92
P, 10.16

product receiver, attached to downconwr from the calci”er
cl, 65,98299 100, 4.921
P, -32.5625
P, -16,4465

60.78

60.78

8.358

13.97

l&.d-in jug 3L polybottle standard posltlon
./, 49.075 41,17 6.05
P. 8.89
P, 52.07

one loado.t vessel, in back loadout spot
./, 52.855 71,67265 4.495
Pz -40.4305
P, -31.4405
one loadout vessel, 1“ front loado.t spot
Clz 87,1449 71.67265 4.495
P, -40.4305

-31.4405
P?;’?of mud .“ loado.t tray under PR vessel
./, 65.98299 100, 7,62
P. -41.383
127- -40.4305

m~d under left can
./, 52,855 71.67265 4.459
P. -41.383
P, -40.4305

mud under right can
cl, 87.1449 71.67265 4.459

3/8,,

imp:n=l

imp:n=l

imp:n=l
imp:n=l

LIIIP:.=1

imp:n=l

imp:n-l
mp:n=l

,*p:rl=l

mp: .=1

imp:n=l
HIlp:”.1

imp:n=l
imp:n=l

imp:.=1

mp:n=l
imp:n=l
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32
33

c
34
35
36

c
37
38
39

c
40
41
’42

c
43
44
45
46
47
48

c
49
50
51
52
53
54

c
55
56
51
58
59
60

c
61
62
63
64
65
66

c
67
68
69
70
71
72

c
73
74
75
76
77
78

c
79
80
81
82
83
84

c
85
86
87
88
89
90

c
91
92
93
94
95
96

c

P. -41.383
P, -40.4305
scrubber waste tank 1
c/y 27.24 -34.485 8.32
DV 159.8
Pii 282.72
scrubber waste tank 2
Cly 84.52 -34
PY 159.8
PY 282,72

diaphragm PUUIP
Cly 32
PY 98
PY 103,334

qloveh”x
111.76

0

iY 337.82
!2” 0

.485

-45

8.32

7.3152

& 167.32
P. -53.5

water reflector outs,de glovebox

P. 142.24
P, -30.48
PY 368.30
PY -30.48
P, 197,80
Pz -83.98
intermediate floor of 3041 ss

P. 111.125
P. 0.635
PY 243.205
PY 0.635
P, 0
P. -0.635
3r@mpu nitrate pentahydrate on Intermediate
P. 111.125
P. 0.635
PY 243.205
w“ 0,635
i= 0.3
P, o

empty space in box

P% 111.125
P. 0.635
PY 243.205
PY 0,635
P. 166.685
Pz -52.965

ma,. glovebox section
P. 111.76
.x o

bY 243.84
PY 0
Pz 167,32
Dz -53,5

six... m rnezanme
P. 100,965
P, 9,525
PY 337.185
PY 243.205
P. 166.685
P, 81.755

$s plate around mez,an>ne
P. 101.6
Px 10.16
PY 337.82
PY 243.205
P, 167.32
P, 81.12
sDace 1. annex

b. 100.965
P. 9.525
PY 337.185
PY 243.205
P. 42.395
P, -52.965

SS P1.t. around annex

floor
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97
98
99
100
101
102

c
103
104
105
106
107
108

c
109
110
111
112
113
114

c
115
116
117
118
119
120

c
121
122
123
124
125
126

c

P. 101.6
P. 10.16
PY 337.82
PY 243.205
P, 43.02
P, -53.5

mud on floor of annex
Px 100.965
P. 9.525
PY 337.185
PY 243.205
Pz -52.0125

-52,965
w~~er covering mud t. depth of 27<

P. 100.965
P. 9.525
PY 337.185
PY 243.205
P. -47.885
P. -52.965

mud on floor of glovebox - 3/8,,
!3. 111.125

above floor

b 0.635
PY 243.205
PY 0.635
P. -52.0125
P, -52,965

water cove,>nq mud to depth of 2,,above floor

P. 111.125
P. 0.635
PY 243.205
PY 0.635
Pz -47.885
P, -52,965

i calciner
c

201 200 pz
202 200 p,
203 200 pz
204 200 p,
205 200 pz
206 200 c,
207 200 .,
208 200 pz
209 200 ./,
210 200 p,
211 200 p,
212 200 px
213 200 p,
214 200 py
215 200 py
216 200 c,
217 200 c,

c movable
218 200 p,

c movable
219 200 s,

c movable
220 200 s,

c rnovab1e
221 200 pz
222 200 c,
223 200 p,
224 200 p,
225 200 ./.
226 200 p,
227 200 c/z
228 200 ./,
229 200 c/z
230 200 ./,
231 200 ./,
232 200 ..
233 200 Cz
234 200 pz

c

0
1.27

24,13
52.07
59.69

8.07339
8.41375
13.6525

-4.01701
-16.4465
12.3825

-5.8
-4.01701
-1.11633
1.11633
5,4102
5.715

16.9926

10.32664

10.32664

10,32764
1.27

21.65274
27.94

-4.67106
54.61

-4.67106
4.67106
4.67106

0
0

19.84375
16.03375
-0,635

0 1,11633

8.5852

8.89

0

0
0
0

4.67106
4.67106

1.4351

2.54
2.54

1.4351
1.4351
2.54

c load..t vessel
c
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250
251
252
253

c
260
261 P,
262 Clz
263 Clz
267 c/z
268 OZ
269

c
270
271
272
273
274
275
276
277

c
c
c
c
c
c
c
c
c
290
291
292
293

c
301
302
303
304
305
306
307

c
401
402
403
404
405
406
407
408
409
410

c
501
502
503
567
568
537
531
535
584
585
580
521
529
519
522

Clz
CIz
P,
P.

product

P.

52.855
87.1449
-40,3805
-31.4905

ecelver
-32.0865
-16.8465
65.98299
65.98299
65.98299
-32.5625

71.67265 4.445
71.67265 4.445

100, 4.445
100. 1.39319
100. 4.921

;, -16.4465
scrubber waste tank
C[y 27.24 -34.485 8.32
c/y 27,24 -34.485 7.82
CIY 84.52 -34.485 8.32

85 7.82Cly

PY
PY
PY
PY
41 PC

P,
P,
P.
P,
Clz
Clz

)ly

84.52 -34.41
159.8
160.3
282.22
282.72

bottle full of feed
8.89
9.212
34.313
34,635
49.075 41.17 7,62
49.075 41.17 7.298

31 POIY bottle
280 D,
281 i,
282 p,
283 p,
284 P,
285 cl.
286 ./,
287 C[z

full of feed
8,89

f~ed tank
Clz 28.149

P. 8.89

P, 39.37
C[z 28.149

scrubber
P. 10.16

P, 11.43
P, 36.83
D2 133.35

b 134.62
Clz 70
Clz 70

9.525
40.725
49.925
52.07
49.075 41.17 6.05
49.075 41.17 5,4
49.075 41,17 3.2

drums

P,
P,
Clz
Clz
Clz
Clz
./’2
C[z
P.
P,

water
./.

P,
P.
./2
P,
Clz
P,
P,
P.
Clz
P.
P,
P.
./2
Clz

60.78 8.358

60.78 7.856

21.56 7.85876
21.56 14.2875

outside qlovebox

-35.1025
70 21.56 16.8275
7.62
137.16
37.175
49.075 41.17 10.16
6.35
-28.9005
-43.923
52,855 71.67265 7.035
87.1449 71,67265 7.035
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592
513
514
540
541
542
570
572
574
577

trzoo
c

:1

:2

c
m3

c
rn4

c
rns

c
m6

c
ml

c
m8

c
rn9

;1o

:11

:12

:13
c
rn14

P,
./.
P.
CIy

PY
PY
Cly
CIY
PY
PY

41.91
28.149 60.78 16.51
3.81
32 -45 9.8552
95.46
105.874
27.24 -34.485 10.86
84.52 -34.485 10,86
157.26
285.26

70 100 0
materials
310 ss 8.00 q/cc c<.25%,

6012.5 0.001003
24000.5 0.022237
28000.5 0.015591

26000,55 0.048955
denigrated 2% p.02 5.5 q
94239.55 0.0119658
94240.5 0.0002509
94241.5 0.0003747
8016.5 0.0251828

24-26%c,,
$C
$cr
$.,
$fe
pu/cc
$PU239
$PU240
$PU241
so

19-22%ni

140 g/1 2%p. as aqueous nitrate solution
1001.5 0.063457 $h m h20
7014.5 0.0014102 $n
8016.5 0.0359593 $0

94239.55 0.000335042 $PU239
94240.5 0,000001024 $PU240
94241.5 0.000010492 $PU241

in$ulatio” (soaked in water)
1001.5 0.060168 +h ,. h20
8016.5 0.036967 $0

14000.5 0.000109 $s1
13027,5 0.004443 $al

(2g PII/cc) ,“ feedp“ sol.ds
1001.5 0,0523826 $h L. h20
7014.5 0.0011641 $.
8016.5 0,0397568 so

94239.55 0.004787 $PU239
94240,5 0.00010614 $DU240
94241.5 0.00015855 $;.241

sic filter rnedlum spg=3 17
6000.5 0.047641 $C

14000.5 0.041641 $si
bor.silicate qla.+’sper arh-600 without b10

8016.5 0,04i92 $0
14000.5 0.01802 $si
5011,55 0,00386 $bll
13027.5 01.00053
11023.5 0,00238

water
1001.5 0.066854
8016.5 0,033427

quartz
8016.5 0.04532

14000.5 0.02266
304L SS after arh-
26000.55 0.06331
24000.5 0.01654
28000,5 0.00651

5.0 g p“/cc puoz s
1001.5 0.037686
8016.5 0.044026

$.s.1
$na

$h 1. h20
$0

$0

$il
600

$fe
$cr
$ni

aturated with water : mud
$h in h20
$0

94239,55 0,0111966 $PL1239
94240.5 0.000251 $PU240
94241,5 0.000375 $PU241

low dens,ty polyethylene, 0.846 3/cc
$h
$C

Odeled .s pure ,ro., spg=7.86
$fe

3%Pu241, 2%Pu240
$h in h20
$.
$0
$PU239
$P”240
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c
ml5

c
ml7

:t3
rot4
nit5
rnt8
Intll
rnt12
mt14
mt15
mt16
kc.de
Ctrte
prdrnp
pr.nt

94241.5 0.00009005 $PU241
PO1yv,nyl chlor,de, sPg=l 5

1001.5 0.043359 $h xn h20
6012.5 0,028906 $C

17000.5 0.014453 $C1
lns.lation soaked w~th 3L of PR sol.tl.n 450 g pu/1, dll. ted with water to saturate

1001.5 0.058068 $h in h20
7014.5 0.000863
8016,5 0.038454

14000.5 0.000109
13027.5 0.004443

94239,55 0.000184
94240.5 5.69E-06
94241.5 1.13E-06

upper calciner insulati
26000.55 -0.587113
24000.5 -0.142809
28000.5 -0.06348
1001.5 -0.011189
8016.5 -0.088811

lwtr.ol
lwtr.ol
lwtr,ol
lwtr.01
lwtr.01
poly.ol
lwtr.ol
poly. ol
lwtr.ol

1000 1 10
60
jjj3

10 40 50

$.
so
$s1
$?.1
$PU239
$PU240
$pu241

.on from hille$l
$fe
$Cr
$nl
$h 1. h20
so

and 10% ,,teel10% water
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cliff inpgc.txt inpgcno.txt
Icl
< calciner qlovebox 188-1, 1“ water around .11 containers and vessels, 5,5 g wI.., m blo

> c.alcinerglovebox 188-1, .. 1°,water around all containers and vessels, 5.5 g p“/cc, n. b10
241c241
< 501 8 0.100281

> 501 0 -502
243c243
< 502 8 0.100281

> 502 0 568
246.246
< 504 8 0,100281.-.
> 504 0 -535
248.248
< 505 8 0.100281

> 505 0 -584
250,251c250,251
< 506 8 0.100281
< 507 8 0.100281

> 506 0 -521
> 507 0 -521
253c253
< 508 8 0,100281

> 506 0 -592
256.256
< 510 8 0.100281

> 510 0 -540
258,259.258,259
< 511 8 0.100281
< 512 8 0,100281

> 511 0 574
> 512 0 574

-502 -501 65 (1:21

-501 65 (1:2) IInp:“=1

568 -501 -60 ( 1 : -2681

-501 -60 ( 1 : -268) lmp:n=l

-535 -537 531 (305 : -301 : 307)

-531 531 (305 : -301 : 307) imp:.=1

-584 580 -585 (284 : -280 : 285)

580 -585 (284 : -280 : 285) Ullp:.=1

-521 529 -519 (21 : -29 : 19)
-521 529 -522 (21 : -29 : 22)

529 -519 (21 : -29 : 19) imp:n=l
529 -522 (21 : -29 : 221 imp:n=l

-592 514 -513 65 (292 : -14 : 13)

514 -513 65 (292 : -14 : 13) imp:*=1

-540 541 -542 113 (40 , -41 : 42)

541 -542 113 (40 : -41 : 42) imp:n=l

imp:n=l

imo:”=l

imp:n=l

imp:*=1

Unp : .=1
imp:.=1

lrm: rl=l

imp:n=l

574 -577 -570 113 (-274 : 277 : 270) imp:n=l
574 -577 -572 113 (-274 : 277 : 2721 imp:n=l

-577 -570 113 (-274 : 217 : 270) Unp:.=1
-577 -572 113 (-274 : 277 : 272) imp:.=1
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cliff inpgc.txt inpgc3p.txt
1a2

three 4.2 1 polyb.ttles Cmtsxde gl.vebox
;5~26
<c b.rosilica.te CIlasswall

>. glass wall
50,51c51,53
< 20 8 0.100281 ( -49
< (43:.-.
> 20 8 0.100281 (( -49
> (43,
> #401 #402
107c109,110
< 99 0 53 :

50 -51 52 -53 541
-44 : 45 : -46 : 47 : -48) imp:.=1

50 -51 52 -53 54)
-44 , 45 , -46 : 41 , -48))
#403 #404 #405 #406 imp:n=l

-54:-52:51:49 , -50 NIIP:.=0

>990 [53 : -54, -S2 ,51,49 , -50)
> #421 #422 #423
237.241,253

imp:”=O

>C
>.
> 401
> 402
> 403
> 404
> 405
> 406
> 421
> 422
> 423
>C

< 403
< 404
< 405
< 406
< 407
< 408
< 409
< 410

three 4.21 pc’lybottles w,th solutlon outs.de glovebox on each .Lde

3 0.101179
12 0.108999
3 0.101179
12 0.108999
3 0,101179
12 0.108999
8 0.100281
8 0.100281
8 0.100281

400 -403 -406
(401 -402 -409)

400 -403 -407
(401 -402 -410)

400 -403 -408
(401 -402 -4111

404 -405 (((409)
404 -405 (((410)
404 -405 ([[411)

[-400:403,4061

(-400:403:407)

51;,520c527,542
< 401 pz -53.5
< 402 P. -5,567

c/z -31.0 31.0 30.48
-31.0 93.0 30.48
-31,0 155.0 30.48
-31.0 31.0 60,96
-31.0 93.0 60.96
-31.0 155.0 60.96

(-400,403,408)
:-401:402)(-412))
,-401:402](-413))
,-401:402)(-414)]

> 400
> 401
> 402
> 403
> 404
> 405
> 406
> 407
> 408
> 409
> 410
> 411
> 412
> 413
> 414
>.

./,
cl.
Clz
./,
cl,
P.
P,

P,
P.
P,
P,
P.
P,
./,
c/z
./.
./,
C[z
cl,
./.
,/.
c/z

-83,98
24.91

11.5795
11.2575
37.0025
36.6805
-19,2225
67.4825
70 -7,72
-1.12 60.78
119.48 100.0
70 -7.72
-7.72 60.78
119.48 100.0
70 -7.72
-7.72 60.78
119.48 100.0

7.298
7.298
7,298
7.62
7.62
7.62
38.10
38.10
38.10

-52
-50
49

mp: .=1
imp:n=1
mp:n=l
mp:n=l
imp:n=l
imp:n=l
Unp:n=l
mp: .=1
imp:“=1
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dlff inpgc.txt inpgc3p450.txt
1.1,2
< calciner qlovebox 188-1, If’water around all containers and VeSSel S, s s g pujcc, no b~~
---

> Cal CIIIe. glovebox 188-1, 1,,water around all, 5.5 g Pu/cc, 3-3L Polybottles, no b10
>C 3-3L polybottles filled with 450 g pu/1 solution outside ql.vebox
50,51c51,55
< 20 8 0.100281 ( -49 50 -51 52 -53
<

54)
(43, -44 : 45 , -46 : 47 : -48) imp:n=l

> 20 8 0.100281 (( -49 50 -51 52 -53 54]
> (43:-44:45: -46 : 47 , -48))
> #401 #402 #403 #404 #405
> $%411#412 #413 #414 #415
> #421 #422 #423 #424 #425
107C111.112
< 99 0 53 : -54 : -52 : 51:49,

> 99 0 (53 : -54 : -52 : 51 : 49 :
> #431 #432 #433
237,243,277
>. three 3L polybottles with 450 g p./L solution outside
. .. .
>. feed solution
> 401 18 -1.75405 481 -482 -486
> 402 18 -1.75405 482 -483 -487

>. feed solut,on

-484

-483

-484

-485

-486

-486

( -481 :

487

486 )

> 411 18 -1,75405 481 -482 -489
> 412 18 -1.7S405 482 -483 -490
>. poly wall
> 413 12 -0.96 480 -484 -488 ( -481 , 489 )
>. poly top
> 414 12 -0.96 482 -483 -489 490
>?2 space on top
> 415 0 483 -484 -489
>C feed sol.tlon
> 421 18 -1.75405 481 -482 -492
> 422 18 -1.75405 482 -483 -493
>C poly wall
> 423 12 -0.96 480 -484 -491 ( -481 : 492 )
>C poly top
> 424 12 -0.96 482 -483 -492 493
>. space 0, top
> 425 0 483 -484 -492
>. water reflector
> 431 8 0.100281 498 -499 (((485):-480:484) (-495)] -52
> 432 8 0.100281 498 -499 (((488):-480,484) [-496)) -50
> 433 8 0,100281 498 -499 (((491),-480,484) (-497)) 49
>.
>.
51O,52OC55O,57O
<c drums outs,de gl.vebox
< 401 p, -53.5
< 402 P, -5.567
< 403 c/z -31.0 31.0
< 404 cl, -31.0 93.0
< 405 cl. -31.0 155.0
< 406 cl, -31.0 31.0
< 407 cl, -31.0 93.0
< 408 .[2 -31.0 155.0
< 409 P, -83.98
< 410 p, 24.91

30.48
30.48
30.48
60,96
60.96
60.96

>C 31 pOIY bottles full of feed outs,de glovebox
> 480 DZ 8.89

imp:n=l

-50 imp:.=0

-501
imp:n=O

glo”ebox

imp:n=l
Hllp:.=1

mp:n=l

UIlp:“=1

imp:n=l

imp:n=l
Hnp:n.1

imp:n=l

mp: *=1

imp:n=l

Hnp:rl.1
imp:.=1

imp:n=l

irnp:n=l

irnp:n=l

imp:n=l
Unp:n.1
Unp:“=1

> 481 i. 9,525
> 482 P. 40,725
> 483 PZ 49.925
> 484 p, 52.07
> 485 .[, 70 -1.72 6.05
> 486 CIz 70 -7.72 5.4
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> 487
> 488
> 489
> 490
> 491
> 492
> 493
> 495
> 496
> 497
> 498
> 499
>.
634.684,
<
..-

>
>.
> I(I18
>
>
>
>
>

./,
cl,
./,
./,
c/z
cl,
cl.
./2
./,
CIz
P,
P.

70
-7.72
-7.72
-7.72
119.48
119.48
119,48
70
-7.12
119.48
-21.59
82.55

-7.72
60.78
60.78
60.78
100,0
100.0
100.0
-7,72
60.78
100,0

3.2
6,05
5.4
3,2
6.05
5.4
3.2
36.53
36.53
36,53

,691
8016.5 -0.088811 $C

8016.5 -0.088811
450 q[l 2%PU aS .q”eOUS

1001. S -0.093684
7014.5 -0.105439
8016.5 -1.104925

94239.55 -0.4275
94240.5 -0,0090
94241.5 -0.0135

so
nitrate

$h ,.
$n
$0
$PU239
$PU240
$PU241

sol.tie”
h20

pu(no3)4-h20
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cliff inpgc.txt inpge,txt
1.1
. calciner gl.veb.. 188-1, 1,,water around .11 containers and vessel., 5.5 g p./cc, no blo

> calciner gl.veb.x 188-1, all calcine replaced with ,m.d,, 5.5 g p./.c, .. b10
13C13
<c internals and d.wncomer - calcine

>C internals and d.wncomer - 5.5 g p./cc oxide with water
24c24
<c 946 cc calcine 5.5 g pu/cc denltrated 2% p.02

>. 946 cc mud 6.0 g p.[cc denigrated 2% pu02
35.35
<c 552 cc Calclne 5.5 g P.[CC denltrated 2% pu02

>. 552 cc mud 5.5 g p./cc denigrated 2% puo2
38c38
<c 552 cc calcine 5.5 g pulcc denigrated 2% p.02
..-

>, 552 cc mud 5.5 g PUICC denztzated 2% PU02
42.42
<c p.le of calcine on loadout tray .ndez pr vessel, 3/8 Inch
.-.

>C pile of mud on l.ad.ut tray under IX vessel, 3/8 znch
114.114
< 202 2 -6.23576 -209 -208 210 mp:n.1

> 202 11 -6.69163 -209 -208 210 imp:n=l
116c116
< 203 2 -6.23576 (202 -211 212 -213 214 -215 )(209 )

>

imp:n=l

203 11 -6,69163 (202 -211 212 -213 214 -215 )(209 ) imp:n=l
141c141
< 215 2 -6,23576 ((((-204 223 -206 )(-203 :227 ))(228 :-203 ))

> 215 11 -6.69163 ((((-204 223 -206 )(-203 :227 ) ) (228 :-203 ) )
144 C144
< 216 2 -6.23576 (((-206 202 -223 ) (217 :218 )) (220 :-218 )1

> 216 11 -6.69163 [((-206 202 -223 ) (217 :218 )) [220 :-218 ))
167c167
< 251 2 -6.23576

> 251 11 -6.69163
171.171
< 253 2 -6.23576

> 253 11 -6.69163
180,181,180,181
< 260 2 -6.23576
< 261 2 -6.23576

-250 252 -253

-250 252 -253

-251 252 -253

-.
> 260 11 -6.69163
> 261 11 -6,69163
187c187
< 264 2 -6.23576

> 264 11 -6.69163
582.582
<c b.rosillcate glass per arh-600 without blo

-251 252 -253

260 -261 -262
261 -3 -263

260 -261 -262
261 -3 -263

-25 26 -21

-25 26 -27

>. b.r.silica.te glass per arh-600 no b10
598,603.598,603
<c
< mll
<
<
<
<

>C
> *11

5;0 g pu/cc p.02 saturated with water : mud
1001.5 0.037686 $h m h20
8016.5 0.044026 $0

94239.55 0.0111966 $PU239
94240.5 0.000251 $PU240
94241,5 0.000375 $PU241

5.5 g PUICC pu02 saturated with water : mud
1001.5 -0.0510184 $b in h20
8016.5 -1.1406126 $0

94239.55 -5.224997 $PU239
94240.5 -0,110017 $PU240
94241.5 -0.164989 $PU241

imp:.=1

imp:n=1

imp:n=l

Hnp:.=1

imp :n=l
imp:n.1

imp:11=1
imp:”=l

irnp:”=l

imp:”=l
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cliff inpgc.txt inpgd.txt
lC1
< calclner glovebox 188-1, 1,,water around all containers and ve?.s.els,5,5 g pulcc, no b10
...

> calclner glovebox 188-1, all calcine replaced with ,m.d,, 6.0 g p.lee, n. b10
13c13
<c internals and downcomer - calcine
-..

>. .ncernals and dow”corner - 6.0 g pu/cc .x~de with water
24c24
<c 946 cc calcine 5.5 g p.lcc denitra.ted 2% p.02

>. 946 cc mud 6.0 ‘gp.lc. denitra.ted 2% p.02
35C35
<c 552 cc calcine 5.5 q p./cc denztrated 2% pu02
...

>. 552 cc mud 6.0 g p.[cc denigrated 2% pu02
38C38
<c 552 cc calcine 5.5 g p./cc denigrated 2% pu02

>C 552 CC mud 6.0 g P“/CC den,trated 2% P“02
42.42
<c pile of calcine on load.ut tray under P. vessel, 3/8 inch
-..

>’2 pile of mud on loadout tray under pr vessel, 3}8 inch
114c114
< 202 2 -6.23576 -209 -208 210 imp:n=l

> 202 11 -7.20905 -209 -208 210
116c116

imp:”=l

< 203 2 -6.23576 (202 -211 212 -213 214 -215 )(209 ) imp:“=1

> 203 11 -7.20905 (202 -211 212 -213 214 -215 )(209 )
141c141

imp:”=l

< 215 2 -6.23576 ([((-204 223 -206 )(-203 :227 ))(228 :-203 ))

> 215 11 -7.20905 ((((-204 223 -206 )(-203 :227 )) (228 :-203 ))
144C144
< 216 2 -6.23576 [((-206 202 -223 )(217 :218 )) (220 :-218 ))

> 216 11 -7.20905 (((-206 202 -223 )(217 :218 1)(220 :-218 ))
167c167
< 251 2 -6.23576 -250 252 -253 irnp:n=l

> 251 11 -7.20905 -250 252 -253 imp:n=l
171c171
< 253 2 -6.23576 -2s1 252 -253 imp:*=1
...

> 253 11 -7.20905 -251 252 -253
180,181c180,181

imp:.=1

< 260 2 -6.23576 260 -261 -262 imp:n=l
< 261 2 -6.23576 261 -3 -263 imp:n=l

> 260 11 -7.20905 260 -261 -262
> 261

Unp:.=1
11 -7.20905 261 -3 -263 imp:n=l

187.187
< 264 2 -6.23576 -25 26 -27 Unp:.=1

> 264 11 -7.20905 -25 26 -27 Hllp:”=l
5g8,603c598,603
<c 5.0 9 PU/CC Pu02 satuzated With water , mud
< mill 1001.5 0.037686 $h i“ b20
< 8016.5 0.044026 $0
< 94239.55 0.0111966 $PU239
< 94240.5 0.000251 $P”240
< 94241.5 0.000375 $PU241

>C 6.0 9 pu/cc pu02 saturated with water : mud
> roll 1001.5 -0,0454823
>

$h .. h20
8016,5 -1.1635695 $0

> 94239.55 -5.699995 $PU239
> 94240.5 -0.1200185 $P”240
> 94241.5 -0,1799879 $PU241
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APPENDIX D. CRITICALITY HAZARDS IDENTIFICATION AND ASSESSMENT
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Criticality Hazards Identification and Assessment

Hazards Identification Technique

The PFP Lab Denigrating Calciner operation has been analyzed using a tectilque that is a
modified combination of the Hazard and Operability (HazOp) study technique and the What-If
technique. The goal of the study is the identify deviations from the planned transport operation. The
deviations of interest pose a challenge to criticality safety,

In a HazOp, an interdisciplinary team uses a creative, systematic approach to identify hazard
and operability 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 plant design. A fixed set of words (termed” guide words”)
is applied at specific points or” study nodes” in the plant design and combined with specific process
parameters or activities to identify potential deviations from the intended operation. Process
parameters that may be examined include flow, temperature, pressure, viscosity, composition, phase,
level, addition, reaction, maintenance, testing, instrumentation, and sampling. Guide words (and their
meanings) include the following:

‘<No/none” is the negation of the design or activity intent

“More” is a quantitative increase
“Less” is a quantitative decrease
“As well as”is a qualitative increase
“Part of’ is a qualitative decrease
“Reverse” is the logical opposite of the intent
“Other than” is a complete substitution

The What-If analysis can be used to analyze external events, natural phenomena, and potential
common-cause failures. The What-If analysis is a brainstorming approach in which a group of
experienced personnel familiar with the process or activity ask questions or voice concerns about
possible undesired events. It is not as inherently structured as some other techniques (e.g., HazOp
analysis). Instead, it requires the analyst(s) to adapt the basic concept to the specific application.

The What-If analysis encourages the hazard analysis team to thhk of questions that begin with
“what if’. However, any process safety concern can be voiced even if the concern is not phrased as a
question. Usually, a scribe records all questions on a chart pad, marking board, or computer to allow
feedback to participants. The questions are then divided into specific areas of investigation (usually
related to consequences of interest), such as electrical safety, tire protection, or personnel safety. Each
area is subsequently addressed by a team of knowledgeable members. The questions are formulated on
the basis of experience and are applied to existing drawings and process descriptions. For an operating
plant, the investigation may include interviews with plant staff not represented on the hazard analysis
team

For the assessment of the vertical calciner operation, the HazOp and What-If techniques were
combined. For each discrete step in the activity, the team considered the what-if question that was
formulated when the guide word was combined with the step. Only challenges to criticality safety were
considered, An example of the technique is the guide word “More” associated with loading the carrier
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to generate the question what-if there is “More material in can - overmatch”. All of the guide words
were applied to each activity step to do a complete assessment of the operation. Only ra~ional
deviations were recorded,

Operation Analyzed

The operation analyzed was the sequence of activities for PFP Lab Denigrating Calciner
operation. The operation was analyzed as a two phase operation. The first phase was the equipment
checkout phase. This phase, in general terms consists of a partial disassembly of the calciner to test
controls, heater and examine mechanical components. The product receiver end is then set to an
operational configuration. The calciner is started up by starting vacuum, air, denigration heaters and
agitator and starting the feed solution pump. With these elements of the process operating, a batch of
uncontaminated acid solution is run through the process to confirm operability. The process is
shutdown and the scrubber tanks are sampled and drained.

The second phase follows with processing of Plutonium solution. PR can drums are first
brought into the room. PR cans are moved into the glovebox. Solution is loaded into the feed tank and
the process is run in the same manner described in phase one operation. The product is removed from
the product recovery pot and transferred to a product recovery can. The product recovery can is
removed from the glovebox. After all of the Plutonium solution is processed, the final step is to
sample the scrubber tanks and drain.

The specific operational steps and their order of consideration for each phase are recorded in
the What-IflHazOp Worksheet section.

Analysis Record

The analysis was recorded in tabular form and has a five column format. Column 1, “Item #“,
provides a unique number for each deviation. It corresponds to a deviation in the PFP Vertical
Denigration Calciner operation. Column 2, “What-IP’, is the “what-if’ question that stimulated the
team brainstorming process to identify the hazard or consequence of the deviation. Column 3,
“Hazard/Consequences” is the consequence of potential hazard related to criticality safety that was
identified by the team. Column 4, “Safeguard” is the basis that the deviation is within allowable
criticality safety guidelines. Column 5, “Comments” identities either the analysis or basis supporting
the safeguard. The complete analysis record is contained in Table D-1.

Table 4 in Section 4.0 is the record of the analysis for this CSER, on the acid feed test only.
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Table D-1. “Assessment of “PFP Lab Denigrating Calciner.”
Activity Assessment TeanxJim Compton, Maria Shaw, Warren Wittekind, Ed Miller,

Ken Dobbin, and Dennis Clapp
Assessment Conducted January 16, 1999

tern # What If Hazard/Consequences Safeguard Comments

1 enough material has potential criticality
agglomerated on filter concern
surfaces and/or top plate
itself to create a
criticality concern if it
fell into 6“ diameter
portion of chamber?

2 product receiver tube is calciner is filled with
placed in the extreme Pu powder
“up” position?

3 product receiver tube is Pu powder runs out
removed? and build powder pile

on product tray

4 polyethylene tube is Consequences - Note: not
substituted for metal potential criticality considered credible
tube? concern

5 valve is operated at the A. Fill calciner with
wrong time? Pu if closed when

calcining.
B, Spill Pu onto
product shelf and floor
if opened and product
collection pot is not in
place

6 product collection pot Pu powder spills on
breaks while operating product shelf/floor -
or tilled? potential criticality

concern

7 spill of clean acid is if enough is spilled, it
spilled on main level will run down to
floor? basement floor with

entrained Pu

8 acid bottle contents is increased reflection -
taken too close to potential criticality
calciner body? concern
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Table D-1. “Assessment of “PFP Lab Denigrating Calciner.”

Gin
9

10

11

12

13

14

15

Activity Assessment TeanxJim ComrXon. Maria Shaw
Ken Dob~in, and Dennis C

Assessment Conducted Januq

What If Hazard/Consequences

acid is mistakenly added increasing moderation -
to calciner through potential criticality
pressure relief port? concern

heater only is run? heat may shrkk Pu

crystals in calciner bed
with powder density
increase - potential
criticality concern

agitator is run? comminuted crystals
with powder density
increase - potential
criticality concern

liquid (of different dissolves Pu oxide in
chemical composition) calciner
is added to feed tank?

fissile solution rather increased amount of Pu
than clean acid is added in calciner - potential
to the calciner feed criticality concern
tank?

Pu is driven into the increasing Pu
scrubber? concentration in

scrubber and scrubber
system as a whole-
potential criticality
concern

the feed system leaks? acid solution is spilled
I to basement

Warrerr Wittekind, Ed Miller,

PP
6, 1999

Safeguard Comments

I

+

+
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Table D-1. “Assessment of “PFP Lab Denigrating Calciner,”
Activity Assessment Tearn:Jim Compton, Maria Shaw, Warren Wittekind, Ed Miller,

Ken Dobbin, and Dermis Clapp
Assessment Conducted January 16, 1999

tern # What If Hazard/Consequences Safeguard Comments

16 more liquid volume than A. flooding calciner
heaters can handle? with acid solution and

increased moderation -
potential criticality
concern
B. overflow
production collection
pot
C. Pu cloud in
glovebox (too much
feed evaporating at
once with a steam
pressure buildup)

17 Pu concentration in potential criticality
scrub solution is too concern of Pu-water
high? mixture

18 there are too many PR potential criticality
can drums in the room? concern

19 wrong drum (8 liter PR potential criticality
can) are brought into the concern
room?

20 55 gallon waste drum is potential criticality
brought into the room? concern

21 10 liter type containers potential criticality
brought into the room? concern

22 drum spacing is potential criticality
incorrect? concern
A. with respect to each
other
B. with respect to

tissile material in the
room
C. with respect to other
fissile material outside
the room (other
room/corridor)
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Table D-1. “Assessment of “PFP Lab Denigrating Calciner.”
Activity Assessment Tearn:Jim Compton, Maia Shaw, Warren Wittekind, Ed Miller,

Ken Dobbin. and Dennis Clarm

_
tern #

23

24

25

26

2-1

28

29

30

31

32

33

What If

a 4.2 liter bottle breaks?

Assessment Conducted January 1~1 1999

Hazard/Consequences Safeguard Comments

a 4.2 liter bottle

leaks/spills in
glovebox?

there is more than 1
feed poly bottle in

glovebox?

the feed poly bottle is in
the wrong location?

there is excessive waste
in the glovebox?

the feed tank is
overfilled?

calciner is flooded (as a
result of gravity flow or
loss of pump control)
with feed?

calciner is flooded with
feed (as a result of a
syphon back) from feed
t~?

calciner is tilled with

feed solution?

calciner feed solution

goes to scrubber tanks
and overflows?

calciner feed solution
enters scrubber closed
coolant system?

potential criticality
concern I I
potential criticality

concern

potential criticality
concern

*
potential overflow/spill
of 4.2 liter of Pu
solution

potential criticality
concern

potential criticality

concern I I

potential criticality
concern
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TabIe D-1. “Assessment of “PFP Lab Denigrating Calciner,”
Activity Assessment TeamJim Compton, Maria Shaw, Warren Wittekind, Ed MNer,

Ken Dobbin. and Dermis C]at)D

_
[tern #

34

35

36

37

38

39

40

41

42

43

Assessment Conducted January 1~: 1999

What If Hazard/Consequences Safeguard Comments

the vacuum trap is filled potential criticality
with calciner feed concern
solution?

44

water is in the calciner increased reflectivity -
body insulation? potential criticality

concern

product recovery tube potential criticality
valve is open when concern because of Pu
product collection pot is accumulation on shelf
emptied?

there are too many potential criticality
product cans are on concern
shelf?

there are too many potential criticality

Product cans are in the concern
basement?

water is sprayed onto potential criticality
product accumulation concern
on shelf?

there are more than 1 potential criticality
full product collection concern
pots?

all available liquid is on increased reflection -
basement floor up to potential criticality
height of criticality concern
drain?

a product can is potential criticality
inappropriately spaced? concern

there are too many potential criticality
product cans are in concern
room?

1 1 r

there is full reflections potential criticality
of product cans? concern
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Table D-1. “Assessment of “PFP Lab DenitratinR Calciner.”

Ga--
45

Activity Assessment Team:Jim Comuton, Maria Shav
Ken Dobbin, and Dennis (

Assessment Conducted Januav

46

47

48

49

50

51

_

What If

disassembly puts Pu in
6“ diameter calciner
sections above stirrer
cap?

room sprinkler water
enters glovebox?

the glovebox tilts to the
corner opposite the
criticality drain?

feed tanksolution and
product is released?

feed tank solution and
product is released?

firstfood pack can of
product is poorly sealed
and has to be returned to
the glovebox through
the airlock?

What if first food pack

can of product is poorly
sealed and has to be
returned to the glovebox
through the standard 8
inch bag port?

Hazard/Consequences

potential criticality
concern

potential moderation
and reflection

potential criticality
concern

potential criticality
concern

potential criticality
concern

spacing between can
and other fissile
material - potential
criticality concern

spacing between can
and other fissile
material - potential
criticality concern

Varr~n Wittekind, Ed Miller,

;, 1999

Safeguard Comments

‘+

Note: Disassembly
can lead to criticalit~
concern

I

-1---
Analysis Team

The analysis was done on January 16, 1999. The analysis team included Jim Compton, Ken
Dobbin, Maria Shaw, Edward Miller, Warren Wittekind and Dennis Clapp. Dennis Clapp was the team
leader and scribe. A brief resume of each team member is included. -”

. .

Team Resumes

Warren D. Wittekind - Flour Daniel Northwest - Process/S~ecialt~ Engineer - Nuclear Erwineerirw and
Safety Analvsis
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Dr. Whtekind has been working at the Hanford Site since 1978 in criticality safety, nuclear
engineering, equipment development, numerical modeling, numerical analysis and related fields. He
has worked on Plutonium Finishing Plant (PFP) criticality safety since 1996 and previous to that on
storage basin criticality safety for N Reactor fuel. He has worked, during temporary off-site
assigmnents, on glovebox criticality safety for plutonium at Rocky Flats, analytical laboratory
criticality safety for low enriched uranium (LEU) at Portsmouth Gaseous Diffusion Plant, and reactor
fuel production line criticality safety for high enriched uranium (HEU) at Nuclear Fuel Services. Mr.
Wittekind has an advanced degree in Physics and subsequent Nuclear Engineering course work.

Edward M. Miller - Fluor Daniel Northwest - Senior Process/Suecialitv Enaineer

Mr. Miller has eight years experience as a criticality specialist at the Hanford Site. He has
worked on Plutonium Finishing Plant (PFP) criticality safety during that period and on other facilities
criticality safety at Hanford and other DOE sites. He has toured PFP numerous times for audits and to
investigate plant equipment for analyses. His job specific criticality training has been augmented by
participation in a criticality conference about once a year. Mr. Miller has an undergraduate degree in
physics and an masters degree in nuclear engineering.

Jim Compton - Babcock and Wilcox Hanford - Plutonium Finishing plant Laborator~

Mr. Compton has worked in the development laboratory within PFP for the last 22 years. He
has worked on development and testing of the PUREX prototype calciner and is the most experienced
of the people who have run the prototype vertical calciner. He also assisted with design and
installation of the prototype vertical calciner. He holds a B.S. in chemical engineering (1975) and a
Professional Engineer’s license.

Dennis A. Claprr - Fhror Daniel Northwest - Senior Process/Speciality Engineer

Mr. Clapp is currently employed in the Safety Analysis and Rkk Assessment section of the
Speciality Engineering group of Fluor Daniel Northwest. He has been at the Hanford Site for 22 years.
He has experience in nuclear power plant construction as a construction contract administrator, field
engineer, design engineer, and construction engineer. His Hanford Operations Contractor work
experience includes conceptual design, Hanford Waste Vitrification Plant project design oversight, and
safety analysis. His last 13 years have been in safety analysis. Mr. Clapp is certified by the Process
Safety Institute as a Hazards Assessment Team Leader using the HazOp and ChecklistWhat If
techniques. His education is a Bachelor of Science in Chemical Engineering,

Maria E. Shaw – B&W Federal Services – Nuclear Criticality Safety Representative – Nuclear
Erwineer

Ms. Shaw has worked as an engineer since 1991 and has been at the Hanford site since 1998
She has worked at the Plutonium Finishing Plant as a criticality safety representative and is plant
certified as a Criticality Safety Representative. She has worked on the PFP thermal stabilization
project. Ms. Shaw holds a B.S. in math from Idaho State and an MS. in Chemistry from Univ. of
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Idaho. Prior to Hanford, she worked in the criticality safety field at Idaho National Engineering
Laboratory and at the Naval Nuclear Fuel Facility (Lynchburg, VA.)

Ken Dobbin - Flour Daniel Northwest - Senior Process/Speciality Erwineer

Mr. Dobbln has 24 years experience as a nuclear engineer analyzing reactor physics and fuel
management with 4 years experience in criticality safety. He is currently the Criticality Safety
Engineer at the Plutonium Finishing Plant, qualifying per PFP Criticality Safety Engineer Course
#2022 14, and has 10 months experience on PFP systems. During hls PFP tenure, he contributed
criticality safety expertise for the successfid completion of an Operational Readiness Review to begin
thermal stabilization of plutonium compounds. Mr. Dobbin has both undergraduate and masters
degrees in Nuclear Engineering.

What IVHazOp Worksheet

Equipment Checkout Phase (Phase I)

Step - Partial disassembly of calciner

1. What if enough material has agglomerated on filter surfaces and/or top plate itself to create a
criticality concern if it fell into 6“ diameter portion of chamber?
Consequence - potential criticality concern

Step - Open up calciner and test controls, heater, examine the mechanical components.

Activity - Position product receiver tube in the “up’’position
Deviation- “no” did not position product receiver tube in the “nominal” operational position

A. tube all the way up
B. tube all the removed

Consequences-
. )11 calciner with Pu
B. PIipowder runs out and builds powder pile on product tray

2. What if product receive tube is placed in the extreme “up” position?
Consequence - calciner is filled with Pu powder

3. What if product receive tube is all the way out?
Consequence - Pu powder mns out and build powder pile on product tray.

4. What if polyethylene tube is substituted for metal tube?
Consequences - criticality concern
Note: not considered credible

Step - Open/close product receiver tube valve.

5. What if valve is operated at the wrong time?
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Consequences -
A. FiIl calciner with Pu if closed when calcining.
B. Spill Pu onto product shelf and floor if opened and product collection pot is not in
place.

6. What if product collection pot breaks while operating or filled?
Consequences - Pu powder spills on product shelf/floor - potential criticality concern

Step - Transfeming clean acid to feed tank location

7. What if spill of clean acid is spilled on main level floor?
Consequences - if enough is spilled, it will run down to basement floor with entrained Pu

Step - Filling feed tank with acid

8. What if acid bottle contents is taken too close to calciner body?
Consequences - increased reflection - potential criticality concern.

9. What if acid is mistakenly added to calciner through pressure relief port?
Consequences - increasing moderation - potential criticality concern

Step - Startup; vacuum, air, heaters and agitator (possibly concurrently)

10. What if heater only is run?
Consequences - heat may slmink Pu crystals in calciner bed with powder density increase - potential
criticality concern.

11. What if agitator is run?
Consequence - comminuted crystals with powder density increase - potential criticality concern

12. What if liquid (of different chemical composition) is added to feed tank?
Consequences - dissolves Pu oxide in calciner

13. What if fissile solution rather than clean acid is added to the calciner feed tank?
Consequences - increased amount of Pu in calciner - potential criticality concern

With air running and calciner filters breached

14. What if Pu is driven into the scrubber?
Consequences - increasing Pu concentration in scrubber and scrubber system as a whole- potential
criticality concern

Step - Open feed tank feed valve

15. What if the feed system leaks?
Consequences - acid solution is spilled to basement
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16. What if more liquid volume than heaters can handle?
Consequences -
A. flooding calciner with acid solution and increased moderation - potential criticality concern
B. overflow production collection pot
C. Pu cloud in glovebox (too much feed evaporating at once with a steam pressure buildup)

Step - Run calciner to see if it working correctly
No problems discernible with thk step

Step - Shutdown
No problems discernible with this step

Step - Sample spent scrub solution tanks
No problems discernible with this step

Step - Open scrubber tank drain valves to drain to PFP drain system

17. What if Pu concentration in scrub solution is too high?
Consequence - potential criticality concern of Pu-water mixture

Operation with Pu solution (Phase H)

Step - Bring PR can drums through the door of Room 188

18. What if there are too many PR can drums in the room?
Consequences - potential criticality concern

19. What if wrong drum (8 liter PR can) are brought into the room?
Consequences - potential criticality concern

20. What if 55 gallon waste drum is brought into the room?
Consequences - potential criticality concern

21. What if 10 liter type containers brought into the room?
Consequences - potential criticality concern

22. What if dmm spacing is incorrect?
A. with respect to each other
B. with respect to fissile material in the room
C. with respect to other fissile material outside the room (other roomlcorridor)
Consequences - potential criticality concern

Step - Open PR can drum and move a 4.2 liter bottle

23. What if a 4.2 liter bottle breaks?
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Consequence - potential criticality concern

24. What if a 4.2 liter bottle leaks/spills in glovebox?
Consequence - potential criticality concern

25. What if there is more than 1 feed poly bottle in glovebox?
Consequence - potential criticality concern

26. What if the feed poly bottle is in the wrong location?
Consequence - potential criticality concern

27. What if there is excessive waste in the glovebox?
Consequence - increased reflection - potential criticality concern

Calciner Operation Phase

Step - Fill feed tank

28. What ifthefeed tank is overfilled?
Consequences - potential overflow/spill of 4.2 liter of Pu solution

29. ~atifcalciner is flooded (asaresult ofgravity flow orlossofpmp control) witifeed?
Consequence - potential criticality concern

30. Whatifcalciner is flooded with feed(as aresult ofasyphon back) from feedtti?
Consequence - potential criticality concern

31. Whatifcalciner is filled with feed solution?

Consequence - potential criticality concern

32. ~atifcalciner feed solution goes toscmbber tmksmd overflows?
Consequences - potential criticality concern

33. Whatifcalciner feedsoIution enters scrubber closed coolant system?
Consequence - potential criticality concern
Note: Concern - coolant system for scrubber tank has a 5 gallon capacity

34. Watifthe vacuum trap is filIedwith calciner feed solution?
Consequence - potential criticality concern

35. Whatifwater isinthe calciner body insulation?
Consequence - increased reflectivity - potential criticality concern

Step - Product removal

36. ~atifproduct recove~tube valve isopenwhen product collection potis emptied?
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Consequence - potential criticality concern because of Pu accumulation on shelf

37. Whatifthere aretoomany product cansareonshelt?
Consequence - potential criticality concern

38. What if there are too many product cans are in the basement?
Consequence - potential criticality concern

39. What if water is sprayed onto product accumulation on shelf?
Consequence - potential criticality concern

40. What if there are more than 1 full product collection pots?
Consequence - potential criticality concern

41. What if all available liquid is on basement floor up to height of criticality drain?
Consequence - increased reflection - potential criticality concern

42. What if a product can is inappropriately spaced?
Consequence - potential criticality concern

43. What if there are too many product cans are in room?

Consequence - potential criticality concern

44. What if there is full reflections of product cans?
Consequences - potential criticality concern

45. What if disassembly puts Pu in 6“ diameter calciner sections above stirrer cap?
Consequences - potential criticality concern
Note: Disassembly can lead to criticality concern

Phase I

Fire Consideration
46. What if room sprinkler water enters glovebox?
Consequence - potential moderation and reflection
Note: there is not much tissile material to consider

Seismic Consideration
47. What if the glovebox tilts to the corner opposite the criticality drain?
Consequence - potential criticality concern

Phase H

Fire Consideration
48. What if feed tank solution and product is released?
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Consequences - potential criticality concern

Seismic Consideration
49. What if feed tank solution and product is released?
Consequence - potential criticality concern

Potential additional activity of returning poorly sealed food pack to glovebox

50. What if first food pack can of product is poorly sealed and has to be returned to the glovebox
through the airlock?
Consequence - spacing between can and other fissile material - potential criticality concern

51. What if first food pack can of product is poorly sealed and has to be returned to the glovebox
through the standard 8 inch bag port?

Consequence - spacing between can and other fissile material - potential criticality concern
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APPENDIX E.

Seismic MCNP case inputs:

pu_heml .inp

pu_sphO.inp

pu_sphl .inp

pu_sph2.inp

pu_sph3 .inp

pu_sph4.inp

pu_sph5 .inp

HNF-3908 Rev. O

SEISMIC MCNP CASE INPUTS

Oxidedensity 0.45 g/cm3, hemisphere case. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E-3

Oxidedensity 0.45 g/cm3, sphere case.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E-3

Oxidedensity 1.00 g/cm3, sphere case.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E-4

Oxidedensity 2.00g/cm3, sphere case.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E-5

Oxidedensity 3.00g/cm3, sphere case.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E-5

Oxidedensity 4.00g/cm3, sphere case.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E-6

Oxidedensity 5.00g/cm3, sphere case.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E-7
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pu_heml.inp Oxide density 0.45 g/cm3, hemisphere case

message:

Hemisphere, 4500 g Pu, 0.397 g Pu/cm3, 0.45 g Pu02/cm3, 1.410 g/cm3
c -dens xx -xx yy -yy zz -ZZ rr -rr $ Comments

1 1 -1.41076-1 3 imp :n=l $ fuel inside hemisphere
2 2 -1.000 1 -2 3 imp :n= 1 $ water reflector
3 2 -1.000 -3 4-2 imp:n= 1 $ water reflector
40 2: -4 imp:n=O $ outside world

1 SO 17.55884 $ scrap hemisphere radius
2 SO 42.55884 $25 cm water reflection
3 pz 0.0 $ hemisphere plane
4 PZ -25.0 $ bottom water reflection

mode n
tmp 2.585 e-8 2r $ 001-002300K everywhere

lj $ outside world
kcode 10001.0 20500
ksrc 0.000 0.000 7.000 $ uranium solution
ml 94239.55c -0.27009 $ plutonium solution

94240.50c -0,00844
94241.50c -0.00281
1001 .50c -0.07620
8016.50c -0.64245

mtl lwtr.Olt
m2 1001.5OC 0.66667 $ reflector water

8016.50c 0.33333
mt2 lwtr.O It $300 K=27C=80.6F
totnu
ctme 480.
print 304060110126

pu_sphO.inp Oxide density 0.45 g/cm3, sphere case

message:

Sphere, 4500 g Pu, 0.397 g Pu/cm3, 0.45 g Pu02/cm3, 1.410 g/cm3
c -dens xx -xx yy -yy zz -ZZ rr -rr $ Comments

1 1 -1.41076-1 imp:n= 1 $ fiel inside hemisphere
22 -1.000 1 -2 imp:n=l $ water reflector
30 2 imp:n=O $ outside world

1 SO 13.93646 $ scrap hemisphere radius
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2 SO 38.93646 $25 cm water reflection

mode n
tmp 2.585 e-8 2r $ 001-002300K everywhere

lj $ outside world
kcode 10001.020100
ksrc 0.000 0.000 0.000 $ plutonium solution
ml 94239.55c -0.27009 $ plutonium solution

94240.50c -0.00844
94241 .50c -0.002S1
1001.5OC -0.07620
8016.50c -0.64245

mtl lwtr.Olt
m2 1001.5OC 0.66667 $ reflector water

8016.50c 0.33333
mt2 hvtr.Olt $300K= 27C= 80.6F
totnu
ctme 480.
print 304060110126

pu_sphl.inp Oxide density 1.00 g/cm3, sphere case

message:

Sphere, 4500 g Pu, 0.8S2 g Pu/cm3, 1.00 g Pu02/cm3, 1.913 g/cm3
c -dens xx -xx yy -yy zz -ZZ rr -rr $ Comments

1 1 -1.91274-1 imp:n= 1 $ fuel inside hemisphere
22 -1.000 1 -2 imp:n=l $ water reflector
30 2 imp:n=O $ outside world

1 SO 10.67964 $ scrap hemisphere radius
2 SO 35.67964 $25 cm water reflection

mode n
tmp 2.585 e-8 2r $ 001-002300K everywhere

lj $ outside world
kcode 10001.0 20100
ksrc 0.000 0.000 0.000 $ plutonium solution

ml 94239.55c -0.44266 $ plutonium solution
94240.50c -0.01383
94241 .50c -0.00461
1001.5OC -0.05339
8016.50c -0.48553

mtl hvtr.Olt
m2 1001 .50c 0.66667 $ reflector water

8016.50c 0.33333
mt2 hvtr.Olt $300 K=27C=80.6F
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totnu
ctme 480.
print 304060110126

pu_sph2.inp Oxide density 2.00 g/cm3, sphere case

message:

Sphere, 4500 g Pu, 1.764 g Pu/cm3, 2.00 g Pu02/cm3, 2.825 g /cm3
c -dens xx -xx yy -yy zz -ZZ rr -rr $ Comments

1 1 -2.82548-1 imp:n= 1 $ fuel inside hemisphere
2 2 -1.000 1 -2 imp :n= 1 $ water reflector
30 2 imp:n=O $ outside world

1 SO 8.47644 $ scrap hemisphere radius
2 SO 33.47644 $25 cm water reflection

mode n
tmp 2.585 e-8 2r $ 001-002300K everywhere

lj $ outside world
kcode 10001.0 20100
ksrc 0.000 0.000 0.000 $ plutonium solution
ml 94239.55c -0.59932 $ plutonium solution

94240.50c -0.01873
94241 .50c -0.00624
1001.5OC -0.03269
8016.50c -0.34301

mtl lwtr.Olt
m2 1001.5OC 0.66667 $ reflector water

8016.50c 0.33333
mt2 lwtr.Olt $300 K=27C=80.6F
totnu
ctme 480.
print 304060110126

pu_sph3.inp Oxide density 3.00 g/cm3, sphere case

message:

Sphere, 4500 g Pu, 2.646 g Pu/cm3, 3.00 g Pu02/cm3, 3.738 g/cm3
c -dens xx -xx yy -yy zz -ZZ rr -m $ Comments

1 1 -3.73822-1 imp :n= 1 $ fuel inside hemisphere
22 -1.000 1 -2 imp:n=l $ water reflector
30 2 imp:n=O $ outside world

1 SO 7.40485 $ scrap hemisphere radius
2 SO 32.40485 $25 cm water reflection
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mode n
tmp 2.585 e-8 2r $ 001-002300K everywhere

lj $ outside world
kcode 10001.020100
ksrc 0.000 0.000 0.000 $ plutonium solution
ml 94239.55c -0.67949 $ plutonium solution

94240.50c -0.02123
94241 .50c -0.00708
1001.5OC -0.02210
8016.50c -0.27011

mtl lwtr.Olt
m2 1001 ,50c 0.66667 $ reflector water

8016.50c 0.33333

mt2 lwtr.Olt $300 K=27C=80.6F
totnu
ctme 480.
print 304060110126

pu_sph4.inp Oxide density 4.00 g/cm3, sphere case

message:

Sphere, 4500 g Pu, 3.528 g Pu/cm3, 4.00 g Pu02/cm3, 4.651 g/cm3
c -dens xx -xx yy -yy zz -ZZ m -rr $ Comments

1 1 -4.65096-1 imp:n= 1 $ fuel inside hemisphere
22 -1.000 1 -2 imp:n= 1$ water reflector
30 2 imp.n=O $ outside world

1 SO 6.72775 $ scrap hemisphere radius
2 SO 31.72775 $25 cm water reflection

mode n
tmp 2.585 e-8 2r $001-002 300K everywhere

lj $ outside world
kcode 10001.020100
ksrc 0.000 0.000 0.000 $ plutonium solution
ml 94239.55c -0.72818 $ plutonium solution

94240.50c -0.02276
94241 .50c -0.00759
1001.5OC -0.01566
8016.50c -0.22581

mtl lwtr.Olt
m2 1001 .50c 0.66667 $ reflector water

8016.50c 0.33333
mt2 lwtr.Olt $300 K=27C=80.6F
totnu
ctme 480.
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print 304060110126

pu_sph5.inp Oxide density 5.00 g/cm3, sphere case

Sphere, 4500 g Pu, 4.410 g Pu/cm3, 5.00 g Pu02/cm3, 5.564 g/cm3
c -dens xx -xx yy -yy zz -ZZ m -rr $ Comments

1 1 -5.5637 -1 imp:n=l $ fuel inside hemisphere
22 -1.000 1 -2 imp :n= 1 $ water reflector
30 2 imp:n=O $ outside world

1 SO 6.24549 $ scrap hemisphere radius
2 SO 31.24549 $25 cm water reflection

mode n
tmp 2.585 e-8 2r $ 001-002300K everywhere

lj $ outside world
kcode 10001.0 20100
ksrc 0.000 0.000 0.000 $ plutonium solution
ml 94239.55c -0.76090 $ plutonium solution

94240.50c -0.02378
94241.50c -0.00793
1001.5OC -0.01134
8016.50c -0.19605

mtl lwtr.Olt
m2 1001 .50c 0.66667 $ reflector water

8016.50c 0.33333
mt2 lwtr.Olt $300 K=27C=80.6F
totnu
ctme 480.
print 304060110126
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Arrtho~ Laurren T (Tom) Nirider at -HANFORD03B
Date: 3/18/97 8:50 AM
Priority Normal
TO: Karl E Hillesland at -HANFORD07A
Subject: Vertical Calciner Product Tap Densities
------------------------------- Message Contents -------------------------------

I have revie~ved the lab notebook and lab analysis results
regarding our product samples from the vertical calciner for
runs to date. It would be stretching things a bit to say
we’re definitely at an asymptote on the tap density of
plutonium in the product. I am atrachhrg the Lotus 1-2-3
files with my tables and graph to show the Pu tap densities
over time. The last err~ for Pu tap density is clearly

Mgher thm what had started to look a bit like an
asymptote, so I can’t really say we’ve pea!ked. Nonetheless,
I still don’t think we’re going to exceed 5 gm Pu per ccby
much, if at all. Our latest result of4.75 gm Pulcc was, no
doubt, assisted by having been reroasted po}vder from rm
earlier run whose product had a hi~~ loss on i=mition. The
highest Pu tap density without reroasting is only 4.26.

One other point needs to be made end is not shown in the
1-2-3 table attached. We started with a pretty impure Pu02
bed end have incre~ed the Pu fraction in the bed
significantly. In other words, the Pu fraction and,
therefore, the Pu density started Io}vparrly because the bed
\vas fairly loaded with impurities, As we fed more and more
reasonably pure PUREX and PRF solutions through the
calciner, the Pu fraction in the bed increased. That
fraction started around 0.75 rmd is now up to 0.855 as of
the last sample results. The theoretical maximum Pu
fraction is 0.882, so we won’t be getting much Klgher. As
\ve reach our asymptote on the Pu fraction, that factor will

stop assisting the increase in Pu tap densiry. Please
remember that the production calciner will have occasional
batches of impure feeds that will lower its product Pu
fraction and Pu tap densi~.

\Ye clearly need to continue running the calciner to see
where the Pu tap density stops, among other reasons. We
plan to do so as soon as the administrative hold on fissile
material handling is lifted. I still don’t believe we’ll
exceed 5.0 gm Pu/cc consistently and I’m even more certain
we won’t reach 5.5 grrr Pticc.
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Pu Tap Density Tracking

gm Pu/cc (not gm Pu02/cc)
Cumulative PuTap

Run # Prod. (kg) Dens(gm/c
c)

===== ===== =====

PU-7 1.45 2.77

PP-01 2.48 2.97

PP-01 3.48 3.37

PP-02 3.5 3.27

PP-03 4.62 3.98

PP-05 6.8 4.04

PP-06 7.69 4.04

PP-07 8.54 4.26

Post 8.54 4.75

Pu Tap Densities

Vertical CMciner

5,

OJ
o 1 2 3 4 5 6 7 B 9

Cumulative Product (kg)

!+ P. Tap Density I

F-4



HNF-3908 Rev. O

MINIMUM CALCINE DENSITY EXPECTED

-----Original Message -----
From Comptonj James A
Sent: Monday, January 25, 199911:31 AM

To: Miller, Edward M, Dobbin, Kenneth D
Subject: Minimum Calcine Density Expected
Background: I have looked through as many references as I could find and only the old flowsheet

I

document for the old RMA Line (RHO-CD-616) contained the only references to low densities of
PU02 from a calciner. The RMA Line had 2 separate stages of calcining to complete the conversi n
tlom damp oxrdate to dry oxide. According to the flowsheet, the oxalate filter cake entered the first
calciner with a density of1.58 gnr/cc. The incompletely converted oxide left the first calciner at a
density of 2.0 gmlcc. The oxide left the second calciner with a density of 2.4 grnlcc. I don’t kno if
the density of 2.0 gin/cc is from experiments or a split-the-difference assumption.

1
Answer I ve~ strongly doubt that we’d be able to produce oxide from our calciner with a density
lower than 2.0 gru/cc. I think it will be difficult to produce oxide with a density lower than 2.5 g cc
in our calciner, Fkst, the direct denigration process produces crystals with a higher density than

{
crystals from the oxalate process, so partially converted product should be no lower than 2.0 grnlc

Second, the oxide we make at any given time is mixed with an existing powder bed of already den e
Ioxide (>4 gin/cc). Normally, the bed would be at most 1/4 new oxide. I can easily see decreasing the

\
amount of starting bed such that the product in the calciner would be a half-half mixture. In that c se,
the bed density would beat least 3 grnfcc. In reality, some of the new powder will be heated beyo d

!

initial conversion by the time the last of the feed batch is fed to the calciner, so the density should e
higher yet.

I think that a product density of 2.75 grrr/cc should be acceptably conservative for the minimum P 02
4density in any powder that might escape from the calciner. An assumed density of 2.5 gru/cc shou d be

totally “audh-proo~” given the process we’re using, the temperature of the bed where the feed is
entering, and the speed of conversion in a bed that hot. 1
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MAXIMUM CALCINE DENSITY EXPECTED I

-----Original Message -----
From: Compton, James A
Sent: Monday, January 25, 199912:23 PM
To: Miller, Edward M, Dobbin, Kenneth D
Subject: Maximum Calcine Density Expected
The maximum calcine bulk density that I would expect is considerably lower than recent suggestio 1s
of 8.0 grn/cc (elemental Pu density, not Pu02 density). The maximum density should occur with
spherical particles piled up with their centers alternating such that the lowest points of one layer ar e

slightly lower than the highest points of the layer beneath and the highest points are slightly bigher
than the lowest points of the layer above. As such, the comparison of volumes between a sphere

I(4/3) @i)(R-cubed) and a cube (D-cubed or 8 R-cubed) can’t be made directly. The amount of ove lap
between layers can be read from Table 1-20 on page 1-27 of the 6th edition of The Chemical

I

Engineer’s Handbook (Perry & Green, McGraw-Hill, 1984). That overlap is 0.013 of the sphere’s
volume at both the top and bottom of each layer of spheres. The volume actually occupied by the e
spheres is then

[(4/3 )(pi)/8] + (2)(0,013) = 0.550 of the totaJ volume of space.
~

The theoreticrd density of the crystals of Pu02, not taking interstitial spaces into account, is 11.46
Jgrn/cc (Katz& Seaborg, The Chemistry of the Actinide Elements, Methuen & Company, Ltd., 197,

page 279, Table 7.20). These data yield a theoretically maximum bulk density of Pu02 powder o

/

(0,55)(1 1.46 grn/cc) = 6,30 grn/cc. If the powder crystals are pure Pu02, then the elementaJ Pu d nsity
is (O,882)(6,3 O) = 5.56 grn/cc. Assuming that the listed theoretical density of 11.46 grn/cc is acc rate
for directly denigrated Pu02 and not Pu02 horn some other process, then we should not be able t get
bigher than an elementrd Pu density of 5.56 gnr/cc.

I
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PRODUCT pu DENSITY TRACKING IN THE PROTOTYPE VERTICAL CALCINER

Bulk density of the elemental plutonium in the product Pu02 powder is one parameter that must be
controlled for criticality safety in the prototype vertical calciner. The elemental Pu density in the product
is not the same as the overall powder bulk density, which includes the oxygen content of the PU02 and
any impurities. Tlsis density is measured two ways. Officially, the bulk density of the powder is
requested as an analysis when powder samples are sent to the PFP Analytical Laboratory. The
determination is done’per procedure ZL-51O-335, “Tap Density of Bulk Solids.” The tap derssi~ is a bit
more dense than the bulk density, which means that the actual powder density inside the powder bed is
slightly less than what we calculate from the tap density. Calorimetry of the canned product and the
measured net weight of powder inside the product can are then used to calculate the fraction of powder
that is elemental Pu. This fraction is then multiplied by the overall powder’s bulk density to obtain the
elemental Pu density.

A faster unotlcial method that the calciner working crew can perform while the powder is still inside the
glovebox is also available. A 1O-MLgraduated cylinder is kept in the product handling area of the
calciner glovebox. This cylinder may be partially tilled with powder. The volume and net weight of the
powder are obtained. The overall powder bulk density is calculated from those data. That density is
multiplied by the elemental Pu fraction in the last reported batcb of product to estimate the current
elemental Pu density. This method assumes that the density is changing relatively slowly and is fairly
consistent throughout the powder bed, allowing the working crew to stop before the density limit is
exceeded. If there is any doubt about the elemental Pu fraction in the product, a value of 0.88 is used,
which is the theoretical maximum for perfectly pure PuOZ. The assumption that the density is fairly
consistent throughout the powder bed is believed reasonable due to the mixing that occurs in the bed
during operation.

The latest known elemental Pu density is recorded on the plutonium inventory sheet, which is kept on the
room wall, and in the laboratory notebook to allow tracking. If the limit of 5.5 gm Pu per cc of product is
approached, one of two methods will be implemented to keep from exceedtng the limit. one method is to
stop testing, obtain a new CSER/CPS/Posting with a higher density limit and any corresponding changes
to other limits, then resume testing. This first method could also yield a new CSEIUCPS/Posting that
eliminates the elemental Pu density limit and substitutes entirely different types of limits. The second
method is to begin using “dirtier” feed (i.e., deliberately choose feeds with more impurities or deliberately
add impurities to relatively clean feed) to dilute the Pu in the product powder. The choice between
methods will be made in corrsukation with criticality safety, nuclear safety, and Process Engineering
personnel.
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E. M. Miller, Senior Criticality Specialist
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Fhror-Daniel Northwest Criticality & Shielding
*as

J. A. Compto~ Engineer 11 & OC n e..

Plutonium Process Support Lab
~R~ 15FO0-99-009

From T5-12

Subj PLUTONIUM DIOXIDE NON-DISSOLUTION IN PURE
NITRIC ACID

Date: January 21, 1999
1

Refercmms

1 ARH-2866, Semicontimrous Dissolution of Plutonium Dioxide, J. V. Panesko,
Novembsr, 1974

2 G. S. Barney, Attilc RicMLeId Hanford Company, The Kinetics of Plutonium
Oxide Dissolution in Nitric/Hydrojluoric Acid Mixtures, Journal of Inorganic
Nuclew Chemistry, Pergammon Press, Great Britain, September, 1976

Criticality safety studies for the prototype vertical calciner need to include the possibility that
reasonably pure nitric acid solutions may get mixed with solid plutonium dioxide. The
hydrogen in the water and the nitric acid molecules furrdshes moderation to the neutrons
occurring horn radioactive decay of the plutonium This moderation irrcreeses the chance of au
accidental criticality. Dksolution of the plutonium dioxide, if it occurs, allows the plutonium to
be more d~ersed, possibIy changing the geometry in addnion to the moderation.

The nitric acid solutions to be used in the restart of the prototype vertical calciner will not
dmsolve the plutonium dioxide to any appreciable extent. Many experiments early in the
nuclear iudustry showed that pure nitric acid was a very ineffective soIvent for Pu02. A second
chemical, usually hydrofluoric acid or calcium fluoride, had to be added to form a complex with
the Pu and get it into solution. Heat also increased the speed of dissolution. Even th~ method
has its limits as the free fluoride ion concentration decreases. Reference 1 states that a solution
of 12 M HNOS-0.35 M HI at 90”C did most of its dissolving in the fust 20 minutes. The rate
then decreases rapidly. Reference 2 states that the reason for the decrease in rate is the leas of
fee fluoride ion concentration as that ion gets complexed to make the Pu soluble. Experiments
reported in Reference 2 showed that the dissolution rate drops quickly with both starting
fluoride ion concentration and time. Reference 2 also shows that dissolution rates decrease
rapidly with decreasing nitric acid concentration and with decreasing temperature.

The solutions to Ix used in the prototype calciner restarts will not contain any fluoride ions
above unavoidable impurity levels ia the purchased stock solution. Furthermore, these solutions
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E, M Miller
Page 2

January 21, 1999

will use nitric acid concentrationsthat tue considerablymoredflutethan solutions normally
used for d~solving PUOZ(0.5-1.5M HN03 vs. 10-12NJ). F@ly, these solutionswill be at
room temperature. If large quantitiesof these nitric acid anlutionaget“inixedwith large
quantitiesof PuOz,there will be onlya very small amountof dissolutionthat can occur and it
will occur at extremelyslow rates.

jac
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From T5- 12

.%bj ACTUAL VOLUME DETERMINATION FOR NOMJNAL 4- Date.
LITER NARROW MOUTH POLYBOTTLES

Jauuary 18, 1999

Actual volumes and nominal (advertised) volumes of polyethylene bottles are not identical. For
purpaes of accuracy within criticality safety evaluations, the actual volume of a nominal 4-L
narrow-mouthed polybttle was determined on January 13. An empty 4-L polyhottle was tare
weighed on an electronic balance and the tare weight reset to zero grams. The bottle was then
fdled with tap water to the bottom edge of the narrow mouth section on the top of the bottle.
The Imttle was reweighed with a net weight of 4,147 gmrrrsof water. At 1.00 gmfmL (1.00
k@), the volume for this weight of water is 4.147 L. The volume of the narrow mouth section
that was not filled is no more than 30 ML, so the total volume thk tmttle could contain is just
below 4.20 L. The Plutonium Process Support Laboratories recommend that an actual volume
of4.20 L be used for criticality studies involving use of these bottles.

Volume determinations for 4-L wide-mouthed polybottles or imttIes made of any other
materials were not made and are expected to be different from the volume of a 4-L narrow
mouth polybottle.

jae
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Westinghouse Internal
Hanford Company Mema

From; PFP Analyt~cal Laboratory
Phone:

15400-95-043
373-2211 T5-05

Date: June 6, 1995
Subject: NDA GLOVEBOX186-1

To: C. S. Sutter T5-12

cc: J. A White T5-12
C. R. Stallbaum T5-05
NDA File
E!4C:LB File

On June 5, 1995, glovebox 188-1 was assayed for”residual plutonium content.
This assay was completed by D. L. Sorenson using portable NaI detector 600.
The plutonium value for glovebox 188-1 is 5 grams with a range of 1 to 14
grams.

Should you have any questions regarding this assay, please contact Cheryl
Stallbaum on 373-2562 or myself.

J. Hieb
Team Leader

dl S
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