S Pﬁl}»};‘g%?@\/memesnme DATA TRANSMITTAL eor g"é‘i'zé-g»

2. To: (Receiving Organization) 3. From: (Originating Organization) 4. Related EDT No.:
Plutonium Finishing Plant Criticality and Shielding N/A
5. Proj./Prog./Dept./Div.: 6. Cog. Engr.: 7. Purchase Order No.:
PFP K. E. Hillesland N/A
8. Originator Remarks: 9. Equip./Component No.:
Transmittal of CSER 97-004 evaluating the criticality safety N/A
of operating the PFP Denitration Calciner System in Glovebox [7q System/Bldg. /Facility:
HC-230C-2 in RM 230C. 234-57. PFP
11. Receiver Remarks: 11A. Design Baseline Document? [X] Yes [] No [ 12. Major Assm. Dwg. No.:
N/A
13. Permit/Permit Application
No. :
N/A
14, Required Response Date:
N/A
15. DATA TRANSMITTED (F) (G) (H) (0
Reason Origi- Receiv-
(A @ ) Approval
A N (E) Title or Description of Data 5 for nator er
i (8) D t/D N Sheet R 1 Desig-
N1£:m ocument./Drawing No Nge Ne; Transmitted ne;twogr ;:zggw Eli?gn [s):i?gn
1 HNF-SD-SQA-CSA-529 0 CSER 97-004: PFP S 1.2
Production Denitration
Calciner System
15 KEY
/\pErovu] Designator (F) Reason for Transmittal (G} D\SEOSIUOH {H) & (1)
or NeA 1. Approval 4 Review 1. Approved 4. Reviewed no/comment
K-35 2. Release 5. Post-Review 2 Approved w/coment 5. Reviewed w/comment
3. Information 6. Dist. (Receipt Acknow Regu\red) 3 D\sﬂrovea w/comment & Rece\EL acknow]cdged
SIGNATURE/DISTRIBUTTON
(See Approval Designator for required signatures)
e o (3) Name (k) Signature (L) Date (M) MSIN o B (3) Name (K) Signature (L) Date (M) MSIN
wn ) Qla son isp
1 | Design Authority: GG Bergqmsﬂw 7 -55
1 | Design Agent: AL Ramble/%LW%'
1 ‘ Cog.Eng.: KE HwHesWar@Y{W 4 ga—SS
1 Cog. Mgr.: J Greenbori\_W‘H%—éB
A WA [V 4]
1 | [ safety: SEtmn I SH g/ajygsil
1| 3 7| Tech Review. M mner B 4 (173271 %s
1 Env N/A
18 18 20 21. DOE APPROVAL (if required)
Ctrl. No
K 1l agl ang G & Bergguist J fireepborg [) Approved
{i W 7\[’;’%&7 Mw %kﬂ %—vuvﬁ\ﬂlg 57 | [] Approved w/comments
Eranature of E0T T3t Uthorized Replebentative Date es 1A Ahorit. 7 Tate {1 Disapproved w/comments
Or g ingtor for Receiving Organization Cogmzant Manayer §

BD-7400-172-2 (05/96) GEF097

BD-7400-172-1



HNF-SD-SQA-CSA-529, Rev. 0

CSER 97-004: PFP Production Denitration Calciner
System

Karl E. Hillesland
Fluor Daniel Northwest, Inc., Richland, WA 99352
U.S. Department of Energy Contract DE-AC06-96RL 13200

EDT/ECN: 620298 £2/2 ‘i?m uC: 507
Org Code: 403 Charge Code: E56009
B&R Code: EW7040000 Total Pages: 100

Key Words: Criticality, Calciner, Plutonium

Abstract: The plutonium stabilization program at the Plutonium Finishing Plant (PFP) includes
conversion of acidic plutonium nitrate solution into plutonium oxide. Conversion is facilitated
through use of a vertical calciner installed in Glovebox HC-230C-2, which is located in RM 230C
of this facility. This evaluation supports the Criticality Prevention Specification for the calcining
process inside this glovebox. As the product of the calciner is a high density plutonium oxide, a
number of limits are required to insure criticality safety. The containers allowed are product receiver
vessels and 0.5 ¢ slip lid cans and polyjars. The limits allow for two “unit masses” of 2 { total
volume each, separated by a distance of at least 25.4 ¢m (10 in.). This evaluation allows for
operation of the calciner for product densities not in excess of 5.5 g Pu/cm’.

TRADEMARK DISCLAIMER. Reference herein to any specific commercial product, grocessv or service by trade name,
trademark. manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation
or favoring by the United States Government or any agency thereof or its contractors or subcontractors.

Printed in the United States of America. To obtain copies of this document. contact: Document Contro
Services, P.0. Box 950, Mailstop H6-08, Richland WA 99352, Phone (509) 372-2420; Fax (509) 376-4989.

4//244/% Tlotan b 3/01/sr

Release Approval Date

Approved for Public Release

A-6400-073 (10/95) GEF321



HNF-SD-SQA-CSA-529, Rev. 0

CONTENTS

1.0 INTRODUCTION AND SUMMARY .. ..ottt e 1
2.0 LIMITS AND CONTROLS .. .. e e e 2
3.0 PROCESS DESCRIPTION .. ...t e e e 3
4.0 ANALY SIS .o e 4
4.1 CONCENTRATION AND COMPOSITION OF THE FISSILE MATERIAL .. ... 4
4.1.1 Feed Solution ... ...t e 4

4.1.2 Calcine (PuO,) Product ........ ... ... ... ... 4

413 Mud .o e 5

4.1.4 Precipitated PuSolidsinTanks .................................. 6

4.1.5 Uranium CONeNt .. ...\ttt e 7

42 GLOVEBOX . .. o 7
4.2.1 Calciner Sectionof Glovebox ................................... 7

4.2.2 Waste Sectionof GloveboxX ................coooi i 8

4.2.3 Connecting Section of Glovebox ................................. 9

424 Criticality Drain . ............ ... e 9

4.2.5 Accumulation of Fissile Material on Glovebox Floor ................ 10

4.2.6 Water Flooding of the Glovebox ................................ 10

4.2.7 Feed Solution Flooding of the Glovebox ...................... . ... 11

4.3 VERTICAL CALCINER ... .. i e 12
4.3.1 TheLower Section ... .........oviiiiar i 13

432 The Upper Section ...........coieiiiiiiinii ... 13

4.3.3 Product Collection Tube . .......... ..o, 14

4.3.4 Wetlnsulation ............c. i 15

43.5 Internal Flooding . ...... ..o i e 17

4.4 FEED SYSTEM ... e 18
441 Feed Tanks . . ..ottt e e e 18

4.4.2 Other Feed System Volumes .......................c..ouin. .. 19

4.4.3 Plutonium Concentration in Feed Solution ........................ 19

4.4.4 Double Batch of Plutonium Precipitates .......................... 20

45 SCRUBBER SYSTEM . .. ... 21
4.5.1 Scrubber Tank ......... ... .. 21

4.5.2 Spent Scrubber Receipt Tanks .................................. 21

4.5.3 Phase Separator Tank . ................ ... .. 22

4.5.4 Other Scrubber System Volumes..................... ... ......... 23

4.6 CONTAINERS ... e e e e e 23
4.6.1 WorstCaseUnitMass . ............... i, 23

4.6.2 Unit Attached to Calciner .............c.ouiiiirnrennnunennn... 24

4.6.3 Hands Around Containers ................c..uuiuiinennennnan., 25

4.6.4 Worst Case Position of Second UnitMass ........................ 25

4.6.5 Container Overbatch . ....... ... ... ... ... ... ... ... ... ... 29



HNF-SD-SQA-CSA-529, Rev. 0

4.6.6 Stacking of Containers ... .......c.cineiniinnneineae... 30
4.6.7 Placing a Container on the Lower Insulation . . ..................... 30
5.0 REFERENCES ... ...ttt et e 31
APPENDIX A. INDEPENDENTREVIEW .. ... .. ... i e 33
APPENDIX B. MONK VALIDATION . ...ttt 37

APPENDIX C. WORKBOOK FOR CALCULATION OF MATERIAL COMPOSITIONS .. 40

APPENDIX D. MONKINPUTFILES .. ... . e e 50
ATTACHMENT 1. CORRESPONDENCE CONCERNING FEED SOLUTION
CONCENTRATION ... i e 70
ATTACHMENT 2. CORRESPONDENCE CONCERNING PRODUCT DENSITY
PRODUCEDBY THELAB CALCINER ....... ...t 72
ATTACHMENT 3. PR CANS CONTAINING URANIUM TO BE CALCINED .......... 76
ATTACHMENT 4. PRELIMINARY DRAWINGS ............ .. ... .. . oo 80
Preliminary Drawing A ... .. ... .. . 81
Preliminary Drawing B .. ... ... ... ... ... .. 85
ATTACHMENT 5. HAND MEASUREMENTS TAKEN BY K.E. HILLESLAND AND
RECEIVED FROM J.F. DURNIL BY PHONE, 3/12/97 ........................ 88
ATTACHMENT 6. CORRESPONDENCE CONCERNING MAXIMUM CREDIBLE FEED
SOLUTION SPILL .. ...ttt ittt e e e 91
ATTACHMENT 7. HAND SKETCH OF LOWER INSULATION ON CALCINER ....... 94

ATTACHMENT 8. DIMENSIONS OF FILTERS AS MEASURED BY J.F. DURNIL ..... 96



HNF-SD-SQA-CSA-529, Rev. 0

CSER 97-004: PFP Production Denitration Calciner System

Prepared by: /Ki WM/\/ Date: ?' / 2/%/‘1 7

K. E. Hillesland
Criticality and Shielding

Reviewed by:;j&umaj /ﬁ' %7(1{ b Date,_ B~ 28-77

E. M. Miller
Criticality and Shielding

Approved by:

Date: 3 ]Zci )97

Greenborg, Manager
riticality and Shielding

1.0 INTRODUCTION AND SUMMARY

The plutonium stabilization program at the Plutonium Finishing Plant (PFP) includes
conversion of acidic plutonium nitrate solution into plutonium oxide. Conversion is facilitated
through use of a vertical calciner installed in Glovebox HC-230C-2, which is to be installed in
RM 230C of this facility. This evaluation supports the Criticality Prevention Specification for the

calcining process inside this glovebox.

Two unit masses of 2 { volume each are allowed in the glovebox at a time with 25.4 cm (10
in.) spacing between unit masses. Allowable containers include 1 pound slip lid cans, polyjars, 30
m{ sample jars, and product receiver vessels. Accumulations of fissile material on the glovebox
floor shall not exceed a depth of 0.95 cm (3/8 in.). The basic safety controls are based on a
maximum tap density of calcine product not in excess of 5.5 g Pu/em’. This report does not cover

disassembly of the calciner.
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2.0 LIMITS AND CONTROLS

The calciner may be operated without a mass limit if the tap density of the calcine product
does not exceed 5.5 g Pu/cm?. This density requirement may be met by frequent
measurements of product tap density combined with immediate cessation of feed addition
if a measurement indicates that the product tap density has exceeded 5.5 g Pu/em’.

The fissile concentration of feed solution shall be limited to no more than 450 g/¢ of **Pu
plus *°U. #°U content is included in this determination when uranium enrichment is
above 1.0% *U. Uranium concentration is limited to a maximum of 50 g **U/t of
solution.

All plutonium in the glovebox shall have a minimum **Pu content of 5% by weight of
plutonium, and a maximum **'Pu content of 2% by weight of plutonium.

Accumulations of fissile material on the glovebox floor shall be limited to a depth of no
more than 0.95 cm (3/8 in.). If accumulations of fissile material on the glovebox floor
exceed 0.95 cm (3/8 in.) or there is a spill anywhere besides the floor of the glovebox,
mmediately discontinue adding feed to the calciner and/or glovebox until the limit for
the depth on the glovebox floor has been reestablished and/or the spill has been cleaned

up.

The lower insulation of the calciner shall be maintained free of absorbed fissile solution;
if fissile solution is spilled on the insulation, feed to the calciner shall be discontinued and
the insulation replaced before processing is resumed. A metal shell on the insulation is
required to reduce exposure of the lower insulation to spills and leaks. Water absorbent
insulation is not allowed on the upper portion of the calciner.

The depth of solids and precipitates with density greater than 450 g Pu/¢ is limited to a
total height of 25.4 cm (10 in.) in all tanks in the glovebox. Any solids accumulation in
excess of 25.4 cm shall be investigated immediately for plutonium content. If the solids
are found to exceed the concentration limit, they shall be removed from the tank in
accordance with the approved written plan prior to continuing operations.

Containers allowed in the glovebox are 0.5 ¢ nominal volume containers, product receiver
vessels, and 30 mf sample jars. Limits for containers are specified in terms of 2 ¢ unit
masses. For the purpose of this limit, a product receiver shall be considered 1 ¢.

a) Container unit masses are to be spaced 25.4 cm (10 in.) apart edge to edge.

b) There shall be a 25.4 cm (10 in.) spacing between any unit mass and the calciner
vessel, excepting a single allowable unit mass beneath the bottom plate of the
calciner.

c) There shall be no more than two unit masses allowed in the glovebox at any time.
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d) Stacking of containers is not allowed.

e) Containers may be placed on the glovebox floor, and not on any other horizontal
surface.

) 0.5 ¢ nominal volume containers shall have maximum dimensions no greater than

1 pound slip lid cans (part number 42-1500-300) and polyjars (part number
57-6359-160).

8) There shall be no more than ten clean-up rags (1 ft* area each) in the glovebox at a time.
Only one is allowed adjacent to a given piece of equipment or a given container with
fissile material at a time.

9) The valve on the product drop tube shall be opened only when a product receiver vessel is
in place, or the calciner has been disassembled to insure no significant quantity of product
remains in the calciner.

10) A sheared impeller shaft shall not be withdrawn from the assembied calciner.

11)  The criticality drain in the glovebox shall be maim"ained in a freely-flowable condition.
12)  The glovebox HC-230C-2 shall be seismically qualified.

13)  Firefighting designation for the glovebox is Firefighting Category C.

14)  Feed solution with plutonium concentration above 50 g/f and a temperature below 65
degrees C shall have an acid concentration of at least 0.5 M.

3.0 PROCESS DESCRIPTION

Plutonium nitrate suitable for calcination in the vertical calciner is transferred from the
HC-2278S glovebox through double encased transfer line to a feed receipt tank located in HC-
230C-2, RM 230C. A controlled volume is then gravity fed into the feed pump tank. Once the
feed pump tank contains the appropriate amount of solution, the valve from the feed receipt tank
is closed, and the solution in the feed pump tank is mixed with atomizing air flow into a
preheated bed of PuO, powder in the vertical calciner. The vertical calciner agitates the injected
mixture between external and internal heaters to 1000°C to form plutonium oxide (PuO,).

Off-gases from this process are removed through the top of the calciner by vacuum.
Sintered ceramic filter elements are used to remove any entrained plutonium dioxide powder.
The off-gases are then circulated through a scrubber before leaving the glovebox. Spent scrubber
solution is staged within the glovebox for sampling before removal from the glovebox.
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4.0 ANALYSIS

The sources for all spatial dimensions were in English units. Therefore, the English units
are given as they appear in the respective sources, and the equivalent metric units are given,
rounded to four significant digits. The calculational input files also use English units for
specification of spatial dimensions. All other dimensions are specified in SI units, and were
entered as such in the calculational input files.

Appendix B provides a summary for the documentation (Maklin 1992, Miller 1994a) of
the validation carried out for the MONK6B (UKAEA, 1992) 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
k-effective (k.q) value 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. The estimated standard deviation for all calculations in this analysis was less
than 0.003.

4.1 CONCENTRATION AND COMPOSITION OF THE FISSILE MATERIAL

Mass fractions for many of the following were calculated on an Excel® 5.0 workbook.
The workbook is attached in Appendix C. **°Pu is less reactive than **Pu, where as **'Pu is more
reactive. In this analysis, all plutonium is considered to contain 5% 2**Pu and 2% **'Pu by
weight of plutonium. Therefore, a minimum **°Pu content of 5 wt%, and a maximum **'Pu
content of 2 wt% is specified as a limit on feed to the calciner.

4.1.1 Feed Solution

Feed solution at PFP may vary in plutonium concentration up to the allowable fissile
concentration of 450 g Pu/f in PFP and PUREX solution processes (Attachment 1). At 450 g
Pu/f, the density of plutonium nitrate solution is 1.75 g/cm®, based on a theoretical density of
5.629 g/cm’ for plutonium nitrate. This is the maximum plutonium concentration considered in
this analysis.

4.1.2 Calcine (Pu0,) Product

The maximum expected tap density of the calcine product is 5.0 g Pw/em’, or 5.67 g/cm’®
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 Pwem®. A

'Excel 5.0 is copyrighted by Microsoft Corporation. Microsoft is a registered trademark of
Microsoft Corporation.
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product density of 4.75 g Pu/cm® was reached when it was continuously heated and stirred
without addition of fresh feed solution (Attachment 2).

Calcine product densities of 5.5, 6.0, and 6.5 g Pu/cm’® were used for conservative
evaluation of the calciner. However, operation of the calciner above 5.5 g Pwem® (6.24 g/cm’®
oxide) is not justified by this CSER.

4.1.3 Mud

Water flooding can be caused by earthquake and fire scenarios. Loss of feed solution
containment may be caused by leaks in the feed solution system, including the possibility of a
leak in the line bringing feed solution into the glovebox. In the event that the temperature
interlock on the feed to the calciner fails, feed solution could be injected into a cold calciner.
Each of these events allows for the formation of “mud” by mixing the liquid with the PuO,
product. In this section, it will be shown that complete saturation of maximum density
plutonium oxide with maximum concentration feed solution yields the most reactive mud
composition.

The theoretical density of plutonium oxide is 11.46 g/cm® (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/cm® corresponds to a total PuO, product
density of 6.80 g/cm’. Comparison of this density to the theoretical density for PuO, 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 1 were modelled with the calciner full of mud, the calciner
filters filled with 450 g Pu/f feed solution, and the calciner lower insulation saturated with water.
The floor is covered with 0.9525 cm (3/8 in.) of the same mud as in the calciner, and above it,
4.445 ¢m (1 3/4 in.) of 450 g Pu/¢ feed solution which reaches to the top of the criticality drain.
The scrubber tank and two feed tanks are filled with 140 g Pw/t feed solution above the 25.4 cm
(10 in.) particulates. Two product receiver vessels filled with the same mud as in the calciner
are under the calciner and two 25.4 cm (10 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
for the other cases, and the mud on the floor is saturated with 450 g Pu/¢ solution. As internal
flooding of the calciner is considered an independent event from flooding external to the calciner,
these cases represent two contingencies, resulting in k4 above the allowable in some cases. To
form some of the higher H/Pu ratios, it is necessary to reduce the plutonium oxide density.

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
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sol55n shows that the reactivity drops over 0.020 in k_; when nitrate is included at a total
plutonium density of 5.71 g Pu/cm’.

Table 1 indicates that for product densities up to 6.0 g Pu/cm?, the most reactive mud is

formed from 6.0 g Pu/em® PuQ, fully saturated with 450 g Pu/( solution, forming the material
with the highest plutonium density.

Table 1. Reactivity for Various Forms of “Mud”

Case Product Total Pu Liquid Percent H/Pu | kg Std.
Density Density Saturation Dev.
(g Pu/em® | (g Pu/cm®)
solsp50 5.00 5.23 Pu solution | 100% 2.51 109438 |0.0029
sol55n 5.50 5.71 Pu nitrate | 100% 1.78 | 0.9443 | 0.0029
solsp35 5.50 5.71 Pu solution | 100% 2.07 [ 0.9650 | 0.0029
solsp 6.00 6.18 Pu solution | 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
HPul 6.00 6.00 (none) 0% 0.00 [ 0.8997 | 0.0029
HPu30w 6.00 6.00 Water 49% 0.88 | 0.9254 | 0.0029
HPulO0w | 6.00 6.00 Water 100% 1.80 | 0.9673 [ 0.0029
HPud50w | 4.00 4.00 Water 100% 4.01 | 0.9027 | 0.0029
HPyl200w | 2.00 2.00 Water 100% 10.6 | 0.8486 [ 0.0029

4.1.4 Precipitated Pu Solids in Tanks

Precipitation of plutoniurn solids from nitrate solution is modeled as plutonium nitrate at
2 g Pu/em® mixed with water. This gives a total density of 4.35 g/cm’ based on a theoretical
density of 5.629 g/cm’ for plutonium nitrate, filling the remaining interstitial volume with water.
The 2 g Pu/cm? is considered a reasonable value. In general, the densest precipitate is plutonium
oxide (Miller, 1997a). Plutonium oxide formed from plutonium nitrate at temperatures below
400° C has a bulk density of no more than 2 g PuO,/cm® according to Page II1.C.2-2 of ARH-600
(Carter, 1968).

At 450 g Pu/t of solution in the feed tanks, the 10 { nominal volume can hold 4.5 kg of
plutonium. The plutonium mass for 2 g Pu/cm’ at the allowable 25.4 ¢cm (10 in.) layer of
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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.

4.1.5 Uranium Content

Some of the samples to be calcined contain **U. The Nuclear Criticality Safety Manual
HNF-CM-4-29 Section 5.2.1.4 states that 1 g of *U may be considered equivalent to 1 g of
%Py, In Section 5.2.1.3 of the same chapter, solutions with enrichments of less than 1.0% are
considered exempt from criticality safety control. Therefore, for solutions of enrichment above
1.0%, 1 g of ’U will be considered 1 g of **Pu for purposes of concentration (450 g/t), density
and mass limits. As the equivalence is valid for “small quantities ... associated with plutonium
processing”, the equivalence will be considered valid for solutions with **U content of up to 50 g
*U/. Attachment 3 indicates that no enriched uranium concentrations above this level are
expected. For solutions of greater than 1.0% **U enrichment and greater than 50 g **U7g,
additional analysis will be necessary.

42 GLOVEBOX

Most of glovebox HC-230C-2 was originally constructed for the Fuels and Materials
Examination Facility (FMEF). One portion of the glovebox (hereafter referred to as the “calciner
section”) is primarily used for the actual calcination process. Another section (hereafter referred
to as the “waste section”) is used to process waste scrubber solution. The third section (hereafter
referred to as the “connecting section”) connects the HC-230C-2 glovebox to the HC-3 conveyer
for further processing.

4.2.1 Calciner Section of Glovebox

The derived inner dimensions of the calciner section are 105 cm (41 1/4 in.) x 264 cm
(104 1/4 in.) in the two horizontal directions. These values are based on scaling from a
preliminary drawing (Attachment 4, Drawing A) and hand measurement (Attachment 5). The
height scaled from the preliminary drawing is 180 cm (70 7/8 in.). The basic model for the
calciner section contains the following fissile quantities:

® The calciner is filled with 6.0 g Pwem® dry PuO, product up to the bottom of the dome,
amounting to a total volume of approximately 1.6 {. This section of the calciner is surrounded
by 30.48 cm (12 in.) thick insulation saturated with water.

® Three product receiver vessels are beneath the calciner, and three more are beneath the feed
pump tank, which amounts to two overbatches. Each container is filled with 6.0 g Puw/em®, dry
product, and surrounded by a 2.54 cm thick annulus of water representing hands.
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® There is 2 0.9525 cm (3/8 in.) thick layer of 6.0 g Pu/cm’®, dry product covering the entire
glovebox floor.

® Both feed tanks and the scrubber tank are completely filled with 140 g Pu/f feed solution,
excepting a 25.4 cm layer of 2 g Pu/cm’ precipitate on the bottom of each. Section 4.4.3 shows
that 140 g Pu/{ feed solution is more reactive than 450 g Pu/¢ feed solution. Filling the 20 ¢
scrubber tank with feed solution, which normally would have none, conservatively compensates
for pumps and piping not included in the models.

The walls of the glovebox (0.9525 cm or 3/8 in. thick) are made from lead (0.4763 cm or
3/16 in.) sealed between two layers of steel (Miller, 1997b). The model uses a 30.48 cm (1 ft.)
layer of water on all four sides of this section to represent the bodies of workers. A 30.48 cm (1
ft.) layer of water is placed on the top and bottom of the glovebox as well to bound reflection
from the floor and ceiling. Since steel is an absorber, and the 30.48 cm of water will provide full
reflection, the steel and lead materials of the glovebox itself are excluded from the model. This
model is also conservative in that it includes the water reflector at the side of the calciner section
that would in actuality be shared with the connecting section. The keff + 10 for this system
(case undert3) is 0.8929 + 0.0029. This basic model is modified to construct each specific
contingency case.

Because the calciner section contains the bulk of the fissile material and is modelied with
30.48 cm (1 ft.) thick water reflector on all four sides, top and bottom, analyses of the calciner
section of the glovebox are considered bounding for analysis of the entire glovebox.

4.2.2 Waste Section of Glovebox

The waste section of the glovebox contains solution used for scrubbing of the off-gasses
that come from the calciner. The width of the glovebox (minimum horizontal dimension) is
indicated as 107 cm (42 in.) based on a preliminary drawing with dimensions (Attachment 4,
Drawing B), and scaling from a second preliminary drawing (Attachment 4, Drawing A).
Although it is suspected that the width should be equal to that of the calciner section, the value of
107 cm is considered adequately accurate for this analysis. The height was taken to be the same
as the calciner portion (180 cm or 70 7/8 in.). The model for the waste section includes two
tanks (four cylinders) for storage of spent scrubber solution. These tanks are referred to as spent
scrubber receipt tanks (SSRTs).

The walls of the glovebox are made from lead sealed between two layers of steel. This is
replaced by a 30.48 cm (1 ft) layer of water on all sides of the glovebox used to represent the
bodies of workers as is done for the connecting section (Section 4.2.1). There is also a 30.48 cm
(1 ft) layer of water on the top and bottom to bound reflection from the floor and ceiling. The
water reflector is also present at the side of the calciner section that would in actuality be shared
with the connecting section. The total length of the waste section is modelied as being only
124.5 cm (49 in.). This is conservative in that it brings the water reflector closer to the SSRTs.
As the SSRTs are much larger in volume than the single vent catch tank, and filling the single
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vent catch tank is considered an independent contingency (see Sections 4.4.2 and 4.5.4), analysis
for filled SSRTs is considered bounding for this analysis. Section 4.5.2 discusses the
contingency of abnormally high fissile material content in the SSRTs.

4.2.3 Connecting Section of Glovebox

The connecting section of the glovebox will provide access to one end of the HC-3
conveyer glovebox. Operators will need to move 0.5 { slip-lid cans 1.8 m (6 ft) by hand from the
connecting section of the glovebox to the end of the conveyor to be transported to glovebox
HC-21A for storage in the Hanford Convenience Can (HCC). The phase separation tank is on
the border of this section and the calciner section. It is considered in the calculations of Section
4.5.3 as an extension to the model for the calciner section. The only other potential for the
presence of fissile material is accumulation on the floor and the presence of unit masses.
Therefore, no independent calculations were made for the connecting section. Analysis for the
calciner section of the glovebox should be bounding for the connecting section.

4.2.4 Criticality Drain

There is a vertical, bottom criticality drain located in the floor of the calciner section of
the glovebox to limit the level of liquid accumulation in the entire glovebox. The criticality drain
was measured in the fabrication shop as having a height of approximately 3.65 cm (1 7/16™)
above the glovebox floor, not including the height of the gasket. This value is based on
measurements of two parts of the criticality drain, a portion that was installed at the time, and a
second portion that was measured outside of the box. Consequently, the total height used in this
analysis will be 4.1275 cm (1 5/8") to account for any inaccuracies in measurement. The inside
diameter of the drain was measured in the fabrication shop as being a little under 7.62 ¢m (3 in.).

Although there are a number of weirs on the floor of the glovebox, none are as tall as the
top of the criticality drain. Therefore, the criticality drain will limit the level of liquid in all
portions of the glovebox.

The “Criticality Drain Performance Study” (Lehmkuhl, 1974) shows that for a flow rate
of 14 gallons per minute, there is a head of less than 1.27 cm (1/2 in.) for a 7.62 cm (3 in.)
criticality drain. Since the highest flow rate into a glovebox reported in the “Z-Plant Sprinkler
System Criticality Safety Analysis Report” (Hammelman, 1974) is 6.0 gallons per minute, the
1.27 em (1/2 in.) head is considered bounding for this analysis. Therefore, the maximum height
of liquid accumulation on the bottom of the glovebox is taken as 5.3975 cm (2 1/8 in.). For the
calciner section of the glovebox, this would correspond to a total volume of 149 0.
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4.2.5 Accumulation of Fissile Material on Glovebox Floor

Accumulations of fissile material on the glovebox floor is administratively limited to a
depth of no more than 0.95 cm (3/8 in.). Consequently, all calculations include a 0.9525 cm (3/8
in.) layer of PuQ, on the glovebox floor unless specified otherwise. Table 2 shows the effect of
doubling this thickness to 1.905 cm (3/4 in.) at a product density of 6.0 g Pu/em’. As can be
seen, this contingency results in only a small change in reactivity. Case undert3 is the base case
for the calciner portion of the glovebox as described in Section 4.2.1. Case buildup is the same
case, but with the double batch of material on the glovebox floor. A doubling of accumulation
on the floor results in a small change in k., because the reactivity of the glovebox is primarily
due to the product receiver vessels in this model. This is demonstrated by case bf. Case bf
differs from case buildup, only in that the calciner has been completely filled with product, and
the off-gas filters in the calciner filled with feed sotution. The calculated k. for case bfis
actually lower than case buildup, but within two sigma.

Table 2. Buildup of Material on Glovebox Floor

Case Product on Floor Product Ker Std. Dev.
in Cacliner

undert3 | 09525 3/8in) | 1OL 0.8929 | 0.0029

buildup | 1.905 3/4in) | 0L 0.9081 | 0.0029

bf 1,905 (3/4in) | full 09039 _10.0029

4.2.6 Water Flooding of the Glovebox

Water flooding can be caused by earthquake and fire scenarios. This contingency
considers a worst case flood of the glovebox. This model represents a modification of the model
for the calciner portion of the glovebox as described in Section 4.2.1. In the model for this
contingency, the allowable 0.9525 cm (3/8 in.) layer of product on the glovebox floor is saturated
with 450 g Pu/¢ feed solution without the nitrate. Solution saturation represents an additional
conservatism over water saturation.

All containers on the floor are assumed to be full of PuO, product saturated with 450 g
Pu/t feed solution without nitrate as well. The containers consist of two product receivers
beneath the feed pump tank and two beneath the calciner. There are no water hands around these
containers, as there should be no one operating the calciner during flooding conditions. The
internal space of the calciner section is filled with “mist” and the insulation left dry. The effect
of wet insulation is discussed in Section 4.3.4 and shown in Table 7. The calciner is completely
filled with dry product. All product has a plutonium density of 5.5 g Pu/cm®. Results for the
various mist conditions are shown in Table 3.

10
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The k4 is below the 0.935 allowable for mist densities up to 0.2 g/cm®. Even at 0.5
g/eny’, the k. is 0.9379, which is only slightly over the allowable of 0.935. In either case, the
density is far greater than any expected mist density due to sprinklers or other fire fighting
activities. The system is considered sufficiently subcritical under this contingency.

Table 3. Calculations for Water Flooding of the Glovebox

Case Mist Material | Mist Density (g/cm®) Ko Std. Dev.
nomist (none) (none) 0.7378 | 0.0029
wmp00! | water 0.001 0.7358 | 0.0029
wmp002 | water 0.002 0.7350 | 0.0029
wmp005 | water 0.005 0.7439 | 0.0029
wmp01 water 0.01 0.7385 | 0.0029
wmp02 | water 0.02 0.7404 | 0.0028
wmp05 water 0.05 0.7730 | 0.0029
wmpl water 0.1 0.8112 | 0.0029
wmp2 water 0.2 0.8522 | 0.0029
wmp3 water 0.5 0.9379 | 0.0029
wml water 1.0 0.9912 {0.0029

4.2.7 Feed Solution Flooding of the Glovebox

Loss of feed solution containment may be caused by leaks in the feed solution system,
including the possibility of a leak in the line bringing feed solution into the glovebox. This
model represents a modification of the model used in the previous section for a water flood
contingency (Section 4.2.6). In addition to the allowable 0.9525 cm (3/8 in.) layer of product on
the glovebox floor saturated with feed solution, there is also a layer of feed solution up to the
maximum liquid level allowed by the criticality drain (5.3975 cm or 2 1/8 in.). Therefore, the
buildup of material on the glovebox floor for flooding is as follows:

Top

4.4450 cm (1 3/4 in.) feed solution
0.9525 ¢m (3/8 in.) feed solution mud
Bottom

11
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The layer of solution on the floor amounts to a total volume of 123 ¢ in the calciner
section as modeled. This volume does not include that of the other two sections of the glovebox.
As the total volume of the two feed tanks is nominally 20 ¢ and the total volume of solution in
the feed line coming into the box under extreme circumstances is 54 ¢ (Attachment 6), the
assumed layer of feed solution represents an incredible amount of solution for a feed spill.

Again, nitrate is neglected, adding an additional level of conservatism. The containers
consist of two product receivers beneath the feed pump tank and two beneath the calciner. All
containers are assumed to be full of PuO, product saturated with feed solution. The feed solution
on the floor and saturating the product to form mud is modeled as 450 g Pu/¢ plutonium solution,
thus conservatively neglecting the nitrate. All product has a plutonium density of 5.5 g Pu/cm’,

Because the calciner is hot, there is some chance that feed solution could be flashed to
steam, driving droplets of feed solution into the air. Some droplets may arise from a feed leak,
even for a low pressure pump. Three cases were run in which there is a mist of feed solution
(modeled as plutonium solution, neglecting nitrate) at densities of 0.001 g/em’ to 0.1 g/em’.
However, a mist density of 0.001 g/cm’ is two orders of magnitude greater than flog, clouds, or
rain. Even at this density, the k. for the glovebox is below 0.9. Raising the mist density to the
extremely conservative density of 0.01 g/cm’, the kis still less than the allowable of 0.935.
This shows that as a mist of feed solution increases, k. increases slowly at possible mist
densities. The highest mist concentration considered is 0.1 g/em’, for which the kg is over 1.00.
However, this represents an incredible amount of feed solution (~ 500 kg) in the glovebox.

Table 4. Calculations for Feed Solution Flooding of the Glovebox

Case Mist Density (g/cm®) | ko Std. Dev.
smp00! | 0.001 0.8928 | 0.0029
smp01 0.01 0.9119 |0.0029
smpl 0.1 1.0484 | 0.0029

4.3 VERTICAL CALCINER

The production vertical calciner is virtually identical to the prototype currently in the
188-1 glovebox at PFP. Drawing number H-2-95609 (BWHC, 1997) shows dimensions for this
new production calciner. The outer vessel of the calciner consists of two sections of 310
stainless steel, 6 inch schedule 10 pipe. The dimensions for this pipe as modeled are 16.15 cm
(6.357in.) ID, 16.83 cm (6.625 in.) OD. Details specific to each section of pipe are given
below.
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4.3.1 The Lower Section

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 modelled as
extending up 17.95 cm (7.066 in.) 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 (1 in.) above the top of the dome. Although the product collection tube
will often be filled with product during normal operating conditions, it is considered of negligibie
importance for criticality safety due to its small radius (2.54 cm) and because it only extends up
into the annular region of the calciner where reactivity is lowest. The product collection tube is
not included in the model, except as discussed in Section 4.3.3.

This section is wrapped in a highly water absorbent insulation with approximate
dimensions as given in Attachment 7. Although the thickest portion of the insulation is 15.24 cm
(6 in.), the insulation is modelled as a close-fitting annulus just over 30.48 cm (12 in.) thick
along its entire axial length. This is conservative because the insulation is 10.16 cm (4 in.) thick
and its inner surface is 9.366 cm (3.688 in.) from the outside surface of the calciner vessel along
most of the middle portion of the insulation’s axial length.

Visible inspection for dryness is not possible because the insulation is covered by a metal
cover to prevent liquid contacting the insulation. All calculations will consider water saturation
of the insulation as part of the normal condition as a conservatism (see Section 4.3.4.1 below) to
represent spills of non-fissile solutions and condensation buildup when the calciner is cooled
down. As feed solution is contained within a closed system in the glovebox, a feed solution spill
is considered a contingency. If fissile material is spilled on the insulation, feed to the calciner
shall be discontinued and the insulation replaced before processing is resumed. This contingency
is addressed in Section 4.3.4.2.

4.3.2 The Upper Section

The upper calcining section contains filter elements for filtering particulates from the off-
gasses produced in the calcining process. The filters were modeled based on dimensions from
the model used in CSER 95-005 for the calciner in glovebox 188-1 (Geiger, 1995a and 1995b)
and a third party reference to personal correspondence with L.H. Rodgers, as there were no
drawings made available for these dimensions. These dimensions were used in the base case
model for the calciner section of the glovebox as described in Section 4.2.1. Later hand
measurements of the production calciner filters by J.F. Durnil yielded different internal
dimensions (Attachment 8). A list of dimensions for both filter models is given in Table 5
below. Using the shorter length is conservative since a shorter filter leaves more room for
product in the calciner. The inside dimensions are important only for the case of feed solution
filling the calciner as discussed in Section 4.3.5.

13
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Table 5. Off-Gas Filter Dimensions

Dimension From CSER 95-005 | Measurement by J.F. Durnil
(Geiger, 1995a) (Attachment 8)
Total Length 30.48 cm (12 in.) 30.80 cm (12 1/8 in.)

- modeled as 30.48 cm (12 in.)

Outside Diameter 5.080 cm (2 in.) 5.080 cm (2 in.)

Inside Diameter 2.870cm (1.13mm.) | 3.651 cm (1 7/16 in.)

Bottom Thickness | 3.810 cm (1.51in.) 2.858 cm (1 1/8 in.)

This section is wrapped in metal reflective insulation that does not absorb liquids (see
Appendix B of Geiger, 1995b). The manufacturer supplied drawings show an outside diameter
of 40 em (15.75 in.) and a height of 36.83 cm (14.5 in) for the prototype calciner. These are the
dimensions used for the production calciner, as there was no information available on these
dimensions at the time of the analysis. The insulation was conservatively modeled as being 10%
density 304L steel to accommodate the concentric sheets and narrow strips of sheet metal used to
create many spaces of dead air within the insulation. Later correspondence revealed that the
insulation on the upper insulation contains less mass than modeled. In any case, the amount of
steel modeled is quite small, and would have little effect on reactivity.

4.3.3 Product Collection Tube

A product collection tube is used to feed the final product from the calciner into product
receiver vessels. The outside pipe of the tube is 1 in. sched 10s pipe. 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, and a slot cut into the side of the tube to allow product to flow from the calciner down the
tube into an attached product receiver vessel. The height of the product inside the calciner is
controlled by a weir inside the tube. The flow of product is controlled by a valve attached to the
product collection tube. 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 based on hand measurement in the
fabrication shop (Attachment 5).

If the valve is left open while there is no product receiver in place, material from the
calciner may spill on the glovebox floor. Cases hand and undert3, in Tables 15 and 9
respectively, include an overbatch of containers beneath the calciner amounting to nearly 3 ¢,
each container being surrounded by a one inch water annulus. This should constitute a bounding
evaluation for a spill of material on the floor due to opening the valve on the product collection
tube when no product receiver vessel is in place. Neither case exceeds a k. of 0.91.
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4.3.4 Wet Insulation

In this scenario, the insulation on the bottom portion of the calciner is saturated with
water. As given in Appendix E of CSER 95-005 (Geiger, 1995a) the insulation has 90% void
space by volume.

Appendix B of the addendum to CSER 95-005 (Geiger, 1995b) contains a test that shows
that the “mirror” insulation used in the upper section of the calciner drains at a rate of 25
{/minute, indicating that a fill rate of at least 25 {/minute would be required to cause
accumulation of liquid in the insulation. Consequently, to fill the insulation on the upper section
with water is considered incredible. However, additional water at 0.1 g/cm’ is added to this
volume to bound the amount of water that may cling to the inner and outer surfaces of this
insulation when soaked insulation is considered.

4.3.4.1 Water Soaked Insulation

Two cases were run to show the effect of water completely saturating the lower insulation
under otherwise normal operating conditions. This model represents a modification of the model
for the calciner portion of the glovebox as described in Section 4.2.1. In each case, the product is
dry and has a plutonium density of 6.5 g Pwcm’. The second unit mass is 25.4 cm (10 in.) from
the first unit mass in the direction of the scrubber tank in Section 4.6.4. The model does not
include water annuli to represent hands. The results given in Table 6 indicate little effect on
reactivity due to water saturating the insulation. This rather unexpected result is attributed to the
fact that the fissile material in the calciner is only within a thin annulus. The reactivity level is
primarily due to the interaction of the more solid volumes of plutonium in the tanks and
containers.

Table 6. Water Saturating Insulation

LCase | Lower Insulation Status | k o Std, Dev, |
down_ | dry 0.7606 | 0.0029
wet wet 0.7686 [ 0.0029

An additional case was run to show the effect of saturating the insulation of the calciner
with feed solution under flooding conditions as described in Section 4.2.6. Table 7 shows a
comparison between the worst case credible flooding condition with dry and wet insulation (0.2
g/cm®). As the results are within one sigma of each other, this indicates that adding wet
insulation does not change reactivity appreciably when mist is already present.
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Table 7. Water Saturation of Insulation Under Flood Conditions

Case Insulation Status kIE Std. Dev.
wmp2 | dry 0.8522 | 0.0029
wetp2 | wet 0.8501 | 0.0029

4.3.4.2 Feed Solution Soaked Insulation

The lower insulation on the calciner has a 90 percent void space and absorbs water
rapidly (see Appendix E of Geiger, 1995a). The dimensions of the insulation make it an
unfavorable “container” if saturated with feed solution.

Feed solution is contained within a closed system in the glovebox. Feed solution can
only saturate the lower calciner insulation if a pressurized feed line has a guillotine break. The
break would have to go unnoticed for a sufficient amount of time to allow for significant buildup
of solution in the insulation. Secondly, a required metal casing around the lower insulation will
deflect a stream of feed solution from a pipe break from reaching the insulation.

The feed line entering the glovebox to the first (feed receipt) tank is pressurized. In
addition to the conditions mentioned above, there would have to be a stream of solution directed
at the calciner for a break in this line to cause saturation of the insulation. The pressure would
also need to be sufficient to reach the insulation. That the insulation would actually become
completely saturated with feed solution is considered incredible from a break of this nature.

The only other feed line under pressure is between the feed pump and the calciner. This
line enters the calciner from below after passing through the hole in the center of a metal plate
approximately 71 cm (28 inches) in diameter. This plate provides a second barrier for breaks in
the feed line beneath it.

The pump used for feeding solution into the calciner is an LMI Metering Pump Model
E70, with a maximum output of 4.9 {ph (LMI, 1996). To saturate the lower insulation of the
calciner with 3 { of solution would require that a leak go unnoticed by the operator for 37
minutes, assuming that all the feed solution being pumped at the maximum pump capacity is
absorbed by the insulation. The loss of head because of the elevation change from the pump to
the insulation and the loss of solution to other flow paths would reduce that absorbed by the
insulation below this amount. Furthermore, solution buildup in the insulation at the bottom of
the calciner is not as much a problem from a criticality standpoint as solution buildup near the
top of the lower insulation, where there is a larger cross-section of product. This larger cross-
section of product would only be the result of an abnormal accumulation above the outlet tube.

It is considered incredible that the insulation would be completely saturated with feed
solution. An evaluation is made for saturation of the insulation with a smaller, more credible
amount of feed solution. Cases involving 3 { solution spills from Addendum 1 of CSER 95-005
(Geiger, 1995b) are considered bounding for any credible feed solution leak. In the analysis of
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this addendum, there were four configurations considered. Descriptions and calculated ks for
these configurations are given below. The values given are for 6.5 g Pu/em’ in the Pu0Q, product.

)] The k¢ + 1 o for plutonium nitrate solution saturating an annular shell against the
inner surface of the insulation, with water saturating the remainder of the
insulation was calculated to be 0.8562 + 0.0040.

2) The k4= 1 o for plutonium nitrate solution saturating a slab against the top
surface of the insulation, with water saturating the remainder of the insulation was
calculated to be 0.8496 + 0.0040.

3) The k. + 1 o for plutonium nitrate 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, and with water saturating the
remaining insulation was calculated to be 0.8595 + 0.0043.

4) The k 4+ 1 o for a homogeneous mixture of water and the spilled plutonium
nitrate solution saturating the entire volume of the insulation was calculated to be
0.9328 = 0.0042.

[n all four of these configurations the calculated keff was below 0.935. For a Pu density in the
calcine of 7.0 g/cm?, an incredible density for the calciner and a violation of the density limit,
case 4 exceeds the allowable.

4.3.5 Internal Flooding

The calcine inside the calciner may be turned into “mud” as described in Section 4.1.3 in
the event that the temperature interlock on the vertical calciner fails, allowing the feed pump to
continue to provide fresh solution into the cold calciner. This contingency is considered in
Table 8. The interior of the calciner is completely filled with the most reactive plutonium
solution mud found in Section 4.1.3 surrounded by wet insulation. The model also assumes that
the internal volume of all three filter elements are filled with 450 g Pu/cm? solution. This model
represents a modification of the model for the calciner portion of the glovebox as described in
Section 4.2.1.

The calciner model for calculations in this section does not include the 1.27 ecm (1/2 in.)
steel plate at the bottom of the dome of the calciner, thus maximizing interaction between the
product in the calciner and the product receiver vessels on the floor by neglecting the shielding
mass of the heating element and the feed injection system that is between the calciner and the
product receiver vessels. These cases also include revised internal dimensions for the off-gas
filters as discussed in Section 4.3.2. By expanding the internal dimensions of the filters, the
volume of teed solution inside the filters is increased.
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Two product receivers are located under the calciner, and two under the feed pump tank,
all with water hands surrounding them. All containers are filled with dry calcine, with the
exception of one product receiver vessel considered to have been attached to the bottom of the
calciner at the time of the failure. This product receiver vessel is filled with the same mud as in
the calciner, which has an H/Pu ratio above 2.073. The operator will notice abnormal wetness at
this level, and should stop work until a written recovery plan is in place.

Case int55dv5 includes both containers on the floor of the glovebox, with the mud filled
container attached to the product drop tube. In case int55uv3, the containers are up against the
bottom of the calciner baseplate, even though the presence of hardware such as the feed solution
injection system would disallow this. Also, it is not expected that the operator would detach the
identifiably mud filled jar and move it together with the jar of dry calcine up above the bottom of
the product collection tube as is modeled in case int35uv3. The k gs for both cases are below the
allowable.

Table 8. Internal Flooding for Cases Including the Product Collection Tube

Case Mud Filled Dry Product Ky Std. Dev.
Container Position | Filled Container

int55dv5 | floor floor 0.9298 | 0.0029

int35uv5S | up up 0.9296 | 0.0029

4.4 FEED SYSTEM

The feed system for the calciner is mainly located within the calciner portion of the
glovebox. The calciner portion of the glovebox includes two feed tanks, a flush tank, feed lines,
valves, air supply, and a pump for the feed system. The vent catch tank in the waste section of
the glovebox is used to catch overflow from the feed tanks and the flush tank.

4.4.1 Feed Tanks

Both feed tanks are made from 6 inch Pyrex® pipe. Vendor data (Wittekind, 1997)
indicates an inside diameter of 15.71 cm (6.186 in.) including tolerances. The height of both
tanks is nominally 60.96 cm (24 in.), yielding a total volume capacity of 11.8 £ (721 cu. in.). The
pipe wall is not included in the model. The bottom and top of each tank is a 28.575 cm (11.25
in.) diameter, 1.27 cm (1/2 in.) thick steel flange as measured in the fabrication shop (Attachment
5). There is a second flange on both the top and bottom used to hold the pipe in place, which is
not included in the model.

% Pyrex is a registered trademark of Corning Glass Works
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The feed tanks are positioned such that the vertical center line is 20 cm (8 in.) from the
east wall. This is about 1.27 cm (1/2 in.) further from the wall than hand measurement indicates,
but brings the tanks slightly closer to the calciner. The feed pump tank is modeled as being 109.5
cm (43 1/8 in.) from the south wall, and the feed receipt tank is modeled as being 40.01 cm
(15 3/4 in.) from the south wall, as determined by scaling from a preliminary drawing
(Attachment 4, Drawing A) and confirmation by hand measurement (Attachment 5). The bottom
of the feed pump tank internal volume is 16.51 ¢cm (6 1/2 in.) from the floor as determined by
hand measurement, and the bottom of the internal volume for the feed receipt tank is 83.32 cm
(33 in.) from the floor as determined by scaling from a preliminary drawing and confirmed by
hand measurement.

Calculational models will include a 25.4 cm (10 in.) layer of plutonium precipitate on the
bottom of each tank of fissile material as a normal condition, as this will be the administratively
controlled limit. As the assumed density for this precipitate is 2 g Pu/em’, this represents a total
of 9.8 kg of plutonium. A feed tank has a nominal capacity of 10 ¢, which means that a feed tank
completely filled with 450 g Pu/cm’ feed solution holds a total of 4.5 kg. Furthermore, any
significant buildup of solids on the bottom of the feed tanks will create problems in terms of
clogging the system, requiring shutdown of the calciner operation until the solids are cleared.

4.4.2 Other Feed System Volumes

The waste section of the glovebox contains a vent catch tank, which collects liquid
overflow from the feed system. Since the spent scrubber receipt tanks are modeled as being
filled with feed solution in the calculation for Section 4.5.2, this is considered to bound the
independent contingency of an overflow of a feed tank into the vent catch tank. A contingency
concerning vacuum trap overflow into the vent tank is discussed further in the section on the
scrubber system (Section 4.5.4).

All pumps in the glovebox have negligible holdup volume for the purpose of this
analysis.

There is a flush tank connected to the feed pump that is used to facilitate restart after
unplanned shutdown, and an air supply tank used to atomize feed solution for injection into the
calciner. The flush tank has a nominal capacity of only 4 ¢, the air supply has even less, and
neither will contain fissile material under normal conditions. The off-normal condition of the
scrubber tank filled with feed solution as described in Section 4.5.1, which represents an
independent contingency, will bound any credible buildup of fissile material in these two tanks.
Therefore, neither tank is included in the model.

4.4.3 Plutonium Concentration in Feed Solution

The maximum concentration administratively allowed in plutonium nitrate solutions is
450 g Pu/t. Table II1.A.4(95)-1 of ARH-600 (Carter, 1968) indicates that the concentration of
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minimum critical diameter for a fully reflected infinite cylinder is about 140 g Pu/2. This
corresponds to a plutonium nitrate density of 1.24 g/cm’. Calculations as given in Table 9 show
that the 140 g Pu/¢ concentration is more reactive. This model represents a modification of the
model for the calciner portion of the glovebox as described in Section 4.2.1.

Table 9. Variation in Reactivity as a Function of Feed Solution Concentration

Case Feed Solution | k., Std. Dev.

Concentration

undert3 | 140 g Pu/t 0.8929 [ 0.0029
c450 450 g Pu/{ 0.8841 [ 0.0029

The feed tanks as modeled do not have full reflection. For an unreflected infinite
cylinder, Table [11.A.4(95)-1 of ARH-600 (Carter, 1968) indicates a minimum critical diameter at
about 130 g Pu/f. However, as Table 9 of this section indicates, there would be little effect on
reactivity for variations in concentration of this magnitude.

4.4.4 Double Batch of Plutonium Precipitates

The level of precipitates in the feed solution will effectively be zero under normal
conditions, as the feed solution is mixed to avoid the formation of precipitation, and because the
feed system within the glovebox will not operate due to plugging of the feed system to the
calciner with any significant buildup of solids. As the allowed level of plutonium precipitate in
each tank is 25.4 cm (10 in.), a double batch contingency would be to have a 50.8 cm (20 in.)
layer of precipitate in both the feed pump and feed receipt tanks. The solids level in the scrubber
tank is likewise increased to 50.8 cm (10 in.). As the density for precipitates as modeled is 2 g
Pu/cn’, the total plutonium mass for this level of solids is 19.6 kg for each tank, which is
extremely conservative. To show that reactivity does not increase with a reduction in the level of
plutonium precipitates in the tanks, a case is run with no precipitates. This model represents a
modification of the model for the calciner portion of the glovebox as described in Section 4.2.1.

A doubling of solids in the tanks results in a small change in k. because the reactivity of
the glovebox is primarily due to the product receiver vessels. This is demonstrated by case df.
Case df differs from case double, only in that the calciner has been completely filled with
product, and the off-gas filters in the calciner filled with feed solution. The calculated k., for
case df is actually lower than case double, but within two sigma.
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Table 10. Variation of Plutonium Precipitate Level

Case Precipitate level | Product in Calciner | k¢ Std. Dev.
zero 0 1.6L 0.8871 1 0.0029
undert3 | 254cm(10in) | 1.6L 0.8929 | 0.0029
double |508cm(20in.) | 1.6L 0.8942 | 0.0029
df 50.8cm (20in.) | full 0.8900 [ 0.0029

4.5 SCRUBBER SYSTEM

The scrubber system is not expected to contain more than a token amount of fissile
material (less than 0.01 g Pu/cm’ of solution) under normal operating conditions. However, it is
possible under abnormal conditions for this fissile concentration to be exceeded, although not to
concentrations exceeding that of feed solution.

The bulk of the scrubber solution is contained within the scrubber tank in the calciner
portion of the glovebox, and a set of tanks in the waste portion of the glovebox for storage of
spent scrubber solution until the spent solution is sampled and removed from the glovebox. All
tanks are made from the same 6 inch Pyrex® pipe used for construction of the feed tanks as
described in Section 4.4.1.

4.5.1 Scrubber Tank

The scrubber tank is nominally 122 c¢m (48 in.) tall. The bottom of the scrubber tank
internal volume is modeled as being 35.56 cm (14 in.) from the glovebox floor. Hand
measurement indicates this distance is 34.29 cm (13 1/2 in.) (Attachment 5). However, the 1.27
cm (1/2 in.) difference will have little effect on reactivity.

In the case that the off-gas filters break, fissile concentration of the scrubber solution may
increase, but not beyond the feed solution concentration of 450 g Pu/t. To bound all accident
conditions for a buildup of fissile concentration in the scrubber system, all cases were run with
the scrubber full of feed solution, and a 25.4 cm (10 in.) layer of plutonium precipitate. Table 9
of Section 4.4.3 shows the results for both 140 g Pu/cm® and 450 g Pu/ecm® solution.

4.5.2 Spent Scrubber Receipt Tanks
In the event that an abnormal amount of fissile material makes its way into the scrubber

system, it would not necessarily be detected until it reaches the spent scrubber receipt tanks
(SSRTs), where the solution is tested before removal from the glovebox. Calculations were
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made for the case that all the SSRTs used to contain spent scrubber solution are instead filled
with feed solution and 25.4 cm (10 in.) of Pu solids as described in Section 4.1.4. Since only half
of the tanks are used to receive spent scrubber solution at a time, to fill all tanks with abnormally
high concentrations is considered conservatively bounding. Two container unit masses are
assumed to be in this portion of the glovebox, with one unit mass under each of two cylinders for
the SSRTs. These two unit masses each include an overbatch of one product receiver, for a total
unit mass of 3 { each. Results are given in Table 11 below. The product in the containers is 6.0

g Pu/cm?, which is in excess of the density limit. This bounding case is within allowables.

Table 11. Feed Solution in Spent Scrubber Receipt Tanks

Case | Feed Solution | k. Std. Dev.
Concentration

waste | 140 g Pu/t 0.9009 [ 0.0029

w4350 | 450 g Pu/l 0.8910 [ 0.0029

4.5.3 Phase Separator Tank

The phase separator tank will contain some scrubber solution under normal operating
conditions. The contingency of the phase separator tank filling with scrubber solution with
abnormally high fissile content is considered.

PFD-Z-300-1 (Stubbs, 1997) lists the size of the phase separator tank as being 91.44 cm
(36 in.) tall. It is positioned on the opposite side of the calciner from the scrubber and feed tanks.
Although closer to the calciner than the scrubber tank, it has a smaller volume. One calculation
was made to show that the contingency of a phase separator tank fully loaded with 140 g Pu/¢
feed solution has little effect on reactivity. Table 12 shows a comparison between this case
(phase) and the model it was derived from (case down in Section 4.3.4.1). The calciner
insulation is dry in these cases in order to maximize interaction between the calciner and the
phase separator tank in case phase. Case pf differs from case phase only in that the calciner is
filled with product.

The phase separator was placed in the mode! of the calciner section of the glovebox with
the vertical centerline 7.62 cm (3 in.) beyond the edge of this section. The artificial end of the
calciner section model was moved back 30.48 cm (12 in.) to give room for the phase separator
tank. The tank was also placed 20.32 cm (8 in.) from the west wall, as was done for the other
tanks in the calciner section. Although preliminary drawings indicate that the bottom of the
internal volume of the phase tank would be 70.49 cm (27 3/4 in.) from the glovebox floor, these
same drawings indicate a 60.96 cm (48 in.) tall tank. Therefore, the bottom of the internal
volume was moved down an additional 30.48 cm (12 in.) to be 40.01 cm (15 3/4 in.) from the
floor to accommodate the longer length given in PFD-Z-300-001.
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Table 12. Contribution of Phase Separator Tank to Reactivity

Case | Phase Separator .Product' Kesr Std. Dev.
Wlth Feed Sﬂluﬁ()n n Calc]ner

down | no UL 0.7606 | 0.0029

phase | yes MBI 0.7731 | 0.0029

of  Lves full 0.7885 | 0.0029

4.5.4 Other Scrubber System Volumes

With respect to the scrubber system, two contingencies would be required to fill the
vacuum trap or vent catch tank with liquids with greater than a token amount of fissile material.
The first would be the existence of scrubber solution with more than a token amount of fissile
material concentration. The second would be the overflow of the phase separator tank. The
vacuum trap and vent catch tanks are of much smaller volume than the scrubber tank and the
spent scrubber receipt tanks, which are shown to be critically safe in Section 4.5.2, even when
full of feed solution.

All pumps in the glovebox have negligible holdup volume for the purpose of this
analysis.

4.6 CONTAINERS

There are three types of containers that will be allowed in the glovebox: product receiver
vessels, 0.5 ¢ containers (1 pound slip lid cans and polyjars), and 30 m{ sample jars. A limit
requires that no more than two unit masses of 2 ¢ each be in the glovebox at one time. For the
purpose of this limit, a product receiver vessel is considered 1 £. The worst case position of the
first unit is assumed to be under the calciner. The worst case position of the second unit mass is
determined in Section 4.6.4. The models presented in this section represent modifications of the
model for the calciner portion of the glovebox as described in Section 4.2.1.

4.6.1 Worst Case Unit Mass

The 0.5 ¢ (nominal) containers proposed for use in the HC-230C-2 glovebox are the 1
pound slip lid can (part number 42-1500-300) with the dimensions of 8.89 cm (3.5 in.) OD x
8.89 ¢cm (3.5 in.) height, and the polyjar (part number 57-6359-160) with the dimensions of 8.255
cm (3.25in.) OD x 10.16 cm (4 in.) height. The total internal volume for the 1 pound slip lid can
is 552 m¢, and for the polyjar it is 543 m¢.
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The internal dimensions for the product receiver vessel, which are taken from CSER 95-
005 (Geiger, 1995a), are 4.445 cm (1 3/4 in.) radius x 15.24 cm (6 in.) height. The total internal
volume for the product receiver vessel is 946 m{. This model for the product receiver vessel uses
a flat bottom rather than a rounded bottom, which results in a larger modeled volume than the
actual volume.

Note that the diameter of the product receiver vessel bounds the diameters of both the 1
pound slip lid can and the polyjar. For this reason, a unit mass was modeled as being two
product receiver vessels, thus bounding any normal condition configuration for a unit mass.
Although the contents of two 1 pound slip cans is 15% greater than that of a single product
receiver vessel, two product receiver vessels side-by-side are assumed to be more reactive than
four slip lid cans or a single product receiver vessel adjacent to two slip lid cans. Stacking of
containers is not allowed, and is discussed as a contingency in Section 4.6.6.

4.6.2 Unit Attached to Calciner

It is assumed that the worst case position for one of the unit masses will be right beneath
the calciner. One product receiver vessel may be attached to the bottom of the calciner at any
time. This product receiver vessel is considered part of a unit mass beneath the calciner.

Table 13 shows that leaving the product receiver vessel with the unit mass on the floor is
more reactive than leaving it attached to the calciner product drop tube in the two cases that were
run. The first case (down) positions the product receiver vessel on the floor with the rest of the
unit mass. In the case of up, the containers are up against the bottom of the calciner baseplate,
even though the presence of hardware such as the feed solution injection system would disallow
this. Neither case has water reflectors around the product receivers to represent hands of
workers, and the insulation on the calciner is dry.

The unit mass considered consists of three product receiver vessels, constituting an
overbatch contingency. The second unit mass is 25.4 cm (10 in.) away from the first in the
direction of the scrubber tank. This model represents a modification of the model for the calciner
portion of the glovebox as described in Section 4.2.1, excepting that the insulation on the
calciner is dry, workers’ hands are not included, and the product has a plutonium density of 6.5 g
Pu/cm’®, which is substantially more conservative than the 5.5 g Pu/cm’ limit for the calciner.

Table 13. Position of Product Receiver Vessel on Calciner Product Collection Tube

| Case | Product Position of Containers Under Calciner K Std, Dev
down | 6.5 g Pu/cm’, dry | Both on floor 0.7606 | 0.0029
Lup 6.5 g Pu/em’®. drv | One against bottom of calciner base plate | 0.7453 [ 0.0029
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4.6.3 Hands Around Containers

To study the effects of hands in the glovebox, case wer of Section 4.3.4.1 was modified to
form a case hand by placing a 2.54 cm (1 in.) thick, close fitting annulus of water around every
container. The containers each hold dry 6.5 g Pu/cm’ product, which is substantially more
conservative than the allowed density limit of 5.5 g Pu/cm’® for the calciner. Table 14 shows how
the presence of hands around containers can increase reactivity substantially. However, the
hands as modelled are quite conservative by virtue of their size and number (one for each can).
There are three product receivers in each unit mass, representing an overbatch contingency for
each. The second unit mass was placed 25.4 cm (10 in.) away from the first unit mass towards
the direction of the scrubber tank. The scrubber tank was modeled as being filled with feed
solution as described in Section 4.5.1 above, and the calciner insulation is saturated with water.

Table 14. Effect of Hands Around Containers

LCase ! Hands Present [k Std, Dev

wet no 0.7686 | 0.0029
hand | ves 0.9035 | 0.0029

4.6.4 Worst Case Position of Second Unit Mass

To find the worst case position of the second unit on the glovebox floor, two cases were
run. The first case (hand) considered the second unit 25.4 cm (10 in.) away from the first unit,
which is under the calciner, in the direction of the scrubber tank filled with feed solution. The
scrubber tank could have the largest volume of feed solution of any other tank in the calciner
portion of the glovebox under an accident condition that allows feed solution to flow through the
off-gas filters on the calciner (see Section 4.5.1 above). Other aspects of case hand are discussed
in Section 4.6.3 above.

Case undert is the same as case hand, but the second unit is beneath the feed pump tank.
The bottom of the feed pump tank sits only 6 3/8 in. from the floor, thus bringing the second unit
as close as possible to a tank with feed solution while being on the glovebox floor. Table 15
shows how reactivity increases by positioning the second unit mass under the Feed Pump Tank.
Both cases are for extra dense calcine (6.5 g Pu/em’) and an extra product receiver in every unit
mass, representing multiple contingencies. That one case is just over the allowable shows the
system to have a considerable margin of safety. The results in Table 16 show that the k,; drops
below 0.935 as the number of contingencies is reduced.
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Table 15. Position of Second Unit mass
(Includes Overbatching and 6.5 g Pu/cm’ Product Density)

| Case | Second Unit Position | & Std. Doy,
hand Near scrubber 0.9035 | 0.0029
undert | Under feed pump tank | 0.9354 | 0.0029

Table 16. Second Unit mass Under Feed Pump Tank

Case Product Density | Product Receiver Vessels kegr Std. Dev.
(g Pw/cm?’) Under Feed Tank

undert3 | 6.0 3 0.8929 ] 0.0029

undertd | 6.5 2 0.8808 | 0.0029

Containers can be moved about freely in the glovebox as long as the maximum volume
requirement and the appropriate spacing requirements between unit masses and the calciner are
met. Additional cases were run to show the effect on reactivity when product receipt vessels are
positioned adjacent to the 25.4 cm (10 in.) layer of plutonium precipitate in the feed pump tank.

The base case, undert3, considers three containers underneath the feed pump tank,
representing an overbatch contingency. In case next, one product receiver vessel is moved up
next to the layer of precipitates. In case next2, all three product receiver vessels are grouped
around the Feed Pump tank as shown in Figure 1. In case next3, the three product receiver
vessels are moved up such that two out of three of the product receiver vessels are next to the
feed pump tank, and the third is placed adjacent to both of the first two units as shown in Figure
2. There are hands around all three containers in all the calculations. The results show that
placing the unit mass beneath the feed pump tank, which also places it on top of the assumed
layer of product on the bottom of the glovebox, is the worst case position for this second unit.
This position for the second unit is used in the base model described in Section 4.1.3.
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Table 17. Container Next to 25.4 cm (10 in.) Solids Layer in Feed Pump Tank

LCase | Container Position Kog Std. Dev. |
undert3 | Three containers beneath tank 0.8929 | 0.0029
next One moved next to tank 0.8283 | 0.0029

next2 Second unit wrapped around tank (Figure 1) | 0.8415 | 0.0029
next3 Second unit clustered next to tank (Figure 2) | 0.8424 | 0.0029
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W is water of hands
P is product in containers
5 is Pu solids layer in feed tank
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Figure 1. Product Receiver Vessels Next to Solids in Feed Pump Tank (case next2)
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Figure 2. Product Receiver Vessels Clustered Next to Solids in Feed Pump Tank
(case next3)

W is water of hands
P is product in containers
S is Pu solids layer in feed tank
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4.6.5 Container Overbatch

Case undert3, the base case for the calciner section of the glovebox as described in
Section 4.2.1, includes two unit masses in the worst case positions in the glovebox, each unit
mass consisting of three product receivers. As the maximum allowable unit mass size is 2 ¢ (the
equivalent of two product receivers), this represents two overbatch contingencies. Additionally,
the product is 6.0 g Pu/cm’, representing another contingency of exceeding the product density
limit. All the containers are surrounded by a 2.54 cm annulus of water, representing hands. The
k. ®1 0is 0.8929 + 0.0029, which is below the 0.935 limit for a single contingency.
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4.6.6 Stacking of Containers

This contingency considers a worst case configuration of a unit mass by stacking
containers. The worst case configuration for a unit mass including the contingency of stacking
containers would be to create a stack of 1 pound slip lid cans. A stack of two slip lid cans is 15%
taller than a single product receiver vessel.

Since there is not enough room beneath the feed pump tank to stack two slip lid cans, the
second unit mass in this section is placed 25.4 ¢cm (10 in.) from the first unit mass in the direction
of the scrubber tank. Case stack was developed from case hand (section 4.6.3) to represent
stacked containers by replacing each and every product receiver with a stack of two slip lid cans
with 2.54 cm (1 in.) of close fitting water annuli around each the can. This case includes the
contingencies of exceeding the product density limit of 5.5 g Pu/{ by using 6.5 g Pu/em’, multiple
overbatching (3 ¢ in each unit mass), and multiple stacking. Even under these extreme
conditions, the calculated k + 1 0 is 0.9343 + 0.0029, which is below the criticality safety limit.
A second case was also run in which the calciner was filled with product. However, thek,;+ 1 o
for this case is 0.9315 + 0.0029, which is within one sigma of case stack, indicating that
reactivity is mostly due to the containers on the floor, as would be expected.

4.6.7 Placing a Container on the Lower Insulation

Case onshelf considers a the contingency of a full product receiver vessel placed on top of
the lower insulation. The upper insulation was removed from the model to maximize interaction
between the misplaced can and the fissile material inside the calciner. However, a 2.54 cm (1
in.) spacing between the can and the calciner vessel was used to represent the space taken by the
upper insulation. There is also a 2.54 cm (1 in.) thick annulus of water representing hands. This
arrangement is shown in Figure 3.

This case is a modification of case nomist from Section 4.2.6. As with case nomist, the
calciner is filled with dry product. There are two product receiver vessels beneath the calciner,
and two beneath the feed tank. Off-gas filters are filled with feed solution. There is also a layer
of feed solution up to the level of the criticality drain. Feed solution on the glovebox floor and
filling the off-gas filters with feed solution is not part of this contingency, but represents an
additional conservatism. Additionally, all containers are surrounded by a 2.54 ¢m (1 in.) annulus
of water representing hands, but not directly between the container and the calciner. All product,
which includes the 0.9525 c¢m (3/8 in.) layer on the floor, the product in the containers, and the
product in the calciner, is 6.0 g Pu/cm® and dry. With these contingencies and conservatisms, the
ke ® 1 © for onshelfis 0.9029 + 0.0029, which is below the criticality safety limit.
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APPENDIX A. INDEPENDENT REVIEW
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E. M. Miller of the Criticality and Shielding group carried out an independent, technical
review of CSER 97-004, for which the following comments were provided.

The CSER 97-004 found that the production denitration calciner glovebox has a kg of
about 0.74 in a normal operating configuration with no hands in the glovebox. The k. is this
low because the plutonium oxide product is dry and the feed solution is in geometrically
favorable tanks. Increasing reflection to the calciner, to product receiver containers, or to the 6-
inch tanks can substantially increase the reactivity of the glovebox. ARH-600 shows that for the
plutonium density allowed in the tank solids, 2 g Pu/{, mixed with water in the 6-inch tanks, that
the tanks are substantially subcritical with no reflection, but critical with full reflection even with
5% Pu-240. The nitrate, limited height of solids allowed, the difficulty of getting solids of 2 g
Pu/f, and the difficulty in getting full water reflection make such an arrangement incredible, but
the point is that operators should be aware that the addition of neutron reflecting materials, water
of hands, polyethylene neutron shielding, or dense materials like lead or concrete should not be
placed next to fissile material concentrations such as the feed tanks or product receiver
containers.

The product receiver containers with dry product are safe even with the contingency of
three product receiver containers adjacent with full water reflection. However, if water were to
be added to wet the plutonium product in the product receiver containers, three containers with
water or lead reflection may be critical per curves in ARH-600. Groupings of product receiver
containers represent the largest possible concentration of fissile material in the calciner glovebox.
Great care and thought needs to go into handling these containers.

This CSER has modelled the calciner conservatively. The calciner has a stirrer with a
transition cone between stirring shaft and the top of the stirrer dome. The cone was not included
in the calciner model in this CSER. So in cases of calcine and solution filling the calciner, a full
diameter space above the stirring dome has fissile material where the actual calciner has a
transition cone occupying the center of the space. This is the largest contiguous space for calcine
inside the calciner model. Also, the absorbent lower insulation on the calciner is not as thick as
modeled in the laboratory or production calciner. It is only about 4 inches thick. Because it is
not as thick as modelled, it would not present as great a problem as was found for the thick
models of the insulation when soaked with feed solution or as a reflector when modelled
saturated with water.

The analysis of the calciner glovebox is conservative and shows that there are not any
changes that raise reactivity rapidly. However, several limits need to be monitored and the
results of actions understood. The density of the product needs to be monitored, spills of feed
solution or product other than on the floor need to be cleaned up immediately, and the
introduction of reflectors or moderators is to be prevented. Operators need to recognize that
putting gloved hands around the product receiver containers increases its reactivity so that they
will not circle more than one product container with hands and arms.

All k results were confirmed and three MONK runs were examined in detail and found
to conservatively represent the system being analyzed. The input data for materials and
dimensions were checked and found to be correct or conservative. The glass of the 6-inch tanks
was not included in the glovebox model which is conservative as the boron in the glass is an
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effective neutron absorber. The lack of glass would increase interaction while the effect of
reflection by the glass would not be significant in comparison. The formula worksheets were
checked and the calculation of H/Pu was corrected and revised H/Pu results included in the
CSER. The dimensions of the off-gas filters, lower insulation, criticality drain, and calciner were
revised or had uncertainties, but they were treated conservatively. Although many calculations
were done with incorrect off-gas filter inside diameters, the actual dimensions of the off-gas
filters were used where it would be significant, when the filters were flooded by feed solution.

The review of the CSER found that it covered all credible contingencies and showed that
the system was within allowable limits and that there was sufficient margin of safety to have
contingencies without being easily brought above allowables or to approach criticality. An
example is that the allowable product density is limited to 5.5 g Pu/f, but many of the analyses
used higher densities and the results were within allowables. Although this variable needs to be
monitored carefully, even with this parameter above its limit exceeding the allowable k. requires
flooding the calciner filled with calcine with feed solution and also saturating the surrounding
lower insulation with water. This is an extreme condition that includes the contingencies of a
calciner filled with calcine, flooding the inside of the calciner with feed solution, and saturating
the lower insulation outside the calciner with water.

The technical arguments for qualifying the criticality safety of the calciner glovebox were

found to be sound. The report incorporates suggested changes and expansions made by the
reviewer.
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CHECKLIST FOR INDEPENDENT REVIEW

Document Reviewed: HNF -SD-SQA-CSA-529, Rev. O, CSER 97-004: PFP
Production Denitration Calciner System

Author: Karl E. Hillesland

Yes No N/A

X1 [1 [1 Problem completely defined.

[x1 [1 [] Necessary assumptions explicitly stated and supported.

X1 11 I[1 Computer codes and data files documented.

X1 [1 [1 Data checked for consistency with original source information

as applicable.
X1 [1 [1] Mathematical derivations checked including dimensional
consistency of results.
X1 [1 [] Models appropriate and used within range of validity or use
outside range of established validity justified.
] Hand calculations checked for errors.
] Code run streams correct and consistent with analysis
documentation.
X1 [1 [1 Code output consistent with input and with results reported
in analysis documentation.
X1 [1 [] Acceptability 1imits on analytical results applicable and
supported. Limits checked against sources.
[1] Safety margins consistent with good engineering practices.
[1 Conclusions consistent with analytical results and applicable
Timits.
x1 [1 L1 Results and conclusions address all points required in the
problem statement.

xX] L1
x1 [

[X]
[x1

o
e

X] [1 [1 Have all reasonable accidents been considered?

xX] [] (1 Has low density water (steam) been evaluated as a moderator?
x] [1 [] Is the fuel and other hardware composition correct?

X1 1 [1] Are the cases considered conservative? Too conservative?
x] (1 [1 Do the computer models adequately reflect the actual

geometry? Have cross sectional cuts of the geometry been
made and do they show the desired geometry?

X1 (1 [1 Has the analysis been reviewed by Safety? This may not be
required in a preliminary design.

x] [1 [] Has the reviewer completed the Criticality Safety Course for
Managers and Engineers?
Date completed _5/21/97

Reviewed by: _Edward M, MiVier Chwad . T g Date _5/30/97

NOTE: Any hand calculations, notes, or summaries generated as part of this review should be
signed, dated, and attached to this checklist. Materials should be labeled and recorded so that
it is intelligible to a technically-qualified third party.
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APPENDIX B. MONK VALIDATION
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Validation Procedure

The validation of the method used in the analysis consists of testing the ability of the code
and neutron cross-sections in calculation of known critical configurations, which are various
benchmark experiments with the fissile material in question. Such analyses determine a
calculational bias (the deviation of calculated kg 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,; does not exceed 0.95 at the 95% confidence interval. This is expressed by the
following formula;

1
k Y2 < 0.95 0]

” - bias + (U; + U}

@

=k

calc

where: k.. = k value given by the calculation of the system
bias = mean difference (k,.-1.0) for benchmark criticals
U, = 95% confidence level uncertainty in bias determination
U, = 95% confidence level uncertainty in new calculation.

Thus, the bias-adjusted k.. includes the statistical uncertainties.

Generic Validation of Plutonium Systems

A report by L. L. Macklin and E. M. 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 diluted (9g plutonium per liter) plutonium nitrate solution spheres, and compacts of PuO,
blended with polystyrene. A mean kg value of 1.0047 was determined over the full experimental
range, with an average standard deviation of 0.0097.

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

At least 95% of all critical experiments of this type computed by the MONK6A code will
produce calculated k. values greater than 0.9857 with 95% confidence.

For a standard deviation (o) of 0.01 or less for the convergence of a future calculation
(U, the 0.9857 value is lowered to 0.9855. Rounded conservatively, a value of +0.015 can be
used for [ -bias + (U%-U?%)'”]. On this basis, it is determined that the true k. of an analyzed
configuration with plutonium will not exceed 0.95 with a 95% confidence level if the calculated
value (k ., 0< 0.01) is limited to a maximum of 0.935.

The 95% confidence level on 99.9% of the data is 0.9699. So a subcritical margin of 5%
is 3.5% larger than the uncertainties between the 95.0% and the 99.9% coverage of the
benchmark data.
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Validation of MONK6B
The validation of MONK®6B code on the SUN microcomputer was documented in Miller
(1994a). The essence of the validation was cross-correlation of calculational results obtained
with this code version and computer with results for identical model input done on a CRAY

machine with MONK6A. Also, the equivalence of MONK6A and MONK6B was well
documented by the vendor in the verification package shipped with the software.
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APPENDIX C. WORKBOOK FOR CALCULATION OF MATERIAL COMPOSITIONS
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Plutonium Oxide Composition Worksheet

B ¢ [D] E [ F G H

[ 2 [Fraction Pu241 002l T L ,, . ,
| 3 |Fraction Pu240 . 0.05: _ a o _ o
| 4 |Fraction Pu239 1 093 R N ) ]
|_5_|All atomic weights from CRC ‘Theoretical density of Pu02 4 )
[ 6 |Pu241 | 241.0568] " Theoretical density of PuNOG)4 _ 9'g/cc  ARH-600 |
[ 7 |Pu240 i 240.0538| |Density Puin PuO2 _ .S|glcc |given |
| 8 |Pu239 239.0522| _|Density of Pu02 - glcc  |calculated
| 9 |Total Pu _239.1423] _|Volume fraction occupied o B
1100 ;15 9994| |Remaining volume fraction ~
[11]H 1.0079!  IMass of Pu nitrate in unit volume lg o
| 12 |Pu0O2 271141 1411 Total density glcc
[13[H20 Mass fraction PuO2 ]
{14 N Mass fraction Pu nitrate : 3 . 0.291526| B
[15|Pu(NO3)4 Puin mud o . 6788816lglcc |
| 18 | Density of Pu in Pu(NO3)4 . e . 2.763212|g Pu/cc |

17
[ 18 |Mass fractions . i ) _ I
| 19 |Fraction Pu in PuO2 0.881985 _ Mass of H20 i _ 0.455852|]g |
[ 20 |Fraction Pu jn Pu(NO3)4 | 0.490889  Total density_ ) __| 6891788'g/cc ]
| 21 [Fraction H in H20 0.111894  Water density L - -
| 22 |Fraction O in PuO2 0.118015{ H/Pu_ _ -
[ 23 |Fraction O in H20 ' 0.888106 - _ - o

24 _ __|Mass Pu'in mud (water) N B ) -
[25] o _|Mass Oinmud .
| 26 | Mass H in mud o _ | 0.051007 -
[27] total _ . o - T 6.6091788° o
[28) N o . . .
[29] Mass Pu241 in mud ) o 01 ]
| 30| ‘Mass Pu240 in mud L . 0275 -
| 31| M ssPu239|nmudr o o . 5115

33 T |Mass O in dry Puo2 0735936 T

] L

| 7 |Density Pu in PuG2 _ 2
| 8 |Density of PuO2 . o ] H 35226| 2.267613
[ 8 |Volume fraction occupied by PuO2 at th density 0.593616 0.395744| 0.197872
[ 10 |Remaining volume fraction e 0.406384. 0.60425¢ .802128|

11
[12] L .
[13] .

14
sl _

16

18
[19|Mass of H2O inunitvolume T 7 0.2|_0.604356. 0
{ 20 [Total density . 7.002839| 5139482 3

21
[ 22|HPu B T 0l68485)| 4 1 10.64783]

23

[24|Mass Puin mud (water) o 6! 4 2

[ 25 |Mass O in mud_ |_0.98046 1.071869| 0,979987
{ 26 |Mass H in mud R ._|.0.022379_ 0.067613| 0.089754

27 i
M _ i ,
[29Mass Puzatinmud T oaz 008 0.04

30 [Mass Pu240 in mud e e 0.3; 0.1

31 |Mass Pu238 in mud 5.58| 1.86)
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Plutonium Oxide Composition Worksheet (Formulas)

D] E

Fraction Puz41

Fraclion Pu240

Fraction Pu238

All atomic weights from CRC,
0241

{hi ol bl |
3

1241056845

Pu240 "240,053808

Total Pu
o

Mass fractions
Fraction Py in PLOZ
Fraction Pu in PuNO3)4 _

7 1 Y R A I O

Theoretical density of P02

123905215

[Theorsfical density of FL(NO3}4
Density Pu in Pu02
Gensity of PuC2 _

[Remaining voiume fraction

tal density

ss fraction PuO2

fass fraction Pu nitrate
“Puin mud

Mass of H26 T uni
Total densi

ime fraction occupied by PuO?2 at theoretical density

|ARH-600
ARR-600
given

1]Fraction H'in H20 - B .
2 | Fraction O in PuO2 - -
3| Fraction O in H20
5 | N o ....MassOinmud _ o
5 | _ Mass Hinmud_
7] total " _
| : o i 'Mass PudT in mud N _
i ‘Mass
1] ; " Mass Pu239 in mud B _ X
2
3] | " Mass Oin dry PuO2 =$F88-5C322 | N
1 J K L
|7 _}Density Pu in PuO2 e 6 12 . 1
| 8 |Density of Pu02 —J$7'($C$9+2'$C$10)/3C$9 —K$7'($C$9+2'$C$10)/5C$9 L$7*($C$9+2°$CH10)/$CSY
[ lv c — =K$B/SFS5 _ __ |=LseisFs5_
110 ing volume fractlon =1-K$9 _ . [=t-Lse L
(] - ) .
[z .
[13] ) s
(4] _ .
(5] . o
(6] . :
[1e] o . o
|19 jMass of H20 in unit volume _ 02 =L10
[20 ] Total density 1=J$8+J519 =L§8+L$18
21
[22|H/Pu ‘=(J$19/8C§132)/(J57/5C88) 9/$C$132)/(K$7/$C$9) |=(L$19/5CS13°2)/(L$7/$C$9)
23
z Mass Pu in mud (water) 57 I =L87 .
| 25 [Mass O in mud 22‘!J$19"$C$23 K$3'$C$22+K$1 9'$C$23  =L$8*$C$22+L$19°$C$23
[ 26 |Mass H in mud $19'$C831 K$19°$C$21 19°$C$21
[27] . .
28] i L i
[29 |Mass Pu241 in mud C$2°J824 _=$C$2 =$C§2'L§24
[ 30 |Mass Pu240'in mud T C33°824 C83°K$24 ) =$C$3°L§24 T
31 [Mass Pu239 in mud =$C34'9524 =3C$4"K$24 =$C84'L§24
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Nitrate Composition Worksheet

T 8
|Eracten Fusat

TTheoreticalden

Pu concentration

Pu{NG3)4 concaniration

Volime of Pu nitrate in 17¢¢ of 30 lut]

u
Pu nitrate
20

10 i £u02

‘Fvaclron
‘Fraction N

3
Fraction Puzdl
g niniizaog
Pu2a

i atomic weights from CRC
Pu2d1

Pu240

Puz3g

Total Pu

Fraction O in Pu02

230 il

C$1°35545 €

[=SCs/8Cs 1)
€S8/3CS14
Shoict2
3/5C814

5/SC§14
1

Mass Pu

Nelins ot solativn
[Solution concentra
Total density

Mass Pu
Mags O
Mase N
Mass H

tofal

C2°C6eL3 EFY

43



Plutonium Solution Composition Worksheet

HNF-SD-SQA-CSA-529, Rev. 0

o1

Fraction Puz41
Fraction Pu240’
i

Al afonic weights from CRC
Pudat
Pu240

Totai Pu
[¢]

[Theoretical density of Py’

_[Puconcentration

in Py solution

“Volume of Puin § ce of solution

“Volume of water in 1 cc of solution ec.
_ onirati "0.977238[glct
~_Total density - 1427235 glee

sity of PuO2
Density Pu in PuO2

giver

[ " Mass Pu
[ 15| Mass fractions Mass O B

Fraction Pu in PuOZ 0.109347 B
7] [total
[18|Fraction H in H20' i
[18 |Fraction O in H20 Mass Pu241 -
[20]Fraction © in Pu02
[21} Mass Pu239 -

H/Pu ratio

ARH-60071 T

~Bensity of PuOZ
Volume of PuG2 in 1 o of mud_

Volume of solution in 1 cc of mud

Solution {in mud)
Total density

Mass Pu
Mass O

Mass H

total

M-s- Pu241

i Mm Pu239

HiPu ratio

H7Pu ratio

Mass Puza1

44

solution
remaved

04757877 0.852039!



HNF-SD-SQA-CSA-529, Rev. 0

Plutonium Solution Composition Worksheet (Formulas)
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8

“tion Pu241
tion Pu240
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N
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zlelsfe]siefslele]

T
c
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<

H20

Mass fractions
Fraction Pu in PuG2

Fraction H in H20
Fraction © in H20
Fraction O in PuQ2

“Pu concentration in Pu solution
‘Volums of Pu in 1 c¢ of solution
olutior

Mass Pu
Mass O
Mass H

" Jtotal

" |Mass Pu241
" |Mass Pu240
" |Mass'Pu23g

: H/Pu ratio

Theorstical density of PuQ2
! |Density Pu in PuO?
‘Density of Pqu
volume of

Volume of solulmn in 1 ccof mud

F$26/$C$16
27/5F $25
-$F§28 _

“Solution concentration (in mud) _
ota

‘Mass Pu
0

F$12*3F$28
F$27+3F$30

F526+5F530/ﬁg2:$F$14

F§27°5C$20+ SF$30/SF$12 SF$15
FS30/SFS12°5F 816

UM(F33:F35)

T Mass PuZai ~ TIESCSTUSFSAs.
o lIMassPu2do B _..|=3C82"5F$38
) Mass Pu23 N
H/Pu ratio _
] K T L ™M
[ —__soton_ olion
5| “removed removed
[26] P : s
27| =K$26/5C518 - M$26/5C316
(28] [FKS2715F$25 =M827/5F $25
[30] F$127KS2S - T =sFs12Ms:
{|Total density $27+KS83 __|=Ms27+M530

¥ 1Mass Pu
Mass O
Mass H

Mass Pu241
Mass Pu240
Mass Pu239

S| 5]} &) 6|

42 [P ratio

$26+KSI0SFSI2BFS
$27°$CS20+KSIUISFS12°$E 515

=KSI0/SFS12°SF 516

[SSUMKIIK3S)

=3C3TKS33

$7'KS33
_=(UEB5/5C810)/(J33/5CE8) (K335/$C$10)/(K3/SCSE]

) )} 1$36/5C310)/(M3/$CS8) { }iN3IECn)
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Soaked Lower Insulation Composition Worksheet

alo|alsislalals|sls|als|alolwfwlw|o]wle
K| 2| ofole|N|o|o|aijw|N= (o[ o] a | ¢ &t

Al B | E | F [ 6 [ H
1] Fraction Pu241 . - .
| 2] Fraction Pu240 _ e
| 34 FractonPu239 ]
KR All atomic weights from CRC e .
| 5] Pu241 - Theoretical density of Pu 19.76745|g/cc _ |ARH-600
6 Pu240 . ~ Pu concentration 450|g Pu/l. given
[7] Puz3e o 0.45
{ 8 | Total Pu o __[Pu concentration in Pu solution 0.45 un
| 8| [¢] 5 Volume of Pu_in 1 cc of solution 0.022765
[fo} W . “Volume of water in 1 cc of solution  0.977235|cc _ i
11 |Si X ater concentration 0.977235 glcc
ER ‘AL27 [ 2698154 Total density 1.427235 gicc
[13] W20 18.0152] -
14 o MassPu 0.45]gicc
(15] MASS FRACTIONS _ Mass O 0.867888|g/cc
18] ) IMass H . 0.109347 |gice
[17]  Fraction Hin H20 1 0.111894 “total " 1.427235|glcc
18 Fraction O in H20 . !
K o ‘Mass Pu241 - 0.008° -
[ 20 ] ‘Avogadro from CRC (in 1E24) _ . _.Mass Pu240 o 0.0225
[21] B | Mass Pu239 04185 B
22
23] » H/Pu ratio | 87.65461
[24] _ T -
125 T i !
26 e _The insulation composition is based on Addendum 1
z _ 37 . 1 _monk input, material 4, "soaked insulation”
| 28 | _ “ ] Water must first be removed to find the actual insulation used.
29 _ | The original CSER did not have AL in it, although it does contain
130 : Idry insy |
1] i : - 1 !
[32] ~ _H_in soaked insulation 0.060168 |atoms/barn-cm
~ L Total O in insulati . 0.036967 |atoms/barn-cm
0.006883 |atoms/barn-cm

.000109 atoms/barn-cm

©'0.004443

1.598522

atoms/barn-cm

1.724034

0.37665
0.02025
0.0081

08385

0.098412

. 1.647606

. 0.940952|
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B

Fraction Pu241_
Fraction Pu240
Fraction Pu239
Al atomic weights from CRC

Si
AL27
H20

5 |MASS FRACTIONS

7 |Fraction H in H20
8 |Fraction O in H20

D | Avogadro from CRG (in 1E24)

I

looz
‘008 N
($C$1+8C$2)

5

1240053808

236052157

C83:5CsT

=2"C10/C13
=$C$9/5C$13

|0.60221387

Theoretical den:
“Pu concentration

|Pu concentration in Pu solution
Volume of Puin 1 cc of solution

Mass Pu241

Mass Pu240
Mass Pu239

“HiPu ratio

{The insuiation composition is basad on Add
imonk input, material 4, "soaked insulation’

jWgteﬁrrmys( first be r
iThe origin
“dry insulation.

_Hin soaked instation
“Total O in insutation
0 after water removal
Siin insulation

|AL27 n insulation

" ‘mass
o

8
AL27

TOTAL
Pu239
Pu240

Ipuz41

H
o
si
AL27

TOTAL

R did not have AL in it, aithough it does contain

$3*'SF$14

=($F$16/3C$10)/(0.45/3CE8)

0.060168
0.036967
=F33.F3212

[0.000109
0.004443

=F34*C12/$C$20

=0.8F21
=0.9'F20

=0.1°F41

=SUM(F44:F50)
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Upper Insulation Composition Worksheet

B D | E F G [ H

| 1_|Fraction Pu241 {

| 2 |Fraction Pu240

| 3 |Fraction Pu239 »

| 4 |Alatomic weights from CRC :

| 5§ |Pu241 _ _Theoretical density of Pu 19.76745 g/cc_ |ARH-800
[ 6 |Pu240 Pu concentration ) 450 g Pu/l given_
| 7 |Pu239 R P2 0.45)|g/cc

| 8 ITotalPu 239.1423 Pu concentration in Pu solution gicc

| 9 |0 _ . 1599984 Volume of Pu in 1 cc of solution cc

| 10 |H | 1.0079; ‘Volume of water in 1 cc of solution

[ 11 |Fe 1 . 55.847 Water concentration

j12 jCr . 51.9861 Total density

13 |ni _58.6034] : .

| 14 {H20 18.0152! Mass Pu : 0.45|g/cc 5

|15 | , Mass O i 0.867888|g/cc

[16 |MASS FRACTIONS B Mass H 0.108347|g/cc

17 . total 1.427235 glcc
[[18 |Fraction H in H20 0.111894 i |

119 |Fraction O in H20 0.888106| Mass Pu241 : 0.008

[20] » |Mass Pu240 ' 00225

[ 21 [Avogadro from CRC (in 1E24) | 0.602214, ‘Mass Pu239 . .0.4185]

22
[23] | _H/Pu ratio 57.65461

24

(26 | i . iThe insulation_composition is based on 10% density
[27 ] {304 SST from ARH-600 |

28 |

| -
0.06331 atoms/barn-cm

. 0.01854 atoms/barn-cm
Ni . 0.00651 atoms/barn-cm
i ‘ I

N
)
-
®

)
©
O

|“l

|

)
1Y

)
©
z
>
w
173

' 5.871128!

34 fFe

[35] I cr 1.42809 " i
[36 ] ' i Ni . | 0634482

|37 | | iTotal 7.933701

[32] ! \ |

[39] " IToTAL | ‘

[40] i Pu239 ' 004185

3] ‘Pu240 0.00225 }

[az ] : Pu241 . . o.poos T
[43 | I IH © 0.010935 |
|42 " 1o | 0.0867889]

45 Fe | 0.587113]

[ 48 | Cr 0.142809|

| 47| Ni . 0.063448 i
3 e - ‘
(29 [ToTaL 0.872645 :
[s0] ‘ !

[51] 'WATER VERSION : '

[52] Fe 0.587113 ;
53] cr 0.142809

| 54 ] | iNi + 0.063448 i
| 55 | | H | 0.011189

[56 | . lo 0.088811|

[57] | :

58 TOTAL 0.89337
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Upper Insulation Composition Worksheet (Formulas)

B

T E

l

=

I

o

3|

[

|°"I“|"|"‘

wlwo] ol ] m[a[mofrol sl 2]
MM RENENSEE

N
1

o
5|

&

I

el ww)
a6 8|8k

o
g

|
&|

[alefe[ ool

Fraction Pu241

Fraction Pu240

Fraction Pu239

All atomic weights from CRC
Pu241

Pu240

Pu239

Total Pu

T

Fe
Cr
Ni
H20

MASS FRACTIONS

Fraction H in H2O
Fraction O in H20

Avogadra from CRG (in 1€24)

P e e e o e e PR S P R A R R
ESR ] 4 R b B R ENRA P b E b BN B B e

002
005
=1-($C$1+$C32)

1241056845
240.053808
57

[ [o
[
!

C35+$C52°$CI6+$CH3"SCS7 |

1

"Theoraticai density of Pu
"Pu concentration

|Pu cancentration in Pu saiution
Volume of Pu in 1_cc of solution
[Volume of water in 1 cc of solution
IWater concentration

Total density

‘Mass Pu
‘Mass O
|Mass H

total

Mass Pu241
Mass Pu240
Mass Pu239
[H/Pu ratio

The insufation composition is based on 10% density
'304 SST from ARH-600

Fe
or
N
[roTac

|
'WATER VERSION

=$F$10

=SUM(SFS14:3F$16)

C$1"$F$14
C32:5F514
$3°$F$14

(=($F$16/5C$10)/10.45/5C38)
| e

006331
Jo.01654

000851

=F29*C11/5C$21
SF30C12/8C521
=F31"C13/$C$21
=SUM(F34:F36) _

=0.1"F21
=0.1*F20
=0.1°F19
|=0.1F16
=0.1°F15
=0.1°F34
i=0.1"F35
=0.1'F36

1=0.1°C19

|=SUM(F52:F 56
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APPENDIX D. MONK INPUT FILES
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All monk input and output files are stored in CFS directory /w80395/crit in a UNIX*compressed
and tarred format file called calciner.tar. An input filename is constructed from the case name
followed by a “.inp” extension. An output filename is constructed from a case name followed by
a “.prt” extension. Included in this section are printouts of the more important input files
(undert3, wmp2, int55dv5, waste).

¥UNIX is a trademark licensed exclusively through X\Open Company Ltd. 3y
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undert3.inp

*

* File Name rundert3.inp

* Description FP Production Calciner Glovebox
* Author arl Hillesland

* Date :April 9, 1987

*

* Code :Monk 6B

KRR AR AR KR AR KA KR AR KA A

* product reciever vessel from calciner on floor

* Insulation soaked with water

* Hand around the three product vessels under the calciner
* Second unit is under the feed pump tank

* Calcine is 6 g Pu/cc

T e L L

FISSION

Kk kA Rk R AR KA AR AAE R AR KKK AKX KT IR A XA KRR IR AAA AR R RN
& MATERIAL DATA AND MAIN CONTROL DATA *
F R L L L L
* Material # Material Name Symbol *
& 1 Water Mud P b
* z Pu nitrate N *
* 3 Pu solids 5 *
* 4 Water W *
* 5 304L 4 *
* 6 3108 0 *
* i Lower Insulation L b
& B Upper Insulation u 9
& ] SiC Filter F b
& 10 Solution Mud M wl
8 1 Solution without nitrate X o
N T LTI
* Number of Materials Number of Nuclides

11 12
NUCNAMES

*
* Material 1 - Dry PuO2

WGT 6.802839 PU239 5.58 PU240 0.3 PU241 0.12 O 0.802839
P

* Material 2 - 140 g Pu/L Nitrate solution

WGT 1.234531 ©PU239 0.1302 PU240 0.0070 PU241 0.0028 N 0.0328
0 0.955507 HINH20 0.106225

* Material 3 - Pu solids

WGT  4.350878 PU239 1.86 PU240 0.1 PU241 0.04 N 0.468566
0 1.850877 HINH20 0.030%906

*

* Material 4 - Water

ATOM 1.00 HINH20 2.0 o 1.0

* Material 5 - 304L Stainless from ARH-600

CONC FE 0.06331 CR 0.01654 NI 0.00651

“

* Material 6 - 310 Stainless Steel from Gieger input
CONC C 0.001003 CR 0.022237 NI 0.0155%1 FE 0.048955
*
* Material 7 - Lower Calciner insulation, wet, based on Geiger
CONC HINH20 0.060168 © 0.036967 SI 0.000109 AL27 0.004443
x
* Material 8 ~ Upper Calciner insulation
* (10% density 304L Stainless from ARH-600)
* (10% water density)
WGT 9.89337 FE 0.587113 CR 0.142809 NI 0.06348
HINH20 0.01118% © 0.088811
>
* Material 9 - Filter material taken from Geiger
CONC ¢ 0.047641 ST 0.047641
*

* Material 10 - Solution mud, 450 g/L added to Pu02, without nitrate
WGT 7.382845 PU239 5.750072 PU240 0.309144 PU241 0.123657
0 1.155535 HINH20 0.044437

*

* Material 11 - Feed solution without nitrate, 450 g/L
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WGT 1.427235 PU239 0.4185 PU240 0.0225 PU241 0.008
0 0.867888 HINH20 0.109347

A

INCHES

*

AR KA XA KKK R KA KKK KKK KKK

* Part 1 - Global

B Rk KR K kAN AR AR KK KK AR A KK

NEST 2

@ ORIGIN % Yy z MAT paraml param2 param3
1 BOX P2 104.25 41.25 70.875
2 BOX ORIGIN -1z -12 -1z 4 128.25 65.25 94.875

AE A AR KR AR KA AT A KT KA

* Part 2 - Glovebox internal
Bk Rk kAR A R KKK A KK KK

CLUSTER 12

* ORIGIN X y z MAT paraml param2 param3
* Calciner area - from floor of glovebox to top of calciner
is 47.75 in. - .375" = 47.375"
1 ZROD ORIGIN 20 20,625 0.375 P5 20 47.375
* Feed Pump Tank
2 ZROD ORIGIN 61.125 33.25 6.375 P3 5.625 25
* Feed Reciept Tank
3 ZROD ORIGIN 88.5 33.25 34 P3 5.625 25
* Mess on Floor
4 BOX 1 104.25 41.25 0.375
* Scrubber Tank
% ZROD ORIGIN 56.25 8 13.5 P4 5.625 49
* Product Receipt Vessel of second unit
€ ZROD ORIGIN 61.125 33.25 0.375 1 1.75 6

OVERLAP 3 9 10 11 4
Product Receipt Vessel of second unit

7 ZROD ORIGIN 58.8381 30.6004 0.375 1 1.7 6
OVERLAP 3 G 10 11 5]

* Product Receipt Vessel of second unit

8 ZROD ORIGIN 62.2762 29.9447 0.375 1 1.75 [
OVERLAP 2 9 11 6

* Hand around first vessel of second unit

9 ZROD ORIGIN 61.125 33.25 0.375 4 2.75 [

OVERLAP 5 6 7 8 10 11 1

Hand around second vessel of second unit

10 ZROD ORIGIN 58.8381 30.6004 0.375 4 8,79 6
OVERLAP 4 67911 2

* Hand around third vessel of second unit

11 ZROD ORIGIN 62.2762 29.9447 0.375 4 2.75 6
OVERLAP 5 6 7 8 9 10 3

* Glovebox interior

L2 BOX 0 104.25 41.25 70.875

>

A KKK R K KRR KKK AT A KRR

* Part 3 - Feed Pump Tank

AR A A KR A KR KKK K IR KKK KKK

NEST 4

* ORIGIN X y z MAT paraml param2 param3
* Pu solids

1 ZROD ORIGIN 0 0 0.5 3 3.094 10
* Solution - 140 g Pu/L

2 ZROD ORIGIN 0 0 0.5 2 3.094 24
* Alx

3 ZROD CRIGIN 0 0 0.5 0 5.625 24
* Flanges

4 ZROD 5 5.625 25
>

KRk h KR A KKK KKK A A AR

¥ Part 4 - Scrubber Tank

AA A AR KA KKK AR KRR KRR AR H

NEST 4

g ORIGIN X y z  MAT paraml param2 param3
* Pu solids

1 ZROD ORIGIN 0 0 0.5 3 3.094 10
+ Solution - 140 g Pu/L

2 ZROD ORIGIN o] 0 0.5 2 3.0094 a8
* Alr

3 ZROD ORIGIN ¢ 0 0.5 o] 5.625 48
* Flanges

4 7ZROD 5 5.625 49
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FAE KR KA F kA A F XN KKK A AT KA KKK

* Part 5 - Calciner

B AR KR kA kAR AR KK KR KA XA

CLUSTER 4

& ORIGIN X Yy z MAT paraml paramZ param3
* Containers - from .375 layer to bottom of calciner = 23.875

1 ZROD ORIGIN 0 o] ¢l P6 20 23.875

* Lower Calciner

2 ZROD ORIGIN 0 0 23.875 P7 20 8.5

* Upper Calciner

3 ZROD ORIGIN 0 0 33.375 P8 20 14

© Total extent

4 ZROD 0 20 47.375

"

AEAF AR AEA KKK E AR AT A KR Ak

* Part € - Container area

R e

CLUSTER 7

B ORIGIN 2 vy z MAT paraml param2 param3
* Product Receipt Vessel of first unit

1 ZROD ORIGIN 0 o] 0 1 178 6

OVERLAP 3 4 5 6 4
Product Receipt Vessel of first unit

2 ZROD ORIGIN 1.1512 3.3053 0 1 1.75 6
OVERLAP 3 4 5 6 5

* Product Receipt Vessel of first unit

3 ZROD ORIGIN -2.2869 2.6496 0 1 1,79 6
OVERLAP 3 4 5 6 6

* Hand around first vessel of first unit

4 ZROD ORIGIN 0 0 0 4 2.75 [

OVERLAP 5 12356 1
* Hand around second vessel of first unit
ZROD ORIGIN 1.1512 3.3053 0 4 2.75 [
OVERLAP 5 1 2 3 4 6 2
Hand around third vessel of first unit
ZROD ORIGIN ~-2.2869 2.6496 0 4 2,78 €
OVERLAP 5 1 2 3 4 5 3
* Container area

o

&

7 ZROD 0 20 23.875
*

KR AR AR A AR KKk R KRR A AR A ARRA

* Part 7 - Lower Calciner (External)

KRR AN A KR KR kK AKXk K

NEST 4

* ORIGIN % Yy z MAT paraml param2 param3
* Internal of lower calciner

1 ZROD ORIGIN 0 0 0.5 P9 3.1785 9.0
* Calciner 6" pipe

2 ZROD [ 3.3125 9.5
* Insulation

3 ZROD ORIGIN o] 0 0 7 15.75 9.5
* Outside air

4 ZROD 0 20 9.8

I T T T BT SRR

* Part 8§ - Upper portion of Calciner (External)
E R A AR AR AR KA RFRAAK R AA KKK

NEST 4

* ORIGIN X v z MAT paraml param2 param3
* Internal of upper calciner

. ZROD P12 3.1785 12
* Calciner 6" pipe

2 ZROD 6 3.3125 14
* Insulation

3 ZROD ORIGIN 0 0 0 8 6.3125 14
* Air space above lower insulation

4 ZROD ¢ 20 14
X

R AR AN R KA AR A AR I KRR KA

* part 9 - Lower portion of calciner (internal)
Kok m ARk Ak kR kR Kk ANk R Rk

CLUSTER 3

& ORIGIN 3 Yy z MAT paraml param2 param3
* Below dome

I ZROD P10 3.1785 6.19

* Dome area

2 ZRCD ORIGIN 0 0 6.19 P11 3.1785 2.81

Internal of lower calciner
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3 ZROD 0 3.1785 9

B
B R R e s ]

* Part 10 - Below dome within lower portion of calciner(Internal}
KRR AR R AE AKX A I KA

NEST 3

& ORIGIN X y z MAT paraml paramZ param3
* Calciner internal space of pipe

1 ZROD ORIGIN o] [¢] 0 o 2.13 6.19

* Calciner 4" pipe

2 ZROD ORIGIN Q [¢] 0 & 2.25 6.19

* Calcine

3 ZROD ORIGIN 0 0 0 1 3.1785 6.19

.

Kk AR AR AR KRR AR F AR R A A

* Part 11 - Dome portion in calciner (Internal}

Kk rk kA kAR AR AR R AR R AR A AR

CLUSTER 4

e ORIGIN b3 Y z MAT paraml param2 param3
* fnncr dome

1 SPHERE ORIGIN 0 0 -2.624 0 3.4587

OVERLAP 2 2 4 5

Outer of dome

SPHERE ORIGIN 4] 0 -2.624 6 3.5
OVERLAP 2 1 4 4

* Agitator shaft, starts 1" above top of dome

3 7ZROD ORIGIN 4] 0 1.8347 6 0.5 0.9753
* Empty space

4 ZROD ORIGIN 0 0 0 0 3.1785 2.81

OVERLAP 2 12 6

A

KAk x kR kR E A AR AR KRk Rk kK

* bart 12 - Upper portion of Calciner (Internal)

B R ATk Ak kAR AR AR AR AR AN

CLUSTER 9

ORLIGIN 3 Yy z MAT paraml param2 param3

* Filrer 1

1 ZROD ORIGIN 1.839 0 0 9 1 12
OVERLAP 2 4 5 2

+ Filter 2

2 ZROD ORIGIN -1.839 0 0 9 1 12
OVERLRP 2 4 6 3

* Filrer 3

3 ZROD ORIGIN 0 1.839 0 9 1 12
OVERLAP 2 4 7 4

* Steel Around tops of filters

4 ZROD ORIGIN 0 0 11 6 3.1785 1
OVERLAP & 1 23567 1

* Solution in filter 1

5 ZROD ORIGIN 1.839%9 0 1.5 0 0.565 10.5
OVERLAP 2 1 4 5

* Solution in filter 2

6 ZROD ORIGIN -1.839 0 1.5 ¢l 0.565 10.5
OVERLAP 2 2 4 6

* Solution in filter 3

7 ZROD ORIGIN 0 1.839 1.5 0 0.565 10.5
OVERLAP 2 3 4 7

* Agitator shaft

8 ZROD 6 0.5 11

* Internal of upper calciner (container)

9 ZROL ORIGIN 0 0 0 0 3.1785 12

KA KR Ak A xRk Wk Rk >

UNIT 4

KR KR AR ARk A Kk x

+

*

* Superhistory option using 10 generation per superhistory

* and nu multiplication factor = 1.0

SUPERHIST 10 1.0

* First stage Last stage N per stage time Std dev. Source
- 100 500 240 STDV .003 -1

*
* Starting source
MULTIFISS

STD

REGION 2 IN PART 2 /
REGION 3 IN PART 2 /
REGION 4 IN PART 2 /
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REGION 5 IN PART 2 /
REGION 6 IN PART 2 /
REGION 7 IN PART 2 /
REGION 8 IN PART 2 /
REGION 1 IN PART 6 /
REGION 2 IN PART 6 /
REGION 3 IN PART 6 /
REGION 3 IN PART 10 /
END

ZODE 11

PNSW40LUFMX

“ Top left corner Top right corner Bottom left corner

v z x Y z X y z
through feed tanks
-12 33.25 82.875 116.25 33.25 82.875 -12 33.25 -12

* down center of calciner

0 20.625 48 40 20.625 48 0 20.625 0
* close-up on dome

15 20.625 33.75 25 20.625 33.75 15 20.625 24.25
* x-z through scrubber
-12 8 82.875 116.25 8 82.875 -12 8 -12
* x-y for cans

0 41.25 0.5 70 41.25 0.5 0 0 0.5
* wx-y for cans

10 30 0.5 30 30 .5 10 10 ®.5
END
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wmp2.inp

.

* File Name twmp2. inp

* Description :PFP Production Calciner Glovebox
* Author arl Hillesland

¥ Date :April 25, 1997

x

CSER 97-004

* Code :Monk 6B

Kk r Ak AR Rk A AR XA R KRR A KA K
Product reciever vessel from calciner on floor
Second unit is under the feed pump tank
Calcine is 5.5 g Pu/cc
External water spill
10" solids
Two cans in each unit

Entire glovebox interior covered inm 0.2 g/cc water mist
L R T

*

x

*

x

x

*

*

“

*

FISS5ION

AR KA E AKX R KA E AR KRR R AR KA AR AR HR R XR AR Ak H Ak k3 Ak
. MATERIAL DATA AND MAIN CONTROL DATA *
Br R AR AR KA KKK KA KK E KA KKK KA ARRAR KRNI AR A AR A AR kK
* Material # Material Name Symbol *
i H Water Mud

* Pu nitrate
* Pu solids
& Water
* 304L
* 3108
* Lower Insulation
* ) Upper Insulation
f

PN

oy

9 SiC Filter
- i0 Solution Mud

1 Solution without nitrate
- 2 Mist
L L T T R R e R iR Lt d
¢ Number of Materials Number of Nuclides
12

PXREMAODO® D WY

*
*
*
*
*
*
*
*
*
*
*
*
*

NUCNAMES
x

* Material 1 - Dry Pu02
WGT  6.235936 PU239 5.225 PU240 0.275 PU241 0.11 O 0.735936

* Material 2 - 140 g Pu/L Nitrate solution

WGT  1.234531 PU23%9 0.1302 PUZ40 0.0070 PU241 0.0028 N 0.0328
0 0.955507 HINH20 0.106225

*

* Material 3 - Pu solids

WGT 4.350878 PU239 1.86 PU240 0.1 PU241 0.04 N 0.468566
0 1.850977 HINH20 0.030906

*

* Material 4 - Water

ATOM 1.00 HINH20 2.0 0 1.0

*

* Material 5 - 304L Stainless from ARH-600

CONC FE 0.06331 CR 0.01654 NI 0.00651

* Material €& - 310 Stainless Steel from Gieger input
CONC ¢ 0.001003 CR 0.022237 NI 0.015591 FE 0.048955

* Material 7 - Lower Calciner insulation, dry, based on Geiger
CONC O 0.006883 SI 0.000109 AL27 0.004443
x

* Material 8 - Upper Calciner insulation
* (10: density 304L Stainless from ARH-600)
ZONC FE 0.006331 CR 0.001654 NI 0.000651

*
* Material 9 - Filter material taken from Geiger
CONC  C 0.047641 SI 0.047641
«
* Material 10 - Solution mud, 450 g/L added to Pu02, without nitrate
* Calcine is 5.5 g Pu/cc
WGT  6.886544 PU239 5.305774 PU240 0.285257 PU241 0.114103

O 1.131564 HINH20 0.049846
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* Material 11 - Feed solution without nitrate, 450 g/L

WGT 1.427235 PU239 0.4185 PU240 0.0225 PU241 0.009
© 0.867888 HINH20 0.109347

* Material 12 - Water mist

ATOM 0.2 HINH20 2.0 O 1.0

INCHES

B N T e T o

* Part 1 - Global

AKKK KKK KA KK KK KKKk Kk XA

NEST 2

* ORIGIN % Vi z MAT paraml param2 param3
1 BOX P2 104.25 41.25 70.875
2 BOX ORIGIN =12 -12 =12 4 128.25 65.25 94.875

*
Kh AR A KR A IR KRR KRR AT A

* Part 2 - Glovebox internal
B R P

CLUSTER 8

& ORIGIN X Yy z MAT paraml param2 param3
* Calciner area - from floor of glovebox to top of calciner

* is 47.75 in. - .375" = 47.375"

1 ZROD ORIGIN 20 20.625 0.375 P5 20 47.375

* Feed Pump Tank

2 ZROD ORIGIN €1.125 33.25 6.375 P3 5.625 25

* Feed Reciept Tank

3 ZROD QRIGIN 88.5 33.25 34 P3 5.625 25

* Mess on Floor

4 BCX 10 104.25 41.25 0.375
* Scrubber Tank

5 ZROD ORIGIN 56.25 8 13,8 P4 5.625 49

* Product Receipt Vessel of second unit

& ZROD CRIGIN 61.125 33.25 0.375 10 1.75 6

* Product Receipt Vessel of second unit

7 ZROD ORIGIN 58.8381 30.6004 0.375 10 1.75 6

* Glovebox interior

8 BOX 12 104.25 41.25 70.875

A
AR KR A E R AR E AR KRR AR AR KA KK KK

* Part 3 - Feed Pump Tank
Kr AR AR AR F XK A AR AER AR AR

NEST 4

& ORIGIN X Yy z MAT paraml param2 param3
* Pu solids

L ZROD ORIGIN 0 0 0.5 3 3.094 10
* Solution - 140 g Pu/L

2 ZROD ORIGIN 0 0 0.5 2 3.0094 24
* Bir

3 ZROD ORIGIN 0 0 0.5 12 5.625 24
* Flanges

4 ZROD 5 5.625 25
*

KRR AR R KRk XK KKk AR E Ak

x

Part 4 - Scrubber Tank

AR Ak kAR KR A KRR S KRR K Ik K

NEST 4

& ORIGIN X y z MAT paraml param2 param3
* Pu solids

1 ZROD ORIGIN 0 0 0.5 3 3.094 10

= Solution - 140 g Pu/L

2 ZROD CRIGIN 0 0 0.5 2 3.0%4 48

* Air

3 ZRCD ORIGIN 0 0 0.5 12 5.625 48

* Flanges

4 ZRCD 5 5.625 49

Mk KR A EA KRR Ak KKk Rk F ARk

* Part 5 - Calciner

KRR KK KRR KKK Rk Rk xR Xk

CLUSTER 4

- ORIGIN X y z MAT paraml param2 param3
* Containers - from .375 layer to bottom of calciner = 23.875

1 ZROD ORIGIN 0 ¢] 0 P& 20 23.875

* Lower Calciner

2 ZROD ORIGIN 0 0 23.875 P7 20 9.5
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* Part & - Container area
KRN AR kA kAR AR AR AR A AR

CLUS'TER 3
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* Upper Calciner

3 ZROD ORIGIN ] 0 33.375 P8 20 14
* Total extent

4 ZROD 0 20 47.375
«

* ORIGIN x y z MAT paraml param2 param3
* Product Receipt Vessel of first unit

1 ZROD ORTGIN 0 10 1.75 6
* Product Receipt Vessel of first unit

2 ZROD ORIGIN 1.1512 3.3053 0 10 1.75 6
* Container area

3 ZROD 12 20 23.875
4

S R R R L

* Part 7 - Lower Calciner (External)

AR AR xR R EAE AR AR AR AR

NEST 4

@ ORIGIN % z MAT paraml param2 param3
* Internal of lower calciner

1 ZROD ORIGIN 5 P9 3.1785 9.0
* Calciner €" pipe

2 ZROD [ 3.3125 9.5
* Insulation

3 ZROD ORIGIN 0 Q 0 7 15.75 9.5
* Outside air

1 ZROD 12 20 9.8
>

KA AR AR AR AR AR AR AR KA AR

* Part B8 - Upper portion of Calciner (External)
T L L T T SN

NEST 4

8 ORIGIN x y z MAT paraml param2 param3
* Internal of upper calciner

1 ZROD P12 3.1785 12
* Calciner 6" pipe

2 ZROD 6 3.3125 14
* Insulation

3 ZROD ORIGIN 0] 0 o 8 6.3125 14
* Air space above lower insulation

4 ZROD 12 20 14
«

KA KA H kAR kA kR kAR A AR AR

* Part 9 - Lower portion of calciner (internal)

I R S T T TG

CLUSTER 3

3 ORIGIN x y z MAT paraml param2 param3
* Below dome

L ZROD P10 3.1785 6.19
* Dome area

2 ZROD ORIGIN 0 0 6.19 P11 3.1785 2.81
* Internal of lower calciner

3 ZROD o] 3.1785 9

AR ARk A KA KKK KR AR AR

* Part 10 - Below dome within lower portion of calciner (Internal)
B AR AR R K E K KA KA KK A E AKXk

NEST 3

@ ORIGIN X vy z MAT paraml param2 param3
* Calciner internal space of pipe

1 ZROD ORIGIN ] 0 12 2.13 6.19

* Calciner 4" pipe

2 ZROD ORIGIN 0 ] 0 6 2,28 6.19

* Calcine

3 ZROD ORIGIN 0 ] 0 1 3.1785 6.19

A AR AR R TR KA R KR AR A KR A

* Part 11
R KR KRR AR KKK KA TR KA

CLUSTER 4

* ORIGIN % y
* Inner dome
1 SPHERE ORIGIN 0

OVERLAP 2 2 4
* OGuter of dome

- Dome portion in calciner

0 -2.624 12

(Internal)

z MAT paraml paramZ param3

3.4587
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2 SPHERE ORIGIN 0 0 -2.624 [ 3.5
OVERLAP 2 1 4 4

* Agitator Shaft, starts 1" above top of dome

3 ZROD ORIGIN 0 0 1.8347 6 0.5 0.9753

* Empty space filled with wet calcine

4 ZROD ORIGIN 0 0 0 1 3.1785 2.81

OVERLAP 2 12 6

*

B T T T

* Part 12 - Upper portion of Calciner (Internal)

T

CLUSTER 9

* ORTGIN X y z MAT paraml param2 param3

* Filrer 1

1 ZROD ORIGIN 1,839 0 0 9 1 12
OVERLAP 2 4 5 2

* Filter 2

2 ZROD ORIGIN -1.839 o] 0 9 1 12
OVERLAP 2 4 6 3

* Filter 3

3 7ZROD ORIGIN 0 1.83% ¢) 9 1 12
QVERLAP 2 4 7 4

* Steel Around tops of filters

4 ZROD ORIGIN o o] 11 6 3.1785 1
OVERLAP 6 12 356 7 1

* Solution in filter 1

5 ZROD ORIGIN 1.839 0 1.5 ¢ 0.565 10.5
OVERLAP 2 1 4 5

* Solution in filter 2

6 ZROD ORIGIN -1.839 0 1.8 0 0.565 10.5
OVERLEP 2 2 4 §

* Solution in filter 3

7 7ZROD ORIGIN 0 1.839 1.8 0 0.565 10.5
OVERLAP 2 3 4 7

* Agitator shaft

8 7ROD 6 0.5 11

* Internal of upper calciner (container

9 ZROD ORIGIN 0 [¢] 0 1 3.1785 12

KRR R KRR XK KRk Kk

* UNIT 4

KRR R R AR KR KRk KR

»

* Superhistory option using 10 generation per superhistory

* and nu multiplication factor = 1.0

SUPERHIST 10 1.0

* First stage Last stage N per stage time 5td dev. Source

-3 100 500 240 STDV .003 =i

*

* Starting source

MULTIFISS

5TD

REGION 2 IN PART 2 /

REGION 3 IN PART 2 /

REGION 4 IN PART 2 /

REGION &5 IN PART 2 /

REGION & IN PART 2 /

REGION 7 IN PART 2 /

REGION 1 IN PART 6 /

REGION 2 IN PART 6 /

REGION 3 IN PART 10 /

REGION 4 IN PART 11 /

REGION 9 TN PART 12 /

END

CODE 12

PNSWA0OLUFMXA

*

*

HNF-SD-SQA-CSA-529, Rev. 0

Top left corner
®

Top right corner
Yy z X y z
through feed tanks

2=

-12 33.25 82.875 116.25 33.25 82.875
down center of calciner
0 20.625 48 40 20.625 48
close~-up on dome

15 20.625 33.75 25 20.625 33.75

: through scrubber

-12 & 82.875 116.25 8 82.875
x-y for cans
0 41.25 0.5 70 41.25 0.5

Bottom left corner

b3 y z
=12 33.25 -12
0 20.625 0

15 20.625 24.25
-12 8 -12

o) 0 0.5
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* x-y for cans
10 30 0.5 30 30 0.5 10 10 0.5
END
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int55dvS.inp

&

* File Name :int55dvS.inp

* Description :PFP Production Calciner Glovebox
* Author :Karl Hillesland
* Date :April 30, 1997
&

* CSER 97-004

*

* Code :Monk 6B

SRk R AR AR KAk KRR Xk KA KK A KK KA

-

Product reciever vessels on floor

* Insulation socaked with water

* Hand around the product vessels

* Second unit is under the feed pump tank
* Caleine is 5.5 g Pu/cc

* Mud inside calciner, nitrate included

* 20" solids

* Two cans in each unit

EAR A AR A KKK R AR R RA AR I A AR

FISSLON
TR R A K AR E AR A KR AN E AR AR AR KA A KA AR R KA A KA KAk kA kA x
@ MATERTAL DATA AND MAIN CONTROL DATA *
B R T R R L T L O
* Material # Material Name Symbol *
* 1 Water Mud P *
* 2 Pu nitrate N *
* 3 Pu solids s *
* 4 Water w *
* 5 304L 4 @
* € 3108 0 *
* 7 Lower Insulation L *
& 8 Upper Insulation u @
* 9 5iC Filter F *
* 10 Solution Mud M *
* 11 Solution without nitrate X *
B O
* Number of Materials Number of Nuclides

12
NUCNAMES
&

* Material 1 - Dry Pu02
WCT  6.235936 PU239 5.115 PU240 0.275 PU241 0.11 O 0.735936
*

* Material 2 - 140 g Pu/L Nitrate solution

WGT 1.234531 PU239 0.1302 PU240 0.0070 PU241 0.0028 N 0.0328

O 0.955507 HINH20 0.106225
>
* Material 3 -~ Pu solids
WGT 4.350878 PU239 1.86 PU240 0.1 PU241 0.04 N 0.468566
0 1.850977 HINH20 0.030%06
+
* Material 4 - Water
ATOM 1.00 HINH2C 2.0 o 1.0
* Material 5 - 304L Stainless from ARH-600
CONC FE 0.06331 CR 0.01654 NI 0.00651
*

* Material 6 - 310 Stainless Steel from Gieger input

CONC C 0.001003 CR 0.022237 NI 0.015531 FE 0.048955

*

* Material 7 - Lower Calciner insulation, wet, based on Geiger
CONC HINH20 0.060168 O 0.036967 SI 0.000109 AL27 0.004443
*

* Material 8 - Upper Calciner insulation

* (10% density 304L Stainless from ARH-600}

* (10% water density}

WGT 0.89337 FE 0.587113 CR 0.142809 NI 0.06348

HINH20 0.011189 O 0.088811

* Material 9 - Filter material taken from Geiger
CONC C 0.047641 SI 0.047641

+

* Material 10 - Solution mud, 450 g/L added to Pu02, with nitrate

e Calcine is 5.5 g Pu/cc
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WGT 7.035432 PU239 5.305774 PU240 0.285257 PU241 0.114103
0 1.239539 HINH20 0.042701 N 0.048059

*

* Material 11 - Feed solution without nitrate, 450 g/L

WGT  1.427235 PU239 0.4185 PU240 0.0225 PU241 0.009
O 0.867888 HINH20 0.109347

INCHES

x

R A LA L R R R a s

* Part 1 - Global

AAE KA KK I AR A AR KR T AR ATk

NEST 2

* ORIGIN x Yy z MAT paraml param2 param3
1 BOX P2 104.25 41.25 70.875
2 BOX ORIGIN -12 ~12 -12 4 128.25 65.25 94.875

¥
TRk A R kKA Rk R kA A
* Part 2 - Glovebox internal
AR AR AT AT KE A KRR

CLUSTER 10

* ORIGIN ® Yy z MAT paraml param? param3
* Calciner area - from floor of glovebox to top of calciner

& is 47.75 in. - .375" = 47.375"

1 ZROD ORIGIN 20 20.625 0.375 P5 20 47.375

* Feed Pump Tank

2 ZROD ORIGIN 61.125 33.25 6.375 P3 5.625 25

* Feed Reciept Tank

3 ZROD ORIGIN 88.5 33.25 34 P3 5.625 25

* Mess on Floor

4 BOX 1 104.25 41.25 0.375
* Scrubber Tank

5 ZRCD ORIGIN 56.25 8 13.5 P4 5.625 49

* Preduct Receipt Vessel of second unit

6 ZROD ORIGIN 61.125 33.25 0.375 1 1.75 6

OVERLAP 2 8 9 7

* Product Receipt Vessel of second unit

7 ZROD ORIGIN 58.8381 30.6004 0.375 1 1.75 6
OVERLAP 2 8 9 6

* Hand around first vessel of second unit

8 ZROD ORIGIN 61.125 33.25 0.375 4 2.75 6
OVERLAP 3 6 7 9 3

* Hand around second vessel of second unit

9 ZROD ORIGIN 58.8381 30.6004 0.375 4 2.75 6
OVERLAP 3 6 7 8 4

* Glovebox interior

1C BOX 0 104.25 41.25 70.875

*

KE AR Ak KA Kk KA KK kKA KRR

* Part 3 - Feed Pump Tank

A EE AR AR AR AR A R R KA A KA A K

NEST 4

2 ORIGIN % 3% z  MAT paraml param2 param3
* Pu solids

1 ZROD ORIGIN 0 0 0.8 3 3.094 20

* Solution - 140 g Pu/L

2 ZROD ORIGIN 0 0 0.5 2 3.094 24

* Air

3 ZROD CRIGIN 0 o 0.5 0 5.625 24

* Flanges

4 ZROD 5] 5.625 25

*
EE kKA KA KR A AR R A A KA TR Kk

* Part 4 - Scrubber Tank
KRK KA KR AR AR KA AR R AR AR A

NEST 4

4 ORTGIN b3 y z MAT paraml param2 param3
* Pu solids

1 ZROD ORIGIN 0 0 0.5 3 3.094 20
* Solution - 140 g Pu/L

2 ZROD ORTIGIN 0 0 0.5 2 3.094 48
T Air

3 ZROD ORIGIN 0 0 0.5 0 5.625 48
* Flanges

4 ZROD 5 5.625 49
X

R R R R L e T T T

“

Part 5 - Calciner
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KRR KKK AR F A AR KA KKK EA K XK

CLUSTER 4

* ORIGIN X y z MAT paraml param2 param3

* Containers - from .375 layer to bottom of calciner 23.875

1 ZROD ORIGIN 2] 0 o Pe 20 23.875

* Lower Calciner

2 ZROD ORIGIN 0 0 23.875 P7 20 9.5

* Upper Calciner

3 ZRCD ORIGIN Q 0 33.375 P8 20 14

* Total extent

4 ZROD 0 20 47.375

*

+

Korkowk Kk Kk kR Ak kR ARk kK

* Part 6 - Container area

Kk kA kAR EEAK KA A KA KR A EAK

CLUSTER 6

* ORIGIN % y z MAT paraml param?2 param3

* Product Receipt Vessel

1 ZRCD ORIGIN ~-1.95815 0 0 10 1.75 6
OVERLAF 2 3 4 5

* Product Receipt Vessel

2 ZROD ORIGIN 1.9185 0 0 1 1.75 [
OVERLAP 2 3 4 6

* Hand

3 ZROD ORIGIN -1.5815 0 0 4 2.75 6
OVERLAP 3 12 4 1

* Hand

4 ZROD ORIGIN 1.9185 0 a 4 2.75 6
OVERLAP 3 12 3 2

* Downcomer

5 ZRCOD ORIGIN -1.5815 0 6 10 0.4395 17.875

* Container area

& ZROD 0 20 23.875

.

B L 1 LA TR R Ty

* Part 7 - Lower Calciner (External}

EAEE A KA KA AR AR AR AR AR KRR K

NEST 4

* CRIGIN b4 Y z MAT paraml param2 param3

* Internal of lower calciner

1l ZROD ORIGIN 0 0 0 P9 3.1785 ON)

* Calciner 6" pipe

2 ZROD 6 3.3125 8.8

* Insulation

3 ZROD ORIGIN 0 0 0 7 15.75 9.5

* Outside air

4 ZROD 0 20 8.9

KA F KRR AR I E K E AR KRR KR A AT,

= Part 8 - Upper portion of Calciner (External)
P L T T

WEST 4

* ORIGIN ® y z MAT paraml param2 param3
* Internal of upper calciner

L ZROD P12 3.1785% 12

* Calciner 6" pipe

2 ZROD 6 3.3125 14

* lnsulation

3 ZROD ORIGIN 0 o] 0 B 6.3125 14

* ARir space above lower insulation

4 4ROD o 20 14

*
B S L L L T

* Part 9 - Lower portion of calciner (internal}
BAR A kA R AR AR AR R AR T KKKk

CLUSTER 3

* ORIGIN % y z MAT paraml param2 param3
* Below dome

1 ZROD P10 3.1785 6.625

* Dome area

2 ZROD ORIGIN [¢] 0 6.625 P11 3.1785 2.875

* Internal of lower calciner

3 ZROD 0 3.1785 9.8

N

KKK K w KA A E kAR R Rk kA kKA KKK

% Part 10 - Below dome within lower portion of calciner{Internal)
Fhkx kR AR KRR XA AR A KR ARk
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CLUSTER 7

@ ORIGIN X y z MAT paraml param2 param3
* Calciner internal space of pipe

1 ZROD ORIGIN Q 0 0 0 2.13 6.625

OVERLAP 5 2 3 45 6 20

Calciner 4" pipe

ZROD ORIGIN 0 0] 0.5 6 2.25 6.125
CVERLAP 4 1 345 8

Calcine in calciner

ZROD ORIGIN 0 0 0.5 10 3.1785 6.125
OVERLAP 4 12 45 6

Downcommer pipe

N

w

4 ZROD ORIGIN -1.5815 0 0 10 0.4395 4.875
OVERLAP 5 12 35 6 30

* Slot

8 MAT xmax ymax zmax xmin ymin zmin

5 CUBOID 10 —-1.5815 0.4395 4.875 -2.13 -0.4395 0.5

OVERLAP 4 1 2 3 4 25

Rottom plate

ZROD 6 3.1785 0.5
OVERLAP 2 14 3

Bounding area

o

7 ZROD 0 3.1785 6.625

*

KA AR AR KRR A Kk KA KA KA AN

* Part 11 - Dome portion in calciner (Internal)

H kAR K EARA KRR AR A A

CLUSTER 4

* ORIGIN X Yy z MAT paraml param? param3
* Inner dome

1 SPHERE ORIGIN 0 0 -2.624 0 3.4587

OVERLAP 2 2 4 5

Cuter of dome

SPHERE ORIGIN 0 0 -2.624 6 3.5
OVERLAP 2 14 4

Agitator Shaft, starts 1" above top of dome

Now

*

3 ZROD ORIGIN [¢] 0 1.8347 6 0.5 0.9753
* Empty space
4 ZROD ORIGIN 0 0 o] 10 3.1785 2.875

OVERLAP 2 12 6

*
KRR kR Rk kR ARk EHA KKK
* Part 12 - Upper portion of Calciner (Internal)
ARk ko kKA AR KKK KRN KAk

CLUSTER 9

4 ORIGIN ® y z MAT paraml param2 param3
* Filter 1
1 ZROD ORIGIN 1.838 o 0 9 1 12

OVERLAP 2 4 5 2
* Filter 2

2 ZROD ORIGIN -1.839 0 ) 9 1 12
OVERLAP 2 4 6 3

* Filter 3

3 ZROD ORIGIN 0 1.839 0 9 1 12

OVERLAP 2 4 7 4

* Steel Around tops of filters

4 ZROD ORIGIN 0 0 11 6 3.1785 1
OVERLAP 6 123567 1

* Solution in filter 1

5 ZROD ORIGIN 1.838 0 1.125 11 0.71875 10.875
CVERLAP 2 1 4 5

* Solution in filter 2

© ZROD ORIGIN -1.839 0 1.125 11 0.71875 10.875
OVERLAP 2 2 4 6

* Solution in filter

7 ZROD ORIGIN 0 1.83% 1.125 11 0.71875 10.875
OVERLAP 2 3 4 7

w

* Agitator shaft

g ZROD 6 0.5 11
* TInternal of upper calciner (container

9 ZROD ORIGIN 0 0 0 10 3.1785 12
.

AR AR AR AR ANk

* UNIT 4

Rk r k% kA RNk A kA x

e

* Superhistory option using 10 generation per superhistory
»

and nu multiplication factor = 1.0
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SUPERHIST 10 1.0
* First stage Last stage N per stage time Std dev. Source
-3 100 500 240 STDV .003 =1

»

* Starting source

MULTIFISS
STD
REGION 2 IN PART 2 /
REGION 3 IN PART 2 /
REGION 4 IN PART 2 /
REGTON 5 IN PART 2 /
REGION 6 IN PART 2 /
REGION 7 IN PART 2 /
REGION 1 IN PART 6 /
REGION 2 IN PART 6 /
REGION 3 IN PART 10 /
REGION 4 IN PART 11 /
REGION 5 IN PART 12 /
REGION & IN PART 12 /
7 IN PART 12 /
2 9 IN PART 12 /
ERD
CODE 11
PNSW40LUFMX
* Top left corner Top right corner Bottom left cormer
Y % z X % z x y Z

* x-z fhrough feed tanks
~12 33.25 82.875 116.25 33.25 82.875 -12 33.25 -12

down center of calciner

0 20.625 48 40 20.625 48 0 20.625 0
* close-up on dome

15 20.625 33.75 25 20.625 33.75 15 20.625 24.25
*  x-z through scrubber
~12 8 82.875 116.25 8 82.875 -12 8 -12
*+ x-y for cans

0 41.25% 0.5 70 41.25 .3 0 0] 0.5
* x-y for cans

10 30 0.5 30 30 0.5 10 10 0.5
END

66



HNF-SD-SQA-CSA-529, Rev. 0

ste.inp

File Name :waste.inp

:PFP Production Calciner Glovebox
:Karl Hillesland

:April 12, 1997

* CSER 97-004

* Code :Monk 6B
AR R KKK AR AR KA AR KA E AR KA E
* Waste section of glovebox
* Calcine is 6 g Pu/cc
KRR AR KR A A AR AR KK A KA AR
&
FISSION
WA AR A kKRR KAk R AR A KRR K AR KRR R AR KRR A AR A AR ARk R Xk kF Ak
» MATERIAL DATA AND MAIN CONTROL DATA *
Bk kR AR A KK AR AR R R AR AR A KRR AR R KR KKK AR AR A AR AA
* Material # Material Name Symbol *
* 1 Water Mud P &
i 3 Pu nitrate N *
& 3 Pu solids s &
* 4 Water W *
* 5 304L a *
* 3 3108 o *
* 4 Lower Insulation L *
* B Upper Insulation u O
@ £l SiC Filter F *
* 10 Solution Mud M *
* 11 Solution without nitrate X *
B e T T T L L R e a e LR T
* Number of Materials Number of Nuclides

11 12
NUCNAMES
*

* Material 1 - Dry Pu02

WGT 6.802839 PU239 5.58 PU240 0.3 PU241 0.12 O 0.802839

B

* Material 2 - 140 g Pu/L Nitrate solution

WGT 1.234531 PU239 0.1302 PU240 0.0070 PU241 0.0028 N 0.0328
© 0.955507 HINH20 0.106225

A

* Material 3 - Pu solids

WGT 4.350878 PU239 1.86 PU240 0.1 PU241 0.04 N 0.468566
0 1.850977 HINH20 0.030906

“« Material 4 - Water

ATOM 1.0C HINH20 2.0 o 1.0

* Material 5 - 304L Stainless from ARH-600
CONC FE 0.06331 CR 0.01654 NI 0.00651
*
“

Material 6 - 310 Stainless Steel from Gieger input

{CONC C 0.001003 CR 0.022237 NI 0.015581 FE 0.048955

*

* Material 7 - Lower Calciner insulation, wet, based on Geiger
CONC HINH20 0.060168 © 0.036967 SI 0.000109 AL27 0.004443

« Material 8 - Upper Calciner insulation

* (10% density 304L Stainless from ARH-600)

* (10: water density)

WGT  0.89337 FE 0.587113 CR 0.142809 NI 0.06348
HINH20 0.011189 0O 0.088811

*
* Material 9 - Filter material taken from Geiger
CONC  C 0.047641 SI 0.047641
x
* Material 10 - Solution mud, 450 g/L added to Pu02, without nitrate
WGT  7.382845 PU239 5.750072 PU240 0.309144 PU241 0.123657

© 1.155535 HINH20 0.044437
*
* Material 11 - Feed solution without nitrate, 450 g/L
WGT 1.427235 PU239 0.4185 PU240 0.0225 PU241 0.009

0 0.867888 HINH20 0.109347

%
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*

INCH

B

KA A KK E KA AKX I A IR LR T AR

* Part 1 - Global

KAk Ak kR A AR AR KRk * ok kR ARk

NEST 2
B

HNF-SD-SQA-CSA-529, Rev. 0

ORIGIN b Ve z MAT paraml paramZ param3

1 BOX P2 2 49 70.875

2 BOX ORIGIN -12 -12 -12 4 66 73 94.875

*

EAAKA R KR A ARA AR AR AR AR

* Part 2 - Glovebox internal

N e T

CLUSTER 18

o ORIGIN 2 v z MAT paraml param2 param3

* -x -y catch tank

1 ZROD ORIGIN 7.5625 13.5 12.25 P3 5.625 49

* +x -y catch tank (x=42-7.5625)

2 ZROD ORIGIN 34.4375 13.5 12.25 P3 5.625 49

* -x +y catch tank

3 ZROD ORIGIN 7.5625 35.5 12.25 P3 5.625 49

* +x +y catch tank (x=42-7.5625)

4 ZROD ORIGIN 34.4375 35.5 12.25 P3 5.625 49

* Mess on Floor

5 BOX 1 42 49 0.375

* Product Receipt Vessel under +x -y

6 ZROD ORIGIN 34.4375 13.5 0.375 1 1.75 [
OVERLAP 3 9 10 11 4

* Product Receipt Vessel under +x -y %-1.75 y+3.0311

7 ZROD ORIGIN 32.6875 16.5311 0.375 1 1.75 &
OVERLAP 3 9 10 11 4

* Product Receipt Vessel under +x -y x+1.75 v+3.0311

8 ZROD ORIGIN 36.1875 16.5311 0.375 1 1.75 6
OVERLAP 3 9 10 11 4

* Hand around first vessel of +x -y unit

9 ZROD ORIGIN 34.4375 13.5 0.375 4 3-73 6
OVERLAP 5 6 7 8 10 11 1

* Hand arcund second vessel of +x -y x=1.75% y+3.0311

10 ZROD ORIGIN 32.6875 16.5311 0.375 4 2,73 6
OVERLAP 5 6 7 8 9 11 2

* Hand arcund third vessel of +x -y x+1.75 y+3.0311

11 ZROD ORIGIN 36.1875 16.5311 0.375 4 2.75 6
OVERLAP 5 6 7 8 9 10 3

x

*SECOND UNIT

* Product Receipt Vessel under +x +y

12 ZROD ORIGIN 34.4375 35.5 0.375 1 1.75 6
QOVERLAP 3 15 16 17 4

* Product Receipt Vessel under +x +y %x~1.75 y-3.0311

13 ZROD ORIGIN 32.6875 32.4689 0.375 1 1.75 6
OVERLAP 3 15 16 17 4

* product Recelpt Vessel under +x +y x+1.75 y-3.0311

14 ZROD ORIGIN 36.1875 32.4689 0.375 1 1.75 6
OVERLAP 3 15 16 17 4

* Hand around first vessel of +x +y unit

15 ZROD ORIGIN 34.4375 35.5 0.375 4 2.75 6
OVERLAP 5 12 13 14 16 17 1

* Hand arcund second vessel of +x +y x-1.75 y=-3.0311

16 ZROD ORIGIN 32.6875 32.4689 0.375 4 2.75 6
OVERLAP 5 12 13 14 15 17 2

* Hand around third vessel of +x +y x+1.75 y-3.0311

17 ZROD ORIGIN 36.1875 32.468% 0.375 4 2.75 6
OVERLBP 5 12 13 14 15 16 3

* Glovebox interior

18 ROX 0 42 49 70.875

x

R L R s T T

* Par. 2 - Scrubber Tank

N L T

NEST 4

* ORIGIN x y z MAT paraml param? param3

* Pu solids .

1 ZROD ORIGIN [¢] ] 0.5 3 3.094 10

* Solution - 140 g Pu/L

2 ZROD ORIGIN 0 0.5 2 3.094 48

¥ Alr

3 ZROD CORIGIN o] 0 0.5 0 5.625 48

68



HNF-SD-SQA-CSA-529, Rev. 0

* Flanges
4 ZROD 5 5.625 49
*

KA KK AR KKK KX kKK

£ UNIT 4

EAEEERA KKK XA A

*

* Superhistory option using 10 generation per superhistory

* and nu multiplication factor = 1.0

SUPERHIST 10 1.0

* First stage Last stage N per stage time Std dev. Source
100 500 240 STDV .003 -1

x

* Starting source
MULTIFISS

STD

REGION 1 IN PART 2 /
REGION 2 IN PART 2 /
REGION 3 IN PART 2 /
REGION 4 IN PART 2 /
REGION 5 IN PART 2 /
REGION & IN PART 2 /
REGION 7 IN PART 2 /
REGION 8 IN PART 2 /

REGION 12 IN PART 2 /
REGION 13 IN PART 2 /
RKEGION 14 IN PART 2 /

END
CODE 11
PNSW4O0LUFMX
* Top left corner Top right corner Bottom left corner
¥ z X y z ® v z
through tanks
€l 24 54 61 24 -12 -12 24
*  x-z through +x tanks
34.4375 -12 82.875 34.4375 61 82.875 34.4375 -12 -12
* wx~y through cans
-12 61 1 54 61 1 -12 ~-12 1
END
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ATTACHMENT 1. CORRESPONDENCE CONCERNING FEED SOLUTION
CONCENTRATION

This message is a reply to a previous message. The reply is given in italics in the body of the
message.
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Author: Gregory G Bergquist at ~HANFORDO03B
Date: 3/6/97 3:40 PM

Priority: Normal

CC: Edward M Miller at ~HANFORD02D

CC: Laurren T (Tom) Nirider

TO: Karl E Hillesland at ~-HANFORDO7A

Subject: Re: Solution Pu concentration and drawings
Message Contents

Greg,

In the CSER for the lab calciner, the maximum Pu concentration was 450
g Pu/L of feed solution. Is this still the greatest credibie
concentration? :

Yes, The PUREX and PRF processes had crit limits that required nitrate
solutions to be less than 450 g/l (see CPS-Z-165-80701). If they were
found higher, they were immediately diluted. The highest projected
concentration of nitrate in PR Can storage is about 420 g/l based on
one PR Can having a Pu value of 3365 grams in 8.0-8.5 liters of
solution.

Additionally, glovebox HC-227S will have a limit of 450 g/l for
solution transferred from PR cans into the glass batch tanks and will
be verified by sample prior to sending to the new calciner glovebox.
FEach PR can unload is accompanied by a 2-3 liter flush with dilute
nitric acid thus providing additional dilution.

... [Remainder of message not included]
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ATTACHMENT 2. CORRESPONDENCE CONCERNING PRODUCT DENSITY
PRODUCED BY THE LAB CALCINER

The original was written by J.A. Compton, and forwarded by L.T. Nirider
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Author: Laurren T (Tom) Nirider at ~HANFORDO3B
Date: 3/18/97 8:50 AM

Priority: Normal

TO: Karl E Hillesland at ~-HANFORDOG7A

Subject: Vertical Calciner Product Tap Densities
Message Contents

[ have reviewed 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. Iam attaching the Lotus 1-2-3
files with my tables and graph to show the Pu tap densities
over time. The last entry for Pu tap density is clearly
higher than what had started to look a bit like an
asymptote, so I can't really say we've peaked. Nonetheless,
I still don't think we're going to exceed 5 gm Pu per cc by
much, if at all. Our latest result of 4.75 gm Pu/cc was, no
doubt, assisted by having been reroasted powder from an
earlier run whose product had a high loss on ignition. The
highest Pu tap density without reroasting is only 4.26.

One other point needs to be made and is not shown in the
1-2-3 table attached. We started with a pretty impure PuO2
bed and have increased the Pu fraction in the bed
significantly. In other words, the Pu fraction and,
therefore, the Pu density started low partly because the bed
was 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 and 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 higher. As
we reach our asymptote on the Pu fraction, that factor will
stop assisting the increase in Pu tap density. Please
remember that the production calciner will have occasional
batches of impure feeds that will lower its product Pu
fraction and Pu tap density.

We 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 gm Pu/cc.
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Pu Tap Density Tracking
gm Pu/cc  (not gm PuO2/cc)
Cumulative Pu Tap

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 8.54 475
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HNF-SD-SQA-CSA-529, Rev. 0

Pu Tap Densities
Vertical Calciner

3 4 5 6
Cumulative Product (kg)

% a- Pu Tap Density
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ATTACHMENT 3. PR CANS CONTAINING URANIUM TO BE CALCINED
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Post-it* Fax Note 7671 [P gfs fos [RE> F
Uranium Y farl Hillesfand Fom Bergguist
Co/Oeph. Co.
3 PReva ~ 1.5 biders , fOL ~ [0 (vt | — s
Solutions Containing Uranium Fax ] Fn ’
—
item 1D Pu (g) %Pu240 [TypeCan| Can# |Material Ty |Est. SepDa] ANSI [CatCode| U-g Type U235
[81-8809235 17686 22.7IPR E519 |PU-DEPU 1988 F40 81 49| Depleted 0.70%
81-88-09-236 17680 22.7|PR E349 |PU-DEPU 1988 F40 81 49| Depleted 0.70%
81-86-09-237 1782 22.7|PR E364 [PU-DEP U 1988 F40 81 49| Depleted 0.70%
81-88-09-238 1790 22.7|PR E439 [PU-DEPU ' 1988 F40 81 49] Depleted 0.70%
81-88-09-239 1782 22.7|PR E307 |PU-DEPU 1988 F40 81 49{ Depleted 0.70%
81-88-09-240 1789 22.7|PR E306 |PU-DEPU 1988 F40 81 49| Depleted 0.70%
81-88-09-243 1799 2.7[PR E380 |PU-DEPU 1988 F40 81 49| Depleted 0.70%
81-88-09-244 1796 2.7'PR E305 |PU-DEPU 1988 F40 81 49| Depleted 0.70%
81-88-09-245 1793 27FPR E491 |PU-DEPU 1988 F40 81 49| Depleted 0.70%
81-88-09-246 18091 22.7 PR ES35 |PU-DEPU 1988 F40 81 50 Depleted 0.70%
81-88-09-247 1811 22.7 PR E503 [PU-DEP U 1968 F40 81 50| Depleted 0.70%
81-88-09-248 361 22.7 PR E389 [PU-DEPU 1988 F40 81 10| Depleted 0.70%
H-014 679 6.14 10L HO014 |PUDEPU 1976 F40 88 1000] Depleted 0.66%
H-018 679| 6.14 10L H018 |PU-DEP U 1976 F40 88 2000| Depleted 0.66%
H-022 678: 6.14 10L H022 |PU-DEPU 1976 F40 88 1000] Oepleted 0.66%
H-026 680 6.14 10L H026 |PU-DEP U 1976 F40 88 2000| Depleted 0.66%
H-037 683 6.14 10L H037 |PU-DEPU 1976 40 88 1000} Depleted 0.66%
H-047 659 6.14 10L H047 (PUDEPU 1976 F40 88 1000] Depleted 0.66%
H-059 679 6.14 10L HO059 |PU-DEPU 1976 F40 88 2000] Depleted 0.66%
H-063 681 6.14.10L H063 |PU-DEP U 1976 F40 88 1000} Depleted 0.66%
H-066 679 6.14]10L H066 |PU-DEP U 1976 F40 88 - 2000| Depleted 0.66%
H-070 678 6.14]10L H070 |PU-DEP U 1976 F40 88 1000| Depleted 0.66%
H-071 677, 6.14]10L HO71  |PU-DEP U 1976 F40 88 1000} Depleted 0.66%
H-076 682| 6.14{10L HO76 |PU-DEP U 1976 | F40 88 1000| Depleted 0.66%
H-077 678 6.14|10L HO77 |PU-DEP U 1976 F40 88 2000/ Depleted 0.66%
H-082 680 6.14{10L H082 |PU-DEPU 1976 F40 88 1000] Depieted 0.66%
H-085 680 6.14{10L HO85 |PU-DEP U 1976 F40 88 2000| Depleted 0.66%
R-209 657 6.14]10L R209 !PU-DEPU | ~ 1976 F40 88 1000] Depleted 0.66%
R-228 433 6.1410L R228 PU-DEPU 1976 F40 88 1000| Depleted 0.66%
R-232 655 6.14/10L R232 PUDEPU 1976 F40 88 2000} Depleted 0.66%|
R-23% 649) 6.14[10L i R235 |PUDEPU 1976 F40 | 88 1000 Depleted 0.66%
R-243 654 6.14]10L | R243 |PU-DEPU 1976 Fa0 . 88 1000| Depleted 0.66%,
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8L

Uranium

R-338 660 6.14{10L R338 [PU-DEPU 1976 F40 88 2000| Depleted 0.66%
R-379 678 6.1410L R379 [PU-DEPU 1976 F40 88 2000| Depleted 0.66%
R-381 664 6.14110L R381 |PU-DEPU 1976 F40 88 2000| Depleted 0.66%
R-400 647 6.14110L R400 [PU-DEPU 1976 F40 88 1000} Depleted 0.66%
R-466 659 6.14 10L R466 |PU-DEP U 1976 F40 88 2000| Depleted 0.66%
R-518 658 6.14{10L R518 |PU-DEPU 1976 F40 88 2000 Depleted 0.66%
R-545 656 8.1410L R545 |PU-DEPU 1976 F40 88 1000| Depleted 0.66%|
R-660 654 6.14]10L R560 |PU-DEP U 1976 F40 88 2000| Depleted 0.66%
R-561 654 6.14]10L R561 [PU-DEP U 1976 F40 88 1000| Depleted 0.66%
R-6562 656, 6.14]10L R562 [PU-DEP U 1976 F40 88 2000| Depleted 0.66%
R-565 655 6.14]10L R565 PU-DEP U 1976 F40 88 1000 Depleted 0.66%
R-568 656 6.14|10L R568 [PU-DEP U 1976 F40 88 2000i Depleted 0.66%
R-569 663 6.14{10L R569 [PU-DEP U 1976 F40 88 1000: Depleted 0.66%
R-571 660 6.14[10L R571  |PU-DEPU 1976 F40 88 1000! Depleted 0.66%
R-574 656 6.14]10L R574 |PU-DEP U 1976 F40 88 2000i Depleted 0.66%
R-576 653 6.14]10L R576 |PU-DEP U 1976 F40 88 1000 Depleted 0.66%
R-577 658 6.14]10L R577 |PU-DEP U 1976 F40 es 2000 Depleted 0.66%
R-579 661 6.14|10L R579 |PU-DEPU 1976 F40 88 2000 Depleted 0.66%,
R-581 663 6.14]10L R581 [PU-DEPU 1976 F40 88 2000 Depleted !  0.66%
81-88-09-241 342 11.86]|PR E478 |PU-ENRU 1988 FOO/F70 | 81 375 Enriched :  0.73%
|81-88-09-242 342 11.86|PR E603 'PU-ENR U 1988 FOO/F70 | 81 375 Enriched 0.73%
|81-88-09-249 249 11.86/PR E341  PU-ENRU 1988 FOO/F70 = &1 247 Enriched 0.73%
|81-88-09-250 134 11.86|PR E383 PU-ENRU 1988 FOO/F70 81 147 Enriched 0.73%
|97-74-12-606 19 12[10L R438  PU-ENRU 1974 F70 |, 97 18{ Enriched 1.7%
[97-74-12-607 19 12]10L R278 PU-ENRU 1974 F70 | 97 18| Enriched 1.7%
|97-74-12-608 18 12{10L R218 PU-ENRU 1974 F70 97 17| Enriched | 1.7%
|97-74-12-609 18 12:10L R217  PU-ENRU 1974 F70 97 17} Endched 1.7%
{87-74-12-610 19 12:10L R462 PU-ENRU 1974 F70 97 17} Entiched 1.7%
|87-75-01-315 22 12 10L R493 PU-ENRU 1975 F70 97 154| Enviched 0.72%
|a7-75-01-316 23 12 10L R537  PU-ENRU 1975 F70 97 51| Enriched 1.27%
97-75-01-317 18 12 10L R341 .PU-ENRU 1975 F70 97 69] Enriched 1.00%
97-75-01-318 19 12 10L R503 |PUENRU 1975 F70 97 78| Enriched 1.27%
97-75-01-319 29 12{10L R555 |PU-ENR U 1975 F70 97 89| Enriched 547%
97-75-03-359 2 12|10L R512 |PU-ENR U 1975 F70 97 72| Enriched 1.20%)
97-75-03-360 22 12]10L R247 |PU-ENR UV 1975 F70 97 60| Enriched 3.98%
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Uranium

97-75-03-361 21 12[0L R41z_ |PUENRU | 1975 70 97 71] Enriched | __3.30%
97-75-03-362 7 12[70L R538 |JPUENRU | 1975 F70 97 56| Enriched | 2.20%
97-75:03-363 21 12[10L R229 [PUENRU | 1975 F70 97 65| Enniched | 1.08%
537-75:03-392 20 12[30L R300 [PUENRU | 1975 F70 97 62| Enriched | 1.08%
97-75.05459 23 12[70L Ra50 |PUENRU | 1975 | F50/70 | 97 62| Eniiched | 0.72%
97-7505460 21 2[00 R639 [PUENRU | 1975 F70 97 69| Enniched | 103%
97-75-05461 22 1210 R234 |PUENRU | 1975 F70 97 80| Enniched ; _ 0.03%
97-7505463 7 12[10L RE67 _PUENRU | 1975 F70 97 127| Enriched . 0.83%
97-75-05464 45 12[0L RZ44 PU-ENRU | 1975 70 97 81] Ennched __ 0.72%
97-75-05465 12 1Z[0L R356__PUENRU | 1975 F50/F70 | 97 82| Enriched ___ 0.71%
97-75-05466 28 12[10L R260 _PUENRU | 1975 F70 97 79| Enriched __ 0.73%
97-7509-713 T 12[i0L R272__PuEU 1975 F70 97 98] Ennched ___1.03%
97-7500-714 29 12100 R366_ Pu-EU 1975 F70 97 75| Enniched __1.28%
97-76:00-71% 20 12[10L R386__PuEU 1975 F70 97 139] Enriched __ 0.76%
97-7509-716 20 12[1oL R548  Pu-EU 1975 F70 97 71| Eniched __ 0.76%
97-75-09-717 19 12[10L R371__PuEU 1975 F70 97 77| Enriched ___ 1.01%
977509718 23, 12[10L R295_ Pu-EU 1975 F70 97 60 Enriched ___ 0.76%
57-75-12-880 20 12[100 R490 _ Pu-EU 1975 F70 97 76] Enriched _ 0.79%
[97-75-12-881 19 12[10L R230 .PutU 1575 F70 97 66! Enriched __ 0.72%
§7-75-12-882 2 12]100 R336 PuEl 1975 F70 97 90, Ennched _ 0.79%
97-75-12-699 2 124700 R535 |Pu-EU 1975 F70 97 71 Enniched  2.60%
§7-75.12-900 20 12 10L R432_|Pu-EU 1375 70 97 67 Eniiched __ 7.46%
97-75:12-901 1 12 10L Ra15_|Pu-EU 1975 F70 97 47 Enched _ 40.48%
|87-75-12-902 2i 12 10U R570 |Pu-EU 1975 F70 57 75 Enriched _ 0.79%
97-75-12-903 13 2 10 R265 [PuEU 1975 F70 97 64 Ennched ;. 9.45%
97-75-12-904 15 12 0L R656_[Pu-EU 1975 F70 97 63 Enriched | 9.45%
97-74-11573 18 123900 R202 |PUNATU 1974 F50 97 49_ Natral
97-74-11574 18 12[10L R218 [PUNATU 1974 F50 97 50¢ Natural
977411575 19 2[100 R540 [PUNATU 1974 F50 97 53] Natural
977411576 17 12[10L R209 |PU-NATU 1974 F50 o7 47| Natural
77411577 18 12700 R658 |PU-NATU , 1974 F50 97 50| Natural
97-75.05462 22 12[70L R279 |PU-NATU | 1975 | FroF50! 97 70| Natural
97-75-12-879 [k 12101 R505 [PUNATU | 1975 | F7aF50 97 68| Natural

TOTALS = 47805 62710

WEMS = 100 i
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ATTACHMENT 4. PRELIMINARY DRAWINGS
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Pretiminary Drawing A
Top-Down View of Section of Glovebox Coniaining the Calet
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Preliminary Drawing A
Side View of Section of Glovebox Containing Caleiner.

Dimensions derived trom “scaling™ are taken from this
1
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Preliminary Drawing A
Ton-Down View of Waste Section of Glovebox.

rensions derived trom “scaling™ are taken from this draw
wonora 1324 em (6 in) ID of the tanks (inner dashed circle).
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Preliminary Drawing B
Side View of the Section of the Glovebox Containing the Calciner
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Preliminary Drawing B
Tor-Down View ef the Waste Section of the Glovebox
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ATTACHMENT 5. HAND MEASUREMENTS TAKEN BY K.E. HILLESLAND AND
RECEIVED FROM J.F. DURNIL BY PHONE, 3/12/97
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Measurements received from telephone conversation with J.F. Durnil
Distances of bottom of tanks from floor

Feed Pump Tank 6 1/4"

Flush Tank 16 7/8"
Feed Receipt Tank 33 3/8"
Scrubber Tank 12 3/4"

Distances of tanks from south, inner wall of glovebox

Feed Pump Tank 43 3/8"
Flush Tank 15 3/4"
Feed Receipt Tank 15 5/8"
Scrubber Tank 47172"

Overall internal glovebox dimensions for calciner section (above rounded part on floor)

length: 103 5/8"
width: 41 1/4"
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ATTACHMENT 6. CORRESPONDENCE CONCERNING MAXIMUM CREDIBLE
FEED SOLUTION SPILL
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Author: Gregory G Bergquist at ~HANFORDO03B
Date:  3/3/97 10:55 AM

Priority: Normal

TO: Karl E Hillesland at ~-HANFORDO7A
Subject: Pu Liquid on VC Glovebox Floor
Message Contents

Karl,

1 searched for answer or explanation to your question regarding the
release of concentrated Pu solution onto the glovebox floor from
transfer operations. The flowsheet document covers most of the
information.

The Feed Receipt Tank (FRT) will have a 10 liter working volume. The
tank is equipped with a conductivity probe (LEH-230-J) which will

shut off the transfer route by electrically (EV-230-J) closing the

air supply to an air operated (Air-to-Open) ball valve (BV-230-J).

The liquid from HC-227S will be pumped to HC-230C-2. Estimated line
holdup after the pump is turned off and BV-230-J is closed will be

about 9 liters (high point in transfer line to HC-230C-2) and about 9
liters (high point in transfer line to HC-2278S).

Once the FRT is filled it will be gravity drained through a diaphram
operated valve (DOV-230-F) to the Feed Pump Tank (FPT) which will
also have a 10 liter working volume. The FPT is equipped with a high
liquid level interlock which will close the air supply to the DOV by
electrically shutting solenoid valve (EV-230-F) thus stopping the

flow from the FRT.

The Process Engineering group is planning for operations to load-in up

to 4 PR Cans (8.5 liters) into a single batch tank (45 liters) in

glovebox HC-227S. An existing CSER for HC-2278S supports this activity.
Loading in the 4 PR cans and associated dilute acid flush to grossly

clean the PR can would give us about a 40-45 liter feed source in
HC-227S for transfer to the FRT in glovebox HC-230C-2.

If the 1/2" transfer line leaks the 3" encasement piped is sloped to
either drain back into HC-227S or HC-230C-2 depending on where the
leak would occur. The leak would go directly to floor of either
glovebox. So under unusual conditions we could possibly have 45
liters in a HC-2278 batch tank and about 9 liters held up in the

transfer line that could be pumped to the floor of HC-230C-2. There
will always be about 9 liters of solution that will remain on the
HC-227S side of the transfer line.
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Additionally, glovebox HC-230C-2 will be equipped with a sump probe
located underneath the FRT and FPT which will detect a leak if the
solution depth on the floor reaches about 1/2".

We also have the human side of this entire evolution. The operations
staff will be intimately involved with all plutonium solution
transfers. They will watch it like a hawk. I can't overemphasize

this point. We will also perform a material balance after each
transfer to assure that the solution is accounted for.

Greg B.
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ATTACHMENT 7. HAND SKETCH OF LOWER INSULATION ON CALCINER
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ATTACHMENT 8. DIMENSIONS OF FILTERS AS MEASURED BY J.F. DURNIL
(Responses by J.F. Durnil to inquiries concerning dimensions given in italics)
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Author: Jerome F (Jerry) Durnil at ~-HANFORDO3B
Date:  4/21/97 3:39 PM

Priority: Normal

TO: Karl E Hillesland at ~HANFORDO7A
CC: Jerome F (Jerry) Durnil

Subject: Re[3]: Dimensions I still need
Message Contents
Do you have the thickness of the bottom of the filter? (Model uses
1.51n.)

Karl

Measured thickness is about 1 1/8" (1.125")

Reply Separator

Subject: Re: Dimensions I still need
Author: Jerome F (Jerry) Durnil at ~\HANFORDO3B
Date:  4/21/97 9:15 AM

I've been using some dimensions from the lab calciner criticality
calculational models, but I don't know where they came from. Do you
have the following?

Dimensions for the filter elements (inner and outer)
Filter Element dimensions, measured filter element with tape measure:

Quter Diam: 2"

Inner Diam. 1 7/16" (1.4375")

Total Length: 12.25"

Estimated insertion length: 11.25" filter length below their mounting
fange.

Height of the "inner dome" in the calciner. I have drawing H-2-95609,
which specifies a height for the cylindrical section (4.875 in.), and

then specifies the domed portion as "cap, 4 in. sched 10S BTWLD", but
| don't know what that means in terms of the height [ want.

4-inch diameter buttweld pipe cap has a listed height of 2.5, Ref.
Chem Engineer handbook, 5th Ed., Perry & Chilton, Table 6.26

Karl Hillesland
373-4078
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DISTRIBUTION SHEET

To From Page 1 of 3 | WE 4 q/tﬁ(p
Distribution Criticality and Shielding
Date 8/28/97
Project Title/Work Order EDT No. 621299
CSER 97-004: PFP Production Denitration Calciner System
ECN No. N/A
Text Text Attach./ EDT/ECN
Name MSIN | With All | Only | Appendix Only
Attach. Only
B & W Hanford
G.G. Bergquist T5-55 X
J.F. Durnil T5-55 X
M.W. Gibson T5-55 X
C.M. Kronvall T75-15 X
J.L. Mejia 75-08 X
L.T. Nirider T5-53 X
S.E. Nunn T5-11 X
A.L. Ramble T15-54 X
Fluor Daniel Hanford
S. Tsai B1-19 X
E.J. Krejci B1-19 X
Fluor Daniel Northwest
K.D. Dobbin HO0-35 X
D.G. Erickson H0-35 X
S.R. Gedeon H0-35 X
H.J. Goldberg HO-35 X
J. Greenborg HO-35 X
K.E. Hitlesland HO0-35 X
J.S. Lan HO-35 X
E.M. Miller HO-35 X
L.L. Pedersen (3) H0-35 X
R.H. Ruben HO-35 X
W.D. Wittekind HO-35 X
W.T. Watson HO-31 X
Central Files (Original +2) A3-88 X
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