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ABSTRACT

The document is 2 Safety Analvsis Report fzi the Plutonium Air Transportable

Package, Model PAT-1, which was developed by Sandia Laborstories under contract
. to the Nuclear Regulatory Commission (NRC). The document describes the
engineering tests and evaluations that the NRC staff used as a basic to determine
that the package design meets the requirem-nts specified in *he NRC "Qualifi-
cation Criteria to Certify a Package for Air Transport of Plutonium” (NUREG-0360).
By virtue of it§ ability to meet the NRC Qualificetion (riteria, the package
design is capable of safely withstanding severs aircraft accidents. - The document

31150 includes engineering dra=zings ana spec:iicaticns for the package.
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PREFACE

The package described in this Safety Analysis Report was designed for air trans-
port of plutonium. The package was developed and tested by Sandia Laboratories
under contract to the Nuclear Regulatory Commission (NRC). The purpose of this
document is to desc-ibe the engineering tests and analyses that the NRC staff
used 2s a basis to determine that the package design meets the requirements
specified in the NRC "Qualification Criteria to Certify a Package for Air
“ransport of Plutonium™ (NUREG-0360). By virtue of its ability to meet the NRC
Qualification (riteria, the package design is capatle of safely withstanding

severe aircreft accidents.

Prior to publication of this document, the NRC Qualification Criteria and the
Mmodel PAT-1 package design received an independent technical review and endorse-
eent by dboth the NRC Advisory Comrittee on Reactor Safeguards and the Aeronautics
and Space Engineering Board of the National Academy of Sciences.
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1.0 GENERAL INFORMATIOM

1.1 Introduction

The Plutonium Air Transportable Package, Model PAT-1, is designed for shipment of plutonium by
air. The package design was physically tested to demonstrate that it meets the criteria speci-
fied in NUREG-0360, "Qualification Criteria to Certify a Package for Air Transport of Plutonium’

(Ref. 1) and the requirements of 10 CFR Part 71 {Ref. 2). The package has been assessed for
‘ransport of up to 2.0 kg of Pud, having a maximum decay heat of 25 watts. The package quali-

fies as Fissile Class 1.

1.2 Package Description

1.2.1 General

The PAT-1 package has a gross weight of approximately 500-1bs. The exterior snape of the

package is a right-circular c'ylinder, 24-1/2 inches ciameter by 42-1/2 inches long

(Figure 1.1).

1.2.2 Packaging

The PAT-1 packaging is composed of three basic parts: {1) a stainiess steel cortainment vessel
(designated the TB-1), (2) a protectiveé overpack assembly (designated the AQ-1), and (3) 3
stainless steel product can (designated the PC-1) within the TB-1 containment vessel. The TB-)

serves as the contaimment vessel for the -purpose of meeting the requirements of 10 CFR Part 7]

and the NfC Qualification ©<riteria. The P(C-1 serves as a separate inner container as reguired

by 10 CFR €71.42.
Figure 1.2 shows the principal elements of the package. A set of engineering drawings ard
specifications for the packaging is included in Section ©.0.

The AQ-1 averpack (Figure 1.3) consists-of a €5-gallon drum that is fully lined with an inner

drum; both drums are made of 304 stzinless steel. Tne inner drum has a cylindrical center

section, and is bonded {fixed) to the outside drum. The encd sections of the inner drum are

separate and have rounded corners. The drum covers have integral skirt extensicns which, upon

fit betweer the center and end sections of the inrier drur.
. tside drar. Twenty-three 3/%-in,

assemhly. The 172-geze (-ring cover

cVamy hat ¢ ckivt eszension that overlaps 3 regicn of the
diameter tzits pass throuah these five layers of sheet reta: (i.e., the (-clamp extensicr, the
outside drum, the inner liner central section, the cover extension skirt, and tne top or botter
end sectiporns of the inner liner) and fasten into nut plates secured inside the inner ent

sections. The {-rirz at the top end of the pacizge car be remdoved I rerevingthe draw lt.

The C-ring at the boitori end of the package is welded snut.

The outer recwcod assembly is made of select, kiln-dried redwood to take advantage of redwood’s

high specific energy and fire resistant characteristcs. The assernly is made of three slements:
gh sp y
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Figure 1.1 Exterior View of PAT-1 Package
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Figure 1.2 Plutonsum Air Transportable Package (PAT-1)
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(1) a removable plug with longitudinally oriented grain, (2) a cylindrical annulus with radial
grain orientation (fabricated as a series of wedges arranged in a ring), and (3) a fixed plug
The removable plug affords access t2 the TB-1 vessel. The
The large fixed plug is bonded to the wooden

with longitudinallv oriented grain.
redwood annulus is bonded to the inner cdrum
anpulus and to the inner drum, the large fixed plug is also bonded to adjacent load spreader

members .

The bending agent used to join the wooden elements together or tc adjacent metal is & polyester

flexibilized epoxy adhesive, which has resilience over a wide temperaturs range. Wren impact

forces cause deformation, this bond causes the woocen elements and their adjacent metal members

to act in unison.

The load spreader assembly is a Z4-inch long aluminur tube, 0.5-inch thich by 12-incn outsicge
One-inch thick by 11-incn diamete- aluminum discs are locatec at eacn enc of the tube.
The other disc is bondkd to acjacent members.

diameter.
JUne disc is remevable to access the TB-1 vessel.
The load spreader distributes imertial lcads from the containment vessel cver a relatively large

area ¢f shock-absorbing material (redwood). For side impacts, the tube is the orincipal loac

spreader. For end impacts, the discs are the principal load spreaders. for severe carner
impacts, the extended region of the tube buckles or deforms inward, cons:irictins outward movement

of the discs.

The irner heat conductor tube is made of -c-pper. The tube conducts internal decay heet fror the

TB-1 containment vessel. The conduction path leads from the cortents t¢ the product can, ¢ the

TB-1 containment vessel, to the copper tube, into the fixed disc, and inio the alumirum loac
Heat is conducted from the lcad spreader tube through tke outer redwiod to t-e
t air. Tre inner conductor tube, the disc,

spreader tub:.
outer drum assembly, then to an exchange with ar™ :
and the load spreader tube are mechanically ccwnee.ed to insure an effective heat conductive

path.

The TE-1 containment vessel, Ficures 1.4, 1.5, and 1.6, is comprised of a body, a lid securel by

tolts, a conper gasket, and an O-ring. The vessz] body and 1id ure fabricated from ~H13-8Mec

nrecipitation hardened stainless steel. A H1075 temper enhances the ductility of the steel while
The 1id is hermetically sealed to the

orese-ving its strength from low to high temgeratures.
The sealinc

body ty a copper gasket with knife-edge sealing beads on both the body end 1lid.
surfaces are arranged to protect the knife-edg> sealing beads during hariling.
pilot diameter region which fits closely intu the mating internal diameter of the body.

containment vessel is also equipped with an O-ring and groove which serve as a secordary sea .

The 1ig has =z
The 78-1

The twelve 1/2-inch diameter clesure bolts, Figure . F, are forged from 2-28€ stainless stee .
This raterial exhibits excellent corrosion resistance and prcvides strenzth at high temperat.re

to meintain the TB-1 seai. The bolts are silver plated to prevent galliza with the stainles:

steel TB-1.
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Figure 1.8 Component Parts of TB-1 Containment Vessel and
PC-1 Product Can ' .



A spacer within the TB-1 containment vessel is fabricated from aluminu. honeycomb (see
Tigure 1.6). The spacer cushizis the flat end of the PC-1 product can under impact loadinags

and serves as a thermal conductor for internal decay heat.

The PC-1 product can (Figure 1.6) is fabricated from 304 stainless steel and is closed by

crimping in a canning wachine. After crimpiny, the can is sealed by welding or silver soldering.

The product can meets the separate inner container requirements specified in 10 CFR §71.42.

1.2.3 Aliowable Contents

The authorized contents of the PAT-1 package are limited as follows:

Materiz! Type and Form:

(i) Plutoniwr oxide and its daughter products, in any solid form.

(i1} Mixtures of natural or depleted uranium oxide znd plutonium oxide and their
daughter products, in any solid form.

Miximum Quantity: Maximum 2.0 kg total material

Yaximum Internal Decay Heat: 25 watts

Additional Permissible Contents:

(i) Maximum 16 grams of water

(i11) Two single-layer polrethlene bags weighing no more thar 9 grams. The bags may
be taped closed or heat-sealed.

Fissile Class: Fissile Class I
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2.0 STRUCTURAL EVALUATION

2.1 Discussion

Physical testing of specimen packages was the primary method used to demonstrate that tne Model
PAT-1 package design meets the structural integrity reguirements of 10 CFR Part 71 and the MRC
“Quaiification Criteria to Certify a Package for Air Transport of Plutonium,” (NUREG-0360).

Five specimen PAT-1 packages were subjected to the semuential tests prescribed b_vvthe qualtifica-
tion criteria. These tests ~re described in Section 1.8, In addition, a TB-1 contoinment
vessel was subjected to the 600 psi deep submersion tzst. This test is described in

Section 2.8.3.

Section 2.6 describes the response of tl pactaie design when subjected to the normal
conditions of tranSport specified in Appe..... P of 1L CFR Part 71. The response of the PAT-]
package design when subjected to the hypcthetical accident conditions in Appendix B of 10 CFR
Part 71 is described in Section 2.7.

2.2 MWeights and Center of Gravity

The approximate weights of the three basic component: of the PAT-1 packace are as follows:

Xg _Lbs.
Al-1 Overpack 206> 454+
TB-1 Containment Vessel 16.8 37
PC-1 Product Can (including alum. spacer) 0.1 0.3
Contents (maximum) _ 2.0 _ 4.4
Totals 225 Kg. 496 1bs.

The centrcid of the Model PAT-1 package is located or its Tongitudinal centerline, approximately

20 inches from the uottom end.

2.3 Mecizrical Properties ot Materials

The follosing ma:.-ial properties are used ir tne st-uctural analysis in this section.

Stairless Steel 304
Yield Stress fy = 30,00 psi
“Modulus of Elasticity £ = 29 x 10° psi

—_—
The weic"t of the AQ-1 overpack can vary, due to nzlral weight variation of kiln-dried redwood.

N



2.4 Genere’ Standards for A1l Packages {10 CFR §71.31)

2.4.1 Chemical and Galvanic Reactions

There is no potential for a significant chemical, galvanic or other rezction to occur either

between the various PAT-1 package components or between the package and its contents.

Metal-to-metal conlact on the exterior of the AQ-1 overpack is limited to the 304 stainless

steel drum and cadmium plated steel bolts. Yhe aluainue: load Spreader tube is joined to the

bottom load spreader disc by cadmium-plated steel spring pins. The bottor disc of the lo:d

spreader is joined to the cadmium-plated copper heat-conductin, tube by self-tapping cadmium-
plated steel screws These two joints are coated with » moisture-resistant epoxy. The inside
of the copper heat conducting tube is lined with epoxy-resin fiterglass cloth to prevent abra-
sic of the cadmium plating when loading and unloading the TB-1 vessel. In the TB-1 contain-
ment vessel, metal-to-metal contact is made between PH 13-8Mg martensitic stainless steel,

cilver-plated stainless steel bolts and the copper gasket. Within the wvessel, contact is made
between the aluminum honeycomb spacer and the stainless steel PC-1 product can. The piutonium

contents, which may be double wrapped and taped (or heat-sealed) withir polyethylene bags, are

contained inside the PC-1 product can.

These interfaces have no significant potential for corrosion.

2.4.2 Positive Closure

outer drum ¢f the PAT-1 is provided by a skirted C-clamp
The bottom end of the PAT-1 is samilarly secured, except

Positive closure of the cover i. che
ring and twenty-three 3/8-inch bolts.
hat the clamp ring is welded closed. Positive closure of the TE-1 containment vessel is

provided by twelve 1/2-inch diameter bolts. Positive clesure of the PC-1 product can is
provided by a crimped closure which is sezled by welding or silver soldering.

2.4.3 Lifting and Tiedown Devices

The PAT-1 package design has no 1ifting or viedown features which are a Structural pert of the
package. The package can be handled by slirg, pallet, or other means.

2.5 Standards for Type B and . .rge Quantity Packaging (10 CFR £73.37)

2.5.1 Load Resistance
The PAT-] package meets the requi.ement of 10 CFR ¢71.32{a), that when treated as a simply
supported beam and subjected to a uniformly distributed load equal te five times the package

weight, the stresses in the package materizls do not exceed yield.
For the purpose of evaluation, the outer drum of the pa~kage is assumed 1o support the entire

toad* (see Figure 2.1}. The maximum stress given by zimple beam theory is then:

—_—
Assumption is conservative, since inner assemblies will add additional bending resistince
to the package.
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°m % 8 =Rt
where W = 500 lIbs,
L = 42.5 inches
R = 11.27 inrhes
t = 0.059 inches
o ° 565 psi

This stress is negligible in comparison to the yield stress of the outer drum material

(Section 2.3).

2.5.2 External Pressure
As discussed in Section 2.8B.3, the PAT-1 package dwesign is capable of meeting the 600 psi test
requirement specified in the qualification criteri@ (NUREG-0360). Therefore, it will also meet

the 25 psig test requifement specified in 10 CfFR Part 7).

2.6 Nermal Conditions of Transport {10 CFR §71.35)

2.6.1 General

A PAT-1 package was subj’ech to the Normal Concitmons of Trancport specified in Appencix A of
10 CFR Part 7). Following these tests, the TB-1 containment vessel exhibited an air l=ak-rate
of 10710 atm cc/sec. A lesk-rate of 1077 atm co/sec or less represents leak tightness {Ref. 1).
The observed test results demonstrate tnat the FiT-1 package meets the 10 CFR Part 71 contain-

ment requirements for Normai Conditions of Transport.

Since the geometric shape and dimensions of the PAT-1 package and its TB-1 containment vessel

were essentially unchanged after the tests, the foTlowing requirements in 10 CFR Part. 71 for

Normal Conditions of Transport are also satisfied: (1) ro substantial reduction in the effec-

tiveness of the package, (2) the total effective vc:lume on which nuclear safety was assessed
was not reduced by more than five percent, (3) the package dimensions upon which nuclear safety
was assessed were not reduced by more than five perwcent, and (4) no aperture occurred in the

outer surface of the package large emough to pernit entry of a four-inch cube.

- 27672 reat

A PAT-1 package was subjected to a 213°F environment for 48 hours {Figure 2.2}. As indicated
by the thermal analysis, Table 3.1, this test environrent will generate package temperatures
that are greater than those which wouid occur if the package were to be exposed to direct
sunligh: at an ambient temperature of 130°F, in sti‘il air, with 25 watts of internal decay
heat. Mater was placed in the vessel to assure thaz the internal pressure during the test
would exceed the maximum normal operaiing pressure ©f 34.3 psi (Section 4.2.3).

7o asse<s the adequacy of the TB-1 cortainment vessel for pkolonged service under high
temperature environments, a TB-1 was progressively cycled between ambient temperature and
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200°F, &400°F, 600°F, 700°F and B00°F. Each successive peak temperatur® was heid for approxi-
mately 24 hours. At the conclusion of the tests, helium leakage from the TB-1 containment

vessel was not detectable.

The internal decay heat Yimitation of 25 watts assures that, under the Normal Cond:.ions of
Transport specified in 10 CFR Part 71, Lhe mean temperature of the redwood will <« exceed
182°F and the peak temperature will not exceed 225°F. No significant redwoud degradatior would
result from prolonged exposure to this range of temperatures (Refs. 2 and 3).

The properties cf the polyester epoxy used as the bonding agent between redwood elements and
~iween the redwood and metal surfaces is c<uch that its adhesiveness may be slightly enhanced

by exposure to a temperature of 225°F.

2.6.3 (old
Following the heat test, the PiT-1 package was cold soaked at -40°F for 48 hours. No dearada-

tion of the package was observed.

2.6.4 Pressure

A TB-1 containment vessel was Peated to 255°F for eight hours, with sufficient water inside the
vessel to assure that the intermal pressure would be at least 51 psia (1.5 times the maximum
normal operating pressure of 3 psia). The unit was helium leak test.d before being heated,
while hot, and »fter cool dowr. 'The measured leak-rate was less than 10']0 atm cc/sec in each
case. A leal-rate of 10'7 atn cc/sec or less represents leaktightness (Ref. 1). This result
demonstrates that the package design is capable of withstanding 1.5 times the maximum normal
operating pressure. (10 CFR ¢71.53(b} requires each package to be pressure tested to tnis
value prior to first use.) Thz leak-rate measurements were conducted at a pressure less than
0.5 atmespheres. This demonstrates that the package design meets the reduced pressure test

requirement of 10 CFR Part 71,

2.6.5 Yibration

The PAT-1 pachage was subjectecz to the following vibration environments (Fiqures 2.3 and 2.4),
representative of vibration cosditions in transport (Ref. 4).

6.2 gz/Hz 30-157 Hz*
£ db/octave rolicff 15G-2000 H:
8 hours duratic- - lencitudinal axis

& hours duratics - vertical axis.

The vibration tests had no effect upor the package.

*Randor. vibration levels are ssecifie€ in g-/¥z units {which are analogous to power levels)
versus frequency. The methoc %o translatz this level to an approximate equivalent sinuscidal
vibration is to choose the bardwidth of interest and integrate 3nd take the squart root. Tni:z
provides an rms g-level that carrespoads to sinusoidal moticn in that bandwidth.
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2.6.6 Water Spray
The PAT-1 package was subjected to the water spray test required by Appendix A of 10 CFR 71,

The test, shown in Figure 2.5, used a three-inch diameter hose equipped with a fog nozzle to

drench the package with more than 128 gallons of water per minute. The upper surfaces of the

package were continuously <prayed for more than 30 minutes, fcllowed by spraying onto the side
surfaces. 10 CFR Part 7% does not require the effects of this test to be assessed individually.
However, the free drop test is to be conducted within 1-1/2 to 2-1/2 hours following the spray

test.

2.6.7 Free Drop
The PAT-1 package was subjected to a four-foot free drop onto an essertially unyielding surface

in a side impact orientation. To provide assurance that the PAT-1 has a wide design margin t-

withstand the rigors of normal handling and transport, the package was also dropped four feet

onto its top end, top-corner, bottom end, and bottom corner. figure 2.6 shows that the effect

of these tests was inconsequential. As described in Section 2.6.1._the PAT-1 package design
meets all the acceptance standards specified in 10 CFR Part 71 for Normal Conditions of Transport.

2.6.8 Corner Drop

This reQUiremeni does n61>apply to ﬁazkages weighing more than 210 pdﬁﬁd;~;;d‘{54tﬁe}éfofe not

applicable to the 500-pound PAT-1 package.

2.6.9 Penetration

The PAT-1 package was subjected to the penetration test specified in Appendix A of 10 CFR 71.
This test requires that a 13-pound, 1-1/4 inch diameter, steel cylinder having a hemispherical

end be dropped onto the package from a height of 40 inchzs. The result was & slight dimple in

the outer drun of the package as shown in Figure 2.7.

2.6.10 CLompression
The PAT-1 package was subjected to the compression test specified in Agpendir A of 10 CFR 71.

This test requires that a compressive load equal to five times the package weight (5 x 500 lbs.
A

= 2500 1bs.) be applied uniformly against the top and bottom of the package for 24 hours.
load of 215 1bs., a conveniently available mass, was placed on top tre PAT-1 package, which

rested or: @ massive steel plate, which in turn rested on a massive corcrete block (Fiaure 2.8)}.

The load we: maintained for a period exceedina 24 hours. Tlhere was na observable effect to the

packane. T-e package was then placed on its side un a concrete pad, arnd a concrete blocs

weighing .57 1bs was leaned on the package, on top cf which a 3150-1t concrete hlock alsc wis

placed. 7Tr:z total load, amounting tc rore than 5600 lbs. (Figure 2. %}, produted nc effect to

the package.

2.7 Hypetretical Accident Condition - 10 CFR :71.4Z

2.7.1 General

The ability of the PAT-1 package to meet the Hypothetical Accident Conditions specified in
Appendix B 3¢ 10 CFR Part 71 :-an be inferred from its ability to meet the more strinqgent MR(
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Figure 2.4 Longitudinal Vibration Test of the PAT-1 Package

Figure 2.5 Water Spray Test
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Figure 2.6 PAT.1 Packnoe Followina Fo ir-Fnot Drop Tast

Figure 2.8 Camprassinn Test - Longitudinal Axis

Simien 2.9 Comprassion Teast . Lateral Axis



Qulification Criteria to Certify a Package ‘i~ Air Transport of Plutonium. MNowever, effective
Jure_17, 1978, for shipments in excess of 20 curies per :Sachge, 10 CFR Part 1 requires‘ certain
forms of plutonium to be packaged within a separate inner container which will not release

material when subjected to the normal and accident test conditions specified in Appendices A and

Bef 10 CFR Part 71.

A PAT-1 package, including a PC-1 product can loaded with UD- surrogate materia), was subjected
tc the Hypothetical Accigdent Conditions in Appendix B of 10 CFR Part J1. The VD, surrogate
mazerial was net contained within polyethylene bags {i.e., the material was in direct contact
with the inner surfaces of the PC- product can). Also, the PC-1 product can was sealed with

epcxy rather than by welding or siiver soldering.

Post-test examination of the PC-1 product can indicated that the crimped closure and the er~xy
overbond had remained intact. The can itself had several minor dents (Figur: 2.15). Helius leai
teszing indicated a leak rate beyosd the provisions of Regulatory Cuide 7.3, however. no ureniuv
surrogate material was detecteC to have been released us ng a wipe wost aid fluorimeter assay
tecsnique on the interior of the .T‘n—l vessel and the exterior of the PC-1 product can. As
di:zussed in Section 4.3.2, the P(-1 product can, within the PAT-1 package. will meet the
prisisions of 10 CFR §71.42 when closed by crimping and sealed by welding or silver soldering.

Th: TG-1 containment vessel was found to be leakticnt,

.70 30-foo: Free Drop

A 227-1 package was subjected to a 30-foot drop onts an essentially unyieleing surface in the
sie: crientaiion.  This o-ientatior was estimated to be tte most damaging to the PAT-1.
Ficsire ¢.17 illustrates the minor éenting which resulted to th: outer drum of the package.

2.7.1 Punclure

The PAT-1 pachace was ther subiecte? to a free drop of 40 inches onto a sir-inch diameter, ten-
inc- long, steel bar mounted on an essentiaily unyielding horizontal surface (Figure 2.11}. The
bar made contact at mid-length on tre package because this is the point at which minimum redwocd
is srovided between the TE-] containmment vessel and the outer ¢rum. Damage to the PAT-}

coriisted of a minor imprint on the suter drum.

2.71 Fire Test

The 22.7-1 pachage was subjected tu & fire test whic- exceeded the severity of the test rec.:red
by 1 CFR Part 71. The facility ussd for this test .., a ten-foot diameter pool of JP-84 aviation
fue” pool surrounded by a <himney, 16 feet in diameter by ten feet high. Temperatures measured
wittin the fire and on the package surface exceeded the 1475°F salue specified in the regqulations

(Tazle 2.1). following the fire, the package was permitted to cool naturally.
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Figure 2.11 Set Up tor Puncture Test
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Fiqure 2.12 Watar Immaersion Test
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Figura 2.13 Package Saction Following 10 CFR Part 71
Appendix 8 Tests :
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Figure 2.14 Redwood Char Following 10 CFR Arpendix B Tests
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Figure 2.15 Dicassemblad TB.1 Containment Vessal Following 10 CFR
Part 71 Appanchix B ests



“ Table 2.1
- 710 CFR PART 71 APPENDIX B FIRE TEST

Average temperature on AQ-1 drum: Approx. 1BOOF
Flame temperatures in vicinity package: 2200-2300°F
Duration of fire: 52 minutes

~ Char depth in outer redwood: 3.8 inches
TB-1 temperature: . Approx. 200°F

2.7.5 Water Immersion

The package was then submerged- undsr three feet of water within the basin of the “ire test

facility for approximately 24 hours {Figure 2.12).

2.7.6 Post-Test Summary cf Packace Damage

The sequential impact, puncture, fire, and irmercion tests producecd only minor damzge to the
outer drum ard its closure rings. The outer redwood annulus “had charred to a dep:n of about
three inches [Fiqure 2.13}, while redwood inside the load spreader was essentially un-ffected
(Figure 2.14). As discussed in Section 2.7.1, the TB-1 containnent vessel was iesktith
f~llowirg the tests and met 10 CFR Part 71 containment reguirements. Since the tests did not
significantly effect the geometry of the PAT-1 packace, its shielding effectiveness following
the Hypothetical Accident Conditions in Appendix B of 10 CER Part 71 would be esssntially the
same as under Normal Condiiiéns‘of Transport.

2.8 NRC Qualification Criteria Recuirements

2.8.1 Discussinn
The NRC Qualification Criteria to fertify & Packag: for Air Transport of Plutonius {[NURER-036C)
specify that the structura’ integrizy of the package be deronstrated by physical wsting. The

mzior requirement is for sequential testinc to the followira conditions:
1. lrpact at a velocity ¢f not lzss than 422 ft/sec at a right angle onto a flai, essentially
unyielding surface, ir the orientation {e.g., side, end, corner) expected to -esult in

maximu damage at the conclusien of the test sequence.

A static compressive isad of 72,000 pounds applied in the orientstion expecte: to resyl:

~

ir. mazimyr dardge at zhe conci.ssion of test sequence. The force en the packe:ze to be
developed between a fiat stee’ surface and a two-inch wide. stroinht, folid,';teel har.
Tne length of the bar to be at least as long as the diameter nf tne package :-¢ the
longitudinal axis of the bar 12 be parallel ¢y tre »lare of the fiat surface. The load to
be applied to the bar in a marsier the: prevents any mescers or devices used tr support the

bar from contacting tée packacs:

_—



Packages weighing less than 500 pounds to be placed upon a flat, estentially unyielding,
horizonta) surface and subjected to a weight of 500 pounds fallinc from a heizht of ten
feet, striking in the position expected to result in maximum damag: at the cemclusion of
the test sequence. The end of the weight contacting the packaoe tz be a soliZ probe made
The probe to be the shape of the frustum of a righ: circular cone, 17

at the end.

of mild steel.
inches long,.eight inches in diameter at the base, and one inch in diameter

The longitudinal axis of the probe shall be perpendicuiar to the mcrizontai
packages weighing 500 pounds or more, the base of the probe to be placed on

surface. For
a flat,
essentially unyielding surface and the package dropped from a heigst of ten feet onto the

probe, striking in the position expected to result in maxim.r damape at the ctaclusion of

the test sequence.

The package to bhe firmly restrained and supported such that it torgitudinal zdis is

inclined approximately 45 degrees to the horizontal. The ares ©¢ the package which made
first contact with the impact surface in test 1, above, to be ir t*¢ lowermos: position.
The package to be struck at approximately the center of its vertici! prujectien by the enc
of a siructural steel angle section falling from a height of at ie:zst 150 fee:. Tne angle
section to be at least six feet in length with equal legs at least five inches long and
one-half inch thick. The angle section to be quided in such a wav to fall enc¢-on, without

tumbling. The package to be rotated approximately 90 deyrees abou: its longitudinal axis

and struck by the steel angle section, falling as before.

The package to be exposed to luminous.flames from a p.ol fire of JF-4 or JP-% aviation
fuel for at least 60 minutes. The luminous flames to extenc an average of at least three
feet and no more than ten fee. beyond the package in all harizental directions. The
position and orientation of the package in relation to the fiel to be that which is

expected to result in maximum damage at the conclusion of the test sequencc. 4&r alternate

method of thermal testing may pe substituted for the above fire tect provided zhat the
alternate test is not of shorter duration and would not result in & lower heating rate to
the package. At the conciusion of the thermal test, the package stzll be allowed to cool
naturally or shall be cooled by water sprinkling,. whichever is expected to res:lt in

maximum damage at the conclusion of the test sequence.

Immersion under at least three feet of water for at least eigh® hou's.

The acceptance standards for the packiye ollowing this series of tests zre:

-

Feg

Er A
£3U

Containment - The containment vessel must not be ruptured ir its post-tested cindition and
the package must provide & sufficient degree of containment 1o resirict accumu’zted loss

of plutonium contents to not more than an A2 quantity* in a pericd =f one weel.

-~ guantity of plutconium is defined in Teble VI of the Internatione” Atomic En:rgy Agency
tations for the Safe Transport of Radicactive Materials, Ini* Safet: Series Nc. 6.



2. Snielding - Demonsiration that the exte. 1al radiation level would not exceed one Rem per

hour at a distance of three feet from the surface of the package in its post-tested

condition in dir.

3. Sub-Criticality - A single package and an array of packages shall be demonstrated to be
sub-critical in accordance with 10 CFR Part 71, except that the damaged condition of the
package shall be considered to be that which results from the above qualification tests

rather than the conditions specified in Appendix B of 10 CFR Part 71,

The NRC Qualification Criteria also require tha: the package withstand an external water

pressure of at least 630 psi for not less than eight hours, without detectable water Teakage

into the containment vessel.

A further requirement of the NRC Qualificatior (riteria for impact testing at terminal free-

fall velocity is not applicable to the PAT-1 package because the termiral free-fall velocity of

the packag> at sea-level is less than 422 fps (Section 2.8.4),

To demonstrate that the PAT-1 package meets the structural integrity requiremenis cof the NR(C

Qualification Criteria, five prototype PAT-1 packages were subjected to the . escribed sequen-

tial tests. In these five tests, the impact orientatior of the package wa’ véried. Since the

orientation which would produce maximum package damace at the conclusion o1 the test sequence

could not be readily determined by analysis, irnact tests were performed on the top end, top

corner, side, bottor cormer and bottor enc of tre packages.

T¢ demonstrate that the package desicr. mee:

s the deep submersion requir~ment prescribed in the

NPC Qualification Criteria, a TB-1 containment vessel was subjected to a 600 psi pressure in a

hvdrostatic test chamber.

Appendix 2.2 briefly describes the test facilities and outlines how the individual and sequer-

tial tests were performed. Sectior 2.5.2 assesses the resuits of the sequential tests.

Section 2.8.3 descrides the results ¢f the

tests and analytical assessments which are

2.8.2 Sequential Tests

2.8.2.1 Impact Test at 422 fps

2.8.2.1.1 Top End Impact (47

E PAT-1 package was impact tested orto its

Trhe impact compresse¢ the original cacsage

hydrostatic test and Sectior 2.8.5 describes other
required by the MRC Qualification Criteria.

top end (designated as the ( orientationi at 447 fps.

fror 42.5 inches to approxiretely 3C inches in

length. Mo opening cocurred in the outer drum zn¢ nn redwood was exposad (Figures 7.16 and

2.18). Post-test radiographs indiceted no

(Figure 2.7).

disceenahle effect to the TE-1 containmert vesse!



2.8.2.1.2 Top Corner (3¢-) Impa.t

A PAT-1 package va: impact tested onte its top corner (desigrated the 30" oriertation) at

451 fps wit® the clem. ring draw bolt oriented ir the downward pr-ition. The tect resulted in

extensive deformation of *he top end 2f the patkage. A small tear in the drum cOwxr exposed
some redwood (Figures 2.9 and 2.21). Lut no wood was lost.

discernable effect to the TB-1 containmer.: vessel (Ffigure 2.20).

Post-test radiogrephs indicated rn

2.8.2.1.3 Side Impact {90°)

h PAT-1 package was impact tested ontc its side ,designated the 90 orientatior) &1 £45% fps.

The impact flattened the package to asgroximately one-half of its original dizreter and exposed
the inner drum liner at the corners. However, no redwood was visible (Fijures Z.22 and 2.24]
Post-test radiographs indicate that tris impact orientation was the most dawecina

wood, but there was no discernable effect to the TB-1 containment vesset {Figure [

.8.2.1.4 Bottom Corner Impact (i5C

~)

A PAT-1 pacrage was impact tested oric its bottom corner {designated the 150" oriertation) at

423 fps with the welded joint in the nottom clamp ring oriented downward. The test resulted in

" extensive deformction of the bottom end of the package. A tear in the oulsige drui exdsed the
ponding material between the drum ané the drum liner; however, neither the iwrer tirer nor the
redwood were esposed (Fioures 2.25 and z.27). The post-test radiogra;hs indicg*ec no discern-

able effect to the TB-1 containment vessel (Figure 2.26).

2.8.2.1.5 Bottem End Impact (180°)

A PAT-1 package was impazi tested ont its bottom end {designated the 180" orientalion) at

266 fps. The impact reduced the original package Tength from approximately 22 inches to
approximately 30 inches. There was nt opening through the drum or drur 'iner «nd mo redwood
was exposed (Figures 2.2f and 2.?0). Post-test radiograpks indicated no disternacie effect tc

the TB-1 containment vessel (Figure 2.29). .

2.8.2.2 Crush Test

A 70,000-1b crush force v»as applied tsrough a two-inch wide steel beam to the ro: - vulnerable

point on the packeges foilowing impe:: testine. The effects of the crush test ~ere netligibie

[fiqures 2.31, 2.32 and 2.33)}

2.28.2.3 Punciure Test

A 500-1b steel spike was dropped ter-‘2et onto the point on the package where ine nreceding
crush force hed been appiied. The p.orciure test generaliy resulted in & two-icch digmeter hcle

tr-ough the drum and drur liner and c2rtial penetration irtc the redwood. For the sice impecil-

tested package, penetration was not 23 great because of redwood compaction prociced by the

~pt

irpact test {Fiqures 2.34, 2.3%, 2.37. 2.37 and .38},



Z.4.2.4 Slash Te<t

Trhe slash test pemvtrated the outer stainless-steel drur and the drum liner to a deptnh of
approximately four inches alony the trajectory of the falilin: angle section. The angle se tion
did not penetrate to the load spreader imbedded within Tt rter redwood components {figares

2.39 and 2.40).

J.x.2.S Fire Test

Tre 60-rminute fire topically produced a flame terperature of approsimately 2200 F at the heinnt
of the PAT-1 paclede. because the outer drums and cuter redwood annulux were penetrated by the
slash test, the fire caused all redwend in the PAT-1 pa.:aue to be charred. However, the

3 lunings load sprerdzr elementy did not redc the solic.: tewperature [aryresimately 1050 f

Ay

a~d the copper heal conduitny tube was Integral. “re redeces was reduied 162t hen .

Arrangenent of a pacieae for the fire test i< show in Tigure .41, 5 fire test dnoreare

srown ‘r Figure 7.47. The results of the tests are disiussea in Sectien 7,827

Z.8.2.€ Immersien
Tre inpersinn test washed away the redwood ash naar the twe slask hules in each PAT-1 nacha.e
gnd taused biach soct (suspended in the water) to syread onte the Th-1 (ontainnent vesuel

{figures 2.43 anc 2.44),

2.8.2.7 Summary of Post-Test Damaye

Cisassembly cf tre five packages after the tests reauired use of cutting torches, band saws.

end hard tools (Figure 2.45).

Tre disassembled pacsanes are shown in Figures 2.4 through 7,56

£ heat-responsive lacaquer coating that had been arzlied to the base of the Th-1 containmer:
: DT

vessel indicatec¢ theti the vessel temperature had reached approximately 100

Fs the cachkage were disassembied, the TE-1 contairment vessels were surveyed for contamirezion

from the rraniur surrogate materizl. Using a wipe test and fluorimeter acsav techninue, r

Graniue surrogate meterial was detected on the e»tzrier of the TE-1 yvessels. Tahle

surmarizes the post-test leak rates that were mea:.red on each Th-1 containment vescel,

S.7.3 rydrogtatic Test

L TR-Y containmect o ssel was subjected to an extsrral pressure ¢of more thar €00 posio for 10
. . - . RO
, 2 nreer water (Figure 2.27), The rei:.~ leal-raie of the vessel was less the 7

1= ccrsec both refare, and after, hydrostatic testing. Afler drying the erterior, the we'int

PPN

of the vessel wes identical to its pre-test weighi. Pron opening, lnere wia¢ no Incifeticn Tha

creen dye or water nad leaked intide the vessel.
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Table 2.2

SUMMARY Of THE NRC QUALTFICATION TESTS, PAT-1 PACKAGE

Ma x i mum
Fire Duration Leak-Rate

Impact Impact Velocity
Orientation {fps) Crush Puncture Slash {=inutes) {atm cc/sec)
Top (0°) 442 X X X 66 4.5 x 10°¢
Top Corner (30°) 451 X X X 66 4.5 x 107°
Side (90°) 445 ' X X X 66 1.4 x 1078
Bottom Corner -6

(150°) 443 X X X 63 5.5 x 10
End (180%) aag X o x X 66 1.9 x 1078

2.8.4 Terminal free-fall Velocity

A computer program at Sandia lLaboratories was used to calculate the free-fall velocity of thre

PAT-1 package at sez-level. The package was represented as a right-circular cylinder and was

conservatively assumed te be aerodynamically unstable (i.e., it wouls tumble while falling).

The package was considered to fall from an altitude cf 35,000 feet. Appropriate coefficients

were used to account for the effects of drag. When tne package had fallen to sea-level, its

velocity was calculated to be 350 ft/sec. Because of the convergent nature of the calculations,

the sea-level velocity of the package would not be affected by releasing the package from ar
altitude higher than 35,000 ft. (i.e., 350 ft/sec is the terminal free-fall velocity of the

pachage at sea-level). Since the terminal velocity at sea-level is less than 422 ft/sec, the

NRC Qualification Criteria do not require the package to be subjected.to an individual free-

fall impact test.

ry

.6.5 Qther Requirements of the NRC Qualification Criteria

2.8.5.1 Cold Ambient Temperature Tests

An early prototype of the PAT package was cold soaked at -507F for more than 48 hours, wrapped
with insulating materials, and 2 hours-15 minutes later, was impact-tested on a 40°F day.
The bulk temperature of the package at the time of impact was calcuiated to be less than -407F.

The package was impact-tested onto an essentially unyielding target at 433 fps in a side crienta-

tior. The package was slightly less crushed than similar packages wpact-tested under amhient

temperatyre conditions (Figure 2.58). Radiographic inspection {Ficu-e ¢.59) indicated slicntly

lese crushing of the redwood between the ouler drum and the TB-1 corzainment vessel then ir

similar tests at ambient temperature. No damage was observed to thes TB-1 containment vessel.
P

“he package was then crushed, punctured, burnred, and immersed. The post-test leak rete of the

TE-1 containment vessel was measured to be 2.4 x 10_6 atm Cc/sec air. This leak rate is

comparable to those observed in similar tests at ambient temperature (Table 2.2).

This result supperts a conclusion that testing at -40°F would have ro significant adverse

effect on the PAT-1 pachage.



2.8.5.2 High Ambient Temperature Tests

An early brotutype of the PAT package was hot soaked at +200°F for more than 48 hours, wrapoed
in insulating materials, and quickly rigged for'side impact onto the esseﬁtfa‘ly unyielding
target. The impact veiocity was 424 fps. The bulk temperature of the package at the time of
the impact test was approximately 200°F.

The package was crushed similar to packages tested at ambient temperature (Figure Z.60).
Radiographic inspection indicated slightly more crushing of the redwood between the outer c-um
and the TB-1 containment vessel than in tests conducted at ambient temperature (Figire 2.6. .
There was no damage observed to the TB-1 containment vessel. The package was then crushed,
puncturad, burned and immersed. The post-test leak rate of the TB-1 containment vessel was
measured to be 7 x lO'8 atn. cc/sec. This leai rate is comparable with those observed in

similar tests at ambient temperazure (Table 2.2).

This result supports a conclusion that testing the package with a full heat load {73 watts in
equilibrium with a 130°f-ambient temperature would have no significant adverse effect on tre

PAT-1 package.

2.8.5.3 Individual Application of Sequential Tests

The NRC Qualification Criteria require that the ability of a package to withstand :-o acciz..nt
conditior test seqbence must no: he adversely affected if one or more tests in the sequents were
to be omitted. The purpose of tris requirement is to assure that safety doe. not ceoend unoe
the necessary occurrence 0¥ a prior or Subsecuent accident condition (e.q., it may conceiva:ly
be possible te design a package so that adverse effects from impact could he corrected by

melting materiai to for a seal during the fire test).

The PAT-1 package has no design features whick would allow any of the tests prescrized in :ne

sequence to correct damage done Sy another test in the seQuence.. For the PAT-1 desian, darzge
produced by the individual tests is cumulative throughout the seguence and omissior of one zr

more tests in the series would nct affect the ability of the package to meet the prescribec

acceptance standards.
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Figure 225 PAT-1 Package Following 443-FPS Bottom Comer Impact

Figure 2.26 Radiograph of PAT
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Bottom Corner Impact
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Figure 2.27 PAT-1 Dimensions Fallowing 443.FPS Bottom Corner Impact

Figure = 30 PAT-1 Dimensions Fatlowing 466-FPS Bottom End Impact



Figure 229 Radiograph of PAT-1 Pamage Following 466-FPS
Bottom End Impact
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Figure 2.33 Crush Test {Pack age impact-Tested on Corner!}
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Figure 2.38 Puncture Test {Package Impact-Tested on Top End)
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Figure 2.42 Fire Testin Progress




Figure 244 Appearance of PAT-1 Packages Following Testing
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Figure 2.45 Post-Test Disassemhly of a PAT-1 Package
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Figure 2.4S Package Impac: Tested on Top-End
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" Figurs 2.47 § | thside of Load:Spreader Tube of PAT-1
{Pack age . Impact-Testad on Top End)

Figure 248 TB-1 Containment Vessel Within Load-Spreader Tube
{Package impact-Testad on Top End)
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Figure 2.49 TB 1 Containmant Vessel (Package impact-Tested
on Top End)
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Figure 250_Disasserbled PAT-1 (Pack age Top-Comer
Impact Tested)

Figure 251 Diassembled PAT-1 (Fack age Side- Impact Tested)
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Figure 2.63 Charrsd Redwood and T8-1 Vessel Inside Losd Spresders
(Package Bottom-Corner Impact Tested)

Fignirn 2.64 Dhvamsemblad PAT-1 (Packnge Bottom.Cornar Impact Tastad)

Figure 2.68 TB-1 Containment Vessel (Packaga Battom Corner
Impat Tested)
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Figure 2.56 Disassemblea PAT-1 {Package Bottom-End Impact Tested)
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Figure 2.60 PAT-1 Package Followir:g 424-FPS Side Impact at
Approximately 200 F

Figure 261 Radiograpn of PAT-1 Package Foliowing 424-FPS Side
Impact at Approximately 230 F
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APPENDIX 2-2
MAXIMUM WEIGHT OF CONTENTS

The NRC Qualification Criteria (NUREG-0360) require @ demonstraticm or analytical assessment
showing that the physical test results would not be adversely affected to a signiticant extent
by the presence, during the tests, of the actua) cortents that will de transported.

During qualification testing of the PAT-1 package, 202 powder was usel as & urroaate for the
intended package contents (plutonium). However, in amount {weig=t. of plytanium oxide -powder
that could be accormodated within the PC-1 product ¢an is larger tthe- the amount (weight) of

UO, powder used as a surrogate during the tests.

The maximum weight of radioactive material authorized for transport i the P&T-1 package is 4.4
pounds (2.0 ka). Since the combined weight of the -1 product can, the pol:~thylene bags,

and the honeycomb spacer is 2pprosimately 0.3 pound:, the maximum tcial weight within the 18-1
containment vessel will be aporosimately 4.7 pounds. The maximum we-ght of the TB-1 containment

vessel, when loaded for shiprent, will be approximately 41.7 pounds.

As described in Section 2.8, five PAT-1 packages were subjected to tre sequential tests specified
in the NRC Qualification Criteria. The amount (wei;ht}. of U0, powde- used ir each package is
showr in Table 2-A-1. Also shown is the velocity a2 which each pachage was impact tested. 1In
each case, the kinetic energy of the TB-1 containmest vessel and cor:ients vas at least 6

higher during the gqualification tests than it would have been if Zhe package had impacted at a
velocity of 422 ft/sec with its maximum authorized »eight of contenis. This supports 2
corciusion that the physical test results would no: have been adversely effected to a significant

extert if 2.0 kg of plutoniu~ had been present in t=e packages durir: the tests.

2-Al
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Impact
Orien:atioca

Top End

Top Corner
Side

Bottom Corner

Bottom End

Table 2-A.1

CINETIC ENERGY OF TB-1 (ONTAINMINT VESSEL

Wt. of Loaded Kinetic Energy of TE-'
Velocity Wt. of UO2 TE-1 Zcntainment Containment Vessel at
(ft/sec) (1bs) Vessel (1bs) Impact (ft-1b)

442 2.97 42.3 1.22 (10}5
L
45] 7.3 3.t 1.25 (1037
485 2.66 .0 173 et
443 2.37 9.7 1.21 (0
‘ g
466 2.38 39.7 1.38 (10}

Tf impact-testec at the spezified test velocity nf 4272-4:/sec with maxirur authorized content
weight, the kinetic energy ¢f the 41.7 1b {loaded weight: TB-1 containment vesse] would be

1L.15 (10} ft-lbs.



APPIN:IX 2-B
TLST FACILITY DESCRIPTION
The following facilities were used to perform the sequential tests: (1) a rocket pulldow
facility for the high velocity impact tests, {2} a static test wmachine for the crush test, ii!

two tower facilities for the puncture and slasning tests, (4] & fire test facility, ang {! an

immersion pool.

Rocket Pulldown Facility

The rocket pulldown facility consists of a catie suspended betweer. two ridges, a carriage snich
can be roisted from the ground to the aerial czble, an essentially unyielding target, a moercrail
sled track, a rocket propelled sled, and contr2) and instrumentetion eguipment (Figures 2-:.1

and ¢-6.2). To conduct the high-velocity impa:t tests, packages are suspercied at & hexaht of ‘
approximately 185 feet above the essentially wyielding target. Rocketl sled towlinet are aitached
{Figure 2-B.3) in such a manner that the packzjes impact in the desired orientation. The tawline:
are routed vertically downward fron the packages and pass through pulleys that straddle th
target. The toslines are then routed horizontally to :he rocket sled, where they are firn},
attached to a rocket sled. The rocket sled car be propelled by a variable number of high-
velocity aerial rocket motors. By adjusting tse package height above the target and varyi+;

the numder of rockets installed on the sled, tne desired impacti velocities can be attained.

The essentially unyielding target is an extensively reinforced 326,000-1b mass of concrete.
approxinately 2% feet in diameter by 11.5 feet deep and foundec on prepared earth. The to:
surface of the concrete slab is faced with a tsn-foot by ten foot plate of battlesrip arme-.
three to five isches thick. The steel facing :s welded to the steel reinforcing mesbers ir the

concrete and grouted in place.

High-spesd photometrics were used to mrasure tre impact veloCity and orientation of the PAT-i

package.

Static Jest Macrine

The crusn test wxs accomplished through use of 3 static test wmalnire (Figure Z-B.4;. Radic:-apns
of the package were used to establish that the crush and puncture tests were performed wit” the

package srientec in a manner tu Cause maximum camage.

Jrop Tower Faciiities

c-e,

iwo drop towers i35 and 300 feet) were usesd U0 conduci Lhe punilers anc s‘fashing tests, A
towers provide fir controlling the iocation ant orientazion of ine test probes striring the
sackage. The geerz) arrangement of the punct. e test is shown in Figures 2-8.5 and 2-3.¢.

‘he general arramsecent of the slasring test it shown in Figure J-2.7.

RN
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Figure 28.3 Towline Attachmen- 10 3 PAT-1 Package



Figure 2-B.4 Static Test Machine
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Figure 2-B.6 Conical Probe Used to Conduct Puncture Test
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Figure 2-B.7 Set Up for Slash Test
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Fire Test facility
The fire test facility is basically a steel tub, approximately 10 feet in diameter.
JP-4 aviation jet fue! is floated

The tub is

set into the ground with minimum freeboard above the surface.
chimney, approximately 16 feet in diameter and 10 feet high, 1i¢
The chimney is suspended on wire ropes and can be lifted

A

on water within the tub. A

centered over the tub {Figure Z-B.8).
to crovide draft for the fire. A four-foot high fence is situated about three feet away from

the draft opening and surrounds the chimney to lessen the effects of wind.

The packages being tested are placed on 2 stand centerad over the tub and located about three
feet above the fuel. Fflame temperatures were measured with thermocouples at various heights

within the fire. In addition, thermocouples were mounted on the surface of the packages.

Water and JP-4 fuel were gravity-fed to the burner site from storage tanks.

Water Immersion Facility

The 10-foot diameter by 6-foot deep tub used for the burn test was also used for the water sub-

mersion test.

2-B¢
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3.0 THERMAL EVALUATION

3.1 Discussion
The thermal performance of the PAT-1 package is adequate tc ensure that its contents are safely
contained under the test conditions specified in 10 CFR Part 71 and in the NRC Qualification

Criteria, NUREG-0360 (Ref. 1). This sectior summarizes the thermal evaluations which complement

the structural evaluation in Section 2.0 and the containment evaluation in Section 4.0.

The structural evaluztion required package temperatures to te calculated under Normal Conditions

of Transport. This information was used to: (1) establis® tne experimenta! test conditions for

(2) assure that differential thermal expansior of package materials

the heat test in Section 2.0,
had been properly considered, (3) assure that the long-tern performance of the package materials
I }Jife, and (4) establish test condi-

would not degrade significantly over the container's usefu

tions for the pressure test in Section 2.0.

The containment evaivation required that maximum temperatures and internal pressures be calcu-

lated for the TB-1 containment vessel. This information was used to assess the degree of

leaktightness of the five PAT-1 packages tested to the NRC Qualification Criteria.

The results of the thermal evaluation of the package under the Normal Conditions of Ttransport

-

‘pecified in Appendir A of 10 CFR 71 are shown in Table 3.1.

The maximum normal operating pressure (MNOP) that will occur within the TB-1 containment vessel
js 34.3 psia. For tne accident tests specified in the NR{ Qualification Criteria, the ma-imum

TB-1 containment vessel temberature and pressure are 1080°F and 1110 psia, respectively.

3.2 Summary of Thermal Froperties of Materials

The thermal conductivity and specific heat of the redwood will vary with meisture rontent and
with variations in the assemb]y of the glued joints. The thermal property values stated in
Table 3.7 are based o1 experimental data from an actual assembly (Appendix 3.1), and varied
slightiy from the values given in Reference 2.

The charring data shown in Figure 3.1 {Ref. 3) was used to assess the thermal protection
provided by the redwood. Experimertal evidence from the five packages subjected to the perform-
ance tests of the NEC Qualificatior Criteria indicates that this data is valid for predicting

TB-1 temperatures.

2.3 Technical Specifications

Engineering specifications and drawings for the PAT-1 paciage are provided in Section 9.0.
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Table 3.1

SUMMARY OF PAT-1 PACKAGE TERI ERATURES
NORMAL CONDITIONS OF TRANSPORT?*

Location Max imum Minimum
TB-1 Vessel and Seals 212°F -40°F
Aluminum Load Spreader ‘ 188°F -40°F
Redwood: Mean - 182°F -40°F
Ma ximum 225°F -40°f
Stainless Steel Outer Drum:
" Mean 176°F -40°f
L Pesk _ 225°F -40°F
Notej: Under ambient conditions in the absence of solar heating, the outer drum.:

- temperature will exceed ambient by 10°F.

*As specified by 10 CFR 71, assuming the maximum 25-watt content decay heat in establishing
maximum temperatures.

i Table 3.2

THERMAL PROPERTIES OF MATERIALS

Thermal Conduc-

) tivity (Ref. 2) Densitg Specific Heat Solar Al?sorptance/ )
Meterial (Btu/hr/ft°F) (1bm/ft~) {Btu/1ba/F) fmittance

Aluminum Honeycomb- N.A. 8.1 0.21 N.A.
Aluminum 30.0 169.0 0.21 h.A.
ETP Copper ) 220.0 558.0 0.03 N.A.
Stainlesc Steel 10.0 500.0 R 0.45/0.2 @ 200°F
UO2 N.A. N.A. C.E N.A.
Redwood :

Paralle} to Grain 0.14(1+0.0067(°F))

Prependicular to 0.05¢1+0.006T(°F))

22.0 0.19(1+0.01T(°F)) . N
Grain
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3.4 Thermal Evaluation for Normal Conditions of Traasport

Two models were used in the thermal evaluatfon: a simplified steady-state model and a finite
difference numerical model. The steady-state model assumed a constant solar heating value while
the finite difference numerical model (Figure 3.2) cossidered the daily thermal cycle (i.e.,
130°F ambient temperature with 16-hour exposure to direct sunlight). To establisr basic input
data for both models, a thermal test reported in Appesdix 3.1 was conducted to determine the
thermal resistance of PAT-) components along the heat path lealing from the TB-1 contaimment
vessel, through the copper heat conducting tube, aluminum load spreader tube and giscs, the
redwood, and to the outside stainless steel drum. F schematic diagram of this hezt path is
shown in Figure 3.3. The therma) resistance values determined through this experﬁnent.are shown

in Table 3.3.

3.4.1 Thermal Models

3.4.1.1 Steady-State Model

The outer wall temperature of the PAT-1 depends upon the external environment. A cteady-state

neat balance on the stainiess steel surface can be witten as follows:

’

= h -1
Q+aq oA = hA (T, -T1) )

where ( is the decay heat, q is the incident solar flux, oy is solar absorptivit), AS is the
area of the container projected normal to the solar flux, Ac is the total surface area for
convective and radiative exchange with the local surrcundings, ard TS and 1_are ne suriage

and ampient temperatures.
The surface hea” transfer coefficient B includes both radiation and convection:

h=hc+hr {2)

Data correlations for natural convection (Ref. 4) give the mean surface Nusselt number Ku as a

function of Grashoff Gr and Prandtl Pr numbers:
Nu = 0.53 [6r{T)Pr(1)3% % :3)

where Hu = h D/k, D is a characteristic length (diamezer), and k is the conductivizy of air.

The convection heat transfer coefficient h_ is obtairez from Equation (3}.

hg = 0.53 (k/D){6rPr10-25 {2)

w

The radiative heat transfer coefficient hr is defined zs:

2 ? .
hr = s @ (TS + Tm)(TS + Tx) \5)
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Table 3.3

EXPERIMENTALLY BETERMINED THERMAL RESISTANCES

i.ocation Thermal Resistance

TB-1 Vessel and copper heat tube R0 1 0.56°F/watt

Copper hea: tube ind Al tube load soreader, R, 3 0.36°F/watt

axial resistance in copper sleeve, R, ' 0.1°F/watt

radiz) resistance in lower alurinur. plate, RZ 0.05°F /watt

axiel resistance in aluminum tube, R. 6.19°F /watt

contact resistance Cu/Al and Li/A1 jeints,

Rl,2 + R2,3 0.02 F/watt
Through Redwood Liner (varies sligh:ly with T), R, U.5F/watt
From TB-1 to outside surface, R
Tote: 1.4°F/watt (0.41 “F hr/Btu)
The net radiant heat flux q; as given by:
q; = Lq(T; -1 (6)

in which ; = 0.2 is the mean surface emissively [and absorptivity) in the long wavelenath range

and - = 0.1714 x 1078 (BtusHr/ft?/°2%) +s the Steffan-Boltzman constant.
With solar heating, the local extemal surface temperature of the PAT-1 may deviate significantly

from the isothermal condition impliad im fquation (1). The most severe attitude occurs whra the
sun impinges directly on the cylindrical tids of the package. An upper bound on Ts for these

circumstances can be obtained ty nezlecting heat loss from the ends of the package, and using

the heat transfer areas:

Ac = 2n: 3r3 (7)
AS = Znf 3r3 (8)

2

For 5, and T3 of 24-inches and 1i-inches, calculate 11.5 ft° and 3.7 ft2 for areas Ac and A
~ S’

respectively.

Ey aprrocriate substitution of equzzions (2), {4}, 15), (7), and (8) into {1}, the heat baiance

at the package surface is obtaived.



0+ aguA = 10.530/0)6r Pr1®- 2% 4 oc(rZ 0 T2)(1. » TR, - T) (9)

Then, for O = 25 watts (85 Btu/hr} q = 87 watts/ft? (295 Btu/hr/ft?), o = 0.45, and T_ = <:
130°F (590°R), the average surface temperature Ts and the TB-1 temperature TTB are obtained: .
TS = 176°F {i0)

and in terms of the internal heat .} and .. - total thermal resistance RTotal (Table 3.3).

T + Ts = 211°F {(11)

=0 R
6~ “Total
Tre maximum tercerature on tre surface was estimated by ccnsidering an elemental surface area

normal to the inpinging solar flux, for which the heat batance is:

a

G/h AR+ g g 0h = R (T - 1)) dA : (12)

Making the appropriate substitutions into equaticn (12), and solving for Ts‘ vhigmgpys the o

maximum surface temperature (Ts):'x

(1 = 237°F : (13)

)
s’ MAX

However, it is expected that circumferential conduction in the PAT-1 would reduce the maximum

surface temperziure.
! . 7

These analyticel estimates are based on steady-state heat balance. It is Tikely that the heat
capacity of the package will semewhat reduce the temperature rise caused by insoiation, partic-
ularly since tre sun is absent at night. The effect of thete transients is addressed in the

next section.

3.4.1.2 Mathematical Model

The transient tamperature response of the PAT-1 was calculated using finite difference methods
(Figure 3.2). Since the influence of solar flux is of primery interest, heat flow in the

radial and circunferential directions was modeled, with temperature assumed uniform in the axial
direction. Tkis is equivalent tc removing the ends of the package (at the ends of the aluﬁinum
tube) and replezing this material with insulated planes. Such a model overpredicts the PAT-1
temperatures because internzl hezt and absorbed solar radiation are not lost to the surroundinrgs

from the end sy-faces.

To furthar singiify the model, a few assumptions were made concerning the internal metallic
compenents. Tre TB-1, the copper tube, and the aluminum lozd spreader assembly were each
treated as lumced masses of uniferm temperature. The thermzl resistances between these compo-
nents, taken from the test results of Appendix 3.1 which are showr in Table 3.3, have a negli-

gible influence on temperature distribution in the wood.
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The energy equation applied to the redwood liner is the transient conduction equation:

1 3 a7
ATy (Rk - ) (14)

2 52

1 a7
Srar (ko)

)
(@]
=iz

in which ¢, k,, and kz were taken as the specific heat and thermal conductivities parallel and
perpendicular to the redwood grain direction given in Tabie 3.2; the other parameters are
illustrated in Figure 3.3, The boundary conditions applied at the outer wall are as follows:

2T _ ¢ .
- K IR AT - T) v a g F(s) (15)
., . R T
o) - (’cos (e - 51,07 & 6 < %
r_.( oo @ .- N
10 ' 3 e g, tom {16]

is the angular lz:2ti~n of the sun which varies during the day and + is the angular

where ©
<
is

coordinate on the surface as noted in Figure 3.2. As the sun passes over the packége. Eh

gradually increased from g = 0 to 6 = 7 during a 16-hour period, with q set to zero for the

next eight hours. The daily cycle was repeated until a steady periodic behavior was established.

focause of the cylindrical shape of the package, the area projected nomma: to the insolation
remains the same throughout the 16-hour period of sunlight. This i¢ in contrast to the case of
a flat plate for which the energy absorption varies approximately as a half-sine wave due to
geomefric considerations (Ref. 5). Th&é, the most severe orientation for the PAT-1 package is

the one considered here with the sun moving in the (r,s)-plane.

The finite difference equations derived from (14) and (15) comprise a standard, explicit
scheme. The nodal equations for the outer boundary include the heat capacity and the circum-
ferential conduction in the stainless steel wall as well as the convective and radioactive
exchange with the surroundings. Stability and sufficient accuracy were obtained using nine

radial dijvisions, 15 angular divisions, and a time step of one-half minute.

Before considering the effects of insolation, a test case was run'corresponding to the condi-
tions of the thermal test described in Appendix 3.1. A comparison of experimental and numerical
results is shown in Figure 3.4. The steady-state temperatures are in precise agreement because
the coded expressions for redwood conductivity and resistance between metallic components are
based on the test data. The transient behavior is in reasonably good agreement. The thermo-
couples which measure wall temperature were located on the ends of the PAT-1 and are, there-
- fore, not in intimate contact with the redwood. The calculated wall temperature refers to the
side wall where the temperature rise due to environmental heating is slowed by conduction into
the redwood. The predicted internal temperatures increase somewhai faster than the experi-
mental data, particularly in the early period. This is partly because the resistance heater
was not in direct contact with the TB-1, thus causing an initial time lag in the experimentally
observed temperature rise. Also, the mathematical model neglects axial sinking of the internal
neat from the TB-1. These fectors would not have a significant effect on the calculations

concerned with insolation.
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The response of tne PAT-1 package was calculated for a solar flux of q * 295 Btu/hr/ft2

passing over ihe cylindrical surface from 6. = 0 to B, = in 3 16~-hour period followed by .
The ambient temperature was held steady at 13G°F throughout the day

zigi.. hours of darkness.
After the third day the thermal cycle shown in Figure 3.5 was

for five consecu:tive days.
well established. The representative temperatures increase steadily during insolation, reaching

maximum values at sunset or shortly after. The maximum TB-1 temperature, the mean surfdace

temperature Ts’ and the mean redwood temperature T; are as follows:
TTB < 212°F
TS < 176°F (17)
TN < 182°F

These values are essentially the same those obtained by the analytical estimates in equations
{10) and (11) of the previous section, indicating that 16 hours of insoiation has almost

brought the package up to quasi-steady state.
Tne most severe temperature distribution in the redwood is shown in Figuve 3.6. The peak

temperature occurs at the surface near ¢ = = where the insolation impinges the surface.

(T Jypy < 22477 (18)

This is about 14°F less than the analytical estimzte in the previous section because circum-
ferential conduction and transient effects are nows includec. Since the Circumferential crn-
ductivity of the wood is small, the aluminum load spreader plays a signi“icant role in carrying

heat from the hot side to the c¢old side of the package. Also, the tempe~ature distribution is

skewed slightly to the left of . = : because that side has beer subjecte! to greater solar flux

in the preceeding hours of the day.

Figure 3.7 shows the -amount of the redwood overpack which is-cooler reiztive to any given
temperature. HWinety percent of the redwood is cosler than 200°F even a1 the end of the day.
Thic is a conservative estimate because the ends of the package, which zre significantly

cooler, have nut -been included in the analysis.

3.4.2 Maximum Temperatures
Tne above analysis and testing of the PAT-1 packaje supports the estimaizs for maximum trempera-
tures under ncrmal conditions of transport as shown in Table 3.1. The canservative estimates

that Table 3.1 is based upon are enphazized by a review of modeling assusptions:

An assumed geometric orientation that maximizes absorption of solar flux.

S~

b. An exposure of solar flux for °6 hours {295 Stu/hr/ftl).

c. A high ratio of solar absorptivity to surface emissivity.
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d. An amblent temperature of 130°F.
e. No heat loss from ends of PAT-1.
f. No wind to enhanée convection.

The thermal stresses and internal pressures in the TB-1 are negligible at these temperatures.
Also, the characteristics of the redwood are not significantly affected by a tesperature of

200°F, as demonstrated in Reference 6.

3.4.3 Minimum Temperatures

In an external ambient of -40°F with no direct so‘lar flux, the tesperatures of the outer wall
and the TB-1 are estimated as -30°f and +5°F, respectively, for an internal heat Yoad of 25
watts. For a -40°F ambient without an internal heat load the entire package is a uniforin -40°F.
The associated thermal stresses and pressures at these temperatures are insignificant.

3.4.4 Maximum Internal Pressurev

For a T3-1 containment vessel at a temperature of 215°F with a 25-watt decay heat load, the

internal pressure is 34.3 psia (see Section 4.2.3}.

3.4.5 Maximum Thermal Stresses

Temperature differences within the TB-1 are not excessive under sgrmal conditions of transport,

and corresponding stresses are insignificant. Differential thermzl expansion within the PAT-}

package is not significant in terms of thermal contact resistance or secondary stresses which

result.

3.4.6 Evaluation of Package Performance for Normal Conditions of Transport

The evaluation of the ability of the PAT-1 package to safely contain its contents under normsl

conditions of transport (Section 2.0) is supported by informatios in this ;ectisn.

The TB-1 containment vessel is leaktight over the range of its ncrmal operating temperatures.
The copper gasket and elastomeric 0-ring are unaffected by this range of temperature, over their

periods of intended use.

Ine PC-1 product can would not be affected by the normal conditic: performance tests and would

not he degraded during its single shipment usage.

The metal components of the AQ-1 overpack are unaffected by the temperature range of norma)l
transport {e.g., -40°F to 225°F for the outer stainless steel dnm). Redwood material proper-
ties experience neither short nor long-term degradation from the mean temperature range of

normal transport (-40°F to 182°F).



3.5 10 CFR 7)1 - Thermal Accident Evaluation

Physical tests were the primary method used to show .hat the PAT-1 package meets the test
requirements specified in Appendix B of 10 CFR Part 71. However, one assessment was required to
establish that the maximum TB-1 temperature assumed in Section 4.0 is reasonable.

'3.5.1 Thermal Models

3.5.1.1 PAT-1 Package Response in a 10 CFR 71 Fire Environment Analytical Model

The response of the package to the fire test can be calculated utilizing data of charring rates
in wood (Refs. 3, 7).

In Reference 3, an exposed surface of wood was sheathed in a steel skin similar to that covering
the PAT-1 package following the 30-foot drop and puncture tests specified in Appendix B of

10 CFR 71. - However, data was generated vtilizing an external 1850°F black body radiation source
rather than a 1475°F radiation environment. Figure 3.1 shows that after 30 minutes of fire
exposure, @ char depth in the range of 2.1 inches is predicted for the 22-]b/ft3 density redwood
typical of the PAT-1 package. After 30 minutes, approximately 2.6 inches of virgin redwood
remains between the char front and the aluminum load spreader tube. The char front is shown to
move. at a velocity of-about 0.28 ft/hour (see-Figure 3.1-a). 4

Several tests of the PAT-1 and other prototype packages indicate that if the redwood remains in
an integral condition following the fire, char front progression is curtailed (as demonstrated
jn Section 3.5.1.2, to follow). Since the PAT-1 package is essentially urdamaged prior to the
fire test, charring stops shortly after the fire is extinguished. Thc temperature in front of
the char front can be estimated by equation (19).

(T - T)(T, - 750 = exp (-vx/o) (19)
where T is the temperature at a distance x in frornt of the progressing char front (0.22 ft), T,
is the initial internal temperature at x, v i< the char front velocity (0.28 ft/hr), and Tc is
the char front temperature, ~ 550°F. Based on the high thermal resistance of uncharred redwood,
the value chosen for Ti would not be :zignificantly higher—than the temperature (~ 200°F -
Table 3.1) of the load spreader. The thermal diffusion coefficient (uw = k/pc) can be calcu-
lated as 0.024 ftzlhr, Table 3.2. The temperature of the wood adjacent to the load spreader

tube is calculated as:

T = redwood © 1o0ad spreader = 227°F ' {20)

Since the physical condition of the PAT-1 package throughout the acctident tests assures that
reasonable thermal contact between the TB-1 and the aluminum load spreader is maintained, the
TB-1 temperature would also be at approximately the same.

3.5.1.2 Test Model - PAT-1 Performance During 10 CFR 71 Accident Condition Tests

The thermel test specified in Appendix B of 10 CFR 71 requires a heat input to the whole package
not lessy than would result from radiation exposure of 1475°F for 30 minutes with an emissivity
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The ability of the fire
This fire test,

coefficient of 0.9 (assuming a surface absorption coefficient of 0.8).
test facility to produce this environment is discussed in Section 3.6.2.2.
which lasted 52 minutes, shows that the 10 CFR 71 requirements were exceeded (see Table 3.4).
Figure 3.8 shows that the luminous flame zone extends essentially across the diameter at the top
of the chimney. The internal condition of the packaje and char depth are shown in Figures 3.9
and 3.10). The maximum TB-1 temperature during the test was estimated at over 200°F by post-
test examination of Tempilaque coating painted on the bott~< and insidc the cover of the vessel.
This coating, which degrades at 200°F, indicataed a tesnerature slightly in excess of 200°F.*
The 200°F coating inside the TB-1 cover was discolored out still intact, confirming the esti-
mated 200°F temperature, the 300°F coating was completely intact. Tempilabels placed on the
surface of the PC-1 indicated temperatures of 170°F and 180°F.

Table 3.4
10 CFR 71 APPENDIX B FIRE TEST

Observed -average-temperature-on-AQ-1-drum: —— - - - ——————-—1800°F - —— —
Observed flame temperatures in vicinity of PAT-1: 2200-2300°F

Curation of abeve températures: 52 minutes

Char depth in guter redwood: 3.825"
TB-1 temperature: average 200°F
range (170°F to 210°F)
0.37 ft/hr

Cumulative char rate:*

*Total char depth observed was divided by 52 minutes; this is a conservative assumption because
char would persist beyond the 52 minute duration of the JP-4 fire.

The TB-1 tomperature achieved in the test and the correspond‘ing temperature calculited by
analysis (assuring maximum PAT-1 pacikage normal operating temperatures, Table 3.1 were essén-

tially the sawe.

3.5.2—Package Conditions and Environment

The minor dents and scratches caused by the 30-foot free drop and puncture tests would have m

significant effect on the package during the thermal test.

3.5.3 Package Temperatures

The above analysis and testing of .the PAT-1 package supports a conclusion that approximately
227°F would be the maximum T8-1 temperature during the thermal test specified in Appendix B of

10 CFR Part 71.

*The 200°F coating on the exterior of the TB-1 vessel was degraded, possibly from the effects
of the water @mmersion test, but the 300°F coating was completely intact.
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Figurs 39 Depth of Redwood Char Following 10 CFR Part 71 Appendix B
Fire Test
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Figure 3.10 Post-Fire View of Redwood
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3.5.4 Maximsn Internal Pressure

For a T8-1 containment vessel at 227°F, the ¥mternal pressure is 38.7 psia (Section @.3.3).

3.5.5 Maximum Thermal Stresses

Temperature differences and the resulting differential expansion and secondary thersal stresses
within the TB-1 are not excessive under the tmsts specified in Appendix B of 10 CFR Part 71.

The performance is verified by test.

3.5.6 Evaluetion of Package Perforsance for the 10 CFR 71 Accident Conditions

Because the maximum temperature predicted for the TB-1 (227°F) exceeds the peak normal operating
range by only 15°F, the containment vessel wamuld not be degraded by the thermal environment in

Appendix B of 10 CFR Part 71.

For 227°F the maximum internal pressure is 38.7 psia, 12 psia less than the internal pressures
generated in the 1-1/2 x maximum normal operating pressure test. Testing the PAT-1 package to
this pressure is routinely required in the verification tests for containment system fabrication

specified in Section 8.0. The elastomeric O—ring and copper gasket were not degraded under

these performance test conditions.

The PC-1 product can, when closed by crimping and sealed by welding or silver soldering, meets
the requirements of 10 CFR §71.42.

The redwood within the AQ-1 overpack served $ts intended purpose. During the fire test, the
redwood external to the aluminum load spreaders charred to a depth of about 3 inches (comsistent
with the analytical assessment described in Section 3.5.1.1). The redwood within the load

sprezder tube and discs was unaffected by the performance tests in Appendix B of 10 CFR Part 71.

3.6 NRC Qualification Criteria - Thermal Accident Evaluation

Physical tests were also the primary means used to show that the PAT-1 package meets the require-
ments specified in the NRC Qualification Criteria. The purpose of the assessment im this
section is to show that the maximus TB-1 temmperature assumed in Section 4.4.2 is a reasonable

upper 1imit which would bound all test results.

3.6.1 Thermal Models

3.6.1.1 PAT-1 Package Response t¢ the Fire Environment of the NRC Qualification Criteria -
Analytical Assessment

The PAT-1 packages subjected to the fire test specified in the NRC Qualification Criteria had

teer damaged by being impacted, crushed, pumctured, and slashed. Such distortions of package

geosetry and alterations in the packaging materials (e.g., compressed redwood,} limit any

theoretical evaluation to conservative estimates.

w
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.The two ripping/slashing tests are especially significant because the resulting penetrations
exposed a significant amount of redwood to the fire. As a result, the wood continued to char
after the fire stopped. ' ’

During development testing, the burning and smoldering tesperature of the redwood was observed
to occur in two ranges. If the redwood was contained within an essenticlly integral stainless
steel outer dmm after the high velocity impact test, any continued combustion occurred through
the progression of a char front, whose temperature would be expected to range between 550°F and
620°F {see Ref. 3). If, however, the breakup of the redweod was extensive and the damage to the
outer stainless steel drum allowed “open" glowing combustion of the charcoal, temperatures of
approximately 1100°F wera recorded.

Although the PAT-1 packaye outer stainl2ss steel drum remains integral following the high
velocity impact test, it sustained two five-square inch penetratioms as a result of the ripping/
slashing tests. Therefore, the maximum temperature to which the TB-1 will be directly exposed
(during the fire test) will be between the temperature of the redwood char front, 550°F to
620°F, and the glowing combustion temperature of charcoal of 1100°F. The TB-1 surface tempe -a-
ture would not be expected to vary significantly from these vaiues (i.e., the temperature
differential caused by the 25-watt internal heat source would be imcomsequential).

3.6.1.2 PAT-1 Package Response to the Fire Environment of the NRC Qualification Criterja -
Test Model

Five PAT-1 packages were subjected to the tests specified in the NRC Qualification Criteria. In
each, the TB-1 contained from 1.05 to 1.25 kg of UO2 surregate contents. To simulate TB-1
containment vessel internal pressures {as described in Section 4.4.2), 19.3 grams of water were

added to the surrogate contents.

The major variable in the sequential tests was the package orientation with respect to the
target at impact. Side, top, top cormer, bottom and bottee corner impacts were conducted
followed by the crush, puncture and slashing tests, after which packages were subjected to the
specified fire test. The fire test requires exposure to luminous flames froe a pool of JP-4
fuel for at least 60 minutes. The luminous flames are to extend an average of at least three
feet and no more than ten feet beyond the package in all korizontal directions. The ability of
the fire test facility to produce this environment is discussed in Section 3.6.2.2. The time/
temperature records for the three fires used to test the five packages were recorded. The
estimated average flame temperature at package heigﬁt, estimated average package skin {AQ-]
drum) temperature, duration of the fires, and maximum TB-1 temperature during each test are

indicated in Table 3.5.

Thermocouple data plots from the tests are scattered over a f2irly wide pand (Table 3.5 siows
maximum packace temperatures). The estimates were made by post-test exar:ination of Tempilaque
coatings painted on thé bottom and inside of the TB-1 vessel covers. Although the Tempilaque
was affected by the adjacent redwood char, and by the mechanical effects from the impact test, a
rough estimate indicated a response of about 1000°F {538°C) for each TB-1. Also, four of the
five TB-1s tested was dark blue, a color roughly indicative of 1000°F (538°() for PH13-8 Mo
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Table 3.5
AVERAGED RESULTS - NRC QUALIFICATION CRITERIA FIRE TESTS

' " WRinimum
Flame Temp. @ Pkg. Duration of Max. Temp. Total Exposure
PAT-1 Package Level for Time - Fire of Time to Enguifing  Approx. TB-1
1.D. Reported Above 1850°F AQ-1 Drum JP-4 Flames Temp.

Top Impact 1850-2100°F (1) 63 minutes > 2400°F 66 minutes 1000°F
Top Corner

Impact 1850-2100°F (2) 58 minutes . 2150°F 66 minutes 1000°F
Side Impact 1850-2200°F (2) 58 minutes 2200°F 66 minutes 1000°F
Bottom Corner

Impact 1700-2100°F (2) 50 minutes {3) > 2400°F 63 minutes 1000°F
Bottom Impact 1850-2100°F (1) 63 minutes > 2400°F 66 minutes 1000°F

»
1. Flame temperature 6" below packages

2.  Flame temperature at package median

3. Short time dip below 1850°F during fire; package temperature continued to rise.

stainless sieel heated in an oxidizing atmosphere. The cther T8-1 was colored medium yellow,
indicative of a temperatu-e of less than 1000°F {538°C).

3.6.2 Peckage Condivions and Environment

The damage to the PAT-1 packages resulting from the high-velocify impact, crush, puncture, and
slashing tests (described in Section 2.0), significantiy deforms and exposes specific areas of
redwood in the outer overpack. This exposure (1) affords the fire direct access to the redwocd,
and (2) permits long-term charring of the redwood followiﬁg the fire.

3.6.3 Package Tempe-atures

Based on the analysis and test results in Sections 3.6.1.1, and 3.6.1.2, the TB-1 is estimated
to have attained a maximum temperature of approximately 1080°F during the thermal test specified

in the Nf{ Qualification Criteria.

3.6.4 Maximum Internal Pressure

For a TB-1 containment vessel at 1080°F, the maximum internal pressure 15'1110 psia

(Section 4.4.2.).

3.6.5 HMaximum Thermal Stresses

The fire tests support the conclusion that thermal stresccs n the TB-1 do not affect its
containment integrity. Temperatures of the TB-1 varied, depending on the progression of the
redwood char front, but were equalized by tke aluminum load spreader. The conductivity of the
stainless steel used in the TB-1 is such that significant temperature differences would not be

expected within a vessel.
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3.6.6 Evalustion of Package Performance for NRC Qualification Criteria Tnhermal Conditions

The ability of the PAT-1 package to safely contain its contents throughout the tests specified
in the NRC Qualification Criteria is demonstrated in Section 4.4.

Both analyses and testing show that maximum temperatures reached by the TB-1 contairment vessels
during the fire test range fron- 900°F to 1100°F.

Five tests confirm that the PAT-1 package offers sufficirnt thermal protection to limit TB-1
temperatures to below 1100°F, when subjected to the fire test specified in the NRC Qualification
Criteria. Post test examination of the package indicated that all of the redwood had charred.
The condition of the charred redwood indicated tha® the rec xod external to the aluminum load
spreader was subject to glowing combustion (characterized by 1100°F), while the redwood internal
to the aluminum load speader was subject to smoldering (char>cterized by 550°F to 620°F). The
different charring conditions are attributed to available oxygen during combustion. Further
damage from ripping/tearing of the AQ-1 would not sign“icantly effect the thermal performance
of the TB-1 since the redwood glowing corbustion tesperature is limiting ard the redwood
internal to the aluwinum load spreader is consumed at the lower (< 620°F) teﬁperature. The
maximum 1100°F TB-1 temperature is forced by the aluminuwn load spreader temperature. The
alyminum _~.d spreader has a direct thermal connection through the copper liner. A good safety
margin is afforded by the fact that when the ‘ue® fire has burned-out, a considerable amount

of incharred redwood remains around the containment vessel. Following the fuel fire, the
remaining redwood undergoes smolderin and glowing combustion., with a correspornding maximum TB-1

vessel temperature of approximately 1100°F.
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" Appendix 3-A

Test to Establish Thermal Resistance ¥alues
of ?PAX-1 Components

P thermal test was conducted to determine the thermal resistance values for PAT-1 components.
A resistance heater was placed inside the EB-1 of the PAT-1 package and thermocouples were
attached at the locations notec in Table 3-&.1.

Table 3-A.1
STEADY-STATE TEMPERATURES ATTAINED BURING TEST TO ESTABLISH THERMAL RESISTANCES

Designation Steady-State

TC_# Location on Fig. 3.4. Jeperat.. e
2,3, 4 Lid of T8 l _ 235°F
5, 6 Cu Sleeve 2 o 221°F
7, 8 Al Tube ' 3 212°F
9 Al Plata (upper) 3 212°F
10, 1, 12 Outer SS Kall | 4 200°F

The heat was run in a temperature-controlled cimsder maintained at approximately 200°F. The
internal heater was maintained at 25 watts using a variable resistance power supply. The
transient response of the thermocouples is indiated by the solid lines in Tigure 3.4. The
symbols on this plot represent comparative numerical calculations which are discussed in

Section 3.4.1.2.

The steady-state temperatures listed in Table 3-A.1 were used in conjucti~a with the known
heat load of 25 watts to calculate thermal resistanc:s along the heat flow path. The steady-
state temperature difference between the TB-1 amd the outer surface of the PAT-1 was written

as follows:

where ( is the internal heating rate (25 watts} and R is the overall thermal resis*ance of the
primary conduction path shown in Figure 3.3. The overall resistance R ic the tum of the
separata resistances along the path. The axial heat flow at the ends was eeglected since it
contributes less than 15% to the total coemductance. I

The temperature Jifference between the TB—~1 amd the copper sleeve was 14°F. Since thermo-
couples five and s1x were located near the top of the copper sleeve, this temperature drop was
éttributed to the resistance RD,] of the Fiberglcss protective layer at the slip-fit joint
between the TB-1 containment vessel and tihe cadmium-plated copper sleeve.
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R "8~ Tou _ .56%F/watt (2)

0,1 =

The measured temperature difference between the copper sleeve and tie aluminum tube was §°F,

corresponding tc a thermal resistance of

Tay - T o
R(1,3) = Al . Cu _ 0.36°F/watt (3)

Since thermocouples seven and eight were located near the iop of the aluminum tube, this
resistance includes the axial resistance in the tube as well as the axial resistance of the
-vpper sleeve, the radial resistance in the lower aluminum plate, amd the contact resistance

at the two joints

R1,3) "Ry * Ry * Ry + Ry h *+ Ry 5 (%)
The axial resistance in the copper sleeve is
R = 1 = 0.1°F/watt (s}
Zﬂr] lec

where the parameters are defined in Figure 3.3, and the radial resistance in the lower

aluminum plate is .

In (rz/r])
R, = ~—5———— = 0.05°F/watt (&)
2 erzkA

As will be explained below, the axial resistance in the aluminum tulbe is on the order of

R, = 0.19°F/watt (7)

3

This leaves a total contact resistance of approximately
R]’2 + 32’3 = 0.02°F/watt ()

for the copper/aluminum joint R] 2 ang the aluminum/aluminum joint EZ 3- Since these are

jointed with metallic fasteners, a very small resistance was expected.

The measured temperature difference between the top of the aluminum tube and the outer wall

was

= 12°F (s}

AT3’5

Since this temperature drop_‘is related to the thermal resistance of the wood liner, it
The 2xial conduction in the atuminum

provided a ieans for checking the redwod conductivity.
Thus, the

cylinder was coupled with outward radial conduction along the grain of the wood.
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fin equation was applicable provided that the convection coefficient h and the outer wall
{forcing) temperature are uniforr. The usual convection coefficient h was rxdefined in terms
of the radial conductance of the woud, as follows

k v ' o (10}

= Tz lnl r57 rz,

Then, from the textbook solution [4],

ek, )12 tann mg v h hmi e (1)
= a7 an + tan :
A EF _ _EAK ~

In which AT is the temperature difference between the lower end of ‘the aluminum tube (Lase
of the fin) and the outer wail. Equation (11} was rearranged as follows

-1
In(r./r,) - 2, 7 - 1y
QEE—.—, tam \}‘-i—; + tanh Yr3- (]2)
in which
2 - 1/2
- YW 3 (13)
kp 7383 18 “3/r

Also, the relationship between aT and AT3 g &S available from the solution of the fin

equation [4]

- . __f
AT = AT3’5 cosh 'i e (12)

3 -

Then, by combining (12) and (14),

(ralrz) 3 (14 ]
AT Q?Ti——_—y ;mh 2—3—7} + cosh ] s

Since @, AT3 g and the geometry were all known, the value of v\‘ is calculated from (13) and
(15) as ' :

k, = 0.31 Btu/k/ft/°F | (16}

This is in good agreement with putlished empi~ical exgressions ncted in Table 3.2.
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The temperature drop along the aluminum tube was estimated using (14)
ATy = AT - AT3.5 = 4 8°F (17)

and the corresponding thermal resistance was

aT )
R, = —= = 0.19°F/watt {18)

3
3 Q
as given previously in Equation (7).

The thermal resistance of the redwood liner was evaluvated as

AT3 5 .
R, = Q' = 0.5°F/watt (19)

but this resistance decreases as the temperature increases due to temperature dependence of

the redwood conductivity.

Contact resistance was neglected in the analytical model (fin approximation) which describes

the hecat flow frcm the aluminum tube to the outer wall. Nevertheless, the inferred value for

redwood conductivity, \ = 0.31, already exceeds the expected value based on published
correlations. If contact resistance had been included, the inferred value of k' would be even

greater. This assessment appears to confirm that contact resistance is negligible at the

wood/metal glue joints.

In summary, the overall thermal resistance R between the TB-1 and the outer stainless steel
drum wall consists of the three major contributions discussed separately above:

R= Ry y+ R 3+ Ry = 1.8%F/matt (20)

Although the redwood conductivity varies with temperature, the total R changes by only 5% with
2 temperature change of 50°F. Thus, the steady-state temperature difference between the TB-1

and the outer surface can be taken as

(21)

T -TS=QR=35°F

T8

The experimental temperature measurements in the PAT-1 were found to be consistent with a
simple analytical model of conduction heat flow. Contact resistance and redwood conductivity

were estimated from these tests results.
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4.0 CONTAINMENT

The PAT-1 package meets the contzinment acceptance standards specified in 10 CFR Part 71 and in
the NRC Qualification Criter:a set forth in MJREG-0360 (Ref. 1).

- The ability of the TB-1 vessel to meet thece standards was assessed by helium Jeak testing with

a mass spectrometer. The assessment indicates that the PAT-1 package provides a greater degree
of cortainment than is required by the acceptance standards. The results are sumarized in
Table 4.1.

4.1 Containment Boundary

The TB-1 containment vessel (Figure 1.4) provides the primary contaimment boundary for the
PAT-1 package. Within it, the PC-1 product can (Figure 1.5) provides the separate inner
container required by 10 CFR §71.42, :

‘ Table 4.1
PAT-1 PACKAGE POST-TEST CONTAINMENT

Post Test Results

Regulatory Heliun Max. Mass of
Acceptance Leak-Rate Powder Release
Component  Test Condition Standard (atm-cc/sec)
Normal Conditions of No Release Jess than 1x107 12 0
transport {Appendix A :
of 10 CFR 71§ :
TB-1 Hypothetical Accident No Release less than 1x107'0 ]
Conditions (Appendix B
of 10 CFR 71)
NRC Qualification R,/week* less than 4.510™° 0.17

Criteria

4.2 Mormal Conditions of Transport - 10 CFR §71.35

4.2.1 TB-1 Containment Vessel Leakiightness

During assembly of the PAT-1 package, the TB-1 containment vessel was filled with helium at
ambient temperature and pressure and checked with 2 mass spectrometer for Jeaktightness. (The

spectrometer is capable of detecting lrakage as low as 107 -10 atm cm3/sec).**

*For a typical mixture of plutonium oxide powder, an A2 guantity is approximate]y 2.55 mg.

**Leaktightness is defined in USNRC Regulatory Guide 7.4 [Ref. 2) to be leakage less than
1077 atm-cm3/sec.
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After completing the normal condition of transport tests, the TB-: ve.sel was placed in the mass
spectrometer. A near vacuwm was drawn external to the TB-1 vesse: and helium leakage sas
measured. No helium leakage was detected. The presence of helium in the TB-1 vessel was

cenfirmed at disassembly.

These results verify that the TB-1 containment vessel remained leaktight throughout the normal
condition of transport tests anG meets the regulatory acceptance standards for containment.

4.2.2 PC-1 Product Can Inteqrity

Since the PC-1 product can is closed by criinping and sealed by welding or silver soldering, no
materiyl would be released from the product can if the package were to be subjected to the
Normat Conditions of Transport in Appendix A of 10 CFR Fart 71. -

4.2.3 Pressurization of Costainment Vessel and Product Can

The 7B-1 vessel and the PC-1 product can are designed fer a maximum of 2.0 kg of material with a
"maximm moisture content of 16 grams of water. The authorized contents can generate a maximum

decay heat of.25 watts.

Under the heat test specified for normal conditions of transport in Appendix A of 10 CFR
Part 71, the maximum temperature of the TB-1 vessel (with 25 watts internai decay heat) would be
215°F. The maximum internal pressure within the vessel would be 34.3 psia.* -

4.3 ‘Hypothetical Accident Conditions - 10 CFR §71.36

4.3.1 TB-1 Containment Vessel Leaktightness

Following testing of a PAT-1 package to the conditions specified in Appendix B of 10 CFR
Part 71, the TB-1 vessel wes subjected to a helium leak test similar to the test described in

Section 4.2.1. No helium leakage was detected.

These results verify that the TB-1 containment vessel remained leaktight throughout the hypo-
thetical accident conditions in Appendix B of 10 CFR Part 71 and meets the regulatory acceptance

standards for containment.

4.3.2 PC-1 Product Can Integrity

After leak testing, the TE-1 vessel was disas:embled and the PC-1 product can was examined
(Section 2.7..1). The crirped closure and the epoxy overbond had remained intact. The can itself
had several minor dents {Figure 2.15). During the tests, the PC-1 product can was loaded with
606 grams of the UO2 surrocate material, 2545 grams of lead shot, and 19.3 grams of water. The
*+m polyethylene bags, which normally hold the contents, were not used so that the powder

P Y2 yapor pressure of water at 215°F (15.6 psia) plus pressure from the original volume of
v:3ted air (18.7 psia). '
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retaining ability of the product can alone could te tested. Helium leak testing indicated a lesk
rate beyond the prov.sions of USNRC Regulatory Guide 7.4; however, no wranium surrogate material
was detected to have been released using a wipe test and fluorimeter assay technique on the
interior of the TB-) vessel and the exterior of the PC-) product can. Since the PC-) product can
maintained its basic structural integrity during the tests, and no uranfum surrogate material was
found to have been released with the can sealed by epoxy; the NRC staff concluded that with a
welded or silver soldered seal, the PC-1 produd can meets the requirements of 10 CFR §71.42,

4.3.3 Pressurizaticn of Containment Vesse) and Product Can

For the fire test specified in Appendix B of 10 (FR Part 71, the maximum temperature of the TB-1
vessel (with 25 watts internal decay heat) would be approximately 227°F. The maximum internal
precssure within the vessel would be 38B.7 psia.*

4.4 NRC Qualification Criteria

4.4.1 Release of Radioactive Contents

4.4.1.1 Summary
A ne’ium leakage measurement was used to verify that the TB-1 vessel meets the acceptance

standards for containment specified in the NRC Qualification Criteria (NUREE-0360) . ~ Specifi-
cally, containment was confirmed by measuring the post-test leak rate of helium across the sea)

- of the TB-1 vessel. The results indicated, throsgh correlation with experiments involving Pu02

powder (Ref. 3), that the bounding magnitude of potential PuD, leakage from the TB-1 vessel would

be less than 0.17 mg in one week . **

4.4.1.2 Gas Leak-Rate - Powder Loss Correlation

During assembly of the five PAT-1 packages, the TB-1 containment vessels were charged with helium
at ambient temperature and pressure. fach TB-1 vessel was then leak tested. None of the vessels
indicated a detectable leakage of heijum (less than 10']0 atm cm3/sec), After being tested to
the conditions specified in the NRC qualificatios Criteria, the TB-1 vessels were again leak
tested. The results, converted to air leakage, are indicated in Tuble 4.2.

Jable 4.2
POST-TEST TB-1 RIR LEAKAGE RATES

Ma x imum
Package Impact Air Leakage Rate
Orientation _(atm cm3/sec)
Top End {0°) 4.5 x 10°°
Top Corner (30°) 4.5 x 10'5
Side (90°) 1.4 x 1070
Bottom Corner (150°) 5.5 x 107° ~
Bottom End (180°) 1.9 x 1076

*The vapor pressure of water at 227°F (19.€ psia) plus pressure from the original volume of
heated air (19.1 psia).

**This assessment represents a conservative upper 1imit (i.e., conservatively high differential
pressures were assuned to exist between the esvironment and the TB-1 vessel, and the vessel
and its PuO2 contents were assumed to be continuously vibrated for one week).
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The potential Puo2 powder release was deiermined using these air leakage measurements.
evaluation is based upon the following conservative assusptions.

(1) the seal of the TB-1 vessel (Figure 4.1) leaks gas through a single straight circular
channel of constant diameter, rather than through the more probable distribution of smaller

holes,

(2) the PuD, particles are entrained without arfecting the fluid flow escaping through the leat
(i.e., no settling, blockage or attenuation occiu:s, and particle diameters <« hole

diameter),

(3) the diameter cof this channel can be calculated using the measured post-test air leakage

rates (Table 4.2},

{4). the time-history of the pressure within the TB-1 vessel is bowded by the curve shown in

Figure 4.2,

{5) the TB-1-and-its contents are subjected-to continuous agitation following the .tests, and

(6) release of Pu0, powder from the TB-1 vessel (through a channel} would be the same as
observed in experimental measurements of Pu02 leakage through an orifice having a diameter
approximately the same as the effective diameter (see items 1, 2, and 3, above) of the TB-1

leak channel.

k - Using the equation below, a diameter, D, of 6.6 um was calculated to correspond to a leak-rate of
5 x 10'5 atm—cm3/sec’ and a 0.716 cm channel length. The 0.716 cm length corresponds to the
copper seal width. The equation below is based on Poiseuille lamimar continuum flow and free

molecular flow. The TB-1 internal pressure would typically be about 34.3 psia (Section 4.2.3)

but would increase for a short time during the fire environment tc 1110 psia** maximum
(Section 4.4.2).

3
L = 3810 T [323 g (hZ - £dd)+ ATTTR (Pu - Pd)]

where:
L = 6as leakaoe, atm—cn3/sec
D = Effective diameter of ]éak, cm
a = gffective length of leak, cm
w = Gas viscosity, centipoises
Pu = Upstream pressure, atm
Pd = Downstream pressure, atm ~
T = Bas stagnation temperature, °K

M = Gas molecular weighc

* -
The 5 x 1073 atm cm3/sec value bounds all values in Table 4.2.
k2 d
{ Above 30 psia pressure differential, gas flow is limited to sonic velocity.
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TEMPERATURE OF TB-1 CONTAINMENT VESSEL
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Potential release from the TB-1. vessel was evaluated using data from experiments which measured
the release of Puoz throsgh 5 um, 10 pm and 20 um orifices with differential driving pressures of
500 psi and 1000 psi. Is these experiments, the anparatus containing the Pu0, powder and the
crifice was subjected te continuous vibration. The maximum values pf Pu02 release that were
measured im the tests, at pressures ef 1000 psi and 500 psi and orifice diameters of 10 uymn and

5 um, were used to calalate an upper bound of Puo2 release from the TB-1 vessel over a one week
period. By interpolatisg the data fer 10 us ars 5 yn hole diameters, release rates of 0.225
vg/10 min and 0".029 wg/H min were obtained for 1000 psi and 500 psi pressures. The post-test
pressure within the TB-t vessel is bounded by four days at 1110 psia, followed by three days at
500 psia (Figure 4.2). TYhe release rate data for 1000 psi was extrapolated to 0.27D #g/10 min at
1110 psia. By integration, the maximum release was determined to be 0.17 g of Pu02 within a one
week period. This quamity of material is much less than typical A2 quantities of mixed oxides
and is also less than am.AZ quantity of any isotope of plutonium.

4.4.2 Pressurization of Containment Yessel

At the peak temperature attained from the fire test specified in the NRC Qualification Criteria
{1080°F), the internal fressure within the TB-1 vessel would be less than 1170 psia. This total
includes approximately ¥72 psia from superheated steam at 1080°F, 49 psia from heated air within
the vessel, and 285 psia from the ethylene gas (the assumed decomposition product from the two

polyethylene bags).

These pressures were bamd on an original free volume of 1156 cm3.* The five PAT-1 packages
tested to the NRC Qualification Criteria contained from 1048 te 1254 grams of UOZ’ to which 19.3
grams of water were addsdl. Four of the TB-1 vessels within ticse packages appeared to have
reached temperatures apmroximating the estimated maximum of 1080°F. The total internal pressure
attained in these tests was calculated to range between 1144 and 1183 psia, which exceeds the
1110 psia design presswre. The total pressure includes 833 to 867 psia fram superhcated steam,
49 psia from heated air, and 262 ant 267 psia from decomposition of the polyethyleme bags. These
pressures were based ona calculated free volume ranging from 1235 to 1261 cm,a. Tre valculated
pressure in the TB-1 vessel would be slightly less than the actual pressures achieved during the
tests since the U02 mat=r-ial had a small initial moistuire content {(no grezter than 0.4 w/o or
approximately 4 gm H203_ This effe:t was not considered in the internal pressure calculations.
It is concluded from tie above that the internal pressures which were generated within the
packages during the fire test properly simlated the pressures which would have been experienced
by a PAT-1 packagé loated with maximm Pu02 contents having maximum moisture content.

*The origina] free volme was calcslated by taking the TB-) internal volume {1460 on?) and
subtracting (1) the vilume of the BC-1 product can (25 cm?), (2) the volune of the aluminum
honeycomb spacer (13 @?), (3) the volume of Pu0, contents assuming maximum particle density
of B gn/cm® (250 cm3), and (4) the original volume occupied by the H,0 {16 anf).
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$.0 SHIELDING EVALUATION

5.1 Discussion and Results

The PAT-1 package meets the rasiation dose-rate standards prescribed in DOT (49 CFR §173.393(1))
and MRC ()0 CFR §71.36(a){1)) regulations. The package also meets the dsse-rate standar-:
specified in the "NRC Qualification Criteria to Certify a Package for Air iransport of F zonium®
(NUREG 0360). Table 5.1 summarizes the dcse rates calculated for the PAT-1 package under mormal
and accident conditions, which are well within regulatory stanfards.

The » terials to be transported in the PAT-1 package will not require extensive shielding for
dose rates to be within allowable limits. Thus, the difference in dose rate between normal
conditions {undamaged AQ-1 overpack) and acrident conditions (damaged overpack) for the PAT-1
package will be small. Since these dose rates do not differ greatly, a PAT-1 package which
meets the radiation levels Tor normal conditions would also be within allowable limits fo-

accident conditions.

The contents of the PAT-1 package are 1i 5> 2 maximum internal decay heat load of 25 satts.
The results in Table 5.1 are based wpon v .clYage being load~d with 2.0 kg of recycle pluto--
nium oxide having 2 high concentration of amzriciuvm. Due to the 25-watt heat load limitatian,
the maximum quantity of nigh americium corcentrated material that could be transported in the
PAT-1 would actually be limited to approxisately 1648 grams. Acordingly, the dose rates shown
in Table 5.1 would be reduced.

5.2 Calculational Method

Radiation dose-rate calculations were made with ANISN (Ref. 1)}, the one-dimensional discrete
ordinates multig.oup computer program. Hamsen and Roach 16-group neutron cross sections

(Ref. 2) and an 11-group gamma cross section 1ibrary, generated by GAMLEG (Ref. 3), were used
with the program. The first-order Legendre polynomial anisotrepic scattering approxidation was
used with fourth-order direction cosines asd weighting value quadi atures. The difference
between calculated results with first-order and third-order Legendre polynominals for scattering
was found to be insignificant for these problems.

The gamma and neutron source strengths and spectra used in this evaluation were derived by
assuming a reactor initial fuel charge w!’ch consists of 1.25 w/o 0235 and 98.75 w/o U238-
Through use of the ORIGEN computer progras (Ref. 4) this fue! was irradiated in a therma)
neutro, Tiux of 10” n/cmz—sec for one year. The plutonium isctopes were then separated and
radioactive decay was allowed to take place for 13.5 years to permit a high build-up of 95"“2“'
This calculation ic based on the conservative assumption of a greater-than-normal neutron
source within the package and is used to damonstrate that if the package meets the radiation
Tevels for normal conditions of transport {49 CFR §173.393(i)) it will also meet the accident

dose rate requirements in 10 CFR 571.36(aJ{1), regardiess of 2ge of contents.
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Table 5.1

CALCULATED RADIATION DOSE RATES FOR A PAT-1 PACKAGE QOADED KITH 2.0 Kg
Pu02 HAVING HIGH AMERICIUM CONTENT

A. Undamaged Package

(i) Dose Rate at Tontainer Surface

Primary gammas 12.9
Secondary gammas 0.3
Neutrons 26.5

Total 39.7 mrem/hr

xegulatory Limit 200 mrem/hr
(i1) Dose Rate at Three Feet from Surface

Primary gammas 0.7
Secondary gammas -

Neutrons 1.2
Total 79 mrem/hr
Regulatory Limit  10.0 mrem/hr

B. Damaged Package-(TB-1-Containment Vessel Assumed to be Bare)

(i) Dose Rate at Three Feet from Surface

Primary gammas 1.5
Secundary gammas -
Neutrons 1

Total 4. 6 mrem/hr

Regulatory Limit 1000 mrem/hr

4pjutonium oxide daughter product.

5.3 Source Specification

The gamma and neutron source sfrengths calculated later in this section are based on a 1648 gms
of recycle Pu0'2, which corresponds to the maximum authorized internal decay heat load of 25
watts. The results reported in Table 5.1 for 2000 grams of this material were extrapolated from

the calculations for 1648 grams of PuQ, described below.

5.3.1 Gamma Source

The neutron and gamma radiation source terms were obtained from decay chain calculations with the

ORIGEN computer program. Identical radiation sources were used in the damaged and undamaged

package models.

Calculations indicate that the radiation scurce strength of the fuel increases as a function of

2 into gohn?®), which has a.palf Vife of

time, primarily as a result of the decay of ,,Pu
34 241

approximately 13.5 years. The controllirg isotope for alpha decay thermal power is 95M , With

a2 half-Tife of approximately 466 years.

Table 5.2 shows the gamma sovurce spectra for the assumed package contents and the weighted
/ nergy spectrum values for converting photor. source strength into gamma dose rates (Ref. 5).
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Table 5;2 -

GAMMA SOURCE SPECTRA FOR 1648 gms Pqu
WITH HIGH Am CONTENT*

‘ ResponseS
Mean Energy Upper Emergy Source Strength mrem/hr

group {Kev) {Mev) (Fﬁo_tm
) 3.5 3.50 6.40 x 10  waex0?
2 2.15 3.00 1.56x 107 4.00 x 1073
3 2.38 2.60 8.17 x 10! 3.71 x 1073
‘ 1.99 2.20 4.46 x 10° 324 x 2073
5 1.55 1.80 1.02 x 10° 2.77 x 1073
6 1.10 1.35 2.05 x 16 2.30 x 1073
7 0.630 0.900 1.83 x 108 1.51 x 1073
8 0.300 0.400 5.09 x ? 8.30 x 107*
9 0.150 0. 200 1.28 x 10'° 3.60 x 167*
10 0.050 0.100 5.69 x 10'2 3.70 x 107°
1 0.005 0.010 | 3.70 x 107

Total 5.70 x 10'2

*25 watts total internal decay heat.

5.3.2 Neutron Sowrce

The neutron source strength for Pu()2 js primarily produced by spontaneous fission and by o-n
reactions, the calculated neutron source strength for which is shown in Table 5.3. The isotopic
composition of the PuO2 as a function of decay time was calculated with the ORIGEN decay chain

program.

The calculated spontaneous fission seutron source strength of the various isotopes and other

data are presented in Table 5.3.

The spontaneous fission neutron spectrum was obtained by distributing the source strength over

a Pu239 neutron fissfon spectrum to give the values shown in Table 5.4.

94

The o-n neutrons are produced by imteraction of the emergetic alpha decay particles {from
actinide isotopes) with -the lighter nuclides (primarily oaygen) in the PuOZ. The a-n neutron
sources wers calculated from the following relation (Ref. 4):

neutrons _ -10 3.65
alpha disintegration - 'O X 10" Ea

where Ea is the alpha particle energy in MeV.
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Table 5.3

SPONTANEQUS FISSION NEUTRON SOURCE STRENGTH

BY 1SOTOPE FOR 1648 gms RECYCLE™™ Pqu

Isotope
Pu-236

Pu-238
Pu-239
Pu-240
Pu-241
Pu-242

*25 watts total internal decay heat.

5-4

N A SF F
No. Atoms (sec") (n/fission)  {n/sec) Fraction
6.613x10"° 6.227x10°18 . 0. 0.
3.633x10%2 5.111x10"1? 2.33 a.3300% 7.77x107%
2.22800%% 3.997x10°2% 2.89 2.57x10" 4.62x10°°
9.178x1023 1.801x10"1? 2.26 3.73x10° 6.70x10""
2.780x10% 3.997x10°2%" 3.05 3.40 6.10x10°8
1.99621023 3.232x10" 19 2.18 1.4100° 2.52x10"
Total  5.57x10°
*Yalue for Pu-241 not available; Pu-239 value used.
**25 watts total internal decay heat.
Table 5.4
SPONTANEOUS FISSION NEWiRUN SPECTRUM FOR
1648 gns Pud, WITH HIG Am CONTENT*
Neutron Bor.alized Pu0,
Energy Upper Energy Pu-239 Fiss. " Spont. Fiss.
Group (Mev Spectrum {n/sec.)
1 10.00 0.225 1.25 x 10°
2 1012 6.133 7.1 x 10°
3 2.300 0.208 1.16 x 10°
4 1.49 0.167 9.30 x 10*
5 0.9072 0.142 7.9 x 10°
6 0.4979 0.109 6.08 x 10°
7 0.1M v 0.0143 7.97 x 10°
8 3.183 x 1072 0.0017 9.47 x 10°
g’ 9.119 x 1073 0. 0.
10 3.355 x 1073 0. 0.
n 9.611 x 1073 0. 0.
12 2.754 x 10°* 0. 0.
13 6.144 x 1077 0. 0.
14 1.371 x 1070 0. 0.
15 3.059 x 10°° o. 0.
16 4.140 x 10/ 0. 0.
Tatal 5.57 x 105



The results of these calculations are presented in Table 5.5 for the Puoz with high Am content.

Table 5.5 shows that isotopes 9‘l’_uz" and “m”’ are primarily responsible for the alpha
particles which generate a-n neutross.

The a-n neutron spectrus was obtained by f'itting the neutron source to an experimental 9‘l’nz"'a
and boron o-n neutron source spectrum (Ref. 6), the results for which are given in Table 5.6.

5.4 Model Specification

5.4.1 Description of Radial and Axia) Shielding Configuration

Dose-rate calculations were made with ANISN, a one-dimensions) computer program using spherical
geometry. A spherical geometry approximation is justified on the basis of source size and
actual geometry in relation to the distances at which allowable dose rates are prescribed.

» Spherical geametry is also more accurate with the ANISN program than either cylindriczl or plane
geometry. In the spherical model, the thicknesses of the various material regions correspond to
the actual design thicknesses, and the diameter of the source region corresponds to the inside’
diameter of the Puoz container. The spherical geometry configuration for the undamaged package
model is given in Table 5.8; the geometrical configuration of a damaged package model is gfven in
Table 5.9,

5.4.2 Shield Regional Densities

The material composition and the atomic-number densities of al) regions used in the ANISN program
are shown in Table 5.11.

Table 5.5

o-NEUTRON SOURCE STRENGTH BY 1SOTOPE
FOR 1648 gms PuO, WITH HIGH Am CONTENT**

2
N A . Neuts Neuts
Isotope No. Atoms (sec”’) a-Dis. Sec Fract.
Pu-236 6.613x10'°  7.71x10°? 590400 30 oo
Pu-238 3.633x102 25430710 a.045x108  a.92a0°  3.78x107"
Pu-239 2.228x102"  9.020010°1%  3.93300°%  7.9m10  6.02x3077
Pu-240 9.178x1023  3.3a0x10"1%  3.550x10°%  1.09x10°  8.29x1077
Pu-241 2790002 1eesa0™d 32600078 neaxro? oo
Pu-242 1.996x102 5.799x0°"%  3.273:a0° % 37907 eeeee-
As-241 2.480x108  s5.07aq00"""  a.992x10°® 628000 4.78x107)
As-243 2.685x102°  2.981x107 %2 4.326x10°%  3.46x10'  coeomeo
Total 1.3m10°

* o + 8 enissions
**25 watts total intermal decay heat.
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_ Table 5.6

a-n NEUTROX SOURCE SPECTRIM FOR 1618 gms
sz WITH HIGH Am CONTENT*

Neutron a-n
Energy Upper Erergy Normalized Neutrons
_6roup - (MeY) a-n_Spectrum n/sec

1 10.00 RV 1.375 x 10°

2 3.012 0.3964 5.205 x 10°

3 2.300 0.2392 3.141 x 10°

s 1.49 0.1526 2.051 x 10°

5 0.9072 0.107M 1.406 x 10°
6 0.4979 0. 0.
7 0.1 0. 0.
8 3.183 x 1072 0. T 0.
9 9.119 x 1073 0. 0.
10 3.355 x 1073 0 c.
1 9.611 x 1074 0. 0.
12 2.754 x 107% 0 0.
13 6.144 x 1070 0. 0.
14 1.371 x 1072 0. )
15 3.059 x 10°° 0. 0.
16 4.140 x 107’ 0. ",

Total | 1.317 x 108

The total neutron source strength of the PuOZ is summarized in Table 5.7.

*25 watts total internal decay heat.

5-6
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Table 8.7

TOTAL NEUTRON SOURCE SUMMARY FOR
1648 gms Pqu WITH HIGH Am CONTENT*

Neutron
Energy SF a-n Total
1 1.2sa0® 0 a0’ 2.ea0® " 0.140
2 7.4110° 5.21x10° 5.95x10° 0.317
3 1.16x10° 3.14x10° 4.30x10° 0.229
s 9.30x10" 2.05x10° 2.98x10° 0.159
5 7.90x10% 1.4m10° 2.2000° 0.7
6 6.08:10% 0. 6.08x10" 3.24010°2
7 7.9710° 0. 7.97x10° 8250073
8 9.47x10% 0. 9.47x102 5.05:107
9 0. 0. 0.
10 0. 0. 0.
n 0. 0. 0.
12 0. 0. 0.
13 0. 0. 0.
14 0. 0. 0.
15 0. 0. 0.
16 0. 0. 0.

Total  5.57x10° 1.32x10% 1.88x10°

*25 watts tofa) internal heat.
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Table 5.8
UNDAMAGED PACKAGE SPHERICAL SEOMETRY CONFIGURATION

Thickness Outer Radius
Zone Material (om) cm
1 Pu0, 5.351 . 5.351
2 304 SS 3.300 x 10°2 5. 384
3 PH13-8Mo SS 1.397 6.781
] Air Gap 2.032 8.813
5 Redwood 5.105 13.92
6 6061 Al 1.270 15.18
7 Redwood 12.62 27.81
8 304 SS 0.3048 28.1
9 Air 91.44 19.6
Table 5.9
- DAMAGED PACKAGE* SPHERICAL GEOMETRY CONF IGURATION
Thickness Outer Radius
Zone Material {cm) cm
1 Pu0, 5.351 5.341
2 304 S5 3.300 x 1002 5.384
3 PH13-8Mo SS 1.397 6.781
4 Air 91.44 98.22

*TB-1 contaimaont vessel assumed to be bare.

The volume of the Pu02 region in the spherical geometry mode! is 646.5 cm3, and the total
density {including radioactive decay products) of the 1751-gram sowrce material (1648 grams of
Puoz) is, therefore, 2.708 g:/un3. These weights are consistent with the 25-watt internal decay

heat limitation.

The inside volume of the actual PuO2 contaimment vessel is approximately 1080 cm3. This is 1.67
times the volume of the spherical model. Therefore, the total PuO2 material density would be
1.62 gm/u:3 for the actual container. The Pu()2 region composition is given in Table 5.10.

" The gamma and neutron radiation source terms were calculated on the basis of the above composi-
tion. The Pu02 region for the gamma dose rate problem was represented in the conputa" program -

by the following elemental densities:

Atoms
Element barn-cm
Pu ’ 6.060x1073
0 1.133x1072
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Table 8.10
1SOTOPIC BERSITIES m‘u, WITH HIGH Am CONTENT

' Neight Atoms
Isotope Aem) harn-om
Pu-236 ' 2.588 x |6 1.623 x 107V
Pu-238 ‘ ' 1.0 x W' 5.620 x 1070
Pu-239 8.232 x W’ 3.46 x 1073
Pu-240 3.653 x W’ 1.420 x 107
Pu-24) 1.5 x W2 a6 x 107!
Pu-242 | 8.009 x 28 3.087 x 1074
As-24 9.910 x W' >.6 x 1074
; s-243 - 1.082 x W' 4154 x 1077
u-234 1.557 " 6.205 x 107°
U-235 3.337 x W ’ 1.325 x 1976
U-236 4.985 x W) 1.907 x 1078
Np-237 1972 3.000 x 1078
0 . 1948 x W2 ' 1.133 x 1072

The PuOZ region for the neutron dose rate probles was represented in the computer program as

follows:
Atens
£lement bare-cm
Pu-239 3.8 x 1073
Pu-280 1.8 x 10°°
U-238 7.68 x 107!
U-235 , 1.35 x 10':

0 - 1.8 x 107

Appropriate gamma and neutron radiation source tarms were calculated on the basis of the above
naterial composition. However, is order to accommodate the computer program cross-section
library, the Puoz region for the gamma dose-rate problem was actually represented by the
following elemental densities:

~_ _Atrs
Element " bare-ta
Pu 4.5 x 1073
0 8.4 x 107>

The PuO2 region for the correspoadisg neutron dose rate problem was represented as fellows for

the computer progras:
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o

Isotope Atoms -

or Barn-ce
Element
Pu-239 2.890 x 1073
Pu-240 1.052 x 1073
¥-238 9.220 x 107
u-235 . saoxi0”’
0 8.486 x 1073

The material composition of other regions in the mode], surrounding the PuO2 region, is given in
Table 5.11. The damaged package model consists of only the first four regions itemized in Table

5.9.



—

Table 5.1
REGIOMAL ‘MATERIAL DENSITIES FOR CALCULATIONAL MODEL

Atoms
£lement barn-om
Region 1 - PuO2

" See Table 5,10 .

Region 2 - 304 SS (Density 7.92 gn/ced)
C 3.8 % 10';
si 1.700 x 107
cr 1.745 x 1075
Ni . 7.728 x 1073
Fe 6.621 x 10

Region 3 - PH13-8M0 SS (Density 7.76 gm/cm)
cr 1.47 x lo'g
Ni 6.376 x 1073
A 1.907 x 1073
Fe 638 x 10

Region 4 - Ajr (Density 1.0 x 1073 p/cma) o
N ’ 3.290 x 10:2
0 8.860 x 10

Region 5 - Redwood (Density 0.359 ga/cm’)

A literature survey provided very little information on the composi-
tion of redwood; however, since redwod is very similar to spruce, its
composition was substituted for that of redwood. Chemical analysis
of a redwood sample at Sandia Laboraiories later verified the
appropriateness of this substitution.

Region 5 - Redwood {approximated by spruce)

c 8.9 x 1073,
H 1,388 x 1072
N 2.781 x 1073
0 5.949 x 107
Ca 7.918 x 10:6
Fe 1.291 x 10 7
5i 2.007 x 10
Region 6 - 6061 Al {Density 2.70 gn/am)
si 3.479 x 1074
Fe 2.041 x 70'5
Cu 6.917 x 10
Cr 7.87 x 10'5
Ti 5.098 x 1075
Al 6.080 x 10°

Region 7 - Redwood

Same as Region 5

Region 8 - 304 SS

Same as Region 2

Region 9 - Air

Same as Region 4
5-11
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6.0 CRITHCALITY EVALUATION

6. ®iscussion and Results

The 2°-1 package meets the subcriticality resuirements of 10 CFR Part 7) and the criteria set
forth :a the NRC “Qualification Criteria to Certify a Package for Air Transport of Plutonium®
{NUREE-0360). A single PAT-1 package and an array oi PAT-1 packages are subcritical under
" normal conditions of transport aad the accidmt conditions specified in the NRC Qualification
Criteria. Since the PAT-I package meets the subcriticality requirements for the NRC qualifica-
tion tests, it would also meet the subcritility requirements for the accident tests in
Appesdix B of 10 CFR Part 71. The PAT-1 paciage design meets Fissile Class 1 requirements when
fully losded with its maximm awthorized coments of 2.0 kg of Pu0, and its associated daughter
prodects in any solid form, or mixtures of utur{al or depleted IJO2 with Puoz. The fissile
contests may be at any density wp to their mximum theoretical value, containing the equivalent
of 16 graﬁs of water. Two single-layer polyethelene bags may be used to package the contents.

Results of the supporting criticality calculations are given in Vable 6.1.
Table 6.1

KENO CALCULATIONS ESTABLISHING PAT-1 PACKAGE
AS FISSILE C1aSS I FOR 2.0 K& PuD,

Calculated
Condition Requirements-Subcritical keff*
NORMAL Iefinite number of undamaged packages.  0.402 + 0.005
HRC QUALIFI- 280** damaged packages, maximsn reac- 0.390 + 0.005
TION CRITERIA tive array; water reflecton on all sides
SINGLE Single TB-1 vessel with water leakage 0.584 + 0.006
PACKAGE honogeneous 1y wixed with 2.0 kg Puoz;

water reflected.

*15,000 neutron histsries; HansesRoach 16-group neutron cross sections.
**250 damaged packages required tec be subcritical pursuant to 10 CFR 71.

Parametric calculations indicate that any degree of interspersed moderation between PAT-1
packages loaded with Pu02 or between isolated TB-1 containment vessels will increase neutron
absorption in the TB-1 steel and thus reduce reactivity. Hence, void among an infinite array of
toucking PAT-1 packages for norml conditiors, and void among an array of 250 damaged PAT-1
packages represént the most reactive enviroment for conditions of transport.

Simplifications in the calculations which result in overestimating the keff are as follows:

a. Bse of Pu-239 as the only glutonium isstope in the Puoz.

6-1
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b. Use of redwood only to surround the loxded TB-1 for normal conditions; other package
materials are neglected.

c. Use of maximum theoretical density of 11.46 gas/cm3 for Pu0, for norma) and accident
conditions. : '

d. Use of only the clustered TB-) conta'imnt vessels are considered in the 280 damaged PAT-1
array for accident conditions; other package materials are neglected.

e. Choice of local clustering of TB-1 containment vessels considered the damage to the packages
to he greater than the damage produced by the qualification tests.

6.2 Calculational Method

A1l criticality analyses on the PAT-1 package were performed with the 3-D KENO Monte Carlo
computer program (Ref. 1), together with the Hansen-Roach 16-group neutron cross-section set
(Ref. 2). The KEND program was especially developed for reactivity estimates for arrays of

The cross-sc:tion set has successfully calculated fast and epithermal uranium and
The two unmode-

units.
plutonium homogeneous systems, as wel) as selutions containing thesz isotopes.

rated Puozvcriticals-»dfscussed in Section 6.5 show-that- ke'f’f"'s‘ are-calculated slightly higner.. ..
than unity when this cress-section set is wsed. Use of the Hansen-Roach set is therefore
conservative for the PAT-1 package analyses. '

Both ordinary and generalized geometry options were employed in KENO to describe explicity in
3-D the various model configurations for nermal and accident conditions of transport. Details
are discussed in Section 6.4 on Model Specifications. ‘

To effect an infinite array in KEND in botk ordinary and generalized geometry, a specular
boundary ccndition is applied on the six faces of the confining planes parallel te the X, Y, and
Z coordinate systeﬁ basic to KENO. These planes form a CUBOID, within which is the repeating
lattice. For the single-package analysis, this boundary condition is replaced by the no-neutron

return, flux fall-off condition.

6.3 Contents

The PAT-1 contents are described in_Sectioas 6.1. The contents may have a moisture content
equivalent to 16 grams of water. The interspersed hydrogen from the plutonium moisture content
is a neutron poison for both bare and reflected systems characterized by a H/Pu of about 0.25.
Additionally, the polyethelene bags slightly increase neutron absorption in the TB-1 steel. For
these rea-ns, the moisture content and polyethelene bags may be neglected in the criticality

modeling.

A1l plutonium in the M2 was assumed to be Pu-239. Fast fission cross sections for Pu-240 and
Pu-242 are smaller than those for Pu-239 ever all neutron energies and fall off rapidly below

1 Mev. Pu-241 fission cross sections are also smaller than Pu-239 above 0.5 Mev, but are signi-
ficantly larger than Pu-239 at energies below 0.5 Mev. However, because Pu-241 will exist only
in the presence of considerably more Pu-240, Pu-242, or both, the presence of Pu-239 as the
single-fissionable isotope represents the most reactive contents and is a major conservative

assumption in the calculated leff S. 6.2




P

Two specific densities for the 2.0 lilosnns of NOZ fa the 13- containaent vessel uere ¢
assumed. The first, taken as I aoa ws/u » represents co-pleu Filling of the 2.0 tqs Puoz o

“within the TB-1 volude (1243.7 c» ) The second was taken as 11.46§ pslul ’ the theoretical ,
density of Puoz. The space remaining within the TB-1 vessel was cmnsidered a void. Both umai .

and accident conditions were analyzed using each density separately. The reactivity of this '
density range shows that all densities of I‘uO2 are subcritical for the PAT-1 packasge. The
results are given in Section 6.4.1, . : B

Stnce any amount of Pu23902 is more reactive‘nentro'niuny than a vu.')rrespbnding"mnt' of
I.|23502, the authorized PuOZ—Umtoz mixture presents less of a criticality hazard than the
analyzed 2.0 kgs Pu23902 contents.

6.4 Model Specification

This section summarize: the geometric modeling r? the FINO cases for the normal and accident
condition criticality analyses of the rai-; :_package.

6.4.1 Norwal Conditions - (10 CFR §71.35 and 10 CFR s71.38)

Rormal conditions were analyzed using the ordinary geometry uaﬂ._ﬁe in the KENO program
employing three conceniric cylinders, i.e., the contents region, the TB-] steel regi . and the
redwood region. o AR

For the case in which 2.0 kg of dry Puo2 fills the entire \_rolue 0~ the TB-1 (1.608‘ ws'/_uns) the '

contents region of the TB-1 was described by a cylinder with a radius of 5.36 oms and a height
of 13.78 cms (Figure 6.1(A)). When 2.0 kg of dry l»‘u(l2 was assused at a density of 11.46 glnslcm3
{theoretical crystalline density) and occupies a corresponding volume {174.5 cm3). the Pqu
region was taken as a3 cylinder with a radius of 5.36 oxs and a height of 1.93 oms. An empty

space (VOID), modeled as a cylinder with a radius 5.36 oms and a height of 11.85 cms, sits above

the concentrated Pqu cylinder completing the description'of the immer contents (Figure 6.1(8)).

The steel walls of the TB-1 were taken as a 1.43-cm thick cylindrical annular regiom with the
same thickness for top and bottos walls for both of the above contemts.

The redwood region of the PAT-1 was taken as a cylinder with a radius of 29.53 cms and a height
104.0 cms. The heights of both cylinders were specified in 2 manner that places the center of
the contents region at the geometric center of the redwood region. '

The nuclides from the Hansen-Roach neutron cross section set and the atom numper demsities
averaged over appropriate regions in the model are given in Table 6.2.

A CUBOID (a rectangular parallelepiped - 6 planes parallel to X, Y, and 2 axes basic to the KENO
geometry) was placed tightly encasing the redwood cylinder. On each of the six pla-es Ta
specular (MIRROR) boundary was placed {i.e., 1001 return of all meutroms), thus giviag an
infinite arvay of PAT-1 packages in contact with one ancther (Figume 6.2).
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ATOM NUMBER DENSITIES
{In Units of 10® Atoms/cm® ef Region)

aes ?1&'&"(?«%“?‘0%&?‘“{4#4«

FOR_ARRAYS (Norma) & Damaged)

REGION OR DENSITY PuD, (gms/cn®) =1
MATERIAL NUCLIDE 1.608 11.46 | -
Costents Pu-239 0.0035751 0.025473*
fn T8-1 0 0.0071502 0.050945¢
Stee cr 0.01745
18-1 N 0.007728
Fe 0.060210
Redvood 0 0.05455
c 0.008209
N 0.01230
Fe 0.001437
M 0.001738
Kater H 0.06688
Reflector 0 0.03344

*lverage? over 174.5 cm’ of volume corresponding to a 2.0 kg
Pe0, at density 11.46 gms/cm3 in TB-1.

FOR SINGLE PACKAGE

Costents Pu-239 0.003575 <
in TB-1 H 0.057497
0 0.035898
Steel cr 0.01745
1B Ni 0.007728
Fe 0.060210
Nater H C.06688

Reflector 0 _ 0.03344
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The KENO k of f 's for these infinite arrays of PAT-1 packages under norwal conditions of transport
were calculated asO!S&#OOOBfortbel soswm%mmoaozooosmmn 469ns/cm

-case respectively.

6.4.2 Accident Conditions - NRC -Qualification Criteria

" The KENO configuration chosen for damaged conditfons (see Section 2.8.2.7) was an array of 280
crushed packages wodeled as 140 hemicylinder pairs with their respective T8-1 containment
vessels touching {Figure 6‘.3). The array was represented as ten PAT-1 packages (five pairs of
crushed henicylinders) alonc the X axis, seven rows of such crushed cylinders along the Y axis,
and four tiers high along the I axis. This mwodeling used two MIXED BOXES; the first was the
TB-1 with its contents, the second represented what would ordinarily be the redwood and the

intra-PAT-1 regions. Calculations were performed considering the density of the Puo2 contents to -

be 1.608 gm/cc and 11,46 gm/cc, with the redwood region and intra-package space taken as void.

These calculations were repeated with the void replaced by a five percent density water medium.
A1l four calculations used a one-foot full density water reflector surrounding the array. For

the number of meutron histories used no distinction was discemable between the k of f 's for the

void and five-percent water density. The keff for the 11.46 gn/cm Pu()2 case was calculated as
0.390 + 0.005 versus a keff of 0.239 + 0.003 for the 1.608 gm/cm Punz case. A total of 15,000
neutron histories were used in all calculations.

In addition to the calculations described above, a second KENO configuration of 288 crushed
packages (Figure 6.4) was analyzed using the GENERALIZED geometry option. A basic cell of six
damaged packages was repeated three times along the X axis, four times along the Y axis, and
four tiers hich along the Z axis. In this 3-D modeling, quadric surfaces and planes were

used to describe the six TB-1 vessels {n the six hemicylinders; with the two central TB-1
vessels touching, surrounded by the four other TB-1 vessels. The array was considered to be
reflected on all sides by one foot of water at ful) density. The PICTURE computer program
(Ref. 5) was used to verify that the geometry was modeled correctly. The density of the Pqu
contents was taken as 11.46 gm/cma. Calculations were performed considering tha composition

of the redwood and the intra-package space to be void and to be water at 5%, 0%, and 15% of its
normal density. The keff's that resulted from these calculations are listed in Table 6.3 and
show that the void case is the most reactive configuration. A total of 15,000 neutron histories

vere used in—all-calculations.

Table 6.3

* WITH GENERALIZED GEOMETRY FOR 288 CRUSHED
PAT-1 PACKAGES (FIGURE 6.4)

KERO Keff

COMPOSITION OF REDWOGD AND

INTRA-PACKAGE SPACES (PER- KEND K
CENT OF NORMAL-DENSITY WATER)
151 0.376 + 0.003
10. 0.374 + 0.003
52 ' 0.383 + 0.004
02 (void) : 0.387 + 0.004

*Hansen-Roach cross sections
6-7
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6.4.3 Single Packege - (10 CFR 71,33}

Ordinary KEND geometry was used for a single-package case in which 2,000 grams of Pu-239, inter-
nixed with water, fill the TB-1 region. The ratio of hydrogen to Pu-239 under these conditions
was 16.), the maxismam possible for a 7B-1 vessel with 2,000 grams Pu-239. The TB-) vessel

was surrounded on all sides by a one-fsot normal density water reflector. The KENO keff was
calculated to be 0.584 + 0,008 for 15,000 neutron histories.

6.5 Validation of Calculatioaal Method

In order to ascertain the relative accura'cy of the calculated ke"'s for the PAT-1 package,
three criticals were calculated using exactly the same methods and cross sections as in the
PAT-1 analyses. A brief description of the criticals with the resulti.g ke"'s are given in
Table 6.4. Since the ke"’s for the ummoderated PuO2 systems are calculated higher than unity,
it can be reasonably concluded that the keff's for the PAT-1 package were calculated

conservatively.
Table 6.4
' KENO thf RESULTS FOR THREE CRITICALS
Details of Critical Mass
No. Critical (kg-Pu) keff Ref.
i JEZEBEL; fast bare 16.25 1.005 + 0.008 3
Pu-233 metal sphere.
Crit Dims: Radius of
6.31 oms.
2 PuB, compacts; unmoderated 114 1.027 + 0.007 4
baré system; Puh, n 5.79
gnfced; 18.35 w/o Pu-240.
Crit Dims: 30.78 cms
x 30.78 cms x 20.90 cms.
3 Saze as Number 2, 38 1.034 + 0.007 4

but reflected by  6°
plexiglas on all sides.
Crit Dims: 25.65 cms
x 25.65 cms x 10.03 oms.
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7.0 OPERATING PROCEDERES

7.1 loading the PAT-1 Package for Transport

A cutaway 1ljustration of a PAT-1 package loaded and assembled for shipment is shown in
figure 7.1. Prior to loading the PAT-1 package, verify that the requirements specified in

Section 8.0 have been met.

7.1.1 Loading PC-1 Product Can with Plutonium Oxide

1.  The PC-1 product can must be loaded in 2 controlled enviroment which provides adequate
exhaust filtration and control of surface cleanliness.

2. Visually inspect the PC-1 product can for cleanliness and freedon from defects.

3. Load the contents into-the PC-1 product-can. Verify that_the weight of the radicactive
contents does not exceed 2.0 kg. The contents may be contained within no more than two
single-layer polyethlene bags individually taped or heat-sealed closed. Verify that the
decay heat Joad cf the contents does not exceed 25 watts and that no wore than 16 grams of
moisture (or equivalent) plus nine grams of polyethlene bags are present. '

4. Roll crimp the 1id to the body of the PC-1 with a standard camning tool or machine. Clean
and inspect the exterior of the PC-1 product can by standard wipe tests. Seal the product
can wsing an appropriate welding or silver soldering procedure.

5. Verify that the sealed PC-1 product can meets the requirements specified in Section 8.2.2.

7.1.2 Loading PC-1 Product Can Into TB-1 Containment Vessel

1. Visually inspect the components of the TB-1 vessel and top spacer for defects, damage,

cleanliness, and for correct part.
2. Place loaded PC-1 product can, followed by top spacer, into the TB-1 vessel.

3. Install an unused copper gasket {see Table 8.1) ints the seal groove at the top of the TB-1
body.

4. Coat the elastomeric D-ring (see Table 8.1) with silicone greasz and install in the grvove

on the TB-1 1id.

5. Insert the TB-1 1id into the TB-1 body, being careful no! to damage the O-ring.

6. Install the 12 socket head bolits (0.500-20), fingertight, throwgh the TB- 1id into the
body.
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'T‘lg_'hten the 12 1id bo_lts, in two steps, In the following sequence: 1-7, 4-10, 2-8, 11-5,

3-9, 12-6. Tighten al) bol_ts to 50 foot-pounds in the first step and to 75 foot—pounds in

- the second step.

Attach the 1ifting sling to the TB-1 1id, using the three cap screws (0.250-28UNF) and

washers,

Yerify that the assembled TB-1 contaimment vessel meets the requirements specified in
Section B8.2.3.

7.1.3 loading TB-) Containment Vessel into A-] Overpack

1.

10.

7.2

Visually inspect the AQ-1 components for defects, damage, cleanliness, an.' for correct part.

Using the lifting sling, place the TB-1 containmest vessel into the AQ-1 Overpack; make sure
the TB-1 is fully seated. )

Place the inner wood plug (smaller) on top of the TB-1 vessel, aligning the notches in the
plug to clear-the lifting sling screws in the T&-I.

Insert in order the aluminum disc, the outer wood plug. and the inner insulation pad
{larger).

Insert in order the cover line, the outer insulation pad (smaller), the cover, and the clamp
ring. During installation, align the index marks on the cover liner, the cover and the

clamp ring with the index mark on the AQ-1 overpeck.

Install the Z3 hex-head screws, fingertight, throsmgh the assesbled clamp ring, cover, and

cover liner.

Tighten the 23 cap screws to 15 foot-pounds.

Install the four-inch long hex head screw in the clainp ring and tighten to 50 foot-pounds.
Install the locking nut on the four-inch long screw and—tighten to 30 fo.ot~pounds.

A-security wire and seal may be installed throvgh the holes provided in the clamp ring lugs.

Procedures for Unloading the Package

Remove the PAT-1 from the skid, if present.
Remove the security wire and seal, if present.
Remove the 23 hexagon head screws at the top of the package.

Remove the clamp ring bolt and lock nut.

7-3
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L la_ve&:ln wing.

| & Remmwe Su outme- drm cover.

T bomwe O insuibetion ped.

B Remove tie inmesr cover.

@, Remwve ir outae redwooc )lug.

BEG. Resaove e 127iwecth diameter aluminum Toad spreader plate.
TE1. Reswove D inse= redwood plug.

TE2. Remwve iz TB;-&I enontainﬁ:eni vessel.

B, Reswove e 1$fE2Tng sling from the TB-1 vessel.

EAUTION- Pesmre -xe=lief action may accompany removal of the TB-1 vessel 1id in the following
Sk

B, Removzde 1Z =sancket head screws which secure the 1id to the TB-1 vessel.

XS5, Remove‘he 13ckf #From the TB-1 vessel. This can be done by re-installing the three screws
(used T the THEfting sling) and turning them approximately evenly until the lid releases.

Remowz he alusmwrinum honeycomb top spacer.

17. Remows e PCIT product can with contents.
DT : Ses stoyriang or preparing an empty TB-1 vésse'l for return shipment, care should be

m=een te: amvoid damaging the knife-edges (that engage the ccpper gasket) on the 1id and
- wmy of THwe vessel.
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8.0 ACCEPTANCE TESTS AND MINTENANCE PROGRAN

8.1 Acceptance Tests To Be Performed Prior to First Use of Each Package

8.1. 1 Fabrication Inspections

~ Before first wse of each pacuging. the inspections and detminations specified in Section 9.0

shall be completed.

8.1.2 Structurs), Pressure, and Leak Rate Tests of the TB-1 Containment Vessel

Before its first use, each TB-1 containment vessel must be determined to be leakt ight* when

8.2 Tests To Be Con;!gql_:ec_l _Prior to Each Shipment

assesbled as for shipment, but without the elastomeric 0-ring seal and subjected to an internal
pressure 50 percent higher t.han_maximn normal operating pressure (1.5 x 34.3 psia = 51.4 bsia).

8.2.) Visual Inspection

Note: The following steps are not necessarily in sequential order. To accomplish a comp'iete
-visual inspection, the TB-1 vessel and AQ ] overpack would have to be disassubled in
acoordance with Section 7.2. .

8.2.1.1 AQ-) Overpack
a. (Creck tmt there are no indentations or damage points deepe. than me-ha]f inch in the
visible interior redwood assemblies.

b. Check tmat there are no large breaks in the fiberglass covering of the copper heat conductor
tube. :

¢. Check i%at there are no indentations or damage points deeper than one-half inch in the outer

steel drum and covers.

d. Check that the twenty-three bolt head covers are in place around the bottom of the drum.

e. Check that the twenty-three 3/8-° -h diameter bolté are in place around the top end of the
drum (when the AQ-1 overpack is ass wled).

f. Check that the 5/B-inch diameter, by four-inch Jong, clamp ring belt and lock nut are in
place at the top of the drum (when the AQ-1 overpack is assembled).

~.

9. Check that the vent plug covers are in place on the drum bottom 2ad on the drum lid.

* .
10 7 atm-cc/sec. per USNRC Regulatory Guide 7.4 which references ANSI N14 5.

8-1
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_ 2 .2 TB-I t:ontﬂnment Vesse] B e S , N
: i Duect tmt the copper gasket ls in place on the T8-1 Hd, and that 1t i free of any gouge
"'_‘:or Irregularity . - . o

_ b, O\ed that the elastomeric O-ring 1s 1n place on the TB l Hd and that it 1: free of gougu
' vand thtly ‘lubricated with the specified siHcone gruse. 4 -

L C. thed: for visible damage to the sman circu’lar knife edge in the T8-1 bod_y (the knife edge Lo

"o the 14d will normally be hidden by the copper gasket). -

d. Chect for the presence of the 12 socket head bolts which secure t - closure to the TB-1 and
three bolts and washers for the nylon 1ifting sling (when *he TB-1 vessel is assembled).

8. 2 1 3 j ection

Mechanical damage 2s described in Section 8. 2 1.1 or 8.2.1.2 shall be cause for rejection. .
Damage to the knife-edge will be cause to perform a leakage test as described in Section 8.1.2 to ‘
detemue that the TB-1 vessel- is acceptable. B : o ;

8.2.2 PC-] ProductCan

Prior to p]acing the 1oaded PC 1 product can into the TB-I containment vessel, a leakage test
shall be completed on the PC-1. This test shall indicate leakage less than 10° at- cm3'sec
from the assembled PC-1. (An acceptable test would be one in which the PC-1 is placed in a
closely fitting chamber, a vacuum is rapidly drawn, and any subsequent rise in chamber pressure
is correlated with leak rate.)

8.2.3 TB-1 Contaimment Vessel

As part of preparation for each shipment, the TB-1 contaimment vessel will be assembled in
accordance with the checklist described in Section 7.1.2 ard a leakage test shall be completed
on the TB-1 together with its radicactive contents. This test shall indicate leakage less than
10'3 atm cm3/sec from the assernb)ed T8-1. (An écceptable test «would be one {n which the TB-1
is placed in a closely fitting chamber. 2 vacoum is rapidly drawn, and any subsequent rise in
chamber pressure is correlated with leak rate.)

8.3 Periodic Test and Maintenance

8.3.1 TB-1 Contaimment Vessel

After every third use of a TB-1 containment vessel to transport radioactive materials, or if the
leak test described in Section 8.1.2 has not been performed on that particular TB-1 vessel
within the preceding 12-month period, the TB-1 shall be determined to meet the leak test require-

ment described in Section 8.1.2. ~.

8.3.2 Replacement cf Gaskets on Containment Vessel

The copper gasket and the elastomeric O-ring for the TB-1 containment vessel shall be replaced
in accordance with the schedule shown in Table 8.1.
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8.1

REPLACEMENT SCHEDULE FOR COPPER SEAL AND O-RING

TB-1
Copper Seal

Elastomeric 0-ring

£-3

Replacement Schedule

Prior to €final closure for each shipment
of loaded TB-1

Prior to each 4th shipment of radicactive
material, or annually, whichever occurs

more fregently.




9.0 SPECIFICATIONS AND DRAWINGS

9.1 Quality Assurance

The program to design, develop, and test the Plutoniu'Air Transportable Package, Model PAT-1,
and to demonstrate that the package design meets the NRC Qualification Criteria (NUREG-0360),
was conducted by Sandia Laboratories under contract to the Nuclear Regulatcry Commissiom.

Model PAT-1 packages must be procured, fabricated, 1nspeéted. azcepted, operated, myintained,
and repaired in accordance with a Quality Assurance Plan which meets the requirements of 10 CFR

Part 71, Appendix E, and approved by the NRC.

9.2 Fabrication Requirements

9.2.1 General Requirements

The following estadlishes the general requirements for fabrication and inspection of the
Plutonium Air Transportable Package, Model PAT-1. All items are to be in accordance with the
* drawings, standards, procedures, and material specifications to the extent specified herein.

9.2.2 Documents

The following documents form a part of this specification to the extent specified herein.

Document Issve Title

PAT-1028 - Testing, Leak Rate, Mass Spectrometer, PAT Package
PAT-1029 - Material Specification, Redwood for PAT Package
PAT-1030 - Welding, Corrosion Resistant Steel, PAT Package
1001 A PAT-1 Assembly

1002 A Overpack, AQ

1003 A Container, Subassembly

1004 A Drum

1005 A Cover, Modified

1006 A Ring, Clamp, Modified

1067 A Cover, liner

1008 A Cylinder, Wood

1009 A Cylinder, Wocd

1010 A Plug, Hood, Fixed

101 A Cylinder, Wood

1012 A Plug, Wood, Fixed

1013 A Plug, Wood, Removable

1014 A Plug, Wood, Removable

1015 A Spacer, Top

9-1

P LT - N SR



Docuzent Issue Title

1016 A Load Spreader Assembly
1017 A Contaiment Vessel
1018 A ‘Bolt, Socket, Head Special .500-20
1019 A Gasket, Copper

1020 A Lid, T8

1021 A Forging, TB Lid

1022 A Body, TB

1023 A Forging, TB Body

1024 B Can Assembly

1025 A Cylinder, Liner

1026 A Pad, Insulation

1027 A pad, Insulation

9.2.3 Standards of Manufacture
9.2.3.1 Quality Control

Unless otherwise specified, the reqa:irmﬁt; o;’lO'CFR Part "ﬁ, ﬂpbeﬁdix E, shall apply.

§.2.3.2 Welding Method
Welding and fabrication shall be in accordance with PAT-1030.

9.2.3.3 6lued Assemblies

a. in gluing wood pieces together (wood to wood), polyvinyl acetate resin emlsion per
MMN-A-180 shall be used. As an alternate, glue per 9.2.3.3.b may be used, unless other-

wise specified.

b. In gluing wood to metal, or metal or metal parts, the bond material shall be a mixture of
the following by weight.

100 parts Uniroyal B635 resin
15 parts Benzoflex 988 plasticizer
9 parts Uniroyal 3080 hardener

The material shall be processed as follows: Upon receipt of the five gallon cans of
Uniroyal B635, heat for 12 hours at 130 + 10°F and then shake for 30 minutes in a paint
shaker. This is necessary because the material will freeze at close to room temperature.
Before use, the material shall be a clear, high viscosity liquid. If it is cloudy, lumpy,
cr resembles an "icy slush,” repeat the heating and shaking process.

After withdrawing B635 material from the can, the air space above the material should be
thoroughly flushed with dry nitrogen, and the can tightly sealed. Care should be taker to

prevert moisture in the air from reacting with the material and forwing a crystalline layer
on the surface. However, if a leyer forms, it can be removed and the material used.
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In mixing, first blend the B635 and the Benzoflex 988 plasticizer together, next add the o
3080 hardener and mix thoroughly. - For small batches of 100 to 200 grams, two minutss of
vigorous hand mixing with a spatula will be satisfactory. For larger batches, mix .
thoroughly to insure uniformity. To extend the pot 1ife of the adhesive, mixing should be ‘ (
done 3s rapidly as possible. , o i

c. Glue lines, resultl'ng from the dimenstons of finished mating parts, shall be 0.001 to
0.100 inch,

9.2.3.4 Protection

A1 parts and assesblies shall be adequately protected from accumulation of foreign matter,
corrosion, physical damage or deterioration. This requirement shall apply to 211 manufacturing
operations from receipt of raw material to completion of a finished product, to product held in
any storage area, and to product prepared for shipment. -

a. Protective measures used during processing, fabrication, and packaging must not only guard
agaiest obvious damage and deterioration but alsoc against the creation of latent conditions
that may later cause unsatisfactory performance, accelerating deterjoration, or malfunction.

b. b_nteriél and parts at all levels of production shall be kept adequately segregated and
identified at'all times. Parts shall be transported in a mammer which will assure adequate
protection from damage.

c. Al items such as raw materfal, parts, subassemblies, assemblies, etc., not in hamediate ' P
use, shall be adequately packaged, identified, and stored. <

9.2.3.5 (leanup of Parts and Assemblies

A‘Il finished parts and subassemblies shall be adequately cleaned before final assembly. Final
assembly and necessary subassembly shall be performed in an enviromment appropriate to the type
of product. All parts and assemblies shall be thoroughly cleaned to remove foreign ani mami-
facturing waste material such as:

Superfluous hardware, wire, and insulation clippings.
Chips, filings, abrasives, machining Tubricants.

Soldering, brazing, and welding fluxes, solder droppings, weld spatter, slag, and welding rod
ends.

Drippings of lubricants, adhesives, and sealing compounds.

Paint droppings, splatter, and overspray.

Residues from liguid baths used in plating and chemical treatments.
Tesporary tags and packaging.

9.2.3.6 Part Number Marking

a. All finished parts, assemblies, and subassemblies shall be permanently marked with the
applicable part number, using ink marking with covercoat. The vertical height cf characters
shall be not less than 0.12 inch. '

,‘/ ~
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b. Part numbers shall be located in any‘ readily observable Jocation which does not affec

function.

$.2.3.7 Standards
The following documents form a part of this specification to the extent specified herein:

MSI Y 14.5, 1973 D‘imensioning and Toleranc*lhg
NiSI B1.1, 1974 Unified Inch Screw Threads (UN and UNR Thread Form)

$.2.4 Quality Assurance Provisions

9.2.4.1 The supplier responsible for the manufacture of the PAT Package must establish and

mintain a Quality Assurance Program which meets the requirements of 10 CFR Part 71, Appendix E.

9.2.4.2 Material Certification

Certification from materfial suppliers verifying that all materials used in the fabrication of
the PAT-]1 Package are in accordance with applicable -drawings and specifications.

9.2.4.3 . brawiﬁg Compl iénce

The PAT-] assembly and component parts shall be inspected efther by open set-up or gaging
sethods, to assure that the dimensional requirements specified on the applicable drawings are

met.

9.3 Final Acceptance Testing

The following tests and inspections shall be performed on all units. Tests may be performed in

any sequence, as appropriate.

§.3.) ‘Yisyal Inspection

The following steps are not necesarily in sequential order.

9.3.1.1 AQ-1 Overpack

a2. Check that there are no indentations or damage points in the visible interior redwood
assemblies.

b.  Check that there are no breaks in the fiberglass covering of the innermost tubular member

{copper heat conductor tube).
. Check that there are no indentations or damage points in the outer steel drum and covers.
d. Check that the 23 bolt head covers are in'place around the bottom of the drum.

Check that the twenty-~three 3/8-inch diameter bolts are in place around the top end of the

drum (when AQ-1 is assembled).
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Check tat the. s/s-mn mmm. uy four-tnch mg. cl.p mg bou and Tock nut are. m
phu ut the top of the drura {when AQJ h ns-\blu) U o

9. Chock that the vent pluq covers arc 'ln plm on thq dru- bott.oa and on the drum Hd

 9.3 1 2 TB-] Containment Vessel ' _
3. Check that the copper gasket is in place on the TB-] Hd and tMt it is free of any gouge or
irreguhrlty :

b. Check that the elastomeric b-ring is 4n place on ;he'TB~1 11d and that it is free of gouges
and Yightly lubricated with the s* fcone grease specified on the drawings, or equivalent.

c¢. Check for visible damage to the small circular knife edge in the TB-1 body {the knife-edge
in the 19d will normally be hidden by the copper gasket).

d. Check for the presence of the 12 socket head bolts which secure the closure to the TB-] and
three bolts and washers for the nylon lifting sling (when TB-1 1s assembled).

9.3.1.3 Rejection

- Mechanica) damage as described .in sections 9.3.1.) and 9.3.1 '2'shall be cause for rejection.
Damage tothe knife-c ’jes wﬂ't ‘be cause to perform a leakage test as described in Section 9.3.2
to determine that the TB-1 vessel s acceptable.

9.3.2 Structural, Pressure, and Leak Rate Tests of the TB-1 Containment Vessel

Each TB-1 containment vessel, before its first use, must be determined to be leaktight when
assembled as for shipment but without the elastomeric 0-ring seal and subjected to an internal
pressure 50 percent higher than maximem normal operating pressure {1.5 x 34.3 psia = 51.4 psia).
Leak rate shall not exceed 1 x 10’7 atm-cc/sec (air) as determined in accordance with PAT-1028.

9.3.3 Function and Fit

The PAT-1 shall be visually and mechanically inspected to assure that al} of the component parts
fit into the assembly properly, as specified in the drawings.

9-5
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PAT-1028 TESTING, LEAK RATE, MASS SPECTROMETER, PAT PACKAGL

1.0 GENERAL

1.1 Scope _
This specification defines the requirements for the guantitative measurement of the leak rate of
a4 sealed component of the Plutonium Air Transportable Package, Model PAT-1. A mass spectro-
w2ter type leak detector is used.

1.2 Product Description

The item to be leak tested per this specification is the Contaimwent Vessel, TB, drawing nuaber
1017, which is a major component of the PAT Package, drawing number 1001. The detail parts of
the Contaimment Vessel, TB, are:

T8 Body '

T8 Lid

Copper Basket

0-Ring

Bolt, Socket Head, Special, 0.500-20UNF {12 reguired)

1.3 Definitions

1.3.1 Background

Test system background is included in the leak rate results. This may be spurious output of the
leak detector expressed in suitabie terms, due to the response to all gases other than the
actual leakage of tracer gas from the product being tested and/or the known leak. The background
may be inherent in the detector or extraneous, and izcludes absorbed tracer gas.

1.3.2 Units
1.3.2.1 Pressure Units

a. MWllimeter of Mercury (mmHg). A unit of pressure corresponding to a column of mercury
exactly 1 millimeter high at 0°C under standard gravity acceleration of 980.665 cm/secz.

b. Micron of Mercury (uHg). A unit of pressure egsal to 1/1000 of the millimeter of mercury

pressure unit.

c. Torr. A unit of pressure equal to 1/760 of a standard atmosphere; differs by only one
part in 7 million from a millimeter of mercury. Torr is the preferred pressure unit for

low pressure (vacuum) measurement.

1.3.2.2 Leak Rate Units

{cubic centimeter per second, standard temperature asd pressure). A flow rate of
gas in terms of cubic centimeters per second in whick the gas volume is reduced to standard
temperature and pressure. 1.315 cc/sec. = 1 Torr-liter/sec.
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1.3.3 STP (St-ar‘uh‘rd Pressure and ﬁqerct_un)
‘Defined as 0°C and 760 Torr. o

1.3. 4 K Factor

A factor used to convert frow a_tracer gas leak nt.e obuined uader the specified test conditions
to an equivalent air leak rate at those specific tast conditions. For parposes of this
specification : :

Iecuhr weight of helium
¥ MoTecular weight of air

K=
X = 0.372

1.3.5 Sealed Product
A product which is capable of maintaining, or of being sealed by special fixtures to maintain, an

internal pressure or vacuum.

1.3.6 Tracer Gas

A gas that is used to measure the leak rate of the product being tested.

1.3.7 Leak Rate

The gquantity .7 gas flowing ia unit time into, or out of, the product under test, reduced to

units of volume at standard temperature and pressure.

1.3.7.1 Tracer Gas Leak Rate

The leak rate tests results, calculated without application of a K factor, from the leak detector
readings.

1.3.7.2 Total Gas Leak Rate

An estimate of the product leak rate, obtained by multiplying the tracer gas leak rate by the
specified ¥ factor. .

1.3.7.3 Maximum Permissible Leak Rate

The maximsn total gas leak rate limit allowable for product acceptance.

1.3.8 Known Leak

A calibrated device from which tracer gas is =mitted at a known rate.

2.0 DOCUMENTS

The following documents, of the exact issue shown, form a pa-t of this specification to the
extent specified herein. ‘

Specifications:
Federal: ‘

BB-H-1168b Helium, Technical
9-7
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3.0 REQUIRDAENTS

3.1 Equipment Capability
3.1.1 Leak Detector Systea

The system shall consist of a mass spectrometer type leak detector together with a suitable test
chamber that will completly enclose the product, auxiliary pressurization equipment, and instru-
mentation necessary for performance of the test under the specified comditions.

3.1.2 Llocation of Known Leak

The known leak shall be comsected #irectly to the vacuum system as clesely as possible to that
point at which the test item will be connected.

3.1.3 Vacuue Gages
6ages used to ascertain that the pressure in the test chamber or fixture is not greater than the

-specified maximum shal) be seitably Yocated to read the pressure of the test chamber or fixture.

1f leak detectors having jages capadle of reading pressures indicated below are available, it is
permissible to use these gages provided: I . o

a. An indicated test pressure of § x ]0'5 Torr (még) or lower is used for helium.

b. An essestially short direct cesnection is maintained between the leak detector and the test
chamber or fixture.

Under the present stéte-of—t&e-art, calibration of vacuum gages below eme micron of mercury is
not quaranteed by Primary Standards and, therefore, is not required.

3.1.4 Attenvation Setting os Leak Betector

The leak detector shall be operated on the most sensitive readable scile.

3.2 Gases
The tracer and fill gas used shall Be heliun per BB-H-1168b, Type 1, Grade A.

3.3 Calibration of Known Lezk

The known leaks used shall be calibrated by thé Primary Standards Laboratory specified in the
contract or purchase order. Calibration shall be performed prior to ieitial use and at
intervals thereafter in accordance with polizies established by the Primary Standards Laboratory.

3.4 Procedure (Leak Rate Measuremsrt)

3.4.1 Generzl
a, Readability of the leak detectsr output meter skall be checked per 3.1.3.

b.  Pressures at which a test is tz be performed sk21l not exceed 5 x 107t Torr (mm#g) helium.



' ’-'a 4.2, :»:—r»m T8 'to be leak tested wil) u ncemd musmbm. and n ..m u necessary to.
-csunble thc mit as the leak test proyressas. a fonm Can .

The leak rate for the TB shall not exceed 1 x 10

. -lmrt the T8 Body and pl e 1t on the edge of A clean vork surface with. apmximtoly one-
© fourth the interior diameter of the Body atend!ng out from the work surface. .

1nsert the nozz‘le of the helium tracer gas Tine 1nto the interior of the TB Body, and flood
the interior with helium for a period of at least 20 seconds. . :

Remove the nozzle and, with the TB still in the inverted position, place the TB Body in
position over the T8 Lid (the copper seal should be used for this test, the elastomeric 0-
ring should not be in place at this time). While holding the Lid firmly against the Body,
invert both and place them in the up-right position on the work surface.

Align the holes in the Lid with the threaded holes in the Bodyv(orientation optional) and
§nstal} the 12 socket heat bolts onto the unit. Using a suitable strap-type holding device
and torque wrench, torque the bolts to 50 +5 foot-pounds.

Place tbé assembled TB in the chamber of -the mass spectrometer ieak tester. Readings shall
be taken frem the leak detector output meter for each test, as follows: '

R] = Background ,
R, = Background & Known Leak

R3 = Product Leak & Background

3.4.2.2 lLeak Rate Calculation

. Readings R]. RZ' and R3, as obtained in e. above, permit calculation of the total gas leak rate
as follows:

(O0(R; - v)
R, - Ry

Where:

L = Total gas Leak rate
€ = Calibrated value of known leak

K= See 1.3.4

3.4.2.3 Maximum Permissible Leak Rate

-7 atm-cc/sec (air).
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343 Test Records | |
Tﬁe foﬂuing info mation shall .be recorded by the testing laboratory. Copies of test records
shall be distributed as specified in the contract or purchase order.

a. Profuct 'pa& ‘number and vseﬁal mmber.

b. -Purchase ordér or contract number.

c. M a.ndvmodelk ‘mmber of leal; detgétor used.,

d. Valwe of known leaks used.

e. Test pressures (interna) and external).

d. Tracer gas and commtrat?on used.

. g. ~Fill gas used.

h. Leak detector output readings per 3.4.2.1.e.

i. Calculated total gas leak rate.

J. Dat= of test.
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© PAT-1029 MATERIAL SPECIFICATION, REDWOOD FOR PAT PACKAGE

1.0 GERERAL

1.1 Scope , . : o :
This specification defines the requifenents for the redwood material used in fabrication of .the
: Plutonism Air Transportable Package, Model PAT-1.

1.2 Definitioes
Definitions of terms used in this specification may be found in the document listed in 2.1,
below.

2.0 DOCUMENTS ARD EQUIPMENT

The following documents and equipment form a part of this specification to the extent specified
herein. Unless otherwise specified the latest issues shall be used. In the event of conflict
between documests referenced herein and the contents of this specification, the costents of this
specification shall be a superseding requirement.

2.1 Documents

"Standard Specification for Grades of California Redwood Lumber” published by Redwood Inspection
Service, San Francisco, California. :

TN

2.2 Equipment ' _
Moisture Register, Model L, made by the Moisture Register Co., Alhambra, California, or
equivalent.

3.0 REQUIREMENTS
3.1 Material Description

a. The material to be used shall be clear, kiln dried regiwood, free of defects, as defimed in
Para. 10%8 of the “Standard Specifications" document. Knots are not permissibie. '

b. Assemblies shall be fabricated of one inch or greater nominal thickness.

¢c. Moisture content shall not exceed 122. The material shall be protected, as mecessary, to
assure this condition.

™.

~.

d. Finger-joised and edge-glued lumber is acceptable. e

1.  Parts shall be assembled in accordance with the applicable drawiegs, using po]yn'hyl H
acetate resin emulsion per MM-A-180, or Resorcinal adhesive per WMM-A-181. ' i




VS S Tanetsc Sy o e A1 s e o b e

2. Glue lines shall be 0.030 inch maximm.

3.2 Grain Defects

‘Burls and birdseyes of less than 0.375 fmh ‘diameter are acceptable, providing there are not

wore than six such defects in a six inch diameter, §n a maximm of 5% of the lumber in 2
subassembly, '

4.0 QUALITY ASSURMCE PROVISIONS

4.1 Visual Inspection
A1l material shall be visually inspected to assure that it meets the requirements of Section 3

of this specification.

4.2 Moisture Content

The material shal) be inspected, after final machining and just hefore application of sealant,
to assure that the moisture content specified in 3.1.c is mot exceeded. Inspection shall be

conducted as follows:

a. - Zero the Moisture Register in accorda.nce with the mamsfactorer's instruction.

b. . Twenty percent of the material in each subassembly shall be checked for moisture content,
using the Moisture Register per the manufacturer's instructions. The Register readings -

shall not exceed 24.

5.0 PREFARATION FOR DELIVERY

The lumber to be used shall be packaged by the subcontractor so that it will meet the require-
ments of this specification after processing by the fabricator of the PAT. Vapor barriers shall
be used in packagieg to maintoin the minimum moisture ccntent requirement specified.

o e At P e B £ e e e



~'PAT-1030 WELDING, CORROSION RESISTANT STEEL, PAT PACKAGE

1.0 GENERAL ¢
1.1 Scope <
_This specification defines the fabrication aﬁd inspection requirements for the welding of

corrosion resistant steel parts used on the Plutonium Air Tramsportable Package, Model PAT-1.

1.2 Definitions
i.z.l Welding Terms and Definitions

Welding terms and definitions used in this specification shall be in accordance with AWS A2.0,
except for the following: ’

' Poros'ity. Voids in the weld metal of approximately spherical shape.

1.2.2 ‘Welding Symbols -

Welding symbols used on the product drawings shall be in accordance with AWS A2.0.

2.0 DOCUMENTS _
The following documents form a part of this specification to the extent stated herein. Unless
otherwise specified use latest issues.

AMS A 2.0-58 . Welding Symbols
ANS A 3.0-51 Welding Terms and Definitions
+ MIL-1-6866B Inspection, Penetrant Method of

3.0 REQUIREMENTS

3.1 Welding Process
Welding shall be done by any of the arc welding processes, using manual, semiautomatic, or

automatic techniques.

3.2 ‘Weld Preparation

Loose scale, slag, rust, grease, oil, and other foreign matter shall be removed from surfaces
to be welded. Beveling and weld preparation may be done by flux-oxygen cutting, provided crack-
ing does not occur in the metal and provided at least 0.125 inch of metal is removed from all cut

edges by mechanical means, grinding, etc.
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3.3 Weld Defects
Imperfections that exceed the 1imits specified in Table 1 shall be considered defects and are

“nacceptable, except as specified below.

2.4 Repair of Defects

Repair of defects is permissible if the required weldment, the repair weld itseif, and the
adjacent parent metal meet the requirements of the original weldment. A repaired weldment
shall be reinspected in the same manner as the original weldment.

4.0 QUALITY ASSURANCE PROVISIONS

4.1 General

4.1.1 Responsibility for Inspection

The Supplier performing the welding shall be responsible for tie performance of all tests and

inspections specified herein.

4.1.2 Inspection Records

The Supplier shall maintain records of all ‘inspections performed-per 4.2. .Copies shall be

distributed as specified in the contract or purchase order.

4.1.3 Inspection Sequence
Weldments may be inspected at any time after the weld preparation and cleaning requirements of

Section 3 have been met.

4.1.4 Rejected Units

Parts that fail to meet any of the requirements of this specification shall be rejected. Repair

as defined in 3.4 is permissible.

4.2 Product Inspection and Testing
The following inspections shall be performed on the weldments on parts of the PAT Package on

which welding is performed.

4.2.1 100% Visual Incpection

Parts shall be visually inspected 100% for the imperfections defined in Table 1. No magnifica-

tion is required.



Table 1
LIMITS OF IMPERFECTIONS IN ACCEPTABLE WELDS

IMPERFECTION LIMIT
Cracks in weld bead Unacceptable .
Cracks ih parent metatl Unacceptable
Crater cracks Unacceptable
Incomplete fusion and The aggregate length of the imperfections shall not
inadequate joint excead 1-1/27 in a weld length of 6T, and the length
penetration of any individual imperfection shall not exceed 1/27.

If the weld length is less than 67 the aggregate length
of the imperfections shall not exceed 1/4 the weld
length, and the length of any individual imperfection
shall not exceed 1/12 the weld length. (See Mote)

Porosity (Internal) Not applicable
Inclusions (Intermal) Not applicable
Undercut Unacceptable
Overlap Unacceptable
Concavity ‘ Unacceptable in batt welds. In fillet welds, actual
throat shall be mot less than the theoretical! throat e
for specified weld size. <
. . Maximm Rein- ™
Convexity of butt welds Weld Size forcement Height
on either side Up to 0.7125 inch 0.050 inch
0.125 to 0.500 inch 25% of weld size
0.500 inch and larger 0.125 inch
Size of fillet welds Specified weld size (length of legs) +50%, -0.

Note: (T) is the specified weld size.
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