AAAAAAAAAAAAAAAAAAAA

DOCKET 71-9329

~ Fissile Material
Transport Package

Safety - o
Ana.lyS’S. - ~ Revision 5
Report June 2010 |




S300 Safety Analysis Report Docket No. 71-9329 Rev. 5, June 2010

Table of Contents

1. GENERAL INFORMATION ......cceririvninsmisinsessesssnsesssssasassescsesnssensassesesssassesessssasassasssssese 1-1
1.1 Introduction.......... SO 1-1
1.2 Package DeSCIIPHON ......o.eevueiiieieie ettt 1-1

1.2.1  Packaging............ Hebber st et et sat et sas st eo e et see et e et e e ns se e aa et sttt e aa e e ar s arenereee 1-1
L1.2.2  COMBIES ...ouetiiiteeeiie ettt ettt ettt et sttt st be e b 1-4
1.2.3  Special Requirements for PIUtOnium...........cceiemiriiniiins e 1-5
1.2.4  Operational FEAtUIES..........c.covivirrereieirieieuiiiisie et stee et ene 1-6
L3 APPEIAIX ..ottt 1-11
1.3.1  Packaging General Arrangement Drawings ..........c.ccececeiverrnrerernrereeeererereenenn. 1-11

2. STRUCTURAL EVALUATION.....cuvvisnnisssssnsisisssssssssassnsssssnsssessassssssssassssssssssasassssssss 2-1

2.1 Description of Structural Design.........cccccvivieiiniririeiieirerccee e 2-1
2.1.1 DIASCUSSION. ....ccvieceecie ettt ettt ettt s e ate s sbeesse e e e e saesesaeeseesanas 2-1
2.1.2  Design Criteria......cocoeeiiririieiciicierer et 2-1
2.1.3  Weights and Centers 0of GIavity .........cc.cceceeeiceeininnceeccecceeeenenns 2-2
2.1.4  Identification of Codes and Standards for Package Design ........c.ccccovvurccenncnnn. 2-3

2.2 MALETIALS ...ttt et b et 2-3
2.2.1  Material Properties and Specifications...........c.cciveveeeriivcrrnrnrnncneiceees 2-3
2.2.2  Chemical, Galvanic, or Other Reactions ............cccoccevirinuennncnnneeeicnneeeccans 2-3
2.2.3  Effects of Radiation on Materials...........cocecviririireenneninieieeenree e 2-5

2.3 Fabrication and EXamination........c.cc.ccceoeriiicninininnineienenececni st 2-5
2.3.1  FabIiCAtION ....coviuiiieieiiciecre ettt 2-5
2.3.2  EXAMNALION....cciiiiiriiriiriiiirccitre ettt 2-5

2.4 General Requirements for All Packages..........cccovvemiumricninenneniecerneeecnesennens 2-6
2.41  Minimum Package SiZe.......c.ccoovviireieieieiiiceeeecee s 2-6
2.4.2  Tamper-Indicating Feature ..........c.cccceeeeeeeeeeccrccennnes et 2-6
2.4.3  POSItIVE CIOSUTE.....coiuiiciieiiitrr ettt 2-6

2.5 Lifting and Tie-Down Standards for All Packages ..........cc.coervererinrerrecivnneireenreseesena. 2-6
2.5.1  Lifting DEVICES ....c.ciuiiiiiiiieiiiiiirc ettt 2-6
2.5.2  Tie-DOWN DEVICES.....ccooiiiiiiiicrse ettt 2-6

2.6 Normal Conditions of TTanSPOrt..........cceeiririreieririnnisecirreee et 2-7
2.8.1  HEAL....iiiiiiieec e 2-7
262 COMd ..o e 2-8
2.6.3  Reduced EXternal PIESSUTE ..........ccoeueriieciciiieiiiiiiieieieecrtreniseseeeieveesieieeneeenenens 2-8
2.6.4  Increased External PIESSUIE..........cococreiiririreririetriririnenentresie e es s 2-8
2.6.5  VIBTAHOM...oveieiiiicct ettt ettt et et 2-8
2.6.6  WALET SPIAY ....cooiiiiiciccccecc ettt e .29
2.6.7  FIEE DIOP ettt RO 2-9
2.6.8  COMNET DIOP...cuiiiiiiiiieiciietcese ettt 2-10
2.6.9  COIMPIESSION ....eiviiiiiiiiiiticcte et bt 2-10
2.6.10  Penetration ..o e 2-10

2.7 Hypothetical Accident Conditions............ccccceeinciiinncccccreeeceeeecceeene 2-10
2.17.1 FIee DIOP ..ot e 2-11

2.7.2 CTUS e e e et e e e e e e e et e e e e e e e e e e e s e e e e e et e e e e e aaaanas
2.1.3 Puncture




S300 Safety Analysis Report Docket No. 71-9329 Rev. 5, June 2010
2.7.4  TREIMNAL.....oimiiiiiiciie ettt 2-13
2.7.5  Immersion — Fissile Material..........c.cccoveiernnneinninccrcieneeeeeeene 2-13
2.7.6  Immersion — All PACKAZES.....c.ccrvueuiiriiieiiiiriree et 2-14
2.7.7  Deep Water Immersion Test..........cccoceveveirirceneninneieeeenne. e enas 2-14
2.7.8  Summary of Damage.........cccovririruereieiiirieieeieieicrceicrerere ettt 2-14

2.8 Accident Conditions for Air Transport of PIUtonitm..........ccovveevrreecnneencccnienennee 2-14
2.9 Accident Conditions for Air Transport of Fissile Material Packages .........c..cccccoveveeee. 2-14
2.10  Special FOIM ..o e 2-15
2.11  FUBLROMS. ..ottt 2-15
2.12 APPEIAIX .ottt ettt e s st enn e 2-20
2.12.1  TyPe A TeSHINZ ...c.eoiiiieeiiietieretet ettt e 2-20
2.12.2  HAC Crush Test Evaluation.........cceccovureeueuereeeiemeieieiieneecicecerse e 2-28
3. THERMAL EVALUATION...uinsieneinnnsessisisesssnsisisisssssssssssessassessessssssssssssssassesssases 3-1
3.1 Description of Thermal Design ..........cccovuieiiiiiiniiciicec e 3-1
.11 Design FEAtUTES .......covciiiiiiiic it 3-1
3.1.2  Content’s Decay Heat.........ccooeeriiiniinneeerccee s 3-1
3.1.3  Summary of TEMPELAtUIES .......ccccvueveririririeririeinreieisrieeeestetee st aese s seeeens 3-1
3.1.4  Summary of Maximum PreSSUIES.........c.ecerrirerermiirrrieeiniseeeseeeeeeescseereseens 3-2
3.2 Material Properties and Component Specifications ..........cc.cceervvrurccincicvreennncncene 3-2
3.2.1  Material PrOPErties ........cocuerirreiieireiieieicceteie ettt 3-2
3.2.2  Component Specifications............ccoeivverceeeieiciircceeeirer e, 3-3
3.3 Thermal Evaluation under Normal Conditions of Transport..........ccccccecveiiinriencnnnne 3-7
3.3.1  Heatand Cold ..ottt 3-7
3.3.2  Maximum Normal Operating Pressure.............ccooevurvnicecennionnncrreccenene 3-8
3.4 Thermal Evaluation under Hypothetical Accident Conditions..........ccccecvreirenieeennne 3-13
3.4.1  Initial ConditionS .......ccoiriririreeiirieerertees ettt e 3-13
3.42  Fire Test Conditions ........cccoovreerienererinineeiceinerece et 3-13
3.4.3  Maximum Temperatures and Pressures...........c.coceoereernennienineneenieeeseenen. 3-13
3.4.4  Maximum Thermal SIreSSeS ......c.ocecocreimeeciiieieririeiee e 3-17
3.4.5  Accident Conditions for Air Transport of Fissile Material ............cccccecereurnnece. 3-17
3.5 APPEIAICES ...ttt 3-23
3.5.1  Computer Analysis RESULLS ..........cecereeririeeieneneeinrieeeeeee e 3-23
3.5.2  Analytical Thermal Model..........cccocorenreiiirniieinieee s 3-23
3.5.3  Material Data Sheets..........coceerreviciineiiiiciriiieestnene e 3-29
4. CONTAINMENT .......... reesessesensesssnsasasasases SR 4-1 |
5. SHIELDING EVALUATION.......cccosuiseusssnsuensaencsns . |
5.1 Description of Shielding Design...........ccccoieeuiiiiniiiiiiiiccnrr e,
5.1.1  Design Features ..o T
5.1.2  Summary Table of Maximum Radiation Levels
5.2 Source SPeCIfiCation.......cccoiurueiriieeree e e
5.2.1 GaIMINA SOUICE ....oeiitieeereieniete e sttt ettt sae b b nese e
5.2.2  NEULTON SOUICE ......cceiiiriirieiiie ittt ettt st
5.3 Shielding Model ..........ccoooiiiiiiiiiiic e
5.3.1  Configuration of Source and Shielding ..........ccocorvernivnenniincinreneen
5.3.2  Material Properties ............coovcvccncrininniiciiceinin e

ii




S300 Safety Analysis Report Docket No. 71-9329 Rev. 5, June 2010

5.4 Shielding Evaluation.............ccccceoiieirinniciiniecicee et 5-16
5.4.1 MENOAS ...ttt e nanane 5-16
5.4.2  Input and Output Data ........... ettt ettt ettt et e en s 5-17
5.4.3  Flux-to-Dose Conversion ........c.cccccecerreeenenee. et ettt 5-17
5.4.4  External Radiation LEVEIS ........ccccotvviiriniiiiniiirrre et 5-19

5.5 APPEIAICES ...ttt e 5-26
5.5.1  Radionuclide Distribution Document LA-UR-09- 06701 ................................... 5-26
5.5.2  Sample Input File......c.ooooiiiiiiieceee e e 5-47

6. CRITICALITY EVALUATION ....cccccvessnsunsnisssses . ceeresesnessansane 6-1

6.1 Description of Criticality DeSign..........cccocviririieiiieiricecrceeecrectt e 6-1
6.1.1  DeSign Features ...........ccccuviiiiiniiiiiiiiiiicicicetecicecereet e 6-1
6.1.2  Summary Table of Criticality Evaluation............ccccoocceieorcneniicnennnencennne 6-1
6.1.3  Criticality Safety INdeX.........cccovreinieiinrcccrrere e 6-3

6.2  Fissile Material CONENLS.........cceourveveurieirieieireieitcrieiiei ettt 6-3
6.2.1  Plutonium Neutron SOUICES........cccouvierrertriririninierireinre e enes 6-3
6.2.2  General Plutonium Materials...........ccoeovrrririnninirencinieeeee e 6-4

6.3  General Considerations...........c.ccucciiuiciniriiit ettt 6-5
6.3.1  Model ConfigUration ..........cocoveevirrirenniiri et eee 6-5
6.3.2  Material PrOPEItiEs ........ceecerieiereiririnieitririeeieeet et aes e s 6-6
6.3.3  Computer Codes and Cross-Section Libraries.........ccccceceeereerirnreeienseereenennes 6-6
6.3.4  Demonstration of Maximum Reactivity.........ccocevvveniiennniineernreeneneens 6-6

6.4 Single Package Evaluation .............c.cccccccoiviinnnnicrcneneeiceineee et 6-11
6.4.1 CONFIGUIAtION. .....ceviieuieiieiiete ettt 6-11
8.4.2  RESUIS et ettt aees 6-12

6.5 Evaluation of Package Arrays under Normal Conditions of Transport............ccceveveve. 6-14
6.5.1 CoNfIGUIAtION.......c.cvevivereiireeeiee ettt 6-14
6.5.2  RESUILS ..o 6-14

6.6 Package Arrays under Hypothetical Accident Conditions ........c..cceceeeverrreccninennnn 6-17
6.6.1  ConfigUuration...........ccouoeereueiiriiiniiienr ettt 6-17
8.6.2  RESUILS c.eeeeriiicicieer b 6-20

6.7 Fissile Material Packages for Air TTansport.........cocccevverevivninsinsnieeee e, 6-31

6.8 Benchmark Evaluations...........c.oceeeoiiiiniiinincercccce et 6-31
6.8.1  Applicability of Benchmark Experiments.........c.cccocoevevenrrncrennnenneeseenes 6-32
6.8.2  Bias Determination..........ccccocevivierieiiiinneiineireesee e e 6-32

6.9 APPENAICES ...ttt e 6-39
6.9.1 PuBe Neutron Source Paper.........c.coceeivevniiiieninecreeee e 6-39
6.9.2  PuBe Source DImensions ...........cccccoiiviiiieccnnnceeeee s 6-45

- 6.9.3  Computer Input LIStING ........cooviiviiiiiiiiicccc s 6-47
6.9.4  Air Transport Criticality Analysis........cccoeeemmeinnenieirinerereeeee s eeneens 652

7. PACKAGE OPERATIONS.................. . vetrsereressneresesnettssesensrassstsesssntsssanesanne 7-1

7.1  Package Loading.........cccooiiiiniiieiiiieiecccce ettt 7-1
7.1.1 Preparation for Loading...........cccceveiiciiiiieeneecneseee et 7-1
7.1.2  Loading of CONENtS .......c.cciiiiiiiiiiniii ettt 7-1
7.1.3  Preparation for TTanSPOTLL..........ceeureeueeremruniririeietriresensicie s et esessesesens 7-1

7.2 Package Unloading.......cocooveeeirrienininiieieiec ettt 7-2
7.2.1  Opening the Package.........cccccocvvmrmniniiniiicccccc 7-2

iii



S300 Safety Analysis Report Docket No. 71-9329 Rev. 5, June 2010

7.2.2  Removal of CONENS ......c.ocuiriiiiiriiiiriree et 7-3
7.3 Preparation of Empty Package for TranSport ........ccccoeeeieeoevineeseeecee e 7-3
8. ACCEPTANCE TESTS AND MAINTENANCE PROGRAM.....cccccteverircrensascsassssasses 8-1
8.1 ACCEPLANCE TESS...ceceiiiie et 8-1
8.1.1  Visual Inspections and Measurements .............cocevecererirerirneesenieeneesieeneenencs 8-1
8.1.2  Weld EXaminations.........cceveuerirerinnniinrereiieseeeent et seeeae e e 8-1
- 8.1.3  Structural and Pressure TeSES.........coviuirereriiriieinieiereneneeetntseeeeneeeeenennenes 8-1
8.1.4  Leakage TeStS ...c.coniiiieiiei ettt 8-1
8.1.5  Component and Material Tests..........cccoueurueueieuroioinniiiceicrciccccnnes 8-1
8.1.6  ShIelding TESIS ...ccootrierrrirericreieteierirecer ettt et .. 8-1
8.1.7  Thermal TeStS .....c.ccooiivrirreeerece ettt 8-1
8.2 Maintenance Program.........ccoccccevereinneniennninicniesceicecennens ettt nes 8-1
QUALITY ASSURANCE ...cuvuiuisnsncsnsnsinssesssssssssssssssasnssassesesssacses vereousasnssnsanasaasass 9-1
9.1 Organmization .......cccciviiiiiiiiiiiiiii bbb 9-3
9.1.1  LANL/Central Characterization Project Organization.........c.c.cececeeereierrnrenenee. 9-3
9.2 Quality ASSUTance Program............ccccereinmnieiriecnteniee ettt et ee e seenene 9-13
9.2.1  GENETAL ..ottt bt bbbt 9-13
- 9.2.2  S300-Specific PrOGraml. ...ttt 9-18
9.2.3 QA LEVELS ..ttt r sttt ae e s eeraens 9-18
9.3 Package Design COntrol ...........ccccccuiiiiiiiniiieccrccntr et 9-23
9.4 Procurement Document CONLIOL...........cccvueuerrirmiuiiinieniitereiiee e 9-25
9.5 Instructions, Procedures, And Drawings...........cccocvvveivirnreninnicninnniceeniniseenisesienane 9-26
9.5.1  Preparation and USE..........ccoovurriirieuiieeiiininictccenieieneeeece et 9-27
9.5.2  Operating Procedure Changes ...........ccocvueeerererieisnniieieeneisisesesieie e 9-27
9.5.3  DIAWINGS....ciiiiiiicicc et 9-27
9.6  Document CONLIOL .......coueiiiirieiirieciiciienrerer ettt ettt b 9-27
9.7 Control Of Purchased Material, Equipment And Services..........cecverrverennnnnn ereereneaes 9-29
9.8 Identification And Control Of Material, Parts And Components............c.coecvruereuenen.e. 9-31
9.9  Control Of Special PrOCESSES ........ccoviririeriririiinirieeitrieetetere st eae s sesenns 9-32
9.10  Internal INSPECHION.......ccciceiicicieirieer ettt 9-33
9.10.1 Inspections During Fabrication ..........c.cccceoeecoeennnmnecrcccecceeec e 9-34
9.10.2 Inspections During Initial Acceptance and During Service Life...........c.ccee...... 9-35
0.11  TeSt COMITOL...c.cveviiiiriieiccreiceire ettt bbbttt et n s s esens 9-35
9.11.1  Acceptance and Periodic Tests........cocouueveeerioinnnreeeiieececere e, 9-36
9.11.2  Packaging NONCONfOIMAanCe.........ccccoiucuiciiiciinirreeceeircteies et 9-37
9.12  Control Of Measuring And Test EQUIPMENL........ccceoveoieeireeceriirieiircree e 9-37
9.13  Handling, Storage, And Shipping Control.........c.cccccecirreriniicnnncerreeeesanene 9-38
9.14 Inspection, Test, And Operating Status..........ccccceveerireeirneerennnieeeenerereereeeeeenans 9-39
9.15  Nonconforming Materials, Parts, Or Components............cccccoccvreiervcienennneresnenenns 9-40
9.16  CorIrective ACHON ...c.covieiiiriiicctcee et 9-41
9.17  Quality Assurance ReCOTdS ...........coccuiruiimicciniecierccnneecerere et 9-42
9.17.1  GeNeral....cooiiiiiiieicinricceec ettt eereeeree e 9-43
9.17.2  Generating ReCOTdS .........cccoueveiniiiiniiininiiiceieeerce e 9-43
9.17.3  Receipt, Retrieval, and Disposition of Records..........ccccoeeerercrneinnnininneenn. 9-44
018 AUAILS 1ottt e sbe et 9-46
iv



S300 Safety Analysis Report | Docket No. 71-9329 Rev. 5, June 2010

1. GENERAL INFORMATION

This chapter of the Safety Analysis Report (SAR) presents a general introduction and description
of the model S300 packaging. The S300 packaging is identica] to the S300 pipe overpack
currently used as a payload container within the TRUPACT-II', and is qualified as a DOT 7A
Type A transportation packaging. This application seeks validation of the S300 packaging as a
Type AF-96 fissile materials shipping container per the definitions in 10 CFR §71.4%.

The major components comprising the S300 packaging are discussed in Section 1.2.1,
Packaging, and a detailed drawing of the package design is presented in Section 1.3.1,
Packaging General Arrangement Drawings.

1.1 Introduction

The S300 packaging has been developed as a safe means for transporting a single Los Alamos
Special Form Capsule (SFC). Radioactive contents consist of neutron sources, alpha reference
standards, foils (e.g., threshold detectors), and other similar source configurations containing
plutonium. As determined in Section 1.2.2, Contents, the S300 package carries a Type A
quantity of fissile material. The S300 package is designed for transport via highway, rail, vessel,
or air. The S300 is designed, fabricated, and used according to the Quality Assurance program
requirements discussed in Chapter 9, Quality Assurance.

As shown in Section 6.7, Fissile Material Packages for Air Transport, the S300 meets the
requirements of 10 CFR §71.55(f) and TS-R-1° §680 for the transport of fissile material by air.
Since the authorized contents of the S300 include plutonium, and since it is not demonstrated
that the S300 meets the requirements of 10 CFR §71.64, the S300 will not be transported by air
in any airspace which is subject to the laws and regulations of the United States.

1.2 Package Description

1.2.1 Packaging

1.2.1.1 Packaging Description

As illustrated in Figure 1-1, the S300 packaging is functionally divided into three parts: 1) the
impact-absorbing protection provided by the 55-gallon drum and dunnage, 2) the confinement
vessel consisting of the pipe component, and 3) the neutron shielding provided by the high-
density polyethylene (HDPE) shielding insert. Containment and criticality control are afforded

1'U.S. Department of Energy (DOE), Safety Analysis Report for the TRUPACT-II Shipping Package, USNRC
Certificate of Compliance 71-9218, U.S. Department of Energy, Carlsbad Field Office, Carlsbad, New Mexico.

2 Title 10, Code of Federal Regulations, Part 71 (10 CFR 71), Packaging and Transportation of Radioactive
Material, 01-01-06 Edition.

$1AEA, Regulations for the Safe Transport of Radioactive Material, TS-R-1, 2009.
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by the SFC. The S300 packaging is identical to the S300 Pipe Overpack, described in Section
4.4 of the CH-TRU Payload Appendices.

Overpack Components. The S300 package design utilizes a standard 55-gallon drum as an outer
container. A standard bolted clamping ring secures the drum lid to the drum body. The drum,
clamping ring, and bolt may be plated or painted carbon steel, or bare stainless steel. A rigid
polyethylene liner (body and lid) is located within the inside periphery of the drum. The liner lid
is pierced and the drum lid is fitted with a filter vent to allow continuous venting of the volume
within the drum. Cane fiberboard dunnage is used within the poly liner to hold the pipe
component in an approximately central position and to absorb shock. The lower shock absorbing
buffer includes a sheet of exterior plywood. - Using shims of fiberboard or plywood, the
clearance between the dunnage and the interior surface of the liner lid is maintained to less than
1/2 inch. '

Pipe Component. As illustrated in Figure 1-2, the pipe component consists of a cylindrical pipe
welded to a flat cap at the bottom end and a pipe bolting flange at the other end. The pipe
component is closed with a flat lid which is attached by 12, 7/8-9 UNC stainless steel bolts
having a minimum tensile strength of 75,000 psi. The weldment and lid are made from ASTM
Type 304 or 304L stainless steel material. The lid features two lift rings located on the bolt
circle, or optionally, a single, centrally located lift ring. A filter vent is installed in the lid. The
lid/flange joint features a butyl or ethylene/propylene rubber O-ring dust seal of nominally 3/ 16
inch cross sectional diameter.

The maximum outer diameter of the pipe is 12.8 1nches, the outer diameter of the flange is 16.3
inches, and the overall maximum length (including lifting rings and bolt heads) is 27.5 inches. -
The minimum thickness of the pipe wall is 0.219 inches, and the minimum thickness of the
-bottom cap is 0.25 inches. The nominal thickness of the lid is 0.9 inches.

Shielding Insert. The neutron shielding insert is a two-part assembly consisting of a cylindrical
body and stepped lid which nominally fills the cavity within the pipe component. The shielding
lid is held in place by the bolted lid of the pipe component. The insert is made from solid, high-
density polyethylene (HDPE) plastic. The thickness of the sides and ends is nominally four
inches. Supplemental shield plugs having a thickness of two inches are used at both ends of the
payload cavity. The remaining payload cavity is nominally 13 inches long and 3.5 inches in
diameter.

Two specific SFC types are used within the S300 package, as discussed in greater detail in -
Section 1.2.2, Contents.

1.2.1.2 Gross Weight

The gross shlpplng weight of the S300 package is a maximum of 480 pounds. A summary of
component weights is provided in Table 2-1 of Section 2.1.3, Weights and Centers of Gravity.

1.2.1.3 Neutron Moderation and Absorption

The S300 package does not require specific design features to provide neutron moderation and
absorption for criticality control. Fissile material in the payload is limited to an amount that
ensures safely subcritical packages for both NCT and HAC. The fissile material limit is based

1-2
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on an optimally moderated and reflected configuration of fissile material. A finite array of bare
SFCs is safely subcritical as discussed in Chapter 6, Criticality Evaluation.

1.2.1.4 Receptacles, Valves, Testing; and Sampling Ports

A filter vent through the S300 packaging drum lid and a second filter vent in the pipe component
lid comprise the only penetrations to the payload cavity. The SFC is not vented. No other
receptacles, valves, testing, or.sampling ports are utilized on the S300 packaging.

1.2.1.5 Heat Dissipation

The S300 package is designed with a passive thermal system. The amount of decay heat generated
- by the maximum payload is insignificant, as discussed in Section 3.1.2, Content’s Decay Heat.

1.2.1.6  Coolants

Due to the passive heat transfer design of the S300 package, no coolants are utilized.

1.2.1.7 Protrusions

- The external configuration of the S300 packaging is that of a standard 55- gallon drum, and
consequently has no 51gn1f1cant protrusions.

1.2.1.8 Lifting and Tie-down Devices

The S300 packaging is lifted, handled, and tied down using separate hardware designed for these
purposes. Consequently, there are no lifting or tiedown dev1ces which are an integral or
structural part of the packaging.

1.2.1.9 Pressure Relief System

Containment of radioactive materials is afforded by the payload SFC, which has no préssure relief
devices. As discussed earlier, one filter vent is located in the drum lid and one in the p1pe component
lid.

1.2.1.10 Shielding

As discussed in Chapter 5, Shielding Evaluation, the payload sources emit alpha particles, neutrons,
and minor gamma photons. The HDPE neutron shielding insert is used to demonstrate compliance
with NCT dose limits. As will be demonstrated, no neutron shielding is required for compliance with
HAC dose limits. '

Of note, when transporting the maximum permitted contents for air transport of 206g of Pu (see
Section 1.2.2, Contents), the surface radiation level does not exceed 200 mrem/hr (equivalent to 2
mSv/hr). Therefore a special arrangement is not required in accordance with TS-R-1, §575.

1-3
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1.2.2 Contents

Contents are divided into two categories. Content no. 1 consists of plutonium-based neutron
sources, and content no. 2 consists of general plutonium material, which includes alpha reference
standards (e.g., check sources), foils (e.g., threshold detectors), and other source configurations
containing plutonium. The plutonium used to manufacture the neutron sources is comprised of
the following six isotopes: Pu-238, Pu-239, Pu-240, Pu-241, Pu-242, and Am-241. The
radioisotope distribution representative of most sources is obtained from Section 5.5.1,
Radionuclide Distribution Document LA-UR-09-06701, and is shown in Table 1-1. Neutron
sources consist of plutonium mixed with target material such as beryllium. Other target
materials such as boron, fluorine, or other light elements may be used; however, the beryllium
target is bounding, as discussed in Section 5.2, Source Specification. Alpha reference standards
are typically small disks of substrate material with a thin plutonium deposit on the surface, while
foils are thin layers of plutonium sandwiched between cladding material.

Total contents are limited to less than an A; quantity using the sum of the fractions rule. Dose
. rate measurements are made on all packages to ensure compliance with DOT regulations as
. stated in Section 7.1.3, Preparation for Transport. »

The S300 package transports a single Special Form Capsule (SFC) within the shielding insert.
There are two different SFC models of similar design, carrying the designations Model II and
Model III. Each is fabricated of Type 304 stainless steel, with a nominal wall thickness of 1/2
inch, and bottom and threaded top cap thicknesses of 3/4 inch. The top cap holds a tapered
sealing plug in place, and is designed with a shearable stem to preclude removing the cap once
installed. The Model II has an additional impact plug held loosely in place with a snap ring. The
capsule dimensions are given in the following table.

.Cépsule Outer Diameter, in | Outer length, in*
Model II 3.0 11.75
Model III 2.5 7.0

*After stem shear-off.

- The Model II SFC is shown in Figure 1-3, and the Model III SFC is shown in Figure 1-4.
Additional discussion of the special form capsules is provided in Section 2.10, Special Form.
Table 1-2 gives the maximum contents for the S300 package for the Model IT and Model I1I
capsules under non-exclusive and exclusive use for surface (i.e., land or sea) transport. A
different criticality safety index (CSI) applies to the two content types. The CSI for content no. 1
is 0.3, while the CSI for content no. 2 is 4.0. Table 1-3 gives the maximum contents limits for
air transport, which is the same for both content types.
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Table 1-1 - Representative Radionuclide Distribution for Plutonium Used

in Sources

Isotope Composition, Wt. %

Pu-238 0.015

Pu-239 92.6

Pu-240 6.75

Pu-241 0.62

Pu-242 0.033
Am-241* 0.025

*The americium is present at the time of manufacture, and is additive to the plutonium. -
Therefore, 1g of Pu will have 0.00025g Am-241 prior to decay, or a Pu+Am mass of 1.00025g.

Table 1-2 - S300 Package Contents Limits for Surface Transport

Maximum Contents, grams of Pu

Non-Exclusive Use

Exclusive Use

Model Il SFC | Model lll SFC

Model Il SFC | Model Ill SFC

Content no. 1, Neutron Sources, CSI = 0.3

206 160 350 160
Content no. 2, General Plutonium Material, CSI = 4.0
300 160 1300 . 160

Table 1-3 - S300 Package Contents Limits for Air Transport

Maximum Contents, grams of Pu,
Content no. 1 or no. 2

Model Il SFC Model Ill SFC
206 | 160

1.2.3 Special Requirements for Plutonium

The S300 package contains a maximum of 350 grams of Pu in solid form. Therefore, no special
_requirements apply.
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1.2.4 Operational Features

The S300 package is not considered to be operationally complex. All operational features are
readily apparent from an inspection of the drawing provided in Section 1.3.1, Packaging General
Arrangement Drawings, and the previous discussions presented in Section 1.2.1, Packaging.
Operational procedures and instructions for loading, unloading, and preparing an empty S300
package for transport are provided in Chapter 7, Operating Procedures.
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Security-Related Information Figure
Withheld Under 10 CFR 2.390.

Figure 1-1 - S300 Package Configuration
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Security-Related Information Figure
Withheld Under 10 CFR 2.390.

Figure 1-2 — Pipe Component (Confinement Vessel) Configuration
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Security-Related Information Figure
Withheld Under 10 CFR 2.390.

@  Figure 1-3-Model Il Special Form Capsule

1-9




$300 Safety Analysis Report Docket No. 71-9329 Rev. 5, June 2010

Security-Related Information Figure
Withheld Under 10 CFR 2.390.

‘ Figure 1-4 — Model lll Special Form Capsule
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1.3 Appendix

1.3.1 Packaging General Arrangement Drawings
(60999-SAR, 3 sheets)
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2. STRUCTURAL EVALUATION

This chapter identifies and describes the principal structural design aspects of the S300 package,
and demonstrates the structural safety of the packaging system and compliance with the
structural requirements of 10 CFR 71. Demonstration of compliance is accomplished using a
combination of performance tests, reference to previous demonstrations, and reasoned argument.

For normal conditions of transport (NCT), demonstration of compliance is by testing of a S300
package prototype (vibration, free drop, corner drop) and by reference to tests of similar
packages (water spray, stacking, penetration). For hypothetical accident conditions (HAC),
demonstration is by reference to tests of similar packages, showing that the environment
provided for the SFC by the S300 package in the free drop, puncture, and fire tests is bounded by
the tests used to qualify the capsules as special form.

2.1 Description of Structural Design

2.1.1 Discussion

The S300 package is designed to transport a single Special Form Capsule (SFC). Radioactive
contents consist of neutron sources, alpha reference standards, foils (e.g., threshold detectors),
and other source configurations containing plutonium.

The packaging is functionally divided into three parts: 1) the impact-absorbing protection
provided by the 55-gallon drum and dunnage, 2) the confinement vessel consisting of the pipe
component, and 3) the neutron shielding provided by the high-density polyethylene (HDPE)
shielding insert. Containment of radioactive material is afforded by the SFC, per 10 CFR §71.4.

The S300 package employs cane fiberboard dunnage within the overpack to provide attenuation
of shock loading during normal conditions of transport (NCT) and hypothetical accident
conditions (HAC). The pipe component, made of austenitic stainless steel, provides a compact,
robust confinement for the SFC during NCT and during most HAC events. While the pipe
component may not remain fully intact following the entire series of HAC mechanical test
events, it nonetheless provides an environment that is less severe than the mechanical testing
performed on the special form capsule during its qualification. The shielding insert provides,
besides biological shielding of neutrons, further attenuation of shock and vibration. Of note, the
shielding analysis documented in Chapter 5, Shielding Evaluation and the criticality evaluation
documented in Chapter 6, Criticality Evaluation, demonstrate that an adequate level of biological
shielding and subcriticality under worst-case moderation, respectively, are maintained by a bare
capsule under HAC.

2.1.2 Design Criteria

The S300 package, in conjunction with the SFC, has been designed to meet all the applicable
structural requirements of 10 CFR 71. The design objectives for the S300 package are twofold:
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1. Demonstrate that, under NCT, the S300 package maintains confinement of the SFC within
the shield insert, and experiences an insignificant reduction in its effectiveness to withstand
HAC; and

2. Demonstrate that the environment afforded to the SFC by the S300 under HAC is bounded
by the environment to which the SFC was exposed during special form qualification testing.

Consequently, the design criteria for NCT are that the S300 package exhibit only minor damage
subsequent to the NCT conditions and tests, including no damage that would materially affect
the outcome of a subsequent HAC test.

For HAC, the design criteria are that the S300 package protect the SFC from conditions more
severe than those experienced in the special form qualification 9-meter free drop, percussion, and
heat tests specified in 10 CFR §71.75.

For air transport, no structural integrity is assumed for the hypothetical accident conditions
defined in 10 CFR §71.55(f). Instead, the materials of the packaging and contents are assumed
to reconfigure into a worst-case criticality geometry as discussed in Section 6.7, Fissile Material
Packages for Air Transport.

Material properties are controlled by the acquisition of critical components to ASTM standards,
as described in Section 2.2, Materials.

The materials utilized in the S300 package are not subject to brittle fracture. The steel drum, due
to its thin section (approximately 0.055 inches) is not susceptible to brittle fracture at cold
temperatures. The pipe component and lid bolts are made from austenitic stainless steel, and are
thus not subject to brittle fracture.

The S300 package is normally used for one-time shipment and permanent storage, and is
consequently not subject to cyclic usage fatigue. If used more than once, the only components of
the S300 package which could be subject to cyclic usage stress are the fasteners. These items
(the pipe component lid bolts and the drum closure ring bolt) are few and simple, and can be
adequately inspected to ensure integrity prior to use. Fatigue associated with normal vibration
over the road is discussed in Section 2.6.5, Vibration.

2.1.3 Weights and Centers of Gravity

Weights of the S300 packaging components are presented in Table 2-1. Due to the symmetric
design, the center of gravity is located approximately at the geometric center of the package.
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Table 2-1 — S300 Component Weights

Component Weight (Ib)
Overpack (drum, liner, dunnage) : 180 ~
Pipe Component (empty) 180
Shield Insert 90
Special Form Capsule (Loaded) 30
Total: 480

2.1.4 Identification of Codes and Standards for Package Design

The S300 package functions primarily as an overpack for the SFC. In lieu of reliance on the use
of codes or standards in design, compliance with requirements is demonstrated via full scale
testing of the S300 package for NCT, and via U.S. DOT spec1al form certification of the SFC for
both NCT and HAC.

2.2 Materials

2.2.1 Material Properties and Specifications

The S300 packaging is constructed of several common structural materials, such as carbon steel,
stainless steel, cane fiberboard, and high density polyethylene (HDPE). The pipe component is
made from ASTM Type 304/304L stainless steel, having a minimum yield strength of 25,000 psi
and a minimum ultimate strength of 70,000 psi. The pipe component lid bolts are made from
stainless steel having a minimum ultimate strength of 75,000 psi. The cane fiberboard dunnage
is made from ASTM C208 material, having a minimum density of 14 Ib/ft*,

2.2.2 Chemical, Galvanic, or Other Reactions

The materials of construction are inherently resistant to chemical or galvanic corrosion.
Deleterious corrosion or other reactions are not anticipated during normal use. In addition, all of
these materials have been used in Type A packagings for many years without incident.

However, if unusual corrosion of the carbon steel outer drum occurs, this can be readily detected
during preparation of the packaging for use. Both the pipe component and the SFC are made
from austenitic stainless steel. The other packaging components, such as HDPE and fiberboard,
are not subject to chemical degradation or corrosion during normal use.

High density polyethylene (HDPE) is a thermoplastic material based on chains of CH,
monomers. It does not contain any corrosive ions such as chlorides. As a thermoplastic, the
material melts without significant chemical change. Thus the solid or molten material is not
caustic to the stainless steel used for the SFC. If the material is exposed to the hypothetical fire,
the combustion products will consist mainly of carbon dioxide and carbon monoxide. The
smoke may also contain low levels of aldehydes, ketones, organic acids or hydrocarbons. These
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substances are generally not corrosive to stainless steel. Additionally, since the fire event is of
limited duration, exposure to the combustion products of HDPE will have no significant effect
on the SFC. ‘

2.2.2.1 Effect of Contents on the SFC

The SFC is made of Type 304 stainless steel, which is approximately 18% Cr, 8% Ni, and the
balance Fe. During the hypothetical fire, the temperature of the SFC may be elevated to 800 °C
(1,475 °F) for a brief period as discussed in Section 3.4.3, Maximum Temperatures and
Pressures. The quaternary phase system of stainless steel with Pu is complex, but Pu is known
to form a eutectic with Fe at 410 °C having approximately 10 atomic percent Fe. A review of the
metallurgical data obtained from diffusion couples and irradiated stainless steel clad Pu metallic
fuels was performed by Tsai, et. al.' In that study, the following formula was given for the rate
of wall thinning of a stainless steel can due to Pu alloying at-temperatures above 600 °C, which
includes the maximum SFC temperature:

R = e(e 75-9,850/T)

where R is the rate of penetration (um/s), and T is temperature (K). At 800 °C (1,073 K), the rate
of penetration is 0.088 um/s, or 3.465(10°°) in/s. The eutectic only begins to form above 410 °C
(770 °F), but conservatively, the time duration for potential alloying will be taken as the entire
fire duration of 30 minutes, plus one hour after the end of the fire (at which time the SFC
temperature is back down to approximately 400 °F per Section 3.4.3), or a total of 5,400 seconds.
The conservative overestimate of the penetration distance would therefore be 5,400s x
3.465(10) in/s = 0.019 inches. Since the thinnest SFC wall belongs to the Model II, having a
thickness of % x (3 - 2.062) = 0.469 inches (see Figure 1-3), the maximum depth of penetration
into the wall by the eutectic liquid (0.019 inches) equals only 4% of the wall thickness. The soak
time at a temperature of 800 °C required to completely penetrate the SFC wall thickness is:

0.469

te.. = =135,354s =37.6 hours
soak '3 465107 )

This time period is far longer than the SFC exposure to high temperature. Thus, compromise of
the SFC containment boundary by the possible attack of Pu on the SFC material of construction
is not of concern.

The SFC is closed with an air atmosphere. The ignition temperature of Pu metal in dry air can be
as low as approximately 300 °C%, which will be exceeded in the hypothetical fire accident
condition. The combustion product would consist of PuO3; plutonium nitride (from the nitrogen
in the air) does not form under these conditions. The Model II SFC has the largest internal
volume of the two capsules. Conservatively ignoring the volume taken by the impact plug (see

! Hanchung Tsai, Yung Liu, Allen Smith, Nick Gupta, and Steve Bellamy, Potential Eutectic Failure Mechanism for
Stainless Steel Cans Containing Plutonium Metal, Argonne National Laboratory, in Proceedings of the 1 5t
International Symposium on the Packaging and Transport of Radioactive Materials, PATRAM 2007.

2 O. J. Wick, Ed., Plutonium Handbook: A Guide to Technology, Gordon and Breach Science Publishers,New York,
1967. :
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Figure 1-3) and the internal payload materials, the length of the internal cavity of the Model II
SFC is equal to:

11.75-1.0-0.75 - 0.78 = 9.22 inches.

The volume is therefore:
V =n/4(2.062)*(9.22) = 30.79 in® = 504.5 cm®

Since one mole of air occupies 22.4 liters at STP, or 22,400 cm®, the Model II SFC contains
504.5/22,400 = 0.0225 moles of air, or, since oxygen comprises 21% of air, 0.0047 moles of O.
Since the species formed by oxidation is PuO;, then it takes only 0.0047 moles of Pu to
completely consume all of the oxygen in the SFC. Since Pu weighs 239 g/mol, the weight of Pu
consumed would be 0.0047 mole x 239 g/mol = 1.1g Pu. This represents a very small amount of
chemical heat and reactant volume, thus, the possible combustion of the Pu with the available
oxygen inside the SFC is not of concern.

2.2.3 Effects of Radiation on Materials

The radioactive contents of the SFC generate primarily neutrons via a o-n reaction. Most of the
neutrons are captured by the shield insert before reaching any other components of the
packaging. In any case, the payload represents a relatively weak source of neutrons, and no
significant degradation of the materials of the packaging will occur. Thus, the requ1rements of
10 CFR §71.43(d) are satisfied.

2.3 Fabrication and Examination

2.3.1 Fabrication

The S300 packaging uses conventional processes for the fabrication of the packaging

components. No special processes or techniques are used. All parts are fabricated or purchased -

in accordance with approved fabrication drawings. Pipe component flange and bottom end
welds are made in accordance with the ASME B&PV Code, Section III, Division 1, Subsection
NG, Article NG 4400, and are complete joint penetration welds.

2.3.2 Examination

Each component of the S300 packaging is examined per the approved fabrication drawings to
ensure acceptable materials and workmanship. Pipe component flange and bottom end welds are
examined in accordance with the ASME B&PV Code, Section III, Division 1, Subsection NG,
Articles NG-5230 and NG-5260, and accepted in accordance with Articles NG-5350 and NG-
5360.
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2.4 General Requirements for All Packages

2.4.1 Minimum Package Size

The minimum dimension of the S300 packaging is the drum diameter of approximately 24
inches. Thus, the minimum four-inch requirement of 10 CFR §71.43(a) is satisfied.

2.4.2 Tamper-Indicating Féature

A tamper-indicating lock wire and seal is installed through a cross-drilled hole in the drum lid
bolting-ring bolt. The drum lid cannot be removed without destroying the seal. Thus, the
requirement of 10 CFR §71 43(b) is satlsfled

2.4.3 Positive Closure

The containment system of the S300 packaging is supplied by the SFC. Once closed, the SFC
cannot be opened without destroying the capsule, thus meeting the requirement of 10 CFR §71.4.
The SFC is carried within the shield insert, which is confined within the pipe component. The
lid of the pipe component is attached by 12 bolts which are not accessible during transport.
Thus, the SFC cannot be released from the shield unintentionally, meeting the requirement of 10
CFR §71.43(c).

2.5 'Lifting and Tie-Down Standards for All Packages

2.5.1 Lifting Devices

No lifting devices are provided that are used to lift the entire packaging.

2.5.2 Tie-Down Devices

There are no tie-down devices which are a structural part of the S300 packaging. Either single or
multiple packages in the same shipment may be palletized, with strapping, banding, shrink-
wrapping, and/or netting used to secure and immobilize the packages. Failure of these restraint
devices will not compromise the ability of the S300 package to protect the payload, satisfying the
requirement of 10 CFR §71.45(b). For shipment as exclusive use, the S300 package shall be
secured to a pallet or shipping skid at least four inches in height.
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2.6 Normal Conditions of Transport

2.6.1 Heat

2.6.1.1 Surhmary of Pressures and Temperatures

As presented in Section 3.3.1, Heat and Cold, the maximum S300 package temperature is
165 °F. Since all cavities of the package are vented, the maximum normal operating pressure
(MNOP) is equal to ambient.

2.6.1.2 Differential Thermal Expansion

The shield insert, made of HDPE, takes up most of the volume inside the pipe component. It has
an outer diameter of 11.8 inches and an assembled length of 24.8 inches. The pipe component
has a minimum internal diameter of 12.0 inches and an internal length equal to:

25.6 -0.1 -0.35-0.05 = 25.1 inches,
where:

25.6 inches is the nominal length of the body

0.1 inches is the negative tolerance on body length

0.35 inches is the maximum bottom plate thickness

0.05 inches is the thickness of the lid step which protrudes into the cavity on the lid end.

The thermal expansion coefficient for HDPE is 0.0001 in/in/°F.> The differential temperature is
between the NCT hot temperature of 165 °F and room temperature of 70 °F, or 95 °F. The
diametral (D-CLR) and axial (A-CLR) clearances are:

D-CLR =12.0-11.8(1+0.0001x 95)=0.088 inches
A—CLR =25.1-24.8(1+0.0001x 95) = 0.064 inches

Note that the thermal expansion of the steel pipe component is conservatively neglected.
Therefore positive clearances under NCT hot temperatures are maintained.

2.6.1.3 Stress Calculations

Since there are no interferences of components and no internal pressures, this section does not
apply.

2.6.1.4 Comparison with Allowable Stresses

Since there are no stresses in the S300 packaging due to heat conditions, this section does not

apply.

% CRC Press, Handbook of Tables for Applied Engineering Science, 2™ Edition, 1973, p. 152.
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2.6.2 Cold

As presented in Section 3.3.1, Heat and Cold, with an internal decay heat load of zero, no
insolation, and an ambient temperature of -40 °F, the average package temperature will be -40 °F.
None of the materials of construction (i.e., thin carbon steel comprising the 55-gallon drum,
austenitic stainless steel comprising the pipe component and special form capsules, high-density
polyethylene shielding, and cane fiberboard and wood dunnage) undergo a ductile-to-brittle
transition at temperatures of -40 °F or higher.

The inner diameter of the shielding insert is 3.5 inches, and the outer diameter of the largest SFC
(the Model II) is 3.0 inches. At a temperature of -40 °F, the diameter of the shielding insert
would be equal to 3.5(1 - 110 x 0.0001) = 3.462 inches, where the differential temperature from
an ambient of 70 °F to -40 °F is 110 °F, and the thermal expansion coefficient for HDPE is
0.0001 in/in/°F as stated above. The remaining clearance between the shielding insert and the
SFC is 3.462 - 3.0 = 0.462 inches. Axial clearance of the SFC is greater than one inch.

Therefore, the NCT cold event is of negligible consequence.

2.6.3 Reduced External Pressure

Since containment of radioactive material is afforded by the SFC, and since both the pipe
component and the overpack drum are vented, the effect of a reduced external pressure on the
S300 package of 3.5 psia, per 10 CFR §71.71(c)(3), is negligible.

2.6.4 Increased External Pressure

Since containment of radioactive material is afforded by the SFC, and since both the pipe
component and the overpack drum are vented, the effect of an increased external pressure on the
S300 package of 20 psia, per 10 CFR §71.71(c) (4), is negligible.

- 2.6.5 Vibration

The effects of vibration normally incident to transport have been evaluated by test, both on
generic 17C, 55-gallon drums and on three S300 package prototypes.

As documented in the U.S. Department of Energy Test and Evaluation Document for DOT
Specification 74 Type A Packaging, Appendix D, Table D-24 (reproduced as Figure 2-1), the
effects of the vibration test specified in 49 CFR 178.608" on three generic 17C drums loaded

'with sand and lead bricks and weighing between 900 and 1000 1b, were negligible.

Specific testing of three S300 prototype packages was also performed as documented in
Appendix 2.12.1, Type A Testing. The prototypes were identical in design and manufacture to
standard production units. Using a steel bar as a simulated payload, the pipe component and
outer drum were closed and fasteners torqued as for shipment. Each package was subjected to
testing on a vibrating platform, where the sinusoidal motion had a peak-to-peak displacement of
one inch. The packages were not restrained except by passive horizontal barriers at the edges of

! Title 49, Code of Federal Regulations, Part 178, Subpart K, Specifications for Packagings for Class 7
(Radioactive) Materials, and Subpart M, Testing of Non-bulk Packagings and Packages.
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the platform. For a test duration of one hour, each package was vibrated such that a strip of steel
having a thickness of 1/16 inch could be passed between the bottom of the package and the test
platform. After the tests, the packages were opened and inspected. The test had no observable
effect on the drum, the poly liner, shield insert, or pipe component. Only a small amount of dust
was generated from sliding wear of the cane fiberboard components. Thus, the effect of
vibration normally incident to transport, per 10 CFR §71.71(c)(5), is not of concern for the S300
package.

2.6.6 Water Spray

As documented in the U.S. Department of Energy Test and Evaluation Document for DOT
Specification 74 Type A Packaging, Appendix D, Table D-24 (reproduced as Figure 2-2), the
17C and 17H 55-gallon steel drums passed the water spray test as specified in 10 CFR

§71.71(c) (6) without damage or inleakage of water. The filter used in the drum lid is not capable
of passing significant amounts of water. Furthermore, since the drum outer package is made of
metal with a sealed and bolted lid, the water spray will have no effect on the materials of the
package which could affect any of the subsequent tests. Thus, the effect of water spray is not of
concern for the S300 package.

2.6.7 Free Drop

For a package mass less than 11,000 Ib, 10 CFR §71.71(c) (7) requires a free drop of the
specimen through a distance of four feet onto a flat, essentially unyielding surface. The package
should fall in an orientation for which the maximum damage is expected. In determining the
worst-case orientation, it is noted that the primary consideration must be the retention of the
drum closure lid. The worst-case orientation for closure lid retention will be one for which the
deformation at the drum lid closure ring is greatest. Other considerations, such as impact
severity, are not governing for a package such as the S300 which has a relatively compliant
response and for drops from the comparatively low height of only four feet. Since no significant
damage occurs to the internal pipe component as a result of the much more challenging 30 ft
HAC free drop, as discussed in Section 2.7.1, Free Drop, the pipe component cannot be
damaged in the 4 ft NCT free drop.

The worst-case orientation for drum lid closure ring deformation is the center of gravity (CG)
over corner, lid down case. This is because the deformation of the package is concentrated in
one location at the impact point. Other orientations may be considered as follows. In the top-
down orientation (axis vertical), the entire drum lid closure ring would strike the ground at one
time, and the deformation would be well distributed. It would thus not be possible to dislodge
the drum closure lid in the top-down orientation. In a side-slapdown orientation, some of the
kinetic energy would be applied to the primary impact end, and the remainder to the secondary
impact end. This division of energy means that the deformation at the drum lid closure ring
would be less than in the CG over corner case, where all of the energy is applied in one location.
Therefore, the CG over corner orientation is worst-case. The drum lid closure ring joint should
be placed at the point of impact, since the ring is not continuous at that point and somewhat more
deformation can therefore be expected.
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As documented in Appendix 2.12.1, Type A Testing, one S300 package was dropped from four
feet in two orientations: one center of gravity over corner, and one horizontal. In each case, the
drum lid clamping ring bolt was at the point of impact. The test target had a weight well in
excess of 10 times the test package. Since the water spray test had no effect as documented
above, the free drop test unit was not subject to water spray prior to the free drop test.

From both tests, the damage was bounded by a crush distance of one inch (measured along a line
from the theoretical corner of the drum towards the geometric center of the drum.) After testing,
the lid remained securely fastened to the drum. There was no effect on the internal shielding or
dunnage components, nor any effect on the pipe component. Thus, the effect of the free drop test
is not of concern for the S300 package.

2.6.8 Corner Drop

This test does not apply, since the S300 package is a fissile material cylindrical package
weighing more than 220 1b, as specified in 10 CFR 71.71(c)(8).

2.6.9 Compression

As documented in the U.S. Department of Energy Test and Evaluation Document for DOT
Specification 74 Type A Packaging, Appendix D, Table D-24 (reproduced as Figure 2-3), a 17C,
55-gallon drum weighing 1,000 1b was loaded with a weight of 5,525 Ib (a weight conservatively
much greater than the required 5 times the weight of the actual S300 package which is 5 x 480 =
2,400 Ib) for 24 hours. There were no effects on the package, which passed the test. Thus, the
effect of the compression test, per 10 CFR §71.71(c)(9), is not of concern for the S300 package.

2.6.10 Penetration

As documented in the U.S. Department of Energy Test and Evaluation Document for DOT
Specification 74 Type A Packaging, Appendix D, Table D-31 (reproduced as Figure 2-4), 17C
and 17H 55-gallon drums, including bung filters, are capable of passing the penetration test
specified in 10 CFR §71.71(c)(10) with negligible damage (small dents). Thus, the effect of the
penetration test is not of concern for the S300 package.

- 2.7 Hypothetical Accident Conditions

10 CFR §71.55 requires that packages containing fissile material be evaluated for criticality with
the inclusion of any damage resulting from the NCT tests specified in §71.71 plus the damage
from the HAC tests specified in §71.73. As demonstrated in Section 2.6, Normal Conditions of
Transport, the damage from the NCT tests was negligible, and consequently its effects are not
included in the HAC considerations below. The following sections describe the response of the
S300 package and of the SFC payload to the hypothetical accident conditions. As discussed in
Section 2.1.2, Design Criteria, the design criteria for HAC are that the S300 package protect the
SFC from conditions more severe than those experienced in the special form qualification 30-ft
free drop, percussion, and heat tests of the SFC, specified in 10 CFR §71.75.
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2.7.1 Free Drop

10 CFR §71.73(c) (1) requires a free drop of the specimen through a distance of 30 ft onto a flat,
essentially unyielding surface. A comprehensive series of tests in the worst-case orientations
was not performed on the S300 package; however, a conservative prediction of its response may
be made as follows.

The effect of the free drop impact on the internal pipe component will be discussed first. The
response of the pipe component to various impact orientations is documented in Ammerman, et
al,” which describes drop testing performed during qualification of the pipe overpack container
for use in the TRUPACT-II package. The S300 is structurally identical to the pipe overpack
container which is the subject of the report. The container was dropped 30 ft in both horizontal
and vertical orientations. In the horizontal orientation, the pipe component lid was vertical, and
the closure bolts were consequently loaded in shear by the weight of the pipe lid. In the vertical
orientation, the pipe component lid was horizontal, and the closure bolts were consequently
loaded in tension by the weight of the contents of the pipe and by the pipe lid. These two
orientations bound the loading on the pipe component lid. In both cases, the pipe component
was leaktight after testing. In the case of the S300, there is no requirement for the pipe
component to be leaktight, since special form capsules are transported. Therefore, the pipe
component will easily emerge intact from the HAC free drop test.

Next, the response of the S300 drum overpack will be considered. Smith and Gelder® report on
30-ft free drop tests of the 6M Specification Package at various impact orientations. The 6M
package is a drum package of similar size, weight, and construction to the S300. The weight of
the package was 640 1b. The results showed that for the standard clamping ring, total loss of the
drum lid could not be ruled out, particularly in the center of gravity over corner and shallow
angle orientations. Blanton’ reports similar results from testing similar drum closures.
Consequently, it would be conservative to assume that the S300 drum lid could be lost in the free
drop test. In that case, the ejection of the drum contents, including the steel pipe component,
might be possible. However, since the drum lid could not be lost until impact, which occurs at
essentially zero elevation, the pipe component itself, which is located within a surrounding layer
of shock-absorbing cane fiberboard, would not experience any significant damage from the free
drop test. '

From these considerations, it is concluded that, subsequent to the free drop test, the pipe
component may be separated from the S300 outer components, but will remain intact without
significant damage. This is a conservative assumption which bounds all other post-drop
assumptions in which the package exhibits a greater degree of integrity.

S Ammerman, D. J., Bobbe, J.G., Arviso, M, and Bronowski, D.R., Testing in Support of Transportation of Residues
in the Pipe Overpack Container, SAND97-0716, Sandia National Laboratories, April 1997.

5 Smith, Allen C., and Gelder, Lawrence F., Drop Tests for the 6M Specification Package Closure Investigation,
WSRC-MS-2004-00221, April 30, 2004.

" Blanton, P. S., Responses of Conventional Ring Closures of Drum Type Packages to Regulatory Drop Tests with
Application to the 9974/9975 Package, WSRC-MS-2002-00452, August, 2002.
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2.7.2 Crush

10 CFR §71.73(c) (2) requires that the crush test be performed on fissile material packages which
have a mass not greater than 1,100 Ib and a density not greater than 62.4 1b/ft°. Because the
S$300 package has a maximum weight of 480 1b and a volume of 8.13 ft* (based on a diameter of
22.6 inches and a height of 35 inches), leading to a maximum density of 480/8.13 = 59 Ib/ft’, the
crush test is applicable. The crush test is specified as an impact of a 1,100 b mass falling from
30 ft, striking a specimen oriented so as to suffer the maximum damage. Since a conservative |

evaluation of the free drop test concludes that the pipe component may become separated from

the S300 package during the free drop test, the crush test must be considered to occur on the pipe |
component, resting on an unyielding surface. The crush test on the S300 pipe component is
evaluated analytically using a dynamic finite element model. The analysis is discussed in detail
in Appendix 2.12.2, HAC Crush Test Evaluation. The crush plate impacts the pipe component
lying on its side, resting on an unyielding surface. Although the pipe bottom end and the
adjacent part of the shielding insert are heavily deformed by the impact, the results show that the
cavity of the shield does not deform significantly. In fact, the minimum deformed diameter of
the shielding insert cavity is 3.38 inches (a reduction of 0.12 inches), which occurs at a location
corresponding to the bottom end of the SFC. Since the largest SFC (the Model i) is only 3
inches in diameter, it is clear that the crush test does not cause squeezing or pressure forces to
occur on the SFC. Since the SFC was successfully qualified to 10 CFR §71.75(b)(1), which
consisted of a bare, 30 ft free drop onto an unyielding surface, it follows that the crush test, in
which no impact forces are imparted to the SFC, will not compromise the ability of the SFC to
perform its containment function.

Due to the impact of the crush plate with the pipe component, a shear load could be developed in
the pipe component lid bolts. While Appendix 2.12.2, HAC Crush Test Evaluation, shows that
closure bolt failure is unlikely, it may be conservatively assumed that all of the lid bolts shear
off, removing the lid, and allowing the SFC to be separated from the pipe component. Of note,
this separation occurs only as a consequence of the potential shear of the pipe component lid
bolts. Since the potential separation of the SFC from the pipe component could only occur after
impact, when the crush plate had essentially come to rest, no significant interactions between the

. SFC and the crush plate could occur.

2.7.3 Puncture

10 CFR §71.73(c)(3) requires the drop of the package onto a six-inch diameter steel bar from a
height of 40 inches. Although the analytical evaluation discussed in Section 2.7.2, Crush,
showed that the pipe component lid remained intact as a result of the crush plate impact, it is
more conservative to assume that the SFC becomes separated from all other parts of the S300
packaging and interacts directly with the puncture bar.

Because the SFC is smaller than the puncture bar, the flat top of the puncture bar presents
essentially the same target as the free drop target (i.e., flat and essentially unyielding). However,
as required by 10 CFR §71.75, the SFC was dropped onto an essentially unyielding flat surface
from a height of 30 ft during special form qualification testing, or nine times as far as in the 40-

2-12




S300 Safety Analysis Report Docket No. 71-9329 Rev. 5, June 2010

inch puncture drop test. Therefore the most conservative puncture bar test scenario is bounded,
to a very significant degree, by the special form qualification testing performed on the SFC.

Other, less severe outcomes could result from the free drop, crush, and puncture drop tests.

While it is unlikely that the drum could survive all of these tests with its lid fully intact, the SFC |
could still be retained within the pipe component. The criticality consequences of this scenario,

as well as the most conservative case of the release of the SFC from the pipe component, are
considered in Chapter 6, Criticality Evaluation.

2.7.4 Thermal

10 CFR §71.73(c) (4) requires the exposure of the S300 packaging to a hypothetical fire. The
most conservative assumption regarding the initial conditions of the S300 packaging before the
fire, as discussed above, is that due to the mechanical tests (free drop, crush, and puncture), the
'SFC has been separated entirely from the package and is exposed to the fire without any package
components to shield it. The thermal evaluation is presented in Section 3.4, Thermal Evaluation
under Hypothetical Accident Conditions.

2.7.4.1 Summary of Pressures and Temperatures

As shown in Section 3.4.3, Maximum Temperatures and Pressures, the effects of an exposure of
a bare SFC to the thermal conditions of 10 CFR §71.73(c) (4) is essentially equivalent to the heat
test of 10 CFR §71.75(b)(4), in which the capsule is heated to 1,475 °F for 10 minutes. Although
the duration of the test is slightly different between the two cases (the test specimen is exposed to
the 1,475 °F environment for 30 minutes in §71.73(c)(4), whereas the SFC is heated explicitly to
1,475 °F for 10 minutes in §71.75(b) (4)), the maximum temperature in each case is essentially
equal to the fire temperature of 1,475 °F. Since the special form heat test of 10 CFR

§71.75(b) (4) was sustained by the tested capsules without loss of leaktight condition, then the
SFC will remain leaktight following the HAC thermal test.

The possible retention of the SFC within an intact pipe component during the HAC thermal test
is not of concern. In that case, the polyethylene shielding material would begin to decompose
due to the elevated temperature. Gases which could form as a result of decomposition would
partially escape through the pipe component lid vent, and after decomposition of the lid O-ring
dust seal, which would occur shortly after the beginning of the fire, gases could also escape past
the lid closure joint. Any pressurization of the pipe component which might occur would be
external to the SFC. Since that would drive the tapered sealing plug further into its seat, it would
have the tendency to enhance, rather than degrade, the sealing of the capsule.

2.7.5 Immersion - Fissile Material

10 CFR §71.73(c)(5) requires performance of the immersion test for packages containing fissile
material. The criticality evaluation presented in Chapter 6.0, Criticality Evaluation, assumes
optimum hydrogenous moderation of single SFCs and arrays of SFCs, thereby conservatively
addressing the effects and consequences of water in-leakage.
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2.7.6 Immersion - All Packages

10 CFR §71.73(c) (6) requires performance of an immersion test under a head of water of at least
50 ft. Since the test package may be undamaged, the condition applied to the SFC is merely one
of external water pressure. Any effects on the S300 packaging components would be immaterial.
The test water pressure of 21.7 psi would have a negligible effect on the relatively small, thick-
walled SFC. The direction of pressure would also have the effect of driving the sealing plug
deeper into its seat. Therefore, the immersion test is not of concern.

2.7.7 Deep Water Immersion Test
The S300 package is a Type AF package; hence, this requirement does not apply.

2.7.8 Summary of Damage

The discussions of sections 2.7.1, Free Drop, through 2.7.7, Deep Water Immersion Test,
demonstrate that the S300 package in conjunction with the SFC payload prevents release or
dispersal of the radioactive contents of the SFC when subjected to all applicable hypothetical
accident tests. In particular, the criteria established in Section 2.1.2, Design Criteria, namely
that the S300 package protect the SEC from conditions more severe than those experienced in the
special form qualification 30-ft free drop, percussion, and heat tests of the SFC, were met.

The results of the special form qualification tests are discussed in Section 2.10, Special Form.
The shielding and criticality control consequences of the separation of the SFC and contents
from the rest of the S300 packaging under HAC is discussed in Chapter 5, Shielding Evaluation,
and Chapter 6, Criticality Evaluation.

2.8 Accident Conditions for Air Transport of Plutonium

The S300 will not be transported by air in any airspace which is subject to the laws and
regulations of the United States. Therefore, evaluation of the accident conditions specified in
10 CFR §71.74 is not required.

2.9 Accident Conditions, for Air Transport of Fissile Material
Packages

10 CFR §71.55(f) requires that the package be subcritical subsequent to the application of a
series of accident condition tests specifically applicable to the transport of fissile materials by air.
The effects of these tests on the S300 have not been specifically evaluated. Instead, for purposes
of the criticality evaluation, a worst-case reconfiguration of the package and contents materials is
assumed. Under the bounding assumption, all of the materials of the package and of the contents
are assumed to reconfigure into a spherical shape. Materials which moderate or reflect neutrons
are placed in positions which lead to the greatest reactivity of the system. Materials whose
presence reduce system reactivity are removed. The sphere is surrounded by 20 cm of water as
required by 10 CFR §71.55(f) (1). Details of the criticality analysis are given in Section 6.7,
Fissile Material Packages for Air Transport. The S300 package meets the requirements of 10
CFR §71.55(f) (1) and TS-R-1, §680 for the air transport contents stated in Table 1-3.
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2.10 Special Form

The radioactive contents of the SFC consist of neutron sources, alpha reference standards, foils
(e.g., threshold detectors), and other similar source configurations containing plutonium. The
contents are contained within special form capsules of two specific types: Model II and Model
III. Each capsule is approved by the U.S. Competent Authority, is of similar design, and differ
primarily only in dimensions. The sealing technique is the same for both models.

The Model II SFC, illustrated in Figure 1-3, is fabricated of Type 304 stainless steel, with a
nominal wall thickness of almost 1/2 inch, and bottom and top threaded cap thicknesses of 3/4
inch. The contents are located below a snap ring that holds an impact plug in place axially,
followed by a tapered sealing plug nominally 3/4 inch thick. The threaded cap is designed with a
shearable stem to preclude removal of the cap once installed. The outer length of the closed

Model I is 11-3/4 inches (excluding the shearable cap stem), and the outer diameter is three
inches. The interior cavity length is 8-3/4 inches, and the interior cavity diameter is 2-1/16 :
inches. The Model II SFC meets the requirements of 10 CFR §71.75 and is certified by the U.S.
Department of Transportation. Manufactured to AEA Technology QSA, Inc. Drawing No. |
R20047, Rev. B, it carries the IAEA Certificate of Competent Authority Special Form

Radioactive Materials Certificate Number USA/0696/S-96. |

The Model III SFC, illustrated in Figure 1-4, is fabricated of Type 304 stainless steel, with a
nominal wall thickness of 1/2 inch, and bottom and top threaded cap thicknesses of 3/4 inch.

The contents are located below a tapered sealing plug nominally 3/4 inch thick. The threaded

cap is designed with a shearable stem to preclude removal of the cap once installed. The outer
length of the closed Model III is seven inches (excluding the shearable cap stem), and the outer
diameter is 2-1/2 inches. The interior cavity length is 4-1/2 inches, and the interior cavity

diameter is 1-1/2 inches. The Model III SFC meets the requirements of 10 CFR §71.75 and is
certified by the U.S. Department of Transportation. Manufactured to AEA Technology QSA, |
Inc. Drawing No. R20048, Rev. B, it carries the IAEA Certificate of Competent Authority

Special Form Radioactive Materials Certificate Number USA/0695/S-96. |

Both capsules are assembled and tested according to written procedures. To ensure proper
assembly, each capsule is checked with a gauge that measures how far the tapered plug has been
inserted into the capsule body. Measurements of the tapered plug insertion are made both before
and after the final tightening and shear-off of the cap stem. These measurements are recorded on
the data sheet belonging to each capsule. If the measurements meet the standards established for
the capsule design, proper assembly is assured.

2.11 Fuel Rods
The S300 package does not carry fuel rods; hence, this section does not apply.
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Table E-1. Steel Drums--Compliance With Vibration Standard (49 CFR 178.608).

Specific packaging tgggéd w?}g?t Contents Results Comments

Packagings for dockets

in this category that

are pre-HM-181 are

considered to be

acceptable based on

evaluation and/or by

comparison with

similar packagings.

DOT-17C (UN1A2) 2 1,000 Sand and lead 2 pass Drums were observed for _

(55~-gal) : bricks leakage at filter location,
ring and bolt location, and
bottom of drum; nothing was
detected. _

1 900 Flour/fluorescein 1 pass Drums were observed for

sand, Tead bricks

leakage at filter location,
ring and bolt location, and
bottom of drum; nothing was

detected.

Figure 2-1 - Vibration Test Results for a DOT-17C Steel Drum
(Table E-1 from U.S. Department of Energy, Test and Evaluation Document for DOT Specification 7A Type A Packaging, DOE/RL-

96-57, Revision 0)
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Table D-l.a. Water Spray Test Results for Steel Drums.
' STEEL DRUHS

Specific packaging Test/Analysis Results
DOT-6C, 5-gal By comparison, this drum would meet this requirement.
DOT-6C, 1C-gal By comparison, this drum would meet this requirement.
DOT-17C, 5-gal ' By comparison, this drum would meet this requirement. |
DOT-17C, 30-gal - By comparison, this drum would meet this requirement.
DOT-17C, 35-gal Three loaded and three empty drums were tested and passed.
DOT-17C 55-gal Three drums were subjected to this test and passed (Configuration RF-1).
pOT-17C, 55-gal : Three 1ids with the Nucfi1® filters were subjected to the water spray test and no
w/pressure relief device water passed through the filter (Configurations HF-1 and RF-2). o
DOT-17C, 55-gal The same data shown for the 17C 55-gal drum would apply here (Configurations =]
w/HDPE Tiner HF-2, LL-1, MD-1 and RF-3). =
DOT-17C, 55-gal One test unit package was subjected to the test conditions and passed T
w/HDPE vented liner (Configurations RF-4 through RF-8). - [Dockets 89-13-7A and 90-18-7A] %3
DOT-17H, 30-gal Three drums were subjected to this test and passed (Configuration OR-1). 4
DOT-17K, 30-ga w/filter (o AL and RIT) . Thockers 96 17-7 and Sozouta] o 2
DOT-17H, 55-gal Three drums were subjected to this test and passed. o
MS-24347-1° By comparison, this drum would meet this requirement.
MS-24347-7° ' Two drums were subjected to this test and passed.
MS-27684-1° By comparison, this drum would meet this requirement.
MS-27684-2° By comparison, this drum would meet this requirement.
' MS-27684-3° Three drums were subjected to this test and passed.
MS-27684-6" By comparison, this drum would meet this requirement.
Ms-27684-8° Three drums were subjected to this test and passed.
MS-27683-7° Three drums were subjected to this test and passed. <
MS-27683—13b . By comparison, this drum would meet this requirement. E}
MS-24683-21° Three drums were subjected to this test and passed. 3

See Table D-1.b. Water Spray Test Results for Steel Drums (Packaging Specialties). (2 pages)

Figure 2-2 - Water Spray Test Results for a DOT-17C Steel Drum
(Table D-1.a from U.S. Department of Energy, Test and Evaluation Document for DOT Specification 74 Type A Packaging, DOE/RL-
96-57, Revision 0)
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Table D-24. Compression Test Results for Steel Drums. (2 pages)

. Test/analysis
Authorized
gross Compression Test data and results
weight test weight duration No.

Specific packaging " (1b) (1b) (hr) tested Results Comments

DOT-6C 5-gal 80 500 >24 1 1 pass .No detectable effect.

DOT-6C 10-gal 160 928 >24 1 1 pass  No detectable effect.

DOT-17C 5-gal 100 520 >24 1 1 pass  No detectable effect.

DOT-17C 30-gal 500 Not tested® -- - - Pass, based on testing of DOT-17H
30-gal drum.

DOT-17C- 35-gal 400 2,060 >24 1 1 pass  No detectable effect. -

DOT-17C 55-qal 1,000 Not tested® - - -~ Pass, based on testing of DOT-17H
55-gal drum.©

DOT-17C 55-gal 1,000 Not tested® -~ - - Pass, based on testing of DOT-17H

with pressure 55-gal drum.®

relief devices

DOT-17€ 55-gal 1,000 5,525 >24 1 1 pass  Passed. {[Dockets 89-13-7A and

with HDPE Tiner 90-18-7A] :

DOT-17H 30-gal 500 2,700 >24 1 1 pass No detectable effect.

’ 400 2,069 >24 1 1 pass  No detectable effect. [Dockets

90-17-7A and 90-20-7A]

DOT-17H 55-gal 1,000 5,100 >24 1 1 pass  No detectable effect.

MS-24347-1¢ 10 100 48 1 1 pass  No detectable effect.

MS-24347-7° 35 200 48 1 1 pass  No detectable effect.

MS-24684-1° 60 300 >24 1 1 pass  No detectable effect.

MS-27684-24 110 Not tested -- - - Pass, based on comparison to test
data on comparable drum.

MS-27684-3¢ " 80 401 >24 1 1 pass  No detectable effect.

MS-27684-5¢ 80 500 >24 1 1 pass = No detectable effect.

Figure 2-3 - Compression Test Results for a DOT 17-C Steel Drum
(Table D-24 from U.S. Department of Energy, Test and Evaluation Document for DOT Specification 74 Type A Packaging, DOE/RL-

96-57, Revision 0)
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Table D-31. Penetration Test Results for Steel Drums. (4 pages)

Test/analysis results

No.
Specific packaging tested Location Results . Comments
DOT-6C (5-gal) ) 1 Lid at center 1 pass  0.50-in, dent
1 Side at seam 1 pass 1.00-in. dent
1 Lid near closure ring 1 pass 0.25-in. dent
DOT-6C (10-gal) 1 " Lid at center 1 pass  0.50-in. dent~
1 Side at seam 1 pass 0.75-in. dent
1 Lid near closure ring 1 pass 0.50-in. dent
[
DOT-17C (5-gal) Not - - Pass, based on test data shown for comparable Q
tested or Tesser gauge steels. =
=
DOT-17C (30-gal) Not - - Pass, based on test data shown for comparable
tested or lesser gauge steels. A
o
DOT-17C (35-gal) 1 Lid near center 1 pass 0.625-in. dent ~
2 Lid near edge 2 pass  0.500-in. dent max. z
1 Side near seam 1 pass  0.250-in. dent :
DOT-17C (55-gal) Not - - Pass, based on test data shown for comparable
tested . or lesser gauge steels.
D0T-17C (55-gal) 3 Center of filter 3 pass  Air flow was established after each test with
Pressure Relief flour/fluorescein as contents. There was no
Device Nucfil® Filter visible evidence of loss of contents, and no
: loss of contents was detected under a black
Tight.
DoT-17C (5579a1) 1 Lid center 1 pass Minor damage
with HOPE Liners 1 Side 1 pass  Same result =
1 Bottom 1 pass Same result gJ
1 Fitter 1 pass Minor damage [Dockets 89-13-7A and 90-18-7A] Z

Figure 2-4 - Penetration Test Results for a DOT-17C Steel Drum
(Table D-31 from U.S. Department of Energy, Test and Evaluation Document for DOT Specification 74 Type A Packaging, DOE/RL-
96-57, Revision 0)
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2.12 Appendix

2.12.1 Type A Testing

This appendix will detail testing that was performed on the S300 to qualify it as a DOT Type A
package. Both vibration and free drop testing were performed on a S300 prototype in 2002.

Three test units were tested, having the serial numbers and overall weights listed in Table
2.12.1-1 below. Each test unit conformed to the drawings given in Appendix 1.3.1, Packaging
General Arrangement Drawings, with the exception of the two, two-inch thick shield insert end
plugs. Absence of those components would have no material effect on the test results. The
payload consisted of a solid steel bar having a diameter of three inches, a length of 11.13 inches,
and a weight of 22.5 1b. The steel bar provided an adequate simulation of the SFC, which, when
loaded, is essentially solid metal. For testing, the test units were assembled and closed according
to the packaging general arrangement drawings.

Table 2.12.1-1 - S300 Test Unit Serial Numbers and Weights
Test Unit Serial No. Weight, Ib

IT 444
2T 448
3T 448

2.12.1.1 Vibration Testing

A vibration test is required to qualify packages as DOT Type A packages, as stated in 49 CFR
173.24a(5): “Vibration. Each non-bulk package must be capable of withstanding, without
rupture or leakage, the vibration test procedure specified in Sec. 178.608 of this subchapter.”
The vibration test requirements are found in 49 CFR 178.608. In fulfillment of this requirement,
the three units were tested on a vibrating platform.

The vibration test machine was based on a wide flange I-beam, simply supported at each end,
with a platform holding the test unit located at its center. A simple pivoting link provided lateral
stability. Also mounted on the platform was a variable speed electric motor with a significant
imbalance attached. By varying the speed of the motor and the amount of the imbalance, the
beam was driven at resonance in a first mode of vibration. The test unit motion was not limited
vertically, and was only limited horizontally by passive barriers which kept the unit from falling
off of the platform. The amplitude of the motion was measured by tracing the platform motion
using a pen attached to the platform against stationary paper. The peak-to-peak amplitude was
one inch. The degree of vibration was such that a 1/16-inch thick steel strap could be passed
between the test unit and the platform during oscillation, as required by 49 CFR 178.608. The
frequency of the machine at resonance was approximately 4 — 5 Hz. The test setup is shown in
Figure 2.12.1-1.
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Each test was conducted for one full hour after the amplitude and the 1/16-inch bounce
requirements were achieved. Upon completion of each test, the drum was moved to the floor and
inspected. All tests had identical results. There was no evidence of cracking or other distress of
the drum sidewall. The drum lid clamping ring bolt and all of the bolts of the pipe components
were still snug. There was no damage to the shield insert components. The only change which
occurred was a minor enlargement of the recesses in the upper dunnage. The recesses are
provided to clear the bolt heads on the pipe component. No other damage to the upper or lower
dunnage was found. This very slight damage could have no effect on the ability of the package
to survive any other required tests. Therefore, the S300 passed the vibration testing.

2.12.1.2 Free Drop Testing

A free drop test is required to qualify packages as DOT Type A, as stated in 49 CFR 178.350(a):
“Each packaging must... be designed and constructed so that it meets the requirements of
§$173.403, 173.410, 173.412, 173.415, and 173.465 of this subchapter for Type A packaging.”
The acceptance criteria is found in 49 CFR 173.412(j): “When evaluated against the
performance requirements of this section and the tests specified in Sec. 173.465 or using any of
the methods authorized by Sec. 173.461(a), the packaging will prevent--

(1) Loss or dispersal of the radioactive contents, and

(2) A significant increase in the radiation levels recorded or calculated at the external
surfaces for the condition before the test.”

The free drop requirements are found in 49 CFR 173.465. In fulfillment of this requirement, one
S300 test unit (serial no. 3TD, see Table 2.12.1-2) was tested using a drop pad having a weight
of approximately 50,000 lbs and a steel impact surface. Since the test units weighed just over
500 lbs each, the weight of the drop pad is well in excess of 10 times the test unit weight, and
qualifies as an unyielding surface.

The test series consisted of a one-foot drop sequence and a four-foot drop sequence. The one-
foot drops were performed an accordance with 49 CFR 173.465(c)(2), since the payload is
fissile, and consisted of a drop onto each quarter of each rim in the center-of-gravity (CG) over
corner orientation. One of the drops was directly on the clamping ring bolt. The one-foot drops
were followed by two, four-foot drops according to 49 CFR 173.465(c)(1). One drop was in the
CG over corner orientation, and the second was in the drum axis horizontal orientation. In both
cases, the clamping ring bolt was at the point of impact. Each drum was dropped a total of ten
times (eight, one-foot, and two, four-foot drops).

Damage to the packages due to the drop testing was very modest, particularly in the case of the
one-foot drops, for which damage was negligible. Damage due to the one-foot drops consisted
in a small amount of bending of the upper or lower rims, but no deformation occurred in the wall
of the drum proper.

The four-foot, CG over corner drops deformed the area of the clamping ring joint by an amount
which was less than one inch in each case. Subsequent impact on the side at the same location
drove the clamping ring legs in toward the center of the drum, but they still protruded from the
side of the drum by at least 3/4 inches. There was also minor damage to the rolling hoops from
side impact. However, the clamping rings were still snug to the drum in each case, and the
clamping ring bolts were tight after all drops. Damage was modest enough that adequate wrench

2-21



S300 Safety Analysis Report Docket No. 71-9329 Rev. 5, June 2010

clearance remained to allow removal of the clamping ring bolt. Inside the drum, all components
were in near-new condition. The only evidence of impact was some chips and dust from the cane
fiberboard dunnage. The drum wall at the clamping ring bolt location was bent radially inward
by approximately 7/8 inch, such that the drum poly liner was trapped in place. The bolts on the
pipe component were tight, and there was no damage to the shield insert.

In summary, the drop damage was limited to minor deformations of the drum and lid in the near
vicinity of the impact point. Deformations are summarized in Table 2.12.1-2. Photographs of
the free drop test results are given in Figure 2.12.1-2 through Figure 2.12.1-7. There could be no
loss or dispersal of the payload contents, and any increase in external radiation levels would be
negligible. Therefore, the S300 passed the free drop testing.

Table 2.12.1-2 - Free Drop Impact Deformations, inches

Serial No. Leg Height

3TD 15/16 3/4
Notes:

1. The serial number for the drop tests is carried over from the vibration testing; thus drop
test serial number 3TD is the same package as vibration test unit 3T.

2. The Leg dimension is measured from the original flat extreme top end of the drum to
the top edge of the deformed clamping ring at the maximum deformation point, measured
paralle] to the drum axis, before the horizontal drop.

3. The Height dimension is measured from the drum cylindrical wall surface to the
outermost protrusion of the bolting components at the clamping ring joint, measured
along a radius affer the horizontal drop.
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’ Figure 2.12.1-1 - Vibration Test Setup
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Figure 2.12.1-2 - S300 CG over Corner Four-Foot Free Drop

‘ Figure 2.12.1-3 - Damage from CG over Corner Four-Foot Free Drop
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Figure 2.12.1-4 - S300 Side Four-Foot Free Drop

Figure 2.12.1-5 - Damage from Side Four-Foot Free Drop
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Figure 2.12.1-6 - Lid Removed After All Drops
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Figure 2.12.1-7 - Pipe Component Internals After All Drops
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2.12.2 HAC Crush Test Evaluation

As discussed in Section 2.7.2, Crush, a crush test-is required for'the S300 package. Since a
conservative evaluation of the free drop test concludes that the pipe component may become
separated from the overpack components (as discussed in Section 2.7.1, Free Drop), the crush
test will be considered to occur on the pipe component, resting on an unyielding surface. This is
‘a conservative approach to the requirement, since a considerable amount of energy-absorbing
structure is neglected, and thus damage to the pipe component or possibly the SFC will be
potentially greater.

In this section, the crush test is evaluated using analysis. The SFC has been qualified as special
form under the requirements of 10 CFR §71.75, thus it provides a containment function under
the severe conditions of a bare, 30-ft free drop (§71.75(b)(1)). This analysis will demonstrate
that the impact of a 1,100 1b mass falling from a height of 30 ft, and striking the pipe component
so as to suffer the maximum damage, will not impart significant forces to the SFC. Thus, the
crush test will not present any conditions that could compromise the containment function of the
SFC. :

2.12.21 Methodology

This analysis uses a half-symmetric FEA model using LS- Dyna (Versmn LS971S R2) to show
that the cavity in the shielding insert for the SFC does not collapse as a result of the crush test,
and does not apply any pressure or squeezing forces to the SFC. The dimensional output results
of the payload cavity will be used to demonstrate that the cavity remains sufficiently large
enough to accommodate the SFC during the crush test.

2.12.2.2 Assumptions

The deformation of the pipe component will be greatest at the maximum temperature. A
conservative temperature of 180 °F is used for material properties, which bounds by a significant
margin the maximum NCT temperature calculated in Section 3.3, Thermal Evaluation for
Normal Conditions of Transport. At lower temperatures, the materials will be stronger and more
resistant to deformation. :

Friction is set to zero, which ¢onsequently directs most of the kinetic energy of the falling plate
into deformation. A portion of the falling plate energy manifests as kinetic energy as the S300
package accelerates in the horizontal plane. Applying friction to the model will reduce this
kinetic energy and the acceleration, but it will also decrease the deformation of the pipe
component. Therefore, the frictionless setting results in a more conservative deformation model.

Of the two types of SFC, the larger Model 11 is used for this analysis, since less overall
deformation of the pipe component and shielding insert would be needed to reach and apply load
to the Model II SFC.
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2.12.2.3 Model Description

The finite element model is shown in Figure 2.12.2-1. The model is constructed according to the
drawings in Appendix 1.3.1, Packaging General Arrangement Drawings. The payload consists
of a single Model II Special Form Capsule (SFC) within the shielding insert. The assembled
pipe component rests on an unyielding drop pad. A solid mild steel crush plate is p031t1oned
above the pipe component.

The model takes advantage of the symmetrical design to reduce computation time. The model is
symmetrically divided along its long axis, with the plane of symmetry perpendicular to the drop
pad surface. The mass of each component in the half-symmetric model is one half of the full
geometry mass. The masses and weights of the model components are summarized in Table
2.12.2-1.

The model, including the drop pad and crush plate, consists of 12 parts, constructed from six
material definitions. Over one million nodes are used to construct over nine hundred thousand
solid elements. Constant stress solid elements with hourglass control are defined for all parts.
Hourglass control for the solid elements is by the stiffness form of the Type 5 Flanagan-
Belytschko method.

Element mesh density throughout the model is balanced to allow observation of the high strain
regions of the model without unduly increasing computation time. For example, the pipe
component is modeled using 6 to 8 elements through the wall thickness, while the shielding
insert uses 13 to 26 elements through the thickness.

The model uses automatic single surface contact control, where every surface can have contact
with all adjacent surfaces. As stated above, both static and dynamic friction coefficients are set
to zero.

2.12.2.4 Model Loads and Constraints

The initial loads on the simulation model consist of the bolt preload, initial velocity of the crush
plate, and force of gravity on all parts. Appropriate displacement constraints are applied to the
symmetry plane and rigid drop pad. A bolt preload is applied to represent the 65 ft-1b tightening
torque of the lid bolts. The preload is equal to approximately 11,000 psi tensile stress applied to
each bolt using the *INITIAL_STRESS_SOLID command with dynamic relaxation.

The initial velocity of the crush plate, established by a free drop through 30 ft, is 527.5 in/s. All
parts in the simulation are under a gravitational load of 386.4 in/s’. The gravitational load is
applied to the model using the *DEFINE_CURVE and *LOAD_BODY_Y cards. The plane of
symmetry is in the x-y plane through the center of the package along its length. All nodes in this
plane are constrained from moving out of this plane. The bottom surface nodes in the drop pad
are constrained from all translational and rotational movement. The drop pad is an immovable,
rigid object.

2.12.2.5 Material Properties

The S300 Pipe Component is fabricated from Type 304/304L stainless steel, and the shielding
insert is fabricated from High Density Polyethylene (HDPE).
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2.12.2.5.1 HDPE Material Properties

The temperature dependent material properties for HDPE are based on information from a
research document by N. Merah, F. Saghir, Z. Kahn, and A. Bazoune, Effect of Temperature on
Tensile Properties of HDPE Pipe Material, Plastics, Rubber and Composites, 2006, Vol. 35, No.
5, 226-230. Yield strength vs. temperature and elastic modulus vs. temperature, taken from this
document, are plotted in Figure 2.12.2-3 and Figure 2.12.2-4, respectively.

As seen from the trend line in Figure 2.12.2-3, the yield strength is predicted to decrease linearly
to a value of approximately 700 psi at 180°F. Conservatively, 500 psi will be used as the true
yield strength of the material.

The slope of the curve of elastic modulus in Figure 2.12.2-4 is shown to decrease over the span
of the plot indicating a trend to a shallow slope as the temperature approaches 180°F. Only the
last two data points in the plot are used to calculate the elastic modulus, which is:

E = -277.98(180)+ 75,922 = 25.9 ksi

As shown in Merah, the stress-strain curves tend to be quite flat after yield with essentially no
strain hardening. Therefore, the material model used in the analysis has a tangent modulus of
15.5 psi, which is approximately 0.06% of the elastic modulus. The HDPE properties are
summarized in Table 2.12.2-2.

2.12.2.5.2 Steel Material Properties

Since either Type 304 or 304L stainless steel may be used in the construction of the pipe
component, the conservative approach is to use the lower allowable values of 304L material.
The crush plate is modeled as mild steel. Material properties for the crush plate are taken from
A36 steel. Material properties for 304L and A36 are shown in Table 2.12.2-3.

The published density for carbon steel and 300 series stainless steel is given as 0.280 1b/in* and
0.290 1b/in®, respectively. The actual model densities are modified to achieve the component
weights listed in Section 2.1.3, Weights and Centers of Gravity.

The engineering stress and strain listed in Table 2.12.2-3 are converted to true stress-strain for
input in the LS-DYNA material models (the *MAT_PLASTIC_KINEMATIC input card). The
true stress and strain values for both yield and ultimate strength are calculated for both steels
below.

The common engineering relation between engineering and true strain is:
L
g =In — [=In(l+e)
LO

where true strain is equivalent to the natural logarithm of the ratio between the strain length (L)
and the original length (L) and e is the engineering strain. The relationship between engineering
and true stress is:

S, =S(l+e)
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where S; and S denote the true stress and engineering stress values respectively. Since the
modulus of elasticity is calculated from the linear 0.2 percent stress-strain curve to the yield
stress value, the engineering yield strain is therefore:

S
e, =X +0.002
E

where Sy and E are the engineering yield stress and modulus of elasticity. The tangent modulus
is equivalent to the slope of the plastic region of the true stress-strain curve. Therefore the
tangent modulus is calculated from the ratio between the difference of the true ultimate and yield
stress and the difference of the true ultimate and yield strain. From these relations, and the
values in Table 2.12.2-3, the true yield stress and strain for the two metals are calculated below.

The drop pad is defined as a rigid body (LS-DYNA material card *MAT_RIGID).
304L Stainless Steel

S :
True Yield Strength: S, =S,|1+|=2+0.002 | |=(21.9) 1+ (£+ 0.002) =22.0 ksi
y y E 27.6e3

True Ultimate Strength: S, =S, (1+e,)=(66.9)1+0.40)=93.7 ksi

True Yield Strain: e, =In(l+e )=l 1+ 2221 0.002]| = 0.00279
y y 27.6€3
True Ultimate Strain: ¢, =In(l+e,)=In(1+0.40) = 0.336
S, -S _
Tangent Modulus: E,=—2X= 9372220 __ o151
e, —€, 0.336-0.00279

A36 Carbon Steel:

S
True Yield Strength: S, =S, |1+|-L+0.002|(=(33.3 1+( 333 +0.002j = 33.4 ksi
v E 28.9e3

True Ultimate Strength: S, =S, (1+e,)=(58.0)(1+0.23)= 71.3 ksi

True Yield Strain: &, =Infi+e, )= ln[1 + (223533 v o.oozn ~0.00315
Je i

True Ultimate Strain: ¢, = In(l+e,)=In(l +0.230)=0.207

S-S _
Tangent Modulus: E, =—2 71.3-334 g6 1si

e . 0.207-0.00315

ut yt

2.12.2.6 Results

The LS-DYNA simulation ran continuously for approximately 18 hours. For the 24 millisecond
simulation, there were 50 distinct time steps recorded at an average interval of 0.5 milliseconds.
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Figure 2.12:2-5 shows the time step for maximum crush of the package. The plastic deformation
of the crush plate was negligible, thus virtually all of the energy went into the pipe component
and shielding insert. Figure 2.12.2-6 shows the maximum bolt strain. Figure 2.12.2-7 shows the
payload cavity during the crushing event. Table 2.12.2-4 and Figure 2.12.2-8 through Figure
2.12.2-13 illustrate the time-based changes in the diameter. Figure 2.12.2-9, Figure 2.12.2-11,
and Figure 2.12.2-13 show the deformation at the time point of minimum diameter.

The maximum effective strain on the lid bolts of 0.3628 in/in is found in the lowest bolt pictured
in Figure 2.12.2-5. This value is approximately equal to the true ultimate strain of the stainless
steel used in for the bolts. The next highest bolt strain is found in the top bolt pictured in Figure
2.12.2-5, having a maximum effective plastic strain of 0.2044 in/in, which is well below the true
ultimate strain of the material. Therefore, loss of more than one lid bolt during the crush test is
unlikely, and the lid remains part of the structural load path absorbing some of the energy of the
crush plate. The peak effective strain of the worst-case bolt shown in Figure 2.12.2-6.

The analysis shows that the central payload cavity resists collapsing in on the SFC. The pipe
body and end plate show noticeable deformation from the crush plate, but do not fail. The pipe
flange, lid and 1id bolts survive the impact event intact, retaining the shielding insert and SFC
within the package.

The load transmitted to the HDPE shielding material is insufficient to collapse the payload
cavity, and a gap between the cavity and the SFC is maintained at all times. The gap is
monitored at each end and at the middle of the SFC throughout the event. The initial nominal
clearance between the cavity and the SFC is 0.5 inches. The minimum clearance is 0.38 inches.
Therefore, the SFC is protected by the S300 packaging from the direct effects of the crush load.

Local permanent increase in the payload cavity is also seen to occur, for example, in Figure
2.12.2-7. This results from "rattling" contact between the SFC and the relatively soft shielding
insert cavity during the crush plate impact event.

The S300 model energy is shown in Figure 2.12.2-14. The energy in the model behaves much as
the energy in the benchmark model as shown in Figure 2.12.2-16. The energy of the system is
198,669 Ib-in due to the kinetic energy of the crush plate. The final kinetic and potential energy
of the system is 16,800 in-1b and 179,484 in-1b, respectively, for a total system energy of
196,284 Ib-in. The 2,385 lb-in of energy lost represents approximately 1 percent of the total
energy, similar to the results of the benchmark model in Section 2.12.2.8, Benchmark Model.

2.12.2.7 Conclusions

As shown in Section 2.12.2.6, Results, the payload cavity does not collapse onto the SFC
payload. Since compression of the SFC by deformation of the shielding insert does not occur,
the crush test cannot compromise the containment integrity of the SFC.

2.12.2.8 Benchmark Model

A benchmark simulation was performed to assess the relative performance of the specimen
material (HDPE) within the bounds of the problem set. To do this, a simplified crush model with
similar characteristics to the S300 crush test was created. The plastic deformation and global
energy profile of the model were recorded for comparison to the S300 simulation model.
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2.12.2.8.1 Simplified Crush Model

The benchmark model represents a simplified version of the crush model used in the analysis of
the S300 and is shown in Figure 2.12.2-15. A quarter symmetric model of a solid bar of HDPE
material is crushed between a mild steel crush plate and a rigid steel plate representing an
unyielding surface. The crush plate has the initial velocity of a 30 ft drop. A gravitational body
acceleration of 386.4 in/sec? is applied to the model. In its reduced symmetry form, the
dimensions of the test specimen are 10.0 in x 10.0 in x 10.0 in.

The mesh is similar to that used in the S300 calculation. The model consists of the crush plate,

test specimen, and drop pad. The only energy term in the initial state of the model is the kinetic
energy of the plate. The material properties, element material representation, hourglass control,
friction, and contact definitions are all the same as the main S300 crush model.

2.12.2.8.2 Results -

During the simulation, the kinetic energy of the plate is transferred to the test specimen as
internal energy. Energy used to cause elastic strain is available to return to the system as kinetic
energy. The remaining energy will be absorbed by the HDPE due to plastic strain. The
exchange of energy in the model is shown in Figure 2.12.2-16.

Inspection of the global energy curves of the model initially shows a decrease in kinetic energy
proportional to the increase in potential energy. The final portion of the simulation demonstrates
a proportional relation as well, but with only a small increase in kinetic energy and a small
decrease in potential energy. The total energy of the system remains nearly constant, with some
minor loss (approximately 1%) as expected due to hourglass effects or computational error due
to single precision floating point calculations.

The initial kinetic energy of the system is 99,000 lb-in due to the crush plate. The final kinetic
and potential energy of the system are 4,892 lb-in and 93,181 Ib-in, respectively, for total system
energy of 98,073 1b-in. The 927 Ib-in of energy lost represents a negligible 1 percent of the total
energy.

2.12.2.8.3 Deformation

Figure 2.12.2-17 shows the center maximum deformation of the test specimen. The deformation
of the test specimen due to the crushing load is due to both plastic and elastic deformation
(strain.) Given the shape of the simplified model, the stress and strain can be assumed to be
nearly uniform over the test specimen.

Using the center thickness as a basis of measurement the average strain for the package is (see
Figure 2.12.2-17):

L,-L

0

=0.1804 in/in

~ g

where L. = 8.1961 inches is the maximum deformation and Ly = 10.0 inches is the initial length
of the span. The average strain exceeds the yield strain by a large margin; therefore the strain is
primarily plastic. Deformation in the HDPE for a given crush test should be expected to be
permanent in nature.
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From the final time step the average plastic strain for the package is (see Figure 2.12.2-18):

_Ly-L

€ =0.1632 in/in

0

where L = 8.3681 is the maximum deformation and Ly = 10.0 is the initial length of the span.
Thus, the benchmark model provides reasonable assurance that the results of the crush analysis
of the S300 pipe component are accurate.

Table 2.12.2-1 Model Weight Summary

Full Target
Part | Part Mass, Geometry Weight,” Diff.
Component ID Ib-s’/in Weight, Ib Ib (%)
Special Form Capsule 0.0388302 30.008 30 +0.027
Pipe Component 180.056 180 | +0.031
(empty) 2 0.1010420 78.085
3 0.0303894 23.485
4 0.0777609 60.094
5 0.0160645 12.415
6 0.00773467 5.977
Shielding insert 90.137
11 0.1005960 77.741
12 0.0143962 11.125
13 | 0.000822243 0.635
14 | 0.000822243 0.635
Drop Pad 15 49.6916 38,401.7
Crush Plate 16 1.42817 1,103.7 1,100 +0.34

* Target weight taken from Table 2-1.
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Table 2.12.2-2 Material Properties for HDPE at 180°F

Property HDPE
Elastic Modulus (psi) 25,900
True Yield Stress (psi) 500
Poisson’s Ratio 0.46
Density (Ib/in°) 0.035
Tangent Modulus (psi) 15.5

Table 2.12.2-3 Material Properties for Steel at 180°F

Rev. 5, June 2010

Property 304L A36
Elastic Modulus' (psi) 27.6(10% | 28.9(10%
Engineering Ultimate Stress® (psi) | 66.9(10%) 58.0(10%)
Engineering Yield Stress® (psi) 21.9(10% | 33.3(10%
Total Elongation* 0.40 0.23
Poisson’s Ratio’ 0.31 0.30
Density® (Ib/in) 0.290 0.280
Notes:

1. ASME B&PV Code, Section II, Part D, Table TM-1, Material Group G (Note 7) and Carbon
Steel (C[0.30%). Linearly interpolated from values for 70°F and 200°F.

2. ASME B&PV Code, Section II, Part D, Table U. Linearly interpolated from values for 100°F and 200°F.
3. ASME B&PV Code, Section II, Part D, Table Y-1. Linearly interpolated from values for 150°F and 200°F.
4. ASME B&PV Code, Section II, Part A.

5. ASME B&PV Code, Section II, Part D, Table PR

Table 2.12.2-4 Payload Cavity Deformation Summary

SFC Minimum | Remaining
Location Dia. Margin
Description Nodes (in) (in)
Bottom 933351 - 997977 3.3802 0.3802
Middle 933373 - 997999 3.4438 0.4438
Top 933394 - 998020 3.4106 0.4106

Note: The Model II SFC is 3.0 inches in diameter.
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Figure 2.12.2-2 — S300 Crush Test Finite Element Model Mesh
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Figure 2.12.2-5 - S300 Pipe Assembly Under Crushing Load

$300 CRUSH ANALYSIS

Time= 0024

Contours of Effective Plastic Strain
min=0, at elem# 749517
max=0.362818, at elem# 762361

Y
¢
z

Fringe Levels

3628e-01 _
3.265e-01
2903e-01
2540e01 _
2177e01
1.814e-01
1.451e-01
1.088e-01
7.256e-02
3628002
0.000e+00

Figure 2.12.2-6 — Maximum Effective Strain of Lid Bolts
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Figure 2.12.2-8 - Payload Cavity Bottom Diameter

Figure 2.12.2-9 - Payload Cavity Bottom Deformation
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Figure 2.12.2-10 - Payload Cavity Middle Diameter

Figure 2.12.2-11 - Payload Cavity Middle Deformation
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Figure 2.12.2-12 - Payload Cavity Top Diameter

Figure 2.12.2-13 - Payload Cavity Top Deformation
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3. THERMAL EVALUATION

This chapter identifies and describes the principal thermal design aspects of the S300 package,
and further demonstrates the thermal safety of the packaging system and compliance with the
thermal requirements of 10 CFR 71.

3.1 Description of Thermal Design

3.1.1 Design Features

. The S300 packaging is a pipe overpack design contained within a 55-gallon drum that was
developed as a safe means for transporting a single Los Alamos Special Form Capsule (SFC).
The major components of the S300 package, as discussed in Section 1.2.1, Packaging, are: 1) the
impact-absorbing protection provided by the 55-gallon drum and cane fiberboard dunnage, 2) the
confinement vessel consisting of the pipe component, and 3) the neutron shielding provided by
the high density polyethylene (HDPE) shielding insert. Containment and criticality control are
provided by the SFC. Detailed drawings of the package design are presented in Section 1.3.1,
Packaging General Arrangement Drawings. The S300 package has a maximum gross shipping
weight of 480 pounds and is transported with the 55-gallon drum overpack in the vertical
orientation.

Since the radioactive contents are in special form, the S300 package does not include any
features specifically designed to enhance or control thermal performance.

3.1.2 Content’s Decay Heat

* The payload for the S300 package is a single Special Form Capsule (SFC) that is housed within
the shielding insert. Two SFC models, designated Model IT and Model III, are used. Each is
fabricated of Type 304 stainless steel, with a nominal wall thickness of 0.5 inch and with bottom
and threaded top cap thicknesses of 0.75 inches. As stated in Section 5.2.2, Neutron Source, the
decay heat for the maximum payload of 350g of plutonium is bounded by 1.1W. This value
includes the conservative assumption that all of the Pu-241 has decayed to Am-241. The decay
heat is applied as an equivalent surface heat flux to the inside surface of the SFC. For
conservatism, the smaller SFC is used as the basis for this evaluation.

3.1.3 Summary of Temperatures

The maximum temperature of the S300 package payload and HDPE shielding under NCT is
bounded by 151 °F, while the maximum temperature of the fiberboard dunnage is bounded by
214 °F. Under HAC, the maximum temperature of the SFC is bounded by the HAC thermal test
flame temperature of 1,475 °F. "
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3.1.4 Summary of Maximum Pressures

Since all cavities of the S300 packaging are vented, there is no internal pressure under NCT or
HAC.

3.2 Material Properties and Component Specifications

3.2.1 Material Properties

A standard 55-gallon drum is used as the outer container for the S300 package. The drum may be
fabricated of plated or painted carbon steel, or bare stainless steel. Table 3.2-1 presents the thermal
properties for Type 304 stainless steel and A36 carbon steel. The thermal properties are taken from
the ASME material properties database’ and the density is taken from an on-line database®.
Properties for temperatures between the tabulated values are calculated via linear interpolation within
the heat transfer code. The thermal properties of Type 304 stainless steel are also applicable to the
SFEC.

The thermal properties of the HDPE material used as the shield inserts within the pipe
component is based on a prototypic HDPE material®* (see product data sheets in Appendix 3.5.3,
Material Data Sheets). The thermal propertles of the material presented in Table 3.2-2 are taken
from the Handbook of Polyethylene Pipe®, while its density is obtained from the product
datasheet.

Cane fiberboard is used in the package for dunnage and impact protection. This material is
typically used as sheathing material for building construction. The thermal properties under NCT
conditions presented in Table 3.2-3 were obtained from testing conducted at the Savannah River
National Laboratory®. The thermal conductivity of the material is anisotropic in that the
conductivity perpendicular to the fibers is lower than the conductivity parallel to the fibers.

The thermal propert1es for air, presented in Table 3.2-4, are derived from the curve fits provided
in Rohsenow, et. al.” Because the gas thermal conductivity varies significantly with temperature,
the computer model calculates the thermal conductivity across the gas filled spaces and between
the package and the ambient as a function of the mean film temperature. All void spaces within
the S300 package are assumed to be filled with air at atmospheric pressure since the package is
vented to the ambient.

! ASME B&PV Code, Section II, Part D.

2 Matweb, Online Material Data Sheets, www matweb.com.

¥ Neutron Shielding Material Catalog No. 201, Product Specifications 2003, Thermo-Electron Corporation, Santa
Fe, NM, www.thermo.com.

* DriscoPlex® PE3608/(PE3408) Pipe, Pipe and Fittings Data Sheet, Bulletin PP 109, September 2006.

* Handbook of Polyethylene Pipe, Second Edition, Plastic Pipe Institute, Irving, TX, 75062, www.plasticpipe.org.
8 Vormelker, P.R. and Daugherty, W.L., Thermal Properties of F iberboard Overpack Materials in the 9975 '

Shipping Package, presented at the 2005 ASME Pressure Vessels and Piping Conference in Denver, CO, Paper No.
WSRC-MS-2005-00001.

" Rohsenow, Hartnett, and Choi, Handbook of Heat Transfer, 34 edmon McGraw- H111 1998.
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The emissivity of “as-received’ Type 304 stainless steel has been measured as 0.25 to 0.28%, while the
emissivity of weathered Type 304 stainless steel has been measured as being between 0.46 to 0.50°.

For the purpose of this analysis, an emissivity of 0.25 is assumed for the emittance from the SFC
surfaces to account for the surface finish required for decontamination considerations. The exterior and
interior surfaces of a standard 55-gallon drum fabricated of stainless steel are assumed to be 0.46 and
0.30, respectively. The drums fabricated of carbon steel are assumed to have a minimum emissivity of
0.8 on the interior and exterior surfaces to account for the coating used.

The solar absorptivity of Type 304 stainless steel is approximately 0.52'°, while the solar
absorptivity of coated carbon steel is conservatively assumed to be 0.90.

The surfaces of the cane fiberboard are assumed to have an emissivity of 0.85'° to account for
both the surface roughness and color of the material. The same emissivity is assumed for the
HDPE shielding material.

3.2.2 Component Specifications

Type 304 stainless steel has a melting point above 2,700 °F?, but in compliance with the ASME
B&PV Code'!, its allowable temperature is limited to 800°F if the component serves a structural
purpose (e.g., the material’s structural properties are relied on for loads postulated to occur in the
respective operating mode or accidental free drop condition). As such, the appropriate upper
temperature limit under normal conditions is 800 °F for stainless steel components.

Similarly, while carbon steel has a melting temperature of approximately 2,750 °F, its allowable
temperature is limited to 700°F in compliance with the ASME B&PV Code''. The presence of a
coating on the surface of the carbon steel drum will further restrict its temperature limit under
NCT conditions. The typical coating is re31stant to long term temperature exposure up to 250 °F
and for intermittent exposure up to 275 °F*2

A continuous use temperature limit of 250 °F is applied to the cane ﬁberboard material based on
thermal testing conducted in support of nuclear material packaging®.

The HDPE used in the shield insert has a manufacturer's recommended operating temperature
limit of 180 °F and a melting temperature of approximately 210 °F, based on the product data
sheet in Appendix 3.5.3, Material Data Sheets. In contrast, the standard HDPE material used

® Frank, R., and Plagemann, W., Emissivity Testing of Metal Specimens, Boeing Analytical Engineering coordination
sheet No. 2-3623-2-RF-C86-349, 1986.

¥ Azzazy, M., Emissivity Measurements of 304 Stainless Steel, prepared for Southern California Edison, September
6, 2000, Transnuclear File No. SCE-01.0100.

"% Gubareff, G., Janssen, J., and Torborg, R., Thermal Radiation Properties Survey, 2™ edition, Honeywell Research
Center, 1960.

' American Soc1ety of Mechanical Engineers (ASME) Boiler & Pressure Vessel Code, Section III, Rules for
Construction of Nuclear Facility Components, Division 1, Subsection NB, Class 1 Components, & Subsection NG,
Core Support Structures, 2001 Edition, 2002 Addendum.

2 Series 66 and 73 Product Data Sheets, Tnemec Company, Inc. 6800 Corporate Drive Kansas City, MO,
www.tnemec.com.

¥ Varble, J.L., Watkins, R.W., and Gunter, A.H., Demonstration of Equivalency of Cane and Sofiwood Based

CelotexTM for Model 9975 Shipping Package, Savannah River National Laboratory Packaging Technology, Aiken
SC.
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for the drum liner has a higher melting point of approximately 260 °F**. This temperature limit
is appropriate for the HDPE drum liner since its loss is not important to the safety of the
package.

A rubber gasket may be used between the 55-gallon drum lid and body. Since the 55-gallon
drum only serves to provide a protective overpack for the pipe component, loss of the rubber
gasket is of no safety consequence. Because the payload is in special form, the elastomeric O-
ring dust seal used in the pipe component performs no safety function. '

The minimum allowable service temperature for all S300 package components is below -40 °F.

3-4




S300 Safety Analysis Report

Docket No. 71-9329

Rev. 5, June 2010

Table 3.2-1 — Thermal Properties of Metallic Materials

Thermal
Temperature | Conductivity | Specific Heat Densitay
Material (°F) (Btu/hr-ft-°F) (Btu/ib,,-°F) (Ib,,/in°)
70 8.6 0.114
100 8.7 0.115
Stainless Steel® . .
ainless Stee 150 9.0 0.117 0.289
Type 304 200 - 9.3 0.119
250 9.6 0.122
300 9.8 0.123
70 27.3 0.105
100 27.6 0.108
: 1 150 27.8 0.112
Carbon Stee 0.284
Type A36 200 27.8 0.116
250 27.6 0.119
300 27.3 0.122
Notes:

® ASME B&PV Code, Section II, Part D, Material Group J.
@ ASME B&PV Code, Section II, Part D, Material Group B.

Table 3.2-2 — Thermal Properties of HDPE

Thermal
Temperature Density Conductivity Specific Heat
(°F) (Ibg/in®) (Btu/hr-ft-°F) -(Btu/lb,-°F)
- 0.034 0.25 0.46

Table 3.2-3 — Thermal Properties of Cane F iberboard

Temperature| Density Thermal Conductivity, (Btu/hr-ft-°F) Specific Heat
(°F) (Ibfin®) | ‘Perpendicular to Fiber’ |*Parallel to Fiber’'| (Btu/lb,-°F)
7 0.0341 0.0595 0.1433
125.6 0.0107 0.0364 0.0618 0.1481
195.8 0.0422 - 0.0659 0.1665
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Table 3.2-4 — Thermal Properties of Air

: . Dynamic Thermal Prandtl Coef. OF
Temperature | Density [Specific Heat| Viscosity | Conductivity Number® Thermal Exp.

(°F) Ib,/in®)® | (Btullbm-°F) | (b /ft-hr) | (Btu/br-ft-°F) (°R"®

-40 0.240 0.03673 0.0121

0 0.240 0.03953 0.0131

50 0.240 0.04288 0.0143

100 0.241 0.04607 0.0155'

200 0.242 0.05207 0.0178

300 0.243 0.05764 0.0199

400 Use Ideal 0.245 0.06286 0.0220

500 Gas Law w/ 0.248 0.06778 0.0240 Compute as Compute as
600 Molecular wt 0.251 0.07242 0.0259 Pr=cpu/k |B=1/(°F+459.67)
700 = 28.966 0.253 0.07680 0.0278

800 0.256 0.08098 0.0297

900 0.259° 0.08500 0.0315
1000 0.262 0.08887 0.0333
1200 0.269 ©0.09620 0.0366
1400 0.274 0.10306 0.0398
1500 0.277 0.10633 0.0412

Table Notes:

@ Density computed from ideal gas law as p = PM/RT, where R= 1545.35 ft-1bf/Ib-mole-R, T= temperature
in °R, P= pressure in Ibf/ft?, and M= molecular weight of air. For example, at 100 °F and atmospheric

pressure of 14. 691bf/1n p =
4.099x10° lbm/m

Ibm/fe* =

(14.69*144 in%/ft**28.966 lbm/Ib mole)/1545.35*%(100+459.67) =

0.071

@ Prandtl number computed as Pr = c,p / k, where ¢, = specific heat, p = dynamic viscosity, and k = thermal
conductivity. For example, at 100 °F Pr=0. 241*0 04607/0.0155 = 0.72.
® Coefficient of thermal expansion is computed as the inverse of the absolute temperature For example, at
100 °F, B = 1/(100+459.67) = 0.00179.
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3.3 Thermal Evaluation under Normal Conditions of
Transport

This section presents the thermal evaluation of the S300 package for normal conditions of
transport (NCT). Under NCT, the S300 package will be transported in a vertical orientation.
This establishes the orientation of the exterior surfaces of the package for determining the free
convection heat transfer coefficients and insolation loading. The NCT evaluations
conservatively assume an adiabatic condition for the bottom surface of the vertically oriented
drum (i.e. there is no heat transfer to or from the ambient).

3.3.1 Heat and Cold

3.3.1.1 Heat

The thermal performance of the S300 package under NCT is determined using a two-
dimensional, axisymmetric thermal model of the packaging and its enclosed payload. Details of
the thermal models and analysis methodology for NCT conditions are provided in Appendix
3.5.2, Analytical Thermal Model.

Table 3.3-1 presents the predicted peak S300 package temperatures under NCT conditions for
the transportation of a SFC dissipating 1.1W of decay heat. The evaluation was conducted for
both carbon steel and stainless steel 55-gallon drum overpacks to ensure that the bounding
transportation configuration was identified. The results with solar are derived from a transient
modeling of the diurnal variation in the insolation loading, while the results without solar are
obtained from a steady-state analysis.

The results in Table 3.3-1 demonstrate that positive thermal margins exist for all packaging
components. A minimum thermal margin of 30 °F (i.e., 180 - 150 °F for the HDPE shielding)
exists for the packaging components. The temperature margins are adequate to cover potential
modeling uncertainty, especially in light of the fact that the axisymmetric modeling approach
used effectively applies the solar loading around the entire circumference of the 55-gallon drum
overpack instead of only one-half of the circumference as occurs in actual operations.

Figure 3.3-1 illustrates the typical heat up of the S300 package under NCT conditions and
assuming a diurnal variation of solar loads. The transient results show that approximately 6 days
are required to approach repeatable temperature cycles within the S300 package after its assumed
loading at a uniform temperature of 68 °F. While the exterior shell of the drum overpack
essentially reaches its peak temperature points after the first diurnal cycle, the insulating effects
of the cane fiberboard dunnage and the HDPE shielding material delays the heat up of the
payload for about 144 hours, with true temperature repeatability not occurring until
approximately 300 hours after the start of the diurnal analysis.

Figure 3.3-2 present the predicted temperature distribution within the S300 package at the point
when the peak drum temperature is achieved, which occurs at the center of the drum’s top.
Figure 3.3-3 presents the predicted temperature distribution at the point when the peak HDPE
shield material temperature is achieved.
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Evaluation of the package for an ambient air temperature of 100 °F without insolation loads
demonstrates that the peak temperature of the accessible exterior surfaces of the packaging are
just slightly above 100 °F and well below the maximum temperature of 122 °F permitted by 10
CFR §71.43(g) for accessible surface temperature in an non-exclusive use shipment.

3.3.1.2 Cold

With an internal decay heat load of zero, no insolation, and an ambient temperature of -40 °F, the
average package temperature will be -40 °F per 10 CFR §71.71(c)(2). As discussed in Section
3.2.2, Component Specifications, the -40 °F temperature is within the allowable operating
temperature range for all package components. None of the materials of construction (i.e., thin
carbon steel comprising the 55-gallon drum, austenitic stainless steel comprising the pipe
component and special form capsules, HDPE shielding, and cane fiberboard and wood dunnage)
undergo a ductile-to-brittle transition at temperatures of -40 °F or higher. Therefore, the NCT

~ cold event is of negligible consequence.

3.3.2 Maximum Normal Operating Pressure

Since all cavities of the S300 packaging are vented, the internal pressure is equal to ambient
pressure at all times.
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Table 3.3-1 — NCT Temperatures for S300 Packaging

Temperature (°F) ®
NCT Hot NCT Hot Stainless Max.
Component NCT Hot | without Solar Steel Drums Allowable
SFC 151 116 145 800
HDPE Shielding
- Max. 150 115 144 180 @
-Avg. ® 141 104 134 180 @
Pipe Component 152 103 142 800
Cane Fiberboard Dunnage
- Max. 214 103 185 250
-Avg. ® 169 101 156 250
HDPE Drum Liner 222 101 191 260 @
55-Gallon Walls
- Side 189 100.2 173 250 @
- Lid 233 100.1 206 250 @

Notes: @ Results assume a payload of 1.1W.
@ Average temperatures computed using a mass weighted average of the model nodes.
® Recommended temperature limit of 180°F assumed for HDPE used as shielding given its
importance to safety. The melting point of approximately 260°F is used for the standard HDPE
material used for the drum liner since its loss is not important to safety.
@ Temperature criterion based on long term temperature limit for typical drum coatings versus the
nominal 700°F limit for carbon steel under NCT conditions.
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3.4 Thermal Evaluation under Hypothetical Accident
Conditions

The most conservative assumption regarding the initial conditions of the S300 packaging before
the fire is that due to the mechanical tests (free drop, crush, and puncture), the SFC has been
separated entirely from the package and is exposed to the fire without any package components
to shield it. 10 CFR §71.73(c)(4) requires that the package be exposed to a fire having an
average temperature of 800 °C (1,475 °F) and a flame emissivity of 0.9 for 30 minutes. In the
case of the S300, that would mean exposure of the SFC. The special form qualification testing,
per 10 CFR §71.75, requires that the capsule be heated to 1,475 °F for 10 minutes. With regard
to capsule temperature, these two requirements are essentially equivalent, as shown by a simple
heat transfer calculation. Because it would have little effect on the results, the internal heat
generation of 1.1W is neglected.

3.4.1 Initial Conditions

As discussed in Section 2.7.4, Thermal, the most conservative assumption concerning the initial
conditions of the S300 package prior to the fire is that, due to the mechanical tests (free drop,
crush, and puncture), the SFC has been separated entirely form the packaging and is exposed to
the fire without any packaging components to shield it. The initial temperature of the SFC at the
start of the fire is taken as 165 °F, which is conservatively higher than the temperature of 151 °F
shown in Table 3.3-1.

As noted in Section 2.7.3, Puncture, the HAC free drop, crush, and puncture drop tests may not
lead to full separation of the SFC from the other components of the S300 packaging. If the pipe
component survived the HAC impact events intact, the SFC would be located within the
polyethylene shielding, located within the steel pipe component. This scenario would be much
more favorable than full exposure of the bare SFC to the hypothetical accident fire, due to the
considerable protection from fire temperature which would be afforded by the pipe component
and shielding materials. Any combustion of the polyethylene shield material which might occur
would be quite limited compared to the full fire environment. Therefore, the most conservative
condition for the HAC thermal event is exposure of the bare SFC to the fire.

3.4.2 Fire Test Conditions
The standard conditions required by 10 CFR §71.73(c) (4) were used in the analysis.

3.4.3 Maximum Temperatures and Pressures

Since the capsule is compact and made of thick steel (diameter between 2.5 and 3 inches, and
wall thickness approximately 1/2 inches), its internal temperature during the hypothetical fire
may be assumed to be uniform compared to the environment temperature. According to
Kreith', Section 4-2,

1 Frank Kreith, Principles of Heat Transfer, 3" edition, Intext Press, Inc., 1973.
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Change in internal energy of 3 net heat flow from the -
the capsule during do environment during do

For a combination of convection and radiation, the transient heat transfer equation is (based on
equation 4-1 of Kreith):

cpVAT = |[oAe(T - T* )+ hA(T, ~T)o
This can be rearranged for numerical solution as follows:

ohe{Td ~Tdp JrhA(T, ~Toyp) ,
coV :

Tnew =Towp +

According to 10 CFR §71.73(c)(4), the emissivity of the flame must be 0.9 and the temFerature
of the flame equal to 1,475 °F. Conservatively, a greater flame emissivity of € = 1.0 will be used
in this analysis.

The capsule which will reach the fire temperature the fastest is the one which has the largest
surface area-to-mass ratio, or A/pV, where A is the total surface area, and the quantity pV is the
weight, assuming solid steel. From the table in Section 1.2.2, Contents, and assuming a stainless
steel density of 0.29 Ib/in®, the value of A/pV for the Model II (larger) SFC is egual to 5.2 in%/Ib,
while the corresponding value for the Model III (smaller) SFC is equal to 6.5 in“/lb. Thus, the -
Model IIT SFC will heat up faster than the Model II, and will be used in the following
demonstration.

A conservatively high convection coefficient of h = 10 Btu/hr-ft>-°F is used, as developed in
Section 3.4.3.2, Forced Convection Heat Transfer Coefficient. The emissivity of the capsule is
0.8, per 10 CFR §71.73(c) (4). The specific heat of the steel in the capsule has an average value
of 0.13 Btu/hr-°F through the heat-up temperature range of 200 °F to 1,500 °F"°. Using these
parameters with a straightforward numerical solution of the equation for Tnew, the capsule
temperature would reach 99% of the environment temperature (i.e., approximately 1,460 °F)
after an exposure of 19 minutes, as shown in Table 3.4-1 and depicted in Figure 3.4-1. The
dwell time at the peak fire temperature would therefore be approximately (30 - 19) = 11 minutes
before the end of the fire. Since 10 CFR §71.75 requires that the capsule be heated to 1,475 °F
and held there for 10 minutes, the effects on containment of the requirements of 10 CFR §71.75
and §71.73(c)(4) are essentially equivalent. Therefore, the requirements for exposure of the
package (in this case, the SFC) to the HAC fire have been met by the qualification testing of the
SFC. |

Since the test capsules were leaktight following the thermal qualification test (as documented in
Section 2.10, Special Form), they will also be leaktight following the HAC, 30-minute fire test.

In addition, it is noted that none of the materials of construction of the capsules would be

affected by either the required temperature of 1,475 °F nor hold time at that temperature.

Exposure to the combustion of any of the flammable materials of construction of the S300

package (cane fiberboard, polyethylene) could not create conditions that would exceed the ability
of the stainless steel components of the SFC to remain leaktight. A discussion of the effects of |

15 Cp = k/pa, where k (thermal conductivity) and a (thermal diffusivity) are taken from the ASME B&PV Code,
Section II, Part D, Table TCD, averaged using data at 200 °F and 1,500 °F. Density (p) is taken as 501 Ib/ft*.
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the capsule temperature on the plutonium contents is given in Section 2.2.2.1, Effect of Contents
on the SFC.

3.4.3.1 Post-fire Analysis

At the end of the hypothetical fire, the SFC will cool down under conditions of a 100 °F ambient
temperature and full regulatory solar conditions. Due to the fire, the SFC is assumed to have an
emissivity of 0.9 and a solar absorptivity of 0.9. It will lose heat to the surrounding air by
radiation and convection in still air with an initial temperature of 1,475 °F. It will gain heat from
insolation.

From 10 CFR §71.71(c) (1), the insolation for a curved surface is 10.24 Btu/in* (400 g cal/cm?)
per 12 hrs, or 122.9 Btu/ft>-hr. Conservatively, the larger Model II capsule, which will cool
more slowly than the smaller one per the reasoning stated above, will be used. The cylindrical
area of the Model II is Ac = 0.77 ft*. Assuming the SFC is in a horizontal orientation after the
fire, the ends of the capsule are "flat surfaces not transported horizontally", having an insolation
of 5.12 Btu/in? (200 g cal/cm?) per 12 hrs, or 61.4 Btw/ft*-hr. The flat area of the SFC ends is Ag
= 0.10 ft®. Thus, the total heat input from insolation, post-fire, is:

Q; =(0.9)(A; x122.9+ Ay, x61.4)=90.7 Btu/hr
The heat balance equation used for the fire case above is now:

cpVAT =[oAe (T4 ~T*)+ h,A(T, ~T)+Q, o
which can be written:

4 4
Tyew = Towp + oAy (T” —TOLD)+ h\S/A(Tw ~Tow)+ Qs AB
cp

For the post-fire analysis, o, A, c, p, and V remain the same as in the fire case, To, = 100 °F, gt =
0.9, and the convection coefficient, hs, is defined for still air rather than the forced fire
convection case as follows.

From Guyer'®, equation 3-43, Chapter 1, the Nusselt number for a horizontal cylinder is:

— hSL
k

Nu

' 2
0.387Ra"¢ }

~| 0.60+
{ {1+ (0.559/pry "¢ '

The Rayleigh number, Ra, is:

2

2 3
Ra = [M) PI‘
58

'8 Eric Guyer, Handbook of Applied Thermal Design, McGraw-Hill, Inc., 1989.
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The convection coefficient may be expected to vary over the temperature range of the SFC
during the cool-down; however, it does not vary widely, and may be conservatively bounded. A
.smaller value of convection will give the slowest (most conservative) cool-down rate. As time
passes, the coefficient will differ only as a result of the differences in the temperature of the
boundary layer air and of the temperature difference between the SFC and ambient, which at
time 6 = 0, is equal to 1,475 — 100 = 1,375 °F, and when the SFC is nearly in equilibrium, say at
a temperature of 200 °F, is equal to 200 — 100 = 100 °F. The appro 3prrate value for the distance L -
is the SFC diameter, equal to 3.0 inches or 0.25 ft. The quantity L° = 0.016 ft*. Properties of air
are ¢valuated at the average film temperature and are taken from Table A-3 of Kreith. The
evaluation of hs for the two temperature extremes (hot SFC and near-ambient SFC) are compared
in Table 3.4-2. As seen from the table, a value of still air convection of hs = 1.0 Btu/hr-ft*-°F
may be used as a conservative lower bound. This convection is assumed to apply to the entire
SFEC, including the flat ends.

The solution to the time-dependent post-fire cool-down relation is shown in Table 3.4-3 and
depicted in Figure 3.4-3. After 30 minutes, the temperature of the SFC falls to 594 °F. After one
hour (shown in Figure 3.4-2 only), the temperature is 402 °F.

3.4.3.2 Forced Convection Heat Transfer Coefficient -

The forced convection coefficient applied to the SFC during the HAC fire event is computed
using the relationships in Table 6-5 of Kreith for a flat surface, where the characteristic
dimension (L) is equal to the length along the surface and the free stream flow velocity is V. The
average gas velocity is taken as 10 m/s (equivalent to V = 118,080 ft/hr) as found from
Schneider'”. The heat transfer coefficient is computed based on the local Reynolds number,
defined as: : '

VxpxL
I

Re, =

~ When the Reynolds number is less than 5(10)° and Pr > 0.1, Nu = 0.664 x Re?® x Pr’®. A

characteristic length of L = 0.208 feet is used, based on the capsule diameter of 2.5 inches. The
properties of air (from Table A-3 of Kreith) are evaluated at the average of the fire temperature
(1,475 °F) and the surface temperature at the start of the fire (165 °F), or 820 °F. At this
temperature, the density, p, of air is 0.0309 Ibm/ft*, and the dynamic viscosity, u, is 0.0818
Ibm/ft-hr. Using these quantities, the Reynolds number is equal to 9,278. The Prandtl number at
820 °F is 0.699. Using the equation above, the Nusselt number can therefore be calculated as
56.8. The convection coefficient is therefore:

Nuxk

h =7.92 Btu/ hr — ft* —

c =

1" Schneider, M.E., and Kent, L.A., Measurements of Gas Velocities and Temperatures in a Large Open Pool Fire,
Heat and Mass Transfer in Fire - HTD Vol. 73, 1987, ASME, New York, NY.
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where the thermal conductivity, k, is equal to 0.0290 Btu/hr-ft-°F. This value for the convection
coefficient is conservatively rounded up to a value of 10.0 for the HAC fire evaluation in Section
3.4.3, Maximum Temperatures and Pressures.

3.4.4 Maximum Thermal Stresses

Direct exposure of the SFC to the fully engulfing fire has been shown to be equivalent to the
qualification testing performed on the capsule. Since the SFC was leaktight after qualification
testing, thermal stresses are not of concern.

3.4.5 Accident Conditions for Air Transport of Fissile Material

With regard to air transport of fissile material, 10 CFR §71.55(f) requires that the package be |
subcritical subsequent to the application of a series of accident condition tests, including a |
thermal test. A criticality analysis of the worst-case geometric configuration is performed in
Section 6.7, Fissile Material Packages for Air Transport, which considers the presence of all of
the moderating and reflecting material in the package. The effect of the thermal test on the
criticality analysis is nil, since the fire cannot increase the amount of moderating or reflecting
material, nor cause it to be located in a more reactive position than already assumed in the
criticality analysis. The fire would in fact tend to decrease the availability of moderating
material due to combustion. For these reasons, the effects of the fire test of 10 CFR

§71.55(f) (1) (iv) do not need to be specifically evaluated.
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. Table 3.4-1 — Heating of SFC in Fire Event
Time, min. | Temp, °F | Time, min. | Temp, °F [Time, min. | Temp, °F | Time, min.| Temp, °F
0.00 165 7.50 1,166 15.00 1,435 22.50 1,471
0.25 211 7.75 1,185 15.25 1,438 22.75 1,471
0.50 257 8.00 1,202 15.50 - 1,440 23.00 1,471
0.75 - 302 8.25 1,219 15.75 1,443 23.25 1,471
1.00 346 8.50 1,234 16.00 1,445 23.50 1,472
1.25 389 8.75 1,249 16.25 1,447 23.75 1,472
1.50 431 - 9.00 1,263 16.50 1,449 24.00 1,472
1.75 473 9.25 1,277 16.75 1,451 24.25 1,472
2.00 513 9.50 1,289 17.00 1,453 2450 | 1,473
2.25 553 9.75 1,301 17.25 1,454 24.75 1,473
2.50 592 10.00 1,312 17.50 1,456 25.00 1,473
2.75 630 . 10.25 1,323 17.75 1,457 25.25 1,473
3.00 667 10.50 1,333 18.00 1,458 25.50 . 1,473
3.25 703 - 10.75 1,342 18.25 1,460 25.75 1,473
’ 3.50 739 11.00 1,351 18.50 | 1,461 26.00 1,473
. 3.75 - 773 11.25 1,359 18.75 1,462 26.25 1,474
4.00 806 11.50 1,367 19.00 1,463 26.50, 1,474
4.25 839 11.75 1,374 19.25 1,464 26.75 1,474
4.50 870 12.00 1,381 19.50 1,464 27.00 1,474
475 900 12.25 1,387 19.75 1,465 27.25 1,474
5.00 ~ 929 12.50 1,393 20.00 1,466 27.50 1,474
5.25 958 12.75 1,399 20.25 1,466 - 27.75 1,474
5.50 985 13.00 1,404 20.50 1,467 28.00 1,474
5.75 - 1,011 13.25 1,409 20.75 1,468 28.25 1,474
6.00 1,036 13.50 1,414 21.00 1,468 28.50 1,474
6.25 1,060 13.75 1,418 21.25 - 1,469 28.75 1,474
6.50 1,083 14.00 1,422 21.50 -1,469 29.00 1,474
6.75 1,106 14.25 1,425 21.75 1,470 29.25 1,474
7.00 1,127 14.50 1,429 22.00 1,470 29.50 1,474
7.25 1,147 - 14.75 1,432 22.25 1,470 29.75 1,474

3-18




S300 Safety Analysis Report

Docket No. 71-9329

Table 3.4-2 — Evaluation of Post-fire Convection Coefficient

Input Parameter Hot SFC Near-Ambient SFC

Tsus. °F 1,475 200

AT, °F 1,375 100

Film Temp., °F* 788 150

pgp/u?, 1/°F ft* 52,272 1,305,000

Pr 0.696 0.720

k, But/hr-ft-°F 0.0284 0.0164

Ra, p“gp/u’L* AT (Pr) 800,389 1,503,360
Nusselt (see above) 13.62 16.34

hs, Btu/hr-ft?-°F 1.55 (max) 1.07 (min)

*Film temperature is equal to %2 x (Tsyt + Tw), where To, = 100 °F.
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Table 3.4-3 — Cooling of SFC After Fire Event

Time, min.| Temp, °F | Time, min. | Temp, °F |Time, min. | Temp, °F | Time, min.| Temp, °F
0.00 1,475 7.50 1,012 15.00 806 22.50 681
0.25 1,449 1.75 1,003 15.25 801 22.75 677
0.50 1,424 8.00 994 15.50 796 23.00 674
0.75 1,400 8.25 985 15.75 791 23.25 671
1.00 1,377 8.50 977 16.00 786 23.50 667
1.25 1,356 8.75 969 16.25 782 23.75 664
1.50 1,335 9.00 960 16.50 (i 24.00 661 -
1.75 1,316 9.25 952 16.75 772 24.25 658
2.00 1,297 9.50 945 17.00 768 24.50 655
2.25 1,279 9.75 937 17.25 763 24.75 652
2.50 1,261 10.00 930 17.50 759 25.00 649
2.75 1,245 10.25 922 17.75 754 25.25 646

13.00 1,229 10.50 915 18.00 750 25.50 643
3.25 1,213 10.75 908 - 18.25 746 25.75 640
3.50 1,198 11.00 901 18.50 741 26.00 637
3.75 1,184 11.25 894 18.75 737 26.25 634
400 1,170 11.50 888 19.00 733 26.50 631
4.25 1,156 11.75 881 19.25 729 26.75 628
4.50 1,143 12.00 875 19.50 725 27.00 625
4.75 1,130 12.25 869 19.75 721 27.25 622
5.00 1,118 12.50 862 20.00 717 27.50 620
5.25 1,106 12.75 856 20.25 713 27.75 617
5.50 1,094 13.00 850 20.50 710 28.00 614
5.75 1,083 13.25 845 20.75 706 28.25 612
6.00 1,072 13.50 839 21.00 702 28.50 609
6.25 1,062 13.75 833 21.25 698 28.75 606
6.50 1,051 14.00 828 21.50 695 29.00 604
6.75 1,041 14.25 822 21.75 691 29.25 601
7.00 1,031 14.50 817 22.00 688 29.50 599
7.25 1,022 14.75 812 22.25 684 29.75 596

Note: at time = 30 minutes, T = 594 °F.
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Figure 3.4-1 - Heating of SFC During Fire Event
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‘ Cool-Down of SFC After HAC Fire
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3.5 Appendices

3.5.1 Computer Analysis Resuits

Due to the size and number of the output files associated with each analyzed condition, results
from the computer analysis are provided on a CD-ROM.

3.5.2 Analytical Thermal Model

The analytical thermal model of the S300 packaging and its authorized payload is developed for
use with the Thermal Desktop®'® and SINDA/FLUINT"® computer programs. These programs
work together to provide the functlons needed to build, exercise, and post-process a thermal
model. The Thermal Desktop® computer program provides graphical input and output display °
functions, as well as computing the thermal mass, conduction, and radiation exchange
conductors for the defined geometry and thermal/optical properties. Thermal Desktop® is
designed to run as an application module within the AutoCAD™ design software. As such, all
of the CAD tools available for generating geometry within AutoCAD™ can be used for
generating a thermal model. In addition, the use of the AutoCAD™ layers tool presents a
convenient means of segregating the thermal model into its various elements.

The SINDA/FLUINT computer program is a general purpose code that handles problems defined
in finite difference (i.e., lumped parameter) and/or finite element terms and can be used to
compute the steady-state and transient behavior of the modeled system. Although the code can
be used to solve any physical problem governed by diffusion-type equations, specialized
functions used to address the physics of heat transfer and fluid flow make the code primarily a
thermal code.

The SINDA/FLUINT and Thermal Desktop® computer programs have been validated for safety
basis calculations for nuclear related projects®.

Together, the Thermal Desktop® and SINDA/FLUINT codes provide the capability to simulate
steady-state and transient temperatures using temperature dependent material properties and heat
transfer via conduction, convection, and radiation. Complex algorithms may be programmed
into the solution process for the purposes of computing heat transfer coefficients as a function of
the local geometry, gas thermal properties as a function of species content, temperature, and
pressure.

3.5.2.1 Description of S300 Packaging NCT Thermal Model

The S300 packaging is represented by a 2-dimensional, axisymmetric thermal model for the NCT
evaluation. The various packaging components are defined using a combination of planar and

'8 Thermal Desktop®, Version 5.3, Cullimore & Ring Technologies, Inc., Littleton, CO, 2010.

19 SINDA/FLUINT, Systems Improved Numerical Differencing Analyzer and Fluid Integrator, 5.3, Cullimore &
Ring Technologies, Inc., Littleton, CO, 2010.

20 AFS Report AFS-TR-VV-013, Rev. 0, Thermal Desktop® and SINDA/FLUINT Testing and Acceptance Report,
Version 5.3, AREVA Federal Services, LLC, 2010.
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solid elements. Program features within the Thermal Desktop® computer program automatically
compute the various areas, lengths, thermal conductors, and view factors involved in determining
‘the individual elements that make up the thermal model of the complete assembly. While
axisymmetric conditions are assumed the actual thermal modeling presents a 90° segment of the
package since the Thermal Desktop® code does not provide an explicit option for axisymmetric
modeling and to provide clearer graphical depictions of the modeling and the temperature
distribution within the package.

Figure 3.5-1 to Figure 3.5-4 illustrate “solid’ views of the S300 packaging thermal model. The
model is composed of solid and planar type elements representing the various packaging
components. Thermal communication between the various components is via conduction,
radiation, and surface-to-surface contact. A total of approximately 1,940 nodes, 12 planar
elements, and 37 finite difference solid cylindrical shapes are used to simulate the modeled
components. The solid cylindrical shapes are a Thermal Desktop® computer program feature
(i.e., FD solids) that permits a group of solid elements to be represented by a single entity. As
such, the number of individual solid ‘bricks’ utilized in the modeling is actually significantly
larger than the 37 value indicated above.

As seen from Figure 3.5-1, the modeling accurately captures the geometry of the various
components of the packaging, including the cane fiberboard used for dunnage and impact
protection, the pipe component, the HDPE shielding material, and the special form capsule
(SFC) payload. The minimal spatial resolution provided by the thermal modeling is
approximately 1.25 inches in the radial direction and 1.6 inches in the axial direction. All void
spaces within the packaging are assumed to be filled with air at one atmosphere. The heat
transfer across all air gaps is computed as a combination of conduction and radiation.

Figure 3.5-2 illustrates the thermal modeling used for the 55-gallon drum and drum liner. Planar
elements are used for these components since the temperature difference across these thin
components will be small. The drum liner is assumed to be radially centered between the cane
fiberboard and 55-gallon drum surfaces. This assumption leads to an approximate 0.23-inch
airspace between the liner and the drum wall and between the liner and cane fiberboard surfaces.
The liner is assumed to be supported around the ID of the 55-gallon drum with a varying air gap
thickness between the liner and the dished end of the drum. A similar gap variation exists
between the liner lid and the drum lid. For modeling purposes, a mean 0.25-inch air gap of is
assumed at the bottom, while a 0.4-inch is assumed for the top air gap. The liner is assumed to
be in direct contact with the base of the fiberboard dunnage, while an approximate 0.5-inch air
gap exists between the lid of the dunnage and the inside surface of the liner lid.

Figure 3.5-3 illustrates the 'solids' thermal modeling of the cane fiberboard and the pipe
component. The figure demonstrates that the geometry of these package components is
accurately captured by the thermal modeling. The fibers of the dunnage material is assumed to
be oriented vertically for the sides of the dunnage and horizontally for the base and lid segments.
These assumed orientations are used in the application of the anisotropic properties for this
material. The potential presence of buffer sheet of exterior plywood at the base of the dunnage
cavity is ignored for simplicity in the modeling of the dunnage. This modeling simplification is
seen as conservative under NCT conditions since the higher thermal conductivity of plywood
will act to lower the internal temperatures of the package.
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Similarly, the thermal modeling of the bolts and lift rings of the pipe component is not
considered to be necessary for the determination of the peak temperatures within the S300
package.

A nominal 0.15-inch air space exists between the ID of the cane fiberboard and the sides of the
pipe component. This gap is increased to an estimated mean of 1.8-inches at the top of the
dunnage cavity. An air gap of 0.15 to 0.7-inches is used between the lid of the pipe component
and the lid of the dunnage. Direct contact is assumed between the base of the pipe component
and the base of the dunnage cavity.

Figure 3.5-4 illustrates the modeling used for the HDPE shielding and the SFC. Again, the
geometry of these package components is accurately captured by the thermal modeling. Based
on the nominal design dimensions, an air gap of 0.1-inches is assumed between the sides of the
shielding and the pipe component, 0.5-inches is used between the top of the shielding and the
underside of the pipe component's lid, and direct contact is assumed at the base of the HDPE

~ shielding.

The SFC is assumed to be centered radially within the shielding cavity and to be resting against
the base of the cavity. Based on the conservative assumption of transportation of the small Type
IIT SFC, a nominal radial air gap of 0.5-inches would exist. The SFC is assumed to rest on the
shield end plug with the heat transfer from the base computed as a direct contact. Given that the
air gap above the SFC could be large, the heat transfer via conduction across the air gap is
conservatively ignored for this surface of the SFC.

3.5.2.2 Insolation Loads

The principal thermal loading on the S300 package during NCT arises from insolation on the
outer shell of the package. Since the S300 package is characterized by a thin outer shell, a
relatively thick layer of low conductivity fiberboard dunnage and HDPE shielding material, the
exterior package temperature will respond rapidly to the daily variation in insolation loading, but
the payload will experience a much lower temperature swing.

The 10 CFR §71.71(c) (1) specified insolation values provide the total insolation over a 12-hour
period to horizontal, curved, and vertical surfaces. Application of these specified insolation
values to the steady-state evaluation of the package's thermal performance requires converting
the total insolation received on any surface to hourly averaged values (typically 12 or 24 hour
averages). However, per IAEA Safety Guide TS-G-1.1 §654.4%", the more precise way to model
insolation is to use a time dependant sinusoidal heat flux . As such, the peak NCT temperatures
for the S300 package are evaluated using a transient model and a diurnal cycle on insolation
loading that provides the equivalent 10 CFR §71.71(c)(1) insolation over a 12 hour period.

A sine wave model is used to simulate the variation in the applied insolation on the surfaces of
the package over a 24-hour period, except that when the sine function is negative, the insolation
level is set to zero. The timing of the sine wave is set to achieve its peak at 12 pm and peak
value of the curve is adjusted to ensure that the total energy delivered matched the regulatory
values. As such, the total energy delivered in one day by the sine wave solar model is given by:

21 Safety Guide No. TS-G-1.1 (ST-2), Advisory Material for the IAEA Regulations for the Safe Transport of
Radioactive Material, INEA Safety Standards Series, International Atomic Energy Agency, Vienna, Austria, 2002.
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! 18-hr ,
) -t 7 24-hr
J' Q peak'sm(ﬁ - E) dt = (TJQ peak

6-hr

Using the expression above for the peak rate of insolation, the peak rates for top and side
insolation on a vertically oriented 55-gallon drum may be calculated as follows:

cal T Btu Btu
=| 800 . =2.68 =0.0447T—
oy ( cm® ] (24 hrj ey hr - in® min - in?
cal T Btu Btu
.. =| 400 . o =134 =0.0223—
Quae ( cmz) (24 hr) Qs " hr-in? min - in?

Conversion factors of 1 cal/em®-hr = 0.0256 Btu/hr-in” are used in the above calculations. These
peak rates are multiplied by the sine function and the surface solar absorptivity to create the top
and side insolation values as a function of time of day.

3.5.2.3 Description of Thermal Model for HAC Conditions

The thermal model used for HAC is described in Section 3.4.3, Maximum Temperatures and
Pressures.

3.5.2.4 Convection Coefficient Calculation

The S300 package thermal model uses semi-empirical relationships to determine the level of

convection heat transfer from the exterior package surfaces under the regulatory NCT conditions.

The convective heat transfer coefficient, h., has a form of:

h, :Nu5
L

where k is the thermal conductivity of the gas at the mean film temperature and L is the
characteristic length of the vertical or horizontal surface. The convection coefficient is
correlated via semi-empirical relationships against the local Rayleigh number and the
characteristic length. The Rayleigh number is defined as:

2 3
RaL :Mxpr

1)
where
g = gravitational acceleration, 32.174 ft/s* = coefficient of thermal expansion, °R™
AT = temperature difference, °F p = density of air at the film temperature, Ib/ft°
4 = dynamic viscosity, 1by/ft-s ~ Pr = Prandtl number = (c, &) / k
L = characteristic length , ft k = thermal conductivity at film temp., Btu/ft-hr-°F
cp = specific heat, Btu/ Iby, -°F Ra;, = Rayleigh #, based on length ‘L’

Note that k, c,, and p are each a function of air temperature as taken from Table 3.2-4. Values
for p are computed using the ideal gas law, B for an ideal gas is simply the inverse of the
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absolute temperature of the gas, and Pr is computed using the values for k, c,, and p from Table
3.2-4. Unit conversion factors are used as required to reconcile the units for the various
properties used.

The natural convection from a discrete vertical surface is computed using Equations 4-13, 4-24,
4-31, and 1%-33 of Rohsenow, et. al., which is applicable over the range 1 < Rayleigh number
(Ra) < 10°“:

Nu® = CLRa"!
. _ 0.671
1+ (0.492/Pr) e )"
2.0

Nu, =
" (1 2.0/NT)
Nu, = CYRa"® /(1 +1.4x10° Pr/Ra)

0.13Pr’%
(1+0.61P°% f*

cY -

Nu=h

IC(L =[Nu,)® + (Nu) ¢}
The natural convection from a vertical cylindrical surface is computed by applying a correction
factor to the laminar Nusselt number (Nu;) determined using the same methodology and Nu for
a vertical plate (see above). The characteristic dimension, L, is the height of the vertical cylinder
and D is the cylinder’s diameter. The correction factor as defined by Equations 4-44 of
Rohsenow, et. al., is:

ko)
NU; ¢ytinger = m Nuy pryge
1.8xL/D
*T N,
Plate
h,L /6
NUyer cytinger = K = [(NuL—Cylinder)G + (Nut-Plate)s]l

Natural convection from horizontal surfaces is computed from Equations 4-13, 4-25, 4-39, and 4-
40 of Rohsenow, et. al., where the characteristic dimension (L) is equal to the plate surface area
divided by the plate perimeter. For a heated surface facing upwards or a cooled surface facing
downwards and Ra > 1:

h.L
k

1/10

Nu =

= [N, ) + (Nu) ]

1.4

Ny = In(1 +1.4/(0.835x CLRa"" ))
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= _ 0.671
1+ (0.492/Pr)"

1+0.0107x Pr « Ral®
1+0.01xPr

Nu, = 0.14x(

For a heated surface facing downwards or a cooled surface facing upwards and 10° < Ra < 10",
the correlation is as follows: :

2.5
In(l +2.5/Nu")
0.527
. Ral/S
1+ @o/pr)e f°

Nu=Nuy, =

NuT =
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3.5.3 Material Data Sheets
Neutron Shielding Material (Thermo-Electron Corp, Catalog No. 201 Product

Specifications, 2003

System Specifications

Products Available

Catalog No. 201 is available in a wide variety shapes including siabs, bricks, rods, and pellets,  is easily shaped and cut using ordinary
woodworking and metalworking tocls. As an atemative to shaping material in your own shop, Thermo Electron Corporation can aiso
machine Catalog No. 201 to close tolarances according to your specifications.

Neutron Shielding Material Specifications

Composition Data

Active Components: Recommended Temperature Limit: 180 °F (82.2 °C) e
Hydrogen atom density / cm3: 85x10°7 Maiting Point: 210°F {98.8 °C)
Natural isotope distribution: 99.98% 1H Boiling Point: 300°F {148.8 °C)
Boron atom density / em3: 25100 Thermal Conductivity: 1
Natural isotope distribution: 19.6% 108 and Heat Capacity: N/A
804% 118 Cubical Coefficient of Expansion: 6.1 x10*
Weight percent of all isotopes of boror: ~ 5.00% Linear Coefficient of Expansion: 2xi0*
Total Density. 085g/em’ Vapor Prossure {mm Hgl: N/A
Vapor Density (Air = 1} N/A
Radiation Properties Evaperation Rate (ether=1): N/A
Percent Volatile by Volume: N/A
Macroscopic thermal neutron Spacific Gravity (20 = 1) 09-1.0 g/em®
cross section: 2008 fear®)
Gamma resistance: 5 x10°R Chemical Properties
Neutron resistance: 25%1017 N/ ot
Chamical Name & Synonyms: Borated Polycthylone
Physical Properties Trade Name & Synonyms: Catalog No. 201
Chamical Family: Polyolefin's
Appoarance and Odor Formula: ; Mixture (CH2) n, B
State: bricks, blocks, slabs Solubility in Water: Negligible
Color white.. ) '
Odor .m0 odor Reactivity Data
Mechanical Properties Reactive Materials
: Reactive Acids N/A
Machining of 201: Excellent Reactive Bases N/A
Hardness: NA Reactive: Metals and Metai Compounds ~ N/A
Tensfle Strength [ASTM DG68: N/A Reactive Oxidizing Agents N/A
Compressive Strength: 800 PSt Reactive Reducing Agents N/A

This caly

USA:

and i subjiect to charge without netice. Thanno makes 00 waanties, opressed of inplked. & s poduct sumenary.
ommmmmwnun Guestion everything, and Ariyre. Datect, Mewsire. Control arg trademats of Themna Bisctron Corporation. LITCATAN 0704

St erport Fload
Serta e, NM 7507

UsA

1506)401 332
1506] 426 3635 fax

Thermal Properties

Material Incompatibility

Materials to Avoid: N/A
Hazardous Decomposition Products

Solid None

Liguid None

Gas None
Hazardeus Polymarization: Will Not Occur

Rest of Ewropec Rest of Workd:
Bath Road Fraveraunchr Srasse 36 Widoriestrasss 5
Bosniam Peading 467 99 o D&

Gormany
sHDeIn 2 +A3{019131 080 N BNBO

AN BB MININNGMEEe BRNBRBU/ Bl

www.thermo.com/rmp
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DriscoPlex® PE3608/(PE3408) Pipe, Pipe and Fittings Data Sheet, Bulletin PP 109

For more information and technical ”_‘_g’
assistance contact: V e

Petformance Pipe, adiwigion of A vazan v Cusyro Povviors Dumns Vamsags [P
Chevran Philips Chemical Company LFP

P.0. Box 262006

Plang, TA 78025 9006

BO0.527 D662

DriscoPlex®
PE3608 / (PE3408) Pipe

Pipe and Fittings Data Sheet

Typical Material Physical Properties of DriscoPle® PE3608 ( (PE3408)
High Density Poleethylene Materials

| Designation : FRITR4 PE308
Cell Classification ASTM D3350 345464C
Pipe Properties
Density ams | cn? ASTM D1505 0,858 (black)
el Index gmsi10 9n
Conditior 190/ 216 minutes AR LI f.a
Hydrostafic Design Basis
73°F (23°C) pst ASTM D2837 1600
Hydrostatic Design Basis 3
140°F (60°C) psi ASTM D2837 800
Color: UY Stabileer [C] S, Mit 2% carbon Black
5] ABIN DAY Calor UV Stabilzer
Material Properties
Flexudral flodulus N
2% Secant- 16:1 span; depth, 0.5 in / min = ASTM D740 ~110,080
i ABTM D&38
Tensile Strendth at Yield psi Type IV 3200
Elohgation at Break
2 ind min, TypelV bar % ABTH Da33 »700
Elastic Modulus psi ABSTM DE38 #150,000
Hardness Share O ASTM D2240 B2
PENT hrs ASTM F1473 >100
Thermmal Properties.
Yicat Softening Temperature * ASTM 01525 256
Brittleness Temperature i ASTM D746 =102
Thetmal Expansion infingF ASTM DB3E 1.0% 10
Bulletin: PP 108 Revisior Date September, 2006
Aol gy prbet o Before using the piping product, the user & advised and cautioned to make is wn determination and ass essment of ihe safety and
suitabifty of the piping product for the speoific usé In question and & further adviced against 1elying on the infotmation cortained hareir
/’% a5 i may relate to arys pecific use or application, It s the uttimate resporisibiity of he usar to ensure that the piping product & sufted

and the information & applicable o the e er's specific application, This data sheet provides typical physical property infamation for
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Figure 3.5-1 - Isometric View of ‘Solids’ Thermal Model for S300
Packaging
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Figure 3.5-2 - View of Planar Elements for 55-Gallon Drum and Liner
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Figure 3.5-3 — ‘Solids’ Model for Cane Fiberboard Dunnage and Pipe

Component
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s o

Figure 3.5-4 - 'Solids’ Model for HDPE Shielding and SFC
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‘ 4. CONTAINMENT

Containment of radioactive materials is provided by the SFC. See Section 2.10, Special Form,
for more details on the SFC. Since the S300 package does not provide containment, this section
does not apply.
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5. SHIELDING EVALUATION

This chapter documents the shielding analysis for the S300 transportation package with a
plutonium neutron source. Plutonium generates neutrons via an (o,n) reaction with a target
nucleus. The S300 may be used to ship plutonium neutron sources with any target nucleus,
although beryllium is the most common target nucleus and generates the largest number of
neutrons. Such plutonium/beryllium sources are known as PuBe sources. Plutonium foils and
alpha reference standards are also an allowed content, although these items lack a target nucleus
and generate a negligible dose rate compared to PuBe sources. Hence, this chapter does not
explicitly address shielding of the plutonium foils and alpha reference standards. The plutonium
mass of the foils and alpha reference standards is bounded by the plutonium mass of the PuBe
sources.

Both non-exclusive use and exclusive use conditions are considered. For non-exclusive use and
air transport conditions, dose rates on the surface and 1 m are calculated for normal conditions of
transport (NCT) and are shown to be less than the 10 CFR 71 limits of 200 mrem/hr and 10
mrem/hr, respectively. For exclusive use conditions applicable to a closed transport vehicle,
dose rates on the package surface, vehicle surface, and 2 m from the vehicle surface are shown to -
be less than the 10 CFR 71 limits of 1000 mrem/hr, 200 mremv/hr, and 10 mrem/hr, respectively.
" For hypothetical accident conditions (HAC), the dose rates are less than 1000 mrem/hr at 1 m.

5.1 Description of Shielding Design

5.1.1 De5|gn Features

The S300 packaging is a 55-gallon drum with polyethylene shleldmg inside of a 12-inch stamless
steel pipe component (see Figure 1-1). The interior of the pipe contains radial and axial solid

- polyethylene shielding to provide an inner cavity with a diameter of 3.5 inches and a length of 17
inches. Solid disks of polyethylene, two inches thick, are also placed at the top and bottom of
the cavity, reducing the usable cavity length to 13 inches. External to the steel pipe component
is fiberboard dunnage. A polyethylene liner 0.11 inches thick is placed inside the drum. The
outer dimension of the S300 drum is that of a standard 55-gallon drum, i.e., nominally 24 inches
in diameter and 35 inches in height. Plywood and fiberboard dunnage are also present in the
drum above, below, and around the pipe component. Dunnage is added to the top of the package
as required so that the gap between the dunnage and top lid is less than 1/2 inch. The dimensions
of the package are provided in Table 5-1.

The packaging includes polyethylene (shielding, p = 0.92 g/cm?), stainless steel (pipe
. component p = 7.94 g/cm®), dunnage (p = 0.224 g/cm®), and carbon steel (drum, p = 7.8212
g/cm?). The material specifications are discussed further in Section 5.3.2, Material Properties.
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. Table 5-1 — S300 Packaging Dimensions

Component Actual Dimension (inches)
Steel Pipe OD 12.8 (max)
Steel Pipe length ' 25.6
Steel pipe wall thickness : 0.219 (min)
Steel pipe floor thickness 0.25 (min)
Steel Pipe lid thickness 0.9
Diameter of Polyethylene Plugs 3.5
Height of Polyethylene Plugs 2.0
ID of Polyethylene Sleeve 3.5
OD of Polyethylene Sleeve 11.8
Inner cavity height poly sleeve 17.0
Thickness poly sleeve lid 4.0
Thickness poly sleeve bottom 22.7-17.0-2.0=3.7
Outside drum height 34-13/16
Thickness of bottom dunnage 2.1
Height of pipe dunnage 21.4
. Height of flange dunnage 48+05=53
Thickness of top dunnage (thickest 2.6
: location)
OD of dunnage 21.5 (slightly smaller for top dunnage)
ID of pipe dunnage 13.1
ID of flange dunnage 16.6
Drum liner thickness 0.11

5.1.2 Summary Table of Maximum Radiation Levels

The source may be contained within one of two special form capsules, the Model II and Model
III. The Model 11 is larger than the Model I1I and therefore may hold a larger mass of source
material. Maximum dose rates are provided for the following three scenarios:

o Table 5-2: Model II Capsule containing 206 g Pu, Non-Exclusive Use
e Table 5-3: Model II Capsule containing 350 g Pu, Exclusive Use (closed vehicle)
e Table 5-4: Model IIT Capsule containing 160 g Pu, Non-Exclusive Use
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The transport index (TI) is the maximum dose rate at 1 m from the surface of the package. For
non-exclusive use, the TT = 7.5. The TI for the Model II Capsule bounds the TI for the Model III

Capsule.

The HAC dose rates are computed only for the maximum Pu loading of 350 g and are provided

in Table 5-5.

Table 5-2 — Model Il Capsule NCT Dose Rates (Non-exclusive use)

206 g Pu Package Surface (mrem/hr) 1 m from Package Surface (mrem/hr)
TI=75 Top Side Bottom Top Side Bottom
Gamma <11.3 12.4 11.3 <04 0.5 0.4
Neutron <114.3 187.0 114.3 <3.8 7.0 3.8

Total <125.6 199.4 125.6 <4.1 - 7.5 4.1
Limit 200 . 10

Note: All reported dose rates are rounded to the nearest one-tenth, although the total dose rate
values are based on the sum of unrounded values. Therefore, the sum of the rounded gamma and
neutron dose rates will not necessarily equal the total rounded dose rate value.

Table 5-3 — Model Il Capsule NCT Dose Rates (Exclusive use)

350 g Pu Package Surface (mrem/hr) Vehicle Surface (mrem/hr) .
TI=NA - Top Side Bottom Top ©  Side Bottom
Gamma <19.2 21.0 19.2 <9.0 0.9 9.0
Neutron <194.2 317.7 194.2 <91.2 118 91.2

Total <213.5 338.7 213.5 <100.2 12.7 100.2

Limit 1000 200

2m from Vehicle Surface (mrem/hr) Occupied Location (mrem/hr)
Top Side Bottom Top Side Bottom

Gamma NA 0.1 NA NA <0.1 NA
Neutron NA 1.6 NA NA <1.6 NA

Total NA 1.7 NA NA <1.7 NA

Limit 10 2

Note: All reported dose rates are rounded to the nearest one-tenth, although the total dose rate
values are based on the sum of unrounded values. Therefore, the sum of the rounded gamma and
neutron dose rates will not necessarily equal the total rounded dose rate value.
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Table 5-4 — Model Ill Capsule NCT Dose Rates (Non-exclusive use)

160 g Pu Package Surface (mrem/hr) . 1 m from Package Surface (mrem/hr)
TI=5.8 Top Side Bottom Top Side Bottom
Gamma <8.8 9.6 8.8 <0.3 0.4 0.3
Neutron <88.8 145.2 88.8 <2.9 5.4 2.9

Total <97.6 154.8 97.6 <3.2 5.8 - 3.2
Limit 200 10

Note:All reported dose rates are rounded to the nearest one-tenth, although the total dose rate
values are based on the sum of unrounded values. Therefore, the sum of the rounded gamma and
neutron dose rates will not necessarily equal the total rounded dose rate value.

Table 5-5 — Bounding HAC Dose Rates

350gPu 1 m from Package Surface (mrem/hr)
Top Side Bottom
Gamma 2.7 2.7 2.7
Neutron 58.3 58.3 58.3
~ Total 61.0 61.0 61.0
. Limit 1000

5-4




S300 Safety Analysis Report Docket No. 71-9329 Rev. 5, June 2010

5.2 Source Specification

The source is modeled as a solid PuBe;3 neutron source, which bounds all other plutonium
neutron sources and non-neutron sources. As the mass of the source may vary between
packages, the source is computed for 1 g of plutonium.

5.2.1 Gamma Source

As the source is primarily a neutron emitter, the dose rate resulting from primary gamma
radiation is a small fraction of the total dose rate. The gamma source is computed using the
ORIGEN-S module of the SCALES code package' and is extracted from the same output file
used to compute the neutron source. A detailed discussion of the data and assumptions used to
develop the ORIGEN-S input file is included in Section 5.2.2, Neutron Source. The gamma
source for 1 g of plutonium is listed in Table 5-6.

5.2.2 Neutron Source

The neutrons are generated by both (o,n) reactions and spontaneous fission, although the
spontaneous fission component is negligible compared to the (o.,n) component. Plutonium used
in neutron sources is comprised of the following six isotopes: Pu-238, Pu-239, Pu-240, Pu-241,
Pu-242, and Am-241. Of these six isotopes, all are alpha emitters with the exception of Pu-241,
which is a beta emitter. Therefore, Pu-241 decay does not directly generate neutrons, although
Pu-241 decays to Am-241, which is an alpha emitter and does generate neutrons.

The average plutonium isotopics used to generate the neutron source are obtained from LA-UR-
09-06701° and are provided in Table 5-7. This report is included in Section 5.5.1, Radionuclide
Distribution Document LA-UR-09-06701. Note that alpha emitters with a shorter half-life
contribute more to the neutron source than an equivalent mass of a longer half-life alpha emitter
because the alpha activity is greater for shorter half-lives. Therefore, the magnitude of the
neutron source is directly related to the isotopics of the mixture.

Because Pu-241 has a half-life of 14.35 years, and since these sources may be 40 to 50 years old,
it is conservatively assumed that all Pu-241 has completely decayed to Am-241. The “decay” is
performed by simply treating the mass of Pu-241 as Am-241 and calculating the source at time
zero; a formal decay calculation is not performed. Therefore, decay of the other plutonium
isotopes is conservatively neglected. Note that the initial concentration of Am-241 is in addition
to the mass of plutonium (see Table 5-7), so for 1 g of plutonium, the total mass of Pu+Am is
1.00025 g.

These isotopics are representative of the vast majority of plutonium neutron sources that have
been generated. While the isotopics utilized do not necessarily bound all conceivable plutonium
isotopics in regards to neutron source production, all packages will undergo dose rate

' SCALE: A Modular Code System for Performing Standardized Computer Analyses for Licensing Evaluations,
ORNL/TM-2005/39, Version 6, Vols. I-III, January 2009.

2 LA-UR-09-06701, Radionuclide Distribution in Plutonium-239 Material Used, for Sealed Source Production, Los
Alamos National Laboratory.
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measurements at time of shipment, and the regulatory dose rate limits will not be exceeded if a
PuBe source outlier is encountered.

-The neutron source is calculated using the ORIGEN-S module of the SCALEG6 code package.
PuBe has the chemical formula PuBe;3.> Therefore, 1 g of plutonium has 0.49 g beryllium to
maintain a Pu:Be atom ratio of 1:13. The actinide masses input to ORIGEN-S are included in
Table 5-7. ORIGEN-S computes the neutron source assuming that the plutonium and beryllium
are homogeneously mixed. The resultant neutron source per gram of plutonium is summarized
in Table 5-8 and has a total magnitude of 1.519E+05 n/s. This source includes both spontaneous
fission and (c,n) neutrons.

All MCNP dose rate calculations are performed for a source strength corresponding to 1 g of
plutonium. These dose rates may then be scaled upward based on the initial plutonium mass of
the source.

Although the vast majority of plutonium neutron sources would be PuBe, due to the many
historical research programs conducted by the Department of Energy, non-PuBe plutonium
neutron sources may exist. Therefore, it is desired to demonstrate that the PuBe neutron source
in Table 5-8 bounds all other potential target isotopes. ORIGEN-S can compute (o,n) neutron
sources for 19 different target isotopes, so these 19 isotopes are investigated. The 19 available
target isotopes are listed in Table 5-9.

Detailed information on most of the non-PuBe sources is either unknown or non-existent.
Therefore, developing a physically accurate representation for each of the 19 target isotopes is
not possible. The approach is to develop models assuming an infinitely dilute mixture of
plutonium and target isotope simply for comparison purposes. This will result in a bounding
source magnitude because the neutron source increases as the mass of target isotope increases.
The infinitely dilute source is a theoretical maximum that bounds the true source from a
physically accurate source description. For the infinitely dilute mixture, an arbitrarily large
target mass of 1000 g is selected per 1 g of plutonium.

The neutron source result for each of the target nuclides is summarized in Table 5-9. The target
isotopes are listed in descending order of (c.,n) neutron source strength. The PuBe source has the
largest (at,n) neutron source strength and is therefore the bounding source type. The “Ratio to
PuBe” column of the table is the ratio of the source strength for each target compared to the
PuBe target.

Of the non-PuBe sources, the only practical target materials with a non-negligible source
strength are B-11 and F-19. The source ratio for B-11 and F-19 are 0.309 and 0.120,
respectively, indicating that these sources, as well as other targets, are well-bounded by the PuBe
source.

The decay heat of the mixture is also computed by ORIGEN-S. The decay heat for 1 g of
plutonium is 3.087E-03 W, or 1.1 W for a 350 g Pu source. This value is conservative because
all of the Pu-241 is treated as Am-241.

8 RE Tate and AS Coffinberry, Plutonium-Beryllium Neutron Sources, Their Fabrication and Neutron Yield, 2" UN
Geneva Conference, 1958. This reference is provided in Section 6.9.1, PuBe Neutron Source Paper.
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Table 5-6 — PuBe Gamma Source

Upper Energy | Gamma source
(MeV) for 1 g Pu (y/s)
0.05 2.831E+08
0.10 2.343E+08
0.20 3.924E+05
0.30 1 2.119E+04
0.40 1.050E+05
0.60 3.355E+04
0.80 8.015E+03
1.00 8.517E+01
1.33 7.952E+01
1.66 0.000E+00
2.00 3.302E+01
2.50 1.975E+01
3.00 1.131E+01
4.00 1.002E+01
5.00 3.330E+00
6.50 1.318E+00
8.00 2.554E-01
10.00 5.375E-02
Total 5.180E+08

Table 5-7 - Plutonium Isotopics

Isotope Half-life Composition ORIGEN-S Input
(years) (Wt. %) Mass for 1g Pu (g)
Pu-238 87.74 0.015 0.00015
Pu-239 24,119 92.6 0.9260
Pu-240 6,563 6.75 0.0675
Pu-2410 1435 0.62 0.0
Pu-242 3.733E+05 0.033 0.00033
Am-241@ 432.7 0.025 0.00645

®Modeled as Am-241 in ORIGEN-S.

®Am-241 is not included in the plutonium isotopics (i.e., the Pu isotopes alone sum to 100%).
Therefore, 1 g Pu will have 0.00025 g Am-241 prior to decay, or a Pu+Am mass of 1.00025 g.
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. Table 5-8 — PuBe Neutron Source

Upper Energy | Neutron source
(MeV) for 1 g Pu (n/s)
0 0.000E+00

0.01 1.158E-01
0.02 3.400E-01
0.05 2.034E+00

0.1 6.163E+00 _ |

0.2 1.855E+01
0.4 3.126E+02
0.6 1.293E+03
0.8 1.965E+03
1.0 2.196E+03
1.3 3.262E+03
1.7 3.331E+03
2.1 3.991E+03
24 3.938E+03
2.7 4.745E+03
3.0 7.544E+03
‘ 3.3 9.792E-+03
3.6 9.489E+03
4.0 ' 1.172E+04
4.4 1.071E+04
5.0 1.448E+04
6.0 1.518E+04
7.0 1.349E+04
8.0 1.496E+04
9.0 1.139E+04
10.0 7.087E+03
12.0 1.050E+03
15.0 5.177E-03
20.0 2.945E-04
Total 1.519E+05
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Table 5-9 — Source Comparison of Available (a,n) Targets, Infinitely Dilute

Mixture

Target (ce,n) Neutron Source Ratio to
isotope for 1 g Pu(n/s) PuBe
Be-9 2.422E+05 - 1.000
O-18 9.959E+04 0.411
Ne-22 9.547E+04 0.394
Ne-21 7.519E+04 0.310
B-11 7.485E+04 - 0.309
0-17 ' 4.483E+04 0.185
F-19 2.898E+04 0.120
C-13 2.690E+04 0.111
Mg-26 1.772E+04 0.073
B-10 1.634E+04 0.067
Mg-25 1.391E+04 0.057
Li-7 7.141E+03 0.029
Si-29 5.771E+03 0.024
Na-23 4.814E+03 0.020
Si-30 4.118E+03 0.017
Al-27 1.633E+03 0.007
Cl-37 ‘1.474E+03 - 0.006
N-14 0.000E+00 0.000
P-31 0.000

0.000E+00
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5.3 Shielding Model

5.3.1 Configuration of Source and Shielding

NCT shielding models consider damage from 4-ft drop tests, which is negligible as discussed in
Section 2.6.7, Free Drop. Damage is primarily confined to the rim of the package. The minor
bending in the package rim is below the level of detail in the MCNP models because the
protruding rims and locking mechanism are not modeled for simplicity. The MCNP model
geometry is shown in Figure 5-1. Note that the model is simplified in the region of the pipe
flange, although this simplification has negligible impact on the results.

Subsequent to a drop, it is assumed that the source will be shifted to a position that would
generate the highest dose rates, i.e., at the bottom center of the package for the bottom dose rate
calculation, or to the side of the package for the side dose rate calculation, as shown in Figure
5-2. It is conservatively assumed that the inner packaging would cease to be concentric if the
S300 were lying on its side, closing the air gaps between the source and the dose rate locations.
For simplicity, these air gaps are eliminated in the MCNP models in the side and bottom
directions, although the thickness of each region is maintained. The net effect is to reduce the
overall dimensions of the package, which conservatively brings the source closer to the dose rate
locations.

It is not necessary to calculate dose rates on the top of the S300 because dose rates on the bottom
will bound dose rates on the top for the following reasons: 1) there is a steel plug within the
capsule above the source, but none below the source, 2) the top lid of the pipe component is
thicker than the bottom (0.9 inches vs. 0.25 inches), 3) the top dunnage is thicker than the bottom
dunnage (2.6 inches vs. 2.1 inches), placing the package surface farther from the source, and 4)
the polyethylene shielding is thicker on the top than at the bottom (4.0 inches vs. 3.7 inches).
Because the bottom dose rates bound the top dose rates, models with the S300 in an upside-down
orientation with all air gaps closed between the source and the S300 lid are not developed.

The sealed source is modeled as Pu-Beis, and any cladding material that encapsulates the source
is conservatively neglected. The geometry of the source is consistent with 160 g Pu in a PuBe
source, but this is not intended to limit the physical dimensions of the actual content to this exact
configuration. The diameter of the source is 1.3 inches, and the height is 2.95 inches, consistent
with the inner dimensions of the tantalum inner container manufactured by the Monsanto
Research Corporation. A density of 3.7 g/cm® is computed based on the Pu mass and
dimensional information. -

Each sealed source is also enclosed in a stainless steel special form capsule. Two special form
capsule designs are available, designated as the Model IT and Model III capsules. Dimensions of
these capsules are provided on Figure 1-3 and Figure 1-4 for the Model II and III capsule,
respectively. As the source is a neutron source only, the capsule provides little shielding
(capture gammas are generated outside the capsule). As the capsule has little effect on the dose
rates, rather than develop separate models for each capsule type, a “hybrid” capsule is developed
to bound both capsule designs. The hybrid capsule combines the minimum thicknesses from the
two capsule types, see Table 5-11. Note that the overall length, ID, and OD of the capsules has
been adjusted so that no air gap is present between the capsule and the inner polyethylene sleeve.
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This simplification has been made for modeling convenience and has no impact on the
calculation.

In the HAC configuration, the source is modeled as a point source. As the S300 lid may not
remain on the package in an accident, it is assumed for the HAC models that the special form
capsule has been ejected from the packaging. The source capsule itself is modeled in a
simplified manner as a spherical shell of stainless steel with the same inner and outer radius of
the hybrid capsule. The tally is calculated 1 m from the source over a spherical surface, which
results in quick model convergence. Because the model is spherical, the top, bottom, and side
dose rate values are the same.
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Table 5-10 — S300 Overpack As-Modeled Dimensions

Component Actual Dimension As-Modeled

(inches) Dimension (inches)

Steel Pipe OD 12.8 (max) ~12.188

Steel Pipe length 25.6 25.7

Steel pipe wall thickness 0.219 (min) 0.219

Steel pipe floor thickness 0.25 (min) 0.25

Steel Pipe lid thickness 0.9 0.9

Diameter of Polyethylene Plugs 3.5 3.5

Height of Polyethylene Plugs 2.0 2.0

ID of Polyethylene Sleeve 3.5 35,

OD of Polyethylene Sleeve 11.8 11.75

Inner cavity height poly sleeve 17.0 17.0

Thickness poly sleeve lid 4.0 4.0

Thickness poly sleeve bottom 22.7-17.0-2.0=3.7 3.7

Outside drum height 34-13/16 35

Thickness of bottom dunnage 2.1 2.1

Height of pipe dunnage 214 26.6 fﬁz;b(iﬁﬁiggf and

Height of flange dunnage 48+05=53 26'6 ﬂ(zﬁgébglﬁilgéﬂ ;a and

Thickness of top dunnage (thickest 2.6 3.1 (additional 0.5”

location) assumed®)
OD of dunnage ?1 fgr(:(ljlggﬂz ;Erlggler 20.588
ID of pipe dunnage 13.1 12.188
ID of flange dunnage 16.6 12.188
Drum liner thickness 0.11 0.11

5-12
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‘  Table 5-11 — Hybrid Capsule Dimensions

Model Il Capsule  Model Ill Capsule  Hybrid Dimension
Component Actual Dimension  Actual Dimension used in MCNP
(inches) (inches) (inches)
Overall length (not
including shearable cap) 175 _ 7.00 130
Thickness of cap 0.75 0.75 0.75
Thickness of sealing plug 0.78 0.77 0.77
Diameter and length of hole 0.25/0.38 NA 0.25/0.38
in sealing plug
ID 2.062 1.50 2.562
OD 3.00 2.50 3.5
Side Thickness 0.469 0.5 0.469
. <1.0 when drill <1.0 when drill
Bottom Thickness point included point included 0.5
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20.92” (overall) —™

35" (overall)

3:0"

r 11.55° Vl

Figure 5-1 — S300 Packaging MCNP Model

»
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Source in bottom position

Source in side position

Figure 5-2 — Source Positions for Bottom and Side Models
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5.3.2 Material Properties

The material properties are provided in Table 5-12. The composition and density of common
materials are taken from the SCALE Standard Composition Library’. Compositions are input as
either atoms per molecule or weight percent (wt. %), depending on how the composition is listed
in the reference. The dunnage is assumed to have the same composition as redwood but with a
density of 14 Ib/ft* (0.224 g/cm®), as shown on the SAR drawing. The PuBe density is
computed, as discussed in Section 5.3.1, Configuration of Source and Shielding.

Table 5-12 — Material Properties

Polyethylene, CH; (density = 0.92 g/lcm®) (from SCALE)

Element Library ID Atoms Element . Library ID Atoms

Hydrogen 1001 2 Carbon 6000 1
304SS (density = 7.94 g/cm®) (from SCALE)

Element Library ID Wt. % Element Library ID Wt. %

Carbon 6000 0.08 Manganese 25055 20

Silicon 14000 1.0 Iron 26000 68.375
Phosphorus 15031 0.045 Nickel 28000 9.5
Chromium 24000 19.0 - - -

Dunnage - Composition: Redwood, CsH1005 (density 0.224 g/cm?®)

(composition from SCALE, density from SAR drawing)

Element Library ID Atoms Element Library ID Atoms
Carbon 6000 6 Oxygen 8016 5
Hydrogen 1001 10 - - -
Carbon steel (density = 7.8212 g/cm®) (from SCALE)

Element Library ID Wt. % Element Library ID Wt. %
Carbon 6000 1.0 Iron 26000 99.0
PuBe1; Source (density = 3.7 glcm®)

Element Library ID Atoms Element Library ID Atoms

Plutonium 94239 1 Beryllium 4009 13

5.4 Shielding Evaluation

5.4.1 Methods

MCNP5 v1.40 is used for the shielding analysis®. MCNP5 is a standard, well-accepted shielding
program utilized to compute dose rates for shielding licenses. A three-dimensional model is
developed that captures all of the relevant design parameters of the S300 package. Dose rates

% Standard Composition Library, ORNL/TM-2005/39, Version 6, Vol. III, Sec. M8, January 2009.
8 MCNP - A General Monte Carlo N-Particle Transport Code, Version 5, LA-CP-03-0245, April 2003.
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are calculated by tallying the neutron and gamma fluxes over surfaces (or volumes) of interest
and converting these fluxes to dose rates.

The models are run in coupled neutron/photon mode to accurately tally gammas generated by the
interaction of neutrons with the shielding material. Models are also developed for the primary
. gamma source, although the dose rate from the primary gamma source is negligible.

5.4.2 Input and Output Data

Six input/output cases are used to generate the results, as listed below.
e S300BOTTOMZN: NCT neutron and (n,y) dose rates at the bottom of the package

e S300BOTTOM2G: NCT gamma dose rates at the bottom of the package
e S3000FFCENTERZ2N: NCT neutron and (n,y) dose rates at the side of the package
e S3000FFCENTER2G: NCT gamma dose rates at the side of the package

e S300HAC2N: HAC neutron dose rates (no secondary gammas are tallied because there is
no hydrogenous shielding material in this model)

o S300HAC2G: HAC gamma dose rates

A sample input file (S3000FFCENTER2N) is provided in Section 5.5.2, Sample Input File. All
cases are run with 1 g of Pu in a PuBe source and the results are scaled to the desired source
activity.

Russian roulette is utilized to accelerate program convergence. Convergence for this geometry is
relatively quick, as the model geometry is not complex. The 10 MCNP statistical checks are met
for all reported results, with the exception of the primary gamma dose rate 2 m from the transport
vehicle. This dose rate is essentially zero and is acceptable. The 10 MCNP statistical checks are
not provided for the mesh tallies, although the statistical uncertainty is low and the results are
well behaved.

5.4.3 Flux-to-Dose Conversion

ANSI/ANS-6.1.1-1977 flux-to-dose-rate conversion factors are utilized for both neutron and

gamma radiation. These factors are obtained from the MCNP user’s manual and are provided in
Table 5-13.
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Table 5-13 — ANSI/ANS 1977 Flux-to-Dose-Rate Conversion Factors

Neutron Gamma
E (MeV) (mrem/hr)/(nlcm?s)| E (MeV) (mremlhr)l(ylcmzls)
2.50E-08 3.67E-03 0.01 3.96E-03
1.00E-07 3.67E-03 0.03 5.82E-04
1.00E-06 4 .46E-03 0.05 2.90E-04
1.00E-05 - 4.54E-03 0.07 2.58E-04
1.00E-04 4.18E-03 0.1 2.83E-04
0.001 3.76E-03 0.15 3.79E-04
0.01 3.56E-03 0.2 5.01E-04
0.1 2.17E-02 0.25 6.31E-04
0.5 9.26E-02 0.3 7.59E-04
1 1.32E-01 0.35 8.78E-04
2.5 1.25E-01 04 9.85E-04
5 1.56E-01 0.45 1.08E-03
- 1.47E-01 0.5 1.17E-03
10 1.47E-01 0.55 1.27E-03
14 2.08E-01 0.6 1.36E-03
20 2.27E-01 0.65 1.44E-03
0.7 1.52E-03
0.8 1.68E-03
1 1.98E-03
1.4 2.51E-03
1.8 2.99E-03
2.2 3.42E-03
2.6 3.82E-03
2.8 4.01E-03
3.25 441E-03
3.75 4.83E-03
4.25. 5.23E-03
4.75 5.60E-03
5 5.80E-03
5.25 6.01E-03
5.75 6.37E-03
6.25 6.74E-03
6.75 7.11E-03
7.5 7.66E-03
9 8.77E-03
11 1.03E-02
13 1.18E-02
15 1.33E-02
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5.4.4 External Radiation Levels

For non-exclusive use, dose rates are computed at the package surface (r = 26.5662 cm) and 1 m
(r = 126.5662 cm) from the package surface. For exclusive use, dose rates are computed at the
package surface, the vehicle surface, and 2 m from the vehicle surface. Dose rates in an
occupied location are not computed explicitly because the dose rate 2 m from the transportation
vehicle is less than the occupied location dose rate limit of 2 mrem/hr, and the occupied location
would be at a greater distance from the source. For the exclusive use calculations, it is assumed
that the vehicle is a trailer with a width of 102 inches and that the package is on a pallet four
inches high in the center of the vehicle. Because the trailer width results in a dose rate location
of r = 129.54 cm at the vehicle side surface, this tally is essentially equivalent to the 1 m surface
tally (r = 126.5662 cm) and the 1m surface tally is conservatively used for both tallies. The
bottom of the vehicle is assumed to be at the bottom of the four-inch pallet, and no credit is taken
for shielding by the pallet or bed of the trailer. The tally 2 m from the side of the vehicle is
located at r = 329.54 cm.

The bottom tallies are computed with the source at the bottom center of the package (case name
S300BOTTOM2N/G). Therefore, dose rates on the bottom surfaces are circumferentially
symmetric about the centerline of the package, allowing concentric tallies that converge quickly.
Segmenting surfaces are utilized to calculate the bottom dose rates in annular regions.

The side tallies are computed with the source off-center within the capsule (case name
S3000FFCENTER2N/G). Calculation of the side dose rates is more complex because the side
dose rates are not circumferentially symmetric. Because the source is assumed to shift to the

- inner wall of the package, the side surface dose rate near the source will be higher than the dose
rate on the opposite side of the source. To capture this non-symmetric effect, a cylindrical mesh
tally is utilized. For the side tallies of interest that utilize mesh tallies (surface and 1 m), the
mesh tally has a height of 2.95 inches (to coincide with the source height) and a thickness of 1
cm. Circumferentially, the mesh is divided into 36 segments of equal width, or a segment width
of 10°. Zero degrees corresponds to the positive x-axis (the location of the source) and the tally
is indexed in the counterclockwise direction. A standard circumferentially symmetric tally is
utilized for the 2 m side dose rate tally because the effect of radially shifting the source would
not be detectable at this distance.

Dose rates computed for 1 g of Pu in a PuBe source are provided in Table 5-14 through Table
5-17. As expected, the maximum bottom dose rates at all locations occur at the center of the
package, as shown in Table 5-14. The bottom dose rates bound the top dose rates; therefore, the
top dose rates are not computed.

The dose rates 2 m from the side of the vehicle are provided in Table 5-15. Dose rates are
calculated in three axial bands (beside, above, and below the source). The height of the center
band is equal to the height of the source. The dose rates are essentially the same (within
statistical fluctuation) for the three axial tally locations.

The dose rates at the package side surface and 1m from the package side surface are provided in
Table 5-16 and Table 5-17, respectively. Note that the same tally is used for dose rates 1 m from
the package side surface and at the vehicle side surface. Dose rates are computed in 10°
circumferential increments. The variation in dose rate with circumferential location is apparent
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on the package surface, although the effect is much reduced at 1m. In both cases, the dose rates
are a maximum near 6 = 0° and a minimum near 6 = 180°, as expected. Comparison with the
bottom dose rates indicates that the side dose rates bound the bottom dose rates. The side dose
rates are bounding because the side has less shielding than the bottom.

As the dose rates provided in Table 5-14 through Table 5-17 are for 1 g Pu in a PuBe source,
these dose rates must be scaled to the actual source strength for the various scenarios. The dose
rates for any arbitrary source may be computed by multiplying these dose rates by the actual Pu
mass. In this manner, the dose rates for the various source strengths of interest may be
computed.

NCT dose rates are computed for the following three scenarios:
e The largest source allowable within the Model II Capsule that does not exceed the non-
exclusive use dose rate limits (206 g),

e 350 g source in the Model II Capsule (350 g is the largest source allowed for the Model II
Capsule) for exclusive use shipments, and

¢ 160 g source in the Model III Capsule (160 g is the largest source that can geometrically
fit in the Model III Capsule) for non-exclusive use shipments.

The Model II Capsule NCT dose rates for non-exclusive use are provided in Table 5-18. For
206 g of Pu, the limiting dose rate of 199.4 mrem/hr (limit = 200 mrem/hr) occurs at the side
surface of the package, and the TI = 7.5. The limiting dose rate is intentionally chosen to be
close to the limit to maximize the allowable source. The actual dose rate will be confirmed by
measurement prior to shipment.

The Model II Capsule NCT dose rates for exclusive use are provided in Table 5-19. For 350 g of
Pu, the maximum dose rate of 338.7 mrem/hr (limit = 1000 mrem/hr) occurs on the side of the
package.

The Model III Capsule NCT dose rates for non-exclusive use are provided in Table 5-20. It is
assumed that 160 g is the maximum size of the source that may geometrically fit within the
Model IlI Capsule, and the maximum surface dose rate of 154.8 mrem/hr does not approach the
limit of 200 mrem/hr. The S300 containing a Model III Capsule has a maximum TTI = 5.8, which
is bounded by the TI of the Model II Capsule.

The HAC dose rates are summarized in Table 5-21. The total dose rate for 350 g Pu is 61.0
mrem/hr (limit = 1000 mrem/hr).
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‘ Table 5-14 — NCT Bottom Dose Rates (mrem/hr), 1 g Pu in PuBe

Bottom Surface of Package
Radial ‘
Location Neutron c ny c Gamma c Total ‘o
(cm)
0to2.5 0.55 1.5% 0.05 1.5% 1.43E-03 | 6.4% 0.61 1.4% .
25t07.5 0.52 0.7% 0.05 0.6% 1.30E-03 | 3.2% 0.57 0.7%
7.5t0125 0.42 0.6% 0.04 0.5% 1.08E-03 | 2.4% 0.46 0.6%
12.5t017.5 |- 0.29 0.6% 0.03 0.5% 7.90E-04 | 2.3% 0.33 0.5%
17.5t0 26.5 0.22 0.4% 0.02 0.4% 5.70E-04 | 1.8% 0.24 0.4%
Bottom Surface of Vehicle
Radial '
Location Neutron G n.y) o Gamma c Total c
\ (cm)
0to 2.5 0.26 1.8% 0.025 2.0% 6.29E-04 | 7.1% 0.29 1.7%
2.5t07.5 0.25 0.8% 0.024 0.8% 6.47E-04 | 3.6% 0.27 0.7%
7510125 0.22 0.7% 0.023 0.6% 5.75E-04 | 2.7% 0.24 0.6%
12.5t017.5 0.19 0.6% 0.020 0.6% 5.14E-04 | 2.4% 0.21 0.5%
17.5t0 26.5 0.05 0.2% 0.005 0.2% 1.48E-04 | 0.9% 0.06 0.2%
1 m from Bottom Surface of Package
Radial
Location Neutron c (n,y) o Gamma c Total c
(cm)

. 0to7.5 0.02 2.3% 0.002 2.5% 4.18E-05 | 8.5% 0.02 2.1%
7.5t012.5 0.02 1.8% 0.002 2.0% 461E-05 | 7.8% 0.02 1.6%
12.5t0 17.5 0.02 1.5% 0.002 1.6% 5.55E-05 | 6.9% 0.02 1.4%
17.5t0126.6 0.01 0.3% 0.001 0.3% 291E-05 | 1.3% 0.01 0.3%

Table 5-15 — NCT Side 2m Dose Rates (mrem/hr),. 1 g Puin PuBe

Axial Location | Neutron c (ny) G Gamma c ‘Total o
(cm) .

Above Source 0.005 0.4% 0.0003 0.4% 1.29E-05 1.6% 0.005 0.3%

Beside Source 0.005 0.3% 0.0003 0.4% 1.32E-05 1.5% 0.005 0.3%

Below Source 0.005 0.4% 0.0003 0.4% 1.29E-05 1.6% 0.005 0.3%
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. Table 5-16 — NCT Side Surface Dose Rates (mrem/hr), 1 g Pu in PuBe

Circumferential Neutron o (n,y) ¢ | Gamma | o Total G
Location (degrees)

0to10 0.91 05% | 006 | 06% | 0003 |23%| 097 | 05%
10 to 20 0.91 05% | 006 | 06% | 0003 | 23% | 0987 | 05%
20 to 30 0.89 05% | 006 | 06% | 0003 |23%| 095 | 05%
30 to 40 0.87 05% | 006 | 06% | 0002 | 23% ]| 092 | 05%
40 to 50 0.85 06% | 006 | 06% | 0002 |24% | 090 | 05%
50 to 60 0.83 06% | 005 |06% | 0002 |25%]| 088 | 05%
60 to 70 0.81 06% | 005 | 06% | 0002 |25%| 08 | 05%
70 to 80 0.79 06% | 005 |06% | 0002 |25%| 084 | 05%
80 to 90 0.77 06% | 005 |06% | 0002 |26%| 082 | 05%
90 to 100 0.75 06% | 005 | 06% | 0002 |29%| 080 | 05%
100 to 110 0.74 06% | 005 | 06% | 0002 | 26% | 079 | 05%
110 to 120 0.73 06% | 005 |06% | 0002 |27%]| 078 | 06%
120 to 130 0.72 06% | 005 |06% | 0002 |27%]| 077 | 06%
130 to 140 0.71 06% | 005 | 06% | 0002 | 26%]| 076 | 0.6%
140 to 150 0.71 06% | 005 |06% | 0002 |27%]| 076 | 06%
150 to 160 0.71 06% | 005 | 06% | 0002 | 28% ]| 076 | 06%
160 to 170 0.70 06% | 005 |06% | 0002 |27%]| 075 | 06%
170 to 180 0.70 06% | 005 | 06% | 0002 |26% ]| 075 | 0.6%
180 to 190 0.71 06% | 005 |06% | 0002 |27%]| 076 | 06%
190 to 200 0.70 06% | 005 | 06% | 0002 |27%]| 075 | 06%
. 200 to 210 0.70 06% | 005 |06% | 0002 |27%]| 075 | 06%
210 to0 220 0.71 06% | 005 |06% | 0002 |27%| 076 | 06%
220 to 230 0.70 06% | 005 | 06% | 0002 |26%| 075 | 06%
230 to 240 0.71 06% | 005 |06% | 0002 |27%| 076 | 06%
240 to 250 0.72 06% | 005 |06% | 0002 |27%| 077 | 06%
250 to 260 0.74 06% | 005 |06% | 0002 |29%| 079 | 06%
260 to 270 0.75 06% | 005 | 06% | 0002 |28%| 080 | 05%
270 to 280 0.76 06% | 005 |06% | 0002 |26%| 081 | 05%
280 to 290 078 - | 06% | 005 | 06% | 0002 | 26%]| 084 | 05%
290 to 300 0.80 06% | 005 | 06% | 0002 | 24% | 086 | 05%
300 to 310 0.83 06% | 005 | 06% | 0002 |25%| 08 | 05%
310 to 320 0.85 05% | 006 | 06% | 0002 |26%| 091 | 05%
320 to 330 0.87 05% | 006 | 06% | 0003 |24% | 093 | 05%
330 to 340 0.89 05% | 006 | 06% | 0003 | 23% | 095 | 05%
340 o 350 0.89 05% | 006 | 0.6% | 0003 | 24% | 095 | 05%
350 to 360 0.90 05% | 006 | 06% | 0003 |24% | 096 | 05%
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’ Table 5-17 — NCT Side 1m/Vehicle Surface Dose Rates (mrem/hr), 1 g Pu

in PuBe
Circumferential Neutron o (n,y) c Gamma o Total c
Location (degrees)

0to 10 0.033 1.1% 0.002 1.2% 0.0001 5.0% 0.036 1.1%
10to 20 0.033 1.1% 0.002 1.2% 0.0001 5.0% 0.035 1.1%
20to 30 0.033 1.1% 0.002 1.2% 0.0001 5.2% 0.035 1.1%

30 to 40 0.033 1.1% 0.002 1.2% 0.0001 4.7% 0.035 1.1%

40 to 50 0.032 1.2% 0.002 1.3% 0.0001 5.1% 0.035 1.1%
50to 60 0.032 1.2% 0.002 1.3% 0.0001 6.1% 0.034 1.1%
60to 70 0.032 1.2% 0.002 1.3% 0.0001 4.9% 0.034 1.1%

70 to 80 0.032 1.2% 0.002 1.2% 0.0001 5.9% 0.034 1.1%

80 to 90 0.031 1.2% 0.002 1.3% 0.0001 5.0% 0.033 1.1%

90 to 100 0.030 1.2% 0.002 1.3% 0.0001 5.7% 0.032 1.1%

100 to 110 0.030 1.2% 0.002 1.3% 0.0001 5.1% 0.032 1.1%
110to 120 0.030 1.2% 0.002 1.3% 0.0001 5.6% 0.033 1.1%
120 to 130 0.030 1.2% 0.002 1.3% 0.0001 5.2% 0.032 1.1%
130 to 140 0.030 1.2% 0.002 1.3% 0.0001 5.5% 0.032 1.1%
140 to 150 0.030 1.2% 0.002 1.3% 0.0001 5.3% 0.032 1.1%
150 to 160 0.029 1.2% 0.002 1.3% 0.0001 7.0% 0.031 1.1%
160to 170 0.030 1.2% 0.002 1.3% 0.0001 5.6% 0.033 1.1%
170 to 180 0.030 1.2% 0.002 1.3% 0.0001 5.6% 0.032 1.1%
180 to 190 0.030 1.2% 0.002 1.3% 0.0001 5.2% 0.032 1.1%
. 190 to 200 0.030 1.2% 0.002 1.3% 0.0001 5.3% 0.032 1.1%
200 to 210 0.029 1.2% 0.002 1.3% 0.0001 |[.6.3% 0.031 1.1%
210 to 220 0.030 1.2% 0.002 1.3% 0.0001 5.8% 0.033 1.1%
220 to 230 0.030 1.2% 0.002 1.3% 0.0001 5.3% 0.032 1.1%
230 to 240 0.030 1.2% 0.002 1.3% 0.0001 5.4% 0.032 1.1%
240 to 250 0.030 1.2% 0.002 1.3% 0.0001 6.0% 0.032 1.1%
250 to 260 0.030 1.2% 0.002 1.3% 0.0001 5.5% 0.032 1.1%
260 to 270 0.029 1.2% 0.002 1.3% 0.0001 5.9% 0.032 1.1%
270 to 280 0.030 1.2% 0.002 1.3% 0.0001 5.6% 0.033 1.1%
280 to 290 0.030 1.2% 0.002 1.3% 0.0001 6.2% 0.033 1.1%
290 to 300 0.032 1.2% 0.002 1.3% 0.0001 5.5% 0.034 1.1%
300 to 310 0.031 1.2% 0.002 1.3% 0.0001 5.1% 0.033 1.1%
310 to 320 0.033 1.1% 0.002 1.2% 0.0001 5.4% 0.035 1.0%
320 to 330 0.032 1.1% 0.002 1.2% 0.0001 4.9% 0.035 1.1%
330 to 340 0.033 1.1% 0.002 1.2% 0.0001 5.1% 0.036 1.0%
340 to 350 0.033 1.1% 0.002 1.2% 0.0001 5.0% 0.035 1.1%
350 to 360 0.034 1.1% 0.002 1.3% 0.0001 5.3% 0.036 1.1%
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Table 5-18 — Model Il Capsule NCT Dose Rates (Non-exclusive use)

206 g Pu ~ Package Surface (mrem/hr) 1 m from Package Surface (mrem/hr)
TI=17.5 Top Side Bottom Top Side Bottom
Gamma <11.3 12.4 11.3 <0.4 0.5 0.4
Neutron <114.3 187.0 114.3 <3.8 7.0 3.8

Total <125.6 199.4 125.6 <4.1 7.5 4.1
Limit 200 10

Note: All reported dose rates are rounded to the nearest one-tenth, although the total dose rate
values are based on the sum of unrounded values. Therefore, the sum of the rounded gamma and
neutron dose rates will not necessarily equal the total rounded dose rate value.

Table 5-19 — Model Il Capsule NCT Dose Rates (Exclusive use)

350 g Pu Package Surface (mrem/hrj Vehicle Surface (mrem/hr)
TI=NA Top Side Bottom Top Side Bottom
Gamma <19.2 21.0 19.2 <9.0 0.9 9.0
Neutron <194.2 317.7 194.2 <91.2 11.8 91.2

Total <213.5 338.7 213.5 <100.2 12.7 100.2
Limit 1000 200

2m from Vehicle Surface (mrem/hr)

Occupied Location (mrem/hr)

Top Side Bottom Top - Side Bottom
- Gamma NA 0.1 NA NA <0.1 NA
Neutron NA 1.6 NA NA <1.6 NA
Total NA 1.7 NA NA <1.7 NA
Limit 10 2

Note: All reported dose rates are rounded to the nearest one-tenth, although the total dose rate
values are based on the sum of unrounded values. Therefore, the sum of the rounded gamma and
neutron dose rates will not necessarily equal the total rounded dose rate value.
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Table 5-20 — Model Il Capsule NCT Dose Rates‘(Non-exclusive use)

160 g Pu Package Surface (mrem/hr) 1 m from Package Surface (mrem/hr)
TI=5.8 Top Side Bottom Top Side Bottom
Gamma <8.8 9.6 8.8 <0.3 0.4 0.3,
Neutron <88.8 145.2 88.8 <2.9 5.4 2.9

Total <97.6 154.8 97.6 <3.2 5.8 3.2
Limit 200 10

Note: All reported dose rates are rounded to the nearest one-tenth, although the total dose rate
values are based on the sum of unrounded values. Therefore, the sum of the rounded gamma and
neutron dose rates will not necessarily equal the total rounded dose rate value.

Table 5-21 — Bounding HAC Dose Rates

350g Pu 1 m from Package Surface (mrem/hr)
Top  Side Bottom
Gamma 2.7 2.7 2.7
Neutron 58.3 58.3 58.3
Total 61.0 61.0 61.0
Limit 1000 |

9-25




S300 Safety Analysis Report Docket No. 71-9329 Rev. 5, June 2010

5.5 Appendices

5.5.1 Radionuclide Distribution Document LA-UR-09-06701
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E "}“topames of Hlukomum Laatopes, i Hlutatssan Haueth

Whits Fagor 1.A-UR.09.06701 Fage 0afs

Radionuclide Dlstrlbutlon in Plutonium-239 Material
Used for Sealed Source Productlon

_ . {ustin M. Grlffin PE.
" Off-Site'Souree Recovery Project
Los Alamos Nationa) Laboratory

? ntraduction

As early 4§ the 1950, the UL S, -governmerit fealized the'nced to. allgw distribution &F radicactive
matedals for use in ressarch, industral, and medical apphcauons As a result; in 1954, the 14.8:
Atpoic Energy Act of 1946 was umendcd to provide-civilian dccess to tadiosctive mﬂtmal for
peaceful uses; ainid to allow the U.S. to assist othét countries in develaping their peaceful nucleac
programs:' These efforts resalted In distribution of government-reactor-produced batchies of
radicactive material to selected source manufacturers for production and distribittion of sealed
sources all over the world..

Thess hittches of radioactive matsal included plutenium-239 (*Pu), and tended to vary in the
actual distribution of nﬂated nuchidas. Several batches of **Pu material were sold for source
production, but since P ervated by neuton capture in ummum-"vB never ocours irian
isatopieally pure form, the exct radionuclide distribution i & Pit sealed souree cannot be
predicted without, knowledge of the characteristics oCmaterials usid in produgtion of the source —
ths levél of documentation is fot-dyailable. The isotopic.distiibution of phttonium puclides in a
*py source includes mass nunibers 238 to 74'? as well ds-various levels of dnughl.cr pmducls frown
ihese-inttil isotopes (dué 16 itural decay)® The shatt half-life of Py essentially termindtes the
plitonium isotope products at ‘":'P}xt

Background
Py sealed sourtées were manufaciured for 4 v:;’ricty\otfessenﬁ;ll uses; howevér,over the yearsa
significant number.of them lave been declared unwanied and ace no longer used by their owser, 1a
Publi¢ Law 99240, titled “Low-Level Waste Policy Amendments Act of 1985:,’-3‘Congrcss' assigmed
thi'Department of Edergy (OCE) the responsibility for the managenivit and dispos.il of “Greater
than-Cliss (* fadipactve matedal as défined in 10-CER 61.. This includes Sealed $ources sontiining
239Pu. In respoase to Public Law 99230, DGE established the OFESit: Souree Recovery Project
(OSRP) for the specific purgosis of recovering, mianaging, and disposing of excess ar uriwanted,
sealed sotfees, such as these which contain LL8~ofigin plutoiipm.

After the temrorist events. of. September 11, 2001, Py and otlier Sealed sources were identified ds 1.

majer vulnembxlxty to LS. secusity and déeméd to have a high attractiveness prohle from =
horeland secucty pespective. This resalred i1 a. camp-up of OSRP recovery activities and

] Inghhghted the need for 4 fnal disposition optier fordisused **Pu sealed soucces.

The Waste Tsolation Pilo Plant (WIBPY was the only disposal pnrhway available-and remaias the
only safe and secure’ permanent disposil tauhw for ““Pu sources ifrthe LLS. Ay such the ™ Puy
sources recovered by OSRP must-meet: WIPP Waste Acceprance Criteria (WAQ) prior ta

1S Conges,’ ‘Tlxe Atorie Bhesgy Act-al 19547 Publy Tew 82.703, B39 Congress.
1G. WL Mallack, © \P\u!mzm?nmm An Tatroduction to- Pl\ﬂamun Chesanlay andbiils Radiodetivity,'* Los Mamas Matienal
Lahoratery vepest: LA AJRD24594 Jarmary 2003, pp. 19-7

3 e b Téchoalngy, 1], Wick, editor (e Anwritan Fudiear
Soclsty, Ls Grange Padly, Tlinas, 1980, Val. £ Chep. 1,
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- disppsition, TImseWIPP Eeiterta mclude véqiiirements for specific ridiologieal chagadtesizatio of
packages to 1denhty the quantities and types of each rudionuclide present in he package prior to;
dxsposxl ) '
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miatlé. [rom unkuown batches (0 én mxxtt.ltes nt dtt‘ﬁgrf: =P
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f v ed soliree. Ta'nllevmuz t}us ch;ﬂlcnge, B a(psmnt’emethod_was dcvélcped 1o

r() 1dc the. ncutssary tcchmcql basxs ﬁ:u: ov:,tall
¢ sealcd squrce pﬂckages for comphaﬂce mth

data desumatr;d i3, Au:cuptle)lc: lxnowledge (A,K) underU S.,/anmnmonml Protectxon Agunuy

(EPA} gmdanc«,. l

OSBE cleéted 1o quahﬁ,— this AK infoemation by Peér Review an a

in ondw: to use thé" repoits Eindmgs as the Afoundatxon for radzo
nmngu i

co:dsncc wu:h 40 CFR 194 '72(13)

pa'ckagd by,OSRE nnd because of the. valxd documentanon that élfcady cmsts rcgardmg scaled
souitee tinificture®

Documcnmnon e\cxsrs becausa S;}ﬁl;‘:d séuifees were manuchtux:ed to fulfil) aspecifie, reqmrement or
S s _ 1 other o ¢ ; ke rey ual *

debiris i 'teual (Le: contammated gloves pzxper ch) gf-ne-mued f‘xqm sorne othet activity invelving
iransurinic radiofctive material. An NDA medsicsmentis typically. the only Way to id
it the radtonuc xde content OF a. Pacﬂ\age uontammgrestdusl debits wasts matécial, but :hxs
i W‘”Pu se'ﬂed soureds pack'xgr:d by OSRR.

LS Ditpstrriéng of

orise Waita Acrepbmm Critdria e (e Waste sl Blios Pt
g1 2 63 rFabmaryF 2009, P

e Bl Sorisice TWrste B T pciaal

PVIPE 05 Ay

j Boe:ﬁ,& Es'nna;J‘Hmvlh T Snwdm, * &éa]ea mu:cea Peez Radfew Pﬂ;}ot g Washmgmﬂ Grofir Iuberationsl (Da:cmb;z

200, py 1116
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Whitw Prpat LA-LIP.N9.05701 Fage3 of 5

LANL Report Conclisions

| According 1o LANL Report “Transuraric Waste Acceptance Crteria [or the Waste Isolation Pilgt
Planty” *'Pu sources were made. for a vaciety of purposes from weapons grade material” These

| plutonium materals were provided [or source manufcture in sccordance with the Miterial Control
and Accountability requirénients existing at thar time. This information was eollectéd by the
Nucléar Materials Managerent and Sai‘eguards Syﬂem (NMMSS)in 2 database format., NVINISS.
databasé® lists ovee 2,000 known US.- -otigin sources-contaming plutonium furnished by the
government and icludes suflicient infomidtion on the mdionuglide distribution and assdy-dates Lo
allow the détérmination of a wepresertative distribution of radioniiclides m\peutecl to be présent ir
¥Ry sources at any gwven Lime:

Using the informatign in the NMMSS dutalase; an average pluLomum radionuclide dlslnbutlon was
‘ealcilated fot the known mventory of **Pu spurces. lndn'ldual sealed soucces conmmmsr Py may
vary in the isatopic distabution of plitosium nuclides (ue to.production batch differénces, source
manufactuter blending of difterent batches prior to source encapsulation, and natural: dccay)
Nevertheless, an zu.ccpmblc peprésentative adionuchde distribution oo Py sealed sources was
developed anid approved by Peer Review, The valdes in Lable 1 were detennined to be acceptable
by WIPP and EPA as the representative radionuclide distribution to-use for **Py sougces destined
for dxspo.ntlon ar WIPP.

Nui;lidc: Gl;xms oll\iuchd& per | Mass Percent
4 Gran of Plutofiium (1pprox)
| ™ pu TLAEDE | <005%
| " pu 9 321101 593,0%

, 0y 6.505E-02 <7.0%. .
Wpy | 2435603 <10% -

e py 3.269E-04 <0,05%
Ham | 2.500E-04 <0.05%.

Toble 1: Rrpz;sun‘aluv Radmm/c]zde Distyibution
Ageiage front 14-CROL01 16, Table 10 [ 227

Souice Manuliciirer. i Formation

Inthe U, plutonium sealed sourées were manufacuiced/distributed by four entities; ‘Los Alamps .
Seientific: L’xbor’ttory Mound Laboratory (Mound), Monsante Research Corp. (MRC), -and Nuclear
Materials & Equxp Co. (NUMEC). "The plutoniuni sources were manufactuced st various intervals
from Lhr: 1950s to thie-cqely 1980s; Only Mound, MR, dnd NUMEC distibuted the plutonivm
sources commccially, with approval from the Aromic Luergy Comunission.

Intheir 1962 Catalog and Price List, MRC ‘states thiat the plutenturn used in both their#Pu alpha -
sources and “!Pur/Be neutron sourees. “varies.in cdmposttion, but is genceally abour 92 per cent Pur
239, 7 percent Pu.240 dad 1 per cent Pu 241 plis Am 2417 This document is provided,n part, as
Atachiient A. Mound Laboratosy iwas operaled by Mnnsa nto Rescatch Corporation tnder conteaét

Er.su(;n.s grade mn(ea.d wefuiler I'hﬂxmy\.ln} wiwgs the 24“1‘31 demLantg gmuuuy <6% {R,H, Cvs-xdxr, ‘I?fuzmu\m An rv.Lwctu:uou,”
Thtsrium Primer Waxks!mp, TDOE D) 5 i :
Iwemare Mataosin! L.absm(nr) driv B
# Martin Misitita Energy Syatems, Ine., "Nuclﬁar Mlerinis M n:gemf-ul and Safegigirds’ Sstern, TS Depy: o.’E’mgy TIMMES

xeacxl 551, Tistmg of Sealet Sources by Manuliotuter, a5 of 1254485
¥ Mordants Resordy Corpoiistey “Catilng end Frice List” (Mach 190‘2}, o 10 and 22
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“Whita Piget LA-UR A5} Fuge HnlS

M Thacéfore; the percentages: appedcing in the MRE z:qtalog
under the ‘Mound Laboratery nariic as

Wiith the Atcinie Energy’ Commission
('\ttachmem: A) afes .zssumed ] Tepreserit thc sources inade
svell, .

. Smularly, 4,196 letter from:] U_MFC An response to aninguiy. frqm A customer; regurdmg ‘the

isotopic cofitent of NUMEC p]utomum SOULCEs; states tfxat the: isotopic.assay of: plu {

NUMFC sousces is 9"% Pu-72.39 T Pu—-
Exe Atrachmenf: B

1.5 This docamenti i providéd bitein

Usga focidetay mlcuhn a5, Degre ndmgon thie-aspiets of the srudy, onc oMo of thc 1&;llowmg
-ag5ay-date vilyes | Eqr l’u sealcd sautee: producncm couldbe used for generahzed demy calcalations:-

e The ear[xest dssay dite stated in NMMSS is fas alidry 1, 1950
-e  Thelatest #ssiy date from NMMSS s June 30,1 98%;

. 'Amlym of} the 2214 ¢ntnl -fpi‘@“gl?u ggﬂgd~~§99tce‘ W NMA\I'T_SSZjij_ddVS;aq average assay daw.
equivalent to Qelober16; 196; ‘ '

These Ean be used in liew-ol kiowa, sdurq.e-sp:cxﬁc ussay ditess:

Al rz .decays:avertime it dauuhter products; ﬁnd ﬂﬁpu cgea;(:d by velitton
capiture is Ao dlffcrent In addmon tu lhc mmsl plutomum nuclxdas f‘anx :39[,“ '°Pu,""‘[’u and
143Pu) Amc 1 (- i degays

¢ -sgv fal. yeﬁrs of de
Y ot "‘J&m 18 noEafissile matesial imd I not
iefiti] tor the cutxcahgy safety of plutonxum sealed SOULEES:

de’, 1

Other daughier products w:ll also arise as rhe result c-f the n.;tuml decay of nuchdes n the plutomum,

'Depmment of
‘daughter pmducts 1 seﬂled

» U X Aol Bhergy Sonviifagh, ‘*Aacmmemz e » Supplitr-of Phsteaitm Beslivem Nevtor: Skivices, “Aﬁféfmﬂ_ véss Relediss
o ?Sﬁ Navmbhr je : .

slprent, U
the Duprm:mﬂent ofEnng Of‘ﬁ;:eo’“Enmonm&nm Man;gemmt e cvemhm' '71308
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Wit Pater LALTB9.08T0 - ' Bygs 5ofe

f ‘luded dmt plutomum soncces thre 1 repmsenmtxve tadxonu
1des 93:2% ¥ Puy6; 5% "mT’u ﬂnd <1% *'Pu pldis all othe:

go"dete“ :
dmnudxde dxswbunon 101: “"Pu sou:ces e

NUMFC,) mntke@d rhexr plutonm" ; 3 dis
xmcludcd ) P 7% M’L’u and 1“ “‘Pu Sn_ _cc 1t is not spcmﬁcall stated we assum

It 15 undersmod Lhat the ongmal nuelide activities
suah as "‘Am , appear duc:to- nntura Iﬂdlo’lblwf.‘ decay Ahho

Pﬂot Planf” And the wlucs smted ',by' sour.ccs manufactumrs dlffc.rlshghﬂy, reédnuhanon o
betireen fhe WD Is- na:nssqry

For.the ppqaos@,g,t,t];xsﬂr;ggr‘t,"'ﬁ;e TG S8 oFsmlues are, reconcﬂed ds shewri in Table 2

i Munufncturers’ o Réédﬁciled Valusg
Ducumented Values, Esplcss;':d As s

‘Nuclide. | s Grams.of Nuclide per Grinvol
) l’lutomum (:md wppro\c:l\lass-%)

.mm 630)

S anRm; 0 | L
3 A _3.269L-DF(0.033) I NotSmted .| 003
“'Am“ 2. 500F-04 (0005} {7 Netmsphenr . | . 0025 )

Table 2> Representative Radlionictids Distribritions in.
"°P11 Maiena/ e, [ for Diithil Stctled Sorse: Prodiscton

18 Aedie i&’m:{iddlmﬁfx‘ (a th' mw:'-! "hlfdm\!m piesmz énglia AL mdudcd #ithe Pingamnm xmmpzat
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Wit Piiger LA-UTt.09.06701

Teprasentative sadionuiclide distribiition in **Piv material used for fnitial sealed source
production’is expetted to include appreximiately 92,6% “Pu, 6.75% “Pu, 0.62% ‘“Pu ind
< 1% of the other nuclides as.shown in the Iase. volumn af Table 2:above.

Ths represenfabive mdionuchde; distribistion for *Puused in sealed source produchon e
be ustd i conjuriction with the edrliest kriown, latest, of averags assay date fecorded in
NIMMES as atbasis 1 perfomm variois analysis and C-llLUI’!llf)ﬂS [Dr plumm\lm soitrees wlien
the fgcmﬂc isotopic breakdown dita, and the- ccuxequudmga_saay,da_te s not otherwise.
available:
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Attachment A

CATALOG AND PRICE LIST

ALPHA, BETA, HEAT AND NEUTRON SOURCES,
AND THRESHOLD DETECTORS

From

POLONIUM 210
PLUTONIUM 239
NEPTUNIUM 237
| and

OTHER AVAILABLE ISOTOPES

. MONSANTO RESEARCH CORPORATION

Dayton Laboratory
1515 Nicholas Road
Dayton 7, Ohio

A subsidiary of Monsanto Chemical Company
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*TAHLE" OB CONTENTS -

INTRODUGTION:
“POLICY"
‘ORDERING "RADTOISOTOPES
DELIVERY -AND SHIPEING-
FOLONTUM' ALPHA SOURGES, sAL'I.'s AND: HEAT SOURGES
Polonium ATphs ; :
Palphium S51ts

1oh: feat Source - Item III
Pri.ces of Polonium Alpha Sources, Sa,lts and Heat Seurces

PQLONIUM NEUTRON. SOURCES
m-Beryllium Neut;r-on Sour'ce = Item IV
fon Souness from- Po).onium = Item v
Priees of‘ Polonium Neu oty Sources

PI:II’I.‘OI‘TIUM AI:PHA ‘SOUHQES"
1k ‘ium Alpha Source Item VI

a5 of.‘ Plutonium—Beryfiium Neutron Sources

. ImRESHOLD DEI‘ECTORS '
I‘rom LUTONIUM, NEP’I}UNIUM AND UHANIUM*
Des

BETA" AND MISCELLANE@US SOURCES

HENTAL OF SOU'RCES
SHIPPING -GONTAINERS
CALTBRATION OF ‘SOUROES.

RADIATION AND' SHIELDING.
‘PROPERTTES OF FOLONIUN 210
DECAY OF POLONTHN-
APPENDIX

(Drawings, NS:I, ‘NS48, .N§:3, -""“-{L N5-5, NS-—G
-NS=6R; - NS—B .N8<9, 'NS=11, N§=14, N3:15; NS(—IE)’,;

Tt

& MONSANTD ‘RESEARCH :CORPORATION %
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INTRODUCTION

This catalog déscribes alpha, beta, heat and neutron sources

and threshold detectors available from Monsanto Reseapch
Corporation, a wholly owned subsidiary of Monsanto Chemical
Company .

Polohium 210 and plutonium 239 aré used ror alpha and
neutron sources, When other alpha- emitt*ng 1sotopes become
available, they will alsc be used for source fabrication.

The number of beta emitters 1s s¢ large that no attempt will

be made to 1ist them. Any that can be released will be used

as specified In requests, within the limitations of our
facillities.

Heat sources from polanium 210 in unlts of apdut 1000 curies
each_are prepared, and several suph capsules can be combined
intd one source.

Threshold detectors dre made from plutonium 239; uranilum 238,

~uranium 235 :and neptunium 237. Non-radioactive elemetrts will
also be packaged as detectors whén requested;

Monhsanto Research Corporation invites your inquiries cons ’
cerning special sources of any type; as well as development
projects. For additional information, please wrlte or eall

Manager, Nuglear Sources Departmerit
Dayton,Laberatory

Ménsanto Résearch Corpopbation
Station B, Box 8

Dayton 7, Ohio

Telephone 268-5481 (Area Gode 513)

?‘3-

8 MONSANTQ. RESEARCH .CORPORATION &
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POLICY

qusanbo»Reseafch~09rpbratiqn will prepare radioactive
sources and guaranteé them to meet the standards of the
Atomlc¢ Energy Commission. For this purpose, 2 staff of
nighly trained scientists with broad experience in the
technology of radivactive materials and devices 1s main-
tained. .

Fvery effort will be made to seé that radioactive materials
go only to those tralned to use them and information on
proper technigues will be readlly avallable.

"Monsanto Research Corporaticn assumes no

1iability for damage £o sources after :ship+

ment. Any itéms$ shown defeetive at the .

‘time of 'shipment. will be replaged free of

charge."
This policy supersedes all otheérs; and orders will be
acéepted only on ‘the: above basis. The terms and conditions
of customér purchasé orders are $o. varied and multitudinous
that they cannot bé accepted, ’

-4 -

& MONSANTO RESEARCH CORPORATION &
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ORDERING - RADIOISOTOPES

‘The procedures for obtainirig Apprévals. for-possesaion and use o
radioisotepes and féf. iplacing. »érd‘érs for-them ax-e varietl and
:subject; o cha.nge &g the Atomic Eh'xergy Act is amended A 11“c-;éﬁse‘
-ma_q;oisqtqpegf @gqu@ -thosex WHo operate faﬁl}ti@% owned by =fth,,e
‘Conmission. Monsanto Research Cofpbraticn must hive & gopy, Of
the Itcense before shipment can be made:
Mérisarito  Research -Corppraticon will' be glad o dssist 41l whe Wish -
4o apply fop & 1igénse or place an order: Appllcation for a
itcense 4o made to7 |

Lic;ens:mg Branch

Divisiaoh Qf L:Lcensing add ,Regulatican

7.5, Aténmid. Energy Comm:.ssion :

Washington 25, D. B
Noh-fissionable dsgtopes, -Sueh as Poloniah and befa enibters,

réquire doly & license @nd purchase drder:

Fiséionable materials; Such as Pu 239 -and U 235, -require (1) =

license, (3) purchase oiden o Form OR-640; and’ (3) lease agresment..

Forin. OR=640 and fhe ledse agreement aré bbaifed f£rofic:

Fhe purchiase opder on Forii OR=6H0 is -sent bo Monsanto Research
Gorporatitn by the custemer-when fHie lease agrédment ‘nas, bedn
complgted.

Revigedi 3-1-62¢ . .
‘@ MONSANTG RESEARCH ‘CORPORATION- @-
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‘ORDERING RADIOTSOTOPES (Gont&)

1When the llcensa GET granted, the Licensing Eranch.Willﬁsupply the’
yallocationnxor ‘he. fissionable materialsto the" fabricator of the

-fource:

Tre Abomie Energy ~comiséi6ii* faé & Progran-of Assistance to. Eauea-
tional: Insbibutions ‘when radioisobOpes are ugéq, for educational and
training purposes Under £his. program the 1nstitution pays onlyathe
shipping charges. Inguiries q_c.nseyming"t-ne»pmgr‘a:m are o be.
directEd tor |

Coordinator ’
Nuclea:‘Ed~'a§;on.and Training

Washington~25; D C>

4Foréign countrles that have a cooperative agreement with ﬁhe United )
?Sbates with provision for transfer of.. research materials may obtain
ifiasionable radioisotopes an—fissionable isobopes are thainable
W1thout the coqperative agreément; but approval of the: AEC Div1sion
.oﬁfLicgnsins.anQ'R?gulat}gpiig requirgd., Applicaticn for ahny radio-
active maberial is made £6t
‘ Director ' o
Divisdon .of Internat’"" Affairs

U.8, Atomi TEnergy‘ mmission
'Washington 25, D CN

Questions conserning grders for 4y radioactive Materdals should be

‘directed ot
. v Manager, Nuclear Sourceés Department

1 ry
}Monsanto Resedrch Carporation
-Station B, Box 8
. Daytoen 7, Ohio

: ' . "I‘elephone 568- 5481 (avea- Code 513)

N 6 =

i® MONSANTE RESEARCH CORPORATION &
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DELIVERY AND SHIPPING

DELIVERY

‘Standard sources Will usually be shipped within two to four weeks

after reéceipt of the order, license and AEC approvals., More

definite schediles ¢an be given when the order is placed.

Special sourced; for which materials must be orderéd, can be

shipped within fwo to four ‘weeks after the materials dre received:

‘SHIPPING

The purchaser should designate his preference of Motor Frelght,
Railway Express, Air Freight. or Air Express. 'Brotective Signature”
is obtainablé for Railway or Alr Express. All shipments are

¥.0.,B. Dayton, Ohio.

-7 -

o MONSANTO RESEARCH CORPORATION -®-
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PLUTONIUM ALPHA SOURCES

The plutonium used ih alpha sources vardles in composition,. but is
penérally abeut 92 per ¢éent Pu 239, 7 per ceht Pu 240 and 1 per cent
Pu 241 plus Am 241, Tha'aipha increase will approximate two per

cént per year due to Pu 241.

Pluténium used in alpha. sources 1s leased from the: Atomic Enevgy
Commission. Becausé of the small amounts uséd; the ieaséﬁchagge is

negligible. : ‘

Tpe sources ate quite établegah‘COnceﬁtrations of lds bpm/cﬁ?; As
much as 1Q7 bpm/cmg cag be deposited, bub sources of this strength
will show a slight alpba wipe and must be carefully handled. Heating
the sources several hours at 450°C gives beétter adherence, bub

broadeéens the énergy distribution,

Because of the long half-1life of plutonium (24,600 ysers), thick
»depbsiﬁsuwili show some sélf-absorption of alphas, HoWevér, even
were a concentration of 10‘:8 cpm/cniz (1.44 mg/cmE) ‘attaindble, the
self-gbsorption would be only about 4 per cent.

For- calibration of instiuments, large ared solureces hold tHoe great
advantage over small area sources, unless phosphars of nén-uriiform
résponse aré used in'the alpha meter. The expense of preparing large

area sources which are unlform is hot justiried.

~ 19 -

© ‘MONSANTO RESEARCH CORPORATION @
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\ ITEM VI
PLUTONIUM ALPHA SOURCE

Plutonium alpha sources are electrolytically or electrochemlically
deposited on metal piates, per Drawing NS-9 in Appendix. A smooth
hard surface 1s preferable, stainless steel beilng quite satisfactory.
Sometimes it 1ls desirable to flash-coat gold over plutonium to reduce-
the possibility of contamination. A very thin copper coating before
deposition of the gold leads to better adherence and does not greatly

affect the energy curve of the alphas.

At present, large area sources will be more satisfactory 1f made up
from small units no more than one inch square. Inquirles concerning

(”", customer's requirements are invited.

-
¢

Quantity of Plutonlum

Maximum of 107 cpm/cma; lower concentrations give better deposits

Container
Stainless steel, copper or nickelg 0.01 to 0.062 inch thick and

0.25 to 1.0 inch round or square

Cover

Gold will be plated over the plutonium if requested (Item VI-A).
The thickness of gold may vary from 0.00003 to 0.00015 inch, with
respective energy absorptions of 10 and 50 per cent.

Uniformity of Deposit

. The uniformity of the deposit will be determined and held to
Q +10 per cent on request (Items VI-B and VI-C).

- 20 -

® MONSANTO RESEARCH CORPORATION @
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PRICE LIST
'FLUTONTUM ALPHA SOURCES

_ Plutoniun,
Item?Numb'e‘i“..._~ : X r

VE = opén o 207 /en® 450,
Vi-h = gold Plated 66 107/en® 70

B SRirormity aetermined tio, 107 /g 85

.....

VI'C z ;ﬁgigo%'g;ddeﬁemUed to. 107/cm - 100
.-Prices are f.’or one to ten :H:ems and are for f‘abrication onlyi.
,Reductions will b mdde ‘on iarger quantities, and quoﬁations will
be fiade o request: The :.S,hv%gp‘.ir}g»cgr;fga;gt\}ep for amounts. over ‘one
miilicurte is the sane as Tor polonivn alph Soivess, Dravlng NS-5
4n Appendix..

rérms: Net: 30.days

All prices are F £, E _Dayton “dnd ‘ave subject t6, ehange “Without nokiee:.
~Prices on non—standard 1tems o solirces not listed will be quoted when

details of the requested source ‘Bpe furnished

he. above prices do-not include bhe eost Of the reburnable shipping

contaier Tisted of. page 29; but they do include & non-returdable

-eontainer.

orts

-6 IONSANTO RESEARCH CORFORATION o -
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| BLUTONTUNM-BERYLLIUN NEUTRON SOURCES.

ff_mié- pmtoﬁum} u's'é&' A0 né“u;i;roh‘ sources. virigs in ..;é‘ampzs“ "‘iti'cm: ‘but: is
Pu g{{-l .p_ll;:_i Am 241»,- “The neutron increase will approximate two per
gént per- year due. to Pu 241,

Plutohium Soubces Have the advantagé of 2 long half:ldife (sk,600 yéirs)

.Aand nearly constant neutron emission. Théy*ﬁa*ré- fﬁh‘e"‘iii‘saéivgrpﬂb"agg of”

Plutonj_um 500t sold in the ’Unihé‘é' States bub 1s,6n Lodn LrOM the .
‘Afomile Erieriy. Commission. ' The renbel fee, $22:60 per curie per year,
4s collected by the AEC, maﬁs&ﬁtd-ne‘ééa@péﬂ Corporition charges only

ffor fabricaﬁion of plutonium sources.

mis

la_m;qum_:. 18 :rgf&??f‘?@ t?ﬁ«%% ;one.acu?‘i,? ir}. th%s c.gtta;og;f

Stnee plutonium is a fissionable maberdal, no more than 25 curies
will be $hipped in ohe contalrer, though it-has beeh demohstiated

‘that 100 curiés as & plutonlimsberylliim sourge is safe: No more

thar 106upies will-he put in one source .container.:

88 =

- % MONSANTO RESEARCH CORFORATION ‘s
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ITEM VII
PLUTONIUM-BERYLLIUM NEUTRON SOURGE

The. method of fabrlcating plutonium-beryllium sources requires a high
mélting metal for the innér contalner: Tantalum is used for the inner
and stainless steel Tor fhe ouler contatneér, Anout one-fourth -of the

internal volumé is vold.

The sources are made per Drawing N$-8 in Appendix. Other slzes will
;

be made to fit special needs:

Neutron Emission

‘One curie (16 grams) of plutonium wheh reacted to fomm PuBe, 5 emits
approximately 1.7 x 106 n/Sec. Hence, thé emission from the largest

source prepared (10 curies) is 1.7 x 1071n/séc'

Neutron Energy

The corifiguration of a plutonium-beryllium source has somé éffect
on the spectrum, A typical ‘spectium of a S-curié source was deter-

mined by M. E. Anderson at Mound Laboratory (unpublished data),

Gamma. EmisSion.

The 4.45 mev gamma from the alpha;neutrohwreactidn on beryliium is
the princilpal. gamma. The s0ft gammas from plutonium'are.aﬁsprbed

in the Soubce container,

Operating Temperature
Plutonium-beryllium sources aré prepared at 1500-2000°C but should
riot ‘be used for long pericds above 7009C, as the compound will react
£lowly with the containef at higher températures.
- 23 -

* MONSANTO RESEARCH CORPORAT(ON e
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BRICE LiST
PLUTONTUM-BERYLLTUN. NEUTRON. SOURCES

 Prices gré-for fabrication plus the shippitg containers The ‘1sase
change £of thé plitonium ds currently 4-3/4 pet cent pef annui on @
Value of $30 per Eraii 4n ‘the Unibed Statss ($22.80.ger ¢urie per
year). .Foréign cointries will negotlate sale’confracts: with the

‘AEC Division of Tnternational  ACFHirs,

Grans of Grams. of"

by 5

Flutoniwn ~ Ibem Vil-puBe  Elubonium.  Ttem VIT-Pue
0ra 50 T a '

=g 625 96
8 =16 700- ‘112,
32 75 128
48 "B50 1YY
o EoN i60

A1l PrLces ave Fi0,B. Daybon &nd dre subject td ‘changé without hotice.,
Prices for ror-standsrd items or Sourdes not 1isted will be quoted
whén-detalls of thé regussted source are fiirnished.
mepms: * Net 30 day®

Tne sbove pricés include bhe o8t of the. shipping zontairers lch
are yéturnable Fo¥ Teuse or réfind: Sizes and prices of the containérs-

are ligted on page 29

# ‘MONSANTO . RESEARGH' CORPORATION: &
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» Attachment B &/

B¢, KB Doyle

1tk Pysicist
:;:h galsod Buclenr Seleore Cuater
Eaxragmasett, phode Ixlend

gefereuce: WREC Coverack 43203

pesy Wr. Doylo:

.Shil tatter 18

of plugoniun 1a RREC's plutoaims-baryliscs poubion sources.

7 = 1ive souxCes
Lesctox-crode plutonica is vesd to febrfcste the plutoniun-heryl
ead :;: i»togi;c ssssy of this pluteais: le a3 f¥olloue:

Jesuary 13, 1965

{a yospease bo ywor lngairy cogearniug the isoteplc content,

) o . |
1

Pas23? 915 z‘
Pe-250 7z ;
Pu=281 1% i

o If pou
that this data fu sofficlent for your calitration purpcss
m; Zasive soy furtber fofoxesiico, please contact ue. We welcons the
oppormunity o be of cervice.

stame}y YUV,

gesuoth £. Ball »
Harketing Lopsrtscot
Platonfun Easilicy
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. 5.5.2 Sample Input File

Sample case S3000FFCENTERZN:
Neuté& (n,gam) dose rates, S300

10 0 -505 500 -501 #11 imp:n=1 imp:p=1 $source reg
11 4 -=-3.7 302 -303 -510 imp:n=1 imp:p=1 $source
20 1 -0.92 -63 2 -3 62 -158 imp:n=1 imp:p=1 $poly sleve
30 1 -0.92 -63 2 -3 -159 158 imp:n=4 imp:p=4 S$poly sleve
40 1 -0.92 -63 2 . =3 159 imp:n=16 imp:p=16 Spoly sleve
50 0 -63 5 -87 imp:n=16 imp:p=16 $void around
sleeve '
60 1 -0.92 -63 4 -2 -158 imp:n=4 imp:p=4 S$bottom poly
70 1 -0.92 -63 4 -2 -159 158 imp:n=16 imp:p=16 $bottom poly
80 1 -0.92 -63 4 -2 159 imp:n=64 imp:p=64 Sbottom poly
90 1 -0.92 -63 3 -5 -158 imp:n=1 imp:p=1 S$top poly
100 1 -0.92 -63 3 -5 -159 158 imp:n=4 imp:p=4 S$top poly
110 1 -0.92 -63 3 -5 159 imp:n=16 imp:p=16 Stop poly
120 2 -7.94 6 -4 -8 imp:n=64 imp:p=64 S$steel cont
bottom
130 2 -7.94 -8 4 -7 (63: -4: 87) imp:n=16 imp:p=16 S$steel cont
140 3 -0.224 -550 -60 7 imp:n=16 imp:p=16 S$dunnage
150 3 -0.224 -550 8 =7 6 imp:n=16 imp:p=16 S$side fiber
board
151 1 -0.92 12 -10 550 -59 imp:n=16 imp:p=16
160 3 -0.224 -550 12 -6 imp:n=64 imp:p=64 S$bottom dun
170 O -550 -10 60 imp:n=16 imp:p=16 S$sp top barl

' 180 5 -7.8212 -13 -14 12 (59:-12:10) imp:n=16 imp:p=16 Sbarrel
190 5 -7.8212 15 -12 -13 imp:n=64 imp:p=64 S$barrel bottom
200 0 (13: 14: -15) -100 -102 103 imp:n=64 imp:p=64 $ 1lm/vehicle
surface
201 0 101 -103 -100 imp:n=64 imp:p=64 $ bottom vehicle
210 0 (100: 102: -101) 600 -601 -602 imp:n=16 imp:p=16 § 2m vehicle
surface
500 2 -7.94 507 =500 -62 imp:n=1 imp:p=1 $ hybrid capsule
501 2 -7.94 500 -501 505 -62 imp:n=1 imp:p=1 $ hybrid capsule
502 2 =7.94 501 -502 -62 imp:n=1 imp:p=1 $ hybrid capsule
503 2 -7.94 502 -503 504 -62 imp:n=1 imp:p=1 $ hybrid capsule
504 2 =7.94 503 -506 -62 imp:n=1 imp:p=1 $ hybrid capsule
505 0 502 -503 -504 imp:n=1 imp:p=1 $ hybrid capsule
506 1 -0.92 506 -3 -62 imp:n=1 dimp:p=1 $ 2" plug top
507 1 -0.92 508 -507 -62 imp:n=1 imp:p=1 $ 2" plug bottom
508 1 -0.92 2 -508 -62 imp:n=2 imp:p=2 $ 2" plug bottom
999 0 -600:601:602 imp:n=0 imp:p=0 $ outside interest
62 cz 4.445 S$inner radius of poly sleve 3.5"id
63 cz 14.9225 S$outer radius of poly sleve
2 pz 15.5067 $bottom of source (empty part) cylinder
3 pz 58.6867 Stop of source (empty part) cylinder +17"
4 pz 6.1087 Sbottom of bottom poly
5 pz 68.8467 Stop of top poly
6 pz 5.4737 S$bottom of steel container
7 pz 73.0377 $top of steel container ’
87 pz 70.7517 Stop of steel container interior

. 8 cz 15.4788 S$outer radius of steel container
60 pz 80.9117 Stop of top dunnage
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10 pz 88.7603 Stop inside barrel.

59 cz 26.4262 Soutside radius fiberboard

12 pz 0.1397 $bottom inside barrel-

13 cz 26.5662 Soutside radius barrel $§ 0.14 cm thick

14 pz 88.9 S$top outside barrel

15 pz ' 0 $bottom outside barrel

100 cz 126.5662 $ 1 meter surface

101 pz -100.0 $ 1 meter surface

102 pz 188.9 $ 1 meter surface

103 pz -10.16 S bottom of vehicle (4")

158 rcc 0 .0 12.4587 0 $splitting surface
0 50.165 8.255

159 rcc 0 0 8.9662 0 $splitting surface
0 57.15 12.065

301 pz 26.2255 $ Tally Plane

302 pz 32.1183 $ Tally Plane/bottom of source

303 pz 39.6113 $ Tally Plane/top of source

304 pz 45.5041 $ Tally Plane

401 cz 2.5 $

402 cz - 7.5

403 cz 12.5

404 cz 17.5

c RJIM

500 pz 21.8567

501 pz 49.8729

502 pz 50.8635

503 pz 51.8287

504  cz 0.3175

505 cz 3.2537

506 pz 53.7337

507 pz 20.5867

508 pz 18.0467

510 c/z 1.6 0 1.651

c 511 pz 32.6517

c 512 pz 39.0779

550 cz 26.1468

600 pz -200

601 pz 300

602 cz 329.54

mode n p
o)
c
c pure polyethylene (density = 0.92 g/cc)
ml 1001 2 SMAT
6000 1
mtl poly.60t
c
¢ 3048S (density = 7.94 g/cc)
m2 6000 -0.08
14000 -1.0
15031 -0.045
24000 -19.0
25055 -2.0
26000 -68.375
28000 -9.5
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¢ dunnage - redwood comp (from scale), 0.224g/cm3 from SAR drawings
m3 6000 6

1001 10

8016 5
c
c source material Pu-Bel3
m4 94239 1

4009 13

mt4 be. 60t
c
c carbon steel (density = 7.8212 g/cc)
mb5 26000 -99.0

6012 -1.0
cut:n $Implicit capture for neutrons
¢ phys:p 47 1 SDetailed photon physics over whole energy range
cut:p J .01 O $RAnalog capture for photons
c
sdef pos=1.6 0.0 35.8648 erg=dl par=1l wgt=1.519E+05

ext=d2 rad=d3 axs=0 0 1

si2 3.7465
si3 1.651
¢ Neutron energy spectrum for 1lg Pu
# sil spl

h d
.00 0.000E+00
.01 1.158E-01
.02 3.400E-01
.05 2.034E+00
.163E+00
.855E+01
.126E+02
.293E+03
.965E+03
.196E+03
.262E+03
.331E+03
.991E+03
.938E+03
.745E+03
.544E+03
.792E+03
.489E+03
.172E+04
.071E+04
.448E+04
.518E+04
.349E+04
.496E+04
.139E+04
.087E+03
.050E+03
.177E-03
.945E-04
.519E+05

OO OO OO ONNWONNIEdPEJWOoOWwOo N

PO e WWWNNNHEER,R,POO000O00 OO
PR PR RHREERE OO 0W0WWNRERWRO

0.0

=
N
o

15.0
20.0
c totals
c
c Tallies
c

BN O
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c ANSI/ANS-6.1.1-1977 Neutron Flux to Dose Factors (mrem/hr)

deO 2.5e-08 1.0e-07 1.0e~-06 1.0e-05 1.0e-04
1.0e-03 1.0e-02 1.0e-01 5.0e-01 1.0
2.5 5.0 7.0 10.0 14.0
20.0

dfo 3.67e-03 3.67e-03 4.46e-03 4.54e-03 4.18e-03
3.76e-03 3.56e-03 2.17e-02 9.26e-02 1.32e-01
1.25e-01 1.56e-01 1.47e-01 1.47e-01 2.08e~-01
2.27e-01

fc2 Neutron dose rates on surface side (mrem/h)

f2:n 13

fs2 -301 -302 -303 -304

c

fcl2 Neutron dose rates at 1 m side/vehicle surface (mrem/h)

£f12:n 100

fs12 -301 -302 -303 -304

c

fc22 Neutron dose rates on surface top (mrem/h)

f22:n 14 '

fs22 -401 -402 -403 -404

c .

fc32 Neutron dose rates at 1 meter top (mrem/h)

f32:n 102

fs32 -402 -403 -404

c

fc42 Neutron dose rates on surface bottom (mrem/h)

f42:n 15

fs42 -401 -402 -403 -404

c

fc52 Neutron dose rates at 1 meter bottom (mrem/h)

£f52:n 101

fs52 -402 -403 -404

c

fc62 Neutron dose rates on vehicle bottom (mrem/hr)

f62:n 103

fso62 -402 -403 -404

c

fc72 Neutron dose rates at (mrem/h)

£f72:n 602
fs72 -301 -302 -303 -304
c

2 m from vehicle surface

fcl02 Gamma dose rates on surface side

f102:p 13

£s102 -301 -302 -303 -304

c ansi/ans-6.1.1-1977

del02 0.01 0.03 0.
0.35 0.40 0
1.00 1.40 1
4.75 5.00 5
13.0 15.0

df102 3.96-3 5.82-4 2
8.78-4 9.85-4 1
1.98-3 2.51-3 2
5.60-3 5.80-3 6
1.18-2 1.33-2

c

fcll?2 Gamma dose rates at 1 m side/vehicle surface

(mrem/h)

fluence~-to-dose, photons (mrem/hr)

05

.45
.80
.25

.90-4
.08-3
.99-3
.01-3

0.07
0.50
2.20
5.75
2.58-4
1.17-3
3.42-3
6.37-3

5-50

0.
0.55
2.

6.25

10

60

2.83-4
1.27-3
3.

6.74-3

82-3

0.
.60
.80
.75

N O

~N s W

15

.79-4
.36-3
.01-3
.11-3

(mrem/h)

0.20
0.65
3.25
7.50
.01-4
.44-3
.41-3
.66-3

RNy |

/
0
0
3
9

6
1
4
8

(p/cm**2/s)

25
70
75
00

.31-4
.52-3
.83-3
L77-3

0.30
0.80
4.25
11.0

7.59-4
1.68-3
5.23-3
1.03-2
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fi112:p 100

fsll2 -301 ~-302 -303 -304

c ansi/ans-6.1.1-1977 fluence-to-dose, photons (mrem/hr)/(p/cm**2/s)

dell2 0.01 0.03 0.05 0.07 0.10 0.15 0.20 0.25 0.30
0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.80
1.00 1.40 1.80 2.20 2.60 2.80 3.25 3.75 4.25
4.75 5.00 5.25 5.75 6.25 6.75 7.50 9.00 11.0
13.0 15.0

dfl112 3.96-3 5.82-4 2.90-4 2.58-4 2.83-4 3.79-4 5.01-4 6.31-4 7.59-4
8.78-4 9.85-4 1.08-3 1.17-3 1.27-3 1.36-3 1.44-3 1.52-3 1.68-3
1.98-3 2.51-3 2.99-3 3.42-3 3.82-3 4.01-3 4.41-3 4.83-3 5.23-3
5.60-3 5.80-3 6.01-3 6.37-3 6.74-3 7.11-3 7.66-3 8.77-3 1.03-2
1.18-2 1.33-2

c

fcl22 Gamma dose rates on surface top (mrem/h)

£122:p 14

£s122 -401 -402 -403 -404

c ansi/ans-6.1.1-1977 fluence-to-dose, photons (mrem/hr)/(p/cmn**2/s)

del22 0.01 0.03 0.05 0.07 0.10 0.15 0.20 0.25 0.30
0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.80
1.00 1.40 1.80 2.20 2.60 2.80 3.25 3.75 4.25
4.75 5.00 5.25 5.75 6.25 6.75 7.50 9.00 11.0
13.0 15.0

dfl22 3.96-3 5.82-4 2.90-4 2.58-4 2.83-4 3.79-4 5.01-4 6.31-4 7.59-4

' 8.78-4 9.85-4 1.08-3 1.17-3 1.27-3 1.36-3 1.44-3 1.52-3 1.68-3
1.98-3 2.51-3 2.99-3 3.42-3 3.82-3 4.01-3 4.41-3 4.83-3 5.23-3
5.60-3 5.80-3 6.01-3 6.37-3 6.74-3 7.11-3 7.66-3 8.77-3 1.03-2
1.18-2 1.33-2

c

fcl32 Gamma dose rates at 1 meter top (mrem/h)

f132:p 102

£s132 -402 -403 -404

c ansi/ans-6.1.1-1977 fluence-to-dose, photons(mrem/hr)/(p/cm**2/s)

del32 0.01 0.03 0.05 0.07 0.10 0.15 0.20 0.25 0.30
0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.80
1.00 1.40 1.80 2.20 2.60 2.80 3.25 3.75 4.25
4.75 5.00 5.25 5.75 6.25 6.75 7.50 9.00 11.0
13.0 15.0

df132 3.96-3 5.82-4 2.90-4 2.58-4 2.83-4 3.79-4 5.01-4 6.31-4 7.59-4
8.78-4 9.85-4 1.08-3 1.17-3 1.27-3 1.36-3 1.44-3 1.52-3 1.68-3
1.98-3 2.51-3 2.99-3 3.42-3 3.82-3 4.01-3 4.41-3 4.83-3 5.23-3
5.60-3 5.80-3 6.01-3 6.37-3 6.74-3 7.11-3 7.66-3 8.77-3 1.03-2
1.18-2 1.33-2

c

fcl42 Gamma dose rates on surface bottom (mrem/h)

£f142:p 15

£s142 —-401 -402 -403 -404

c ansi/ans-6.1.1-1977 fluence-to-dose, photons(mrem/hr)/(p/cm**2/s)

deld?2 0.01 0.03 0.05 0.07 0.10 0.15 0.20 0.25 0.30
0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.80
1.00 1.40 1.80 2.20 2.60 2.80 3.25 3.75 4.25
4.75 5.00 5.25 5.75 6.25 6.75 7.50 9.00 11.0
13.0 15.0

dfl142 3.96-3 5.82-4 2.90-4 2.58-4 2.83-4 3.79-4 5.01-4 6.31-4 7.59-4
8.78-4 9.85-4 1.08-3 1.17-3 1.27-3 1.36-3 1.44-3 1.52-3 1.68-3
1.98-3 2.51-3 2.99-3 3.42-3 3.82-3 4.01-3 4.41-3 4.83~3 5.23-3
5.60~-3 5.80-3 6.01-3 6.37-3 6.74-3 7.11-3 7.66-3 8.77-3 1.03-2
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c

fcl52 Gamma dose rates at 1 meter bottom (mrem/h)

f152:p 101

£s152 -402 -403 -404

c ansi/ans-6.1.1-1977 fluence-to-dose, photons(mrem/hr)/(p/cm**2/s)

del52 0.01 0.03 0.05 0.07 0.10 0.15 0.20 0.25 0.30
0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.80
1.00 1.40 1.80 2.20 2.60 2.80 3.25 3.75 4.25
4.75 5.00 5.25 5.75 6.25 6.75 7.50 9.00 11.0
13.0 15.0

dfl52 3.96-3 5.82-4 2.90-4 2.58-4 2.83-4 3.79-4 5.01-4 6.31-4 7.59-4
8.78-4 9.85-4 1.08-3 1.17-3 1.27-3 1.36-3 1.44-3 1.52-3 1.68-3
1.98-3 2.51-3 2.99-3 3.42-3 3.82-3 4.01-3 4.41-3 4.83-3 5.23-3
5.60-3 5.80-3 6.01-3 6.37-3 6.74-3 7.11-3 7.66-3 8.77-3 1.03-2
1.18-2 1.33-2

ol

fcl62 Gamma dose rates at vehicle bottom (mrem/h)

fl62:p 103

£s162 -402 -403 -404

c ansi/ans-6.1.1-1977 fluence-to-dose, photons (mrem/hr)/(p/cm**2/s)

del62 0.01 0.03 0.05 0.07 0.10 0.15 0.20 0.25 0.30
0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.80
1.00 1.40 1.80 2.20 2.60 2.80 3.25 3.75 4.25
4.75 5.00 5.25 5.75 6.25° 6.75 7.50 9.00 11.0
13.0 15.0

dfl62 3.96-3 5.82-4 2.90-4 2.58-4 2.83-4 3.79-4 5.01-4 6.31-4 7.59-4
8.78-4 9.85-4 1.08-3 1.17-3 1.27-3 1.36-3 1.44-3 1.52-3 1.68-3
1.98-3 2.51-3 2.99-3 3.42-3 3.82-3 4.01-3 4.41-3 4.83-3 5.23-3
5.60-3 5.80-3 6.01-3 6.37-3 6.74-3 7.11-3 7.66-3 8.77-3 1.03-2
1.18~2 1.33-2

c

fcl72 Gamma dose rates at 2 m from vehicle side surface (mrem/h)

£f172:p 602

fs172 -301 -302 -303 -304

c ansi/ans-6.1.1-1977 fluence-to-dose, photons(mrem/hr)/(p/cm**2/s)

del72 0.01 0.03 0.05 0.07 0.10 0.15 0.20 0.25 0.30
0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.80
1.00 1.40 1.80 2.20 2.60 2.80 3.25 3.75 4.25
4.75 5.00 5.25 5.75 6.25 6.75 7.50 9.00 11.0
13.0 15.0

dfl172 3.96-3 5.82-4 2.90-4 2.58-4 2.83-4 3.79-4 5.01-4 6.31-4 7.59-4
8.78-4 9.85-4 1.08-3 1.17-3 1.27-3 1.36~3 1.44-3 1.52-3 1.68-3
1.98-3 2.51-3 2.99-3 3.42-3 3.82-3 4.01-3 4.41-3 4.83-3 5.23-3
5.60-3 5.80-3 6.01-3 6.37-3 6.74-3 7.11-3 7.66-3 8.77-3 1.03-2
1.18-2 1.33-2

c

c

c Mesh tallies

c A cylindrical mesh tally is placed around the package.

c The radial regions of interest are from 26.57 to 27.57 (surface)

c and 126.57 to 127.57 (1lm). Circumferentially there are 36

segments,
C

C
C
C

1.18-2

each 10 degrees wide.
=i

radius
axial=j

1.33-2

circumferential=k

Theta=0 corresponds to the positive x~axis.
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C

fmeshl4:n geom=cyl origin=0
imesh=26.57 27.57
iints=1 1 1 1
jmesh=32.12 39.61
jints=1 1
kmesh=1
kints=36
out=1ik
fmesh24:p geom=cyl origin=0
imesh=26.57 27.57
iints=1 1 1 1
Jjmesh=32.12 39.61
jints=1 1
kmesh=1
kints=36
out=ik
c ansi/ans-6.1.
de24 0.01 0.03 0.05
0.35 0.40 0.45
1.00 1.40 1.80
4.75 5.00 5.25
13.0 15.0 .
df24 3.96-3 5.82-4 2.90-
8.78-4 9.85-4 1.08-
1.98-3 2.51-3 2.99-
5.60-3 5.80-3 6.01~
1.18-2 1.33-2
prdmp J j 1 2
ctme 300

N O

4
3
3
3

oW N

axs=0 0 1 vec=1 0 O
.57 127.57

axs=0 0 1

07

.58-
.17-3
.42-3
.37

0.

NN O

4

o WwWHEN

3

9-53

.57 127.57

1-1977 fluence-to-dose,
0.
.50
.20
.75

10

.55
.60
.25

.83-
L27-
.82-
74—

vec=1l 0 O

photons (mrem/hr) / (p/cm**2/s)

0.
.60
.80
.75

4
3
3
3

N =W

N O

15

.79-4
.36-3
.01-3
.11-3

0.
.65
.25
.50

~J W o

s = U

20

.01-4
.44-3
.41-3
.66-3

0.
.70
.75
.00

O w o

[Co R o))

25

.31-4
.52-3
.83-3
.77-3

0.30
0.80
4.25
11.0
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6. CRITICALITY EVALUATION

The S300 is used to transport sealed neutron sources, alpha reference standards, foils (e.g.,
threshold detectors), and other similar source configurations containing plutonium. The contents
are transported in one of two special form capsules, the Model II and Model III. Different mass
limits are utilized for the two capstile designs, as the Model II is larger than the Model III. The
following analyses demonstrate that the S300 package complies with the requirements of 10
CFR 71.55 and 71.59. The criticality safety index varies based on the payload under
consideration.

6.1 Description of Criticality De‘sign

6.1.1 Design Features

The Model IT or Model III special form capsule (SFC) is the only design feature credited for
criticality control in the HAC array analysis. The HAC array is the only condition in which the
reactivity approaches the upper subcritical limit. The pipe component is credited in the NCT
analysis because it is undamaged under NCT. The presence of the polyethylene shielding
allows for low reactivites in the NCT array condition because it isolates the fissile mass in each
package. '

6.1.2 Summary Table of Criticality Evaluation

The upper subcritical limit (USL) for ensuring that the package is acceptably subcritical, as
determined in Section 6.8, Benchmark Evaluations, is:

USL =0.9257

The package is considered to be acceptably subcritical if the computed Ksate (ks), which is defined
as Ketective (Kerr) plus twice the statistical uncertainty (o), is less than or equal to the USL, or:

ks = Kegr + 20 < USL

The USL is determined on the basis of a benchmark analysis and incorporates the combined
effects of code computational bias, the uncertainty in the bias based on both benchmark-model
and computational uncertainties, and an administrative margin. The results of the benchmark
analysis indicate that the USL is adequate to ensure subcriticality of the package.

The packaging design is shown to meet the requirements of 10 CFR 71.55(b). In the single
package normal conditions of transport (NCT) models, credit is taken for the pipe component
and polyethylene, although the dunnage and overpack is conservatively neglected for simplicity.
In the single package hypothetical accident condition (HAC) models, optimum water moderation
is modeled within the SFC and pipe overpack. In all single package models, 12inches of water
reflection is utilized.

Infinite reflection is utilized in all NCT array models because the polyethylene shielding material
effectively isolates each package. In the HAC array cases, it is assumed that the SFCs are
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ejected from the pipe component and form a close-packed hexagonal array. Because no credit is -
taken for the pipe component, finite arrays are modeled for HAC.

The contents are divided into two categories: (1) neutron source, and (2) general payload. The
neutron source content consists of plutonium bonded to an (c.,n) target nucleus, typically (but not
limited to) beryllium. The general payload typically consists of plutonium alpha reference
standards and plutonium foils. Other items containing plutonium within the general payload
mass limits would also be acceptable for transport as a general payload, as no geometrical
information is utilized in the general payload analysis.

Analyses for the two contents are performed separately for the Model IT and Model III SFCs.

‘The maximum results of the criticality calculations for each combination of SFC and content are

summarized in Table 6-1.

In addition, the air transport requirements for fissile material from 10 CFR 71.55(f) are also met.
The air transport results are summarized in Table 6-2. Note that the USL for air transport is
different than the USL for the primary analysis because a different computer program (and hence
different benchmark cases) is utilized. Compliance with the requirements of 10 CFR 71.64,
Special Requirements for Plutonium Air Shipments, has not been demonstrated, and therefore
authorization is not being sought for air transport in any airspace subject to the laws and
regulations of the United States.

Table 6-1 — Summary of Criticality Evaluation

SFC Model Il Model llI Model Il Model il
Payload type Neutron Source General Payload
Pu mass limit (g) 350 160 300 160
CSI 0.3 4.0
Normal Conditions of Transport (NCT) _
Case ks ks ks ks
Single Unit Maximum 0.1675 0.1381 0.3647 0.2979
Infinite Array Maximum 0.1690- 0.1386 0.3657 0.2982
Hypothetical Accident Conditions (HAC)
Case ks ks ks ks
Single Unit Maximum 0.1994 0.1440 0.3910 0.3131
Finite Array Maximum 0.9045 0.6772 0.9239 0.6138
USL = 0.9257

6-2




S300 Safety Analysis Report Docket No. 71-9329 Rev. 5, June 2010

Table 6-2 — Summary of Criticality Evaluation, Air Transport

SFC Model i Model Ill
Pu mass limit (g) 210 ® 160
ks 0.8930
USL = 0.9377

@ Note that 210 g of plutonium is conservatively used in the criticality analysis. However, as seen in Table
1-2, the maximum allowable content for air transport is 206 g of plutonium.

6.1.3 Criticality Safety Index

An infinite number of packages is used in all NCT array calculations. Therefore, the CSI for
each scenario is determined based upon the size of the HAC array. For the neutron source
contents, an HAC array of approximately 350 packages is utilized (2N = 350) so that the CSI =

-50/N = 0.3. For the general payload, an HAC array of 25 packages is utilized (2N = 25) so that

the CSI = 50/N = 4.0.

6.2 Fissile Material Contents

The fissile material contains plutonium and is divided into two categories, (1) plutonium neutron
sources, and (2) general plutonium material, including but not limited to threshold foils and alpha
reference standards. :

The plutonium isotopics may vary between the various items, although the composition will
always be composed of the following six isotopes: Pu-238, Pu-239, Pu-240, Pu-241, Pu-242, and
Am-241. It is conservatively assumed that Pu-239 is the only plutonium isotope in the mixture.
Including all the plutonium isotopes would lower the reactivity, both by reducing the mass of Pu-
239 and increasing the mass of Pu-240, which acts as a poison. Pu-241 is more reactive than Pu-
239, but because Pu-240 is always present in significantly larger quantities than Pu-241, it is
conservative to simply model all plutonium as Pu-239. Therefore, the actual isotopic distribution
is not needed to ensure criticality control.

6.2.1 Plutonium Neutron Sources

Plutonium neutron sources consist of plutonium mixed with an (a,n) target isotope, most
commonly beryllium. Other targets isotopes, such as boron or fluorine, are possible, although

- are quite rare. Currently, there are several thousand known PuBe sources located around the

world, while only several (<10) non-PuBe sources are known. For this reason, the criticality
models address only PuBe sources. :

PuBe sources have been manufactured by several companies. PuBe sources manufactured by
Monsanto Research Corporation consist of PuBe source material packed into a tantalum inner
container, which is then clad in stainless steel (see Section 6.9.2, PuBe Source Dimensions). The
density of the PuBe source material is approximately 3.7 g/cm® (see Section 6.9.1, PuBe Neutron
Source Paper). PuBe sources were manufactured in a variety of sizes, with the largest source
having a mass of 160 g Pu. Rather than model a PuBe neutron source explicitly with the
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tantalum and steel cladding, the PuBe is modeled without any cladding. Tantalum is a strong
neutron absorber, and it cannot be show that all PuBe neutron sources generated by all
manufacturers contain tantalum inner cladding. Therefore, tantalum cladding is conservatively
neglected. While all PuBe sources are clad in steel to provide confinement as a sealed source,
the steel is also conservatively neglected in the criticality models, since it also acts as a neutron
poison. Although the cladding is not modeled, water cannot mix with the PuBe material because
the stainless steel cladding is always present.

The bare PuBe slug is modeled with a diameter of 1.3 inches, consistent with a 160 g PuBe
source (10 Ci) per the Monsanto drawing (see Section 6.9.2, PuBe Source Dimensions). The
height of the PuBe slug is selected to give the desired mass, 6.48 inches for 350 g Pu (for the
Model II analysis), or 2.96 inches for 160 g Pu (for the Model III analysis). These dimensions
are used for modeling purposes only, and are not intended to limit the actual sealed source
content to these exact dimensions. PuBe exists as a compound with the chemical formula
PuBe;s. Therefore, it is modeled in MCNP with 1 plutonjum atom and 13 beryllium atoms at a
density of 3.7 g/cm®.

6.2.2 General Plutonium Materials

The general plutonium material may be threshold foils, alpha reference standards, or other
source, solid-form quantities of plutonium small enough to fit within the two SFC types
available. Threshold foils are thin foils of plutonium that may be clad in copper, nickel,
aluminum, or other materials. Each foil typically contains between 1 mg to 5 g of plutonium.
Alpha reference standards (alpha source) typically consist of plutonium electrolytically or
electrochemically deposited on a thin metallic surface, typically stainless steel. Because alpha
particles have a short range through solid matter, the mass of plutonium used in an alpha source
is necessarily quite small (on the order of milligram quantities).

Because the geometry of the general plutonium contents varies widely, no attempt has been
made to model the actual geometry of these items. Rather, the plutonium is modeled both as a
discrete lump, and as a homogenous mixture of plutonium and water, neglecting all cladding
materials. These modeling extremes represent a more reactive condition than would be achieved
by modeling the contents explicitly. For this reason, the general plutonium content has a much
higher CSI than the plutonium neutron sources content.

When modeling the general contents as a discrete lump, a cylindrical geometry is assumed in
which the diameter is the same as the height. For 300 g plutonium, this lump has a diameter and
height of 1.06 inches, while for 160 g of plutonium the diameter and height is 0.86 inches. A
plutonium density of 19.84 g/cm® is utilized. When modeling the general contents as
homogenized over the SFC volume, full-density water is utilized. A variety of homogenized
number densities are developed for different fissile heights and masses. As an example, the
homogenized number densities for the maximum mass in the Model II and Model IIT SFC are
summarized in Table 6-3. These number densities represent the mass homogenized over the
entire SFC volume, which is the most reactive condition. The ratio of the hydrogen to plutonium
number density (H/Pu) is also listed in the table below. This ratio is useful to assess the degree
of moderation of the system.
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Table 6-3 — General Payload, Homogenized Number Densities

Model Il SFC Model lll SFC
Pu Mass (g) 300 ~ 160
S\fguhlflix(‘é‘;r‘llsl)r‘ 532.2 1439
H/Pu 45.7 22.5
Number Density | Number Density
Isotope (atoms/b-cm) (atoms/b-cm)
Pu-239 1.4201E-03 2.8012E-03
H 6.4955E-02 6.3107E-02
0 , 3.2477E-02 3.1554E-02
Total 9.8852E-02 9.7462E-02

6.3 General Considerations

6.3.1 Model Configuration

The MCNP model used for NCT cases is a simplified version of the actual geometry. The entire
55 gallon drum and dunnage are neglected for simplicity. This simplification is conservative, as
it brings the water reflector closer to the fissile material in the single package cases; and greatly
reduces the package to package spacing in the NCT array cases. The MCNP model geometry for

- the Model I SFC in a pipe component is shown in Figure 6-1.

The actual dimensions and as-modeled dimensions of the pipe component and SFCs are shown
in Table 6-4 and Table 6-5, respectively. The OD of the steel pipe is modeled at 12.8 inches, and
the side, bottom, and lid of the pipe component is modeled with a thickness of 0.219 inches. The
entire region between the SFC and pipe is completely filled with polyethylene, without modeling
minor gaps. Six inches of polyethylene are modeled at the axial ends of the SFC, and the
stainless steel pipe component bottom and lid are modeled in contact with the polyethylene.
Therefore, for both SFC models, the axial length of the pipe component is shorter than the actual
pipe component length, which is conservative for the NCT array.

The modeling details for the NCT models are inconsequential because the payload is not
moderated for NCT, and there are essentially no package to package interactions because of the
large amount of neutron shielding. For this reason, all NCT array cases are performed with an
infinite hexagonal array.

No HAC testing was performed on the S300 package to conclusively demonstrate the post-
accident condition of the overpack and pipe component. For the HAC single package cases, it is
conservative for the SFC to remain inside the pipe component because the polyethylene
shielding is a better reflector than water. However, for the HAC array cases, it is conservatively
assumed that the SFC is ejected from the pipe component. This is conservative in the array case
because it results in a tightly packed hexagonal array of SFCs with no polyethylene to isolate the
packages. In addition, it is assumed in HAC that optimum moderation may occur within the
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SFC, although testing has shown that the SFCs remain watertight when submerged in water and
both SFCs are certified by the U.S."Department of Transportation as IAEA Special Form.

More details of the model configurations are provided in Section 6.4, Single Package Evaluation,
Section 6.5, Evaluation of Package Arrays under Normal Conditions of Transport, and Section
6.6, Package Arrays under Hypothetical Accident Conditions.

6.3.2 Material Properties

The material properties of the fissile material are discussed in Section 6.2, Fissile Material
Contents. The material properties of the packaging materials are provided in Table 6-6. The
composition and density of common materials are taken from the SCALE Standard Composition
Library. Compositions are input as either atoms per molecule or weight percent (wt. %),
depending on how the composition is listed in the reference. Water is modeled simply as 1
oxygen atom for every 2 hydrogen atoms over a range of different densities.

6.3.3 Computer Codes and Cross-Section Libraries

MCNP5 v1.40 is used for the criticality analysis. All cross sections utilized are at room
temperature (293.6 K). Pu-239 utilizes preliminary ENDF/B-VII cross section data that are
considered by Los Alamos National Laboratory to be more accurate than ENDF/B-VI cross

. sections. ENDEF/B-V cross sections are utilized for chromium, nickel, and iron because natural
composition ENDE/B-VI cross sections are not available for these elements. The remaining
isotopes utilize ENDF/B-VI cross sections. Titles of the cross sections utilized in the models
have been extracted from the MCNP output (when available) and provided in Table 6-7. The
S(a.,p) card LWTR.60T is used to simulate hydrogen bound to oxygen in water, and the S(o.,()
card POLY.60T is used to simulate hydrogen bound to carbon in polyethylene.

All cases are run with 2500 neutrons per generation for 250 generations, skipping the first 50.
The 1 sigma uncertainty is approximately 0.001 for all cases.

6.3.4 Demonstration of Maximum Reactivity

The reactivities of the NCT cases, both single package and array, and HAC single package cases,
are negligible. The maximum reactivity is obtained for the HAC array cases. For the HAC .
arrays with PuBe material, approximately 350 packages are modeled, which is in excess of the
minimum number required to justify a CSI = 0.3. For the HAC arrays with the general payload,
25 packages are modeled to justify a CSI = 4.0. All plutonium is conservatively modeled as
Pu-239 because it is the most reactive.

In the HAC array cases, it is conservatively assumed that the SFC is completely ejected from the
package. Therefore, the SFCs are modeled in a close-packed hexagonal array with optimum
moderation both within and between the SFCs. Ejecting the SFCs from every package is a
highly conservative assumption, because a close-packed array formed of only SFCs is not
credible.

For the PuBe source payload, the fissile material is modeled as a single discrete lump of PuBe
without tantalum, steel, or any other cladding, which could act as a poison. Water is assumed to
enter the SFC, although it was demonstrated during the SFC certification testing that the SFCs
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remain watertight subsequent to an accident. For the general payload, the source is homogenized
with water, which is more reactive than if the payload were modeled explicitly. Homogenizing
the payload increases the moderation and neglects any cladding materials that may act as a
poison. Homogenizing the payload also increases the reactivity compared to explicitly modehng
thin foils of plutonium clad in structural materials.

Optimum moderation is sought in all models. In the PuBe models, the water density is allowed
to vary in three regions: (1) beside the PuBe inside the SFC, (2) above the PuBe within the SFC,
. and (3) between the SFCs. In the general payload models, various moderation conditions are
examined by changing the fissile solution height, and fissile mass. The water density between
the SFCs is also examined.

Calculations are peformed both for the Model II and Model III SFC because the mass limit is
different for the two SFCs. The Model II bounds the Model III because the mass limit for the
Model II is significantly higher. The most reactive HAC array scenarios are as follows:

e Case D32: Model IT SFC, 350 g Pu in PuBe, 1.0 g/cm® water beside PuBe, 0 g/cm water
above PuBe, 0 g/cm® water between SFCs, k; = 0.9045

o Case E24: Model III SFC, 160 g Pu in PuBe, 1.0 g/cm® water beside PuBe, 0.3 g/cm®
water above PuBe, 0.3 g/cm® water between SFCs, ks = 0.6772

e Case G2: Model II SFC, 300 g Pu homogenized with water over the entire SFC volume,
1.0 g/cm® water between SFCs, k, = 0.9239

o Case H5: Model III SFC, 160 g Pu homogenized with water over the entire SFC volume,
1.0 g/cm® water between SFCs, k; = 0.6138

Table 6-4 — S300 Pipe Component As-Modeled Dimensions

Component Actual Dimension | As-Modeled

: (in) Dimension (in)
Steel Pipe OD 12.8 12.8
Steel pipe wall thickness 0.219 0.219
Steel Pipe lid thickness 0.9 0.219
Steel pipe floor thickness 0.25 0.219
Steel pipe length (flange to bottom) | 25.6 23.97 (Model IT)

19.21 (Model III)
Poly side thickness 4.15=(11.8-3.5)/2 4.68
Poly top thickness 6.0 =2.0+4.0 6.0
Poly bottom thickness 5.71=22.7-2.0- 6.0
' 17.0+2.0
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Table 6-5 — Special Form Capsule As-Modeled Dimensions

Model Il Capsule Actual

As-Modeled

Component Dimension (in) Dimension (in)
Sl\ézrre;ltl)llsgaglt)})l (not including 1175 11.75
Thickness of cap+sealing plug 1.53 =0.75+0.78 1.53
ID ‘ 2.062 2.062
0D , - 3.00 3.00
Bottom Thickness <1.0 when drill point included 0.5

Model lll Capsule Actual As-Modeled

Component Dimension (in) Dimension (in)

Overall length (not including

shearable cap) 7.00 7.00
Thickness of cap+sealing phig 1.53 =7.0-1.0-4.47 1.53
ID 1.50 1.50
0D ] 2.50 2.50
Bottom Thickness <1.0 when drill point included 0.5
Table 6-6 — Material Propérties
Polyethylene, CH; (density = 0.92 g/cm®)
Element | Library ID Atoms Element Library ID Atoms
Hydrogen 1001 2 Carbon 6000 1
304SS (density = 7.94 gilcm®)
Element Library ID Wt. % Element Library ID Wt. %
Carbon 6000 0.08 Manganese | 25055 2.0
Silicon 14000 1.0 Iron 26000 68.375
Phosphorus 15031 - 0.045 Nickel 28000 9.5
Chromium 24000 19.0 - -
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Table 6-7 — Cross Section Libraries Utilized

Isotope/Element

Cross Section Label (from MCNP output)

1001.62c 1-h-1 at 293.6K from endf-vi.8 njoy99.50
4009.62c 4-be-9 at 293.6K from endf/b-vi.8 njoy99.50
6000.66¢ 6-c-0 at 293.6K from endf-vi.6 njoy99.50
8016.62c 8-0-16 at 293.6K from endf-vi.8 njoy99.50
14000.60c 14-si-nat from endf/b-vi

15031.66¢ 15-p-31 at 293.6K from endf-vi.6 njoy99.50
24000.50c njoy

25055.62¢ 25-mn-55 at 293.6K from endf/b-vi.8 njoy99.50
26000.55¢ njoy \

28000.50c njoy

94239.69¢ 94-pu-239 at 293.6K from t16 pu239la7d njoy99.50
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6.4 Single Package Evaluation

6.4.1 Configuration
NCT

The NCT single package configuration is described in Section 6.3.1, Model Configuration. The
NCT single package configuration is basically a pipe component without the overpack. The pipe
component is reflected with 12 inches of water.

NCT single package calculations are performed for the following 4 scenarios:
e Case Al: 350 g Pu in PuBe, Model II SFC (neutron source payload)
o Case A2: 160 g Pu in PuBe, Model III SFC (neutron source payload)
o Case A3: 300 g Pu, Model II SFC (general payload)
o Case A4: 160 g Pu, Model IIT SFC (general payload)

In the general payload models, the plutonium is modeled simply as a discrete lump with a
diameter equal to the height. The NCT single package results are summarized in Table 6-8. The
reactivity values are very low for all four scenarios, although the reactivity is higher when the
plutonium is compacted into a slug without beryllium. Case A3 is the most reactive, with ks =
0.3647. This ks value is far below the USL of 0.9257.

HAC

In the HAC single package evaluation, the SFC may be either inside or outside the pipe
component, whichever scenario is most reactive. In the HAC single package cases, water is
assumed to flood the SFC. For the PuBe neutron source payload, water is simply modeled in the
void space inside the SFC. Water cannot mix with the PuBe material because it is sealed in a
cladding of stainless steel, although the cladding is not modeled. For the general payload case, it
is assumed that the plutonium may be either a discrete lump (same as the NCT fissile geometry)
or homogeneously mixed with water.

The HAC single package results are listed in Table 6-9. Cases B1 and B2 are for 350 g Pu (as
PuBe) in a Model II SFC inside and outside the pipe component. Cases B11 and B12 are for 160
g Pu (as PuBe) in a Model III SFC inside and outside the pipe component. In both cases, the
system is slightly more reactive with the SFC inside the pipe component because polyethylene is
a more effective reflector than water.

Cases B21 through B31 are for 300 g plutonium (max) in a Model II SFC for the general
payload. In Case B21, the plutonium is modeled as a single cylindrical lump with a flooded SFC
inside the pipe component. Case B22 is the same as Case B21 except the SFC is outside the pipe
- component. Consistent with the results for the PuBe material, the reactivity decreases when the
SFC is removed from the pipe component. Therefore, the pipe component is modeled in the
remaining cases. In Cases B23 through B31, the plutonium is homogeneously mixed with water
across the diameter of the Model II SFC for a range of different fissile heights and masses. As
the height of the fissile mixture varies from 3 cm to 24.7 cm (maximum), the degree of
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moderation changes. Of these homogenized cases, the reactivity is maximized at the maximum
mixture height. Because reactivity is maximized at the maximum height, to further increase
moderation, the mass of plutonium must be reduced. In Cases B29 through B31, a reduced
plutonium mass is modeled as homogenized over the entire height. Reducing the mass increases
the moderation but decreases the reactivity. Case B21 is the most reactive, with the fissile
material modeled as a single lump. Typically, a homogenized representation would be more
reactive than a single lump, but because the available volume within the SFC is small and the
height is much greater than the diameter, the homogenized geometry is less favorable than a
single lump for a single package configuration.

Cases B41 through B49 follow the same methodology described in the previous paragraph for
160 g plutonium (max) in a Model III SFC with a general payload. The results trend in the same
manner, and the most reactive case (Case B41) is modeled as a single lump with a fully flooded
SFC within the pipe component.

Comparing all HAC single package models, the most reactive is Case B21, with ks = 0.3910.
This case features a Model IT SFC with 300 g of plutonium as single discrete lump and a fully
flooded SFC inside the pipe component. This ks value is far below the USL of 0.9257.

6.4.2 Results

The NCT single package results are listed in Table 6-8, and the HAC single package results are
listed in Table 6-9.

Table 6-8 — NCT Single Package Results

k
CaselD Filename Keft c (k+§c)
Al NS_II 0.1664 0.0005 0.1675
A2 NS_III 0.1373 0.0004 0.1381
A3 NSF_II 0.3637 0.0005 0.3647
Ad NSF_III 0.2971 0.0004 0.2979
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Table 6-9 — HAC Single Package Results

Height Pu Mass ks
Case ID Filename (cm) ((s)) Kest c (k+20)
PuBe Source, 350 g Pu, Model Il SFC
B1 HS_II lump 350 0.1981 | 0.0007 0.1994
B2 HS_II_EX lump 350 0.1915 | 0.0006 0.1927
PuBe Source, 160 g Pu, Model Il SFC
B11 HS_III lump 160 0.1430 | 0.0005 0.1440
Bi12 HS_IIT_EX lump 160 0.1354 | 0.0005 0.1363
General Source, 300 g Pu Maximum, Model Il SFC
B21 HSF_IIS lump 300 0.3898 | 0.0006 | 0.3910
B22 HSF_IIS_EX lump 300 0.3883 | 0.0006 0.3896
B23 HSF_II_HO03 3 300 0.2658 | 0.0006 |- 0.2670
B24 HSF_II_HO05 5 300 0.2743 | 0.0008 0.2758
B25 HSF_II_H10 .10 300 0.3022 | 0.0008 0.3038
B26 HSF_II_H15 15 300 0.3166 | 0.0009 0.3183
B27 HSF_II_H20 20 - 300 0.3241 | 0.0009 0.3260
B28 HSF_II_H25 24.7 300 | 0.3275 | 0.0009 0.3294
B29 HSF_II_M200 - 24.7 200 0.3058 | 0.0009 0.3075
B30 HSF_II_M250 24.7 250 0.3175 | 0.0009 0.3192
B31 HSF_II_M275 24.7 275 0.3231 | 0.0009 0.3248
“General Source, 160 g Pu Maximum, Model lll SFC
B41 HSF_IIIS lump 160 0.3122 | 0.0005 0.3131-
B42 HSF_IIIS_EX lump 160 0.3103 | 0.0005 0.3113
B43 HSF_III_HO03 3 - 160 0.1999 | 0.0006 0.2010
B44 HSF_IIT_HO05 5 160 0.1979 | 0.0006 | 0.1992
B45 HSF_III_H10 10 160 0.2095 | 0.0007 0.2109
B46 HSF_III_H13 12.6 160 0.2166 | 0.0007 0.2180
B47 HSF_III_M100 12.6 100 0.1900 | 0.0007 0.1913
B48 HSF_III_M120 12.6 120 0.1980- | 0.0007 0.1995
B49 HSF_III_M140 12.6 140 0.2048 | 0.0007 0.2062
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6.5 Evaluation of Package Arrays under Normal Conditions
of Transport

6.5.1 Configuration

The NCT array configuration is almost identical to the NCT single package configuration
utilized in Section 6.4, Single Package Evaluation. The only difference is that the water reflector
has been removed and replaced with a reflective hexagonal surface. This results in an infinite
array of packages. The geometry of the Model III SFC in the array condition is shown in Flgure
6-2. Cases are run in which the water density between packages varies between 0 and 1.0 g/cm®,

The results of the NCT array cases are listed in Table 6-10. The reactivity changes very little
when the water density between packages is varied. This indicates that the packages are
effectively isolated from one another and that these differences are simply statistical fluctuation.
In fact, the NCT array reactivity values are identical to the NCT single package results within
statistical fluctuation.

Case C22 is the most reactive, with kS =0. 3657 This case is for the general payload, Model II
SFC, with 300 g Pu, and 0.25 g/cm® water between packages This ks value is well below the
USL of 0.9257.

6.5.2 Results
The NCT array results are listed in Table 6-10.
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Table 6-10 — NCT Array Results

Water Density
. between SFCs ks
Case ID Filename (g/lcm’) Kesr c (k+2c)
PuBe Source, 350 g Pu, Model Il SFC

C1 NA_II_W000 0.00 0.1681 0.0004 0.1690

C2 NA_II_W025 0.25 0.1663 0.0005 0.1673

C3 NA_II_ W050 0.50 0.1657 0.0005 0.1667

C4 NA_II_WO075 0.75 0.1671 0.0005 - 0.1682

C5 NA_II_W100 1.00 0.1669 | 0.0005 0.1679
PuBe Source, 160 g Pu, Model lil SFC _

C11 NA_III_W000 0.00 0.1368 0.0004 0.1377

C12 | NA_III_W025 0.25 0.1374 0.0004 0.1382

C13 NA_III_WO050 0.50 0.1367 0.0004 0.1376

C14 NA_III_W075 . 0.75 0.1376 0.0005 0.1386

C15 NA_III_W100 1.00 0.1369 0.0005 0.1378

General Source, 300 g Pu, Model Il SFC _

C21 NAF_II_W000 - 0.00 0.3640 0.0005 0.3649

C22 NAF_II_W025 0.25 0.3647 | 0.0005 0.3657

C23 NAF_II_W050 0.50 0.3638 0.0005 0.3648

C24 NAF_II_WO075 0.75 0.3629 0.0005 0.3638

C25 NAF_II_W100 1.00 . 0.3634 0.0005 0.3644

General Source, 160 g Pu, Model Ill SFC

C31 NAF-_III_ W000 0.00 0.2968 0.0004 0.2975

C32 NAF_III_W025 0.25 0.2972 0.0004 0.2981
C33 NAF_III_W050 0.50 0.2969 0.0005 0.2978

C34 NAF_III_WO075 0.75 0.2974 0.0004 0.2982

C35 NAF_III_W100 1.00 -0.2972 0.0004 0.2981
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Figure 6-2 — NCT Array, Model Ill SFC, General Payload
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6.6 Package Arrays under Hypothetical Accident Conditions

6.6.1 Configuration

For all HAC array models, it is conservatively assumed that the SFC is ejected from the

overpack and forms a close-packed hexagonal array. Because this scenario does not take credit

for the shielding provided by the polyethylene, it is necessary to model finite rather than infinite

arrays. Optimum moderation is addressed, both within the SFC and between the SFCs. All ‘
models are reflected with 12 inches of water. The array assumptions, while conservative, are ‘
likely not credible, because every SFC is assumed to be ejected from every 5300, and form a

close-packed hexagonal array with optimum moderation.

6.6.1.1 Neutron Source Configuration

For any neutron source material, a CSI of 0.3 is justified. To justify a CSI of 0.3, at least 334
packages must be modeled (2N = 334, N = 167, and 50/N = 0.3). Because modeling a large
number of discrete packages in a hexagonal array can be cumbersome, a simplified modeling
approach is utilized. The array boundary is modeled as a cylinder, and an infinite universe of
packages in a hexagonal array is inserted into the cylindrical bounds. The effect of this modeling
approach “slices” SFCs on the model boundary, as shown in Figure 6-3.

To determine the dimension of the large outer cylinder, the unit cell area must be computed. The
unit cell area of a hexagonal lattice with pitch P is:
A= ﬁpz

2
For the Model II SFC, P = 7.622 cm, so that A = 50.3116 cm®. The area of the cylinder is then
the desired number of packages multiplied by area 4. To add additional conservatism due to the
package “slicing” at the boundaries, the total number of packages is increased by 5%, or
334*1.05 = 350.7. For an array in which there are two layers, the number of packages per layer
is then 350.7/2 = 175.35, and the total area is 175.35*A = 8822.1 cm®. This area corresponds to
a circle of radius 52.9922 cm. The outer boundary radii for other scenarios may be computed in
a similar manner. :

For the neutron source, the water is divided into three regions: (1) water beside the slug within
the SFC, (2) water above the slug within the SFC, and (3) water between the SFCs. The water
density is varied in each of these three regions to find the most reactive condition.

Model IT SFC

For the Model II SFC, both two and three layer arrays are considered, as shown in Figure 6-3 and
Figure 6-4. Both configurations have approximately the same number of packages. Results are
summarized in Table 6-11. Cases D1 through D15 are the two-layer results, while Cases D21
through D39 are the three-layer results. Initially, the water density is varied between 0 and 1.0
g/cm” inside the SFC, with void between the SFCs (Cases D1 through D11 for 2 layers and
Cases D21 through D31 for 3 layers). Maximum reactivity is achieved with full density water.
Next, the most reactive 2 and 3 layer cases are run with reduced water density above the PuBe
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(Cases D12 through D15 for 2 layers, and Cases D32 through D35 for 3 layers). In both cases,
maximum reactivity is achieved with void above the PuBe, although the 3 layer model is more
reactive (compare Case D12 with Case D32). Additional permutations are performed with the
most reactive 3 layer model as the base model. In Cases D36 and D37, the water density beside
the PuBe is reduced, which reduces the reactivity. And in Cases D38 and D39, water is added -
between the SFCs. Adding water between the SFCs quickly causes a reduction in reactivity.

The most reactive case with 350 g Pu in PuBe Model IT SFC, is Case D32, with ks = 0.9045.
This configuration has 3 layers, 1.0 g/cm® water beside the PuBe, void above the PuBe, and void
between the SFCs. This value is below the USL of 0.9257.

Model IIT SEC

The Model III SFC with 160 g Pu in PuBe analysis is performed in the same manner as the
Model II SFC analysis. Because the Model III SFC is smaller than the Model II SFC, the outer
array dimensions are smaller, and 3 and 4 layer models are developed to maintain approximate
parity between the height and diameter of the array. The 3 layer Model III SFC array
configuration is illustrated in Figure 6-5; the 4 layer model is similar.

Results for the Model IIT SFC analysis with PuBe are summarized in Table 6-12 and Table 6-13
for 3 and 4 layers, respectively. More cases are required to find the most reactive case compared
to the Model II analysis because maximum reactivity is achieved with low-density water above
the PuBe and between the SFCs rather than void. First, cases are run over a range of water
densities inside the SFC (Cases E1 through E11 for 3 layers, and Cases F1 through F11 for 4
layers). In both scenarios, the most reactive condition is with full-density water. Next, cases are
run with full-density water beside the PuBe, and a range of water densities above the PuBe
(Cases E12 through E21 for 3 layers, and Cases F12 through F21 for 4 layers). In both
scenarios, the most reactive condition is with 0.3 g/cm water above the PuBe. Finally, cases are
run with full-density water beside the PuBe, 0.3 g/cm® water above the PuBe, and a range of
water densities between the SFCs (Cases E22 through E31 for 3 layers, and Cases F22 through
F31 for 4 layers). The most reactive case for 3 and 4 layers have similar reactivities, although
Case E24 is the most reactive, with ks = 0.6772. Case E24 has 3 layers of SFCs, full-density
water beside the PuBe, 0.3 g/cm® water above the PuBe, and 0.3 g/cm® water between the SFCs.
This k value is far below the USL of 0.9257, which indicates that a smaller CSI could be
justified for the Model III SFC, if desired.

6.6.1.2 General Payload Configuration

For the general source material, a CSI of 4.0 is justified. To justify a CSI of 4.0, 25 packages are
modeled (2N = 25, N = 12.5, and 50/N = 4.0). Because the number of packages is much smaller
than the PuBe analysis, an integer number of packages are modeled and no packages are “sliced”
at the model boundaries.

Models are developed both with a discrete fissile material lump, and homogenized with water.
This approach is taken because the exact payload geometry is not modeled. The homogenized
modeling is performed first, followed by the discrete fissile material lump models.

Model II SFC

Results are summarized in Table 6-14 for the Model IT SFC with a 300 g plutonjum general
payload. Cases G1 through G23 are the homogenized models. Initially, the models are
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homogenized with water throughout the entire SFC volume and full-density water between the
SFCs. Three different single-layer arrangements of 25 packages are investigated in Cases G1
through G3. These three arrangements (Configurations 1 through 3) are shown on Figure 6-6.
Case G4 is a 2 layer model, with 13 packages on the bottom layer and 12 packages on the top
layer. Configuration 2 (Case G2) is the most reactive of the first four arrangements, and is used
in the remainder of the models.

In Cases G5 through G14, the water density between SFCs is varied between 0 and 0.9 g/cm®.
Decreasing the water density between the SFCs decreases the reactivity. In Cases G15 through
G17, the height of the homogenized cylinder is reduced, and full-density water is modeled at the
top of the cavity. Reducing the fissile height decreases the reactivity. In Cases G18 through
G22, the mass of plutonium is reduced to allow more moderation. Reducing the mass of
plutonium reduces the reactivity. Because the most reactive case has full-density water between
the SFCs and is at the maximum possible fissile height, an additional case is run to investigate
the effect of increasing the moderation by increasing the SFC pitch. In Case G23, the pitch is
increased slightly to 7.8 cm, and the reactivity drops compared to Case G2. Therefore, of the
homogenized cases, Case G2 is the most reactive.

Cases G31 through G39 are the discrete models for the Model II. In these models, the fissile
material is modeled as a discrete lump at the bottom of the SFC cavity. There are two regions in
which the water density may vary; (1) beside the fissile material lump, and (2) between the
SFCs. The water is always at full-density within the SFC above the fissile material lump to
maximize reflection, as the array is only a single layer. In Cases G31 through G35, the water
density beside the fissile material lump is varied from 0 to 1.0 g/cm® with full-density water
between the SFCs. Case G35, with full-density water beside the fissile material lump, is the
most reactive. In Cases G36 through G39, the water beside the fissile material lump is modeled
at full-density, while the water density between the SFCs is varied between 0 and 1.0 g/cm®. The
reactivity changes between Cases G36 through G39 are within the statistical uncertainly of the
method, although Case G39 is the most reactive discrete model, with ks = 0.5155.

Comparing the most reactive homogenized model (Case G2) and discrete model (Case G39), the
homogenized model is significantly more reactive than the discrete model. Therefore, the most
reactive general payload model for the Model II SFC with 300 g plutonium is Case G2, with ks =
0.9239. This value is below the USL of 0.9257. Although the most reactive case is approaching
the USL, a number of very conservative assumptions are utilized to obtain this result.

Model IIT SEC

The Model I1I SFC analysis is performed in the same manner as the Model II SFC analysis
described above. Because the reactivity of the Model III HAC array is significantly less than the
Model IT SFC array, a reduced number of cases is performed to simplify the analysis. It is
inferred based on the Model II SFC analysis that Configuration 2 is bounding, reactivity is
maximized using the maximum mass of plutonium homogenized over the full SFC cavity height,
and minimum SFC pitch. Therefore, only five homogenized cases are run (Cases H1 through
H5), in which the water density between the SFCs is varied. Results are provided in Table 6-15.

One discrete lump model is run (Case H6), with full-density water inside and between the SFCs,
to demonstrate that the homogenized configuration is significantly more reactive than the
discrete representation.
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Case H5 is the most reactive, with ks = 0.6138. This value is well below the USL of 0.9257.
Because the most reactive case is far from the USL, a lower CSI could be justified, if desired.

6.6.2 Results

Results for the HAC array cases are summarized in the following tables. Model II SFC results
for the neutron source material is in Table 6-11. Model III SFC results for the neutron source
material are in Table 6-12 and Table 6-13 for 3 and 4 layers, respectively. Model II SEC results
for the general payload is in Table 6-14, and Model III SFC results for the general payload is in
Table 6-15.
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ts, PuBe, Model Il SFC

Table 6-11 — HAC Array Resul

Water Water Water
Beside Above | Between
Case PuBe PuBe SFCs ks
ID Filename (glcm®) | (glem®) | (glcm?) Ketr G (k+2c)
2 Layers
D1 HA_II_R2_WI000 0 0 0 0.5495 0.0009 0.5512
D2 HA_II_R2_WI010 0.1 0.1 0 0.6527 0.0010 0.6547
D3 | HA_II_R2_WI020 0.2 0.2 0 0.7066 0.0010 0.7086
D4 HA_II_R2_WI030 0.3 0.3 0 0.7350 0.0010 0.7370
D5 HA_II_R2_WI040 0.4 0.4 0 0.7561 0.0011 0.7583
D6 | HA_II_R2_WI050 0.5 0.5 0 0.7672 0.0010 0.7693
D7 | HA_II_R2_WI060 0.6 0.6 0 0.7804 0.0011 0.7826
D8 | HA_II_R2_WI070 0.7 0.7 0 0.7859 0.0012 0.7883
D9 | HA_II_R2_WI080 0.8 0.8 0 0.7919 0.0011 0.7940
D10 | HA_II_R2_WI090 0.9 0.9 0 0.7976 0.0011 0.7998
D11 | HA_II_R2_WI100 1.0 1.0 0 0.8062 0.0011 0.8084
D12 | HA_II_R2_WI100_WT000 1.0 0 0 0.8884 0.0011 0.8906
D13 | HA_II_R2_WI100_WTO010 1.0 0.1 0 0.8822 0.0012 0.8847
D14 | HA_II_R2_WI100_WT020 1.0 0.2 0 0.8708 0.0012 0.8732
D15 | HA_II_R2_WI100_WT030 1.0 0.3 0 0.8607 0.0012 0.8631
] 3 Layers

D21 | HA_II_R3_WI000 0 0 0 0.5709 0.0010 0.5729
D22 | HA_II_R3_WI010 0.1 0.1 0 0.6757 0.0010 0.6778
D23 | HA_II_R3_WI020 0.2 0.2 0 0.7269 0.0011 0.7290
D24 | HA_II_R3_WI030 0.3 0.3 0 0.7518 0.0011 0.7540
D25 | HA_II_R3_WI040 0.4 0.4 0 0.7630 0.0012 0.7653
D26 | HA_II_R3_WI050 0.5 0.5 0 0.7784 0.0011 0.7807
D27 | HA_II_R3_WI060 0.6 0.6 0 0.7869 0.0012 0.7892
D28 | HA_II_R3_WIO0T70 0.7 0.7 0 0.7927 0.0012 0.7951
D29 | HA_II_R3_WI080 0.8 0.8 0 0.7989 0.0011 0.8010
D30 | HA_II_R3_WI090 0.9 0.9 0 0.8002 0.0012 0.8025
D31 | HA_II_R3_WI100 1.0 1.0 0 0.8022 0.0012 0.8046
D32 | HA_II_R3 WI100 WT000 1.0 0 0 0.9023 | 0.0011 | 0.9045
D33 | HA_II_R3_WI100_WT010 1.0 0.1 0 0.8948 0.0012 0.8973
D34 | HA_II_R3_WI100_WT020 . 1.0 0.2 0 0.8854 0.0011 0.8877
D35 | HA_II_R3_WI100_WT030 1.0 0.3 0 0.8750 0.0012 0.8775
D36 | HA_II_R3_WI080_WTO000 0.8 0 0 0.8837 0.0012 0.8862
D37 | HA_II_R3_WI090_WTO000 0.9 0 0 0.8957 0.0012 (0.8981
D38 | HA_II_R3_WI100_WT000_WX010 1.0 0 0.1 0.8960 0.0012 0.8984
D39 | HA_II_R3_WI100_WT000_WX020 1.0 0 0.2 0.8896 0.0012 0.8921
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Table 6-12 — HAC Array Results, PuBe, Model lll SFC (3 layers)

Water | Water Water
Beside | Above | Between
Case PuBe | PuBe SFCs ks
ID Filename (g/cm®) | (gicm®) | (g/cm®) Kess G (k+20)
El HA_III_R3_WI000 0 0 0 0.4792 0.0009 0.4810
E2 HA_III_R3_WIO010 0.1 0.1 0 0.5240 0.0009 0.5257
E3 | HA_III_R3_WI020 0.2 0.2 0 0.5567 0.0009 0.5586
E4 | HA_III_R3_WI030 0.3 0.3 0 0.5800 0.0009 0.5818
E5 | HA_III_R3_WI040 0.4 0.4 0 0.5950 0.0010 0.5971
E6 | HA_III_R3_WI050 0.5 0.5 0 0.6059 0.0010 0.6079
E7 | HA_III_R3_WI060 0.6 0.6 0 0.6102 0.0010 0.6122
E8 | HA_III_R3_WI070 0.7 0.7 0 0.6136 0.0009 0.6154
E9 | HA_III_R3_WI080 0.8 0.8 0 0.6175 0.0010 0.6195
E10 | HA_III_R3_WI090 0.9 0.9 0 0.6185 0.0011 0.6208
E11 | HA_III_R3_WI100 1.0 1.0 0 0.6204 0.0010 0.6224
E12 | HA_III_R3_WI100_WT000 1.0 0 0 0.6257 0.0010 0.6278
E13 | HA_III_R3_WI100_WT010 1.0 0.1 0 0.6437 0.0010 0.6457
E14 | HA_III_R3_WT100_WT020 1.0 0.2 0 0.6488 0.0010 0.6508
E15 | HA_III_R3_WI100_WT030 1.0 0.3 0 0.6556 0.0011 0.6579
E16 | HA_III_R3_WI100_WT040 1.0 0.4 0 0.6536 0.0011 0.6558
E17 | HA_III_R3_WI100_WTO050 1.0 0.5 0 0.6508 0.0010 0.6529
E18 | HA_III_R3_WI100_WT060 1.0 0.6 0 0.6442 0.0009 0.6460
E19 | HA_III_R3_WI100_WT070 1.0 0.7 "0 0.6379 0.0009 0.6396
E20 | HA_III_R3_WI100_WT080 1.0 0.8 0 0.6343 0.0010 0.6363
E21 | HA_III_R3_WI100_WT090 1.0 0.9 0 0.6254 0.0011 0.6276
E22 | HA_III_R3_WI100_WT030_WX010 1.0 0.3 0.1 0.6628 0.0010 0.6647
E23 | HA_III_R3_WI100_WT030_WX020 1.0 0.3 0.2 0.6686 0.0011 0.6707
E24 | HA I R3 WI100_WT030 WX030 1.0 0.3 0.3 0.6750 0.0011 0.6772
E25 | HA_III_R3_WI100_WT030_WX040 1.0 0.3 0.4 0.6748 0.0010 0.6769
E26 | HA_III_R3_WI100_WT030_WX050 1.0 0.3 0.5 0.6733 0.0010 0.6753
E27 | HA_III_R3_WI100_WT030_WXO060 1.0 0.3 0.6 0.6734 0.0011 0.6756
E28 | HA_III_R3_WI100_WT030_WXO070 1.0 0.3 0.7 0.6700 0.0011 0.6722
E29 | HA_III_R3_WI100_WT030_WX080 1.0 0.3 0.8 0.6697 0.0011 0.6719
E30 | HA_III_R3_WI100_WT030_WX090 1.0 0.3 0.9 0.6653 0.0010 0.6672
E31 | HA_III_R3_WI100_WT030_WX100 1.0 0.3 1.0 0.6620 0.0012 0.6643
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Table 6-13 — HAC Array Results, PuBe, Model llIl SFC (4 layers)

Water | Water Water
Beside | Above | Between
Case PuBe | PuBe SFCs ks
ID Filename (glcm®) | (g/lcm®) | (g/lcm®) Kest o (k+20)
F1 HA_III_R4_WI000 0 0 0 0.4739 0.0009 0.4756
F2 HA_III_R4_WI010 0.1 0.1 0 0.5205 0.0008 0.5222
F3 HA_III_R4_WI020 0.2 0.2 0 0.5528 0.0009 0.5546
F4 HA_III_R4_WI030 0.3 0.3 0 0.5740 0.0009 0.5758
F5 HA_TII_R4_WI040 0.4 0.4 0 0.5908 0.0010 0.5927
F6 HA_III_R4_WI050 0.5 0.5 0 0.5971 0.0010 0.5991
F7 HA_III_R4_WI060 0.6 0.6 0 0.6053 0.0010 0.6073
F8 HA_III._R4_WI070 0.7 0.7 0 0.6096 0.0010 0.6115
F9 HA_III_R4_WIO080 0.8 0.8 0 0.6132 0.0011 0.6155
F10 | HA_III_R4_WI090 0.9 0.9 0 0.6142 0.0010 0.6161
F11 | HA_III_R4 WI100 1.0 1.0 0 0.6168 0.0011 0.6191
F12 | HA_III_R4_WI100_WTO000 1.0 0 0 0.6227 0.0010 0.6247
F13 | HA_III_R4_WI100_WTO010 1.0 0.1 0 0.6399 0.0011 0.6420
F14 | HA_III_R4 WI100_WT020 1.0 0.2 0 0.6493 0.0011 0.6515
F15 | HA_III_R4_WI100_WTO030 1.0 0.3 0 0.6499 0.0010 0.6520
F16 | HA_III_R4 WI100_WT040 1.0 0.4 0 0.6493 0.0010 0.6514
F17 | HA_III_R4_WI100_WTO050 1.0 0.5 0 0.6472 0.0011 0.6495
F18 | HA_III_ R4 _WI100_WT060 1.0 0.6 0 0.6416 0.0010 0.6437
F19 | HA_III R4 _WI100_WTO070 1.0 0.7 0 0.6350 0.0010 0.6370
F20 | HA_III R4 WI100_WTO080 1.0 0.8 0 0.6297 | 0.0011 0.6318
F21 | HA_III_ R4 WI100_WT090 1.0 0.9 0 0.6220 0.0011 0.6241
F22 | HA_III_R4_WI100_WT030_WX010 1.0 0.3 0.1 0.6600 0.0011 0.6622
F23 | HA_III_R4_WI100_WT030_WX020 1.0 0.3 0.2 0.6653 0.0010 0.6673
F24 | HA_III_R4_WI100_WT030_WX030 1.0 0.3 0.3 0.6678 0.0011 0.6701
F25 | HA_III_ R4 WI100_WT030_WX040 1.0 0.3 0.4 0.6717 0.0010 0.6736
F26 | HA_III_R4_WI100_WT030_WX050 1.0 0.3 0.5 0.6705 0.0010 0.6725
F27 | HA_III_R4_WI100 WT030 WX060 | 1.0 0.3 0.6 0.6717 | 0.0011 | 0.6739
F28 | HA_III_R4_WI100_WT030_WX070 1.0 0.3 0.7 0.6673 0.0010 0.6693
F29 | HA_III_R4 WI100_WT030_WX080 1.0 0.3 0.8 0.6646 0.0011 0.6668
F30 | HA_III_ R4 WI100_WT030_WX090 1.0 0.3 0.9 0.6638 0.0011 0.6660
F31 | HA_III_R4_WI100_WT030_WX100 1.0 0.3 1.0 0.6605 0.0011 0.6626
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Table 6-14 — HAC Array Results, General Payload, Model Il SFC

Homogenized

Water
Pu Between
Case Mass | Height SFCs ks
ID Filename (g) (cm) (g/cm®) Ket c (k+2c)
Gl HAF_II_C1 300 24.7 1.0 0.9186 0.0014 0.9213
G2 HAF 11 C2 300 24.7 1.0 0.9216 0.0012 0.9239
G3 HAF_II_C3 300 24.7 1.0 0.9067 0.0012 0.9092
G4 HAF_II_R?2 300 24.7 1.0 0.8227 0.0012 0.8251
G5 HAF_II_C2_WQ000 300 24.7 0 0.8940 0.0013 0.8965
Gb HAF_II_C2_W010 300 24.7 0.1 0.8994 0.0014 0.9023
G7 | HAF_II_C2_W020 300 24.7 0.2 0.9005 0.0013 0.9030
G8 HAF_I1_C2_W030 300 24.7 0.3 0.9072 0.0013 0.9097
G9 HAF_II_C2_W040 300 24.7 04 0.9088 0.0014 0.9115
G10 | HAF_II_C2_W050 300 24.7 0.5 0.9110 0.0013 0.9136
Gl11 HAF_II_C2_W060 300 24.7 0.6 0.9158 0.0012 0.9183
G12 | HAF_II_C2_WQ70 300 24.7 0.7 0.9166 0.0014 0.9194
G13 | HAF_II_C2_W080 300 24.7 0.8 0.9177 0.0012 0.9201
G14 | HAF_II_C2_W090 300 24.7 0.9 0.9188 0.0013 0.9214
G15 | HAF_II_CZ_HI0 300 10 1.0 0.7304 0.0013 0.7330
G16 | HAF_II_C2_H15 300 15 1.0 0.8263 0.0012 0.8288
G17 | HAF_II_C2_H20 300 20 1.0 0.8843 0.0012 0.8868
G18 | HAF_II_C2_M200 200 24.7 1.0 0.8804 0.0012 0.8828
G19 | HAF_II_C2_M225 225 24.7 1.0 0.8924 0.0012 0.8949
G20 | HAF_II_C2_M250 250 24.7 1.0 0.9044 0.0013 0.9069
G21 HAF_II_C2_M275 275 24.7 1.0 0.9120 0.0013 0.9146
G22 | HAF_II_C2_MZ295 295 24.7 1.0 0.9153 0.0013 0.9180
G23 | HAF_II_C2_P2 300 24.7 1.0 0.9101 0.0014 0.9129
Discrete Lump
Water Water
Pu Beside | Between
Case Mass | Lump SFCs ks

ID Filename (@ | (glcm® | (glcm?) _ Kerr (o) (k+20)
G31 HAF_IIS_C2_WI000 300 0 1.0 0.4945 0.0008 0.4961
G32 | HAF_IIS_C2_WI025 300 0.25 1.0 0.4988 0.0009 0.5005
G33 | HAF_IIS_C2_WI050 300 0.5 1.0 0.5023 0.0008 0.5039
G34 | HAF_IIS_C2_WI075 300 0.75 1.0 0.5086 0.0009 0.5103
G35 | HAF_IIS_C2_WI100 . 300 1.0 1.0 0.5128 0.0008 0.5144
G36 | HAF_IIS_C2_WI100_WX000 300 1.0 0 0.5120 0.0009 0.5137
G37 | HAF_IIS_C2_WI100_WXO025 300 1.0 0.25 0.5131 0.0009 0.5149
G38 | HAF_IIS_C2_WI100_WXO050 300 1.0 0.5 0.5127 0.0009 0.5145
G39 | HAF_IIS_C2_WI100_WXO075 300 1.0 0.75 0.5139 0.0008 0.5155
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Table 6-15 — HAC Array Results, General Payload, Model Il SFC

Homogenized

Water

Pu _ Between
Case Mass | Height SFCs ks
ID Filename ()] (cm) (glcm®) Kest o (k+2c)
H1 HAF_II1_C2_W000 160 12.6 0 0.5698 0.0012 0.5721
H2 HAF_III_C2_W025 160 12.6 0.25 0.5818 0.0011 0.5841
H3 | HAF_III_C2_W050 160 12.6 0.5 0.5916 0.0011 0.5938
H4 | HAF_III C2_W075 160 12.6 0.75 ~ 0.6045 0.0012 0.6068
HS HAF _III_C2 W100 160 12.6 1.0 0.6114 0.0012 0.6138
Discrete Lump
Water Water
Pu | Beside | Between
Case Mass | Lump SFCs ks
ID Filename _(9 (glcm® | (g/cm?) Kest o (k+20)
H11 | HAF_III_C2_WI100_WX100 160 1.0 1.0 0.4227 0.0008 0.4243
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Water reflector

Figure 6-3 — HAC Array, Model Il SFC, PuBe Payload (2 layers)
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Figure 6-4 — HAC Array, Model || SFC, PuBe Payload (3 layers)
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Figure 6-5 — HAC Array, Model |ll SFC, PuBe Payload (3 layers)
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Configuration 2

Configuration 2, x-z view

Configuration 3

Figure 6-6 — HAC Array, Model || SFC, Homogenized General Payload
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Figure 6-7 — HAC Array, Model Il SFC, Discrete General Payload
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6.7 Fissile Material Packages for Air Transport

The applicable licensing requirements for air transport of fissile material are contained in 10
CFR 71.55(f). These requirements are implemented by assuming that the S300 packaging
materials and contents are reconfigured in the most reactive spherical geometry, reflected by 20
cm of water.

The analysis is performed for 210 g Pu-239, which bounds the non-exclusive use limiting value
of 206 g Pu-239. The analysis demonstrates that the package is safely subcritical when
reconfigured as described above.

The criticality analysis for air transport is performed using the KENO V.a module of the
SCALES code package. Note that the criticality analysis in the earlier part of this chapter was
performed using MCNP5 v1.40. KENO rather than MCNP is utilized for the air transport
calculations, since, for the simple spheres used in this analysis, KENO simplifies input
preparation compared to MCNP.

The approach is to assume that all of the contents and packaging material arrange in the most
reactive spherical geometry in the air transport accident. Because the S300 contains a large mass
of polyethylene, which is a superior moderator and reflector than water, the most reactive case is
essentially 210 g Pu-239 optimally moderated and reflected with polyethylene. The most
reactive conditions has ks = 0.8930, which is less than the USL of 0.9377. Note that the USL for
the air transport analysis is different than for the primary analysis because it is based on a
different computer program and a large set of thermal benchmarks.

The full analysis, including benchmarking, is fully described in Section 6.9.4, Air Transport
Criticality Analysis.

6.8 Benchmark Evaluations

The Monte Carlo computer program MCNP5 v1.40 is utilized for this benchmark analysis'.
MCNP has been used extensively in criticality evaluations for several decades and is considered
a standard in the industry.

The ORNL USLSTATS program’ is used to establish a USL for the analysis. USLSTATS
provides a simple means of evaluating and combining the statistical error of the calculation, code
biases, and benchmark uncertainties. The USLSTATS calculation uses the combined
uncertainties and data to provide a linear trend and an overall uncertainty. Computed
multiplication factors, ke, for the package are deemed to be adequately subcritical if the
computed value of k; is less than or equal to the USL as follows:

' MCNP5, “MCNP — A General Monte Carlo N-Particle T) ransport Code, Version 5; Volume II: User’s Guide,” LA-
CP-03-0245, Los Alamos National Laboratory, April 2003.

2 USLSTATS, “USLSTATS: A Utility To Calculate Upper Subcritical Limits For Criticality Safety Appltcatzons
Oak Ridge National Laboratory.
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The USL includes the combined effects of code bias, uncertainty in the benchmark experiments,
uncertainty in the computational evaluation of the benchmark experiments, and an administrative
margin. This methodology has accepted precedence in establishing criticality safety limits for
transportation packages complying with 10 CFR 71.

The same MCNP code and cross section library and the same computer platform were employed
in the calculation of the multiplication factors for the benchmark experiments as for the model
runs.

6.8.1 Applicability of Benchmark Experiments

The configurations modeled in the S300 analysis utilize either solid or aqueous plutonium with
varying degrees of moderation. Because many of the S300 cases are neither fast nor thermal and
fall into an intermediate energy spectrum, a combination of fast, intermediate, and thermal
plutonium benchmarks are utilized. The critical experiment benchmarks are selected from the
International Handbook of Evaluated Criticality Safety Benchmark Experiments® based upon
their similarity to the packaging and contents.

A total of 102 critical benchmark experiments are used in the benchmark analysis. Of these, 26
are fast, 42 are intermediate, and 34 are thermal. Fast benchmarks have an energy corresponding
to the average neutron lethargy causing fission (EALF) >100 keV, thermal benchmarks have an
EALF < 0.625 eV, and intermediate benchmarks have an EALF that falls between these two
bounds. The benchmark experiments utilized are listed in Table 6-16.

6.8.2 Bias Determination

The USL is calculated by application of the USLSTATS computer program. USLSTATS
receives as input the keg as calculated by MCNP, the total 1-o uncertainty (combined benchmark
and MCNP uncertainties), and a trending parameter.

The uncertainty value, o1, assigned to each case is a combination of the benchmark uncertainty
for each experiment, Gench, and the Monte Carlo uncertainty associated with the particular
computational evaluation of the case, omcnp, Or:

2 2%
Gtotal = (Gbench + GMCNP )

These values are input into the USLSTATS program in addition to the following parameters,
which are the values recommended by the USLSTATS user’s manual:

P, proportion of population falling above lower tolerance level = 0.995 (note that this
parameter is required input but is not utilized in the calculation of USL Method 1)

e 1-y, confidence on fit = 0.95

e o, confidence on proportion P = 0.95-(note that this parameter is required input but is not
utilized in the calculation of USL Method 1)

e Akp, administrative margin used to ensure subcriticality = 0.05.

3 International Handbook of Evaluated Criticality Safety Benchmark Experiments, Nuclear Energy Agency,
NEA/NSC/DOC(95)03, September 2009.
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These data are followed by triplets of trending parameter value, computed kefr, and uncertainty
for each case. A confidence band analysis is performed on the data for each trending parameter
using USL Method 1. All benchmark data used as input to USLSTATS are reported in Table
6-17, Table 6-18, and Table 6-19 for fast, intermediate, and thermal spectra, respectively.

Two trending parameters are identified for determination of the bias. First, the EALF is used in
order to characterize any code bias with respect to neutron spectral effects. The EALF is trended
separately for each of the three spectral groups (e.g., fast, intermediate, and thermal), as well as
over the entire benchmark set. The hydrogen to plutonium number density ratio (H/Pu) is also
used as a trending parameter for the thermal solution benchmarks, as the general payload uses a
homogenized representation.

The results of the USL analysis are summarized in Table 6-20. Of the four EALF benchmark
sets, the minimum USL is achieved with the intermediate spectrum benchmarks, with a USL =
0.9257. The EALF based on H/Pu is 0.9403, which is significantly higher. Therefore, a USL of
0.9257 is recommended for this analysis.

The most reactive neutron source case (Case D32) has an EALF = 1.6607E-5 MeV, which is
within the range of the intermediate benchmark experiments. The most reactive general payload
case (Case G2) has an EALF = 1.0158E-6 MeV, which is also within the range of the
intermediate benchmark experiments. Case G2 also has an H/Pu = 45.7, which is slightly below
the range of the benchmark experiments (minimum = 86.7). However, the USL for this
parameter is constant and rather high, and many of the fast benchmarks have no water (H/Pu =
0), which indicates that MCNP is behaving acceptably for this parameter. '
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Table 6-16 — Benchmark Experiments Utilized

Series

Title

Fast Benchmarks

PU-MET-FAST-001

Bare Sphere Of Plutonium-239 Metal

PU-MET-FAST-002

249py Jezebel: Bare Sphere of Plutonium-239 Metal

PU-MET-FAST-004

Unmoderated Plutonium Metal Cylinder Array - Phase 11

PU-MET-FAST-005

Benchmark Critical Experiment of a Plutonium Sphere Reflected by Tungsten

PU-MET-FAST-006

Plutonium Sphere Reflected by Normal Uranium Using Flattop

PU-MET-FAST-008

Benchmark Critical Experiment of a Thorium Reflected Plutonium Sphere

PU-MET-FAST-009

Benchmark Critical Experiment of a Plutonium Sphere Reflected By Aluminum

PU-MET-FAST-010

Benchmark Critical Experiment of a Delta-Phase Plutonium Sphere Reflected By
Normal Uranium

PU-MET-FAST-012

Uranium-Reflected Array of Plutonium Fuel Rods

PU-MET-FAST-013

Copper-Reflected Array of Plutonium Fuel Rods

PU-MET-FAST-014

Nickel-Reflected Array of Plutonium Fuel Rods

PU-MET-FAST-015

Iron-Reflected Array of Plutonium Fuel Rods

PU-MET-FAST-017

Moderated Plutonium Metal Cylinders Array - Phase II

PU-MET-FAST-018

Benchmark Critical Experiment of a Delta-Phase Plutonium Sphere Reflected By
Beryllium

PU-MET-FAST-019

Sphere of Plutonium Reflected by Beryllium

PU-MET-FAST-020

Sphere of Plutonium Reflected by Depleted Uranium

PU-MET-FAST-021

Beryllium- and Beryllium Oxide-Reflected Cylinders of Plutonium

PU-MET-FAST-024

Polyethylene-Reflected Spherical Assembly of #°Pu (8, 98%)

PU-MET-FAST-025

Spherical Assembly of 2Pu(3, 98%) with 1.55-cm Steel Reflector

PU-MET-FAST-026

Spherical Assembly of %°Pu(5, 98%) with 11.9-cm Steel Reflector

PU-MET-FAST-031

Polyethylene-Reflected Spherical Assembly of #°Pu(a, 88%)

PU-MET-FAST-032

Steel-Reflected Spherical Assembly of **Pu(a., 88%)

Intermediate Benchmarks

PU-COMP-INTER-001

k., Experiments in Intermediate Neutron Spectra for “*Pu

PU-COMP-MIXED-001

Unreflected Slabs of Polystyrene-Moderated Plutonium Oxide

PU-COMP-MIXED-002

Plexiglas-Reflected Slabs of Polystyrene-Moderated Plutonium Oxide

PU-MET-MIXED-001

Critical Experiments with Heterogeneous Compositions of Plutonium, Silicon
Dioxide, and Polyethylene

PU-MET-FAST-011

Benchmark Critical Experiment of a Water Reflected Alpha-Phase Plutonium Sphere

PU-MET-FAST-027

Polyethylene-Reflected Spherical Assembly of “*Pu(8, 89%)

Thermal Benchmarks

PU-SOL-THERM-001

Water-Reflected 11.5-Inch Diameter Spheres Of Plutonium Nitrate Solutions

PU-SOL-THERM-002

Water-Reflected 12-Inch Diameter Spheres Of Plutonium Nitrate Solutions

PU-SOL-THERM-003

Water-Reflected 13-Inch Diameter Spheres Of Plutonium Nitrate Solutions

PU-SOL-THERM-004

Water-Reflected 14-Inch Diameter Spheres Of Plutonium Nitrate Solutions 0.54% To
3.43% Pu240
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Table 6-17 — Fast Benchmark Experiments

Case ‘ EALF
ID Filename k Omcnp Obench Ototal (MeV)
BF1 PUMF-001 1.0006 0.0006 0.0020 0.0021 1.26E+00
BE?2 PUMF-002 1.0000 0.0006 0.0020 0.0021 1.27E+00
BF3 PUMF-004-C1 0.9983 0.0007 0.0030 0.0031 1.21E+00
BF4 PUMF-004-C2 0.9969 0.0006 0.0030 0.0031 1.17E+00
BF5 PUMF-005 1.0121 (0.0006 0.0013 0.0014 9.84E-01
BF6 PUME-006 1.0008 0.0007 | "0.0030 0.0031 1.06E+00
BEF7 PUMF-008 1.0081 0.0007 0.0006 0.0009 1.05E+00
BEF8 PUMEF-009 1.0057 0.0006 0.0027 0.0028 1.15E+00
BF9 PUMF-010 1.0003 0.0006 0.0018 0.0019 1.17E+00
BF10 PUMF-012 1.0040 0.0007 0.0021 0.0022 9.52E-01
BF11 PUMF-013 1.0033 -| 0.0007 0.0023 0.0024 7.88E-01
BF12 | PUMF-014 1.0133 0.0006 0.0031 0.0032 7.86E-01
BF13 | PUMF-015 1.0088 0.0007 0.0026 0.0027 9.64E-01
BF14 | PUMF-017-C1 0.9970 0.0006 0.0030 0.0031 7.82E-01
BF15 PUMEF-017-C2 0.9985 0.0007 0.0030 0.0031 3.98E-01
BF16 | PUMF-018 1.0024 0.0006 0.0030 0.0031 9.02E-01
BF17 PUMEF-019 1.0043 0.0006 0.0015 0.0016 7.64E-01
BF18 | PUMF-020 0.9998 0.0007 0.0017 0.0018 1.13E+00
BF19 PUMF-021-C1 1.0068 0.0004 0.0026 0.0026 7.77E-01
‘BF20 | PUMF-021-C2 0.9948 0.0006 0.0026 0.0027 8.64E-01
BF21 PUMF-024 1.0022 0.0007 0.0020 0.0021 6.36E-01
BF22 | PUMF-025 1.0020 0.0006 0.0020 0.0021 1.19E+00
BF23 | PUMF-026 1.0035 0.0007 0.0024 0.0025 1.09E+00
BF24 | PUMF-031 1.0050 0.0007 0.0021 0.0022 1.88E-01
BF25 | PUMF-032 1.0027 0.0007 0.0020 0.0021 1.17E+00
BF26 | PUCM-001-C1 1.0232 0.0009 0.0041 0.0042 9.67E-01
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Table 6-18 — Intermediate Benchmark Experiments

Case EALF
iD Filename k Omenp Obench Ototal (MeV)
BI1 PUCI-001-C1 1.0100 0.0008 0.0110 0.0110 2.98E-04
BI2 PUCM-001-C2 1.0290 0.0013 0.0068 0.0069 1.68E-03
BI3 PUCM-001-C3 1.0279 0.0013 0.0067 0.0068 3.16E-05
BI4 PUCM-001-C4 0.9975 0.0014 0.0066 0.0067 3.80E-05
BI5 PUCM-001-C5 1.0127 0.0014 0.0072 0.0073 1.54E-06
BI6 PUCM-002-C01 1.0300 0.0008 0.0046 0.0047 5.05E-03
BI7 PUCM-002-C02 1.0288 0.0011 0.0046 0.0047 4.42E-03
BI8 PUCM-002-C03 1.0229 0.0011 0.0046 0.0047 3.62E-03
BI9 PUCM-002-C04 1.0192 0.0011 0.0046 0.0047 2.66E-03
BI10 PUCM-002-C05 1.0155 0.0012 0.0046 0.0047 1.99E-03
BI11 PUCM-002-C06 1.0256 0.0012 0.0075 0.0076 9.57E-05
BI12 PUCM-002-C07 1.0244 0.0012 0.0075 0.0076 8.76E-05
BI13 PUCM-002-C08 1.0221 0.0013 0.0075 0.0076 7.10E-05
BI14 PUCM-002-C09 1.0202 0.0012 0.0075 0.0076 5.94E-05
BI15 PUCM-002-C10 1.0337 0.0014 0.0073 0.0074 4.25E-06
BI16 PUCM-002-C11 1.0327 0.0013 0.0073 0.0074 4.63E-06
BI17 PUCM-002-C12 1.0289 0.0013 0.0073 0.0074 5.22E-06
BI18 PUCM-002-C13 1.0294 0.0013 0.0073 0.0074 5.56E-06
BI19 PUCM-002-C14 1.0326 0.0013 0.0073 0.0074 5.69E-06
BI20 PUCM-002-C15 1.0318 0.0013 0.0073 0.0074 5.65E-06
BI21 . | PUCM-002-C16 1.0279 0.0013 0.0073 0.0074 5.25E-06
BI22 PUCM-002-C17 1.0047 0.0013 0.0055 0.0056 4.91E-06
BI23 PUCM-002-C18 1.0129 0.0012 0.0055 0.0056 6.37E-06
BI24 PUCM-002-C19 1.0103 0.0013 | 0.0055 0.0056 6.67E-06
BI25 PUCM-002-C20 1.0141 0.0013 0.0055 0.0057 6.69E-06
BI26 PUCM-002-C21 1.0139 0.0012 0.0055 0.0056 6.82E-06
BI27 PUCM-002-C22 1.0168 0.0013 0.0055 0.0056 6.54E-06
BI28 PUCM-002-C23 1.0075 0.0013 0.0068 0.0069 7.07E-07
BI29 PUCM-002-C24 1.0085 0.0013 0.0068 0.0069 - | 7.15E-07
BI30 PUCM-002-C25 1.0105 0.0012 0.0068 0.0069 7.21E-07
BI31 PUCM-002-C26 1.0125 0.0013 0.0068 0.0069 7.29E-07
BI32 PUCM-002-C27 1.0110 0.0013 0.0068 0.0069 7.42E-07
BI33 PUCM-002-C28 1.0132 0.0013 0.0068 0.0069 7.44E-07
BI34 PUCM-002-C29 1.0133 0.0013 0.0068 0.0069 7.53E-07
BI35 PUMM-001-C81-1 1.0097 0.0008 0.0037 0.0038 4.67E-03
BI36 PUMM-001-C81-1A | 1.0052 0.0008 0.0032 0.0033 3.41E-03
BI37 PUMM-001-C81-2 1.0082 0.0008 0.0025 0.0026 2.46E-04
BI38 PUMM-001-C81-3 1.0099 0.0009 0.0025 0.0026 5.57E-05
BI39 PUMM-001-C81-4 1.0100 0.0008 0.0025 0.0026 1.32E-06
BI40 PUMM-001-C81-5 1.0100 0.0008 0.0025 0.0026 1.28E-06
BI41 PUME-011 0.9976 0.0007 0.0010 0.0012 8.68E-02
BI42 PUMF-027 1.0046 0.0007 0.0022 0.0023 7.11E-02
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Table 6-19 — Thermal Benchmark Experiments

Case EALF

ID Filename k Omenp Obench Gtotal (MeV) H/Pu
BT1 PUST001_C01 1.0037 0.0010 0.0050 0.0051 8.74E-08 352.9
BT?2 PUST001_C02 1.0055 0.0010 0.0050 0.0051 1.11E-07 258.1
BT3 PUST001_C03 1.0071 0.0010 0.0050 0.0051 1.34E-07 204.1
BT4 PUST001_C04 0.9997 0.0010 0.0050 0.0051 1.50E-07 181.0
BT5 PUST001_C05 1.0032 0.0010 0.0050 0.0051 1.58E-07 171.2
BT6 PUST001_C06 1.0061 0.0010 0.0050 0.0051 3.46E-07 86.7
BT7 PUST002_C01 1.0030 0.0010 0.0047 0.0048 7.08E-08 508.0
BT8 PUST002_C02 1.0036 0.0010 0.0047 0.0048 7.24E-08 489.2
BT9 PUST002_C03 1.0015 0.0010 0.0047 0.0048 7.73E-08 437.3
BT10 | PUST002_C04 1.0043 0.0010 0.0047 0.0048 8.06E-08 407.5
BT11 PUST002_C05 1.0054 0.0010 0.0047 0.0048 8.43E-08 380.6
BT12 | PUST002_C06 1.0026 0.0010 0.0047 0.0048 9.23E-08 333.5
BT13 | PUST002_CO7 1.0059 0.0010 0.0047 0.0048 9.96E-08 299.3
BT14 | PUST003_CO01 1.0022 0.0009 0.0047 0.0048 5.78E-08 774.1
BT15 | PUST003_C02 1.0036 0.0009 0.0047 0.0048 5.91E-08 742.7
BT16 | PUST003_CO03 1.0050 0.0009 0.0047 0.0048 6.15E-08 677.2
BT17 | PUST003_C04 1.0009 0.0009 0.0047 0.0048 6.23E-08 660.5
BT18 | PUST003_C05 1.0059 |. 0.0009 0.0047 0.0048 6.48E-08 607.2
BT19 | PUST003_C06 1.0061 0.0010 0.0047 0.0048 6.86E-08 545.3
BT20 | PUST003_C07 1.0046 0.0009 0.0047 0.0048 5.88E-08 714.8
BT21 PUST003_C08 1.0061 0.0010 0.0047 0.0048 5.95E-08 692.1
BT22 | PUST004_C01 1.0030 0.0009 0.0047 0.0048 5.31E-08 981.7
BT23 | PUST004_C02 0.9978 0.0008 0.0047 0.0048 5.33E-08 898.6
BT24 | PUST004_CO03 0.9998 0.0009 0.0047 0.0048 5.42E-08 864.0
BT25 | PUST004_C04 0.9981 0.0009 0.0047 0.0048 5.53E-08 842.0
BT26 | PUST004_C05 0.9993 0.0009 0.0047 0.0048 5.41E-08 780.2
BT27 | PUST004_C06 1.0009 0.0008 0.0047 0.0048 5.44E-08 668.0
BT28 | PUST004_CO07 1.0054 0.0009 0.0047 0.0048 5.53E-08 573.3
BT29 | PUST004_C08 1.0003 0.0009 0.0047 0.0048 5.60E-08 865.0
BT30 | PUST004_C09 1.0004 0.0009 0.0047 0.0048 5.82E-08 872.2
BT31 PUST004_C10 0.9999 0.0009 0.0047 0.0048 6.26E-08 971.6
BT32 | PUST004_C11 : 0.9989 0.0009 0.0047 0.0048 6.79E-08 929.6
BT33 | PUST004_C12 1.0030 0.0009 0.0047 0.0048 5.55E-08 884.1
BT34 | PUST004_CI13 0.9996 0.0009 0.0047 0.0048 5.50E-08 925.5
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Table 6-20 — USL Determination

Benchmark : Range of Applicability
Set Parameter Minimum USL
Fast EALF 0.18775 < X < 1.2668 0.9368
Intermediate EALF 7.0677E-07 <= X <= 0.086784 0.9257
Thermal EALF 5.3086E-08 <= X <= 3.4638E-07 0.9377
All EALF 5.3086E-08 <= X <= 1.2668 0.9316
Thermal H/Pu 86.700 < X < 981.70 0.9403
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6.9 Appendices
6.9.1 PuBe Neutron Source Paper

The reference paper “Plutonium-Beryllium Neutron Sources, Their Fabrication and Neutron
Yield” by R.E. Tate and A.S. Coffinberry (1958) is reproduced on the following pages.
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P/700 USA

Plutonium-Beryllium Neutron Sources, Their Fabrication

and Neutron Yield

By R. E. Tate and A. S. Coffinberry*

The (e, n) nuclear reaction has been utilized for
twenty-five years as a source of nentrons. Mechanical
mixtures were prepared from an alpha emitter, usually
Ra?2 or Po?10, and an element of low atomic number,
usually beryllium. Now, however, nuclear reactors
produce other alpha-emitting isotopes which can also
be used as neutron sources when combined with beryl-
lium.! Of the transuranic elements available as pro-
ducts of reactor operation, plutonium is the most
abundant. An investigation of the neutron-emitting

characteristics of plutonium-beryllium alloys was
" deemed desirable and such work was started at Los
Alamos in 1949. '

It was found that plutonium-beryllium alloys
make very satisfactory neutron sources for low-flux
applications. In particular, the compound PuBe;s
possesses several advantages over mechanical mixtures
of polonium and beryllium or radium and beryllium,
although the yield of neutrons per second per cubic
centimeter is not as large. The neutron yield and
energy spectrum of polonium-beryllium sources vary
with the grain sizes of the constituents, as has been
pointed out by Stewart.? These sources also require
frequent time-dependent yield corrections. Disadvan-
tages of radium-beryllium neutron sources include
their high cost and their high gamma-ray background.
The principal advantage of plutonium-berylijum
sources is the stability of the neutron yield with Tespect
to time, which derives from the 24,360-year half-lifes
of Pu289, The growth in neutron flux is computed to
be only 0.14%, in 20 years if suitable plutonium is used.
Another important characteristic of PuBeys is that it
is the only commonly employed neutron source for
which a specific weight of source material has a known
and predictable neutron yield.

The metallurgical phase diagram of the plutoninm-
beryllium binary system has been reported by Kono-
beevsky 4 and by Schonfeld,® and it is characterized by
a single compound PuBe;s melting at a temperature
estimated to be about 1950°C. The compound is face-
centered cubic and has a measurable range of homo-
geneity.® Tts density, as calculated from X-ray data,
is 4.85 gfem?®. PuBeygs is very brittle; its micrchardness
exceeds 575 kg/mm?2, It is resistant to oxidation and,

* Utiversity of California, Los Alamos Scientific Laboratory,
Los Alamos, New Mexico.
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unlike many intermetallic. compounds of plutonium,
does not disintegrate into hazardous powdery material
in the laboratory atmosphere, :

THE NEUTRON YIELDS

Stewart 2 has determined the neutron spectrum from
a PuBe;g source and by integration has obtained a
total yield of 1.28 x 106 neutrons per second for the
source, or 6.1 x 104 neutrons per second. per gram of
PuBe;3. Considering the possibilities for error in the
method, this value appears to be in reasonably good
agreement with an average value of 6.8 x 104 neutrons
per second per gram obtained by comparing several
specimens of PuBejs with Los Alamos secondary
standards. A value of 6,7 x 104 neutrons per second
per gram for PuBes has been reported by Kono-
beevsky.4 If, not knowing the isotopic composition,
the specific activity of the Plutonium used by Runnalls
and Boucher?! is assumed to be 1.4 x 108 disintegra-
tions per minute per milligram, the neutron yield of
PuBe,3 reported by them is calculated to be approxi-
mately 6.1 x 104 neutrons per second per gram.

When work on the plutonium-beryllium system
was begun at Los Alamos in 1949, calculations were
made to predict the neutron yield as a function of
alloy composition. The method used was one that had
been employed by Bethe? in calculating the proton
yield of the («, p) reaction for fluorine as compared to
the proton yield of calcium fluoride, Because the form
of the plutonium-beryllium phase diagram was
completely unknown, and values of the highest
possible neutron yields throughout the system were
sought, it was assumed in making the calculations that
all compositions consisted of a homogeneous single-
phase alloy (i.e., the plutonium atoms were considered
to be uniformly distributed throughout the beryllium
atoms). It is apparent that, with respect to the («, n)
teaction, plutonium acts strongly as a diluent in alloys
having a high plutonium content and beryllium
similarly dilutes the beryllium-rich compositions, so
that the maximum theoretical neutron yield for the
hypothetical solid solutions, continuous from pure
plutonium to pure beryllium, will occur at some
intermediate composition determined as the resultant
of two effects: (1) The energy of the alpha particles is
dissipated by both plutenium and beryllium atoms in
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proportion to their numbers and to the stopping
powers of the plutonium and berylium atoms. (2)
Alpha particles are supplied for the («, n) reaction in
proportion to the number of plutonium atoms present,
The yield of neutrons per alpha particle from the
alloy is inversely proportional to the stopping power
of the alloy per beryllium atom, i.e.,
neutrons/alpha particle (alloy) ~
1 o
(NPuSI’u +NBesBe)/NBe.
where Spa and Sge are the respective stopping powers
per atom of plutonium and beryllium and Np, and
Nge are the numbers of plutonium and beryllium
atoms. Then, in comparison with pure beryllium,
neutrong/alpha particle (alloy) _
neutrons/alpha particle (pure Be)
' Spe @
{NPuSpu+ NBeSme)/Nue
Since the number of nentrons/alpha particle (pure Be)

In the computation, Seu/Sse is assumed to be inde-
pendent of energy, an assumption which seems to be
approximately correct.®

The number of alpha particles per second pér gram-
atom of alloy may be written as

alpha particles/sec/gram-atom =
6.02x 1023ANpy/(Neu+Nue), (4)

where A is the decay constant for plutonium, i.e., the
number of alpha particles per second per plutonium
atom,

The product of expressions (3) and (4) is the number
of neutrons per second per gram-atom of alloy. This
calculation has been made for a series of compositions
using the best currently available data for Spy, Spe, ¥
and A. The results are tabulated in Table 1 and plotted
in Fig. 1. The yield of PuBeis is listed in Table 1 as
18.1 x 10% neutrons per second per 6.02x 1023 atoms.
Conversion of this value to yield per gram of PuBe;s
gives 7.1 x 104 neutrons per second, to be compared

is the thick target yield ¥ for (, n) reaction in Be, with the best Los Alamos experimental value men-
. tioned above, 6.8 x 101 neutrons per second per gram

neutronsfalpha particle {alloy) = of PuBeys. '
y. Nge @) 1f the actual phase diagram of the plutoninm-—
Npu(Spu/SBe) +Nse' beryllium system represented a continuous series of

Table 1. Calculation of the Theoretical Neutron Yields of Plutonlurﬁ—Beryllium Alloys

- y Alpha particles Neutrons
,‘;ﬁ’:",‘" N ST N5eSpe ""‘;“"””’ ﬂ;’j P per sec
Lirsitium P¥She  NPuSru+ NBoSBe atpha 6,07 om P o
: particle atoms aloms
0.00 5.88 0.0000 0.00 54.2 x 1010 0.0
0.10 5.30 0.0185 1.26 x 10-¢ 48.8 6.2 x 108
0.20 4.71 4.0407 2.77 43.4 12.0
0.30 4.12 0.0677 4.60 37.9 17.4
0.40 3.53 0.1018 6.92 32.5 22.5
0.50 2.94 0.1454 9.88 27.1 26.8
0.60 2.35 0.2063 14.0 21.7 30.4
0.70 1.77 0.2835 19.3 16.3 -31.5
0.80 1.18 0.404 27.5 10.84 20.8
Q.80 0.59 0.604 41.1 542 22.3 |
0.9286~ 0.42 0.689 46.8 © 3.87 18.1 |
1.00 0.00 1.000 68.0 0.00 0.0
s PuBey

Notes on the experimental data used in the calculations:

1. The mean energy for alpha particles from Pu2s® s 5.14 Mev.10
2. The experimental stopping power of plutonium is not available. The stopping power of lead |
for alpha particles is used as an approximation. The mass stopping power of lead for 5.14 Mev |
alpha particlesi? is 0.225 Mev/mg/cm?. . ‘
3. The experimental stopping power of beryllium for alpha particles is not available. The |
stopping power for protons is converted to the stopping power for alpha particles by the relation |
Sa = 4S5y at the same velocity; i.e., at one-fourth the energy. |
The mass stopping power of beryllinm for 1.25 Mev protons™ is 0.220 Mev/mg/cm®. Thus, the
mass stopping power of beryllium for 5§ Mev alpha particles is computed to be 0.88 Mev/mgjcm?2.
4, The mass stopping powers are given in footnotes (2) and (3). However, atamic stopping
wers are required for the ratio SpefSps. The atomic stopping power is related to the mass
stopping power by the relation!2
Sy = SpAd /N,
where 4 is the atomic weight and N is Avagadro’s number. The ratio of the atomic stopping
powers is, therefore,
Spg _ 0.225 x 207
She T T 088x9
5. The thick target yield of beryllium jor 5.14 Mev alpha particles is 88 neutrons per 108 alpha

particles.13 .
6. The decay constant of plutonium is computed from the 24,360-year half-life® by the relation

A = 0.6931/7.

= 5.88.
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solid solutions, then the theoretical neutron yields
would be as expected. However, the existence of the
compound PuBe;s, and the negligible solid solubility
both of plutonium in beryllinm and of beryllium in
plutonium, give rise to alloys which, except in the
case of pure PuBeyg, consist of crystals of PuBejs
distributed thronghout a matrix of either plutonium
or beryllinm. Thus the nentron yield of pure PuBe;g
should lie on the curve of Fig. 1 and have the value
indicated for 92.86 atomic per cent beryllium. But,
for all other compositions, the actual neutron yield
will be less than that computed for solid solution
alloys, and if there were 10 (¢, n) interaction between
the crystals of PuBeys and the matrix phase in which
they are contained, the neutron vield per cubic centi-
meter of alloy would be simply proportional to the
volume of PuBeis per unit volume of alloy. On &
gram-atomic (instead of unit volume) basis, these
yields would lic along the two dashed straight lines in
Fig. 1 identificd as “rule of mixtures” values.

In Fig. 1 are plotted some experimental points
representing the neutron yields of real alloy specimens.
1t is scen that, in the two-phase alloys consisting of
crystals of PuBeis in a matrix of plutonium, the
experimental yields, although smaller than the solid-
solution values, are always greater than those re-
quired by the rule of mixtures. This is because there
arc beryllium atoms near the surface of the PuBeys
crystals that lie within the range of alpha particles
originating in plutonium atoms of the matrix. The
alpha radiation which passes through the interface
from the matrix into PuBe;g augments the alpha-
particle flux within a zone bordering the interface and
thus increascs the rate of («, n) reaction within this
portion of the PuBeig. Because the surface area to
volume ratio depends on crystal size, it follows that,
for a given composition of plutonium-beryllium alloy,
the smaller the PuBeig crystals contained in the matrix

phase, the larger the nentron yield will be. This effect -

is illustrated in Fig. 1 by the experimental points
representing specimens containing different sizes of
crystals, An exiremely fine grain size of the PuBe;g
would, of course, approach the condition of uniformly
distributed atoms realized ideally in a solid solution
or in the crystal structure of pure PuBej;s. Thus,
although higher neutron yields per gram-atom of alloy
are obtainable from alloys richer in plutonium than
PuBe;s, only for the exact composition PuBe,; is the
neutron yield predictable.

In alloys containing more than 92.86 atomic per
cent beryllinm the PuBe;a crystals occur in a matrix of
berylium. Under these circumstances a much smaller
contribution to neutron yield additional to the rule-
of-mixtures value results from a flow of alpha particles
across the interface between the PuBejg and the
beryllium matrix. In this case, alpha particles from
plutonium atoms within the PuBejj, but near the
surface of the crystals, react with beryllium atoms in
the matrix, as well as with those within the compound.
Although not shown in Fig. 1, experimental values
for the neutron yields of these alloys wére found to lie

0x10% i v —
i a SPECIMENS WITH SMALL CRYSTALS OF Pu Be,,

b e ettt vine o = = —_

s SPECIMENS ¥iTH LARGE CRYSTALS OF Py Be,y

{
30z10% -

20x10° [

10x10°

NEUTRONS PER 6022107 ATOMS OF ALLOY

gl 3
o 10 20 30 40

36740 50 80 70 80 90 100
700 ATOMIC PERCENT BERYLLIUM
Figure 1, Neutron yleld of plutonfum~beryliium alloys

in the narrow region between the straight line and the
curve at the extreme right of Fig. 1.

Runnalls and Boucher? have demonstrated nicely
the dependence of neutron yield on the form and
aggregational stute of the component elements. In an
investigation of beryllium-rich alloys of plutonium
they observed, among other similar effects, a marked
increase in neutron yield when the alloys melted.

Because plutonium is a praduct of the nuclear
reactor, its isotopic composition is a function of
reactor characteristics and operation. The stability of
the neutron yield of a pluteninm-bervllium source
depends on the 24,360-year half-life of Pu239, Other
isolopes present are Pu®38, Pu20’ and Pu24l, The
amount of Pu288 with its 83.6-year hali-life in currently
available plutonium is relatively small and the larger
amounts of Pu?40 have a 6580-year half-life. The effect
of these-isotopes on the rate of emission of neutrons is
not significant for periods of ten to ‘twenty years, If,
however, an appreciable amount of Pu2# is present,
the alpha-active daughter Am?23l with its @'}"EE'
halflife alters the number of alpha particles per
second per gram-atom and the virtue of a neutron
source of constant yield is lost.

Coont has calculated that the growth in rate of
cmission from a plutonium~beryllium source is related
to the Pu24l content in the following manner:

@t _ 144 [1—exp(—1186)],

Qo
where
Q: = the ncutron emission rate at the time ¢
years,

18.6 = the mean life of Pu®! in years,

¢ = the time in years from the start of Am®t .

accumulation due to beta decay of Pu?!,
and
Qo= the neuiron emission rate in the absence of
any Am?241,

t J. H, Coon, private communicatinn.
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The quantity % is obtained from the following
expression:

5 1.27a(Pu241)/ T(Am241)

= a{Pu®8)[T(Pu?®) 1 a(Pu2®0) /T (Puz40) )
+1.27(a(Pn?38)/ T (Pu238))

where
& = the relative abundance of the isotope,
and T == the half-life of the isotope.

The numerical factor 1.27 appearing in this ex-
pression for % is the ratio of the number of neutrons
produced by 5.48 Mev alpha particles (Am241 and Pu238)
and by 5.14 Mev alpha particles (Pu23® and Pu240),
This numerical value is taken from the experimental
work of Runnalls and Boucher.?

As a numerical example, the growth in the rate of
neutron emission is 2.6, in 20 yearsfrom a pltonium—
beryllium source prepared from plutonium containing
0.06% Pu?4l. The growth is only 0.04% in 20 years
from a similar source prepared from plutonium con-
taining 0.003%, Pu?4l, Thus it is clear that the most
useful neutron sources to be obtained from plutonium

£ ___SOLDER RING

SOLDER RING

B-24 ns
THREAD

2c SPHERICAL SOURCE CAPSULE 700
Figure 2. Nickel source containers for PuBess

and beryllium have exactly the composition PuBe;s
and are fabricated from plutonium containing a
minimum amount of Pu241,

FABRICATION OF THE SOURCES

Like all alloys of plutonium, those of plutonium and
beryllium are prepared in suitably equipped glove-
boxes in order to minimize the hazards of handling
the plutonium, The first plutonium-beryllium alloys
were prepared at Los Alamos in 1950 by F. W.
Schonfeld, C. R. Tipton, and R. D. Moeller. A satis-
factory method for preparing them is to weigh appro-
priate amounts of the two metals into a beryllium
oxide crocible. It is important to load the heavy
plutonium metal on top of the lighter beryllium metal.
Because the size of the melts is kept small for health
physics reasons, it is helpful to load a single piece of
each metal in order to obtain good alloying. If several
small pieces are loaded, some may hang onto the
crucible wall and not enter the melt. The crucible is
heated by means of 2 tantalum susceptor in an induc-
tion furnace conteining an argon atmosphere, At
compositions corresponding to PuBe;s, the two ele-
ments react vigorously as the temperature approaches
1150°C, and the heat of this reaction suddenly
carries the temperature of the small mass to approxi-
mately 1400°C. This exothermic reaction yields a
friable mass having the character of coke. If the mass
1s further heated to about 2000°C it coalesces. Upon
cooling, a hard, brittle ingot of PuBe,s is obtained
which possesses evidence of considerable solidification
shrinkage. Runnalls and Boucher! have reported
another method of preparation, namely, the reduction
of plutonium trifluoride by powdered beryllium.
After the reduction, beryllium trifluoride is distilled
off leaving a fluoride-free alloy of plutonium and
berylliurm,

The alloys are encapsulated in order to permit their
being handled in the laboratory without danger of
spreading radioactive contamination. Capsules suit-
able for containing PuBeig should meet the following
requirements:

1. They must be rugged in order to minimize the
possibility of breaking a container. '

2, They must be easily loaded and permit rapid
sealing in order to minimize nentron exposure to
personnel preparing the sources.

8. The seal must be tight in order to preclude the
possibility of spreading radicactive material.

4. Magnetic containers are desirable, as they lend
themselves to remote handling by magnetic methods.

Three styles of containers which have been evolved
at Los Alamos are illustrated in Fig. 2. The one-inch
cylindrical container was designed for a source strength
of 108 neutrons per second, the larger spherical con-
tainer for 4.5x 108 neutrons per second, and the
smaller spherical container for 6x 104 neutrons per
second. Nickel has proved to be a satisfactory material
from which to machine these capsules.
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Loading and sealing the capsules is done in glove-
boxces. The cylindrical container (Fig. 24)-is loaded
with crushed PuBejz. Lumps of the compound, either
the coke-like material or dense material produced by
melting, are placed in the container. The lumps are
simultaneously crushed and packed to a bulk density
of approximately 3.7 g/cm3 by ramming them with a
suitable tool. The spherical containers (Figs. 2% and
2¢) are loeded with a lump of material that has been
melted and solidified in a beryllinm axide crncible.
Frequently, in breaking the crucible away from the
compound, the lump of compound is broken. This may
make it difficult to fit the material into the container.
Even if the lump is a single piece, the most compact
source suggested by the X-ray density is niot obtained
because of a pipe formed in the ingot on solidification.

Capsules are sealed by induction brazing, using a
preplaced hard solder ring. A solder containing 56%,
silver, 229%, copper, 179, zinc, and §%, tin (American
Platinum Works Silvaloy No. 355) and a paste-type
flux containing flucrides and borates (Handy and
Harmon Handyflux) have been found to give satis-
factory results. The joint and solder are coated with a
minimum amount of flux, the solder ring is positioned,
and the flux is permitted to dry before the capsule is
placed in the contaminated glove-box. After the
capsule is loaded, it is placed in a soldering jig. For
the smallest source the soldering jig is also used to
- hold the capsule during loading. Heat for soldering is
applied by means of a single-turn coil connected to a
rf transformer. After soldering, traces of oxidation and
flux are removed from the capsule by pickling it in a

hot solution of hydrochloric acid and cupric chloride.
It is then rinsed in hot water. )
Before each capsule is considered to be satisfactory,
it must pass & leak test. This test is conducted by
placing the capsule in a small pressure vessel in which
a helium atmosphere is raised to a pressure of 200 psi.

- After 30 minutes the pressure is released, and the

capsule is dropped into ethanol or a similar liquid
having low surface tension. Leaks are indicated by
helium bubbles streaming from the capsule. Containers
which leak may be resoldered, or they may be opened
and the material recanned.

Because all of the canning operations' have taken
place in a group of contaminafed glove-boxes, the
exterior of the capsule is contaminated and must be
cleaned. This is done best by scrubbing the capsule to
remove loose material from the surface and then
vapor plating it in an atmosphere of nickel carbonyl
to form a coating 5 mils thick.

The final step in the. preparation of these sources is
to have them calibrated in a graphite column using
the technique described by Graves and Froman.?
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6.9.2 PuBe Soufce Dimensions

The following page shows a scanned copy of the original data sheet from Monsanto Research
Corporation dated September 5, 1961 showing PuBe neutron source and container dimensions.
This information is representative of PuBe neutron sources, but is not intended to represent
actual dimensions of all sources to be placed in this container, since PuBe sources were also
generated by other manufacturers and custom sizes may exist.
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6.9.3 Computer Input Listing

Four sample array cases are provided to illustrate the various packaging and payload models.
The single package cases have the same geometry except with a 12 inches water reflector.

o NCT Array, Case C1, Filename NA_II. W000

J HAC Array, Case D32, Filename HA_II_ R3_WI100_WTO000
e HAC Array, Case G2, Filename HAF_II_C2

e HAC Array, Case H5, Filename HAF_IIT_C2_W100

Case C1, Filename NA_II_W000
S300

10 4 -3.7 11 -21 -20 imp:n=1 $ PuBe
15 0 (20:21) 11 -12 -14 imp:n=1 $ inside SFC
20 2 -7.94 (-11:12:14) 10 -13 -15 imp:n=1 $ SFC
30 1 -0.92 (-10:13:15) 33 -34 -30 imp:n=1 $ poly
40 2 -7.94 (-33:34:30) 32 -35 -31 imp:n=1 $ pipe
50 0 (-32:35:31) =50 imp:n=1 $ water
999 0 50 imp:n=0
10 pz O $ bottom of SFEC
11 pz 1.27 $ inside bot SFC
12 pz 25.9588 $ inside top SFC
13 pz 29.845 $ top of SEC
14 cz 2.6194 $ IR SFC
15 cz 3.81 $ OR SFC
c
20 cz 1.6510 $ PuBe radius
21 pz 17.7302 $ PuBe height (-1.27)
c
30 cz 15.6997 $ IR pipe
31 cz 16.256 $ OR pipe
32 pz -15.7963 $ bottom of pipe
33 pz -15.24 $ inside bot of pipe
34 pz 45.085 $ inside top of pipe
35 pz 45.6413 $ top of pipe
c
40 cz 46.736 $ reflector
41 pz -46.2763 $ reflector
42 pz 76.1213 $ reflector
c
*50 hex 0 0 -15.8 0 0 61.5 0 16.257 0
mode n
c
¢ pure polyethylene (density = 0.92 g/cc)
ml 1001.62¢c 2 SMAT
6000.66¢C
mtl poly. 60t
c
¢ 304SS (density = 7.94 g/cc)
m2 6000.66c -0.08
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14000.60c -1.0
15031.66¢c -0.045
24000.50c -19.0
25055.62c -2.0
26000.55¢ -68.375
28000.50c -9.5

c

m3 1001.62c¢ 2 $ water
8016.62c 1

mt3 lwtr.60t

c

c source material Pu-Bel3 (density = 3.7 g/cc)
mé 94239.69c 1

4009.62c 13
c
kcode 2500 1.0 50 250
sdef pos=0.0 0.0 1.27

ext=d2 rad=d3 axs=0 0 1 cel=10

si2 0 16.4602 :
si3 1.651

Case D32, Filename HA_II_R3_WI100_WT000

S300

10 0 -51 10 -53 fill=2 imp:n=1

15 3 -1.0 (51:-10:53) 54 -55 =52 imp:n=1

999 0 -54:55:52 imp:n=0

c

c Universe 1: SFC

c

100 4 -3.7 11 =21 -20 imp:n=1 u=1 $ PuBe
105 3 -1.0 11 -21 20 -14 imp:n=1 u=1 $ water beside PuBe
110 0 21 =12 -14 imp:n=1 u=1 $ water above PuBe
120 2 -7.94 (-11:12:14) 10 -13 -15 imp:n=1 u=1l $ SFC
130 0 -10:13:15 imp:n=1 u=1 $ between
c

C Universe 2: Array

C v

200 0 ~50 fill=1 lat=2 imp:n=1 u=2

10 pz O $ bottom of SFC

11 pz 1.27 $ inside bot SFC

12 pz 25.9588 $ inside top SFC

13 © pz 29.845 $ top of SFEC

14 cz 2.6194 $ IR SFKC

15 cz 3.81 $ OR SFC

c

20 cz 1.6510 $ PuBe radius

21 pz 17.7302 $ PuBe height (-1.27)

c . .

50 hex 0 0 0 0 0 29.845 3.811 0 0 $ lattice
51 cz 43.2679 $ inner reflector

52 cz 73.7479 $ outer reflector

53 pz 89.535 $ top of array

54 pz -30.48 $ bottom reflector

55 pz 120.015 S top reflector
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mode n
c

¢ pure polyethylene (density = 0.92 g/cc)

ml 1001.62c 2 SMAT
6000.66¢ 1

mtl poly.60t

c

¢ 304S8S (density = 7.94 g/cc)

m2 6000.66¢c -0.08
14000.60c -1.0
15031.66¢c -0.045
24000.50¢ -19.0
25055.62¢ =-2.0
26000.55¢c -68.375
28000.50c -9.5

c

m3 1001.62c 2 $ water
8016.62c 1

mt3 lwtr.60t

o -

c source material Pu-Bel3 (density = 3.7 g/cc)

m4 94239.69¢ 1
4009.62c 13

c

kcode 2500 1.0 50 250

sdef pos=0.0 0.0 0.0 ext=d2 rad=d3 axs=0 0 1
siz2 0 77

si3 44

Case G2, Filename HAF_II_C2
5300

10 0 -51 10 -13 fill=2
15 3 -1.0

999 0 -54:55:52

c

c Universe 1: SFC

C

p:
(51:-10:13) 54 -55 =52 imp:
P

100 4 9.8852E-02 11 -12 -14 imp:n=1 u=1 $ Pu homo
120 2 -7.94 (-11:12:14) 10 -13 -15 imp:n=1 u=1 $§ SFC
130 3 -1.0 -10:13:15 imp:n=1 u=l $ between
c
c Universe 2: Array
c
200 0 -50 lat=2 imp:n=1 u=2
£i11=-5:5 -5:5 0:0
33333333333
33333333333
33333333333
33331111133
33311111133
33311111333
33111111333
33311133333
33333333333
33333333333
33333333333
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c
c
c
300
301

10
11
12
13
14
15
c
20
21
o
50
51
52
53
54
55
56

mode
c .

c pure polyethylene (density = 0.92 g/cc)

nl 1001.62c¢c 2 SMAT
6000.66¢C 1

mtl poly.60t

c

¢ 304S8SS (density = 7.94 g/cc)

m2 6000.66c -0.08
14000.60c -1.0
15031.66¢c -—-0.045
24000.50c -19.0
25055.62¢ -2.0
26000.55¢c -68.375
28000.50c -9.5

c

m3 1001.62c 2 $ water
8016.62c 1

mt3 lwtr.60t

o ;

c source material Pu

m4 94239.69¢c 1.4201E-03

1001.62c 6.4955E-02

8016.62c 3.2477E-02

c Total 9.8852E-02

mt4 lwtr.60t

o}

kcode 2500 1.0 50 250

sdef pos=0.0 0.0 0.0 ext=d2 rad=d3 axs=0 0 1

si2 0 25

si3 18

Universe 3: Water

3 -1.0 ~56 imp:n=1 u=3

3 -1.0 56 imp:n=1 u=3

pz O $ bottom of SFC

pz 1.27 $ inside bot SFC

pz 25.9588 $ inside top SFC

pz 29.845 $ top of SFC

cz 2.6194 $ IR SEC

cz 3.81 S OR SFC

cz 1.4107 $ Pu radius

pz 4.0915 $ Pu height (-1.27)
hex 0 0 0O 0 0 29.845 3.811 0 0O
cz 25 $ inner reflector

cz 55.48 $ outer reflector
pz 89.535 $ top of array
pz -30.48 $ bottom reflector
pz 60.325 $ top reflector

so 100000 $ dummy

n
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Case H5, Filename HAF ITI_C2_W100
. S300
10 0 -51 10 -13 fill=2 imp:n=1
15 3 -1.0 (51:-10:13) 54 =55 =52 imp:n=1
999 0 -54:55:52 imp:n=0
c
c Universe 1l: SFC
o -
100 4 9.7462E-02 11 ~12 -14 imp:n=1 u=1 $ Pu homo
120 2 =-7.94 (-11:12:14) 10 -13 -15 imp:n=1 u=1 $ SFC
130 3 -1.0 -10:13:15 imp:n=1 u=1l $ between
c
C Universe 2: Array
c
200 0 -50 lat=2 imp:n=1 u=2
fill=-5:5 -5:5 0:0
33333333333
33333333333
33333333333
33331111133
33311111133
33311111333
33111111333
33311133333
33333333333
.33333333333
33333333333
c
. o] Universe 3: Water
c
300 3 -1.0 =56 imp:n=1 u=3
301 3 -1.0 56 imp:n=1 u=3
10 pz O $ bottom of SFC
11 pz 1.27 $ inside bot SFEC
12 pz 13.8906 $ inside top SFC
13 pz 17.78 $ top of SFC
14 cz 1.905 $ IR SFC
15 cz 3.175 $ OR SFC
c
20 cz 1.4107 $ Pu radius
21 pz 4.0915 $ Pu height (-1.27)
c
50 hex 0 0 0 0 0 29.845 3.176 0 0 $ lattice
51 cz 21 inner reflector

outer reflector
top of array
bottom reflector
top reflector
dummy

52 cz 51.48
53 pz 35.56
54 pz -30.48
55 pz 48.26
56 so 100000

ROIE IR O IGO0

mode n
c
c pure polyethylene (density = 0.92 g/cc)

ml 1001.62c '~ 2 SMAT
. 6000.66¢ 1
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mtl poly.60t

c

c 3048S (density = 7.94 g/cc)

m2 6000.66¢c -0.08
14000.60c -1.0
15031.66¢c -0.045
24000.50c -19.0
25055.62¢ -2.0
26000.55¢ -68.375
28000.50c -9.5

c .

m3 1001.62c¢ 2 $ water
8016.62c 1

mt3 lwtr.60t

c

c source material Pu

m4 94239.69c 2.8012E-03 $H= 12.6206

1001.62c 6.3107E-02 $M= 160
8016.62c 3.1554E-02

c Total 9.7462E-02

mt4é 1lwtr. 60t

c

kcode 2500 1.0 50 250

sdef pos=0.0 0.0 0.0 ext=d2 rad=d3 axs=0 0 1
siz2 0 14
s1i3 18

6.9.4 Air Transport Criticality Analysis

The applicable licensing requirements for air transport of fissile material are contained in 10
CFR 71.55(f) and TS-R-1, §680. These requirements are implemented by assuming that the
S300 packaging materials and contents are reconfigured in the most reactive spherical geometry,

reflected by 20 cm of water.

The analysis is performed for 210 g Pu-239, which bounds the non-exclusive use limiting value
of 206 g Pu-239. The analysis demonstrates that the package is safely subcritical when
reconfigured as described above. The air transport analysis applies to both the neutron source
payload and general payload, as separation of the plutonium and beryllium is considered.

The criticality analysis for air transport is performed using the KENO V.a module of the
SCALES code package. Note that the criticality analysis in the earlier part of this chapter was
performed using MCNP5 v1.40. KENO rather than MCNP is utilized for the air transport
calculations. Both programs are well-accepted in the criticality community and generate similar
results. Because KENO V.a is used in the air transport analysis, the air transport analysis utilizes

its own benchmarks and has a separate USL.

The approach is to assume that all of the contents and packaging material arrange in the most
reactive spherical geometry in the air transport accident. Because the S300 contains a large mass
of polyethylene, which is a superior moderator and reflector than water, the most reactive case is
essentially 210 g Pu-239 optimally moderated and reflected with polyethylene. The most

reactive conditions has ks = 0.8930, which is less than the USL of 0.9377.
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6.9.4.1 General Considerations
6.9.4.1.1 Model Configuration : l

Because the package will likely be severely damaged or destroyed as the result of a design basis
aircraft accident, it is assumed that all source and packaging material for a single S300 may
reconfigure in the most reactive geometry. The source may be moderated with the packaging
materials, but it is assumed that the source is not moderated with water (i.e., no water intrusion).
This approach is consistent with 10 CFR 71.55(f) (2). In any case, because the S300 has a large
mass of polyethylene, which is a superior moderator and reflector compared to water, allowing
water intrusion into the fissile sphere would reduce the reactivity.

Before the model can be defined, the mass of the constituent materials must first be determined.
The S300 source and packaging materials are defined in Table 6-21. The densities reported are
from the SCALE5 manual®. Note that the plutonium and beryllium densities are for pure metals,
and not the densities within the PuBe source material. The dunnage (made of fibrous cellulose
material) is neglected because it will have a negligible effect on the reactivity compared to the
other materials.

The source is assumed to be comprised of 210 g of plutonium. Because the ratio of beryllium to
plutonium atoms is 13:1 within the PuBe source, the mass of beryllium is computed to be 103 g.

The total polyethylene mass includes both the shield insert and drum liner. The mass of
polyethylene used, 120 1b, bounds the summed masses of the 90-1b shield insert (Table 2-1) and
of the 110-mil, Type IV poly drum liner. Because the quantity of polyethylene is large, there is
sufficient polyethylene to both optimally moderate and reflect the plutonium.

The PuBe source may be clad in an inner layer of tantalum and an outer layer of stainless steel.
The dimensions of these materials are shown in Section 6.9.2, PuBe Source Dimensions.
Because the source mass (210 g Pu) does not correspond to an actual physical source, the masses
of stainless steel and tantalum in the source are computed in an approximate manner by
multiplying the respective quantities for a 160 g Pu source by 1.5. These values are reported in
Table 6-21. The analysis shows, however, that the mass of tantalum and stainless steel do not
affect the conclusions and are not required to be present as sealed source cladding.

Stainless steel is also present in both the special form capsule and the pipe component. The mass
of a Model II special form capsule may be derived from the dimensions provided on Figure 1-3.
From this figure, the overall length and OD is 11.75-in and 3-in, respectively. The inner cavity
has a diameter of 2.0625-in and length of approximately 11.75 - 0.75 - 0.78 = 10.22-in. Based
on these dimensions, the Model II mass is computed to be 6.4 kg. From Table 2-1, the pipe
component has a mass of 180 pounds. Therefore, the total mass of stainless steel, when
combining the source cladding, special form capsule, and pipe component, is approximately 88.3

kg.
The drum is fabricated of carbon steel with an approximate mass of 60 pounds, or 27.3 kg.

A number of model configurations are developed. Each model is composed of concentric
spheres, with the innermost sphere as a mixture of plutonium and polyethylene. The remaining

* Standard Composition Library, ORNL/TM-2005/39, Version 6, Vol. III, Sec. M8, January 2009.
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packaging materials are utilized as reflectors, and the outermost layer is always 20 cm of water.

- The beryllium, while bound to the plutonium, is modeled both within the fissile sphere and

external to the fissile sphere to determine the most reactive configuration. In each series of
cases, the H/Pu ratio is adjusted over the range from 600 to 1,300 to determine the most reactive
condition. '

A total of five configurations are developed. These configurations are summarized in Table
6-22. In Configurations A through D, the plutonium and beryllium are assumed to separate,
while in Configuration E, the plutonium and beryllium are assumed to remain mixed. In
Configuration A, only sufficient polyethylene needed to moderate the fissile sphere is utilized.
The remaining polyethylene is ignored and the fissile sphere is reflected with water.
Configuration B is similar to Configuration A, although the polyethylene not needed to moderate
the fissile sphere is treated as a reflector. Configuration C is similar to Configuration B,
although the beryllium is treated as an additional reflector. Configuration D is similar to
Configuration C, except the carbon steel, stainless steel, and tantalum are treated as additional
reflectors. Configuration E is similar to Configuration B, although beryllium is added to the
fissile sphere.

The radius of each region is determined using the masses and densities defined in Table 6-21.
The geometry of each configuration is summarized in Table 6-23. The number densities within
the fissile sphere are also provided in this table.

As an example, the geometry of Configuration B is shown in Figure 6-8. The geometries of the
other configurations are similar and may be inferred from the data in Table 6-22 and Table 6-23.

6.9.4.1.2 Material Properties
The fissile sphere number densities are provided in Table 6-23.

The reflecting materials are comprised of stainless steel, carbon steel, beryllium, polyethylene,
tantalum, and water. The default material properties and densities within SCALE are utilized for
these materials. :

6.9.4.1.3 Computer Code and Cross Section Libraries

Calculations are performed with the three-dimensional Monte Carlo transport theory code,
KENO-V.a v5.0.2°. Note that in the standard single package and array criticality analyses,
MCNP5 and not KENO is used in the analysis. KENO is used for the air transport calculations
because the geometry is simple, and the use of KENO facilitates the input preparation.

The SCALE-PC v5, CSAS25 utility is used as a driver for the KENO code. In this role, CSAS25
determines nuclide number densities, performs resonance processing, and automatically prepares -
the necessary input for the KENO code based on a simplified input description. The 238 energy-
group (238GROUPNDFY)), cross-section library based on ENDF/B-V cross-section data is used

as the nuclear data library for the KENO-V.a code.

The KENO code has been used extensively in the criticality saféty industry. KENO-V.a is an
extension of earlier versions of the KENO code and includes many versatile geometry
capabilities and screen plots to facilitate geometry verification. The KENO-V.a code and the

S SCALE: A Modular Céde System for Performing Standardized Computer Analyses for Licensing Evaluation,
ORNL/TM-2005/39, Version 5, Vols. I-III, April 2005.

’
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associated 238GROUPNDEF5 cross-section data set are validated for proper operation on the PC
platform by performing criticality analyses of a number of relevant benchmark criticality
experiments. A description of these benchmark calculations, along with justification for the
computed bias in the code and library for the relevant region of apphcablhty is provided in
Section 6.9.4.3, Air Transport Benchmarkzng Evaluation.

Models are run with 1000 neutrons per generation for 850 generations, skipping the first 50. The
'1-sigma uncertainty is approximately 0.001 for all cases.

6.9.4.1.4 Demonstration of Maximum Reactivity

Maximum reactivity is demonstrated by optimally moderating and reflecting 210 g of Pu-239
with the available polyethylene and 20 cm of water. The stainless steel, carbon steel, and
tantalum are also used as reflectors, but are less reactive than the polyethylene reflector and
therefore are not required to be present as sealed source cladding. The configuration that utilizes
beryllium mixed with plutonium is statistically equivalent to the configuration that utilizes
beryllium as an independent reflector. The most reactive case is Configuration E, Case TES5,
with H/Pu = 1000 and ks = 0.8930. This value is less than the USL of 0.9377.

Table 6-21 — Packaglng/Source Materlals and Masses

Solid -
_ Den5|t3y :
Material (g/lcm”) Item Mass (Ib) Mass (kg)
Pu-239 19.84 . Source - 0.21
- Beryllium 1.85 Source -- 0.10 -
Tantalum 16.6 Source - 0.4
Polyethylene 0.92 Packaging 120 54.4
Source -- 0.3
Spedalom |
Stainless steel 7.94 Pipe ?
component - 180 81.6 ;
Total - - }
Carbon steel 7.8212 Drum 60
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Table 6-22 — Model Configurations

Configuration

Fissile Sphere (R)

Reflector

A

Plutonium/polyethylene

: Water

B

Plutonjum/polyethylene

: Polyethylene
: Water

C

Plutonium/polyethylene

: Beryllium
: Polyethylene
: Water

Plutonium/polyethylene

: Beryllium

: Carbon steel

: Stainless steel
: Tantalum

: Polyethylene
: Water

Plutonium/polyethylene/beryllium

: Polyethylene
: water
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Table 6-23 — Geometry and Number Densities

Configuration A
H/Pu Ri(cm) | . R, (cm) (atzrl:ﬂzb??:m) (atoml;lb-cm) (atom(l:b-cm)
600 9.8709 29.8709 1.3131E-04 | 7.8789E-02 3.9394E-02
700 10.3900 30.3900 1.1260E-04 7.8818E-02 3.9409E-02
800 10.8619 30.8619 9.8551E-05 7.8841E-02 3.9420E-02
900 11.2960 31.2960 8.7620E-05 7.8858E-02 3.9429E-02
1000 11.6991 31.6991 7.8872E-05 7.8872E-02 3.9436E-02
1100 12.0762 32.0762 7.1712E-05 7.8883E-02 3.9441E-02
1200 12.4311 32.4311 6.5744E-05 7.8892E-02 3.9446E-02
1300 12.7668 32.7668 6.0693E-05 7.8900E-02 3.9450E-02
Configuration B

H/Pu R, (cm) R, (cm) R; (cm) I:I)\:e l:::;ﬁ;

600 9.8709 , 241727 441727 )

700 10.3900 24.1727 44.1727

800 10.8619 241727 44.1727 Number

900 11.2960 24.1727 44.1727 | densities the

1000 11.6991 241727 | 44.1727 Same as

Configuration

1100 12.0762 24.1727 44,1727 A

1200 12.4311 24.1727 44.1727 -

1300 12.7668 24.1727 44,1727

(continued)
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Table 6-23 — Geometry and Number Densities (concluded)

Configuration C
HPu | Ricm) | Ry(cm) | Rs(cm) | Rs(cm) D"L‘:I’:ft’;;
600 9.8709 9.9161 24.1802 44.1802
700 10.3900 | 10.4309 24.1802 44.1802
800 10.8619 10.8993 24.1802 44.1802 Number
900 11.2960 | 113306 | 24.1802 | 44.1802 | de;‘::::i;he
1000 11.6991 11.7314 241802 [ 44.1802 | Gonouration
1100 12.0762 12.1065 24.1802 44.1802 A
1200 12.4311 12.4596 24.1802 44.1802
1300 . 12.7668 12.7939 24.1802 44.1802,
Configuration D
HlEu Ry(cm) | R;(cm) R; (cm) R4 (cm) R;s (cm) Rs (cm) | Ry (cm) [I)\L l:::itt)gs
600 9.8709 9.9161 12.1770 | 16.4603 | 164675 | 26.0258 | 46.0258
700 10.3900 | 10.4309 | 125263 | 16.6546 | 16.6618 | 26.0258 | 46.0258
800 10.8619 | 10.8993 12.8571 16.8446 16.8516 26.0258 | 46.0258 Number
900 | 11.2060 | 11.3306 | 13.1718 | 17.0303 | 17.0372 | 26.0258 | 46.0258 de;‘asgfz;he
1000 | 116991 [ 117314 | 134720 | 172121 | 17.2188 | 26:0258 | 46.0258 | copmipuration
1100 | (12.0762 | 12.1065 | 13.7595 | 17.3902 | 17.3967 | 26.0258 | 46.0258 A
1200 | 124311 | 12.4596 | 14.0354 | 17.5646 | 17.5710 | 26.0258 | 46.0258
1300 | 12.7668 | 12.7939 | 14.3008 | 17.7357 | 17.7420 | 26.0258 | 46.0258
Configuration E
Pu-239 H C Be -
H/Pu Ri(em) | Rp(cm) | Rs(cm) (atom/b-cm) | (atom/b-cm) | (atom/b-cm) | (atom/b-cm)
600 9.9161 24.1802 | 44.1802 | 1.2953E-04 7.7716E-02 3.8858E-02 1.6838E-03
700 104309 | 24.1802 | 44.1802 | 1.1128E-04 7.7896E-02 3.8948E-02 1.4466E-03
800 10.8993 | 24.1802 | 44.1802 | 9.7540E-05 7.8032E-02 3.9016E-02 1.2680E-03
900 11.3306 | 24.1802 | 44.1802 | 8.6820E-05 7.8138E-02 3.9069E-02 1.1287E-03
1000 11.7314 | 24.1802 | 44.1802 | 7.8223E-05 7.8223E-02 3.9111E-02 1.0169E-03
1100 12.1065 | 24.1802 | 44.1802 | 7.1175E-05 7.8293E-02 3.9146E-02 9.2528E-04
1200 12.4596 | 24.1802 | 44.1802 | 6.5292E-05 7.8351E-02 3.9175E-02 8.4880E-04
1300 12.7939 | 24.1802 | 44.1802 | 6.0308E-05 7.8400E-02 3.9200E-02 7.8400E-04
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6.9.4.2 Air Transport Results

The geometry and materials of the various configurations investigated are summarized in Section
6.9.4.1.1, Model Configuration, and Section 6.9.4.1.2, Material Properties. The results of the
five configurations analyzed are reported in Table 6-24. The most reactive case for each
configuration is listed in boldface. Note that in all cases, the most reactive condition occurs for
H/Pu of either 900 or 1000. These variations are most likely the result of statistical fluctuation.

In Configuration A, water is the only reflector, while in Configuration B, the polyethylene not
used to moderate the plutonium is also used as a reflector. Configuration B is more reactive than
Configuration A, which is expected because polyethylene is a superior neutron reﬂector than
water.

Beryllium is a superior neutron reflector than polyethylene, so in Configuration C, a beryllium
reflector is added next to the fissile sphere. However, because very little beryllium is available,
the thickness of the beryllium reflector is small, and the react1v1t1es of Configurations B and C
are statistically equivalent.

In Configuration D, the remaining metals (i.e., carbon steel, stainless steel, and tantalum) are
added in successive layers between the beryllium and polyethylene reflectors. The reactivity
drops slightly, indicating that the reflection provided by the metals is slightly less than the

reflection provided by the polyethylene. Therefore, it is conservative to neglect these metals.

In Configuration E, the beryllium is assumed to remain bound to the plutonium, which is the
most likely scenario based on the nature of the PuBe alloy. Only polyethylene and water are
used as reflectors, as it has been established that inclusion of the metals lowers the reactivity.
The reactivity of Configuration E, Case TEJ, is the most reactive of all models, with H/Pu =
1000 and ks = 0.8930. However, the maximum reactivities of Configurations B, C, and E are
statistically equivalent, and the presence of beryllium in the model has essentially no influence
on the results. All results are below the USL of 0.9377.
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Table 6-24 — Air Transport Results

Configuration A

Case ID Filename HIX k o k+2c
TA1 PW 600 0.8539 0.0011 0.8561
TA2 PW 700 0.8682 0.0012 0.8706
TA3 - PW 300 0.8765 0.0010 (0.8785
TA4 PW 900 0.8781 0.0010 0.8801
TAS PW 1000 0.8801 0.0009 0.8819
TAG6 PW 1100 0.8799 0.0010 (.8818
TAT7 PW 1200 0.8768 0.0011 0.8790
TAS8 PW 1300 0.8723 0.0009 0.8741

Configuration B

Case ID Filename H/X k (] k+2c
TB1 PPW 600 0.8697 0.0010 0.8717
TB2 PPW 700 0.8814 0.0010 0.8833
TB3 PPW 800 0.8864 0.0010 0.8884
TB4 PPW 900 0.8894 0.0010 0.8914
TB5S PPW 1000 0.8905 0.0010 0.8925
TB6 PPW 1100 0.8885 0.0010 0.8905
TB7 PPW 1200 0.8859 0.0009 0.8877
TB8 PPW 1300 0.8807 0.0010 0.8827

Configuration C

Case ID Filename H/X k ] k+2c
TC1 PBPW 600 0.8716 0.0010 0.8736
TC2 PBPW 700 0.8804 0.0011 0.8826
TC3 PBPW 800 0.8881 0.0010 0.8901
TC4 PBPW 900 0.8904 0.0011 0.8926
TC5 PBPW 1000 0.8905 0.0010 0.8925
TC6 PBPW 1100 0.8884 0.0009 0.8903
TC7 PBPW 1200 0.8863 0.0011 0.8885
TC8 PBPW 1300 0.8792 0.0009 0.8810

Configuration D

Case D Filename HIX k (4] k+2c
TDI1 PBCSTPW 600 (0.8666 0.0011 0.8688
TD2 PBCSTPW 700 0.8797 0.0009 0.8815
TD3 PBCSTPW 800 0.8857 0.0010° 0.8877
TD4 PBCSTPW 900 0.8871 0.0010 0.8891
TD5 PBCSTPW 1000 0.8867 0.0010 (0.8887
TD6 PBCSTPW 1100 0.8851 0.0010 0.8870
TD7 PBCSTPW 1200 0.8789 0.0010 0.8809
TD8 PBCSTPW 1300 0.8753 0.0009 0.8771

(continued)
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Table 6-24 — Air Transport Results (concluded)

Configuration E
Case ID Filename H/X k o k+2c
TE1 PBMIXPW 600 0.8657 0.0010 0.8677
TE2 PBMIXPW 700 0.8801 0.0010 0.8821
TE3 PBMIXPW 800 0.8869 0.0010 0.8888
TEA4 PBMIXPW 900 0.8901 0.0010 0.8921
TES PBMIXPW 1000 0.8910 0.0010 0.8930
TE6 PBMIXPW 1100 0.8887 0.0010 0.8907
TE7 PBMIXPW 1200 0.8836 0.0010 0.8855
TE8 PBMIXPW 1300 0.8809 0.0010 0.8829

Fissile
Sphere

R;

Figure 6-8 — Configuration B Sample Geometry
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6.9.4.3 Air Transport Benchmarking Evaluation

The KENO-V.a Monte Carlo criticality code has been used extensively in criticality evaluations.
The 238 energy-group, ENDEF/B-V cross-section library employed here has been selected based
on its relatively fine neutron energy group structure. This section justifies the validity of this
computation tool and data library combination for application to the S300 air transport criticality
analysis.

The ORNL USLSTATS code, described in Appendix C, User’s Manual Jor USLSTATS V1.0, of
NUREG/CR-6361°, is used to establish an upper subcriticality limit, USL, for the analysis.
Computed multlphcatlon factors, ker, are deemed to be adequately subcritical if the computed
value of ke plus two standard deviations is below the USL as follows:

The USL includes the combined effects of code bias, uncertainty in the benchmark experiments,
uncertainty in the computational evaluation of the benchmark experiments, and an administrative
margin of subcriticality. The USL is determined using the confidence band with administrative
margin technique (USLSTATS Method 1). The result of the statistical analysis of the
benchmark experiments is a USL of 0.9377. Due to the significant positive bias exhibited by the
code and library for the benchmark experiments, the USL is constant with respect to the various
parameters selected for the benchmark analysis.

6.9.4.3.1 Applicability of Benchmark Evaluations

A total of 196 benchmark experiments of water-reflected solutions of plutonium nitrate are
evaluated using the KENO-V.a Monte Carlo criticality code with the SCALE-PC v5, 238
energy-group, ENDF/B-V cross-section library. The benchmark cases are evaluated with respect
to two independent parameters: 1) the H/Pu ratio, and 2) the average fission energy group
(AEG).

Detailed descriptions of the benchmark experiments are obtained from the OECD Nuclear
Energy Agency s International Handbook of Evaluated Criticality Safety Benchmark
Experiments’. The critical experiments selected for this analysis are presented in Table 6-25.
Experiments with beryllium and Pu as the fissile component are not available. The only
experiments with beryllium in the thermal energy range identified from the OECD Handbook
contained U-233 as the fissile isotope. Thus, 31 benchmarks with U-233 and beryllium in the
thermal energy range and 15 benchmarks with U-233 and no beryllium also in the thermal
energy range are evaluated. With respect to validation of polyethylene, CH, in the models,
some of the U-233 benchmarks contained polyethylene and some of the plutonium experiments
contained Plexiglas, which also contains carbon.

All criticality models fall within the range of applicability of the benchmark experiments for the
H/Pu ratio and AEG trending parameters as follows:

8 NUREG/CR-6361, Criticality Benchmark Guide for Light-W. ater-Reactor Fuel in Transportation and Storage
Packages, March 1997.

" International Handbook of Evaluated Criticality Safety Benchmark Experiments, Nuclear Energy Agency,
NEA/NSC/DOC(95)03, September 2007.
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Range of Applicability for S300
Package Criticality Analysis

Range of Applicability for Trending
Parameters

600 < H/Pu Ratio < 1,300
214 <AEG <218

45 <H/Pu Ratio < 2,730
171 < AEG <220

Only thermal benchmark experiments are analyzed,"as all S300 air transport models are highly
moderated.

6.9.4.3.2 Bias Determination

The USL is calculated by application of the USLSTATS computer program. USLSTATS
receives as input the kesr as calculated by KENO, the total 1-c uncertainty (combined benchmark
and KENO uncertainties), and a trending parameter.

The uncertainty value, o1, assigned to each case is a combination of the benchmark uncertainty
for each experiment, Gench, and the Monte Carlo uncertainty associated with the particular
computational evaluation of the case, okeno, or:

2 2
Giotal = (O'bench + GKENO

)1/2

These values are input into the USLSTATS program in addition to the following parameters,
which are the values recommended by the USLSTATS user’s manual:

« P, proportion of population falling above lower tolerance level = 0.995 (note that this
parameter is required input but is not utilized in the calculation of USL Method 1)

e 1y, confidence on fit = 0.95

« «, confidence on proportion P = 0.95 (note that this parameter is required input but is not
utilized in the calculation of USL Method 1)

e  Aky, administrative margin used to ensure subcriticality = 0.05.

These data are followed by triplets of trending parameter value, computed ker, and uncertainty
for each case. A confidence band analysis is performed on the data for each trending parameter

using USL Method 1.

6-26.

‘All benchmark data used as input to USLSTATS are reported in Table

Two trending parameters are identified for determination of the bias. First, the AEG is used in
order to characterize any code bias with respect to neutron spectral effects. The USL is
calculated vs. AEG separately for four scenarios:

1.

U-233 experiments without beryllium

2. U-233 experiments with beryllium -
3.
4

. Combined Pu experiments and U-233 experiments with beryllium

Pu experiments
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Note that several of the U-233 benchmarks (with beryllium) are quite poor (k ~ 0.97). Because
the U-233 fissile isotope introduces a component that is not relative to the calculations performed
for the S300 package and may have a distinct bias of its own, comparison of the USL for the
U-233 experiments with beryllium to the USL for those without beryllium allows the effect of
the beryllium reflector to be separated from the effect of the U-233 isotope. Next, the H/Pu ratio
of each experimental case containing Pu is used in order to characterize the material and
geometric properties of each sphere. The U-233 results are not considered in the trending with
respect to H/Pu as this parameter is not directly applicable. Finally, the Pu experiments are
combined with the U-233 (with beryllium) experiments.

The USLs calculated using USLSTATS Method 1 for the benchmark combinations discussed
above are tabulated in Table 6-27. The USL (AEG) calculated based on the combined results of
the U-233 (with beryllium) and Pu experiments of 0.9377 is chosen as the USL for this analysis.
This USL value is 0.0017 below that of the Pu experiments alone.

At the high AEG values applicable to S300 package, the U-233 benchmarks without beryllium
result in a lower USL (0.0019) than calculated from the U-233 benchmarks with beryllium. Both
of the U-233 USL values are lower than the Pu experiment USL values, indicating that the
U-233 isotope in the experiments has a more significant effect on the USL than the beryllium.
Thus, the USL based on the combined results of the U-233 (with beryllium) and Pu experiments
chosen adequately accounts for any bias attributable to beryllium.

In addition, the USL calculated for the Pu experiments using the H/Pu ratio as the trending
parameter do not differ significantly from the USL for the Pu experiments using AEG, and are
bounded by the chosen USL value of 0.9377. USLSTATS calculates constant USL values with
respect to the H/Pu ratio, indicating no appreciable trend with respect to this parameter.
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Table 6-25 — Benchmark Experiments Utilized

Series

Title

PU-SOL-THERM-001

Water-Reflected 11.5-Inch Diameter Spheres Of Plutonium Nitrate Solutions

PU-SOL-THERM-002

Water-Reflected 12-Inch Diameter Spheres Of Plutonium Nitrate Solutions

PU-SOL-THERM-003

Water-Reflected 13-Inch Diameter Spheres Of Plutonium Nitrate Solutions

PU-SOL-THERM-004

Water-Reflected 14-Inch Diameter Spheres Of Plutonium Nitrate Solutions
0.54% To 3.43% Pu240

PU-SOL-THERM-005

Water-Reflected 14-Inch Diameter Spheres Of Plutonium Nitrate Solutions
4.05% And 4.40% Pu240

PU-SOL-THERM-006

Water-Reflected 15-Inch Diameter Spheres Of Plutonium Nitrate Solutions

PU-SOL-THERM-007

Water-Reflected 11.5-Inch Diameter Spheres Partly Filled with Plutonium
Nitrate Solutions

PU-SOL-THERM-009

Unreflected 48-Inch-Diameter Sphere Of Plutonium Nitrate Solution

PU-SOL-THERM-010

Water-Reflected 9-, 10-, 11-, And 12-Inch-Diameter Cylinders Of Plutonium
Nitrate Solutions

PU-SOL-THERM-011

Bare 16- And 18-Inch-Diameter Spheres Of Plutonium Nitrate Solutions

PU-SOL-THERM-014

Interacting Cylinders of 300-mm Diameter Spheres of Plutonium Nitrate
Solution (115.1gPu/L) in Air

PU-SOL-THERM-015

Interacting Cylinders of 300-mm Diameter with Plutonium Nitrate Solution
(152.5gPw/L) in Air

PU-SOL-THERM-016

Interacting Cylinders of 300-mm and 256-mm Diameters with Plutonium
Nitrate Solution (152.5 and 115.1 gPw/L) and Nitric Acid (2n) in Air

PU-SOL-THERM-017

Interacting Cylinders of 256-mm and 300-mm Diameters with Plutonium
Nitrate Solution (115.1 gPu/L) in Air

PU-SOL-THERM-020

Water-Reflected and Water-Cadmium Reflected 14-inch Diameter Spheres of
Plutonium Nitrate Solutions

PU-SOL-THERM-021

Water-Reflected and Bare 15.2-inch Diameter Spheres of Plutonium Nitrate
Solutions

PU-SOL-THERM-024

Slabs of Plutonium Nitrate Solutions Reflected by 1-inch Thick Plexiglas

U233-SOL-THERM-001

Unreflected Spheres of 2**U Nitrate Solutions

U233-SOL-THERM-003

Paraffin-Reflected 5-, 5.4-, 6-, 6.6-, 7.5-, 8-, 8.5-, 9-, and 12-inch Diameter
Cylinders of *U Urany! Fluoride Solutions

U233-SOL-THERM-015

Uranyl-Fluoride (***U) Solutions in Spherical Stainless Steel Vessels with
Reflectors of Be, CH,, and Be-CH, Composites
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. Table 6-26 — Benchmark Experiment Data

No. Case Name ke_ff OKENO OBENCH OTOTAL AEG H/Pu
1 | PUST001_CASE_1 1.0080 | 0.0011 | 0.0050 | 0.0051 | 212.494 | 352.9
2 | PUST001 CASE 2 1.0102 | 0.0010 | 0.0050 | 0.0051 | 209.982 | 258.1
3 | PUST001_CASE 3 1.0126 | 0.0011 | 0.0050 | 0.0051 | 207.749 | 204.1
4 | PUST001_CASE_4 1.0068 | 0.0010 | 0.0050 | 0.0051 | 206.409 181
5 | PUST001_CASE_5 1.0095 | 0.0011 | 0.0050 | 0.0051 | 205.787 | 171.2
6 | PUST001 CASE 6 1.0085 | 0.0010 | 0.0050 | 0.0051 | 195.740 86.7
7 | PUST002_CASE_1 1.0076 | 0.0010 | 0.0047 | 0.0048 | 214.684 508
8 | PUST002_CASE_2 1.0093 | 0.0009 | 0.0047 | 0.0048 | 214.459 | 489.2
9 | PUST002_CASE_3 1.0066 | 0.0010 | 0.0047 | 0.0048 | 213.805 | 437.3
10 | PUST002 CASE 4 1.0104 | 0.0009 | 0.0047 | 0.0048 | 213.351 | 407.5
11 | PUST002_CASE_5 1.0125 | 0.0010 | 0.0047 | 0.0048 | 212.894 | 380.6
12 | PUST002_CASE_6 1.0080 | 0.0010 | 0.0047 | 0.0048 | 211.961 | 333.5
13 | PUST002_CASE_7 1.0113 | 0.0012 | 0.0047 | 0.0049 | 211.138 | 299.3
14 | PUST003 CASE 1 1.0066 | 0.0010 | 0.0047 | 0.0048 | 216.626 | 774.1
15 | PUST003_CASE_2 1.0067 | 0.0010 | 0.0047 | 0.0048 | 216.438 | 742.7
16 | PUST003_CASE_3 1.0084 | 0.0009 | 0.0047 | 0.0048 | 216.067 | 677.2
17 | PUST003_CASE._4 1.0086 | 0.0010 | 0.0047 | 0.0048 | 215944 | 660.5
18 | PUST003 CASE 5 1.0115 | 0.0010 | 0.0047 | 0.0048 | 215.528 | 607.2
19 | PUST003_CASE_6 1.0100 | 0.0010 | 0.0047 | 0.0048 | 214.967 | 545.3
20 | PUST003_CASE_7 1.0112 | 0.0009 | 0.0047 | 0.0048 | 216.485 | 714.8
21 | PUST003_CASE_8 1.0097 | 0.0010 | 0.0047 | 0.0048 | 216.331 | 692.1
. 22 | PUST004 CASE 1 1.0076 | 0.0010 | 0.0047 | 0.0048 | 217.461 981.7
23 | PUST004_CASE_2 1.0043 | 0.0009 | 0.0047 | 0.0048 | 217.415 | 898.6
24 | PUST004_CASE_3 1.0041 | 0.0009 | 0.0047 | 0.0048 | 217.240 864
25 | PUST004_CASE_4 1.0043 | 0.0010 | 0.0047 | 0.0048 | 217.028 842
26 | PUST004 CASE 5 1.0034 | 0.0010 | 0.0047 | 0.0048 | 217.259 | 780.2
27 | PUST004_CASE_6 1.0065 | 0.0009 | 0.0047 | 0.0048 | 217.190 668
28 | PUST004_CASE_7 1.0099 | 0.0009 | 0.0047 | 0.0048 | 217.033 | 573.3
29 | PUST004_CASE_8 1.0041 | 0.0010 | 0.0047 | 0.0048 | 216.915 865
30 | PUST004 CASE 9 1.0048 | 0.0010 | 0.0047 | 0.0048 | 216.587 | 872.2
31 | PUST004_CASE_10 1.0070 | 0.0009 | 0.0047 | 0.0048 | 215.880 | 971.6
32 | PUST004_CASE_11 1.0052 | 0.0009 | 0.0047 | 0.0048 | 215.116 | 929.6
33 | PUST004_CASE 12 1.0065 | 0.0009 | 0.0047 | 0.0048 | 217.031 | 884.1
34 | PUST004 CASE 13 1.0048 | 0.0009 | 0.0047 | 0.0048 | 217.078 | 925.5
35 | PUST005_CASE. 1 1.0079 | 0.0009 | 0.0047 | 0.0048 | 217.079 | 866.4
36 | PUST005_CASE_2 1.0089 | 0.0010 | 0.0047 | 0.0048 | 216.910 | 832.7
37 | PUST005_CASE_3 1.0076 | 0.0011 | 0.0047 | 0.0048 | 216.726 | 800.7
38 | PUST005 CASE 4 1.0099 | 0.0009 | 0.0047 | 0.0048 | 216.361 | 734.4
39 | PUST005_CASE_5 1.0095 | 0.0008 | 0.0047 | 0.0048 | 215.902 | 666.1
40 | PUST005_CASE_6 1.0097 | 0.0010 | 0.0047 | 0.0048 | 215.448 | 607.9
41 | PUST005_CASE_7 1.0069 | 0.0009 | 0.0047 | 0.0048 | 214.994 | 557.2
42 | PUST005 CASE 8 1.0048 | 0.0008 | 0.0047 | 0.0048 | 216.897 | 830.6
43 | PUST005_CASE_9 1.0040 | 0.0010 | 0.0047 | 0.0048 | 216.677 | 788.9
44 | PUST006_CASE._1 1.0056 | 0.0009 | 0.0035 | 0.0036 | 217.611 | 1028.2
‘ 45 | PUST006_CASE_2 1.0078 | 0.0009 | 0.0035 | 0.0036 | 217.462 | 986.2
46 | PUST006 CASE 3 1.0072 | 0.0009 | 0.0035 | 0.0036 | 217.147 | 9109
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No. Case Name 4kgff OKENO OBENCH OTOTAL AEG H/Pu
47 | PUST007_CASE_2 1.0092 0.0010 0.0047 0.0048 198.875 102.6
48 | PUST007_CASE_3 1.0046 0.0010 0.0047 0.0048 199.604 110.11
49 | PUST007_CASE_5 1.0089 0.0010 0.0047 0.0048 209.856 253.3
50 | PUST007_CASE_6 1.0061 0.0010 0.0047 0.0048 209.694 247.3
51 | PUST007_CASE 7 1.0076 0.0010 0.0047 0.0048 209.796 250.5
52 | PUST007_CASE_8 1.0011 0.0010 0.0047 0.0048 209.565 246.5
53 | PUST007_CASE_9 0.9988 0.0010 0.0047 0.0048 209.627 246.5
54 | PUST007_CASE_10 1.0027 0.0011 | 0.0047 0.0048 210.442 275.5
55 | PUST009_CASE 1 1.0197 0.0007 0.0033 0.0034 219.728 |- 2579.3
56 | PUST009_CASE_2 1.0245 0.0008 0.0033 0.0034 219.816 2706.5
57 | PUST009 CASE 3 1.0240 0.0006 0.0033 0.0034 219.832 2729.8

58 | PUST010_CASE _1.11 1.0161 0.0010 0.0048 0.0049 | 214.116 471.3
59 | PUST010_CASE_1.12 1.0130 0.0010 0.0048 0.0049 | 214.881 521.7
60 | PUST010_CASE_1.9 1.0211 0.0010 0.0048 0.0049 | 210.101 | 259.3
61 | PUST010_CASE_2.11 1.0134 | 0.0010 0.0048 0.0049 [ 214.879 542.3
62 | PUST010_CASE_2.12 1.0139 0.0009 0.0048 0.0049 | 215.519 600.5
63 | PUST010_CASE_2.9 1.0182 0.0009 0.0048 0.0049 | 212.377 346.8
64 | PUST010_CASE_3.11 1.0126 0.0009 0.0048 0.0049 | 215.027 | 5423
65 | PUST010_CASE _3.12 1.0200 0.0010 0.0048 0.0049 | 216.242 707

66 | PUST010_CASE_3.9 1.0126 0.0010 0.0048 0.0049 | 214.301 470.4
67 | PUST010_CASE_4.11 1.0064 0.0010 0.0048 0.0049 | 215.363 588.7
68 | PUST010_CASE_4.12 1.0150 0.0009 0.0048 0.0049 | 216.856 825.1
69 | PUST010 CASE 5.11 1.0061 0.0010 0.0048 0.0049 | 215.735 646.5
70 | PUST010_CASE _6.11 1.0176 0.0010 0.0048 0.0049 | 213.329 402.3
71 | PUST010_CASE_7.11 1.0055 0.0010 0.0048 0.0049 | 214.804 519.8
72 | PUSTO11_CASE_1.16 1.0142 0.0010 0.0052 0.0053 | 215.821 733

73 | PUSTO011_CASE 1.18 1.0001 0.0009 0.0052 0.0063 | 217.686 | 1157.3
74 | PUSTO011_CASE 2.16 1.0199 0.0010 0.0052 0.0053 | 215.637 705.5
75 | PUSTO011_CASE_2.18 1.0071 0.0009 0.0052 0.00563 | 217.520 | 1103.2
76 | PUSTO011_CASE_3.16 1.0214 0.0010 0.0052 0.00563 | 215.294 662.8
77 | PUST011_CASE_3.18 1.0024 0.0009 0.0052 0.0053 | 217.526 | 1109.8
78 | PUSTO11_CASE_4.16 1.0131 0.0010 0.0052 0.0053 [ 215.190 653.4
79 | PUSTO11_CASE_4.18 0.9990 0.0009 0.0052 0.00563 | 217.314 | 1053.7
80 | PUSTO011_CASE_5.16 1.0109 0.0011 0.0052 0.0063 | 214.156 550.7
81 | PUSTO11 CASE 5.18 1.0086 0.0009 0.0052 0.0053 | 217.078 995.4
82 | PUSTO011_CASE _6.18 1.0055 0.0009 0.0052 0.0063 | 216.477 870.4
83 | PUST011_CASE_7.18 1.0066 0.0010 0.0052 0.0053 | 217.354 | 10564

84 | PUST014_CASE_1 1.0077 0.0012 0.0032 0.0034 | 205.465 210.2
85 | PUST014_CASE 3 1.0054 0.0010 0.0032 0.0034 | 205.499 210.2
86 | PUST014_CASE 4 1.0035 0.0011 0.0032 0.0034 | 205.494 210.2
87 | PUST014 CASE 5 1.0065 0.0011 0.0032 0.0034 | 205.508 210.2
88 | PUST014_CASE_6 1.0072 0.0011 0.0032 0.0034 | 205.514 210.2
89 | PUST014 CASE 7 1.0070 0.0010 0.0043 0.0044 | 205.439 210.2
90 | PUST014_CASE_8 1.0063 0.0010 0.0032 0.0034 | 205.438 210.2
91 | PUST014_CASE_9 1.0044 0.0010 0.0032 0.0034 | 205.480 210.2

92 | PUST014_CASE_10 1.0069 0.0011 0.0032 0.0034 | 205.499 210.2
93 | PUST014 CASE 11 1.0054 0.0010 0.0032 0.0034 | 205.519 210.2
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No. Case Name 4kg.ff OKENO OBENCH OTOTAL AEG H/Pu
94 | PUSTO014_CASE 12 1.0057 0.0010 0.0032 0.0034 205.525 210.2
95 | PUSTO014_CASE_13 1.0078 0.0010 0.0043 0.0044 205.424 210.2
96 | PUST014_CASE 14 1.0047 0.0010 0.0043 0.0044 205.440 210.2
97 | PUST014_CASE 15 1.0069 0.0010 0.0043 0.0044 205.509 210.2
98 | PUST014_CASE_16 1.0070 0.0011 0.0043 0.0044 205.533 210.2
99 | PUST014_CASE_17 1.0069 0.0010 0.0043 0.0044 205.527 210.2
100 | PUST014_CASE_18 1.0080 0.0011 0.0043 | 0.0044 205.442 210.2
101 | PUST014_CASE_19 1.0070 0.0010 0.0043 0.0044 205.456 210.2
102 | PUST014_CASE_20 1.0063 0.0010 0.0043 0.0044 205.508 [ 210.2
103 [ PUSTO014_CASE 21. 1.0065 0.0010 0.0043 0.0044 205.516 210.2
104 | PUST014 CASE 22 1.0039 0.0011 0.0043 0.0044 | 205.533 210.2
105 | PUST014_CASE_23 1.0062 0.0011 0.0043 0.0044 | 205.534 210.2
106 | PUST014_CASE_24 1.0080 0.0011 0.0043 0.0044 205.385 210.2
107 { PUST014_CASE_25 1.0041 0.0011 0.0043 0.0044 | 205.430 210.2
108 | PUST014_CASE_26 1.0056 0.0010 0.0043 0.0044 | 205.479 210.2
109 { PUST014_CASE_27 1.0041 0.0011 0.0043 0.0044 | 205.516 210.2
110 } PUST014_CASE_28 1.0073 0.0011 0.0043 0.0044 | 205.524 210.2
111 | PUST014_CASE_29 1.0053 0.0011 0.0043 0.0044 205.527 210.2
112 | PUST014_CASE_30 1.0073 0.0011 0.0043 0.0044 | 2056.427 210.2
113 | PUST014_CASE_31 1.0013 0.0012 0.0043 0.0045 205.417 210.2
114 | PUST014_CASE_33 1.0036 0.0010 0.0043 0.0044 | 205477 210.2
115 | PUST014_CASE_34 1.0049 0.0010 0.0043 0.0044 205.480 210.2

116 | PUSTO015 CASE 1 1.0056 0.0011 0.0038 0.0040 [ 201.235 155.3
117 [ PUSTO15_CASE_2 1.0079 0.0010 0.0038 0.0039 | 201.270 1553
118 | PUSTO015_CASE_3 1.0064 0.0011 0.0038 0.0040 | 201.276 | 155.3
119 | PUSTO015_CASE_4 1.0078 0.0011 0.0038 0.0040 | 201.307 155.3
120 | PUST015_CASE_5 1.0064 0.0010 0.0038 0.0039 | 201.319 155.3
121 | PUST015_CASE_6 1.0090 0.0011 0.0038 0.0040 | 201.342 155.3
122 | PUSTO15_CASE_7 1.0077 0.0010 0.0047 0.0048 | 201.232 155.3
123 | PUST015_CASE_8 1.0054 0.0011 0.0047 0.0048 | 201.244 155.3
124 | PUSTO015_CASE_§ 1.0057 0.0011 0.0047 0.0048 | 201.284 155.3

125 | PUSTO015_CASE_10 1.0066 0.0010 0.0047 0.0048 | 201.338 1553
126 | PUSTO015_CASE_11 1.0052 0.0011 0.0047 0.0048 | 201.213 155.3
127 | PUST015_CASE_12 1.0026 0.0011 0.0047 0.0048 | 201.247 155.3
128 | PUST015 CASE 13 1.0049 0.0010 0.0047 0.0048 | 201.292 155.3
129 | PUST015_CASE_14 1.0060 0.0012 0.0047 0.0049 | 201.329 155.3
130 j PUST015_CASE_15 1.0085 0.0010 0.0047 0.0048 | 201.196 155.3
131 | PUST015_CASE_16 1.0056 0.0010 0.0047 0.0048 [ 201.233 155.3
132 | PUST015_CASE_17 1.0073 0.0010 0.0047 0.0048 | 201.285 155.3

133 | PUST016_CASE_1 1.0056 0.0011 0.0043 0.0044 | 201.232 155.3
134 | PUST016_CASE_2 1.0050 0.0010 0.0043 0.0044 | 201.259 155.3
135 | PUST016_CASE_3 1.0071 0.0010 0.0043 0.0044 | 201.300 155.3
136 | PUST016 CASE 4 1.0068 0.0011 0.0043 0.0044 | 201.297 155.3
137 | PUST016_CASE 5 | 1.0065 0.0011 0.0038 0.0040 | 205.458 210.2
138 | PUST016_CASE_6 1.0053 0.0011 0.0038 0.0040 | 205.487 210.2
139 | PUST016_CASE_7 1.0064 0.0010 0.0038 0.0039 [ 205.503 210.2
140 | PUST016 CASE 8 1.0081 0.0012 0.0038 0.0040 | 205.531 210.2
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No. Case Name k)e_ff OKENO OBENCH OTOTAL AEG H/Pu
141 [ PUSTO16_CASE_9 1.0056 0.0010 0.0033 0.0034 205.610 210.2
142 [ PUST016_CASE_10 1.0062 0.0011 0.0033 0.0035 205.553 210.2
143 | PUST016_CASE _11 1.0060 0.0011 0.0033 0.0035 205.527 210.2

144 | PUSTO017_CASE_1 1.0047 0.0010 0.0038 0.0039 | 205.532 210.2
145 | PUSTO017_CASE_2 1.0059 0.0011 0.0038 0.0040 | 205.502 210.2
146 | PUST017_CASE 3 1.0064 0.0011 0.0038 0.0040 | 205.497 210.2
147 | PUST017_CASE_4 1.0035 0.0012 0.0038 0.0040 | 205.497 | 210.2
148 | PUST017_CASE_5 1.0054 0.0011 0.0038 0.0040 | 205.494 210.2
149 | PUST017_CASE_6 1.0073 0.0011 0.0038 0.0040 | 205.493 210.2
150 | PUST017_CASE_7 1.0061 0.0010 0.0038 0.0039 | 205.494 210.2
151 | PUSTO17 CASE 8 1.0076 0.0011 0.0038 0.0040 | 205.514 210.2
152 | PUST017_CASE_9 1.0028 0.0011 0.0038 0.0040 | 205.480 210.2

153 | PUST017_CASE_10 1.0059 0.0012 0.0038 0.0040 | 205.496 210.2
154 | PUSTO017_CASE_11 1.0061 0.0011 0.0038 0.0040 | 205.526 210.2
155 | PUST017_CASE_12 1.0063 0.0010 0.0038 0.0039 | 205.520 210.2
156 | PUST017_CASE_13 1.0064 0.0011 0.0038 0.0040 | 205.495 210.2
157 | PUSTO017_CASE_14 1.0056 0.0012 0.0038 0.0040 | 205.475 210.2
158 | PUST017_CASE_15 1.0066 0.0011 0.0038 0.0040 | 205.535 210.2
159 | PUST017_CASE_16 1.0063 0.0011 0.0038 0.0040 | 205.496 210.2
160 | PUST017_CASE_17 1.0072 0.0011 0.0038 0.0040 | 205.509 210.2
161 | PUST017_CASE_18 1.0056 0.0010 0.0038 0.0039 | 205.509 210.2

162 | PUST020_CASE_1 1.0086 0.0009 0.0059 0.0060 | 215.478 596.5
163 | PUST020 CASE 2 1.0086 0.0010 0.0059 0.0060 | 215.614 615.6
164 | PUST020_CASE_3 1.0063 0.0009 0.0059 0.0060 | 216.510 743.8
165 | PUST020_CASE_5 1.0085 0.0010 0.0059 0.0060 | 213.989 462.9
166 | PUST020_CASE_6 1.0091 0.0011 0.0059 0.0060 | 213.643 450.5
167 | PUST020_CASE_7 1.0024 0.0009 0.0059 0.0060 | 216.280 722.9
168 | PUST020_CASE_8 1.0078 0.0011 0.0059 0.0060 | 210.643 341.1
169 | PUST020_CASE_9 1.0001 0.0010 0.0059 0.0060 | 214.044 543.2
170 | PUST021_CASE_7 1.0107 0.0010 0.0032 0.0034 | 215.394 662
171 | PUSTO021_CASE_8 1.0034 0.0010 0.0065 0.0066 | 197.693 125
172 | PUST021_CASE_9 1.0111 0.0009 0.0032 0.0033 | 215.118 634
173 | PUST021_CASE_10 1.0114 0.0008 0.0025 0.0026 | 218.032 1107
174 | PUST024_CASE_1 1.0004 0.0009 0.0062 0.0063 | 191.669 87.5
175 | PUST024 CASE 2 1.0010 0.0011 0.0062 0.0063 | 191.830 87.5
176 | PUST024_CASE_3 0.9998 0.0009 0.0062 0.0063 | 191.900 87.5
177 | PUST024_CASE_4 1.0023 0.0010 0.0062 0.0063 | 192.020 87.5
178 | PUST024_CASE_5 0.9990 0.0010 0.0062 0.0063 | 192.017 87.5
179 | PUST024_CASE_6 0.9992 0.0009 0.0077 0.0077 | 173.510 44.9
180 | PUST024_CASE_7 1.0096 0.0010 0.0053 0.0054 | 201.087 143.9
181 | PUST024_CASE_8 1.0073 0.0010 0.0053 0.0054 | 201.162 143.9
182 | PUST024_CASE_9 1.0062 0.0010 0.0053 0.0054 [ 201.192 143.9

183 | PUST024 CASE 10 1.0082 0.0010 0.0053 0.0064 | 201.338 143.9
184 | PUST024_CASE_11 1.0064 0.0010 0.0053 0.0054 | 201.377 143.9
185 | PUST024_CASE_12 1.0065 0.0009 0.0053 0.0054 [ 201.435 143.9
186 | PUST(024_CASE_13 1.0051 0.0009 0.0053 0.0054 | 201.438 143.9
187 | PUST024 CASE 14 1.0021 0.0010 0.0053 0.0054 197.700 115.8
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No. Case Name ke_ff OKENO GBENCH CTOTAL AEG H/Pu
. 188 | PUST024_CASE_15 1.0008 0.0010 0.0053 0.0054 197.735 115.8
189 | PUST024_CASE_16 1.0010 0.0010 0.0053 0.0054 197.813 115.8
190 | PUST024_CASE_17 1.0032 0.0011 0.0053 0.0054 197.945 115.8
191 | PUST024_CASE_18 | 1.0079 0.0010 0.0051 0.0052 211.991 367.3
192 | PUST024_CASE_19 1.0093 0.0010 0.0051 0.0052 212.024 367.3
193 | PUST024_CASE_20 1.0074 0.0010 0.0051 0.0052 212.035 367.3
194 | PUST024_CASE_21 1.0100 0.0009 0.0051 0.0052 212.085 367.3
195 | PUST024_CASE_22 1.0062 0.0009 0.0051 0.0052 212.110 367.3
196 | PUST024_CASE_23 1.0050 0.0010 0.0051 0.0052 212.118 367.3 |
197 [ 233STO01CASE_1 0.9953 0.0008 0.0031 0.0032 .| 218.369 NA |

198 | 233STO01CASE 2 0.9970 0.0007 0.0033 0.0034 | 218.181 NA |
199 | 233STO01CASE_3 0.9970 0.0007 0.0033 0.0034 | 218.001 NA
200 | 233ST001CASE_4 0.9962 0.0007 0.0033 0.0034 | 217.823 NA
201 | 233STO01CASE_5 0.9953 0.0007 0.0033 0.0034 | 217.647 NA
202 | 233STO03CASE_40 1.0027 0.0011 0.0087 0.0088 | 192.739 NA
203 | 233STO03CASE_41 1.0157 0.0011 0.0151 0.0151 191.259 NA
204 | 233STO03CASE_42 1.0018 0.0010 0.0087 0.0088 | 191.871 NA
205 | 233STO03CASE_45 1.0044 0.0011 0.0126 0.0126 | 180.273 NA
206 | 233STO03CASE_55 1.0090 0.0013 0.0122 0.0123 | 176.193 NA
207 | 233STO03CASE_57 1.0200 0.0012 0.0087 0.0088 | 203.986 NA
208 | 233STO03CASE_58 1.0118 0.0011 0.0087 0.0088 | 209.418 NA
209 | 233STO03CASE_61 1.0066 0.0011 0.0087 0.0088 | 211.700 NA
210 | 233STO03CASE 62 1.0033 0.0010 0.0087 0.0088 | 213.014 NA
. 211 | 233STO03CASE_65 1.0022 0.0010 0.0087 0.0088 | 216.508 NA
212 | 233ST015_CASE_1 0.9908 0.0011 0.0075 0.0076 | 175.184 NA
213 | 233ST015_CASE_2 0.9857 | -0.0011 0.0070 0.0071 173.488 NA
214 | 233ST015_CASE_3 0.9879 0.0011 0.0068 0.0069 | 181.085 NA
215 | 2335T015_CASE 4 0.9879 0.0011 0.0041 0.0042 | 181.085 NA
| 216 | 233ST015_CASE_5 0.9850 0.0012 0.0055 0.0056 | 172.110 NA
217 | 233ST015_CASE_6 0.9725 0.0011 0.0099 0.0100 | 171.621 NA
218 | 233S5T015_CASE_7 0.9833 0.0011 0.0070 0.0071 179.940 NA
219 | 2335T015_CASE_8§ 0.9714 0.0011 0.0067 0.0068 | 171.274 NA
220 | 233ST015_CASE_9 0.9654 0.0011 0.0050 0.0051 171.006 NA

221 | 233ST015_CASE_10 0.9848 0.0013 0.0051 0.0053 | 174.998 NA
222 | 2335ST015 CASE 11 0.9930 0.0012 0.0075 0.0076 | 181.573 NA
223 | 233ST015_CASE_12 0.9940 0.0012 0.0069 0.0070 | 180.251 NA
224 | 233ST015_CASE_13 ~ | 0.9886 0.0012 0.0069 0.0070 | 179.462 NA
225 | 2335T015_CASE_14 0.9954 0.0011 0.0036 0.0038 | 187.100 NA
226 | 2335T015_CASE_15 0.9862 0.0011 0.0060 0.0061 178.849 NA
227 | 233ST015_CASE_16 0.9854 0.0012 0.0043 0.0045 | 178.537 NA
228 | 233ST015_CASE_17 0.9896 0.0013 0.0029 0.0032 | 186.127 NA
229 | 233ST015_CASE 18 0.9718 0.0012 0.0056 0.0057 | 178.030 NA
230 | 233ST015 CASE 19 0.9694 0.0012 0.0052 0.0053 | 177.852 NA
231 | 2335T015_CASE_20 0.9920 0.0011 0.0079 0.0080 | 193.394 NA
232 | 233ST015_CASE_21 0.9947 0.0011 0.0070 0.0071 192.209 NA
233 | 233ST015_CASE_22 0.9924 0.0011 0.0062 0.0063 | 191.601 | . NA
. . 234 | 233ST015 CASE 23 0.9931 0.0011 0.0055 0.0056 | 191.115 NA
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No. Case Name ke_ff OKENO OBENCH OTOTAL AEG H/Pu
235 | 233ST015_CASE_24 0.9870 | 0.0012 | 0.0051 | 0.0052 | 190.756 NA
236 | 233ST015_CASE._25 0.9946 | 0.0010 | 0.0023 | 0.0025 | 196.906 NA
237 | 233ST015_CASE_26 0.9907 | 0.0011 | 0.0066 | 0.0067 | 204.058 NA
238 | 233ST015_CASE_27 0.9956 | 0.0010 | 0.0063 | 0.0064 | 203.644 NA
239 | 233ST015_CASE 28 0.9925 | 0.0010 | 0.0058 | 0.0059 | 203.384 NA
240 | 233ST015_CASE_29 09911 | 0.0011 | 0.0051 | 0.0052 | 203.169 NA
241 | 233ST015_CASE_30 0.9900 | 0.0010 | 0.0048 | 0.0049 | 203.045 NA
242 | 233ST015_CASE_31 0.9901 | 0.0011 | 0.0055 | 0.0056 | 202.981 NA
Table 6-27 — Calculation of USL
, Number USL vs.
Benchmark Set - Case of Cases | USL vs. AEG H/Pu
U-233 without Be 197-211 15 0.9273 NA
U-233 with Be 212-242 31 ' 0.92920 NA
Pu 1-196 196 0.9394 - 0.9392
Pu + U-233 with Be 1-196, 212-242 227 0.9377@ NA

(1) Calculated at maximum AEG of the set (204.06). USL increases with AEG such that thls is conservative for the
AEG of the S300 package calculations (approximately 214 to 218).
(2) Range of applicability is 198.11 <AEG<219.83

6.9.4.4 Sample Air Transport Model
A sample model is provided for the most reactive case (PBMIXPW for H/Pu = 1000)

=csas2b

HAC single H/X= 1000 mass= 2104
238groupndf5 infhommedium
pu-239 1 0 7.8223E-05 end
h-poly 1 0 7.8223E-02 end
c 1" 0 3.9111E-02 end
bebound 1 0 1.0169E-03 end
bebound 2 1.0 end
ta-181 3 den=16.6 1.0 end
carbonsteel 4 1.0 end
58304 5 1.0 end -
h2o 6 1.0 end
polyethylene 7 1.0 end
end comp '

dummy

read param nsk=50
read geom
global unit 1 -

gen=850 end param

1802 -44.1802 44 1802 —44.1802 44. 1802 -44.1802

sphere 11 11.7314

sphere 71 24.1802

sphere - 6 1 44.1802 ~
cuboid 01 44,

end geom L

end data

end
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7. PACKAGE OPERATIONS

This section describes the procedures used for opening, loading, closing, and unloading the S300
package.

7.1 Package Loading

7.1.1 Preparation for Loading

The S300 package should be loaded in a clean area that is protected from inclement weather.
Provisions should be made for personnel protection and ALARA.

After placing the S300 package in position and securing the work area, loosen the drum
clamping ring locknut and bolt and remove the drum lid, inner liner lid, and the top spacer and
shims, exposing the lid of the pipe component. '

Using the lifting ring(s) on the top of the pipe component, lift the pipe component from the S300
package. Alternately, the pipe component may be left inside the S300 package during loading.
Remove all twelve of the 7/8-9 UNC lid attachment bolts and remove the pipe component lid.
Using the wire bail, remove the shield insert lid. Remove the upper two-inch thick polyethylene
shielding plug. Ensure the lower two-inch thick polyethylene shielding plug is in place at the
bottom of the shield insert cavity. Inspect all parts for damage and replace or repair as
necessary. Ensure that the pipe component O-ring is in good condition.

7.1.2 Loading of Contents

The radioactive contents of the S300 package must be contained inside a SFC before placement
into the package. The maximum loading of the SFC shall comply with the limits given in Table
1-2 for surface transport modes or Table 1-3 for air transport. Inspect, load, close, and evaluate
the closure of the SFC according to an approved procedure. When complete, lower the SFC into
the shield insert cavity. Ensure that no.more than one SFC (of any authorized type) is placed -
within the cavity. Place the upper two-inch thick polyethylene shielding plug on top of the SFC,
and replace the shield insert lid. Ensure that the shield insert lid contacts the shield insert body,
and that the lid is not supported by the contents. '

7.1.3 Preparation for Transport

Optionally coat the pipe component O-ring with a light coat of vacuum grease, and replace the
pipe component lid. Using a light coating of an approved thread lubricant, install the twelve
7/8-9 UNC lid attachment bolts hand tight. Optionally, a thread locking compound may be used
on the bolt threads. Using a star pattern, tighten the bolts to a torque of 65 + 5 ft-1b. After
completion of the star pattern, check the tightness of each bolt sequentially.

If the pipe component was removed from the S300 package, use the lifting ring(s) to lift the pipe
component and replace it into the S300 package. Ensure it is seated properly in the cavity
provided. Replace the top spacer and shims, ensuring that the side of the top spacer having the
recesses is facing down, and that the top spacer is properly seated over the bolt heads and lift
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ring(s). Using the inner liner lid, measure the distance between the top spacer (or shim,.if
present) and the underside of the inner liner lid. If the distance is greater than 1/2 inch, add
shims as necessary to achieve a clearance of less than 1/2 inch. Then replace the inner liner lid.

Replace the drum lid and ensure it is seated properly on the drum. Ensure that a locknut is
present on the bolt between the two clamping ring lugs. Tighten the drum clamping ring bolt to
a final torque of 40 + 5 ft-b, tapping around the clamping ring using a soft-headed hammer
while tightening the bolt. When fully tight, spin the locknut towards the unthreaded clamping
ring lug and tighten. Optionally, if inadequate bolt threads exist to tighten the locknut against the
unthreaded lug, the locknut may be tightened against the threaded lug.

Install the tamper indicating wire and seal through the cross-drilled hole in the drum clamping
ring bolt. If the S300 is to be shipped by exclusive use, ensure that the package is secured to a
pallet or skid at least four inches thick. Determine the surface contamination level of each
package per 49 CFR §173.443." Monitor the external radiation level of each package per 49
CFR §173.441. For an exclusive use shipment, the shipper shall provide written instructions to
the carrier per 10 CFR §§71.47(c) and (d).

The S300 package is now ready for transport.

7.2 Package Unloading

Upon receipt of the S300 package from the carrier, it may be immediately unloaded or optionally
stored indefinitely in a safe and secure manner. Note that, due to the purpose for which the S300
package is intended, unloading of a package is not typically performed. Most S300 packages are
stored with the payload intact and not reused, except as payload containers within a certified
Type B package.

7.2.1 Opening the Package

The S300 package should be unloaded in a clean area that is protected from inclement weather.
Provisions should be made for personnel protection and ALARA. After recording the condition
of the tamper indicating device, remove the device.

After placing the S300 package in position and securing the work area, loosen the drum
clamping ring bolt and remove the drum lid, inner liner lid, and the top spacer and shims,
exposing the lid of the pipe component.

Using the lifting ring(s) on the top of the pipe component, lift the pipe component from the S300
package. Alternately, the pipe component may be left inside the S300 package during unloading.
Remove all twelve of the 7/8-9 UNC lid attachment bolts and remove the pipe component lid.
Using the wire bail, remove the shield insert lid. Remove the upper two-inch thick polyethylene
shielding plug. '

! Title 49, Code of Federal Regulations Part 173 (10 CFR 173), Shippers — General Requirements for Shipments and
Packagings, 01-01-06 Edition.
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7.2.2 Removal of Contents

. After removal of the two-inch thick upper polyethylene shleldmg plug, the SFC is exposed.
Remove the SFC and place in safe storage.

7.3 Preparation of Empty Package for Transport

If the S300 package is to be transported empty after an initial use, the following procedure shall
be employed. Ensure that the SFC has been removed from the shield insert cavity. Place the
upper two-inch thick polyethylene shield plug into the cavity, and replace the shield cavity lid.
Replace the pipe component lid and thread in the twelve 7/8-9 UNC lid attachment bolts hand
tight. Using a star pattern, tighten the bolts to a torque of 65 + 5 ft-1b. After completion of the
star pattern, check the tightness of each bolt sequentially.

If the pipe component was removed from the S300 package, use the lifting ring(s) to lift the pipe
component and replace it into the.S300 package. Ensure it is seated properly in the cavity
provided. Replace the top spacer and shims, ensuring that the side of the top spacer having the
recesses is facing down, and that the top spacer is properly seated over the bolt heads and lift
ring(s). Replace all of the shims that were removed (if any). Then replace the inner liner lid.

Replace the drum lid and ensure it is seated properly on the drum. Ensure that a locknut is
present on the bolt between the two clamping ring lugs. Tighten the drum clamping ring bolt to

~ a final torque of 40 + 5 ft-1b, tapping around the clamping ring using a soft-headed hammer
while tightening the bolt. When fully tight, spin the locknut towards the unthreaded clamping
‘ring lug and tighten. Optionally, if inadequate bolt threads exist to tighten the locknut against the
unthreaded lug, the locknut may be tightened against the threaded lug. Finally, remove or render
non-visible any shipping labels required to be displayed on loaded packages.

The S300 package is now ready for empty transport or indefinite storage.
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8. ACCEPTANCE TESTS AND MAINTENANCE PROGRAM

8.1 Acceptance Tests

8.1.1 Visual Inspectlons and Measurements

The S300 packaging is subject to the conventional visual inspections and measurements
normally incident to fabrication and purchase of components.

8.1.2 Weld Examinations

Pipe component flange and bottom end welds are examined in accordance with the ASME
B&PV Code, Section III, Division 1, Subsection NG, Articles NG-5230 and NG-5260, and
accepted in accordance with Articles NG-5350 and NG-5360.

8.1.3 Structural and Pressure Tests

No structural or pressure tests are'applicable to the S300 package.

8.1.4 Leakage Tests

Because the pipe component is designed only to retain the shielding insert and SFC under NCT, .
a leakage test is not required.

8.1.5 Compcneht and Material Tests

No acceptance tests are performed on S300 packaging materials or components.

" " 8.1.6 Shielding Tests

Due to the simple design and construction of the shield insert as a right circular cylinder
machined from a single billet of HDPE material, no shielding tests are needed for the SSOO
package. :

8.1.7 Thermal Tests

Since the heat generatlon of the payload is neghglble thermal tests are not applicable to the S300
package. _

8.2 Maintenance Program

For purposes of ALARA, the S300 Package is loaded and closed once, then sealed with a

tamper-indicating device. The multifunction S300 is used as a transport package, a storage

container (if required), and a final disposal container. The S300 may be transported more than
once and stored if necessary before final disposal at the Waste Isolation Pilot Plant (WIPP). If it
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is required to inspect the contents of the S300 or open it for any reason, that activity shall be
performed according to the procedures in Section 7.0, Package Operations.

To ensure that the S300 is in unimpaired condition, it shall be visually inspected before loading
and prior to each transport. The visual inspection shall provide assurance that:

The drum closure lid is properly installed and the clamping ring is intact and ﬁght.
The tamper—indicéting device is intact.

The drum has not experienced corrosion to the extent that its structural integrity would be

.impaired. Note: Loss of paint or surface corrosion that does not impair the structural

integrity of the drum is acceptable.

There are no penetrations through the drum or closure lid (except for the vent filter),
there are no gross deformations of the drum or closure lid that could significantly affect
structural integrity, and no evidence of water entry into the drum. .

There are no other indications which could prevent the S300 package from meeting the
requirements of 10 CFR 71. :

If a S300 package fails visual inspection prior to any transport, it shall be removed from service,
.and repaired and recertified, or replaced as necessary. Any replacement components shall
comply with the drawings provided in Appendix 1.3.1, Packaging General Arrangement
Drawings. - ‘
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9. QUALITY ASSURANCE

This chapter defines the Quality Assurance (QA) requirements and methods of compliance
applicable to the S300 package. The S300 package described in this SAR is identical to the S300
pipe overpack currently used as a payload container within the TRUPACT-II package; and has
been used as a qualified DOT 7A Type A transportation package by OSRP for a number of
years. \

The QA requirements for packaging established by the NRC are described in Subpart H of 10
CFR Part 71 (10 CFR 71). Subpart H is an 18-criteria QA program based on ANSI/ASME
NQA-1. Guidance for QA programs for packaging is provided by NRC Regulatory Guide 7.10".
The QA requirements of DOE for the use of NRC certified packaging are described in DOE
Order 460.1B%

The S300 packaging is designed and built for, and used by DOE; and must be approved by the
NRC for the shipment of radioactive material in accordance with the applicable provisions of the
DOT, described in 49 CFR 173, Subpart I. Procurement, design, fabrication, assembly, testing,
maintenance, repair, modification, and use of the S300 package are all done under QA programs
that meet all applicable NRC and DOE QA requirements.

The DOE Field Offices for shipping and receiving sites inspect and approve the respective
shipper’s and receiver’s QA programs for equivalency to the NRC’s QA program requirements
in Subpart H of 10 CFR 71. Non-DOE users of the S300 package may only use it when
approved to do so by the NRC.

QA requirements for the S300 package are discussed in the Contact-Handled Transuranic Waste
Authorized Methods for Payload Control (CH-TRAMPAC). QA programs applicable to
procurement, design, fabrication, assembly, testing, use, maintenance, and repair of the
TRUPACT-II are also noted in Chapter 9.0 of the TRUPACT-II SAR. The certification and
packaging QA requirements are based on the Carlsbad Field Office (CBFO) Quality Assurance
Program Document (QAPD) and 10 CFR 71, Subpart H, Packaging and Transportation of
Radioactive Material, Quality Assurance.

The Central Characterization Project (CCP) was established by the Department of
Energy/Carlsbad Field Office (DOE-CBFO) to provide more efficient and cost effective
characterization and certification of transuranic (TRU) waste using the resources of multiple
corporate and national laboratory entities.

The CCP is the first centralized TRU waste characterization and certification project in the DOE
complex. The Waste Isolation Pilot Plant (WIPP) Management and Operations contractor,
Washington TRU Solutions, LLC (WTS), manages the project, with technical support from Los
Alamos National Laboratory (LANL) and Sandia National Laboratory (SNL). These two
primary subcontractors provide operational support for CCP characterization operations in the

! U.S. Nuclear Regulatory Commission, Regulatory Guide 7.10, Establishing Quality Assurance Programs for
Packaging Used in transport of Radioactive Material, Revision 2, March 2005.

2 U.S. Department of Energy Order 460.1B, Packaging and Transportation Safety, 4-4-03.
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field. Collectively, the subcontractors, WTS, LANL, and SNL personnel are all members of the
CCP team.

The CCP is tasked with characterizing and certifying all aspects of TRU waste (e.g., Pu/Be
sources) for disposal at WIPP. Accordingly, the CCP team must comply with DOE/WIPP 02-
3122, Contact-Handled Transuranic Waste Acceptance Criteria for the Waste Isolation Pilot
Plant (CH-WAC).

The CH-WAC establishes the specific physical, chemical, radiological, and packaging criteria
for acceptance of defense TRU waste shipments to WIPP in S300 packages. The CH-WAC also
requires that the CCP produce documents, including a certification plan that addresses the
applicable requirements and criteria specific to packaging, characterization, certification, and
shipping of TRU waste, such as Pu/Be special form sources, to WIPP for disposal.

. To accommodate the aforementioned requirement to develop a certification plan, the CCP has
produced document CCP-PO-002, Transuranic Waste Certification Plan as well as CCP-PO-
003, CCP Transuranic Authorized Methods for Payload Control. Within these documents reside
requirements for effective application of a QA program founded on the CBFO QAPD and 10
CFR 71, Subpart H.

The CCP team implements the Quality Assurance Plan (QAP) established in Section 4.0 of CCP-
PO-002. This QAP establishes the overall QA program requirements as well as establishes
measures for design, procurement fabrication, testing, use, inspection, examination,
maintenance, repair, modification, handling, storage, shipping, and cleaning. The DOE-CBFO
approves the QAP before transuranic material is packaged and transported to the WIPP or other
sites.

Compliance methods are documented in DOE-CBFO approved programmatic Transuranic Waste
Authorized Methods for Payload Control (TRAMPACSs) and/or waste-specific data TRAMPACs.
The DOE-CBFO managing and operating contractor performs surveillance of users’ payload
compliance procedures or data package to ensure the requirements of this CH-TRAMPAC are
met. The DOE-CBFO periodically audits users’ payload compliance QA programs.

In addition to CCP QA requirements, OSRP must also comply with the extensive Quality
Assurance Program (QuAP) at Los Alamos National Laboratory (LANL). The QuAP is the
approved institutional description of the overall management system at LANL that provides a
level of confidence that both its business management and technical processes are effective and
efficient.

The LANL QuAP is issued under the authority of the Laboratory Director and reflects the values
of LANL senior management. It is consistent with requirements of the prime contract and
LANL Governing Policies on performance, safety, and safeguards and security, and it promotes
compliance with federal, state, and local regulations and codes.

This QuAP establishes the LANL quality assurance program requirements for site-wide
implementation and is to serve as the basis for LANL quality assurance program acceptability. It
is designed such that implementation of the full scope of requirements as stated in DOE Order
414.1, Quality Assurance (current contractual version), constitutes compliance to nuclear safety
quality assurance criteria required by 10 CFR 830, Subpart A, Nuclear Safety Management
Quality Assurance Requirements. 4
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In the interests of ALARA, OSRP recovery team members handle recovered radioactive sources
as little as possible. Therefore, when sources are packaged by OSRP at the recovery site for
transport, they are actually ready for final disposition at WIPP (or interim storage at LANL if
necessary). Since the multi-function S300 must be able to serve as transport packaging, storage
container, and disposal container, OSRP is required to comply with all aspects of CCP QA and
LANL QA program descriptions whenever packaging Pu/Be sources into an S300 container.

A detailed discussion of the LANL/CCP QA program which governs OSRP packaging
operations is presented on the following pages to demonstrate compliance with 10 CFR 71,
Subpart H. :

9.1 Organization

9.1.1 LANL/Central Characterization Project Organization

The responsibilities for transuranic (TRU) source management of the LANL/CCP are distributed
within various organizations. This section identifies the organizations involved and describes the
responsibilities of and interactions between these organizations.

9.1.1.1 Central Characterization Project Management

CCP management has overall responsibility for successfully accomplishing activities.
Management provides the necessary planning, organization, direction, control, resources, and
support to achieve their defined objectives. Management is responsible for planning,
performing, assessing, and improving the work. :

CCP management is responsible for establishing and implementing policies, plans, and
procedures that control the quality of work, consistent with requirements.

CCP QA management responsibilities include:

o Ensuring that adequate technical and QA training is provided for personnel performing
activities.

o Ensuring compliance with all applicable regulations, DOE orders and requirements, and
applicable federal, state, and local laws.

o Ensuring that personnel adhere to procedures for the generation, identification, control,
and protection of QA records.

o Exercising the authority and responsibility to STOP unsatisfactory work such that cost
and schedule do not override environmental, safety, or health considerations.

e Developing, implementing, and maintaining plans, policies, and procedures that
implement the QAPD.

e Identifying, investigating, reporting, and correcting quality problems.

e Members of the CCP management are responsible for achieving and maintaining quality
in their area. Quality achievement is the responsibility of those performing the work.

9-3




S300 Safety Analysis Report | Docket No. 71-9329 Rev. 5, June 2010

Quality achievement is verified by persons or organizations not directly responsible for
performing the work.

o CCP management empowers employees by delegating authority and decision making to
the lowest appropriate level in the organization.

- e Figure 9.1-1, LANL/CCP Organization, is a functional organization chart pertaining to
TRU characterization and certification activities of LANL/CCP. The following
subsections identify the organizations that oversee LANL/CCP and describe the roles and
responsibilities of key positions charged with implementing the requirements defined in
‘the QA plan.
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DOE-CBFO Office Director,

DOII%/_ICBFO QA Office of Characterization
anager :
and Transportation
\l/ WTS QA
Provides CCP Manager Manager
" Independent
Oversight
CCP || CCP || CCP | CCP Site Project f----oooooooooo o
WCO || TCO || VPM || Manager (SPM) : E
o—— LANL/CCP Interface——— LANL/CCP Project SPQAO
A Manager .
N
LANL Director
Associate Quality Steering Assoc. Director for
Directors Group Technical Services
I ‘ B |
Division Performance Surety
Leaders Division
| I
Group Institutional Quality
Leaders Management
I
. OSRP Team Quality
Members Network

Figure 9.1-1 - LANL/CCP Organization

9.1.1.2 DOE-CBFO Quality Assurance Manager
The DOE-CBFO QA Manager provides independent oversight of QA activities of the CCP.
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9.1.1.3 DOE-CBFO Office Director, Office of Characterlzatlon and
Transportation

The DOE-CBFO Office Director, Office of Characterlzatlon and Transportation, provides overall
policy direction and oversees CCP characterization and cert1ﬁcat10n activities and approves the
QA plan.

9.1.1.4 CCP Manager

The CCP Manager is responsible for the day-to-day management and direction of CCP activities.
The CCP Manager is responsible for:

e Ensuring successful CCP/site interface.

o Ensuring CCP plans and operations are coordinated, integrated, and consistent with
DOE-CBFO programs, policies, and guidance.

e Coordinating CCP activities and functioning as principal point-of-contact (POC) with
DOE-CBFO and other regulating agencies.

e Reviewing and approving the QA plan.
9.1.1.5 CCP Site Project Manager (SPM)

The Site Project Manager (SPM) is the principal POC with DOE [including CBFO and National
TRU Program (NTP)] for technical activities associated with TRU. The SPM coordinates with
the CCP Waste Certification Official (WCO) and Transportation Certification Official (TCO)
and oversees CCP activities to ensure that TRU is characterized and certified compliant with
WIPP requirements. Specific responsibilities assigned to the SPM include the following:

¢ Developing, maintaining, reviewing, approving, and implementing CCP procedures and
plans. Development, approval, and implementation of procedures and plans will occur at
the earliest time consistent with the schedule for accomplishing the activities.

o Scheduling revisions and distributing CCP procedures and plans and forwarding these
documents (if significantly revised) to DOE-CBFO for review and approval before
implementation. The term “significantly revised” means non-editorial changes in
accordance with the QAPD, Section 1.4.3.

o Ensuring CCP personnel receive appropriate training and are properly qualified, so that
suitable proficiency is achieved and maintained.

e Obtaining Acceptable Knowledge (AK) information from waste generators regarding
U.S. Environmental Protection Agency (EPA) hazardous waste codes.

. Assignihg additional EPA hazardous waste codes to TRU waste based on analytical
results, as applicable.

o Reviewing and approving interface documents.

e Waste selection and tracking.
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o Halting characterization or certification activities if problems affecting the quality of
certification processes or work products exist.

e Validating and verifying characterization data.
e Reconciling verified data with data quality objectives.
¢ Evaluating and reconciling AK information with characterization data.

e Preparing and submitting SPM Data Validation Summaries, Waste Stream Profile forms,
Characterization Information Summaries, Waste Stream Characterization Packages, and
QA/Quality Control (QC) reports to DOE-CBFO.

The SPM may delegate any of these activities to another individual; however, the SPM retains
ultimate responsibility for ensuring that CCP certification requirements are met.

9.1.1.6 CCP Site Project Quality Assurance Officer (SPQAO)

The SPQAO provides QA oversight and planning for TRU characterization and certification,
verifies the implementation of QA requirements, and provides day-to-day guidance on quality-
related matters. The SPQAO has the authority to stop CCP work activities if quality is not
assured or controlled. The SPQAO has no responsibilities unrelated to the QA Program that
would prevent appropriate attention to QA matters. The SPQAQO is responsible for verifying the
achievement of quality by those performing the work. As shown in Figure 9.1-1, LANL/CCP
Organization, the CCP SPQAO reports directly to the WTS QA Manager, so that required
authority and organizational freedom are provided, including sufficient independence from cost
and schedule considerations. The SPQAQ’s specific responsibilities include:

e Reviewing and approving CCP procedures and plans; including the QA plan.

o Interfacing with WTS QA for activities in CCP-PO-008, CCP Quality Assurance
Interface with WIS QA Program.

e Coordinating and participating in internal and external audits and assessments to verify
compliance.

e Tracking compliance and evaluating trends in compliance with QA objectives.
¢ Performing assessments of testing, sampling, and analytical facilities.

o Tracking and trending CCP nonconformances and corrective action reports.

o Verifying CCP corrective actions.

e Validating and verifying data at the project level.

e Submitting semi-annual and other QA/QC reports to the SPM and DOE-CBFO.

o Coordinating responses to CCP nonconformance reports (NCRs) generated by DOE-
CBFO or other external assessment organizations.

e Reviewing and approving supplier and subcontractor QA Plans.

o Reviewing interface documents.
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Prov1d1ng gu1dance to all CCP organizations concerning identification, control, and
protection of QA records.

Comparing Visual Examination (VE) and radiography data, and calculatmg
miscertification rates.

Stopping work if quality is not assured or controlled.
Providing day-to-day guidance on quality-related matters.
Maintaining liaison with participant QA organizations and other affected organizations.

Developing, establishing, and interpreting QA pohcy and ensuring effective
implementation.

Interfacing, as appropriate, with the DOE-CBFO staff, participants, and other
stakeholders on QA matters.

Assisting subordinate organizations with quality planning, documentation, quality

" measurement, and problem identification and resolution.

Initiating, recommending, or providing solutions to quality problems through designated
channels.

Ensuring that further processing, delivery, installation, or use is controlled until proper
disposition of a nonconformance, deficiency, or unsatisfactory condition has occurred.

Coordinating with responsible management on resolution of differences of opinion
involving the definition and implementation of QA Program requirements. " If not
resolved, progressively elevating the issues to successively higher levels of management
as necessary. :

Ensuring that a graded approach is used to exercise control over activities affecting
quality to an extent consistent with their importance

Interfacing with the CCP WCO and TCO on matters related to waste characterization,
certification, and transportation.

The SPQAO may delegate one or more individuals to perform the above functional
responsibilities; however, the SPQAQ retains ultlmate responsibility for ensuring compliance
with CCP QA requirements. | ‘

9.1.1.7 CCP Waste ,Certificatioh Official (WCO)

The CCP WCO is responsible for reviewing data and information necessary to document TRU

- payload containers prepared for shipment to WIPP meet specified criteria. The WCO
coordinates activities related to waste certification. Spec1f1c duties and respon31b111t1es of the
WCO include the following:

Certifying that packages and shipments meet CH- WAC requirements.

Interfacing with the CCP SPM, TCO, and SPQAO on matters related to characterization
and certification.
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Stopping certification activities if problems affecting the quality of certification processes
or work products exist.

Ensuring that certification data entered into the WIPP Waste Information System
(WWIS) are accurate and demonstrate the acceptability of the material for transport to

“and disposal at the WIPP.

Reviewing the applicable CCP plans and procedures and any other waste certification-
related documents.

Reviewing the QA plan.

Preparing responses to deficiency reports.

The WCO may delegate one or more individuals to perform the above responsibilities; however,
the WCO retains ultimate responsibility for ensuring compliance with CH-WAC requirements.

9.1.1.8 CCP Transportation Certification Official (TCO)

The CCP TCO documents and certifies that payload containers and assemblies to be transported
meet the requirements of CCP-PO-003. Specific responsibilities of the TCO include:

Reviewing the applicable CCP transportation plans and transportation procedures.

Interfacing with the CCP SPM, WCO, and SPQAO on matters associated with
transportation.

Reviewing and maintaining CCP-PO-003.

Ensuring that data used in completion of the transportation documents are accurate and
demonstrate that the waste is acceptable for transportation.

Preparing and signing Payload Container Transportation Certification Documents and
Overpack Payload Container Transportation Certification Documents.

Preparing and signing Payload Assembly Transport'ation Certification documents.

Assisting the SPQAO with preparation of responses to deficiency reports in
transportation matters.

Ensuring that the transportation data entered into the WWIS are accurate and demonstrate
that waste is acceptable for disposal at WIPP.

Reviewing interface documents.

Halting transportation certification activities if problems affecting the certification or
work process exist.

9.1.1.9 WTS Quality Assurance Manager

The WTS QA Manager is responsible for specific activities that relate to the CCP scope of work.
These include:

Performing independent assessments of CCP activities, in accordance with the CBFO-
approved WTS QA Program and implementing procedures.
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e Providing inspection services support for procurement, including source inspections.

e Providing vendor qualification and maintenance of the WTS Qualified Suppliers List for
vendors used by CCP.

9.1.1.10 CCP Vendor Project Manager (VPM)

¢ Monitors the List of Qualified Individuals to confirm that only qualified personnel
perform waste characterization activities.

e Ensures that in-process documents and the documents are transmitted to the CCP Site
Project Office as soon as practicable per CCP-QP-008, CCP Records Management.

e Ensures applicable Material Safety Data Sheets are maintained and available to support
operations.

o Notifies the CCP Project Manager of any abnormal events associated with safe operation
of CCP characterization activities for reporting purposes.

9.1.1.11 LANL/CCP Project Manager

The LANL/CCP Project Manager is the primary liaison between LANL and CCP for successful
implementation of the QA plan. Specific responsibilities include:

o Confirming that characterization activities are conducted at LANL per the Statement of
Work requirements, the Interface Document, and the CCP schedule.

e Providing primary oversight responsibility for project safety and compliance for CCP
personnel at LANL.

e Providing CCP personnel and equipment to support characterization, certification, and
transportation, as required. '

e Providing support to the CCP Site Project Manager (SPM).
e Receiving documentation of required LANL site-specific training.

¢ Providing weekly production reports to the DOE-CBFO and LANL Production Control
as required.

¢ Receiving reports of LANL oversight activities and formally responding, as required.
o Interfacing with DOE-CBFO and DOE/Los Alamos Site Office (LASO) upon request.

9.1.1.12 LANL Director

¢ Retains the ultimate authority and accountability for the QuAP and its implementation at
LANL.

o Ensures that overall institutional vision, values, standards, and management systems that
define the QuAP are established and documented in policies and procedures.

o Ensures that resources necessary for effective implementation of the QuAP are provided.
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Fosters an environment that promotes and supports the identification of issues and
resolution for continuous quality improvement.

Appoints the Quality Steering Group Chair to administer the QuAP.

Approves the QuAP and supports its implementation.

9.1.1.13 LANL Quality Steering Group

Oversees and guides the development and implementation of the QuAP.
Endorses the QuAP institutional support documents.
Reviews and interprets quality documents and policy issues.

Provides recommendations regarding quality assurance policy issues to support the
Quality Steering Group Chair key decisions.

9.1.1.14 LANL Associate Directors

Account for directorate compliance with quality assurance requirements [e.g., 10 CFR
830, Subpart A, DOE O 414.1 (current contractual version), and DOE/NNSA QC-1].

Determine and provide resources (e.g., budget, personnel, materials) to accomplish
required work activities.

Serve as the directorate representative on the Quality Steering Group. »
Appoint directorate and/or division representatives to serve on the Quality Network.

Ensure the flow down and effective implementation and enforcement of quality assurance
requlrements within their directorates.

-Ensure that applicable quality standards and quality requirements are identified for the

work to be performed.

Develop/approve directorate/division and program quality assurance supplemental
documents (where applicable) and QuAP implementation plans within their directorates.

Ensure that LANL customer and programmatlc requirements are integrated into the
scopes of work activities (e.g., ISM, Integrated Safeguards and Securlty Management,

- Conduct of Operations).

Foster an environment that promotes identification and comprehensive correction of
quality issues that support continuous quality improvement.

Support the identification and recommendation for pohcy, process, or procedure changes
that improve quality and efficiency within their directorates and/or throughout LANL.-

Perform and provide a summary management assessment report to the Quality Steering
Group Chair and Laboratory Director annually that evaluates the adequacy, effectiveness,
and implementation of management systems performance within their directorates. -
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9.1.1.15 LANL Performance Surety Division

~

e Provides formal operations and oversight for interdivisional and inter-directorate
services.

e Develops and implements integrated management systems that document performance
indicators, measure performance status through investigations, and regularly report
results to LANL senior management (e.g., issues management, authorization basis).

9.1.1.16 LANL Division Leaders/Program, Project, and Office Directors

e Determine quality assurance program requirements based on work scopes and develop
and/or approve quality assurance program documents and 1mp1ementat10n plans within
their divisions/programs/projects/offices.

e Approve quality assurance supplemental documents and implementation plans within
their divisions/programs/projects/offices (where applicable).

9.1.1.17 LANL Institutional Quality Management Group

e Provides procedures, processes, tools, and quality training to assist organizations in
implementation of the QuAP.

e Serves as a resource to systematically manage potential quality concerns, issues, and
problems.

¢ Provides inspection, quality assurance compliance and performance assessments, and
program development support services to LANL.

¢ Reviews directorate and/or division quality assurance supplemental documents and
QuAP implementation plans for compliance with the QuAP requirements.

e Coordinates and chairs the Quality Network and disseminates quality-related information
to Quality Network members.

e Independently assesses the QuAP implementation utilizing a risk-based process to
determine assessment scope. '

9.1.1.18 LANL Quality Network
e Assist in the development and implementation of the QuAP.

e Share quality-related information (e.g., defective items, product recalls) among workers
within directorates, divisions, programs, and offices and identifies and helps to resolve
multi-organizational quality issues.

9.1.1.19 Members of the LANL Workforce (at all levels)
o Implement their organization’s procedures to meet QA requirements.

¢ Comply with administrative and technical work control requirements.
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B Identify and report issues to the responsible manager for resolution and continuous
1mprovement for the work being performed.

o Seek, identify, and recommend work methods or procedural changes that would improve
qualjty and efficiency.

9.2 Quality Assurance Program

9.2.1 General

The CBFO QAPD establishes the QA program requirements for programs, projects, and
activities sponsored by the CBFO. CCP-PO-002, .Transuranic Waste Certification Plan, Section
4.0, Quality Assurance Plan describes and implements the CBFO QAPD requirements for
LANL/CCP. CCP-PO-002 is based on the CBFO QAPD as it applies to the characterization,
certification, and transportation of TRU material and therefore incorporates the applicable
requirements from the regulatory and committed QA source documents identified in the CBFO
QAPD. Section 4.0 of CCP-PO-002, Transuranic Waste Certification Plan, fulfills the
requirements for a transportatlon QA plan as required by 10 CFR 71, Subpart H for the S300
packaging.

The scope of the integrated Quality Assurance Program Requirements for Nuclear Facilities
(NQA-1) Program is to ensure that all items and activities that are important to the safe
containment of TRU Waste at WIPP comply with program objectives. Applicable criteria are
identified in the individual element descriptions contained within the CCP-PO-002, Transuranic
Waste Certification Plan, Section 4.0.

The LANL/CCP QA pfogram is developed and maintained through an ongoing process that
selectively applies QA criteria as appropriate to the function or work activity being performed.
. Applicable QA criteria consist of the following:

o Title 10 CFR Subpart 71, Packaging and Transportation of Radloactlve Material

e Title 10 CFR Part 194, Criteria for the Certification and Re- Certlﬁcatlon of Radloactlve
Material

D " Title 10 CFR 830.120, Quality Assurance Requirements

e ASME NQA-1, Quality Assurance Requirements for Nuclear Fac111ty Application
e DOE O 414.1, Quality Assurance

e USDOE DOE-CBFO-94-1012, Quality _Assui‘ance Program Document

The LANL/CCP QAP is inclusive of applicable requirements from criteria noted above and
addresses the following as applicable for this SAR:

e Organization e Records

e Quality Assuranée Program e Work Process

e Implementation of the QA Program e Procurement

e Personnel Qualification and Training e Inspection and Testing

'
)
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¢ Quality Improvement e Management Assessments

e Documents o Independent Assessment

Table 9.2-1 depicts how the requirements of 10 CFR 71, Subpart H are addressed within the
LANL/CCP QA program. '

The CCP Manager is responsible for ensuring implementation of requirements as defined within
the QA program as well as the requirements of this SAR including design, procurement,
fabrication, inspection, testing, maintenance, and modifications. Procurement documents are to
reflect applicable requirements from 10 CFR 71, Subpart H, ASME NQA-1 and the QA
program.

LANL and CCP management assesses the adequacy and effectiveness of the QA program to
ensure effective implementation inclusive of objective evidence and independent verification,
where appropriate, to demonstrate that specific project and regulatory objectives are achieved.

All LANL/CCP personnel and contactors are responsible for effective implementation of the QA
program within the scope of their responsibilities. Personnel responsible for inspection and
testing are to be qualified, as appropriate, through minimum education and/or experience, formal
training, written examination and/or other demonstration of skill and proficiency. Objective
evidence of qualifications and capabilities are to be maintained as required. As appropriate, the
initial employee training should consist of the following:

e General employee indoctrination
e Program indoctrination
e Radiation/industrial training

e QA program training
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Table 9.2-1 - QA Program Requirement Cross-mapping

10 CFR 71

CCP QA o
Subpart H Title Plan Description Application to CCP
, ] Implementation
Requirement Section
L QA Identifies organizations and their relationships in . ‘
4.1 . s . . Applicable
(71.103) Organization performance of activities affecting quality.
2 Describes basic methods for establishing a documented QA :
QA Program 41 program that implements requirements of 10 CFR 71, Applicable
(71.105) Subpart H.
3 . . . .
Package Design A1 Describes design control measures established for Not Applicable
(71.107) Control structures, systems, and components.
Describes procedures for ensuring that applicable regulatory
4 Procurement requirements, design bases, and other requirements
Document Control 4.7 necessary to ensure adequate quality are suitably included Applicable
(71.109) or referenced in documents for procurement of material and
services.
5 Instructions, Describes documentation of instructions, procedures, or
Procedures, and 4.5 drawings to ensure that safety criteria have been met. Also Applicable
(71.111) Drawings describes QA review and concurrent processes.
6 Describes documents to be maintained by the QA program :
Document Control 4.4 and how those documents may be changed, reviewed, Applicable
(71.113) approved, and issued.
7 Control of Purchased Describes procurement planning, sources, bids, evaluations,
' Material, Equipment, 4.7 awards, performance control, verification activities, control Applicable
(71.115) and Services of nonconformances, and records.
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10CFR 71 CCP QA
Subpart H Title Plan Description Application to CCP
) Implementation
Requirement Section
8 Identification and . .
Control of Materials, 16 Describes proce@ures to track mate_nal; to prevent the use of Applicable
(71.117) Parts, and Components incorrect or defective items.
9 Control of Special 16 Describes procedures to monitor special processes such as Anplicabl
(71.119) Processes ’ welding, radiography, and heat-treating. pplicable
10 . . . .
Internal Inspection 48 Describes the Planmng and use of inspection procedures, Applicable
(71.121) instructions, and checklists.
1 Describes requirements and procedures for testing materials
in accordance with original design and testing requirements. .
(71.123) Test Control 18 Also ensures that the test results are documented and Applicable
evaluated by qualified individuals.
12 Control of Measuring L8 Desqribes p{ocedures for e.nsuring that measur-ing anq test .
and Test Equipment . equipment is properly calibrated and appropriate actions Applicable
(71.125) should the equipment be out of calibration.
13 . Describes procedures for ensuring that containers and
H
agﬁlim%ftgﬁi%?nd 4.8 packaging are preserved, prepared, released, and delivered Applicable
(71.127) Pping in geod condition.
14 . Describes methods for the identification of the inspection,
Ingsgg’;;;ga;nd 4.8 test, and operating status of items including the Applicable
(71.129) application/removal of tags, markings, or stamps.
15 Insl\p}gitlon,fTesF, and Describes the identification, segregation, disposition, and
conforming 4 luati . . .
Materials. Parts. or N evaluation of items that do not conform to design and Applicable
(71-131) Comp;)nen s construction criteria.
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10 CFR 71 CCP QA o
Subpart H Title Plan Description A?na:)clz:rtrzzrr‘nttaotiggp
Requiremént  Section
16 Described procedures for identifying, reporting, and -
Corrective Action 4.7 obtaining corrective actions from suppliers for defective Applicable
(71-133) material.
17 . Describes, the establishment of quality assurance records,
Quah}tg;iss;;rance 4.5 content, indexing and classification, and appropriate Applicable
(71-135) . methods for storage, preservation, and safekeeping.
18 Audits h 49 Describes internal. and external auc.iit programs applicable to Applicable
(71.137) . both in-house and major suppliers.
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9.2.2 S300-Specific Program

The S300 was designed and tested as described in Chapter 2, Structural Evaluation, of this SAR.
QA requirements are invoked in the design, procurement, fabrication, assembly, testing,
maintenance, and use of the packaging to ensure established standards are maintained. Items and
activities to be controlled and documented are described in this chapter.

9.2.3 QA Levels

Materials and components of the S300 are designed, procured, fabricated, assembled, and tested
using a graded approach under a 10 CFR 71, Subpart H equivalent QA Program. Under that
program, the categories critical to safety are established for all S300 packaging components.
These defined quality categories consider the impact to safety if the component were to fail or
perform outside design parameters.

Graded Quality Category A Items:

These items and services are critical to safe operation and include structures, components, and
systems whose failure could directly result in a condition adversely affecting public health and
safety. The failure of a single item could cause loss of primary containment leading to a release
of radioactive material beyond regulatory requirements, loss of shielding beyond regulatory
requirements, or unsafe geometry compromising criticality control.

Graded Quality Category B Items:

These items and services have a major impact on safety and include structures, components,
and systems whose failure or malfunction could indirectly result in a condition adversely
affecting public health and safety. The failure of a Category B item, in conjunction with the
failure of an additional item, could result in an unsafe condition.

Graded Quality Category C Items:

These items and services have a minor impact on safety and include structures, components,
and systems whose failure or malfunction would not significantly reduce the packaging
effectiveness and would not be likely to create a situation adversely affecting public health
and safety.

The CCP QAPD graded assessment results for the S300 are shown in Table 9.2-2.
Table 9.2-3 identifies the level of effort for package activities appropriate for each quality
category element.
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Table 9.2-2 - QA Categories for Design and Procurement of S300

Subcomponents

Component Subcomponent Category

Pipe Flange A

Shells and Heads Cylindrical Shell
Pipe End Cap A
Lid A
Vessel Closure ‘

Closure Bolts A

Seals Containment O-Ring Seal A

Pressure Relief Devices Filter Vent A

Shield Insert Body B

Neutron Shielding :

Shield Insert Lid B

Drum 55-Gallon Drum and Lid B

Fiber board B

Dunnage

Plywood B

Lifting Devices Lifting Device B

Package Hardware Outer Rigid Polyethylene Drum Liner C

Pressure Relief Devices Drum Filter Vent A

Weld Filler Metal A

Miscellaneous Thread Locking Compound (optional) C

Vacuum Grease (optional) C-
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‘ Table 9.2-3 - Lével of Quality Assurance Effort per QA Element

. QA
Ele?lﬁ:ﬁt - Level of QA Effort Category
"A|B]|C
QA Organization
e Organizational structure and authorities defined X X1 X
1 ¢ Responsibilities defined X X X
e Reporting levels established . X| x|x
* Management endorsement X X1 X
R QA Program
5 e Implementing procedures in place X X
e Trained personnel X1 X
e Activities controlled X1 X
Design
e  Control of design process and inputs X1 XX
o Control of design input X X ] X
.- Software validated and verified X1 X | X
. 3 + Design verification controlled XXX
e Quality category assessment performed X]1 X1 X |
.o Definition of commercial or generic item (off-the-shelf) not X
" related to A or B component
Procurement Document control
e Complete traceability ' : X | X
4 ¢ Qualified suppliers list - X X
| e Commercial grade dedicated items acceptable X] X
; Off-the-shelf item _ X
Instructions, Procedures, and Drawings
5 e Must be written and controlled X1 X |
e Qualitative or quantitative acceptance criteria : X1 X
Document Control
e Controlled issuance . X X
® e Controlled changes X X
e  Procurement documents X X 1 X
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| QA
f oA Level of QA Effort Category
‘ A|lB]|C
Control of Purchased Material, Equipment, and Services
Source evaluation and selection plans X X
Evidence of QA at supplier X1 X
7-' Inspections at supplier, as applicable X1 X
Receiving inspection X1 X
Objective proof that all specifications are met X1 X
Audits/surveillances at supplier facility, as applicable X1 X
Incoming inspection for damage onI'y 4 ‘ X
Identification and Control of Material, Parts, and Components
Positive identification and traceability of each item ‘ X1 X
8 Identification and traceable to heats, lots, or other groupings X X
Identification to end use drawings, etc. X
Control of Special Processes |
All welding, heat treating, and nondestructive testing done by X | X
9 qualified personnel _
Qualification records and training of personnel . X1 X
No special processes ' X
Inspection
Documented inspection to all specifications required X1 X
Examination, measurement, or test of material or processed X X
product to assure quality
10 Process monitoring if quality requires it X1 X
Inspectors must be independent of those performing operations X1| X X
Qualified in'spectors only X X | X
Receiving inspection X1 X | X
Test Control
Written test program X1 X
Written test procedures for requirements in the package X X
1" approval
Documentation of all testing and evaluation ’ X1 X
Representative of buyer observes all supplier acceptance tests if | X
specified in procurement documents
No physical tests required X
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QA
Elmm Level of QA Effort Category
A|B]|C:
Control of Measuring and Test Equipment

Tools, gauges, and i'nstruments to be in a formal calibration X X

12 program
Only qualified inspectors X X
No test required X

Handling, Storage, and Shipping

13 Written plans and procedures required X1 X

Routine handling X
Inspection, Test, and Operating Status

Individual items identified as to status or condition X 1] X

b Stamps, tags, labels, etc., must clearly show status X X X
Visual examination only X

Nonconforming Materials, Parts, or Components

Written program to prevent inadvertent use X X1 X

19 Nonconformance to be documented and closed X]1 XX
Disposal without records X

Corrective Action
10 Objective evidénce of closure for conditions adverse to quality X|]1 XX
QA Records

Design and use records X X1 X
Results of reviews, inspections, test, audits, surveillance, and X X
materials analysis.
Personnel qualifications X1 X

1 Records of fabrication, acceptancé, and maintenance retained X X X
throughout thé life of package '
Record of package use kept for three years after shipment X1 X
All records managed by written plans for retention and disposal X1 X
Procurement records X1 x| x

Audits

18 Written plan of periodic audits X1 XX

Lead auditor certified x | x
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Upon custodianship of the S300 packages by LANL, functional classifications will be used for
site operations and activities related to the S300. The method of classification is documented as
follows.

The package-specific safety documents identify systems, structures, and components (SSCs) that
are important to the safety functions for transportation. As appropriate, the hazard analysis and
accident scenarios in the safety basis documents help identify SSCs that must function in order to
prevent or mitigate these events. These SSCs are then identified using the classification system
found in the NRC QA Category system provided in NRC Regulatory Guide (RG) 7.10. The
categories as defined in RG 7.10, and listed below, are analogous to Safety Class, Safety
Significant, and General Service that are identified for facility SSCs.

Quality Category A:

Critical impact on safety and associated functional requirements - items or components
whose single failure or malfunction could directly result in an unacceptable condition of
containment, shielding, or nuclear criticality control. This is functionally equivalent to
“safety class” designation used for nuclear facility safety.

Quality Category B:

Impact on safety and associated functional requirement — components whose failure or
malfunction in conjunction with one other independent failure or malfunction could result
in an unacceptable condition of containment, shielding, or nuclear criticality control.

This is functionally equivalent to “safety significant” designation used for nuclear facility
safety.

Quality Category C:

Minor impact on safety and associated functional requirements — components whose
failure or malfunction would not result in an unacceptable condition of containment,
shielding, or nuclear criticality control regardless of other single failures. This is
functionally equivalent to designations given to components that do not meet “safety
class or safety significant” criteria used for nuclear facility safety.

The CCP shall assign a Design Authority (DA) who shall identify critical characteristics when
they identify design attributes necessary to preserve the safety support function. As necessary,
the DA also ensures critical characteristics are included in this SAR by the identification of SSCs
and their QA Category designations. Additionally, this SAR shall include the safety function,
design, and operational attributes necessary for reliable performance. The DA applies design
criteria to the design, operation, and maintenance of each critical SSC including recommended
codes and standards, as required by RG 7.10. QA requirements shall be applied as necessary to
assure the SSCs can perform their function.

9.3 Package Design Control

As required by CCP-PO-002, Transuranic Waste Certification Plan, design processes shall be
established and implemented to satisfy the requirements of CCP-PO-002, Section 4.0. These
requirements are to be in accordance with:
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‘ e 10 CFR 830.122(f), Criterion 6 — Performance/Design’
e DOE Order 414C, CRD, Attachment 1, 2.b.(2), Criterion 6 — Design

Requirements are implemented to ensure processes and procedures are in place to ensure design
features of packaging systems are appropriately translated into specifications, drawings,
procedures, and instructions. Design control measures are established for criticality, shielding,
thermal, and structural analyses under both normal and accident condition analyses as defined in
DOT and NRC regulations.

The LANL/CCP will be responsible for maintaining the package and this SAR. The design
documents (e.g., drawings and specifications) are controlled by incorporation into this SAR,
which will be reviewed and approved by the U.S. Department of Energy Packaging
Certification Office and the NRC.

The design of the S300 will be performed under an NRC-approved QA Program as required by
CCP, but is not applicable to this QA plan. Design inputs will consist of a CCP statement of
work, applicable DOE orders, national standards, specifications, and drawings.

Procedures are established to control design activities to ensure that the following occur:
¢ Design activities will be planned, controlled, and documented.

e Regulatory requirements, design requirements, and appropriate quality standards will be
correctly translated into specifications, drawings, and procedures.

o Competent engineering personnel, independent of design activities, perform design
. verification. Verification may include design reviews, alternate calculations, or
qualification testing. Qualification tests are conducted in accordance with approved test
programs or procedures.

o Design interface controls will be established and adequate.

o Design, specification, and procedure changes will be reviewed and approved in the same
manner as the original issue. In a case where a proposed design change potentially
affects licensed conditions, the Quality Assurance Program shall provide for ensuring that
licensing considerations have been reviewed and are complied with or otherwise
reconciled by amending the license.

o Design errors and deficiencies will be documented, corrected and corrective action to
prevent recurrence is taken.

e Design organization(s) and their responsibilities and authorities will be delineated and
controlled through written procedures.

Materials, parts, equipment, and processes essential to the function of items that are important to
safety will be selected and reviewed for suitability of application.

. ' DOE, Code of Federal Regulations, 10 CFR 830.122, Quality Assurance Criteria, U.S. Department of Energy,
‘ Washington, D.C., 2006.
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Computer programs used for design analysis or verification will be controlled in accordance with
approved procedures. These procedures will provide for verification of the accuracy of computer
results and for the assessment and resolution of reported computer program errors.

9.4 Procurement Document Control

As required by the CCP-PO-002, Transuranic Waste Certification Plan, procurement/acquisition
processes and related document control activities shall be established and implemented to satisfy
the requirements of CCP-PO-002, Section 4.0. These requirements are to be in accordance with:

10 CFR 830.122(d), Criterion 4 - Management/Documents and Records

10 CFR 830.122(g), Criterion 7 - Performance/Procurement

DOE Order 414C, CRD, Attachment 1, 2.a.(4), Criterion 4 — Documents and Records
e DOE Order 414C, CRD, Attachment 1, 2.b.(3), Criterion 7 — Procurement

Requirements are implemented to ensure processes and procedures are in place to ensure
appropriate levels of quality are achieved in the procurement of material, equipment, and
services. Quality Level and Quality Category designations assigned by the Design Authority are
used to grade the application of QA requirements of procurements based on radiological material
at risk, mission importance, safety of workers, public, environment, and equipment, and other
differentiating criteria. Implementing procedures will provide the logic process for determining
Quality Levels used in procurement of equipment and subcontracting of services. Procedures
shall be in place to ensure processes address document preparation and document control, and
management of records meeting regulatory requirements. Procurement records must be kept in a
manner that satisfies regulatory requirements.

LANL/CCP will be responsible for initiating procurement actions for packaging and spare parts
from a supplier with a 10 CFR 71, Subpart H QA Program.

Implementing procedures shall ensure that procurement documents are prepared to clearly define
applicable technical and quality assurance requirements including codes, standards, regulatory
requirements and commitments, and contractual requirements. These documents serve as the
principal documents for the procurement of structures, systems and components, and related
services for use in the design, fabrication, maintenance and operation, inspection and testing of
storage and/or transportation systems. Procedures shall ensure that purchased material,
components, equipment, and services adhere to the applicable requirements. Furthermore:

¢ The assignment of quality requirements through procurement documents is administered
and controlled.

e Procurement activities are performed in accordance with approved procedures delineating
requirements for preparation, review, approval, and control of procurement documents.
Revisions to procurement documents are reviewed and approved by the same cognizant
groups as the original document.

¢ Quality requirements are included in quality-related purchase orders as applicable to the
scope of the procurement referencing 10 CFR 71, Subpart H or other codes and
standards, as appropriate.
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¢ LANL/CCP procurement documents will require suppliers to convey appropriate quality
. assurance program requirements to sub-tier suppliers. -

e LANL/CCP procurement documents will include provisions that suppliers either
maintain or supply those QA records which provide evidence of conformance to the
procurement documents. Additionally, procurement documents shall designate the
supplier documents required for submittal to LANL/CCP for review and/or approval.

e LANL/CCP shall maintain the right of access to supplier facilities and performance of
source surveillance and/or audit activities, as applicable. A statement to this effect is to
be included in procurement documents.

Procurement documents shall also address the applicability of the provisions of 10 CFR 21 for
the Reporting of Defects and Noncompliances.

9.5 Instructions, Procedures, And Drawings

As required by the CCP-PO-002, Transuranic Waste Certification Plan, instructions, procedures,
and drawing work processes and applicable quality improvement activities shall be established
and implemented to satisfy the requirements of Section 4.0. These requirements are to be in
accordance with:

e 10 CFR 830.122(c), Criterion 3 — Management/Quality Improvement
e 10 CFR 830.122(e), Criterion 5 — Performance/Work Processes

. e DOE Order 414C, CRD, Attachment 1, 2.a.(3), Criterion 3 - Quality Improvement
e DOE Order 414C, CRD, Attachment 1, 2.b.(1), Criterion 5 — Work Processes

Requirements are implemented to ensure processes and procedures are in place that achieve
quality objectives and ensure appropriate levels of quality and safety are applied to critical
components of packaging and transportation systems utilizing a graded approach. The program
shall ensure processes and procedures in place to identify and correct problems associated with
transportation and packaging activities.

Implementing procedures shall be established to ensure that methods for complying with each of
the applicable criteria of 10 CFR 71, Subpart H; 10 CFR 72, Subpart G; 10 CFR 50, Appendix B,
or ASME Section III, as applicable, for activities affecting quality during design, fabrication,
inspection, testing, use and maintenance are specified in instructions, procedures, and/or drawings.
In addition:

¢ Instructions, procedures, and drawings shall be developed, reviewed, approved, utilized,
and controlled in accordance with the requirements of approved procedures. These
instructions, procedures, and drawings shall include appropriate quantitative and
. qualitative acceptance criteria.

» Changes to instructions, procedures and drawings, are developed, reviewed, approved,
utilized and controlled using the same requirements-and controls as applied to the original
documents.

. e Compliance with these approved instructions, procedures and drawings is mandatory for
LANL/CCP personnel while performing activities affecting quality.
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Specific activities by LANL/CCP regarding preparation of packaging for use, repair, rework,

‘ maintenance, loading contents, unloading contents, and transport, must be accomplished in
accordance with written and approved instructions, procedures, specifications, and/or drawings.
These documents must identify appropriate inspection and hold points and emphasize those
characteristics that are important to safety and quality. Transportation package procedures are to
be developed and reviewed by technical and quality staff and shall be approved by appropriate
levels of management.

9.5.1 Preparation and Use

Activities concerning loading and shipping are performed in accordance with written operating
procedures developed by the user and approved by the package custodian. Packaging first-time
usage tests, sequential loading and unloading operations, technical constraints, acceptance limits,
and references are specified in the procedures. A pre-planned and documented inspection will be
conducted to ensure that each loaded package is ready for delivery to the carrier.

9.5.2 Operating Procedure Changes

Changes in operating procedures that affect the process must be approved at the same
supervisory level as the initial issue.

9.5.3 Drawings

O Controlled drawings are shown in Appendix 1.3.1, Packaging General Arrangement Drawings,
of this SAR. Implementation of design revisions is discussed in SAR Section 9.3, Package -
Design Control.

9.6 Document Control

As required by the CCP-PO-002, Transuranic Waste Certification Plan, document control
activities shall be established and implemented to satisfy the requirements of Sect1on 4.0. These
requirements are to be in accordance with:

e 10 CFR 830.122(d), Criterion 4 - Management/Documents and Records
e DOE Order 414C, CRD, Attachment 1, 2.a.(4), Criterion 4 - Documents and Records

Requirements are implemented to ensure processes and procedures are in place to address
document, document control, and for the management of records. Records (engineering, test
reports, user instructions, etc.) must be maintained in a manner that conforms to regulatory
requirements.

Document control activities related to the design, procurement, fabrication, and testing of S300
components; and SAR preparation shall be controlled.

Implementing procedures shall be established to control the issuance of documents that prescribe
activities affecting quality and to assure adequate review, approval, release, distribution, use of
documents and their revisions. Controlled documents may include, but are not limited to:

. e Design specifications
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e Design and fabrication drawings

e Special process specifications and procedures
e QA Program Manuals/Plans, etc.

e Implementing procedures

o Test procedures _

e Operational test procedures and data.

Requirements shall ensure changes to documents, which prescribe activities affecting quality, are
reviewed and approved by the same organization that performed the initial review and approval,
or by qualified responsible organizations. Documents that prescribe activities affecting quality
are to be reviewed and approved for technical adequacy and inclusion of appropriate quality
requirements prior to approval and issuance. Measures are taken to ensure that only current
‘documents are available at the locations where activities affecting quality are performed prior to
commencing the work.

Package users are responsible for establishment, development, review, approval, distribution,
revision, and retention of their documents. Documents requiring control, the level of control,
and the personnel responsibilities and training requirements are to be identified.

Packaging documents to be controlled include as a minimum:
o Operating procedures
e Maintenance procedures
o Inspection and test procedures
e Loading and unloading procedures
e Preparation for transport procedures
o Repair procedures
. Sﬁeciﬁcations
o Fabrication records
e Drawings of packaging and components
. o SAR and occurring supplements

Revisions are handled in a like manner as the original issue. Only the latest revisions must be
available for use.

Documentation received from the supplier for each package must be filed by package serial
number. These documents are to be retained in the user’s facility.
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9.7 Control Of Purchased Material, Equipment And
Services

As required by the CCP-PO-002, Transuranic Waste Certification Plan, the control of purchased
material, equipment and services and applicable quality improvement activities shall be
established and implemented to satisfy the requirements of Section 4.0. These requ1rements are
to be in accordance with:

' 10 CFR 830.122(c), Criterion 3 — Management/Quality Improvement

e 10 CFR 830.122(g), Criterion 7 - Performance/Procurement

- 10 CFR 830.122(h), Criterion 8 — Performance/Inspection and Acceptance Testing
e DOE Order 414C, CRD, Attachment 1, 2.b.(3), Criterion 3 — Quality Improvement
e DOE Order 414C, CRD, Attachment 1, 2.b.(3), Criterion 7 — Procurement

e DOE Order 414C, CRD, Attachment 1, 2.b.(4), Criterion 8 — Inspection and Acceptance
Testing

Requirements are implemented to ensure processes and procedures are in place to ensure
appropriate inspections and tests are applied prior to acceptance or use of the packaging or -
component, and to identify the status of packaging items, components, etc. Requirements shall
ensure processes and procedures are in place such that appropriate levels of quality are achieved
in the procurement of material, equipment, and services. Quality Level and Quality Category
designations by the Design Authority are used to grade the application of QA requirements of
procurements based on radiological material at risk, mission importance, safety of workers,
public, environment, and equipment, and other differentiating criteria. Requirements shall
ensure processes and procedures in place to identify and correct problems associated with
transportation and packaging activities.

Activities related to the control of purchased material, equipment and services shall be
controlled. Control of purchased material, equipment, and services consist of the following
elements:

e Implementing procedures shall be established to assure that purchased material,
equipment and services conform to procurement documents.

e Procurement documents shall be reviewed and approved by authorized personnel for
acceptability of proposed suppliers based on the quality requirements of the item/activity
being purchased.

¢ Asrequired, audits and/or surveys are conducted to determine supplier acceptability.
These audits/surveys are based on one or all of the following criteria: the supplier’s
capability to comply with the requirements of 10 CFR 71, Subpart H; 10 CFR 50,
Appendix B, or ASME Section III that are applicable to the scope of work to be
performed; a review of previous records to establish the past performance of the supplier;
and/or a survey of the supplier’s facilities and review of the supplier’s QA Program to
assess adequacy and verify implementation of quality controls consistent with the
requirements being invoked.
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Qualified personnel shall conduct audits and surveys. Audit/survey results are to be
documented and retained as Quality Assurance Records. Suppliers are re-audited and/or
re-evaluated at planned intervals to verify that they continue to comply with quality
requirements and to assess the continued effectiveness of their QA Program.
Additionally, interim periodic evaluations are to be performed of supplier quality
activities to verify implementation of their QA Program.

Suppliers are required to provide objective evidence that items or services provided meet
the requirements specified in procurement documents. Items are properly identified to
appropriate records that are available to permit verification of conformance with
procurement documents. Any procurement requirements not met by suppliers shall be
reported to LANL/CCP for assessment of the condition. These conditions are reviewed
by technical and quality personnel to assure that they have not compromised the quality
or service of the item.

Periodic surveillance of supplier in-process activities is performed as necessary, to verify
supplier compliance with the procurement documents. When deemed necessary, the need
for surveillance is noted in approved quality or project planning documents.

Surveillances are to be performed and documented in accordance with approved
procedures. Personnel performing surveillance of supplier activities are to be trained and
qualified in accordance with approved procedures.

Quality planning for the performance of source surveillance, test, shipping and/or
receiving inspection activities to verify compliance with approved design and licensing
requirements, applicable 10 CFR 71, 10 CFR 50 criteria, procurement document
requirements, or contract specifications is to be performed in accordance with approved
procedures.

For commercial “off-the-shelf” items, where specific quality controls appropriate for
nuclear applications cannot be imposed in a practical manner, additional quality
verification shall be performed to the extent necessary to verify the acceptability and
conformance of an item to procurement document requirements. When dedication of a
commercial grade item is required for use in a quality-related application, such dedication
shall be performed in accordance with approved procedures.

To ensure compliance with procurement requirements, control measures shall include
verification of supplier capability and verification of item or service quality. Procurements of
S300 components are required to be placed with pre-qualified and selected vendors. The
vendor’s QA Plan must address the requirements of 10 CFR 71, Subpart H and defined
requirements. A graded approach is used based on the QA Levels established in Table 9.2-2.

The approach used to control the procurement of items and services must include the following:

Source evaluation and selection

Evaluation of objective evidence of quality furnished by the supplier
Source inspection

Audit

Examination of items or services upon delivery or completion.
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9.8 Identification And Control Of Material, Parts And
Components

As required by the CCP-PO-002, Transuranic Waste Certification Plan, activities concerning the

identification and control of material, parts, and components shall be established and
implemented to satisfy the requirements of Section 4.0. These requirements are to be in
accordance with:

o 10 CFR 830.122(g), Criterion 5 — Performance/Work Processes

e 10 CFR 830.122(g), Criterion 7 — Performance/Procurement

e 10 CFR 830.122(h), Criterion 8 — Performance/Inspection and Acceptance Testing
e DOE Order 414C, CRD, Attachment 1, 2.b.(1), Criterion 5 - Work Processes

e DOE Order 414C, CRD, Attachment 1, 2.b.(3), Criterion 7 — Procurement

e DOE Order 414C, CRD, Attachment 1, 2.b.(4), Criterion 8 — Inspection and Acceptance
Testing ‘
Requirements are implemented to ensure processes and procedures are in place that achieve

quality objectives and ensure appropriate levels of quality and safety are applied to critical
components of packaging and transportation systems utilizing a graded approach. The program

also ensures processes and procedures are in place such that appropriate inspections and tests are

applied prior to acceptance or use of the packaging or component, and to identify the status of
packaging items, and components. The program shall ensure processes and procedures are in
place to ensure appropriate levels. of quahty are achieved in the procurement of material,
equipment, and services.

Activities related to the identification and control of material, parts and components shall be
controlled. The requirements for identification and control of material, parts, and components
consist of the following elements:

e Implementing procedures are established to identify and control materials, parts, and
components. These procedures assure identification of items by appropriate means
during fabrication, installation, and use of the items and prevent the inadvertent use of
incorrect or defective items.

e Requirements for identification are established during the preparation of procedures and
specifications.

e Methods and location of identification are selected to not adversely affect the quality of
the item(s) being identified.

¢ Items having limited shelf or operating life are controlled to prevent their inappropriate
use.

Control and identification must be maintained either directly on the item or within documents
traceable to the item to ensure that only correct and acceptable items are used. When physical
identification is not practical, other appropriate means of control must be established such as
bagging, physical separation, or procedural control. Each packaging unit shall be assigned a
unique serial number after fabrication or purchase. All documentation associated with
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subsequent storage, use, maintenance, inspection, acceptance, etc., must refer to the assigned
serial number. Verification of acceptance status is required prior to use. Items that are not
acceptable must be controlled accordingly. Control of nonconforming items is addressed in SAR
Section 9.15, Nonconforming Parts, Materials, or Components.

Each S300 package will be conspicuously and durably marked with information identifying the
package owner, model number, unique serial number, and package gross weight, in accordance
with 10 CFR 71. 85(c) '

Replacement parts must be identified to ensure correct apphcatlon Minute items must be
individually packaged and marked with material certification, size, cure date, and shelf life, as
appropriate. Replacement bolts must be source traceable, certified, marked to reflect their
American Society for Testing and Materials (ASTM) or ASME designation, and segregated from
other materials and fasteners to prevent misuse or installation of unacceptable bolts. Items that
have limited calendar-life cycles, operating-life cycles, or shelf life must be controlled to
preclude the use of expired items. Processes shall be in place to replace aging items before
failure or expiration.

Assessment of the S300 packaging parts according to safety significance is shown in Table 9.2-2.

9.9 Control Of Special Processes

As required by the CCP-PO-002, Transuranic Waste Certification Plan, activities for the control
of special processes shall be established and implemented to satisfy the requirements of
Section 4.0. These requirements are to be in accordance with:

e 10 CRF 830.122(b), Criterion 2 — Management/Personnel Training and Qualifications
e 10CFR 830.122(e), Criterion 5 - Performance/Work Processes )
e 10 CFR 830.122(g), Criterion 7 - Performance/Procurement

e DOE Order 414C, CRD, Attachment 1, 2.a.(2), Criterion 2 - Personnel Training and
Qualifications

¢ DOE Order 414C, CRD, Attachment 1, 2.b.(1), Criterion 5 — Work Processes
e DOE Order 414C, CRD, Attachment 1, 2.b.(3), Criterion 7 — Procurement

Requirements will be implemented to ensure only trained and qualified personnel perform
transportation and packaging activities. The program shall ensure processes and procedures are
in place that achieve quality objectives and ensure appropriate levels of quality and safety are
applied to critical components of packaging and transportation systems utilizing a graded
approach.

Activities related to the control of special processes shall be controlled. The requirements for
control of special processes consist of the following elements:

¢ Implementing procedures shall be established to control special processes used in the
fabrication and inspection of storage/transport systems. These processes may include
welding, non-destructive examination, or other special processes as identified in
procurement documents. :
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. e Special processes are performed in accordance with approved procedures.

e Personnel who perform special processes are to be trained and qualified in accordance
with applicable codes, standards, specifications, and/or other special requirements.
Records of qualified procedures and personnel are to be maintained and kept current by
the organization that performs the special processes.

Package users are responsible to ensure special processes for welding and nondestructive
examination of the S300 during fabrication, use, and maintenance are controlled. Equipment
used in conduct of special processes must be qualified in accordance with applicable codes,
standards, and specifications. Special process operations must be performed by qualified
personnel and accomplished in accordance with written process sheets or procedures with
recorded evidence of verification when applicable. Qualification records of special process
procedures, equipment, and personnel must be maintained.

Welders, weld procedures, and examination personnel are to be qualified in accordance with the
appropriate articles of ASME BPVC, Section III, Subsections NB (for containment
components) and NG (for criticality control components); ASME BPVC, Section IX, “Welding
and Brazing Qualifications”;® and ASME BPVC, Section V, “Nondestructive Examination.”*

Containment vessel and criticality control component structural welds must be examined by
nondestructive methods using radiography and dye penetrant techniques and must meet the
requirements of the ASME BPVC as cited on the design drawings.

Special processes for QA Level A and B items must be performed by qualified personnel in

. accordance with documented and approved procedures. Applicable special processes performed
by an outside supplier such as welding, plating, anodizing, and heat treating, which are controlled
by the suppliers’ quality program, are reviewed and/or witnessed in accordance with procurement
requirements.

9.10 Internal Inspection

As required by the CCP-PO-002, Transuranic Waste Certification Plan, internal inspection
activities shall be established to satisfy the requirements of Section 4.0. These requirements are
to be in accordance with:

e 10 CRF 830.122(b), Criterion 2 — Management/Personnel Training and Qualifications
e 10 CFR 830.122(h), Criterion 8 — Performance/Inspection and Acceptance Testing

e DOE Order 414C, CRD, Attachment 1, 2.a.(2), Criterion 2 - Personnel Training and
Qualifications '

2 ASME, 2004, American Society of Mechanical Engineers Boiler and Pressure Vessel Code, Section III, Rules for
Construction of Nuclear Power Plant Components, American Society of Mechanical Engineers, New York, NY

# ASME, 2004, American Society of Mechanical Engineers Boiler and Pressure Vessel Code, Section IX, Welding
and Brazing Qualifications, American Society of Mechanical Engineers, New York, NY

* ASME, 2004, American Society of Mechanical Engineers Boiler and Pressure Vessel Code, Section V,
. Nondestructive Examination, American Society of Mechanical Engineers, New York, NY
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e DOE Order 414C, CRD, Attachment 1, 2.b.(4), Criterion 8 — Inspection and Acceptance
Testing

Requirements are implemented to ensure only trained and qualified personnel perform
transportation and packaging activities. The program shall ensure processes and procedures are
in place to ensure appropriate inspections and tests are applied prior to acceptance or use of the
packaging or component, and to identify the status of packaging items, components, etc.

Activities related to internal inspection shall be controlled. The program requirements for control
of internal inspection consist of the following elements:

e Implementing procedures shall be established to assure that inspection or surveillance is
performed to verify that materials, parts, processes, or other activities affecting quality
conform to documented instructions, procedures, specifications, drawings, and/or
procurement documents.

o Personnel performing inspection and surveillance activities shall be trained and qualified
in accordance with written approved procedures. '

¢ Inspections and surveillances are to be performed by individuals other than those who
performed or supervised the subject activities.

¢ Inspection or surveillance and process monitoring are both required where either one, by
itself, will not provide assurance of quality.

¢ Modifications and/or repairs to and replacements of safety-related and important-to-
safety structures, systems, and components are inspected in accordance with the original
design and inspection requirements or acceptable alternatives.

e Mandatory hold points, inspection equipment requirements, acceptance criteria,
personnel qualification requirements, performance characteristics, variable.and/or
attribute recording instructions, reference documents, and other requirements are
considered and included, as applicable, during inspection and surveillance planning.

9.10.1 Inspections During Fabrication

Specific inspection criteria are incorporated into the drawings (see Appendix 1.3.1, Packaging
General Arrangement Drawings of this SAR) for the S300 packaging. Inspection requirements
for fabrication are divided into two responsible areas that document that an accepted S300
package conforms to tested and certified design criteria. These two areas are:

e In-process mspectlons performed by the fabricator.

¢ Independent surveillance of fabrication activities performed by individuals acting on
behalf of the purchaser.

The vendor (fabricator) is required to submit a Manufacturing/Fabrication Plan prior to the start
of fabrication for approval by the customer. This plan shall be used as a tool for establishing
witness and hold points. A review for compliance with procurement documents is normally
performed as part of the surveillance function at the vendor’s facility. The plan shall define how
fabrications and inspections are to be performed, processes to be engaged, and qualification
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requirements for personnel. Inspections must be documented and records delivered in individual
data packages accompanying the package in accordance with the procurement specification.

Independent surveillance activities will be performed by qualified personnel selected with
approval of the customer.

9.10.2 Inspections During Initial Acceptance and During Service Life

Independent inspections are performed upon receipt of the S300 packaging prior to first usage
(implemented by package user procedures) and before loading and prior to each transport. Post-
loading inspections are also performed prior to shipment. Inspection to be implemented by the
package user (by qualified independent inspection personnel) must include the following:

o Acceptance - Ensure compliance with procurement documents. Per Chapter 8,
Acceptance Tests and Maintenance Program of this SAR, perform (as applicable) first-
time-usage inspections, weld examinations, pressure tests, structural tests, foam tests, and
leakage rate tests with the use of approved procedures that implement the requirements of
ANSI N14.5-1997, American National Standard for Radioactive Materials — Leakage
Tests on Packages for Shipment.”

o Operation - Verify proper assembly and verify that post-load leak testing (if applicable)
is carried out as discussed in Chapter 7, Package Operations, of this SAR.

e Maintenance - Ensure adequate packaging maintenance to ensure that performance is not
impaired as discussed in Chapter 8, Acceptance Tests and Maintenance Program of this
SAR.

o Final - Verify proper contents, assem.bly, marking, shipping papers, and implementation
of any special instructions.

9.11 Test Control

As required by the CCP-PO-002, Transuranic Waste Certification Plan, test control activities
shall be established and implemented to satisfy the requirements of Section 4.0. These
. requirements are to be in accordance with:

e 10 CFR 830.122(e), Criterion 5 — Performance/Work Processes
e DOE Order 414C, CRD, Attachment 1, 2.b.(1), Criterion 5 — Work Processes

Requirements are implemented to ensure processes and procedures are in place that achieve
quality objectives and ensure appropriate levels of quality and safety are applied to critical
components of packaging and transportation systems utilizing a graded approach.

Activities related to test control shall be controlled. The requirements for test control consist of
the following elements:

3 ANSI, ANSI N14.5-1997, American National Standard for Radioactive Materials — Leakage Tests on Packages
Jor Shipment, American National Standard Institute, Inc., New York, NY, 1998.
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Implementing procedures shall be established to assure that required proof, acceptance,
and operational tests, as identified in design or procurement documents, are performed
and appropriately controlled.

Test personnel shall have appropriate training and shall be qualified for the level of
testing which they are performing. Personnel shall be qualified in accordance with
approved, written instructions, procedures, and/or checklists.

Tests are performed by qualified personnel in accordance with approved, written
instructions, procedures, and/or checklists. Test procedures are to contain or reference
the following information, as applicable:

- Acceptance criteria contained in the applicable test specifications, or design and
procurement documents.

- Instructions for performance of tests, including environmental conditions.

- Test prerequisites such as test equipment, instrumentation requirements, personnel
qualification requirements, fabrication, or operational status of the items to be
tested.

- Provisions for data recording and records retention.

Test results are to be documented and evaluated to ensure that acceptance criteria have
been satisfied.

Tests to be conducted after modifications, repairs, or replacements of safety-related and
important-to-safety structures, systems, or components are to be performed in accordance
with the original design and testing requirements or acceptable alternatives.

Tests are required when it is necessary to demonstrate that an item or process will perform
satisfactorily. Test procedures must specify the objectives of the tests, testing methods, required
documentation, and acceptance criteria. Tests to be conducted by vendors at vendor facilities
must be specified in procurement documents. Personnel conducting tests, test equipment, and
procedures must be qualified and records attesting to qualification retained.

9.11.1 Acceptance and Periodic Tests

The fabricator must supply QA documentation for the fabrication of each S300 packaging
in accordance with applicable drawings, specifications, and/or other written requirements.

The package user must ensure required S300 packaging pressure tests, structural tests,
foam tests, or leakage rate tests, as applicable, are performed prior to first usage.

Periodic testing, as applicable, will be performed to ensure the S300 packaging
performance has not deteriorated with time and usage. The requirements for the periodic
tests are given in the Chapter 8, Acceptance Tests and Maintenance Program of this
SAR. The results of these tests are required to be documented and maintained with the
specific packaging records by the package user.
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9.11.2 Packaging Nonconformance

Packaging that does not meet the inspection criteria shall be marked or tagged as nonconforming,
isolated, and documented in accordance with Section 9.15, Nonconforming Parts, Materials, or
Components. The packaging must not be used for shipment until the nonconformance report has
been properly dispositioned in accordance with Section 9.15.

9.12 Control Of Measuring And Test Equipment

As required by the CCP-PO-002, Transuranic Waste Certification Plan, activities pertaining to
the control of measuring and test equipment shall be established and implemented to satisfy the
requirements of Section 4.0. These requirements are to be in accordance with:

e 10 CFR 830.122(h), Criterion 8 — Performance/Inspection and Acceptance Testing

e DOE Order 414C, CRD, Attachment 1, 2.b.(4), Criterion 8 — Inspection and Acceptance
Testing ‘

Requirements are implemented to ensure processes and procedures are in place to ensure
appropriate inspections and tests are applied prior to acceptance or use of the packaging or
component, and to identify the status of packaging items, components, etc.

Activities pertaining to the control of measuring and test equipment shall be controlled. The
requirements for control of measuring and test equipment shall consist of the following elements:

e Implementing procedures shall be established to assure that tools, gages, instruments and
other measuring and testing devices (M&TE) used in activities affecting quality are
properly controlled, calibrated and adjusted to maintain accuracy within required limits.

o MA&TE are calibrated at scheduled intervals against certified standards having known
valid relationships to national standards. If no national standards exist, the basis for
calibration shall be documented. Calibration intervals are based on required accuracy,
precision, purpose, amount of use, stability characteristics and other conditions that could
affect the measurements.

e Calibrations are to be performed in accordance with approved written procedures. .
Inspection, measuring and test equipment are to be marked to indicate calibration status.

e M&TE are to be identified, labeled or tagged indicating the next required calibration due
date, and traceable to calibration records.

o IfM&TE is found to be out of calibration, an evaluation shall be performed and
documented regarding the validity of inspections or tests performed and the acceptability
of items inspected or tested since the previous acceptable calibration. The current status
of M&TE is to be recorded and maintained. Any M&TE that is consistently found to be
out of calibration shall be repaired or replaced.

Special calibration and control measures on rules, tape measures, levels and other such devices
are not required where normal commercial practices provide adequate accuracy.

9-37




S300 Safety Analysis Report Docket No. 71-9329 ' Rev. 5, June 2010

9.13 Handling, Storage, And Shipping Control

As required by the CCP-PO-002, Transuranic Waste Certification Plan, handling, storage, and
shipping control activities shall be established and implemented to satisfy the requirements of
Section 4.0. These requirements are to be in accordance with:

e 10 CFR 830.122(e), Criterion 5 — Performance/Work Processes
e DOE Order 414C, CRD, Attachment 1, 2.b.(1), Criterion 5 - Work Processes

Requirements are implemented to ensure processes and procedures are in place that achieve
quality objectives and ensure appropriate levels of quality and safety are applied to critical
components of packaging and transportation systems utilizing a graded approach.

Activities pertaining to handling, storage, and shipping shall be controlled. The requlrements for
handling, storage, and shipping control consist of the following elements:

¢ Implementing procedures shall be established to assure that materials, parts, assemblies,
spare parts, special tools, and equipment are handled, stored, packaged, and shipped in a
manner to prevent damage, loss, loss of identity, or deterioration.

e When necessary, storage procedures address special requirements for environmental
protection such as inert gas atmospheres, moisture control, temperature levels, etc.

Package users shall ensure that components associated with the S300 are controlled to prevent
damage or loss, protected against damage or deterioration, and provide adequate safety of
personnel involved in handling, storage, and shipment (outgoing and incoming) operations.
Handling, storage, and shipping must be accomplished in accordance with written and approved
instructions, procedures, specifications, and/or drawings. These documents must identify
appropriate information regarding shelf life, environment, temperature, cleaning, handling, and
preservation, as applicable, to meet design, regulatory, and/or DOE shipping requirements.

Preparation for loading, handling, and shipment will be done accordance with approved
procedures to ensure that all requirements have been met prior to delivery to a carrier. A
package ready for shipment must conform to its shipping paper. Specific handling
precautions for the S300 are given in Chapter 7, Package Operations of this SAR.

Empty packages, following usage, must be checked and decontaminated if required. Each
package must be inspected, reconditioned, or repaired, as appropriate, in accordance with
approved written procedures before storing or loading. Empty S300 packagings are to be
tagged with “EMPTY” labels and stored in designated protected areas in order to minimize
environmental effects on the containers. New and unused S300 packagings do not require
an “EMPTY" label.

Routine maintenance on the S300 packaging may be performed as deemed necessary by package
users and is limited to cleaning, rust removal, painting, light metal working to restore the original
contours and replacement of damaged, worn, or malfunctioning components. Spare components,
such as bolts, will be placed in segregated storage to maintain proper identification and to avoid

misuse. Specific maintenance precautions for the S300 are given in Chapter 8, Acceptance Tests
and Maintenance Program of this SAR.
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9.14 Inspection, Test, And Operating Status

As required by the CCP-PO-002, Transuranic Waste Certification Plan, inspection, test, and
operating status activities shall be established and implemented to satisfy the requirements of
Section 4.0. These requirements are to be in accordance with:

e 10 CFR 830.122(e), Criterion 5 — Performance/Work Processes
o 10 CFR 830.122(h), Criterion 8 — Performance/Inspection and Acceptance Testing
e DOE Order 414C, CRD, Attachment 1, 2.b.(1), Criterion 5 — Work Processes

e DOE Order 414C, CRD, Attachment 1, 2.b.(4), Criterion 8 — Inspection and Acceptance
Testing

Requirements are implemented to ensure processes and procedures are in place that achieve
quality objectives and ensure appropriate levels of quality and safety are applied to critical
components of packaging and transportation systems utilizing a graded approach. In addition,
processes and procedures shall be in place to ensure appropriate inspections and tests are
applied prior to acceptance or use of the packaging or component, and to identify the status of
packaging items, components, etc.

Activities pertaining to inspection, test, and operating status activities shall be controlled. The
requirements for inspection, test, and operating status consist of the following elements:

e Implementing procedures shall be established to assure that the inspection and test status
of materials, items, structures, systems, and components throughout fabrication,
installation, operation, and test are clearly indicated by suitable means, (e.g., tags, labels,
cards, form sheets, check lists, etc.).

o Bypassing of required inspections, tests, or other critical operations is prevented through
the use of approved instructions or procedures

o As appropriate, the operating status of nonconforming, inoperative or malfunctioning
components of a storage/transport system (e.g., valves, switches, etc.) is indicated to
prevent inadvertent operation. The application and removal of status indicators is
performed in accordance with approved instructions and procedures.

¢ Any nonconforming items are identified and controlled in accordance with Section 9.15,
Nonconforming Parts, Materials, or Components, of this SAR.

Package users shall ensure that the status of inspection and test activities are identified on the
item or in documents traceable to the item to ensure that proper inspections or tests have been
performed and that those items that do not pass inspection are not used. The status of
fabrication, inspection, test, assembly, and refurbishment activities must be identified in
documents traceable to the package components.

Measures established in specifications, procedures, and other instructions shall ensure that the
following objectives are met:

e QA personnel responsible for oversight of packaging inspections can readily ascertain the
status of inspections, tests, and/or operating conditions.

¢ No controlled items are overlooked.
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o Inadvertent use or installation of unqualified items is prevented.

e Documentation is complete.

9.15 Nonconforming Materials, Parts, Or Components

As required by the CCP-PO-002, Transuranic Waste Certification Plan, control of
nonconforming materials, parts, or components shall be established and implemented to satisfy
the requirements of Section 4.0. These requirements are to be in accordance with:

e 10 CFR 830.122(c), Criterion 3 — Management/Quality Improvement
e DOE Order 414C, CRD, Attachment 1, 2.b.(3), Criterion 3 — Quality Improvement

Requirements are implemented to ensure that processes and procedures are in place to identify
and correct problems associated with transportation and packaging activities.

Activities pertaining to the control of nonconforming materials, parts, or components shall be
controlled. The requirements for nonconforming materials, parts, or components consist of the
following elements:

o Implementing procedures shall be established to control materials, parts, and components
that do not conform to requirements to prevent their inadvertent use during fabrication or
during service.

¢ Nonconforming items include those items that do not meet specification or drawing
requirements. Additionally, nonconforming items include items not fabricated or tested
(1) in accordance with approved written procedures, (2) by qualified processes, or (3) by
qualified personnel; where use of such procedures, processes, or personnel is required by
the fabrication, test, inspection, or quality assurance requirements.

e Nonconforming items are identified and/or segregated to prevent their inadvertent use
until properly dispositioned. The identification of nonconforming items is by marking,
tagging, or other methods that do not adversely affect the end use of the item. The
identification shall be legible and easily recognizable. When identification of each
nonconforming item is not practical, the container, package or segregated storage area,
as appropriate, is identified.

e Nonconforming conditions are documented in NCRs and affected organizations are to be
notified. The nonconformance report shall include a description of the nonconforming
condition. Nonconforming items are dispositioned as use-as-is, reject, repair, or rework.

» Inspection or surveillance requirements for nonconforming items following rework,
repair, or modification are detailed in the nonconformance reports and approved
following completion of the disposition.

o Acceptability of rework or repair of nonconforming materials, parts, and components is
verified by re-inspecting and/or re-testing the item to the original requirements or
equivalent inspection/testing methods. Inspection, testing, rework, and repair methods
are to be documented and controlled.

9-40



S300 Safety Analysis Report Docket No. 71-9329 Rev. 5, June 2010

e The disposition of nonconforming items as use-as-is or repair shall include technical
justification and independent verification to assure compliance with design, regulatory,
and contractual requirements.

e TItems dispositioned as rework or repair are reinspected and retested in accordance with
the original inspection and test requirements or acceptable alternatives that comply with
the specified acceptance criteria.

o When specified by contract requirements, nonconformances that result in a violation of -
client contract or specification requirements are to be submitted for client approval.

o Nonconformance reports are made part of the inspection records and are periodically
reviewed to identify quality trends. Unsatisfactory quality trends are documented on a
Corrective Action Report (CAR) as detailed in Section 9.16, Corrective Action, of this
SAR. The results of these reviews are to be reported to management.

o Nonconformance reports relating to internal activities are issued to management of the
affected organization. The appropriate Quality Assurance Manager shall approve the
disposition and performs follow-up activities to assure proper closure.

¢ Compliance with the evaluation and reporting requirements of 10 CFR 21 related to
defects and noncompliances are to be controlled by approved procedures.

9.16 Corrective Action

As required by the CCP-PO-002, Transuranic Waste Certification Plan, requirements for
corrective action shall be established and implemented to satisfy the requirements Section 4.0.
These requirements are to be in accordance with:

e 10 CFR 830.122(c), Criterion 3 - Management/Quality Improvement
e DOE Order 414C, CRD, Attachment 1, 2.b.(3), Criterion 3 — Quality Improvement

Requirements are implemented to ensure that processes and procedures are in place to identify
and correct problems associated with transportation and packaging activities.

Activities pertaining to corrective actions shall be controlled. The requirements for corrective
action consist of the following elements:

o Implementing procedures shall be established to identify significant conditions adverse to
quality. Significant and/or repetitive failures, malfunctions and deficiencies in material,
components, equipment, and operations are to be promptly identified and documented on
a Corrective Action Reports (CARs) and reported to appropriate management. The cause
of the condition and corrective action necessary to prevent recurrence are identified,
implemented, and followed up to verify corrective action is complete and effective.

e The SPQAO is responsible for ensuring implementation of the corrective action program,
including follow up and closeout.actions. The SPQAO may delegate certain activities in
the Corrective Action process to others.
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9.17 Quality Assurance Records

As required by the CCP-PO-002, Transuranic Waste Certification Plan, activities associated
with QA records shall be established and implemented to satisfy the requirements of Section 4.0.
These requirements are to be in accordance with: ‘

e 10 CRF 830.122(b), Criterion 2 - Management/Personnel Training and Qualifications
10 CFR 830.122(d), Criterion 4 — Management/Documents and Records

e 10 CFR 830.122(e), Criterion 5 — Performance/Work Processes

o 10 CFR 830.122(h), Criterion 8 — Performance/Inspection and Acceptance Testing

o DOE Order 414C, CRD, Attachment 1, 2.a.(2), Criterion 2 - Personnel Training and
Qualifications

e DOE Order 414C, CRD, Attachment 1, 2.a.(4), Criterion 4 — Documents and Records
e DOE Order 414C, CRD, Attachment 1, 2.b.(1), Criterion 5 — Work Processes

e DOE Order 414C, CRD, Attachment 1, 2.b.(4), Criterion 8 — Inspection and Acceptance
Testing

Requirements are implemented to ensure that only trained and qualified personnel perform
transportation and packaging activities. The program shall ensure processes and procedures are
in place to address document preparation, document control, and management of records. In
addition, the program ensures processes and procedures are in place which achieves quality
objectives and appropriate levels of quality and safety are applied to critical components of
packaging and transportation systems utilizing a graded approach. Finally, the program ensures
processes and procedures are in place to identify appropriate inspections and tests are applied
prior to acceptance or use of the package or component, and to identify the status of packaging
items, components, etc.

Quality assurance records shall be controlled. The requirements for quality assurance records
consist of the following elements:

» Implementing procedures shall be established to assure control of quality records. The
purpose of the Quality Assurance Records system is to assure that documented evidence
relative to quality related activities is maintained and available for use by LANL/CCP, its
customers, and/or regulatory agencies, as applicable.

o Approved procedures identify the types of documents to be retained as QA records, as
well as those to be retained by the originating organization. Lifetime and Non-Permanent
records are retained by CCP or its customers, as appropriate. Records are identified,
indexed, and stored in accessible locations.

e QA Records are maintained for periods specified to furnish evidence of activities
affecting the quality of structures, systems, and components that are safety-related or
important-to-safety. These records include records of design, procurement, fabrication,
assembly, inspection, and testing.

e Maintenance, records shall include the use of operating logs; results of reviews,
inspections, tests, and audits; results from monitoring of work performance and material
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analyses; results of maintenance, modification, and repair activities; qualification of

personnel, procedures, and equipment; records of calibration of measuring and test
equipment; and related instructions, procedures, and drawings.

Requirements for indexing, record retention period, storage method(s) and location(s),
classification, preservation measures, disposition of nonpermanent records, and
responsibility for safekeeping are specified in approved procedures. Record storage
facilities are established to prevent destruction of records by fire, flood, theft, and
deterioration due to environmental conditions (such as temperature, humidity, or vermin).
As an alternative, two identical sets of records (dual storage) may be maintained at
separate locations.

LANL/CCP shall retain required records for at least three (3) years beyond the date of
last engagement of activities.

9.17.1 General

Sufficient records must be maintained by package users to furnish evidence of quality of items
and of activities affecting quality. QA records that must be retained for the lifetime of the
packaging include:

Appropriate production-related records that are generated throughout the package
manufacturing and fabrication process

Records demonstrating evidence of operational capability; e.g., completed acceptance
tests and inspections

Records verifying repair, rework, and replacement
Audit reports, and corrective actions
Records that are used as a baseline for maintenance

Records showing evidence of delivery of packages to a carrier and proof that all DOT
requirements were satisfied.

9.17.2 Generating Records

Package user documents designated as QA records must be:

Legible
Completed to reflect the work accomplished and relevant results or conclusions

Signed and dated or otherwise authenticated by authorized personnel.

QA records should be placed in a records storage area as soon as is feasible to avoid loss or _
damage. Individual package QA records must be generated and maintained for each package by
the package serial number.
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9.17.3 Receipt, Retrieval, and Disposition of Records

The CCP has overall responsibility for records management for the S300. Package users are
responsible for maintaining records while they are in process and for providing completed
records to the CCP Document Control. A receipt control system shall be established, and
records maintained in-house or at other locations are to be identifiable and retrievable and not
disposed of until prescribed conditions are satisfied.

Records are to be available for inspection upon request.
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Table 9.17-1 - Quality Assurance Records

Quality Assurance Record R:t:r?;i:’m
Design and Fabrication Drawings LOP+
Test Reports LOP+
Independent Design Review Comments LOP+
Safety Analysis Report for Packaging LOP+
Vendor Manufacturing and Inspeétion Plan LOP+
Material Test Report of Certification of Materials LOP+
Welding Specifications and Procedures LOP+
Procedure Qualification Record LOP+
Welder or Welding Operator Qualification Tests LOP+

Record of Qualification of Personnel Performing Radiographic and LOP+

PT Reports
Weld Radiographs LOP+
Liquid Penetrant Reports LOP+
Dimensional Inspection Report for All Features L.OP+
Structural Test Reports (by Vendor) LOP+
Leakage Test Reports (by Vendor and annual) LOP+
Leakage Test Reports (Acceptance) 7 LOP+
Visual and Dimensional Inspection upon Receipt of Packaging LOP+
Leak Testing Personnel Qualification Records S+
Package Loading Procedure S+
Leak Test Results (post loading) S+
Unloading Procedure S+
Preparation of Empty Package for Transport S+
Maintenance Procedures LOP+
Repair Procedures LOP+
Procurement Specifications LOP+
Audit Reports , LOP+
Personnel Training and Qualiﬁcation Documentation LOP+
Maintenance [.og LOP+
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Corrective Action Reports LOP+
Nonéonformance Reports (and resolutions) : LOP+
Incident Reports per.10 CFR 71.95 LOP+
Preliminary Determinations per 10 CFR 71.85 S+
Routine Determinations per 10 CFR 71.87 S+
Shipment Records per 10 CFR 71.91(a), (b), (c), (d) S+
LOP+ Lifetime of packaging plus 3 years S+ Shipping date plus 3 years

9.18 Audits

As required by the CCP-PO-002, Transuranic Waste Certification Plan, audit requirements shall
be established and implemented to satisfy the requirements of Section 4.0. These requirements
are to be in accordance with:

10 CFR 830.122(i), Criterion 9 — Assessment/Management Assessment
10 CFR 830.122(j), Criterion 10 - Assessment/Independent Assessment
DOE Order 414C, CRD, Attachment 1, 2.c.(1), Criterion 9 — Management Assessment
DOE Order 414C, CRD, Attachment 1, 2.c.(2), Criterion 10 - Independent Assessment

Requirements are implemented to ensure management assessments are performed on a regular
basis. Management assessments are planned and conducted in accordance with written
procedures. In addition, the program will be independently assessed periodically in accordance
with procedures.

Activities pertaining to audits and assessments shall be controlled. The requirements for audits
and assessments consist of the following elements:

Implementing procedures shall be established to assure that periodic audits verify
compliance with all aspects of the Quality Assurance Program and determine its
effectiveness. Areas and activities to be audited, such as design, procurement,
fabrication, inspection, and testing of storage/transportation systems, are to be identified
as part of audit planning.

CCP audits supplier Quality Assurance Programs, procedures, and implementation
activities to evaluate and verify that procedures and activities are adequate and comply
with applicable requirements.

Audits are planned and scheduled in a manner to provide coverage and coordination with
ongoing Quality Assurance Program activities commensurate with the status and
importance of the activities.

Audits are performed by trained and qualified personnel not having direct responsibilities
in the areas being audited and are conducted in accordance with written plans and
checklists. Audit results are documented and reviewed by management having
responsibility for the area audited. Corrective actions and schedules for implementation
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A are established and recorded. Audit reports include an objective evaluation of the
' quality-related practices, procedures, and instructions for the areas or activities being
audited and the effectiveness of implementation.

¢ Responsible management shall undertake corrective actions as a follow-up to audit
reports when appropriate. The SPQAO shall evaluate audit results for indications of
adverse trends that could affect quality. When results of such assessments so indicate,
appropriate corrective action will be implemented.

The SPQAO shall follow up on audit findings to assure that appropriate corrective actions have
been implemented and directs the performance of re-audits when deemed necessary.
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