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The views expressed in this report are not necessarily
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A BSTRACT

The PARC (pluton. 'm accident resistant container) project resulted in the design, development,

and certification testing of a crashworthy air-transportable plutonium package (shipping container)

for certification by the USNRC (Nuclear Regulatory Commission). This PAT-1 (plutonium air

transportable) package survives a very severe sequential test program of impact, crush, punctree,
slash, burn, and water im*cersion. There is also an individual hydrostatic pressure test. The

package was engineered for a payload mass capacity of 3.15 kg of PuO and a thermal capacity of
2

25 watts. The design rationale for very high energy absorption (impact, crush, puncture, and

slash protection) with residual high-level fire protection, resulted in a reasonably small air-

transportable package 7 advancing the packaging state-of-art. Optimization design iterations were

utilized in the areas of impact energy absorption and stress and thermal analysis. Package test

results are presented in relation to radioactive materials containment acceptance criteria, shield-

ing and criticality standards.
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CIIAPTER 1

GENERAL INFORMATION

1.1 Introduction

This report describes the Plutonium Accident Resistant Container (PARC) program supporting

research and the design, development and certification testing of the Plutonium Air Transportable
(PAT) package and provides the necessary information to be considered by the USNRC (Nuclear

Regulatory Commission) for a Safety Analysis Report (SAR) of the package.

The PAT package is designed primarily for the safe transport of plutonium oxide in powder
form.

The package is resistant to severe accidents, especially the crash of high-speed jet aircraft.
The package is designed to withstand such environments as hydrocarbon-fueled fires, extreme

crushing, puncturing and slashing loads, and deep underwater immersion with no escape of con-

tents. The accident environments may be imposed upon the package singly or sequentially.

#
The package meets the 10 CFH 71 Fissile Class I requirements with a cargo of 3.15 kg of

0 PuO r with any other isotopic form of plutonium oxide, not to exceed 25 watts (W) of thermal2,

activity.

This report presents design and operational Jescriptions including evaluations and analyses,
test results. maintenance, and quality assurance information.

1. 2 Package Description

1. 2.1 General

The PAT-1 package has a gross weight of approximately 500 lb (227 kg) when loaded with

3.15 kg of PuO . The package measures 24-1/2 in. (62 cm) outside diameter and 42-1/2 in.
2

(108 cu) in height. Its external appearance is a right circular cylinder of smooth stainless steel
as shown in Figure 1. 2.1-1

Engineering drawings and specifications for the package are included in Appendix 9A. Ma-

terial lists; dimensions; and material, process, and acceptance specifications are included on the
drawings or in the specification documents.

*

Title 10 of the Coh of Federal Hegulations Part 71 contains the rules and regulations of the
NHC for the transportation of nuclear material. In referring to these and other regulations in the
Code of Federal Hegulations, an abbreviated form is used: "10 CFH 71. 35 (a)" meaning " Para-,

graph (a) of Section 71. 35 of part 71 of Title 10 in the Code of Federal Regulations."
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Figure 1. 2.1- 1. The l'AT-1 Air Transportable l'ackage

1.2.2 l'ackaging

The l'AT-1 package comprises three basic parts: (1) a stainless-steel containment vessel

(designated Til-1); (2) a protective overpack assembly of redwood with an imbedded aluminum

cylinder and aluminum discs, and a double-walled outer stainless-steel drum (designated as the

AQ-1); and (3) a special product can (designated the l'C-1) within the containment vessel, TH-1.

The Tis-1 serves as the containment vessel for the purpose of 10 CFit 71 and the NitC qualification

criteria. The l'C-1 provides the secondary containment as required by 10 CFit 71, l' art 42.

Figure 1. 2. 2-1, a cutaway illustration cf the l'AT- 1 package, shows its essential elements.

The outer drum aasembly of the AQ-1 overpack consists of an outside 65-gal drum that is

fully lined with an inside drum, both made of stainless steel. The inside drum has a cylindrical

center section, which is bonded (fixed) to the outside drum, and separate end sections. The corners

of the inside drum sections are rounded. The drum covers have integral skirt-extension members

which, upon assembly, fit between the center and end sections of the inner drum. The C-ring cover

clamp has a skirt extension that overlaps a region of the outside drum. Twenty-three 3/ 8-in. -diam

bolts pass through these five layers of sheet metal (i.e. , the C-clamp extension, the outside drum,

the inner liner central section, the cover extension skirt, and the top or bottom end sections of

the inner liner) and fasten into nut plates secured inside the inner end sections. Although the top

C-ring can be removed by removing the draw bolt provided, the bottom C-ring is welded shut.

O
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Figu re 1. 2. 2- 1. Cutaway of l'AT-1 Package

The three wooden elements of the grain-oriented outer redwood assembly are fabricated

from clear, select, kiln-dried redwood to take advantage of the specific energy absorption of this

material and its fire-resistant characteristics. The elements are a large removable plug with

longitudinally oriented grain, a hollow outer cylinder with essentially radial grain orientation

fabricated as a series of wedges of wood arranged in a ring, and a large fixed plug with longitudi-

nally oriented grain. The removable plug affords access to the AQ-1 interior. The outer redwood

cylinder is bonded to the inner drum; the large fixed plug is bonded to the wooden outer cylinder

and to the inner drum; and the large fixed plug is bonded to adjacent load-spreader members.

The bonding agent used to join the major subassemblies of wooden elements to adjacent

metal or wooden elements is a polyester-flexibilized epoxy adhesive which has resilience over a

wide temperature range. When impact forces cause deformations. this bond acts in unison with

the wooden elements and their adjacent metal members.

The outer redwood cylinder affects the flow of heat between the interstitial load-spreader

assembly and the outer containment-vessel assembly. The thickness of redwood utilized in the

outer redwood cylinder does not significantly impede the outward conduction of any internal decay

heat generated by the PuO ntents in the inner vessel. The dissipation of heat is accomplished
2

"
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in conjunction with the load spreaders, using them as thermal conduction members. The outer

redwood cylinder is sufficiently thick, however, to provide prolonged thermal protection from

external high temperatures generated in a fire environment. This protection is afforded by a

charring of the redwood which decreases its thermal conductivity.

The interstitial load-spreader assembly consists of a longitudinally oriented aluminum

load-spreader tube, 24 in. (61 cm) long, 0. 5 in. (1. 27 cm) thick with an outside diameter of

12 in. (30 cm), and a complementary pair of aluminum discs 1 in. (2. 54 cm) thick and 11 in.
(28 cm) in diameter. One disc is removable to afford access to the TIl-1 vessel; the other is

bonded to adjacent members. The load spreaders distribute dynamic inertial compressive loading

from a relatively small area of the vessel, the inner heat-conductor tube, and the inner grain-
oriented redwood assemblies, into a relatively large area-loading of shock-absorbing material.

The extension of the load-spreader tube beyond the two discs is a design feature that aids in per-

formance of the load spreaders in the case of a corner impact (i. e. , an impact that is neither

axial nor lateral in principal attitude). In a side or lateral impact, the tube is the principal load
spreader, In an end or longitudinal impact, the removable disc is the principal forward load
sp ader and the fixed disc is the principal aft load spreader. In a corner impact of severe magni-

tude, the extended region of the tube (beyond the location of either disc) buckles or deforms inward,

constricting the possible passage of the discs in an c,utward direction. The entire protective

redwood assembly is confined by means of the outer drum assembly, with the interstitial load-

spreader assembly confining the inner redwood assemblies.

A removable redwood plug with longitudinal grain orientation, a hollow inner redwood

cylinder that has radial grain orientation from fabrication as a series of wedges arranged in a

ring, and a fixed redwood plug with longitudinal grain orientation constitute the inner redwood

ass embly.

The inner heat-conductor tube, made of copper, conducts internal decay heat from the

TB-1 containment vessel. The conductioa path leads from the contents to the product can, to the

TB-1 containment vessel, to the copper tube, into the fixed disc, and into the aluminum load-

spreader tube. The inner conductor tube, the disc, and the load-spreader tube are mechanically

connected to insure an effective heat conductive path. From the large outside surface area of the

tube, internally generated heat is conducted through the hollow outer redwood cylinder to the outer

drum assembly, thence to an exchange with ambient air.

The containment vessel, TB-1, shown in more detail in Figures 1. 2. 2-2 and 1. 2. 2-3, con-

sists of a body, a tid secured by bolts, a copper gasket, and an O-ring. The vessel body and lid are

fabrica'ed from PII13-8Mo precipitation-hardened stainless steel. The IIl075 steel's temper

enhances ductility while preserving high strength from low to high temperatures. The Til body

and lid are designed with approximately hemispherical end shapes and cylindrical side wall shaped

to resist deformation from either external or internal loads or pressures. The lid is hermetically

9
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sealed to the body by the use of a ductile copper gasket in conjunction with knife-edge sealing beads

on both the body and lid and with a pattern of bolts. The sealing surfaces are arranged to afford

handling protection to the knife-edge sealing beads. The lid has a pilot diameter region of great

structural shear strength which fi'.s closely into the mating internal diameter of the body. This
limits possible radial motion between these parts, especially motion that would be induced from

deformations resulting from accidental crash, crush, or puncture loads. This pilo: diameter is

also equipped with an O-ring in a groove, as a secondary seal to supplement the upper copper

gasket and double knife edges, for containment of contents within the TH-1 containment vessel.

The twelve TH-1 1/2 in.-diam shown in Figure 1.2. 2-3, are forged from A-28G stainless steel,

with more than 30,000-lb ultimate tensile strength per bolt. This material resists corrosion with

the stainless-steel TB body and lid, and provides high-temperature strength to maintain the TH-1

seal at elevated temperatures. The bolts are silver plated to prevent galling of the stainless-steel

bolt in the stainless-steel TB-1.

A shock-mitigation spacer within the TH-1 containment vessel is fabricated from aluminum

honeycomb (see Figure 1. 2. 2-3) with axial cell orientation. The honeycomb spacer prevents the flat

end of the PC-1 product can from entering into the hollow hemispheric lid in the case of severe

impact loads in the axial bottom direction. The spacer also serves as a thermal conductor for

any heat generated by the PuO e ntents.2

The TB-1 inner container is highly

resistar* to seawater corrosion and will with- '

stand the hydrostatic pressures specified in
- -eCh.

the NHC qualification criteria, f
,ac, ,,g.w. m

s ~-

The PC-1 product can (Figure 1. 2. 2-3), [ 8~
,'

I ;
fabricated from stainless steel, is sealed by {
crimping in a canning machine. The outside

cylindrical region of the TB-1 containment - .

vessel limits the possible deflection or Q,-

permanent change of shape under severe *p ][ a ^
lateral impact loads. The product can pro- N

vides double containment under normal and

accident conditions of transport performance '

tests as specified by 10 CFH 71.42. [
(; j,

t.
t ,

The assemblage of the above described i ._; ,
' L 3

" " ~ ' " ' - " " * -AQ-1 overpack. TH-1 containment vessel,

spacer, and PC-1 product can is identified as

the PAT-1 package. Figure 1. 2. 2-2. The TB-1 Containment Vessel
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Figure 1. 2. 2-3. T13-1 Disassembled

in both the damaged and undamaged arrays specified in the NilC qualifict':on criteria, the

assemblies of packages are suberitical by wide margins. Design considerations to meet impact

and thermal protection resulted in a configuration that did not require additional considerations

for radiation shielding. The limitntions on weight and internal decay heat for contents, expressed
as items a through f in Section 1. 2. 4 have satisfied the external radiation limitation of 10 mrem /hr.

(refer 49 CFIl 173.393 (1). for all foreseeable mixtures of recycled plutonium.

1. 2. 3 Operational Features

The operational features of the l'AT-1 package require only a minirnal amount of instiac-

tion for assembly, disassembly, handling, and transporting the package. The package can be pallet-

ized (Figure 1. 2.3-1) or it may be handled and transported as an ordinary drum. Ordinary socket

wrenches are used to attach or remove the C-ring cover clamp. No tools are necessary after this
operation to assemble / disassemble the other AQ-1 removable covers, plugs, load spreaders, and

insulation pad, or to insert / remove the T13-1 containment vessel. IIand tools can also be used

to assemble / disassemble the T13-1.

O
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Figure 1. 2. 3-1. PAT-1 Package on Pallet

The product can is sealed using a commercial car.ning tool and may be opened with a

standard can opener.

The physical operating features which assure TB-1 integrity following the 10 CFR 71

normal and accident condition of transport performance requirements and the NRC qualification

criteria are the TB-1 copper gasket, a fluorocarbon O-ring, and the TB-1 structure. Thes e

features of the TB-1, when assembled to procedures described in Chapter 7 and acceptance

tested and maintained as described in Chapter 8, assure that the TB-1 will meet acceptance

criteria with regard to plutonium leakage under normal and accident conditions of transport.

1. 2. 4 Contents of Packaging

The contents of the PAT-1 package are limited by the following:

a. Material type: plutonium oxide (PuO ), including the isotopic, chemical, and2

physical compositions resulting from plutonium recycling.

b. Material form: powder.

c. Material quantity: limited to a maximum mass of 3.15 kg.
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d. Moisture content: limited to 16 g II 0 (0. 5 w/o of full 3.15-kg PuO e ntents).
2 2

e. Internal lecay heat: a restriction of maximum internal decay power of 25 W
is impused; this may be calculated as follows:

watts 238 238 watts 239 239p p p p
g g

, watts 240 240 , watts 241 241p p p p
g g

, watts 242 242 , watts 241 241p p
g g

+ * * (fissi products or other transuranic isotopes)g

x g (fission products or other transuranic isotopes) < 25 watts.

Not e: Due to the increase of decay power with time, the maximum decay
power is calculated for the isotopic composition which will exist
at the longest storage time, or the peak power period.

f. Additional permissible packaging: the product may be double bagged and

taped in minimal size polyethylene bags as described in Chapter 7.

O
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CIIAPTER 2

STRUCTURAL CRITERIA, DESIGN, ANALYSIS, TESTS, AND RESULTS

2.1 Summary of Desien and Acceptance Criteria

The PAT structural criteria are the newly emerging very severe NRC accident levels for

plutonium shipping packages which are more demanding than the earlier 10 CFR 71 criteria.

These criteria define sequential and individual tes; conditions for impact, crush, slash, puncture,

thermal, and hydrostatic accident environments. The PAT is also designed tu be compatible with

thermally active contents of up to 25-W output. The postaccident test sequence acceptance or
3

success criteria are essentially no release of PuO2 ("leaktight" per ANSI N14.5 ), or less than an
"A2" quantity per IAEA Safety Series No. 6,4 maintenance of an effective shield (less than 1 rem /hr

at 3 ft), and maintenance of subcriticality.

2.1.1 Prevailing Design Criteria

The required impact test, the required slash test, the required fire test, and the 25-W
internal heat source are the predominant design criteria. Design satisfaction of these three con-

ditions with essentially no release of PuO fr m the inner containment vessel produced a package
2

that satisfied the other design criteria of crush, puncture, submersion, hydrostatic, heat, cold,

pressure, vibration, water spray, drop, penetration, and compression without additiou specific
design consideration.

2.1.1.1 Impact

The impact condition of 250-knot (129-m/s) n.inimum velocity, perpendicular to an

unyielding target, is very severe for a package that is to be within practical size and weight con-

straints for commercially feasible air transport and that is to provide a very high degree of pro-

tection for its contents. These criteria caused the selection of a packaging material with very high
specific energy absorption capability.

It was determined through correlation and analysis ~ that this impact velocity onto

an unyielding target is comparable to much higher velocity impacts onto earth and rock, as indi-

cated in Table 2.1.1-I.

Also, the requirement that the impact trajectory be perpendicular to the target means

that essentially all of the kinetic energy of the package must be converted into strain (deformation

and crushing) energy; this is the most se'rere trajectory.

1567 059
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TABLE 2.1.1-1

Impact Condition Correlation

Velocity
Velocity Alultipliers

Yield Ilatio. 1\1ultipliers for

Unyielding for Weighted Approximate
Target to Comparable Average: Ilesultant
Natural Deformation Yield and Velocities

Target Target L L D-1+ 6M * _ Dam age m/s fps KTS

Unyielding 1. 0 1. 0 1. 0 1 120 422 250

Soft rock 2. 5 1. 4 1. 4 2 258 844 575

IIard soil 3. 4 2. 3 2. 5 3 387 1266 863

*
Existing packages - see Iteferences 5, 6, and 7.

The design features which accommodate the impact condition, as well as test descriptions

and package test results, all follow in other sections of this chapter.

2.1.1. 2 Slash

The slash condition (Iteference 1 as amended by letter) requires that a 100-lb (45-kg)
structural-steel angle beam be dropped from at least 150 ft (46 m) in such a manner as to slash

the package open. Details and results of this test appear later in this section. This criterion

increased the package's vulnerability to fire and caused a leveling effect with respect to impact

deformation; i.e., the final results obtained from packages with greater or lesser extents of

impact damage were essentially similar after the introduction of the slash test into the required
sequential criteria.

The design features which accommodate the slash threat and the slash test description

and package test results all follow in other sections of this chapter.

2.1.1. 3 Fire

The required fire test represents a maximum credible accidental fire which would be

associated with a minimal crash environment. Ifowever, the PAT package criteria require a
maximum credible fire in a sequence that first includes a very high-level crash environment.

This criterion caused the selection of packaging material that exhibited high specific

energy absorption and good thermal resistivity in its original condition, and also one with appro-
priate thermal resistivity following severe deformation.

O
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The design features which accommodate the fire, and test descriptions and results,
follow later in this chapter.

2.1.1. 4 Internal IIeat Source

In order to accommodate a broad spectrum of plutonium oxide powders, relating to

radioisotopic activity and the resultant thermal activity, an internal heat design load of 25 W was

designated. This criterion caused the incorporation of certain specific design features, calcu-
lations, and tests, as reported later.

2.1. 2 Other Design Criteria

A number of other design criteria, acide from the prevailing criteria of impact, slash,
fire, and internal heat, are reyaired by Heferences 1 (NHC Qualification Criteria), 2 (10 CFR 71),
and 11 (Standard Format for SAH). These include extreme temperature considerations, terminal

velocity consideration, individual versus eequential testing effects, radioactive contents effects,

corrosion considerations, positive closure of the package, and load resistance, external pressure,

compression, and internal pressure calculations. These criteria are addressed later in the report.

2.1. 3 Acceptance Criteria

In general, the posttest acceptance criteria or standards for the PAT-1 package are:

2.1. 3.1 Containment

The containment vessel must not be ruptured in its posttested condition, and the package

must provide a sufficient degree of containment to restrict accumulated loss of radioactive con-

tents to not more than an A2 quantity of plutonium in a period of one week. An A2 quantity of

plutonium is defined in Table VII of the International Atomic Energy Agency Hegulations for the

Safe Transport of Hadioactive Alaterials (IAEA Sefety Series No. 6).

2.1.3.2 Shielding

The external radiation level must not exceed-1 rem /hr at a distance of 3 feet from the sur-
face of the package in its posttested condition.

2.1. 3. 3 Subcriticality

A single package and an array of packages must be suberitical in accordance with

10 CFH 71, except that the damaged condition of the package must result from the NHC qualifi-

cation tests rather than the conditions specified in Appendix B of 10 CFH 71.

27
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2.1. 3. 4 Ilydrostatic

The acceptance criterion following a hydrostatic pressure test is that there be no

detectable leakage of water into the containment vessel.

2.2 Design and Analysis

2.2.1 Structural Design Description

A general design description of the PAT-1 package was provided in Chapter 1. Some ad-

ditional structt;ral design description follows.

The Air Qualified ( AQ-1) overpack of the PAT-1 package is designed to experience gross

structural deformations during high-velocity impact and slash tests, thereby minimizing damage

to the inner containment vessel (TB-1). The primary structural system consists of the double-

walled outer stainless-steel drum assembly, two regions of shock-mitigating redwood, the cylin-

drical and circular interstitial load spreaders, and the inner containment vessel.

Structurally, the drum retains the redwood after high-velocity impact and slash attacks

and also provides a fire barrier. The outer drum is reinforced by a stainless-steel inner liner
bonded to the outer drum wall with polyester-flexibilized epoxy adhesive. The corners of the

inner liner are rounded to lessen the liner's vulnerability to tearing. The closure system for the

removable drtun lid and the nonremovable drum bottom are specifically designed for increased
strength.

The use of redwood as a filler in the drum affords protection to the inner containment

vessel in a high-velocity impact and subsequent fire. In this application the grain is oriented

parallel with the direction of expected impact, so that the grain is end-on to a target surface that
is perpendicular to the direction of motion. Alechanical and thermal characteristics of redwood

are presented in Appendix 3A.

Sufficient shock mitigation or packaging material could not be provided to totally protect

the inner containment vessel from insult. Therefore, the design permits full deformation of

overpack members (double drum, redwood, load spreaders) and minor permanent deformation of
the tough inner containment vessel.

A work-energy analysis for kinetic energy absorption in the final PAT dasign, for side and

end impacts, is presented in Appendix 2A. The anisotropy of redwood not parallel or perpendi-
cular to the grain impedes a formal analysis of the corner crash; however, this crash attitude

involves the longest path length of protection and test results show excellent response. Also, the

tubular load spreader was deliberately designed to extend past the circular load-spreader plates

O
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so that corner crashes would pinch the tube inward, both absorbing energy and restricting outward

passage of the inner containment vessel / load-spreader plate.

The initial general design arrangement (material choice, size, location, strength) of the

interstitial load spreaders was determined by an iterative optimization work-energy strength-of-

materials analysis programmed in Fortran on the CDC-6600 computer. Refinement in the load-

spreader design and in the outside drum design ensued throughout the development test program.

The interstitial load spreaders consist of an imbedded aluminum cylinder and two aluminum

plates. These load spreaders protect the inner containment vessel and enable the application of a

greater surface area of redwood as an energy absorbing material. At impact, the load spreaders

undergo large de'ormations after the redwood has reached its usable crush limit.

The TB-1 inner containment vessel provides a secure inner seal for the nuclear contents

and survives an accident without releasing its contents to the environment. It is made of high-

strength ductile stainless steel and has a secure sealing mechanism utilizing an O-ring seal and

a double knife-edge metallic seal with a copper gasket. The lid of the TB-1 fits down within the

body for high shear strength and is secured by twelve 1/ 2-in. stainless-steel high-strength bolts.

The postcrash slash threat and the postcrash, postslash fire threat are met by the design

feature of redwood applied to two zones, sandwiched between two assemblies of metallic contain-

ment (the double-wall outside stainless steel drum and the inner aluminum interstitial load
spreaders). The fire retardation characteristics of redwood in this application are reported in

Chapter 3, Thermal Evaluation. Approximately 1-hr thermal delay protection from a large

1850'I' (1010 C) fire is provided by each redwood region in the undamaged package. Total dis-

ruption by crash or slash testing of the outer wood region can be tolerated. It has been observed

in the test program that the inner wood, although compressed by reaction between the inner con-

tainment vessel and the interstitial load spreaders, provides nearly the same thermal protection

as the same mass of uncompressed wood.

Additional data are presented under the topics of materials properties and thermal test

evaluation.

The 25-W internal heat load was accommodated within the PAT-1 design by the inclusion of

a copper tube surrounding a region of the TB-1 containment vessel. This copper tube is mechi-

cally connected to the bottor. w.A3-spreader circular plate: this plate is mechanically connected

to the aluminum load-spreader tube. Thus, the containment vessel heat load is transmitted to

the load-spreader tube which has a much larger surface area. The load-spreader tube is insulated

irom the outer drums by only one layer of the redwood. The ultimate heat sink is provided by the

drum's interaction with the ambient external environment. This heat path results in acceptable

internal package temperatures, as demonstrated by the experiments and analyses presented in

Chapter 3.
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2.2.2 Mass Properties

The weights of the three basic parts of the PAT-1 package are approximately as follows:

lb kg

AQ-1 overpack 454.0 206.0

TB-1 containment vessel 37.0 16.8

PC-1 product can 0. 3 0.1
(including aluminum fillers)

Contents (maximum) 6. 8 3.1

Total (nominal) 498.1 226.0

The weight of the AQ-1 overpack varies due to natural variation in the weight of kiln-dried red-

wood.

Centroid location is on the PAT-1 drum longitudinal centerline approximately 20-3/16 in.

(51 cm) up from the bottom surface of the pacleage. Roll moment of inertia is approximately

35,000 lb-in. (10 kg * m ); the pitch and yaw moment of inertia is approximately 85,000 lb-in.

(25 kg * m ).

The above mass properties are without the optional wooden skid, which is provided to

facilitate handling and tiedown. Total weight with the skid is approximately 570 lb (259 kg).

2.2.3 Mechanical Properties of Materials Used

The principal structural and thermal barrier materials used in the design and construction

of the PAT-1 package are the 304 stainless-steel drum members, the 6061-T6 tubular aluminum

load spreader and the 7075-T6 aluminum load-spreader plates, the PII13-8 Mo stainless steel

used for the containment vessel, the A286 stainless steel used for the containment vessel closure

bolts, the aluminum honeycomb spacers within the containment vessel, and the redwood impact

limiter / thermal barrier material.

The principal mechanical and thermal properties of these materials as used in supporting
analyses are reported in Appendix 2B.

2.2.4 Chemical and Calvanic Design Considerations

There are no significant chemical, galvanic, or any other reactions among the PAT-1

package components or between the package and package contents.

Metal-to-metal contact on the exterior of the AQ-1 overpack is limited to the stainless-steel

drum and cadmium-plated steel bolts. Contact between the aluminum load-spreader tube and the

bottom load-spreader disc is accomplished with cadmium-plated steel spring pins. Contact

O
'
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between the bottom load-spreader disc and the cadmium-plated copper heat conducting tube is

effected by self-tapping cadmium-plated steel screws. These two joints are then encapsulated in

moisture-resistant flexibilized epoxy. At the interface between tne cadmium-plated copper heat

conducting tube and TB-1 containment vessel, the inside diameter of the tube is lined with epoxy-

resin fiberglass cloth to prevent scraping of the cadmium plating during TB-1 installation and

removal. Aletal-to-metal contacts in the TB-1 containment vessel are between PH13-8 Alo
martensitic precipitation-hardened stainless steel, silver-plated stainless-steel bolts, and the

copper gasket. Within the sealed TB-1, contact is made with the aluminum honeycomb spacer

and the sealed stainless-steel PC-1 product can. The plutonium product, which may be double

wrapped and taped within polyethylene bags, is contained in the PC-1.

These interfaces present no significant corrosion problem.

2.2.5 Positive Closure

Positive closure of the PAT-1 cover is provided by the skirted C-clamp closure ring with

twenty-three 3/8-in. bolts passing through the outer and inner drum construction (including five

layers of stainless steel) into internal nut plates, and a 5/8-in. draw bolt passing through the
stainless-steel lugs on the clamp ring.

The bottom end of the PAT is similarly secured except that in place of the draw bolt the

ciamp ring is welded shat to prevent disassembly.

Positive closure of the TB-1 containment vessel is provided by the twelve 1/2-in. -diameter
bolts which fasten the lid and body of the vessel.

Positive closure of the PC-1 product can is accomplished by roll crimping, contact ad-
hesive, and flexibilized epoxy overbonding.

2.2.6 Lifting Devices

The simple cylindrical PAT package is pallet-mounted to facilitate forklift handling. Also,

any adequate nylon sling may be used for lifting the PAT without pallet; the sling should be cinched

so the package does not slip out. The beaded corners at the top and bottom of the AQ tend to re-

strain slippage through a sling.

2.2.7 Tiedowns

The PAT is provided on a standard pallet to facilitate tiedown on aircraft and other common

carrier vehicles. Any approved tiedowns may be used. The PAT is attached to the skid with

specified steel banding straps (see Product Specification H00602, provided with PAT drawings in

Appendix 9A).
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2.2.8 Load Resistance per 10 CFR 71. 32a

Compliance to this standard for " Type B and Large Quantity Packaging" per 10 CFR 71. 32a

is demonstrated in the analysis of Appendix 2C. The maximum resulting stress was 143 psi

(0. 99 MPa) in the alloy 304 stainless-steel drum, which is insignificant.

2.2.9 External Pressure per 10 CFR 71. 32b

10 CFR 71. 32 (b) requires that the packaging be adequate so that the containment vessel

will suffer no loss of contents if subjected to an external pressure of 25 psi (0.17 MPa). The

NRC qualification criteria for plutonium air transportable packages requires the package to be

submerged and subjected to an external water pressure of at least 600 psi (4.1 AIPa) for a period

not less than 8 hours. Compliance of the PAT-1 package, specifically the TB-1 containment vessel.

with the 25-psi (O.17 MPa) requirement is demonstrated through the 600-psi (4.1 M Pa) hydro-

static pressure test reported later.

Also, Appendix 2D is an analysis of the 25-psi (0.17 M Pa) condition.

2.2.10 Pressure per 10 CFR 71 Appendix A3

The application of 0. 5 times standard atmospheric pressure to the PAT-1 package induces

negligible loadings and stresses. An analysis of this condition is presented in Appendix 2E.

2.2.11 Compression per 10 CFR 71 Appendix A10

This requirement relates to a compressive load equal to five times the PAT-1 package

weight applied uniformly against the top and bottom of the package. Analytical results are given
in Appendix 2F. Test results are given later in this chapter.

2.2.12 Containment Vessel Stress Analyses

2.2.12.1 5000-Psi Hydrostatic Analysis

An elastostatic finite element analysis of the TB-1 containment vessel for hydrostatic

pressure load was perfonned to assess the effects of deep water immersion. The analysis was
#

done using the axisymrnetric finite element code TEXGAP. The finite element mesh and boundary
conditions applied are similar to those shown in Figure 2D-2.

Material PH13-8 Mo Stainless, H1075 Temper

Hydrostatic Pressure 5000 psi (34.5 MPa)

Maximum Stress 631 psi (4. 35 MPa)

Minimum Stress -42,768 psi (-294. 9 M Pa)

*
TEXGAP - the " Texas Grain Analysis Program," E. B. Becker and R. S. Dunham. TICOM

Report 73-1, The Texas Institute for Computational Mechanics, The University of Texas at Austin,
August 1973

'
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Assuming a compression yield for PH13-8 Alo equal to the tensile yield, the margin of
safety is calculated as

A1. S. = - 1 = 3. 5 - 1 = 2. 5 .
2

2.2.12.2 NhlOP (Normal Alaximum Operating Pressure) Containment Vessel Stress Analysis

Based upon 10 CFR 71 Appendix A criteria and supporting Sandia tests and calculations

as presented in Chapter 3, the normal maximum pressure is found to be 34. 3 psi (0. 245 AIPa) at a
temperature of 215 *F (102*C).

As discussed in the following section, entitled "Alaximum Credible Accident Pressure

Analysis," the stress field for the internally pressurized TB-1 containment vessel can be deter-

mined by scaling down the results presented in Appendix 2E using the Principle of Linear Super-

position. Thus the maximum stresses calculated in Appendix 2E for 7.35 psi (50 kPa) internal

pressure are simply multiplied by the pressure ratio, 34.3/7.35. The maximum stresses in the
TB-1 containment vessel (cylinder portion and end cap) and their locations are thus as follows for

34. 3-psi (0. 236 AIPa) internal pressure.

End cap (outer edge, inside surface): a = 507 psi (3. 5 AlPa)
max

153 psi (1. 05 AlPa)a =

00

Cylinder: a = 155 psi (1.07 AIPa) (occurs 1. 25 radii in from end)
00

(agg/ maxj = 513 psi (3. 54 AlPa) (near cap-cylinder intersection)

When the above numbers are compared with the yield stress at 215'F (102 C) of

approximately 140 ksi (0. 97 GPa) (guaranteed minimum) for the TB-1 containment vessel

material, stresses are extremely small. Thus plastic yielding or failure of the vessel itself
will not occur during the normal conditions of transport.

The total axial force per bolt is found from the projected area of the end cap by

F= (1)

The TB vessel was conservatively modeled for analysis as a cylinder with flat end caps.
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where

P = internal pressure

a = inside radius of the cylinder

N = number of bolts

For P = 34. 3 psi (0. 236 AIPa), a = 2.125 in. (5. 4 cm), and N = 12 bolts; then F = 40. 5 lb

(187 N). Compared to the maximum ultimate tensile strength af 30,000 lb (0,13 mN) for the

A286 bolts, the loading due to the " normal maximum" pressure is negligible.

Thread shear stress in the weaker PII13-8 Alo material is given by

F
"

Trd 4oo

where

F = bolt loading

d = thread outer diametero

4 = engaged thread length

For F = 40. 5 lb (187 N), d = 0. 5 in. (1. 27 cm), and I = 0. 75 in. (1. 9 cm); then r = 34. 4 psi

(O. 237 AIPa). This shear stress is negligible in comparison to the shear failure stress (approxi-
mated as one-half the ultimate tensile stress value) of 81,500 psi (a62 AIPa). Thus bolt or thread
failure will not occur under the normal transport conditions.

2.2.12.3 Alaximum Credible Accident Pressure Analysis

As developed in Chapters 3 and 4, the maximum credible " accident" pressure occur-

ring within the TB-1 containment vessel shown in Figure 2. 2.12. 3-1 is 1253 psi (8. 6 AIPa), with

corresponding internal temperature of 1080 *F (582 C). A stress analysis of the identical TB-1

pressure vessel subjected to a much lower internal pressure of 7. 35 psi (50. 7 kPa) was presented

in Appendix 2E. Since vessel response is postulated in the linear elastic regime undergoing small

deflections, then the Principle of Linear Superposition applies. It is thus possible to scale up the

stress fields determined in Appendix 2E simply by multiplying by the ratio of internal pressures,*

1253/7.35. The analysis presented in Appendix 2E is based upon conservative geometric modeling

assumptions. Thus, stresses scaled up here from those predictions are conservative, bounding
the actual stresses from above.

Note that 25 percent degradation in clastic modulus at the 1080 * F (582 *C) internal tempera-
ture of the TB-1 does not influence the elastic stress field. This can be seen by examinatic.n of the
generalized stress ( Al and V ) and stress equations utilized in Appendix 2E. In particular, forg

equal moduli in end cap and cylindrical portions of the TIl-1, the equations are found to be ;ndependent
of the elastic modulus.

O
34

1567.068



Examination of the earlier analysis
# '

indicates that the location of maximum stress

w$N- \ \ ' | Y ~ <21
, -

e+ h state in the end cap is on the inner surface neare
$ \ Z, I | iQ W /_ D the outer edge of the cap (cap / cylinder inter-

[ _
Y section). The scaled-up radial and circum-

_
_

ferential stresses are found to be

-
-

= 18513 psi (0.128 G Pa)-

[oy/ max~ \

w /

= 5591 psi (38. 5 AIPa)
o y/ max

-
_ g

_

-

~ at this location for 1253-psi (8. 6 AIPa) internal
-

/ pressure.
/ \/ / 1\\ The maximum stresses for the

'

cylinder in hoop and axial directions occur in

different locations, the maximum hoop stress
Figure 2.2.12.3-1. Containment Vessel occurring at an axial distance of 1. 25 radii

from the end, and the maximum axial stress

occurring near the end cap / cylinder intersection on the inner surface. These scaled-up stresses,
corresponding to 1253-psi (8. 6 AIPa) internal pressure, are:

o = 5676 psi (30.1 AIPa)
00

(oZZ)
= 18751 psi (129 AlPa) (Z = 0).

/ max

Due to the presence of a biaxial stress state, worst case stresses must be calculated

at the same point so that biaxial yielding can be checked using a suitable yield criterion. Since

axial stress (at Z = 0) is dominant, the hoop stress at Z = 0 is calculated using Eq. (15),

Appendix 2E, and multiplying by an appropriate scale factor. The resulting worst-case stress
state (occurs at Z = 0) is then

954 psi (6. 6 AIPa)=ogg

("ZZ)
= 18751 psi (129 AIPa).

/ max
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These stress values should be compared to the calculated " guaranteed" minimum yield

strength of PII13-8 Alo alloy in the 111075 condition at 1080 *F (582 *C) of a = 93,000 psi

(641 AIPa). In particular, based upon an effective stress, o ,gg, as calculated from the
**

Von Alises yield condition,

1/2
0 , 77 = (a2+O

2
g 2 ~ # '21

the factor of safety on yielding for the end cap is found to be 5.65 and the corresponding factor of

safety for the cylindrical portion (at Z = 0) is 5.08.

Since pressure is internal, bolt or thread failure (see Figure 2. 2' 12. 3-1) is a.

possibility.

The total axial force per bolt is found from the projected area by

2

F = P7ra
N

where

P = intemal pressure

a = inside radius of the cylinder

N = number of bolts.

For P = 1253 psi (8. 6 AIPa), a = 2.125 in. (5. 4 cm), and N = 12 bolts then F = 1481 lb (6. 6 kN).

The number should be compared to the m1ximum ultimate tensile strength of the A286
closure bolts at 1080 *F (582*C) of 15,327 lb (68 kN).i It is t een that bolt tensile failure will not

occur (factor of safety of 10.3).

Thread shearing failure is another possibility. Consider the weaker PII13-8 hio TH-1
vessel material. The shear stress in this material tending to strip out the threads is

F
T " Tr d Loo

y

This yield value has been conservatively structured from information on extremely similar
alloys in Metallic Alaterials and Elements for Aerospace Vehicle Structures, Vol. 2, September
1977.

**
Comparison of the uniaxial yield stress with stress components individually would corre-

spond to a maximum principal stress yield theory. Such a theory does not accurately predict
yielding of metals and, hence, is not used here.

i Based upon A286 ultimate tensile stress at 1080*F (582*C).

O
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where
F = bolt loading

d = thread outer diameter

I = engaged thread length.

For F = 1481 lb (6. 6 kN), d = 0. 5 in. (1. 27 cm), f = 0. 75 in. (1. 9 cm), and 7 = 1257 psig

(5. 7 M Pa).

This shear stress should be compared to the shear failure stress, estimated as one-

half the guaranteed minimum tensile ultimate strength at 1080 *F (582 C) of 100,000 psi

(689 MPa) or 50,000 psi (345 A1Pa). It is seen ; hat thread shearing failure will not occur for the
stated accident conditions (factor of safety of 39).

2.2.13 Terminal Free-Fall Analysis

The NRC Qualification Criteria requires confirmation that the required 250 knots

(129 m/s) impact velocity is not exceeded by the terminal free-fall velocity of the PAT-1 package.

This was done analytically; results confirm that terminal velocity is less than 250 knots

(120 m/s). Additionally, the package was given horizontal velocity vectors of 250 knots (129 m/s)

at 10,000 ft (3 km) altitudes, 504 knots (850 fps; 2. 6 x 10 m/s) at 12,000 ft (3.7 km) altitude, and
Mach 0. 9 880 fps (2. 7 x 10 m/s) at 35,000 ft (10. 7 km) altitude with a free fall. These conditions

also result in a terminal velocity (or ground impact velocity) less than 250 knots (129 m/s).

Results are detailed in Appendix 2G.

2. 3 Test Program Requirements

Testing of the PAT-1 package required three principal programs. The definitions of these

test programa are contained within the NRC Qualification Criteria for Plutonium Package Certifi-
cation and 10 CFR 71 Appendixes A and B. A detailed description of package preparation, test

plans, test conduct, and data collection, for all three principal test programs, is delineated in

Appendix 2II, Test Protocol. The suitability of a surrogate depleted UO p wder used in place of
2

PuO p wder throughout the test programs is discussed in Appendix 21 A brief description of
2

the test program follows.

*
Conservatively estimated from data on extremely similar alloys in Metallic Materials and

Elements for Aerospace Vehicle Structures, Vol. 2, September 1977
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2.3.1 NIlC Qualification Tests

2.3.1,1 Sequential Tests

a. Impact -- The PAT-1 package is impacted at a velocity of not less than

422 fps (129 m/s) onto a flat, essentially unyielding surface, in the

orientation expected to result in maximum damage at the conclusion of

the test sequence; the impact trajectory is perpendicular to the unyield-

ing target.

b. Crush -- The PAT-1 package is crushed by applying a static compressive

load of 70,000 lb (3.1 x 10 N); the crush force is applied to the package

with the edge of a 2-in. (5. I cm) wide, straight, solid, steel bar. The

package rests on a flat, steel, essentially unyielding surface. The

length of the bar must be m .. ast as long as the diameter of the package

and the longitudinal axis 01 the bar is parallel to the plane of the flat

surface. The load is applied to the bar in a manner that prevents any

support or device from contacting the package. The point of appli-

cation of the compressive load is the orientation expected to result in

maximum damage to the package.

c. Puncture -- The PAT-1 package is punctured by the 10-ft (3-m) drop of

a 500-lb (227-kg) steel spike in the orientation expected to result in

maximum threat to the inner containment vessel. The spike is in the

shape of a frustum of a cone 12 in. (30.5 cm) long, 8 in. (20 cm) base

diameter, and 1 in. (2. 5 cm) in tip surface diameter. The PAT- 1 pack-

age rests on an essentially unyielding surface.

d. Slash -- The PAT-1 package is slashed (ripped and torn) by the 150-ft

(4G-m) drop of a 100-lb (45-kg) (minimum) structural-steel angle beam

with the PAT-1 package firmly imbedded in earth and tilted at an angle

of 45 degrees from th vertical free-fall trajectory path of the beam.

The area of package impact damage (from the impact test) is in the

lowermost positior; the beam is to strike approximately the center of the

vertical projection of area of the emplaced package. The beam is a

structural-steel angle member with equal legs at least 5 in. (12. 7 cm)

long and O. 5 in. (1. 3 cm) thick.

O
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e. Fire -- The PAT-1 package is burned in a large JP-4 or JP-5

aviation-fuel fire for at least I hr. The luminous flames of the fi. e

extend at least 3 ft (1 m) and no more than 10 ft (3 m) beyond the

package in all horizontal directions. The position and orientation of

the package in relation to the fuel is that which results in maximum

damage at the conclusion of the test sequence. After termination of

the fire, the package is allowed to cool naturally or may be cooled

by water sprinkling, whichever results in maximum damage at the
conclusion of the test sequence. The fire-test facility is constructed

in such a manner as to produce a minimum temperature of 1850'

(1010 *C) at the PAT-1 package level throughout the burn.

f. Immersion -- The PAT-1 package is submerged under water to a

depth of at least 3 ft (1 m) for a period of at least 8 hr.

2.3.1.2 Individual Tests

a. Hydrostatic -- The NHC Qualification Criteria for plutonium air-

transportable packages also requires the package to withstand, without

detectable water leakage into the containment vessel, water sub-

mersion with an external water pressure of at least 600 psi (4.1 AIPa)

for a period of not less than 8 hr.

b. Free-Fall -- A further requirement for a free-fall impact is not appli-

cable to the PAT-1 package, since its calculated terminal free-fall

velocity, as assessed in paragraph 2. 2.13, is less than 422 fps

(120 m/s).

2. 3.1. 3 Other Hequirements

The NHC Qualification Criteria also requires demonstration or assessment that the PAT-1

package testing results would not be adversely affected by:

a. The presence of actual PuO cont ents.
2

b. Ambient water temperatures ranging from +33 F (0.6 *C) to +70 *F

(21"C) for those tests involving water, and ambient atmospheric

temperatures ranging from -40 *F (-40 C) to +130' F (54 *C) for the

other qualification tests.
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2.3.2 Normal Conditions of Transport per 10 CFil 71 Appendix A

This test sequence consists of:

a. Ileat

b. Cold

c. Pressure

d. Vibration

e. Water Spray

f. Free Drop

g. Corner Drop

h. Penetration

1. Compression

Detailed information of test conditions and results follow in paragraph 2.4

2.3.3 Ilypothetical Accident Conditions per 10 CFIt 71 Appendix H

This test sequence consists of:

a. Free Drop

b. Puncture

c. Thermal (Fire)

d. Water Immersion

Detailed information of test conditions and results follow in paragraph 2. 4.

2. 4 Test Program Itesults - Summary

2.4.1 NItC Qualification Criteria

The PAT-1 package meets or exceeds the requirements of the NltC Qualification Criteria.

This compliance was demonstrated by a test program involving seven packages and one additional

containment vessel.

The sequential test requirements were satisfied through the use of five PAT-1 packages,

with each package initially impacted at a different principal attitude, followed by an essentially

identical test sequence of crush, puncture, slash, fire, immersion, and inspection.

O
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The results were:

Containment - No detectable release of contents from containment vessel
-5 -7 3

after all tests, 4. 5 x 10 to 1. 7 x 10 cm /s air leak rates.

Shielding - Damaged package adequate for < 1 rem /hr at 3 ft (~ 1 m).

Subcriticality - An infinite array of closely nested damaged packages would

be very subcritical.

An individual containment vessel passed the hydrostatic test requirement with no leakage

of water.

Two development packages were impact tested to demonstrate compliance with the

operating temperature extremes requirement; impact at -40 *F (-40 *C) and at +200*F (93 *C)

indicated satisfaction of the containment, shielding, and subcriticality requirements.

These summary results are tabulated in Table 2. 4-1 and are detailed in paragraph 2. 5.

T AliLE 2,4-1

Sum nary of NitC Qualification Tests, PAT-1 l'a ck ag e

Impact
Vel. .L to Fire

Unyield Crush Puncture Slash 2200 * F Av. E ranium
3

Impact Target 70,000 5000 15,000 60 minutes t we ec t ion em /s
-0

hn dia I.11 Ori ntation (fps n OM I ft -lbl ( ft -1 M (min. n i rr en e rs ion 210 f airn

P AT- 15X II Top
k d k Y k none < 4. 6 x 10 ' .O' 442

PAT- 12X A Top
Corne r < 4. i s 10 ' '
30' 451 Y M k Y Y none prot.th

1. 7 x 10-

445 k k none 1. 4 m 10'

PAT - 16X F 130ttom
Corne r
150* 443 Y none < 5. 5 = 10'

PAT- 14X F End
Y 1. 9 x 10'180 ' 466 none

individul Test : 600 pst hydrostatic; 8 hr -- no detectable water in leakage; < 10' cm /s q

Other Re piirem nts: Impact at - 40 *F -- 2. 4 x 10 cm /s q

1mpact at 200 'F -- 7 x 10' cm /s q

2.4.2 Normal Conditions of Transport: 10 CFR 71 Appendix A

The PAT-1 package meets or exceeds the standards of paragraph 71.35 of 10 CFR 71 when

subjected to the normal conditions of transport as specified in Appendix A of 10 CFH 71 (heat, cold,

pressure, vibration, water spray, drop, penetration, and compression). This was demonstrated

by performing the tests in sequence (not just individually as permitted) on one PAT-1 package.
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The results were: the contaf.nment vessel was leaktight and there was no release of con-

tents: there was no substantial reduction of package effectiveness or geometric form; the package

remained suberitical; there was no reduction of shielding effectiveness; and no apertures were

induced in the package.

These summary results are detailed in paragraph 2. 5.

2.4.3 Hypothetical Accident Conditions: 10 CFR 71 Appendix H

The PAT-1 package meets or exceeds the standards of paragraph 71.36 of 10 CFR 71 when

subjected to the hypothetical accident conditions as specified in Appendix B of 10 CFR 71 (drop,

puncture, fire, and immersion). This was demonstrated on one PAT-1 package.

The results were: the containment vessel was leaktight and there was no release of con-

tents; the PC-1 product can within the TB-1 containment vessel did not release contents; there

was no substantial or meaningful change of package geometry or effectiveness, no reduction in

shielding, and no increased vulnerability to criticality, even with an infinite array of damaged
packages.

These summary results are detailed in paragraph 2. 5.

2.5 Test Program Results - Detailed

2. 5.1 NRC Qualification Criteria (Sequential Tests)

To demonstrate that the PAT-1 package complies with the requirements of the NRC Qualifi-

cation Criteria, five prototype PAT-1 packages were subjected to the sequence of tests described in
paragraph 2. 3.1.1.

2. 5.1.1 Impact of 2 422 fps (129 m/s)

The only intended variable in the five impact tests was the package attitude (orientation)
*

upon impact with the unyielding surface. Since the impact orientation which would produce maxi-

mum package damage at the conclusion of the test sequence could not be conclusively proven by

analysis prior to tests, top end, top corner, side, bottom corner, and bottom end impacts were
conducted.

*

Trajectory path is always perpendicular to surface of unyielding target; package attitude
along the trajectory was controlled by individual towing rigs, shown in Appendix 2J.

O
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Table 2. 3.1-I summarizes the conditions and results of the five impact tests with
emphasis on two factors: the kinetic energy of the inner containment vessel and the final leak rate

of that vessel (after the entire sequence including impact, crush, puncture, slash, burn, immersion,

and postmortem). This table is presented because the mass of the surrogate UO e ntents (use of
2

surrogate is specified in the Test Protocol, Appendix 2II; description of surrogate is provided in

Appendix 2J) that would physically fit within the PC-1 product can was less than 6.0 lb (3.15 kg).

Velocities greater than the requirement were generally obtained in the impact tests, resulting in
adequate kinetic energies. A contents payload of G. 9 lb (3.15 kg) was used in all structural anal-

yses (Chapter 2), shielding (Chapter 5), and criticality (Chapter 6) analyses.

a. Top (0 *) Impact -- A PAT-1 package was impacted onto the top end

(designated as the 0 * orientation) at 442 fps (135 m/s) with an angular

error of 2 ( 10 is allowed by the Test Protocol, Appendix 2II). The

original package length of approximately 43 in. (100 cm) was shortened

to 30 in. (76 cm). IIealth physics monitoring revealed no uranium ma-

terial on the package exterior. There was no opening through the drum

or drum liner, and no exposed redwood. The tubular load spreader

imprinted the bottom end but did not penetrate. The postimpact condi-
tion is shown in Figures 2. 5.1.1-1 and -2. Postimpact radiographs

revealed no discernible change in the TI3-1 containment vessel, as

shown in Figure 2. 5.1.1-3. Postimpact package measurements are

shown in Figure 2. 5.1.1-4

b. Top Corner (30 *) Impact -- A PAT-1 package was impacted onto the

top corner (designated as the 30 * orientation) at 451 fps (137 m/s) at an

angle of 32 *. The clamp ring draw bolt was deliberately impacted. Re-

bound (second) impact slightly dented the bottom corner. The primary

crash indentation essentially transferred the entire top end of the pack-

age into the plane perpendicular to the 32* trajectory. A small amount

of tearing in the drum covers revealed some interior redwood, but no

wood was lost. IIealth physics monitoring revealed no uranium. The

postimpact appearance is shown in Figures 2. 5.1.1-5 and -G. Pos t -

impact radiographs revealed no discernible change in the TH-1 con-

tainment vessel (Figure 2. 5.1.1-7). Postimpact package measurements

are shown in Figure 2. 5.1.1-8.
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TABLE 2. 5.1-1

PAT-1 Test Conditions, Calculated Kinetic Energy, and Itesults

Impact Surrogate UO2 T Il- 1+ PC- 1 ,

Unit Impact Vel. UO wt. +UO2 KE %
I. D. Orient. (fps) (kg) (Ib) (Ib) (ft-lb) of Goal * * iq

PAT- 15XII Top 442 1.346 2.967 40.267 1.223x10 99.85 <4.5x10'
0*

PAT- 12X A Corner 451 1.048 2.310 39.61 1.253x10 103.2 <4.5x10'
30*

PAT-11XII Side 445 1.205 2.657 39.957 1.230x10 100.4 1.4x10'
00*

PAT- 16X F Corner 443 1.073 2.366 39.666 1.210x10 98.78 <5.5x10'
150*

PN.'- 14X H End 466 1.080 2.381 39.681 1.340x10 109.4 1.9x10'
180*

*
Goal is 1.22488x10 ft-lb KE. This is with 6. 94 lb UO2 (3.15 kg), 44. 24 lb (20 kg) total weight (TB-1+PC-1+UO ), and 422 fps impact.

2
**

Average percent of goal in five tests is 102. 3.
i' results are TH-1 air leak rates in cm /s after entire NItC qualification test series of impact perpendicular to unyielding target at stated

velocity: 70,000 lb crush; 5,000 ft-lb puncture; 15,000 ft-lb slash; I hr 1850 F burn; 3 ft 8 hr underwater; helium mass spectrometer leak check.
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Side (90 *) Impact -- A PAT-1 package was impacted onto the sidec.

(designated as the 90 * orientation) at 445 fps (137 m/s) at an angle of
88*. The package was flattened to approximately one-half of the

original diameter. The inner drum liner was revealed at the corners,
but there was no visible redwood. IIcalth physics monitoring revealed

no uranium. The postimpact appearance is shown in Figures 2. 5.1.1-9,
- 10, and - 11. Postimpact radiography revealed that this crash attitude

is the most threatening to the inner containment vessel, but there was no

discernible effect on the inner containment vessel (Figure 2.5.1.1-12),

d. Ilottom Corner (150 *) Impact -- A PAT-1 package was impacted onto

the bottom corner (designated as the 150 * orientation) at 443 fps (135 m/s),

with a compound angular error approaching 4' (t10 *) allowed. The welded

joint in the bottom clamp ring was deliberately impacted. A rebound

(accond) impact slightly dented the top corner. The primary crash indenta-

tion essentially transferred the entire bottom end of the package into the

plane perpendicular to the 150 * trajectory. A tear in the outside drum,

in one of the crash-induced corrugations, exposed the bonding material
t'etween the drum and the drum liner, but the inner liner was not ex-

posed and therefore there was no exposed redwood. IIealth physics

monitoring revealed no uranium. The postimpact appearance is shown in

Figures 2. 5.1.1- 13, - 14, and - 15. Postimpact radiography revealed no

discernible change in the TI3-1 containment vessel, as shown in Fig-
ure 2. 5.1.1- 16.

130ttom (180*) Impact -- A PAT-1 package was impacted onto the bottome.

end (designated as the 180* orientation) at 466 fps (142 m/s) and with an

angular error of 1 *. The original package length of approximately 43 in.

(109 cm) was reduced to approximately 30 in. (76 cm). There was no

opening through thc drum or drum liner, and therefore no exposed red-

wood. The tubular load-spreader imprint in the top end was not as

apparent as with the top crash. IIealth physics monitoring revealed no

uranium material on the package exterior. The postimpact appeararce
is shown in Figures 2. 5.1.1- 17, - 18, and - 19. Postimpact radiographs

revealed no discernible change in the TIl-1 containment vessel, as

shown in Figure 2.5.1.1-20.

~

~ . 6-

w, . . s '. 1567 085
-

s'
r,a
)' W



\ .
I

p ,_m ,, .,, . 7 - - .y . . >v

. . ' ~ , . . . ,

'; %. ,
. ,

j . m#j.*.
_

*
4 . , 3

', , .,4,' -,n, [,[ [i-;;4-!',,' /
v 9 )-- e y

* ./
.

g+, - <s+, . * -..,.,7- a. < s3., -. -

>&g "'a y y-gs ,,, . .n j, ; . .. - +.

y\e;,r,q*h.
,

_ xsfh:,. ; ~-;;{*.t-
rQ -_

.

'x ^\ -

_
c.,*: j .s '. _ g ., .,.

a r .Q -- . ~ - ,
,

;L... > . ,, y
, , .s,s'

i
4

p~ ., f * . M, f N.. r1.p a 3 2 ,.;
- i j,L .

%y ',,m4 - .5,
\ "a 1 y

y g* 'fj-i

*, , s v %m, . ,;.- ,,

s% 4: s *.
.

%, & * - .~,,

w ,, .;<''--i> . '- / ,.
. . V,,,9 y- T

, su-

,

!S$_ w oDit t.\ o C. *fD..-
,v 2 - - * ggV.'f . : ,. g

-- ' 'C
. ~$ , y

[ ,/ f .

'

7-c. , s

t - e. [e*t - t :rw .,c s . g a~r ,/w

, r i, ,* 'i a t > . ' _ .
y,

4- ,. s3- qp, , 6-
.,,;, . .M.n . ,''.e ' . .Q;4 , , . @r ,T. 7..%< ,,; ;y .h ."wc W. A..y*3

- -g . 1, . N. . -:, ,.y. ,. 4,., ,, .
. .g

.

,

;? ;%M >

. % :ny-f,%.YR wA'l .
.s

< - e[+ ;QWREZ'.n:M.* . .'
%;

. ,y. r ;;, &'y.'
7. -x .

.

k,g,1 & %.?*
..mu w.M.. .

cQ -g.,'. ;a ;f,.' ? --
. 2v r .yr - n:, *

wn w a . * n'.%, n ' %. .*s m . : pc a . ,.. t r .g . . +n, -y -a ,c ,.,.

wr.a n ,w .w,L 1. G u,, nim x.
- w -. ,

Figure 2. 5.1.1-9. Side (90*) Impact

_

g, . L&*~
_

-.

1- ~ , '
*~ .,.

k
.

, . ..
<

.,
. . .

o.

, ' g;M y ' #*
i'

- :i h ,hw
.

.

. . " -'f C" ,-

.s - ,/' \ .g
_

=
..

O -| '

f)P _

Y.h- - a }, ~, {^| ,
. ''

_.
._ ,

.[ ' k. / . ,

.;-,y g. .
. .

.~
. , e.,

df)L ' ' ' ,Y:
',4 -. ..' .

~'

,
,

(X *q % - . >
--;

. N, . ,w. ,1 g- s-.- . i
, , , . . , >-~

*
- . x , '. . :

r
. :.

--;. . ' , . . = - ;. w:-, . , < . p-

.

;c . . . * ~, . .

. ,'X*f t " . .x, , Q-
..' - -

*~

:
- ,- 1 :?- g '_

' ' , .

*-

_ ,y ..s.

1 . -
.,

, - -s
.

'
: ..,

,
,. , . ? .; :.' : * ) . c.,* -

- .s .- , _ , -

Figure 2.5.1.1-10. Side (90 *) Impact

O
1567 086s2



- 42,75"

~

j,s A } * 7--~ - ;~y3_ __'>

, , , , - - _wg - -m g-

*1s.so" i y \.
15.0o,,,0 c3 .

o

T
6 0

O
22)

6 9

P4
L i

b3d
>M

- D
, , ' 33.3 0 - 7- .

p/-

m - 35,0 0 -
,

;._

W <
'

q ,r", # r

n. .i t
'

-

n$ 8

'o s
er"

N

2.00"

- 29.50"- -29.5o" _

1

Bottom View Top View

Figure 2.5.1.1-11. Postimpact Package Measurements--Side (90*) Impact



D 99D }D'{ k[A
J J !\1 w;t[1. J A!',m

uv

^

.~ /: 'R.*,,-_' .< - . . . ..

- -

h ::g+jy.. .'f' ; ;
g

~j - j
'

f\iR* K, -

j $ Yi$ c.S.,
,,:f-

< . , , +- ,1 ,

'

,- . . .
. , .;gs

-

n.

-
. - ~ ,

,

a: .
, "'A - '

'

:.~.-,.
.,

.

f
'h

.

M ,

:.
]a:)

.x;

,
.

, ;u ,

i
<

3

,

i
i

w

V
h
e

f.e.
t:
? --

g*,
- . . ,

h
P

.

-gi'

>%< - .

{a.a

' (
-

.

t 4

t

l
-;w ..a . .a . , .

Figure 2.5.1.1-12. l>ostimpact Radiograph Showing Tll-1 Containment Vessel

(Side (180 ) Impact)

1567 08854



# [j D flf 4
D D "

ad & l' U $]L K "
x

'

. - . .

- --_
, .. - yy g. gn

- - / . 1 , "._4 . . ,* '

, . , . . ..- ''
3''.-|-:,fj,, -- *

.,
- - <, -s_

' a '.

'. j | .' . Y ' '' 'j ~<
,.~-

''
. ' - ..; -* Qf'' (

'

't e:. r m, d ;,
.

~

f$ ' 1, ; C "f -.
''

.

w g g' ej ; -

-

_, 'nn : '

, s .,.

).. .

|.--! t
.

?|| ' . 't
'

#-.

,

. 3 _$' ' s j' .~
s

'.

''.
c

*

(('; *)_e

.

j -
-;

=

.sq 1 . ,s '
, .

.,
_

,
. s ,.? ' 1:?'' *

, . ,,.,

*
- y- %' '

n." :,~1 5 Qg f---
'

,

~h( ' ' A .[ _,
.y .

, , ,

.,--.N.> .'s -
.

v. s: ,.. A: ..;..-
.-

, .. t*- ' .
. .x**%.< '

''];. . ..;.,.'i"-

Figure 2.5.1.1-13. Ilottom Corner (150 *) Impact

.
.

'-
*

*
- % -~

~ ~ '
p

. ,. 7 h
..

''

,

- 1, c l' ..
s t

"'
. J /,

*
'

<*
, ,

- /

.
._ q . _. ,

-

%; ' ' /
-

.
~

'

~
,

., --

' ' ,
'_ .,.

%

p ? Y'
. -

. _ .
. . . ','J';

,

'

Q; -; '.' y-
.,,,

- -

1

, ._ . , .,

T i -
-

Q . "- . --^f;_ Q ,/. ~.,
- - -

.
, - ,

'

..
,

.A - - ' - s ' .,
,

,' _s
,

Figure 2.5.1.1-14 110ttom Corner (150') Impact

1567 089 's



,o:q(;^zp'[~1i'H
_ ' , , .i.b' ., 'O'

,

3

e
46*-

5,00" 19,00 ": :

/
5.00"

, ,p /iE L

'D
. e 4 \ g

'|',b'a,f)',s. *)
~

!

j' , .,

$ /ji ,0
h;L i~] \''

/ '

* e 22.75,,
, - - . -

' ~ ',

|-|-A ?
eg** . __e,

. j J' ' t~
~^' ' -

y
_

41.50 " r=

24.50"= ;

G y

4- x:3
y 'N

. , , ,
.

.- -

J* e .y

. . j,f p=r - |, :^
'

b4:
. .

a ..2 . , r. w _

Figure 2.5.1,1-15. Postimpact Measurements -- Bottom Corner
(150 ) Impact

1567 090Sc



- . x

a

Na
*

$
. :

4
, c

:.

'

':.u
;/ ~

4

y -i -s

5 .
'1" .

; o .14

m.. . ~ , . . . -,. ,

)R"
f.. .Ni'_ ' f,;
'? ^

,.

1 . .Iw. ,.

.|*..

$. ,,,~ ; <-:s .

.,:
_

's - ' .:5
: c. ' '

-
''

.

\ ., y,
,

e

f
-

, n .. , ..

[ ''j..

' '

.;,, ._

Figure 2.5.1.1-16. Postimpact Iladiograph Showing TH-1 Containment
Vessel (Bottom Corner (150 ) Impact)

1567 091 57



'.
.*,

{ _.. .- 9 4 * ~ q.. -

<" 1
|/ 1

, .

-/ - .,

'
'$6'

, '/,

'

~

./ '
'

'

j' wr

f/,gg Q'- 'f

e ,' i

W - . \ :,'

.

. .
.

'. ~._.
.

Figure 2.5.1.1-17. Bottom (180 *) Impact

.m

rQ e-- w

ki -

h, ./. A
, - -7

s

og 1 p
g; ki : .

k 0!.
< ;' ' T , 7=b.

,. [{b. A sh . .
'

._4. , y
-

'%| |t|-:.{R| ' Cs |. f$' '''!}"w*y
_

''
-

Q \' ' ' %,,
9;'^ , ",: y- ;,[e )s,

~ + ex

Figure 2.5.1.1-18 Hottom (l80 ) Impact

O

pgBgdB 1567 092,e



e.) -

Im

27.00''
._

,

t

2 6.0 0 '.'= =

31.0 0 "m

7.50" '=

;~

-

t .

:

30.00":

Figure 2.5.1.1-19. Postimpact Aleasurements -- Bottom
(180 ) Impact

1567 093 33
.



..

_ _ _-

- - - - - =

. 2. . . . . . : m: T .. ; - -
. - ^ = - ~ - >..

c
- -

.. %,
''

k f . . ,n .
. |' ~ E * '' ' ~ ~'" ' .

'

i -- * ^
.

.

g -

. ;. .

*

'.w'.' q. . . . . , . ,

>
. ,

-

..

\ ., ., , gpf,=
, .,

l *

=p %.~
~

- , ,= , , , #
. n

.

, .g ; .-,

, . . - , m ... ,

.' k.i - '
2 . .

;'
s

- s _.: -.
'

,

.

; , :

,
,

"

.

.

.

~

,
-

t, .

,n . ,_
..

,; y .~- ' i

, ~. ,.4 .

5
- . . 3 ,

-1

< c ~

,y _

.' / L
. ,

"
,

~' -+

- . . . , ,

:
-

.

, ,
~ . .

S -

; .., u . .. . " .
'

'

-

' , , , . - 3, b, *
f ...

. k. kh. ... . ?-;
-

...?:,"b;'-
;,'' .

v , u ..;. + ' :- . r. .. ..
.

'y:
* ?. Q

.

.-' ., . ' , ' . ' ",,; f, ,,
j$ + -

.

_
, .

:
,.

g ..

. .,', ; . : .~. . . .: .+ .
-

. .a 'gq , 4 ;g
~

'

:

. ,c . s
::g.:; . .. .

' --' . , ! - ,f . ' " ~ . '+

.;f 6: -

. ?: _ . [ * Qey; .
.

<f .1,;g .- ;

f
~

- | / __ ^
'

I;',- ~
. . .

_

_

* w .: -
-

:- ..

,

- *:. % j . y.,

4: +9 = - g+ e e , ct.j..
y*. y A. .

. ,; :. . .
,,.

M o , . . . e n. . 3,.4.4' . _ . - t

;p , 3:(: . ,. ;r ~ -
: .a3

.
,

.. *;
, . ,g. .

. . .. +;; -:
-

Q p ' j '
s- .

, ' ~ - '..

_v [.)* .. . .

, .

.

-.

.f . 7,f<. . . . - -2

: -

4. ,

r a 7:
,.

.

,$.,. .-

y *
. .

; . p
, e., .

- -

.

.4 4-

- ,.t':-

- - , , q
-

, ., ..

L.
..

. . . ,. , ,
r, . -

t m .
'

- ;,w ;

w ~ m. ;-

.| * )' $. :4dR* . 5,$... |3 *'
''

< - .,

4

. x
.- .

w y, . -
<..

,~. _ .. n

p.,,

. ..

Figure 2.5.1.1-20. Postimpact Radiograph Showing TB-1 Containment
Vessel (Bottom End (180 ) Impact)

1567 DN
"

pg@ RMIWRIQ



O O o '.
.;( h | Il. g .,r, !! da . ;u l Hi

1
~

tr . .
i

.

2. 5.1. 2 grush

The 70,000-lb (0. 31131N) crush test was applied through a rigid 2-in. (5-cm) wide

steel beam to the most vulnerable point on the crashed PAT-1 packages as revealed by radio-

graphs. This test produces negligible effects on the PAT-1 package, as shown in Figures
2. 5.1. 2- 1, - 2, and - 3.
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2. 5.1. 3 Puncture

The 10-ft (3-m) drop of the 500-Ib (227-kg) steel spike onto the same contact point used for the

crush test generally opened a 2-in. (5-cm) diam hole through the drum and drum liner, penetrating into the

redwood. On a side-crashed package, penetration was not as great due to the preexisting severe compaction

from the crash test. Results of the five packages are shown in Figures 2. 5.1. 3- 1, - 2, - 3, - 4, and - 5.
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2. 5.1. 4 Slash

The slash test produces a relatively major effect, penetrating the outer stainless-steel l'AT-1

drum and the drum liner, generally to a depth of approximately 4 in. (10 cm) along the trajectory path, or

about 3 in. (7 cm) of penetration normal to a drum surface. The slash projectile did not reach the load-
this double test arespreader structure embedded within the PAT-1 outer redwood components. The effects c4

shown in Figures 2. 5.1. 4 - 1, - 2, - 3, and - 4
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2. 5,1. 5 Fire

The 60-minute (minimum) contamed JI'-4 fire with .<n enhanced drat'! typically produced

a flame temperature of approximately 2200 F (1200 C) at the level of the l'AT-1 package. This

test, following the impact, crush, puncture, and slash tests, generally resulted in charring of all

the redwood in the l'AT-1 package. The AQ-1 aluminum load-spreader elements did not appear

to have exceeded the solidus temperature (approximately 1080'F (532"C)). The AQ-1 copper heat-

conductor tube was integral. The T H-1 nylon lifting strap was always totally consumed (approxi-

mately 500''F (200 *(1) char temperature. The chimney was entered shortls afte r fuel starvation

extinguishment of the Ji'-4 fire and redwoo I was observed as glowing red coal through the slash

holes; charring wood, not expo <ed aluminum, was always initiaily observed. The l'AT-1 packages

required from 1 to 3 day s for afterburn temperature to subside to a temperature comfortable for

the prolonged touch of a bare hand on the AQ-1 drum. At this time, the wood observed through the

slash holes essentially had thy appearance of ash.

The preburn appearance of the packages is shown in Figures 2. 5.1. 5 - 1, - 2, - 3, - 4,

and -5. In-progress appearance of the three fires used to burn the five packages is shown in

Figures 2. 5.1. 5-Ga, b, and c. Postburn (and postmortem) app. trance of the p.ick.iges is di,-

cussed in paragraph 2. 5.1. 7.

$bl .f 3 i':
1 '',!: 65



O
,

. --" tr e e 9,w-m y.___ . ,s , - - - - - - - --a.. ., - . .r.-

L m' Y,%e.? M5.iD???|$
|t

~ R ? ',,

(' ,
,

.p%

.

'4,- -

$ , , - -"
__,c.,-- e + "]

'4!7 2

.-t<
-

-

;/ l - i y %;a ; {.
C.3;z[ 1 };.
..

,. . . * , , ..;;-

"a
-

[ $| *>y- g.pg c i -

-
3-y'

'

'i
*

\-( 3
4 ;-i'

. -

't

.g ''*

- (<., g ,( 4 .
-

*q k ' i 1
, i / =.. \ . -. % i:..;.p- g' 4 ': '* ' -( 4 i ''*#

e
, p ,~M~bc g ( ', , ,

** '.

%: ' is-h .' -Q

,.-

' f. . ~ |}(; LLww "*'"g . _ , .f:c i:
b

.
#

. .

- - *'v .: s .n. gj,
1[,. .

~

(. . ,y,-
:

t ";;rf,

=} ~. ! ' 's- ' " ' j j. ! , -%.x Q. p * |*d +' " ( K 4 -

{A-
a

_
. :. ., -

.

'!4, !-~ r" ' - ot w< g i4-. %.-
-

'

-( - !}G_
. . - -

, w. - - -1
_

\,
,

-

Figure 2. 5.1,5- 1. I'reburn Appearance of Top- Figure 2. 5.1. 5-2. Preburn Appearance of Top-
End-Impacted PAT- 1 Corner-Impacted PAT-1

:wn ,
s

%
- - '

-4 %
r

q '- ;p%.
r

. ww. p
~^

-
e.r

~
,-. ,,gs, ,)-

?,74u - - q- g
.z,

.

y .:

:t
- 's

3

,

' . " ,

. . :Y

Fig u re 2. 5.1. 5 - 3. Preburn Appearance of Side-
Impacted PAT-1

O
M7?LWBW 1s67 10055



$.
,

,

ja
., "i 44'.h N_

~

C:
e' ' _,. ; ;_ y g;( 4.

,

.JmN -
,

. ;;- lgy- s- . . .

,

*/
'*

y
i e

i

|
~

>
-1

I
,

s
-

.

' e& g' > , ada,

Figure 2. 5.1. 5-4 I'reburn Appearance of Ilottone
Corner-Impacted l'AT-1

. .. '(MMWQ*|i")
M r , 'h'y yf4-~'

.
9 _.

|;j' ',
.

- .,ft - ' ; ~h
. ;:;p _ , '

'y
< A_;' ; .;y %4-

|[),'j ' | | ,' ! *-1~ ^ }|/| ?,*:,

' - -
~,A,

j !! '

:Q*
$s

'{(!
,

lf=,

'
0 /% ,
ei ' # * : di,

' '_g',n y. rt

'gf|~ *
,

j

;R
'

Figure 2. 5.1. 5-5. Preburn Appearance of Ilottom-

I:nd-Impacted l'AT- 1

1567 101 c,2
oo ou t _33 uuniL,



m -

O
fj

.

,

O
,

f % %

I ' f-'y
< ,

~,rk sk{.
-

*+-3

[ TK4 y ~?g g. 7%,
.

, jgur ,,5 puy. 17,

N$ 4'

- Q fj .,, d ._ 4 W , 4k'i, g't y
L;Q:i'2 ;*

.'"
. t- . '

hl ,,jime -i

)p'

. .

a.

q' 9 m. - .

- %q
9- ' v4 f

' " .
r m , =, _ ,

' . f . ,g .'
-% . 'yt ,

-
-

,

' * +

, . ~ , .
|

'

ti ,

.jj. ,
. ..' c *;,

"

'$|J.
-~%, 'm '

J
- - -

1,. ,y .,a..

.;# t
- JQgt - - -

'

,

~
, .,,

3 e j
* ' '9 ^7 -T

'

-.
,

a- y,

' r - ..;
,.- J

- %,s<
' ':4. .: .p.. ~ ' *-[ MN),'',

M. |3 h'-
"..

j
- s. ^ - g

s -- .

,

, . -

| : .'| ' _.]
'

;

b, c.

Figure 2. 5.1. 5-6. Burn Test

9
*M] cs age-

1567 102



2. 5.1. 6 Immersion

The immersion test washed out the redwood ash in the region of the two slash holes in each PAT-1

package, exposing the AQ-1 tubular aluminum load spreader. The immersion test also tended to spread

black sooty water onto the Til-1 containment vessel (as observed in following postmortem operations).

The appearance of the vessels after the five immersion tests is shown in Figures 2. 5.1.6-1,

- 2, - 3, - 4, and - 5.
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2. 5.1. 7 Posttest Summary of Package Damage

Disassembly of the five sequentially tested PAT-1 packages was accomplished by the use of cutting

torches, a large water-cooled machine-fed ban i saw, and hand tools.

Sequential photographs of the disasserr bly of the top-impacted PAT-1 package appear as

Figures 2. 5.1. 7 - 1, - 2, ~ 3, ~ 4, - 5, - 6, and - 7 Uranium material was not detected at any point, as mea-

sured by a health physics team.

Photographs of the completely disassembled top-corner-impacted PAT-1 package appear as

Figures 2. 5.1. 7-8 and -0.

Sequence photographs of the disassembly of the side-impacted PAT-1 package appear as Fig-

ures 2. 5.1. 7- 10, - 11, and - 12.

The bottom-corner-impacted PAT-1 package postmortem photos appear as Figures 2.5.1.7-13,
- 14, - 15, and - 10.

The bottom-end-impacted PAT-1 package postmortem sequence photos appear as Figures 2. 5.1. 7-
17, - 18, - 19, and - 20.

o
impact, crush, puncture, slash, burn, immersion.
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As can be seen in the referenced photos, the TIl-1 is charred and blackened by the

pyrolysis of the surrounding redwood. Tempilaq, a commercial heat-responding coded lacquer

coating, was affected by this pyrolysis and by the water immersion, but still gives rough indica-
tions of perhaps 1000 *F (~540 *C) exposure of the T11-1.

Swipe tests were taken of all Til-1 containment vessels as they emerged from the char-

coal during the postmortems; uranium fluorimetry measurements sensitive to 10 g uranium

revealed no uran.am on any surface or in any crevice of any TIl-1.

The char and contamination on the surface of the Til-1 vessels inhibits the use of highly

sensitive mass spectrometer helium leak-detection equipment. Therefore, the vessel exterior is

rigorously cleaned with powered wire brushes, t olvents, hot vapor-degrease processes, and

glass-bead shot peening.

All Til-1 vessels responded favorably to mass spectrometer helium-leak detection

(i.e. , sufficiently low pressure of deleterious gases to permit helium detection, and positive

indication of the presence of helium in a sufficiently small quantity to stay below the saturation

level of the instrument). The helium leak-rate readings were converted to air standard by a

factor of the square root of their molecular weight ratio. The initial results ranged from a high

-5 3 -6 3
leak of < 4. 5 x 10 cm /s to a low leak of 1.4 x 10 cm /s. i'urther cleaning of the
exterior of the high-leak Til-1 permitted another helium leak-rate measurement, which was

-7 3
1. 7 x 10 cm /s (air).

2.5.2 Individual livdrostatic Test

2.5.2.1 Individual liydrostatic Test

A TI3-1 containment vessel was subjected to an external pressure of over 600 psi

(4.1 MI'a) for 25 hr in green-dyed water (Figure 2. 5. 2.1-1). The helium leak rate of the vessel

was < 10' em /s both before and after hydrostatic testing. Following exterior drying, the

weight of the TIl-1 was identical to its pretest weight. Upon opening of the Til-1, there was no

indication of green dye or water inside of the copper seal region (Figure 2. 5. 2.1-2).

O
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2.5.2.2 Impact Tests at Temperature 1:xtremes,

a. Cold -- A prototype PAT package, with construction features that made

it a valid comparison to a model PAT-1 package in the side-impact (90*)

orientation, was cold soaked at -50 * F (-4 5 *C) for more than 48 hr,

wrapped with insulating materials, and was side-i.npacted 2 hr and

15 min later on a 40 *I' (4 *C) day. Although the external drum would

have approached 40*1' (4 *C) at the time of impact, the hulk temperature

of the package at this time was calculated and estimate <1 to be < -40*P

(- 40 "C).

The impact test, at approximately -40 *1' (-40 *C), was conduMed perpendic-

ular to the unyielding target on the side (90 *) at 433 fps (132 m/s) with 1*

error. The package appeared to be slightly less crushed up (Figure 2.5.2.2-1)

than similar packages crushed at ambient temperatures. Hadicgraphic in-

spection (Figure 2. 5. 2. 2-2) revealed slightly more redwood at the point of

minimum separation between the outer stainless-steel drum and the TH-1

than usually observed. There was no apparent deformation of the Til-1 con-

tainment vessel. This package was then crushed, punctured, burned, and

immersed, but not slashed. The posttest-sequence Til leak rate was 2.4 x
-6 3

10 cm /s air. This leak rate is comparable with the results of similar
prototype packages impacted side-on at ambient temperatures, and se-

quenced through all of the other test environments in a similar m' inner.
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It is concluded, therefore, that sequential testing at temperatures as
low as -40 F (-40 *C) will not affect the posttest acceptability of the

PAT-1 package, because the impact test is the most severe condition
for the cold (stiffer) redwood shock mitigation packaging material.

b. M -- A prototype PAT package, with construction features that
made it a valid comparison to a model PAT-1 package in the side-

impact (90 *) orientation, was hot soaked at +200 *F (93 C) for more

than 48 hr, wrapped in insulating materials, and then quickly rigged

for a side impact perpendicular to the unyielding target. The impact

velocity was 424 fps (129 m/s) with < l' error. The bulk temperature
at the time of the impact was nearly 200*F (93*C).

The package uppeared to be deformed ( Figure 2. 5. 2. 2-3) similarly to

ambient temperature side-impacted packages. Radiographic inspection

revealed slightly less redwood at the point of minimum separation be-
tween the TH and the external stainless-steel drum than usually was

observed (i?igure 2. 5. 2. 2-4). There was no apparent damage to the

TH containment vessel. The package was crushed, punctured, burned

and immersed, but not slashed; a postmortem was conducted. The post-
-8 3

test-sequence TH leak rate was 7 x 10 cm /s. This leak rate is
comparable with the results of si nitar prototype packages impacted at

ambient temperature, side-on, ano sequenced through all of the other

test environments in a similar man ter.

It is concluded, therefore, that sequential testing at temperatures as high

as 200 *F (93 C) will not affect the posttest acceptability of the PAT-1

packages.
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2.5.2.3 Relationship of Individual Tests to Sequential Tests

The severe sequence of high velocity (rocket pull-dovn) impact perpendicular to an

unyielding target (reducing the package volume by about 50% in the most severe attitude), followed

by 70,000 lb (311 AIN) crush, followed by 5,000 ft-lb (6. 8 kJ) puncture, followed by 15,000 ft-lb

(20. 4 kJ) slash (deliberately tearing the double outer drum), followed by a large JP-4 fuel fire of
approximately 1850 *F (1010*C) on the package surface for at least I hr, followed by underwater

immersion, produces a far greater deteriorating effect on the PAT-1 package than that effect

produced by any of those tests singly.

Tests of the prevailing design criteria (paragraph 2.1.1) -- impact, slash, fire, and
internal heat source -- were all conducted singly during the PAT-1 development program. Indi-

vidual impact tests of up to 449 fps (338 mph 151 m/s) resulted in TB-1 containment vessel leak
-8 3

rates in the 10 cm /s range. Individual slash and fire tests had no perceptible effect on the
-10 3

TB-1 containment vessel. The TB-1 containment vessel remained sealed (< 10 cm /s leak

rate) in individual heating tests with severe internal overpressure test conditions at temperatures

up to 800 F (427 *C) demonstrating that the 200 F-300 *F (93 *C-149'C) normal range of tempera-

ture with a 25-W internal heat source (see 2. 5. 4. 2 and Chapter 3) is no threat.

The other tests of crush, puncture, and underwater immersion are inconsequential as

single tests; that is, they have no perceptible affect on the TB-1 containment vessel.

2.5.3 Summary of Acceptance Criteria Hesults of NRC Qualification Testing

a. Containment -- The reported TH-1 containment vessel leak rates (see 2.5.1.7
-5 -7 3

and Table 2. 4-1) -- ~ 10 to 10 cm /s -- and the measured lack of uranium
oxide contents escape (< 10~ g) -- demonstrate that far less than an A2

quantity of plutonium oxide could be released. This fact is discussed in

Chapter 4, Containment. In fact, it is practical and reasonable to state that
there would be no plutonium release.

b. Shielding -- Biological protection from the effects of ionizing radiation is

provided, even by the impacted (crushed-up) PAT-1 package, in infinite

arrays. Conservative dimensions of the damaged packages were used in the

shielding calculations of Chapter 5. The dose rate, with any specified plutonium

contents, is much less than 1 rem /hr at a distance of 3 ft.

c. Suberiticality -- There is no nuclear fission criticality problem, even with

an infinite array of damaged PAT-1 packages. The conservative dimensions

of the side-impacted packages as reported in this chapter were used in the

criticality calculations of Chapter 6, with very suberitical results.

O
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d. Water Leakage -- There was no water leakage into the TB-1 containment
vess el.

Temperature Extremes -- The extremes of heat and cold, as reported in thise.

chapter, are tolerated by the PAT-1 package.

f. Individual and Sequential Tests -- The PAT-1 package withstands the stated
test threats, whether applied singly or in sequence.

These results are briefly tabulated in Table 2. 4-I.

2.5.4 Normal Conditions of Transport Tests per 10 CFil 71 Appendix A

2.5,4.1 Summary and Itesults

Demonstration that the PAT-1 package complies with the standard for normal conditions

of transport has been accomplished primarily by actual PAT-1 package tests. A PAT -1 package

was sequentially subjected to all environments stated in 10 CFR 71 Appendix A. Following this
test sequence, the TB-1 exhibited an air-leakage rate of < 10' cm /s. A leakage rate of

-7 3
10 cm /s or less, based on dry air at 77 *F (25*C) and for a pressure differential of 1 atm
against a vacuum of 10~ atm or less, is considered to represent leak tightness (reference USNIIC

Heg. Guide 7. 4, which references ANSI 3 N14. 5). Therefore, the PAT-1 package meets the

10 CFR 71 containment requirements for normal conditions of transport for all allowable isotopic

compositions of plutonium oxide powder (" allowable" is defined in Chapter 1).

Since the geometric form of the PAT-1 package and its TB-1 containment vessel was

essentially unchanged after the test series, the following requirements of 10 CFR 71.35 are

s atisfied: (1) no substantial reduction in the effectiveness of the package occurred, (2) the total

effective volume on which nuclear safety was assessed was not reduced by more tnan 5% (3) the
spacing between the center of the TB-1 containment vessel and the outer suiface of the PAT-1

package on which nuclear safety was assessed was not reduced by more than 5% and (4) no

aperture in the outer surface of the package large enough to permit entry of a 4-in. (10. 2-cm)
cube was evident.

After the sequence of tests, uranium detection measurements were taken from swipes
of the PC-1 product can and the internal walls of the TB-1. No release of contents (uranium

dioxide u*d as a surrogate for PuO ) was detected. This demonstrated compliance with the
2

double < :nment requirements of 10 CF H 71.42.

2.5.4.2 Ileat

A PAT-1 package was subjected to a 215*F (102*C) environment for 48 hr (Fig-
ure 2. 5. 4. 2- 1). As indicated by the thermal analysis in Chapter 3, a 215*F (102*C) external en-

vironment will generate peak PAT-1 package temperatures greater or equal to those which would

83
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occur if the package was exposed to " direct sunlight" at an ambient temperature of 130 *F (54 *C)

in still air with the contents generating a maximum heat output of 25 W. Maximum internal TB-1

pressure was created by adding a surplus 19. 3 g of internal water to the PC-1 product can con-

tents, thereby producing a maximum normal operating internal pressure in excess of 34.3 psi

(236 kPa) as calculated in Chapter 4 Assessment of the potential for content loss was made

after all performance tests were accomplished in sequence (i.e. , after the complete sequence of

heat, cold, overpressure, vibration, water spray, drops, penetration, and compression). He-
sults of this assessment were stated in the foregoing summary.
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Figure 2. 5. 4. 2- 1. PAT-1 After 215'F Environment
for 48 IIours

To assess the TB-1 margins of safety for prolonged use at maximum operating tempera-

tures and pressures, a series of thermal threat tests were conducted. Oven tests which sequentially

cycled TB-1 temperatures between ambient and 200 *F (93 *C), 400 *F (204 *C), 600 *F (315 *C),

700 *1'' (371 *C), and 800* F (427*C), holding each peak temperature for ~ 24 hr, resulted in no de-

tectable helium leakage from the TB-1 (< 10' cm /s). A direct exposure of the bare TB-1 to a

large JP-4 jet fuel fire at 1850*F (1010*C) (minimum) for slightly over 7 minutes, with the TB-1

rising to 750*F (399*C) in that time, also resulted in no detectable helium leak and no loss of

2 (8urr gate for PuO ) powder greater than the 10' g detection capability.UO
2

Also, the use of forged PII13-8 Alo stainless steel for the TB-1 body and lid, the use of
A286 stainless-steel bolts for the closure, and the use of opper seal assure that normal maxi-

mum temperatures in the 200*F (93*C) to 300*F (149'C) range are no threat to the integrity of the

TB-1, due to the negligible effect of this temperature on these materials.
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The limitation on internal decay heat of 25 W assures that under the specified assump-
tions pertaining to normal conditions of transport, the mean redwood temperature will not exceed
182*F (83 *C), and the peak redwood temperature will not exceed 225 *F (107 *C). Combining the

observations of Reference 12 ("At a constant moisture content and below about 400 *F (204 *C),

mechanical properties are essentially linearly related to temperature") with the specific findings
of Reference 13, no significant degradation of redwood properties is expected over long term ex-
posure to the heat encountered in the PAT-1 package configuration.

The properties of the polyester-flexibilized epoxy used as the bonding agent in the red-

wood element / redwood element and redwood element / metal joints is such that its adhesive capability

following exposure to 225*F (107 *C) may be slightly enhanced by the curing action provided to this

otherwise room-temperature-cured adhesive system. Therefore, exposure to 225'F (107'C) is not

harmful (Reference 14).

2.5.4.3 Cold

Following the heat test, the same PAT-1 package was cold-soaked at -40 *F (-40 *C) for

48 hr. No degradation of the PAT-1 package was observed and none is expected as a result of
operations in a -40 *F (-40 *C) environment.

The TB-1 containment vessel is fabricated from PII3-8 Mo precipitation-hardened
stainless steel which has excellent service characteristics at temperatures well below -40*F
(-40 *C). The twelve A286 stainless-steel TB-1 closure bolts have been shown by actual test to

provide sufficient strength to withstand the impact forces of the NHC qualification criteria at a
temperature of -40 *F (-40 *C).

The redwood and flexibilized epoxy resin bonding agent are also capable of withstanding

prolonged exposure to -40*F (-40 C) with no significant loss in heat transfer, fire retardant,
or specific energy absorption characteristics.

2. 5. 4. 4 Pressure

The PAT-1 package, specifically the TB-1 containment vessel, must be able to with-

stand an atmospheric pressure of 0. 5 times standard atmospheric pressure. 10 CFR 71. 53(b)

also requires assurance that the TB-1 containment vessel will not leak at an internal pressure
507. higher than the maximum normal operating pressure prior to first use. To demonstrate

compliance with both these requirements, the TB-1 containment vessel with the AQ overpack

which was subjected to the heat and cold tests was removed from the AQ-1 package and heated

to 255 *F (124 *C) for 8 hr. Water (19. 3 g) was added to the CO surr gate material (which had)
2

some initial moisture content) during packaging within the PC-1, assuring an internal PC-1 pres-
sure of at least 51 psi (1. 5 times prescribed normal operating pressure of 34 psi) at 255*F

6
''
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124*C (paragraph 4. 2. 2). The unit was leak tested before exposure, while hot, and after cool

down with a resulting leak rate of < 10" cm /s in each case, a value which demorstrates that

the container was leaktight. Since this test was conducted in a vacuum, compliance with the

0. 5-atm exposure requirement is also demonstrated.

2.5.4.5 Vibr tion

The TB-1 which was removed from the AQ-1 overpack for the pressure test was re-

assembled with the AQ-1, reconstituting the original l'AT-1 package. This l'AT-1 package, which

was subjected to the heat and cold tests per 10 CFR 71 Appendix A, was subjected to the following

described transportation vibration environment (see Figures 2. 5. 4. 5-1 and -2).
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Trans portation
Vibration Test

The Sandia Laboratories Environmental Data Bank was utilized to design a specific

vibration test for the l'AT package. The test definition encompasses road transportation (SFT-

Standard Freight Trailer), rail transportation (vibration on railcars and humping shock on

cushioned underframe cars), and air transportation (vibration in aircraft).

O
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PAT Package Transportation Shock and Vibration Test:

#
0. 2 g /IIz ~30-150 IIz

6 dB/ octave rolloff--150-2000 IIz

8-hr duration --longitudinal axis

8-hr duration--vertical axis

The rail shock, if tested as a separate entity, would be longitudinal 9 g, 53 ms half-

sine pulse. This is negligible in view of the 4-ft (1. 2-m) drops for 10 CFR 71 and the 288 mph

(129 m/s) (minimum) crash perpendicular to an unyielding target for the NRC criteria, and is

therefore not tested.

2.5.4.6 Water Spray

The PAT-1 package (used previously) was subjected to a water spray test in accordance

with 10 CFR 71 Appendix A. 5. The actual test, shown in Figure 2. 5. 4.6-1, utilized a 3-in.

(7.6-cm) diam fire hose equipped with a fog nozzle, delivering more than 124 gal / min
2 3

(4. 7 x 10 m ). The upper PAT-1 surface was continuously sprayed for more than 30 min, and then

the side was also sprayed. 10 CFR 71 requires that the effect of this test not be individually as-

sessed, but that free drops be done within 1-1/2 to 2-1/2 hr later.
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Figure 2. 5. 4. 6- 1. PAT-1 Being Subjected to Water Spray Test

llandom vibration levels are specified in g /IIz units (which are analogous to power levels)
versus frequency. The method used to translate this level to an approximate equivalent sinusoidal
vibration is to choose the bandwidth of interest and integrate and take the square root. This pro-
vides an rms g level that corresponds to sinusoidal motion in that bandwidth.
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2.5.4.7 Free Drop

The PAT-1 package was subjected to a 4-ft (1. 2 m) free drop onto an essentially unyielding surface

in a side-impact orientation, which was assessed as being the most vulnerable orientation, approximately

1/4 hr after the water spray test. To provide assurance that the PAT-1 has a wide design margin to with-

stand such drops, the package was also dropped 4 ft (1. 2 m) onto its top, top corner, bottom, and bottom

corner. Figures 2. 5. 4.7-1, -2, and -3 provide visual evidence that the effect of these tests on the PAT-1

package are inconsequential with regard to the physical requirements of 10 CFR 71.35.
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2. 5. 4. 8 Corner Drop

This requirement applies to packages that weight less than 210 lb (95 kg) and does not

apply to the 500-lb (227 kg) PAT-1 package. Ilowever, corner drops were performed as dis-
cussed in paragraph 2. 5. 4. 7.

2.5.4.9 Penetration

The PAT-1 package was subjected to the penetration test of 10 CFR 71 Appendix A.

This test utilizes a 40-in (102-cm) drop of a 13-1b (5.9 kg), 1-1/4-in.(3. 2-cm) diam steel cylinder

t aving a hemispherical end. The result on the PAT-1 package was a slight dimple as shown in
F. Ture 2. 5. 4. 9- 1.
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Figure 2. 5. 4. 9- 1. Slight Dimple Itesulting From 10 CFIt 71. A.8
Penetration Test

2.5.4.10 Compression

The PAT-1 package used in all previous normal condition tests was subjected to the

compression test of 10 CFIt 71 Appendix A. 9. This test requires a compressive load five times

the package weight (5 x 500 lb = 2500 lb) (or 1135 kg) or 2 psi x cross section area [2 x (22. 5) /4 =

795 lb] (or 361 kg), whichever is greater. Therefore, a load of 3150 lb, a conveniently available mass,
was placed on the top of the PAT-1 package with the package resting on a massive steel plate which in

turn rested on a massive concrete block, for a period exceeding 24 hr (see Figure 2. 5. 4.10- 1). There
was no apparent or observed effect.
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This same PAT-1 package was then placed on its side on a concrete pad, and a con-

crete block weighing 5060 lb (2297 kg) was leaned on the package with the 3150 lb (1430 kg) concrete

block also placed over the PAT-1 package for an approximate total load of more than 5600 lb

(2542 kg) (see Figure 2. 5. 4.10- 2). There was no apparent or observed effect. Appendix 2F is

an analysis of this " normal condition" test.
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2.5.4.11 Posttest Summary of Package Damage

Subjecting the PAT-1 package to the 10 CFR 71 Appendix A normal condition of trans-

port performance tests results in only minor superficial damage to the outer stainless-steel drum

and C-clanp drum closure ring. As indicated in 2. 5. 4.1, the TB-1 containment vessel was leak-

tight following this series of 10 CFR 71 tests and the PAT-1 package met the requirements of

10 C FR 71. 35. Posttest disassembly of the TB-1 indicated a helium-rich internal atmosphere,

thereby validating the leak-rate measurement. Examination of the PC-1 product can revealed that

the roll crimp closure and the flexibilized epoxy overbonding remained intact and the can itself

was essentially undamaged. These observations are shown in Figure 2.5.4.11-1. Uranium de

tection measurements were based on swipes of the product can and inner walls of the TB-1. P .

health physics radioactivity and uranium fluorimetry detection methods indicated no release -

uranium from the product can to the limits of fluorimeter detectability Q 10 g U)
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2.5.5 IIypothetical Accident Conditions Tests per 10 CFR 71 - Appendix B e2.5.5.1 Summary and Ilesults

Demonstration that the PAT-1 package meets the requirements of 10 CFIt 71 Appendix B

for accident conditions of transport could be inferred from the package's ability to acceptably with-
stand the far more severe NIlC Qualification Criteria, as detailed in 2. 5.1,. 2. 5. 2, and 2. 5. 3.

Ilowever,10 CFR 71.42(b) requires that plutonium in excess of 20 curies per package shall be

packaged in a separate inner container which shall not release plutonium when subjected to the

normal and accident test conditions specified in 10 CFIt 71 Appendices A and B. Primarily to

demonstrate that the PC-1 product can complies with thic inner container requirement, two PAT-1

packages (including a PC-1 product can loaded with UO surr gate contents) were subjected to the
2

test conditions of 10 CFil 71 Appendix B.

One PAT-1 package for 10 CFH 71 Appendix B testing included a PC-1 product can

filled with UO surr gate contents; due to the specific density of the UO , the payload in the PC-1
2 2

was 1. 747 kg . Another PAT-1 package was assembled with 0.606 kg UO and 2. 545 kg No. 8 lead
2

shot for a total payload of 3.151 kg in the PC-1 product can. The two packages were both tested

in accordance with 10 CFH 71 Appendix B, except that one was dropped 30 ft (~ 10 m) five times

(not required, but this tested top, top corner, side, bottom corner, and bottom) and the other

was dropped 30 ft (~ 10 m) one time (on the side), as required. The puncture, fire, and immersion

tests were essentially identical. Final results were identical, as reported below. The following
figures and data used in this report are of the package dropped five times.

Following completion of this test series, the TU-1s, through leak testing and monitoring

for uranium release, were found to be leak-tight. The TB-Is were then disassembled and the
interior of the TH-Is and exterior of the PC-1 product cans, were monitored for uranium con-

tamination. No contamination was detected; therefore, compliance of the PC-1s with the require-

ments of 10 CFH 71.42, and the TB-Is with the requirements of 10 CFil 71 Appendix H, was dem-
onstrated.

Since the geometry of the PAT-1 package was not significantly changed, the reduction

of shielding resulting from the 10 CFH 71 Appendix B test series is insignificant, and the radiation

level at 3 ft (~ 1 m) from the external surface of the package would be limited to the approximately
4 mrem /hr allov able in 10 CFR 71. 3G(a) (1). The minimally deformed package also meets the

requirements for suberiticality as required in 10 CFli 71.36(b) as demonstrate <1 in Chapter 6.

O
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2. 5. 5. 2 Free Drop

A PAT-1 package was subjected to a 30-ft (9.1-m) freefall drop onto an essentially unyielding
surface in the side-impact orientation (assessed to be the most vulnerable-Figure 2. 5. 5. 2-1). To pro-

vide assurance that the PAT-1 package has a wide design margin to withstand such drops and that all

primary impact orientat4ons were tested, this same PAT-1 package was also subjected to similar drops

onto its top end, top corner, bottom end, and bottom corner. Figures 2. 5. 5. 2-3 and -3 illustrate the

minor denting of the outer stainless-steel drum of the AQ-1 which resulted from these tests. Testing

for containment adequacy was performed following the full sequence of the drop, puncture, thermal,

and water-immersion tests.
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2. 5. 5. 3 Puncture

The impacted PAT-1 package was subjected to a free drop of 40 in. (~ 1 m) onto a 6-in.

(15-cm) long, steel bar mounted on an essentially unyielding horizontal surface as defined by
10 CFR 71 Appendix B. 2, and as shown in Figure 2. 5. 3-1. The point of contact between the bar

and the PAT-1 package was chosen at midlength on the cylindrical surface of the package (the point

where the minimum dimension of redwood exists between the TB-1 containment vessel and the sur-

face of the AQ-1). The damage to the PAT-1 following this test involved a minor imprint in the

outer drum (Figure 2. 5. 5. 3-1); the integrity of the drum was not affected.

2. 5. 5. 4 Thermal ( Fire)

The dropped and puncture-tested PAT-1 package was subjected to a fire test which ex-

posed the package to a thermal-radiation environment in excess of that defined in 10 CFR 71

Appendix B. 3. The facility used for this test involved the 10-ft (3-m) diam fuel pool and surround-

ing 16-ft (4.9-m) diam by 10-ft (3-m) tall chimney used to attain the higher temperatures required

by the NRC qualification criteria fire test (see Section 3). As indicated by the measurements

shown in Table 2. 5. 5-I, the temperatures within the fire and on the package surface were con-

siderably in excess of the 1475 F (802*C) environment specified in the regulations. Afterburn

was permitted to persist until the package was cool to the touch of a bare hand.
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TABLE 2. 5. 5-I

10 CFR 71 Appendix B Burn Test

Observed average temperature on AQ-1 drum ~ 1800 *F

Observed flame temperatures in vicinity of PAT-1 2200 *-2300 *F

Duration of above temperatures 52 minutes

Char depth in outer redwood 3. 825 in.

TB-1 temperature ~ 200 *F.
> 170 * F.
< 210 * F

*
Cumulative char rate < 0. 37 ft/hr

*
Total char depth observed was divided by 52 minutes; this is a severe as-

sumption for determining the rate because char would persist beyond the
52-minute duration of the JP-4 fire, resulting in a lower char rate calcula-

tion.
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2.5.5.5 Water Immersion

The PAT-1 package was then submerged in the water within the basin of the fire-test

facility (Figure 2. 5. 5. 5-1). The 6-ft (1. 8-m) pool depth assured that all surfaces of the package
were immersed under at least 3 ft (1 m) of water. Package immersion continued for a period of

approximately 24 hr.
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Figure 2. 5. 5. 5- 1. Water Immersion Test

2.5.5.6 Posttest Summary of Package Damage

Subjecting the PAT-1 package to the 10 CFIl 71 Appendix 11 accident conditions of trans-

port performance tests results in only minor damage to the outer steel drum and C-clamp drum

closure ring and its skirt extension. The outer layer of redwood experienced charring to about

4-in. (10. 2-cm) depth (Figure 2. 5. 5. 6-1) while the redwood internal to the load spreader was

essentially unaffected (Figure 2. 5. 5. 6-2). The TIl-1, except for char residue picked up in the

immersion test, showed no visible effects from this series of tests. As indicated in para-

graph 2. 7.1. the TI3-1 containment vessel was leaktight following this series of 10 CFIl 71 tests

ano the PAT-1 package met the requirements of 10 CFil 71. 36 (a) (1) and 10 CFH 71. 3G(b). Post-

test disassembly of the TIl-1 indicated a helium-rich internal atmosphere, therefore validating

the leak-test measurement.
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Examination of the PC-1 product can revealed that the roll crimp closure and the flexi-

bilized epoxy overbonding remained intact while the can itself had several minor dents. These

observations are shown in Figure 2. 5. 5. 6-3.
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Figure 2. 5. 5. 6-3 Disassembled TB-1, Post 10 CFR 71 Test,
Showir:g Rc,ll Crimp Closure and Epoxy
Overbonding Intact

Uranium detection measurements were based on swipes of the product can and inner

walls of the TB-1. Both health physics radioactivity and uranium fluorimetry detection methods

indicated no release of uranium from the product can to the limits of fluorimeter detectability

(2 10' g U).

2. 6 Test Facilities

The special or major facilities which were utilized to perform the sequential test series in-

clude: (1) a rocket pulldown cable facility at which controlled attitude high-velocity impacts onto

an unyielding target were performed, (2) a static test machine to accomplish the required pack-

age crushing, (3) two tower facilities utilized to perform the puncture and slashing tests. (4) a

fire-test facility, and (5) an immersion pool. Appendix 2J describes these facilities and the test

and data acquisition methods utilized to assure that the desired test environments were properly

produced.

O
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2.7 List of Appendices

Appendix 2A - Package Impact Analysis

2B - Properties of Principal Alaterials Used in the PAT-1 Package

2C - Package Load Resistance per 10 CFR 71.32
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2E - Pressure Analysis per 10 CFR 71 Appendix A. 3

2F - Compression Analysis per 10 CFH 71 Appendix A.10
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2J - Test Facility Descriptions
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APPENDIX 2A

Package Impact Analysis

2A.1 Purpose

The purpose of this appendix is to analyze the capability of the PAT-1 package to survive

a 250-knot (approximately 422 fps or 129 m/s) crash on an unyielding target; the definition of
survival is related to release of radioactive material, shielding, and criticality as defined by

10 CFIt 71, 49 CFil 173, and the new NRC criteria. End-on, side-on, and angular impact con-

figurations will be considered.

A view of the PAT-1 package showing all components is displayed in Figure 2A-1. The

basic approach used in the design of the package is to absorb the impact energy by material crush-

ing and plastic work; the aim is to isolate the inner containment vessel from excessive shock.
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The inner containment vessel is treated as a rigid, massive (but fairly small) object, the

motion of which must be stopped primarily by the crushing of redwood. A load-spreader assembly

surrounds the TI3-1 containment vessel to distribute the inertial loading over a larger area of the

redwood than would be caused by the projected area of the TIl-1 alone.

The following impacts will be considered: end-on, side-on, and corner.

2A. 2 End-On Impact

The postulated impact occurs on the package bottom, as shown in Figure 2A-1. At impact,

the package bottom suddenly stops and the TIl-1 is still moving with the impact velocity of 422 fps

(120 m/s). The energy-absorbing redwood consists of a total of six sections: two outer end plugs

(Nos. I and 2), two inner end plugs (Nos. 4 and 5), an inner hollow cylinder (No. 3), and an outer

hollow cylinder (No. 6).

The significant crushing strength of redwood lies in the direction parallel to the grain. Thus

the mechanism of absorbing the initial kinetic energy of the TB-1 vessel is crushing of region

No. 4 (to approximately 30 percent of its original volume), combined with a similar crushing of
region No.1. Note that the diameter of region No.1 is greater than the Til-1 vessel. The entire

volume of this region is exploited for energy absorption by means of a thick circular plate
" load spreader" (No.1) which transmits the inertial load of the Til-1 vessel to the entire cross

section of region No.1. Itegion No.1 is also assumed capable of absorbing energy through crush-
ing to a final volume equal to approximately 30 percent of the initial volume.

The end-on impact situation is modeled as follows:

a. The behavior of the impact process is taken as uniaxial, one-dimensional

stress and deformation. This is appropriate for redwood compressed

parallel to the grain, based upon the response of redwood similarly com-

nressed durmg material property tests performed in support of this program.

b. The column of material isolating the Til-1 vessel, consisting of regions
Nos.1, 2, 3, 4, and 5 as well as load spreaders Nos. I and 2, is as-

sumed at the time of impact to be a rigid body of kinetic energy cor-

responding to the 422 fps (129 m/s) impact velocity and the total mass

of all materials in the column.

c. The kinetic energy attributed to rigid body motion in paragraph b must
be absorbed by permanent deformational energy of the redwood material.

It is conservatively assumed that the kinetic energy of the entire column

9
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is fully absorbed by redwood regions Nos. I and 4 only; that is, redwood
ander the TB-1 vessel. Such an assumption does not consider the absorption

capability of regions Nos. 2, 3, and 5, and the two load spreaders, and

is therefore conservative. If it can be shown here that regiona Nos.1 and

4 are capable of absorbing all the initially available kinetic energy without
redwood being compressed beyond the lockup deflection (~ 70%), survival is

achieved.

2 A .2.1 Discussion of Material Properties

A series of redwood compressive crush tests which were performed is reported in Appendix

2B. All tests were static, crushing the material in a direction parallel to the grain. Crush data
were obtained over a range in temperatures from -40*F (-40 *C) to 231 *F (111 *C). Itesults at room

temperature 71*F (22'C) using the sets of completc data provided in Appendix 2B are shown in

Table 2A-I. The physical meaning of lockup and associated specific energy can be visualized by

examination of Figure 2A-2, a typical load-deflection curve for the redwood tested. The lockup

point corresponds to that amount of crushing or deformation beyond which the modulus of the mate-

rial becomes steep. Beyond this point, large forces can be transmitted through the redwood which

may induce plastic deformation to the TB containment vessel. Thus, in subsequent energy-

absorption calculations, only energy capacity up to the point of lockup is considered. The area

under the load-deflection curve given is the energy absorption capability of the redwood.

TABLE 2A-I

Redwood Crush Data from Referencel

Specimen Deflection to Lockup Specific Energy to Lockup
No. (in .) * (ft-lbf /lbm)

12 1.90 22,000

29 1.91 24,300

7 1.88 21.000

15 1.85 21,200

21 1.88 22,500

Averages 1.88 23,380

1 Personal communication, W. A. Von Riesemann, Division
5431. Sandia Laboratories, June 8,1977

* Note that initial specimen length is 3.00 inches. Thus the
specimens are crushed to about 37 percent of their original
volume.
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Figure 2A-2. Typical Load-Deflection Behavior for Redwood

A sketch of the specimen geometry and loading is shown in Figure 2A-3 for clarity.
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2 A .2.2 Analysis

The various elements making up the inner vertical column of material are necessary both

for calculating kinetic energy on impact as well as for determining total energy absorbed by the

permanent crushing mode; this latter information is supplied from the material property tests
performed on redwood (see Appendix 2B). Mass information is presented in Table 2A-II.

TABLE 2A-II

Mass Values for PAT Components

Region Mass Region 31 ass
No.* (Ibm) N o .* (1bm)

1 15.3 6 111.1

2 15.2 7 9.4

3 11.2 8 9.4

4 1.4 9 36.0

5 1.4 10 7.0

* See Figure 2A-1 for region identifications.

The inner column consists of regions 1-5 as well as regions 7-10. The total mass of the

inner column from Table 2A-II is then 106.3 lbm (48.3 kg), including the mass of the TB contents.

The initial rigid body kinetic energy at the instant of impact is

(KE) Column
*

where

M = total column mass

y = impact velocity

For v = 422 ft/s (129 m/s) and M = 3.30 slugs (48. 22 kg), the total kinetic energy is 2.98 x
10 ft-lbf (4.04 x 10 J). To assume that all of this kinetic energy must be absorbed through crush-

ing of only that redwood lying directly beneath the TB-1 containment vessel (that is, regions Nos.

1 and 4) is extremely conservative, and neglects the energy absorbed by the remaining redwood

as well as the load spreaders (through plastic deformation). Thus the total redwood mass available

for energy absorption is 7.6 kg (16.7 lbm). Based upon the redwood crush data listed in Table 2A-I,

the total energy capable of being absorbed by crushing to the point of lockup is simply the product of

the above mass and the specific energy, 67 KJ (22,380 ft-lbf/lbm). Thus, the total energy capacity

of redwood pieces Nos.1 and 4 is 507 KJ (3.74 x 10 ft-Ibf). By comparison to the impact kinetic

energy calculated above, there is a 25 percent margin of safety for end-on container impact,

assung survival of the TB-1 containment vessel.
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2A.3 Side-On Impact

A simplified cross-sectional view of the PAT-1 package is shown in Figure 2A-4 As in the

end-impact situation, the kinetic energy associated with the impact velocity of 422 fps (129 m/s)

must be fully absorbed by permanent crushing of the redwood filler material and by plastic defor-
mation of metal components.

Notice in Figure 2A-4* that the primary components of interest to impact response of the
package are the inner T13-1 containment vessel, redwood region No. 3, the cylindrical load spreader

tube, redwood region No. 6, and the outer drum / liner assembly.

TB CONTAINMENT VESSEL

AND CONTENTS

REDWOOD REGION 3

- LOAD SPREADER TUBE

,
_

REDWOOD REGION 6~

'
OUTER DRUMILINERsj

,' ASSEMBLY

'.

/
#
/

//

//// / / / / / / / / / / / / / / / / ///////////

Figure 2A-4. Simplified PAT-1 Cross Section (not to scale)
Showing Impact Surface

* Note that the cross section shown is taken near the middle of the PAT-1.
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Ideally, the redwood filler should so isolate the TIl-1 vessel that it would be fully stopped

following impact, with the resultant redwood crush deflection not exceeding the point of material
lockup.

A unit length of the cross section is shown in Figure 2A-4. The densities of the respective
layers, their areas, and the resulting mass per unit axial length for the l'AT-1 near its middle

section are indicated in Table 2A-III.

TAllLE 2A-III

51 ass Properties for Side-On Impact Calculations

Cross
Section Alass / Unit

Density Area Length
Itegion (Ibm /in .3) (in.2) (lbm /in.)

Til Containment Vessel -- -- 5.06*
and Contents

ItedwoM Region No. 3 0.013 63.3 0.82

Load Spreader Tube 0.008 21 5 2.11

Itedwood Ilegion No. 6 0.013 267.0 3.47

Outer Drum Assembly 0.020 8.4 2.44

Total Alass/ Unit Length = 13.00**

* I:stimated from mass of TIl-1 vessel and contents divided by
Til-1 length.

** This value should be compared to 11.9 lbm/in. based upon
total l'AT-1 loaded weight divided by total length.

Tbc total rigid body kinetic energy per unit length of the l'AT-1 package at a cross section

through the Til vessel is

KC/ Unit Length = 1/2 my

where

m = mass per unit length

v = impact velocity.

For m = 0. 432 slugs /in. (O. 248 kg/cm) and v = 422 fps (129 m /s), IM./ unit length =

39015 ft Ibf/in. (2.1 MJ /m).
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This total impact kinetic energy is first assumed entirely absorbed by redwood <. rushing, thus

ignoring the plastic deformation energy in deformed metal components.* Based upon examinations

of radiographic data and posttest photographs, redwood and metal materials appeared crushed up

to the side of the TB-1 vessel, as indicated in Figure 2A-5. Thus the initial cross-sectional areas
of the deformed regions of material are as shown in the shaded area in Figure 2A-5, denoted as

region A and region 13.

TB CONTAINMENT VESSEL

~ AND CONTENTS

REDWOOD REGION #3

LOAD SPREADER TUBE

REDWOOD REGION #6

OUTER DRUMlLINE
- ASSEMBLY

.

f e

k-

W)|, DEFORMED
-

" ' ' ~ ^
\ O' A

a T /
DEFORMED

h{ REGION 8'

5a /
'N / -

p

//// / / / / / / / / / / // / // / // / /// /////

Figure 2A-5. Simplified PAT Cross Section (not to scale)
Showing Initially Undeformed Regions A and B

Elementary application of geometric formulas leads to a net redwood initial volume oer

unit axial length, V, of 118 in. /in. (7. 6 x 10~ m /m).

* This assumption subsequently will be shown to be overly conservativt and insufficient.

R. S. Durington, IIandbook of Blathematical Tables and Formulas, IIandbook Publishers.
Iiic ., 194 8.
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Based upon a redwood density of 0.013 lbm/in. (360 jg/m ), a specific energy absorption

capacity of the redwood per unit length is determined to be 34,502 ft-1bf/in.(1.842 AlJ/m). When

this value is compared to the impact kinetic energy calculated above 39,015 ft Ibf/fr. (2.082 AlJ/m),
it is scen that the container is marginal. Some " bottoming out" will most probably occur

and may induce slight plastic deformations in the TB-1 vessel. In fact, such slight localized
deformations were observed, although observed leak rates were still well below critical levels.

Next the plastic energy absorption capability of the deformed metal components is included

to determine if energy absorbed in these components leads to a net positive <nargin of safety. In

particular, consider the cylindrical load-spreader tube with cross section as indicated in Figure

2A-5. 13ased upon observations of side-impacted PAT-1 packages, it is reasonable to assume

that the load-spreader tube segment between points 1 and 2 undergoes pure membrane compression

into the flattened configuration indicated in Figure 2A-6. While it is acknowledged that some oval-

ling of the load spreader above the flattened region does occur, this is ignored because of the

cavity or foundation support effect afforded by the surrounding redwood.

-- ~

/

/
/

/ .

/ \
I \
\ 1

k \ / /
N,/ 2

PLASTICALLY COMPRESSED 6061 T6 ALUMINUM
LOAD 4PREADER TUBE

Figure 2A-6. Impact Energy Balance

The 6061-T6 aluminum load-spreader tube material is approximated as rigid. perfectly

plastic, with yield stress c = 35.000 psi (241 All'a).

The average strain experienced in membrane compression by the arc length between 1 and 2

is approximated as

, pf, _ arc l-2 - chord 1-2,
avg t arc l-2o
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The energy absorbed per unit axial length is then given by*

c/ unit length = [y [c de{ ]dygj

where

cr ) = stress tensorg

eg) = strain tensor

v = volume over which the strain energy density is integrated

(i.e., between points 1 and 2).

For the case of uniaxial stress and uniform strain energy density field (between points 1
and 2),

c/ unit length = a e v
g 1-2

where

v * v lum Per unit axial length between points 1 and 2.
b2

For

v = 6. 21 in. /in. (4.01 mm /m)
1-2

'

arc l'-2 = 10. 36 in. (26. 3 cm)

7chord 1 2 = 0. 00 in. (22. 9 cm)

The average strain (membrane compression) is 13.1% resulting in plastic energy

absorbed per unit length of

c/ unit length = 2380 ft-lbf/in (0.12711J/m)

Thus total c/ unit length = 2380 + 34502 = 36882 ft-ibf /in. (1. 97 AIJ /m). Comparing this

value with the impact kinetic energy of 39,015 ft-Ibf/in. (2.08 MJ/m) indicates a slight negative

margin of safety on impact. Thus, bottoming out of the TIl-1 containment vessel and some result-

ing plastic deformation is anticipated. Selection of the precipitation heat treatment of the PII13-8

Mo material (TB-1) was specifically oriented toward the enhancement of toughness and ductility.

2 A .4 Corner Impact

When the PAT-1 package is impacted on its corner. the principal wood grain directions are
no longer aligned parallel and perpendicular, respectively, to the direction of impact. As a result,

material anisotropy clouds the problem solution. In adultion, the inherent asymmetry of this type

* The inner integral is the strain energy density field which is taken as uniform between
points 1 and 2.
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of impact serves to make any meaningful energy balance analysis unrealistic. The following
comments are, however, worthy of note:

a. Experimentally, the PAT-1 package is shown to withstand without

failure impact velocities in excess of the required 422 fps (129 m/s)

in an angular, corner-on configuration. This fact alone supports
and justifies the PAT-1 package design concept.

b. Radiographs and postmortems of the deformed PAT-1 package indi-

cate that the TB-1 containment vessel suffers no plastic deforma-

tion and has no leakage or loss of contents in corner impact tests.

The observed inward buckling of the ends of the cylindrical load-c.

spreader tube serves to contain, protect, and isolate the TB-1

vessel as well as to absorb impact energy through plastic work
due to permanent deformation.

d. The path length frora point of initial impact of the outer container

and the isolated TB-1 package is greatest for the corner impact.

This greater path length permits greiter attenuation and disper-
sion of impact generated stress waves as well as providing a

longer crush length and resulting greater energy absorption.

It is thus concluded that the PAT-1 package meets corner-impact requirements.
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APPENDIX 2B
*

Properties of Principle Materials Used in the PAT-1 Package

28.1 Stainless Steel 304 (Ilef. QQ-S-766c and Aerospace Structural Metals IIandbook)

Cuter drum, drum liners, product can

f = 75 kai ming

f = 30 kai
ty

40% elongation in 2 in.

50% min reduction in area

E = 29 x 10 lb/in. (dynamic and low temocrature)

p = 0.26

p = 0.29 lb/in.

2B. 2 Aluminum 6061-T6 (Itef. MIL IIandbook 5B)

Load-spreader tube

f = 42 ksi
tu

f = 35 kai

E = 9. 9 x 10 lb/in.

p = 0.33

p = 0.098

2B. 3 Aluminum 7075-T6 (Itef. MIL IIandbook SB)

Load-spreader plates

F = 77 ksig

F = 70 kai

6E = 10. 3 x 10 lb /in.

p = 0.33

p = 0.101 lb/in.

.

In this Appendix, materials references are not in metric units except as noted in para-
gra ph 213. 8.
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2 B. 4 Stainless Steel PII13-8 Mo 111075 (Aerospace Structur al Metals llandbook and MIL
IIandbook 513 and Minimum Guarantees From

Til inner containment vessel Armco Steel Corp.)

163 ksiF =

tu

150 ksiF =

E = 29. 4 x 10 lb /in.

13% elongation in 4D

g = 0.278

p = 0. 279 lb/in.

Note: 1I1075 temper especially chosen for this specific application to enhance toughness
to withstand maximum fire threat bonding high temperature of impacted, crushed,
punctured, slashed, and burned package.

2 13. 5 Stainless Steel A286 (llef. AMS-5731)

Til-1 closure bolts

180 ksi min (per heat treatment requirements on drawing 1100638)F =
g

Minimum ultimate tensile strength = 30,000 lb (per heat treat requirements on
drawing 1100638)

2 13. 6 gminum IIoneycomb (Ilef. Ilexcel Std. for CIl III - 1/8 - 505G- 00X2N-8.1)

Spacers inside Til-1 inner

containment vessel

5056 alloy

0. 00 2 in. foil

1/8 in, cell

8.1 lb/ft

1700 psi crush strength

211.7 Itedwood impact I.imiter Material It eference: W. A. Von Iliesemann et al. The Effects
of Temperature on thgnergy- Absorbing Character-

Six hollow and solid redwood istics of liedwood, SAND 77-1589, and SS-It00602,

impact energy adsorbing rings and Appendix 9A.
plugs. Clear, select, kiln-dric d Note: Units (metric /English) are herein used as
redwood per SS-It00602-000, stated in reference.

Density: Varies between 0. 33 and O. 38 g/cm

Specific Energy Absorbed: 22,380 ft-lbf /lbm (It.T. ) (7 kJ /kg)

O
"*
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Specific energy absorbed is obtained under the following conditions and within the following

cons traints:

a. Alotion of the flat crushing (impact limiter) surface is parallel to the grain.

(The surface itself is perpendicular to the grain.)

b. The above value is an average value of five tests performed at room

temperature.

c. Specimens were statically loaded,

d. The above value is the average energy absorbed per pound of redwood

taken to lockup, a strain corresponding to crushing to approximately

37 percent of original volume.

Note that average specific encrgy data over a wide range in test temperatures is presented in

Figure 213-1. g
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Figure 2B-1. Specific 1:nergy to Lockup

Crush Strength: f = 5380 psi (It. T. ) (37.1 AlPa)

This value is the average unit force to lockup for room temperature test conditions. Load-
*

ing conditions and constraints are listed above. A typical load -displacement curve (at room

temperature) is presented in Figure 211-2. Finally, the variation in average crush strength with

test temperature is indicated in Figure 211-3

Details of the test procedure, sample size, are presented in SAND 77-1589. Itef.13 in-

.

main text.

-4 2Or stress, since 1 in.2 (6. 45 x 10 m ) platen face was utilized.
*
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APPENDIX 2C

Package Load Resistance per 10 CFR 71. 32a

in this analysis, the package is treated as a simple beam supported at both ends

and subjected to a uniformly distributed load equal to five times the package weight (as per

10 CFH 71. 32 a).

It is assumed for simplicity that the packaging consists of three basic load-carrying com-
*

ponents for beam bending: the outside drum (stainless steel), the inside drum liner (stainless

steel), and the outer redwood cylinder with radial-grain orientation. The resulting bending

model is.taken as shown in Figure 2C-1. Note that the model cross section consists of three

concentric hollow bonded circular cylinders, the redwood cylinder defined over r 3r<r b

b c (region 2), and the oukr hum denned om(region 1), the inner drum defined over r I # <#

r <#I#d (region 3). It is necessary to calculate the maximum stress occurring in each ofc
these three cylinders and to check them individually for yielding.

For the simply supported uniformly loaded beam shown in Figure 2C-1, the maximum

moment occurs at midspan and can be written

(1)M =

max 8

where

W = package weight

L = package overall length.

*
Such an assumption is conservative. The inner assemblies will add slight additional bend-

ing stiffness to the PAT package.

H. J. Roark and W. C. Young, Formulas for Stress and Strain, McGraw-lilli Book Company,
Inc. , New York,1975.
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Figure 2C-1. Simple Beam Bending Model

The standard beam-stress formula cannot be directly applied to the package because of the

presence of materials in the cross section with differing elastic moduli (and hence bending stiff-
ness). The method of equivalent cross sections is not directly applicable since the cross sections

are circular rather than rectangular. It is necessary, therefore, to draw upon simple (Hernoulti-

Euler) beam theory directly.

Simple beam theory is based upon the assumption that, under pure bending, plane sections

perpendicular to the neutral axis remain plane during deformation. This kinematic assumption
implies that the nature of the geometric deformation is independent of the stress-strain behavior

of the material. Thus bending strain and beam curvature are uniquely related and are independent
of the material layers. The strain is:

(x = (2)

where

y = distance off the neutral axis (Figure 2C-2).

p = radius of curvature of the neutral axis (Figure 2C-2).

( = in-plane bending strain component.

S. II. Crandall and N. C. Dahl, An Introduction to the Mechanics of Solids, AlcGraw-IIlli
Hook Company, Inc. , New York,1959.

O
""
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Figure 2C-2 Simple Beam Unaergoing Pure Bending

Further, in a given region of the cross section, IIooke's Law reduces (under simple beam

theory) to

a = (E (3)

where

E = the appropriate elastic modulus.

Now consider one of the hollow sections. The stress is then

a= (4)

where

A1 = applied moment

I = area moment of inertia about the neutral axis.

Now each of the three cylinders, acting as a unit under bending, carries some of the total

available moment. In the elastic range, the moment-curvature relationship for a single cylinder is

(5)=

so that the contribution of each of the three cylinders to the total moment is (for some arbitrary
but fixed curvature,1/p), respectively,

Ei EI EIgg 22 33
A1 A1 , A1= = =,

1 p 2 p, 3 p

1567 152
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The total moment at the cross section, M , as given by equation (1), is the sum of these three

moments,

II* 22+EI33IM +M *MM *= *
g 2 3

The only unknown in this equation is p , the resulting radius of curvature.

Sirce from equations (2), (3), and (6),

**
y (7)a=E =

[ EIgg
i= 1

and the fact that I = W/4 f r-r , where r is the outer radius and r the inner radius of a
g

given cylinder, it is easily shown that the maximum stresses occurring in each of the three

concentric cylinder materials is

lledwood
2. 5E Er

g b

""1 W E -

2 c b 3
~# ~#

g a

Inner Drum

2. SE WL#
2 c

*#
2 # E r -r +E r -r +E ~

3

Outer Drum

2.5E WLr

Efr""* 3 # -r +E r -r +E
g 2 3 d'

. -

Note that for a single continuous material (i. e. , E =E = E ), the equations reduce to the simple
g 2 3

beam-bending stress formula.

O
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Consider now the following numerical values:

6.08 in. (15. 44 cm)r =

11.190 in. (28. 42 cm)r =
b

11. 250 in. (28. 58 cm)r =

11. 309 in. (28. 72 cm)r =
d

W = 500 lb (2. 224 kN)

L = 4 2. 5 in t '18 cm)

1. 34 x 10 psi (9. 24 x 10 AIPa)E =
g

E 29. 0 x 10 psi (2 x 10 51Pa)=
2

6
29.O x 10 Psi (2 x 10 AIPa)E =

3

6. 000 psi (47. 6 AT Pa) (proportional limit)o =

a = 30,000 psi (207 A1Pa) (yield)
2

a
3
yield

Resulting maximum stresses using equations (8), (9), and (10) are as follows:

(a = 6. 5 psi (44. 8 kPa)

(a 142 psi (979 kPa)=

(a 143 psi (986 kPa) .=

Comparing these stresses to corresponding material yield values listed above, it is seen that

stresses due to the stated bending load are negligible.

121-122
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APPENDLX 2D

External Pressure per 10 CFR 71. 32(b)

10 CFIt 71. 32(b) requires that the packaging be adequate to assure that the TB-1 contain-

ment vessel will suffer no loss of contents if subjected to an external pressure of 25 psi (172 kPa).

In investigating this requirement, it is important to note that the stainless-steel outside

drum, end caps, and associated drum liner are not intended to be leak-tight. In fact, the top

and bottom end caps are vented, as shown in Figure 2D-1, to assure that no pressure differ-

ential can build up across the outer container. Since slight air spaces are present between pieces

of redwood, the required 25 psi (172 kPa) pressure produces a significant loading only upon the

inner sealed container, also shown in Figure 2D-1. Thus, satisfaction of this external pressure

requirement reduces so that the TB-1 containment vessel does not crack open when subjected to a

25 psi (172 kPa) external pressure differential. It would thus be conservative to show that plastic

yielding does not occur.

2 LACES)
-

END RING,y

y Q-1OVERPACKAOUTSIDE - 1

[ 'ORUM l ;i
I

5 PACERj 7

,k -
- 1, .. , i -4 y

/ ONT AIV/ENT
OUTER #_ f [ ^ 3, -' VESSEL- -
REDWOOD -

'

ASSEM BLY q g
I N CONTENT.i

/ I -l
' N~

* SEALED PC-1
" ' '/ / s PRODUCT CANgygg

REDViOO - , ;
'

N HEAT
AS SEM BLY -{',, , CONDUCTOR

!- 's ELEMENT

k
'

/ ,
\

LOAD Y READER 'l ! l.Il b
'iASSEMBLY \ -

\
.

~
.

~g'

Figure 2D-1. PAT-1 Plutonium Air Transportable Package
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In order to satisfy a later requirement (water immersion), an elastostatic analysis of the
TIl-1 containment vessel subjected to an extemal hydrostatic pressure of 5000 psi (34.5 MPa)

was performed. Since the analysis was linearly elastic in the small deflection regime, the stress

field generated in the TIl-1 vessel by the 5000 psi (34.5 MPa) loading can be scaled down exactly

to the case of 25 psi (172 kPa) extemal pressure simply by multiplying all stresses by the load

ratio, 0. 005.

The axisymmetric finite element grid utilized for the TB containment vessel is shown in

Figure 2D-2

Locations of maximum (i.e. , tensile) and minimum (compressive) stresses are, as could be

anticipated, in the vicinity of the sharp corner. This stress and the extreme tensile and compres-

sive values shown in Figure 2D-2 are insignificant when compared to the yield stress of the Pill 3-8

Mo TIl-1 vessel material of 150,000 psi (1034 MPa). Clearly, the vessel will suffer no loss

in contents for the 25 psi (172 kPa) external pressure loading requirement.

N c

k a 3.1 psi

MAXs

k
i m

a -214 PSIj
MIN

..

N
%

Figure 2D-2. Critical Stress Locations for

25-psi External Pressure

Acting on TIl Containment
Vessel

9
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APPEND 1X 2E

Pressure Analysis per 10 CFH 71 Appendix A3

2E.1 General

As required in Appendix A3 in 10 CFH 71, a normal condition of transport is the applica-

tion of 0.5 times standard atmospheric pressure to the package. The TB-1 containment vessel

is sealed and assumed to contain standard atmospheric pressure. The outside drum is purposely

vented to prevent buildup of a pressure differential. Because of air spaces between wood layers,

the result of shipment of the package in a subatmospheric pressure environment is simply an

0. 5 atmospheric 7. 35-psi (50.7-kPa) positive pressure differential in the TB-1 containment vessel.

The cross section of the TB-1 contain-s

sm/ ~
' tw, 3

'' 7 j d ment vessel subjected to 7. 35-psi (50. 7-kPa)
4 ] ]*

\~y \ ** p internal pressure is shown in Figure 2E-1.

,
,

- -
*

-A ' '

Rv - The problem is most conservatively modeled
*

, y,, ._, _ ,,
'' - - by assuming the vessel to be a uniform cyl-,

-
'

inder with flat ends, a portion of which is.__
_

shown in Figure 2E-2 along with internal_ _

- generalized stresses acting at the end

_
cap - cylinder intersection.

Stresses in the cylinder and flat head_
-

1i -

-
'

are found by superposing a number of indi-
,

vidual loading cases. The generalized,,
,

/ \ stress es M (bending moment per unit,

p

, ' , ! / \\ , ,,
'

circumferential length) and V (transverse
g

',
|- shear force per unit circumferential length)

acting at the cylinder-head intersection are

indicated in Figure 2E-2. These generalized
Figure 2E- 1. TB-1 Containment Vessel

*
An alternate procedure is to model the problem using an elastostatic finite element pro-

gram such as TEXGAP (see Section 2. 2.12.1).

H. J. Hoark, Formulas for Stress and Strain, McGraw-IIill Book Company, Inc. ,
New York,1965.
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stresses are

Pr A D 2Pr A Et D
2 2 g 2

,

4D (1 + W F.t ~" ' ~

g 2 1 22
(1)M =

2rA D \ Et

2 + D M + v) ~
2 g2

2A
3

g g + 2D22Et # ~

and

2rA D P# A D
2 2 2+o" o 2 D (1 + v) ~ 4D (1 + v)

3 g

where ( )g refers to the flat head and ( )7 refers to the cylinder,

3 f1 - vEt Et
g 22 2

2"12f1-p 12fl-p rt

and (E ' # ), (E ' "2) denote, respective 1y, the elastic constants of the flat head and the cylinder.1 1 2

Other terms appearing in Equations (1) and (2) are average radius, r, thickness, t, and internal
pressure, P. The stress fields throughout the flat end cap and cylinder can be determined using
the generalized stresses M, and V .

4 _ _ _ _ _ __t _. _ _ _ _. q
r |

1

__ _ L
i

I

I

(____________a
tg

MOo

e

VoM Vo o

Figure 2E-2. Internal Generalized Stresses

at Cy1inder-IIead Intersection
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Consider the following input data for the TI3-1 container:

P = 7. 35 psi (50. 7 kPa)

r = 2. 4 in. (6.1 cm)

t #"'* *
* * *

1 2

E E 9. 4 x 10 psi (2.03 x 10 M Pa)= =
g 2

v = v * * *g 2

The resulting calculated values of moment and transverse shear are then

M 4. 741 in. -lbiin. (21. 09 N-m/m)=

8.033 lblin. (1407 N/m) .V =
9

2E. 2 Stresses in Flat End Cap

The stress field in the flat end cap is obtained by superposition of stresses due to the follow-
ing:

a. Internal pressure, P: The applicable load case is a simply supported,

uniformly loaded circular plate.

b. 13cnding moment, M : The applicable load case is an unsupported plate

subjected to a uniform edge moment.

c, Transverse shear force. V : The applicable load case is a circular plate
9

subjected to a uniform radial in-plane edge

load, V , per unit length.

l'ach of these load cases is now solved individually and later superimposed.

a. The uniformly loaded plate is shown in Figure 2E-3. The radial, outer

fiber bending stress field in the plate is given by

+ ~ ()"rr 2
8

'

2 "'

#
69

8

where r is the radial coordinate and other terms are defined earlier.

+

Values appear in SI units in parentheses.
1567 159
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For P = 7. 35 psi (50. 7 MPa)

a = 2. 4 in. (6.1 cm)

t = 0. 55 in. (1. 4 cm)

tr = 0.278

then the stress field due to transverse pressure loading is

a = 17 2 - 29. 8 r psi (a = 1.19 - 318 r M Pa) (5)

o = 17 2 - 16. 7 r psi (o 1.19 - 178 r M Pa) . (6)
gg 00

These equations represent bending stresses, and result in tension on the

outer plate surface and compression on the inner surface.

UNIFORM PRESSURE, P

. _ _ . " _ "__"_"._"..'L.".___'_."_."._t_i"_"_._" ""

t
-r

8 =

Figure 21'-3 Simply Supported, Uniformly Loaded Circular Plate-
Load Case a.

b. An unsupported plate subjected to a uniform edge moment is shown in

Figure 2E-4 The resulting stress field is

GM
I7I~~

rr " "@ '

*o
2

For the values of parameters in.dicated above,

o =a = - 94.0 psi (- 648 kPa) .
rr 80

This value corresponds to compression on the outside plate surface and

tension on the inner surface.

O
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Combining Equations (1), (2), and (4), the superposed (membrane and bending) axial stress
(at a point on the container outer wall) can be written

= . 2n t , 15W6/ \ SW

\cZZf (5).
a a(t')

Now consider the following input values:

6 = 0. 31 in. (O. 79 cm)

a = 11. 25 in. (28. 6 cm)

t' = 0.1196 in. (O. 3 cm)

t = 0. 059 in. (O.15 cm)

W = 500 lb (2224 N)

y= 0.26.

Then the maximum circumferential (hoop) stress is found from Equation (3) to be

e = 2563 psi (17. 7 MPa)gg

and the maximum axial stress, from Equation (5), is

(ogg) max= -5190 psi (-35. 8 M Pa) .
.

To determine if plastic yielding occurs under this biaxial state of stress, the Von Mises
effective stress is calculated from

- 1/22 2

* ff ."0 0 + "Z Z ~ "00"ZZ.
*

e

or

o = 6842 psi (47 MPa). Comparing this value to the 30,000-psi (207-MPa) yield stressgg
of the 304 stainless steel material, it is seen that plastic yielding will not occur when the container

is subjected to compressive loading five times its weight.
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Figure 2E-4 Unsupported Plate Subjected
to a Uniform Edge Moment

c. The uniform transverse shear force, V, induces a tensile uniform radial stress

in the plate,

V
(8)=o

rr

or

o = 14. 6 psi (101 kPa).

This stress is uniform membrane radial tension, i. e. , tension on both inner

and outer surfaces.

Stress fields will be maximum at the plate center or at the plate edge (plate-cylinder inter-

section). Cases a, b, and c are superposed (on inner and outer surf aces) at the plate center in

Table 2E-I and outer edge in Table 2E-II.

TAllLE 2E-I

Extreme Fiber Stresses at IMate Center

Outer Surface Stress (psi) Inner Surface Stress (psi)

"60# #Case No. "rr 69 rr

a 172.0 172.0 -172.0 -172.0

b - 94.0 - 94.0 94.0 94.0

e 14.6 0 14.6 0

Suni 92.6 78.0 - 63.4 - 78.0

0
13 0
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TABLE 2E-II

Extreme Fiber Stresses at Plate Outer Edge

Outer Surface Stress (psi) Inner Surface Stress (psi)

*
*00

* *00Case No. rr rr

a 0 75.8 0 -75.8

b -94.0 -94.0 94.0 94.0
e 14.6 14.6 14.6 14.6

Sum -79.4 - 3.6 108.6 32.8

Inspection of Tables 2E-I and 2E-II reveals that the maximum stress in the plate is 108.6 psi

(749 kPa) (radial stress at cylinder-plate intersection on inner plate surface) and minimum
value (i. e. , most compressive) is -79. 4 psi (-547 kPa) at the same radial location on the

outer plate surface. Clearly, these values of stress are completely negligible in comparison to
the 150,000 psi (1034 MPa) yield stress of the TH-1 vessel material.

2E. 3 Stresses in the Cylinder

The stress field in the cylindrical portion of the pressure vessel is found in a somewhat

similar manner by superposing stresses due to the following:

a. Internal pressure, P, acting in a closed cylindrical pressure vessel.

b. Transverse edge shear force, V , per unit circumferential length,
9

acting on the end of a long cylinder.

c. Uniform edge moment, M , per unit length acting on the end of a semi-

infinite cylinder.

Each of these load cases is now solved individually and later superimposed.

a. As shown in Figure 2E-5, hoop and axial membrane stresses induced by

internal pressure are, respectively,

(9)0 =

00

M0 =
77

1
II. J. Itoark, op cit.
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.

where

P = internal pressure

a = average cylinder radius

t = cylinder thickness .

For P = 7. 35 psi (50. 7 k Pa); a = 2. 4 in. (6.1 cm); and i = 0. 55 in. (1. 4 cm)

o = 32.0 psi (221 kPa)gg

16.0 psi (110 ki'a)o =
gg

0
00

m a

~ -a
ZZ

v

J J
t

Figure 2E-5. Membrane Streases Due to Internal Pressure

b. For uniform radial shear loading shown in Figure 2E-6, the hoop stress is

Aa e cos AZ (11)a =
gg

and the axial bending stress is

fV e ' sin AZ (12)=agg g

where

V = shear force per tait circumferential length,
g

24 3(1 - v )x,

at

p= Poisson's ratio of the cylinder material,

Z = axial coordinate.

132
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Figure 2E-6. Uniform Itadial Shear on a Long Cylinder

c. Finally, for the uniform edge moment, M , shown in Figure 2E-7, the hoop
9

stress is

2A aM e' (cos AZ - sin AZ)
o (13)=

gg t

=-h .M, e (cos AZ + sin W (14)agg
t .

_ Z
_

\

"00
u m n

-'/-

~ ~g

' N
y

O
Figure 2E-7 Uniform Itadial ICdge Moment on a Long Cylinder

it. J. Itoark, op cit.

1567 165
133



The superposition of cases a through c for the cylinder results in the following hoop-stress

as a function of the axial coordinate. Z:

I 2A aM -2Vla 2A aAl
~

a = 32 + , cos AZ - sin AZ e psi . (15)gg

{
, ,

l
.

-

For the T11-1 vessel, the appropriate parameter values are

A = 1.122 in.~ ( 4 4. 7 / m)

a= 2. 4 in. (6.1 cm)

4. 741 in. -lb/in. (21. 09 N-m/m)A1 =
o

8.033 lb/in. (1407 N/m)V =
g

t = 0. 55 in. (1. 4 cm)

resulting in the following equation for hoop stress.

g(Z) 32 - [ 26. 57 cos (1.122Z) + 52.08 sin (1.122Z)] e psi. (16)
*

=o

The maximum value of this hoop-stress is found graphically by plotting e69(Z) s a fun tion
of Z, as shown in Figure 2E-8, resulting in a peak stress of 33. 3 psi (230 kI'a).

Next, the superpos..lon of axial stresses for the cylinder results in

~

77(Z) 16 i e - Al sin XZ - 11 cos AZ psi (17)=e g

where (+) is for outer surface and (-) for inner surface stresses. Using the above pararr ter
values, Equation (17) becomes

1G t 47. 9 sin (1.122Z) - 94.0 cos (1.122Z) e' psi . (18)
*

agg =

Again, the maximum values are found graphically (see Figure 2E-0) to be -78 psi (-538 ki'a) on the

outside surface and 11') psi (758 kl'a) on the inner surface, this time at Z = 0. Clearly, these

resultant cylinder stresacs are seen to be negligible in comparison to the 150,000-psi (1034- All'a)

yield stress of the TIl-1 ve.tsel material.

O
134
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l'inally, bolt failure in tension is a possibility for positive internal pressure. Ilased upon
the projected area of the end cap, and considering that the load is carried by 12 bolts, it is easily
shown that the tensile load per bolt is 11 lb (49 N). Since the A286 stainless-steel TIb1 closure bolts
have a minimum ultimate tensile strength of 30,000 lb (133 kN), bolt failure obviously will not

occur for 7. 35-psi (51-kPa) pressure differential.

It is thus concluded that application of 0. 5-atmospheres pressure differential to the container

during normal transport induces negligible internal loading of the package.

.

O
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APPENDIX 2F

Compression Analysis per 10 CFR 71 Appendix A10

2F.1 General

According to 10 CFR 71 Appendix A.10, it is necessary to determine the effect on the pack-
*

age of a compressive load equal to five times the weight of the package applied ur'formly against

the top and bottom of the package in the position in which the package would normally be transported.

The PAT-1 package, as shown in Figure 2F-1, has identical end ring assemblies on top

and bottom. When loaded by uniform compression, the entire loading could, in the worst case,
be applied over the end rings.

A sketch of the end ring assembly detail

ACES (Figure 2F-2), shows that, neglecting the

END RING structural stiffness of the inner container and(p , g'
-; !, 's | other structural stiffening elements in the

'

5 DE
-

, - AO-10VERPACK% s vicinity of the container end, the end connection
?/ '| f can be conservatively interpreted as consisting5 PACER

' N of three membrane md bending load-carrying

H /.M ' WIR elt ments: the clamp ring, the outer drumy
" CONTAINER

D'*8
M ''OUE R

REcwooD f,*' /p'-
-'

f
'

,"m cover, and the outer drum. Also shown in( SEALED is

ASSEMBLY | VESSEL )

/ [ j $\ '
~ CONTENTS Figure 2F-2 is the loading caused by the com-N

N
/ L /t* ' N

'
SEALED PC-1 pression force requirement. This loading is a

lYlR // ~ ""
s \ circular line load applied with offset, 6. The

PRODUCT CAN

uDwoo# ,A s-

MAT
d- k i; [''

, s'. CONDUCTOR
855E# 8LY * ,

resultant loading thus can be accuratelygyry7fy 1.! ' 5
toad

'

l j , . modeled as a compressive ioad of magnitude- ,

SPREADER 9 I i , | 3, d

\
'p. , -. _ 'j SW6 applied to the assembly. The solution forIEASSEM BLY \ g

;
Y A stresses is thus obtailed by superposing the

it
'

'{ axial compressive membrane stresses and axial

bending stresses generated by compressive
Figure 2F- 1. PAT-1 (Plutonium Air Transport- load and bending moment, respectively.

able) Package Showing Load-
Carrying End Ring

*

This requirement is more severe than the 2-pst 513.8-kPa) vagpirement.
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REGION IN WHICH STRESS STATE

IS CALCULATED p
6

POINT OF LOAD
~k~

=
APPLICATION a

(LINE LOAD)

* 1.00 APPR0X.+

CLAMP RING

Figure 2F-2. Detail of Container End Connection

2F.2 Axial Compressive Load

It is conservatively assumed that the outer container independently carries the entire SW com-

pressive loading,

U ZZ #5W

n ere

a= cylinder radius

t= cylinder thickness

2F. 3 , Uniform Hadial Edge Moment

The loading due to the bending moment induced by the loading offset, 6, is as shown in

Figure 2F-3, where the edge moment per unit circumferential length is

0
(2)M =

o 27a

It can be easily shown that extreme values" of resulting stress for this problem will occur

at the end of the cylinder in this problem, i. e, for Z = 0 in Figure 2F-3.

The maximum circumferential stress (Z = 0) induced in a long cylinder for uniform edge

moment, M , per unit length is

9

2A~ aM

fagg) max (3)*
ot

1
II. J. Iloark, Formulas for Stress and Strain, McGraw-Ifill Ilook Company, Inc. , NY,1065.

*
llending stiffness afforded by the clamp ring (as well as other structural components already

ignored) is conservatively neglected here.
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where

y , 4f 3(1 - p
2

a (t')

V= Poicson's ratio

t' = thickness of drum and drum cover and

is defined by Equation (2).AI =
o

Mo, UNIFORM EDGE MOMENT
g PER UNIT CIRCUMFERENTI AL

,
LENGTH

A
i i

#
a ZZ

1r

A w0 66
s

U

#

D
-

Figure 2P-3. Uniform Iladial Edge Aloment Induced by Axial
Compressive-Loading of Container Flange

Next, the maximum axial bending stress (Z = 0) is given by

G AI
~ (4)ZZ o (t')

*
Eending stiffness afforded by the clamp ring (as well as other structural components

already ignored) is conservatively neglected here.
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APPENDIX 2G

Terminal Free Fall

A falling PAT-1 package was treated aerodynamically as a tumbling right-circular cylinder,
with appropriately applied coefficients for the end-on and side-on drag, and appropria e treatment

of area.

A digital program was written to process the calculations. Various initial conditions were

assumed:

a. IIorizontal cruise at Mach . 9 and package release at 35,000 ft (10. 7 km)

b. Vertical free free fall from 35,000 ft (10.7 km)

c. Iforizontal cruise at 422 ft/s (129 m/s) and package release at 10,000 ft (3.05 km)

d. Horizontal cruise at 850 ft/s (260 m/s) and package release at 12,000 ft (3. 66 km)

All results converged to essentially the same value at sea level: 350 fps (107 m/s). This is

83 percent of the USNRC criteria-required minimum crash velocity of 250 KTS, 422 fps
(120 m/s). These results are shown in Table 2G-I and Figure 2G-1.

Table 2G-I

Summary of Terminal Free-Fall Velocity Calculations

Helease Altitude Helease Velocity Velocity at Velocity at

(ft) (ft / s) 5000 feet Sea Level
(ft/ s) (ft/ s)

10,000 422 (250 KTS) 354 347

12,000 850 (503 KTS) 364 348

35,000 0 ( Atach = 0) 377 350

35.000 880 ( Alach = 0. 9) 377 350
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APPENDIX 2II

Test Protocol

PAT-1 (Plutonium Air Transportable) Package, Model 1

This test protocol furnishes a description of the equipment, sequential tests, and procedures

to be utilized in the qualification testing of the PAT-1 (Plutonium Air Transportable) package. The
object of these tests is to demonstrate and assure that the container will conform to or will sur-

pass the qualification criteria set forth by the U.S. Nuclear Regulatory Commission. Data gener-

ated from these tests can be evaluated for certification and licensing purposes for the package.

This test program has been formulated to the requirements stipulated in the NItC Qualifi-

cation Criteria for Plutonium Package Certification, NUllEG 360, and Code of Federal Itegulations,
Title 10, Part 71, dated January 1,1976,

I. Package Preparation

A. Contents

Surrogate material for plutonium-oxide cargo will be utilized; this surrogate is nat-

ural UO sinterable powder, provided by Eldorado Nuclear Ltd., Port ilope,
2

Ontario, Canada, Specification ENL- 1, Issue 5. The particle size distribution

ar.d the dry process performance of this powder makes it an excellent surrogate

for evaluating a potential plutonium-oxide powder leak. 1. 0 kg to 1. 5 kg of CO
2

will be in each PAT-1, representing the maximum practical quantity which can

be accommodated within the space available.

11. PC-1 Inner Sealed Vessel

1. 19.3 g of water will be added to the CO fu 1 inside the PC-l's used in
2

the 10 CFIt 71 tests. This amount of water models the maximum moisture
content of the Puo, contents (0. 5 w/o water) and accounts for internal

pressure generated by the decay heat from plutonium-oxide fuel (analysis

provided in Chapter 3). For the packages used in testing to the NRC

Qualification Criteria, this water need not be added to the UO e ntents
2

but must be added within the TH-1.
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2. The CO p wder will be wrapped and taped in two plastic bags, and will then be
2

canned in a stainless-steel product can (l'C-1) with a rounded bottom replacing a

commercial No. 2-1/2 product can. In addition to can crimping, the can will

be sealed with an application of room-temperature curing, impact-resistant

rubber-modified epoxy sealant. This sealed can is the inner sealed vessel,

meetingthe containment requirements of 10 CFit 71. A2 (for 10 CFit 71 tests

only). For the packages used in testing to the NitC qualification criteria, a
prototype stainless steel produce can (without rounded bottom) may be utilized

(if PC-1 is unavailable). Safety throurhout the NitC qualification criteria testing

is not based on the structural integrity of the product can.

3. Swipe tests for total uranium will be performed to verify the absence of UO2

material on the can exterior prior to commencement of the tests. Fluorimeter

analysis sensitive to 10~ g uranium will be utilized.

4. Appropriate markings and radioactive material stickers will be affixed to the

PC-1 vessel.

C. TH-1 (Outer Scaled) Containment Vessel

1. The inner sealed vessel,1)C-1, with CO e ntents and the aluminum honeycomb
2

spacer will be placed in the body of the TH vessel.

2. The copper gasket will be correctly installed on the lid.

3. A Viton O-ring properly lubricated with silicone grease, will be placed in the

11<10-ring groove.

4. Itemaining free-air space within the TH-1 vessel and lid, principally air space

within the honeycomh filler, will be flooded with helium gas.

5. The TH-1 lid and vessel will be mated in such a manner as to entrap the helium

gas. The lid will be attached to the body with the twelve 1/2-20 stainless-steel,

silver-plated, socket head cap screws, first with all 12 screws hand-tightened,
then torqued to 50 ft-lbs in a crisscross pattern, and then to 75 ft-lbs in a

crissc ross pattern.

6 A helium leak rate test will be performed, using a mass spectrometer with
-10 3

10 cm /s sensitivity.

7. The nylon lifting strap will be bolted to the lid.

8. Appropriate markings and radioactive material stickers will be affixed to the

TH-1 vessel.

O
144

1567 175



D. AQ-1 (Air Qualified) Overpack Assembly.

1. The TB-1 vessel will be fully seated in the AQ-l.

2. The inner removable redwood plug will be seated on top of the TB-1.

3. The removable disc load spreader will be positioned.

4. The outer removable redwood plug will be seated.

5. The inner cover will be installed, aligning the 23-hole pattern with the hole
pattern in the outer drum.

6 The 14-in. diameter insulation pad will be positioned on top of the inner
cover.

7. The outer cover will be installed, aligning the 23-hole pattern.

8. The skirted clamp ring will be mated, aligning the 23-hole pattern.

9. The twenty-three 3/8-24 bolts will be installed, torquing sufficiently to com-
pletely install each bolt.

10. The clamp ring bolt and nut will be installed, tightening both the bolt and the

nut, independently and separately. The nut may be placed between the forged

ring lugs, tightened agains, either hg.

I1. The 1-in. diameter Caplug will be installed in the lid vent hole.

E, PAT-1 (Plutonium Air Transportable) Package Assembly

1. Appropriate stenciling, labeling, and radioactive contents warning stickers
will be affixed to the PAT-1. The contents. TH-1 serial number, AQ-1 serial

number, and PAT-1 serial number will appear. Total weight of the PAT-1
will be recorded.

2. Towing hardware for the Sandia Laboratories rocket pulldown test will be

affixed to the PAT-1 assembly, as appropriate for the planned impact test.

II. Test Plan -- Packages for NitC Criteria Testing

A. General

Five PAT packages, selected from a group of 16 packages of similar construction

(identical models), will comprise the qualification test group.

H. Sequential Tests

1. Impact or Crash Test

a. 250 knots (422 ft/s; 129 m/s) minim 2m velocity at impact; will be

measured by redundant photometrics.
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b. Unyielding target used for all crash tests:

526,000 lb (2. 4 x 10 kg mass: 3000 psi (20. 7 All'a) concrete, with

extensive steel reinforcement, approximately 20 ft (6 m) diam by 11. 5 ft
(3. 5 m) thick, faced with a 10-x 10-ft (3- by 3-m) sheet of battleship

armor plate, 3 to 5 inches (7.6 e to 12.7 cm) thick, 4 inch (10, I cm)
thick at center. Steel facing is welded to reinforcing members which

are embedded in concrete; steel facing is grouted to concrete plug with

12,000 psi (82. 7 AI Pa) expanding metal-filings-filled grout,

c. The velocity vector of package motion will be perpendicular to the face

of the unyielding target.

d. Crash attitudes:

(1) Top end l'AT-1 impact (defined as O degrees attitude)

(2) Top corner l'AT-1 impact (defined as 30 degrees attitude)

(3) Side l'AT-1 impact (defined as 90 degre 's attitude)

(4) llottom corner l'AT-1 impact (defined as 150 degrees attitude)

(5) Ilottom end l'AT-1 impact (defined as 180 degrees attitude)

Attitude at impact will be measured by redundant photometrics. Attitude

will be controlled to within i 10 degrees.

The Sandia Laboratories Coyote Test l'ield rocket pulldown cable test sitee.

will be utilized,

f. Itadiographs will be taken of crashed l'AT-1 to locate position of Til-1

with respect to exterior of AQ-1 as a refe:ence for setup of the crush and

puncture tests.

2. Static Crush Test

a. Load will be 70,000 lb (3.1 x 10 N).

b. Impact-tested l'AT-1 package will be placed at rest on an unyielding sur-

face (steel bed of static test machine), resting on a principal remaining

(posterash) surface.

c. l.oad will be applied perpendicular to unyielding surface through a 2-inch

(5-cm) wide mild steel bar, 7-inch (18-cm) deep, longer than contact sur-

face coinciding with I'AT-1.

d. I.oading point of contact will be chosen as most threatening to inner TIl-1

vessel (point of minimum dimension of redwood between Til-1 and AQ-1).

e. A Tinius-Olsen static test machine will be utilized.

3. l' uncture Test

a. A blunt steel spike will be dropped 10 ft (3 m) onto the crashed and

crushed l'AT-1 package at the point of contact chosen to be most

threatening to the inner Til-1 vessel (point of minirnum dimension of

redwood between Til-1 and AQ-1).

O
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b. Mild steel spike will be the shape of the frustum of a right-circular
cone,12 inch (30. 5 cm) long. 8 inch (20 cm) diam at the base and 1 inch

(2. 5 cm) diam at the tip or puncture contact point.

c. Spike will weigh 500 lb (227 kg) minimum,

d. The PAT-1 package will rest on an essentially unyielding surface.

e. A drop-tower crosshead with an explosive cable-cutter release will

be utilized to drop the spike onto the package. The Sandia Laboratories

Area III 185-ft tower will be utilized.

4 Slash Test

a. The PAT-1 package is to be firmly restrained and supported in tamped

earth such that its longitudinal axis is inclined approximately 45 to

the horizontal. The area of the package which made first contact with

the impact surface in the crash test is to be in the lowermost position.
b. The slash projectile will be a structural-steel angle beam at least 6 ft

in length with equal legs at least 5-inches long. O. 5 inch thick, and 90

apa rt. The angle beam ends are perpendicular to the longitudinal axis

of the member, providing a relatively sharp three-axis 90 corner

for slashing the PAT-1 package. The corner of the angle formed by the

intersection of the two legs is to strike the PAT-1 package first, with
the 90 angle between the legs approximately evenly bisecting the
PAT-1 package longitudinal axis.

c. The package is to be struck at approximately the center of its vertical

projection by the end of the structural-steel angle beam falling from

a height of at least 150 ft. The angle beam is to be guided in such a
way as to fall end-on, without tumbling,

d. After one slash test, the PAT-1 package is to be rotated approximately

90 about its longitudinal axis and struck again by the steel angle beam
falling as before.

e. The Sandia Laboratories Area III 200-ft tower will be utilized with a
guided drop carriage and photometric instrumentation.

5. Thermal Exposure or Fire Test

a. JP-4 aviation fuel will be combusted as the heat source,

b. The burn pit is approximately a 10 ft (3 m) diam steel tub,6 ft (2 m)

deep, set 6 ft (2 m) into the ground. The steel tub has minimum free-
board above the ground surface level. The JP-4 will be floated on

water to permit flame surface height adjustment,

c. A chimney, approximately 16 ft (5 m) diam and 10 ft (3 m) tall, fabri-

cated from I inch (2. 5 cm) thick niild steel plate, is centered over the

burn pit. The chimney is suspended on wire ropes and can be lifted to
provide draft for the fire.

1567 178 142



d. A 4 ft (1. 2 m) high, noncombustible fence is situated about 3 ft (1 m)

away from the draft opening (all around the chimney) to lessen the effects
of surface wind on flame characteristics when the chimney is lifted for

additional draft.
A stainless-steel stand is situated in the center of the tub, holdinge.

the PAT packages approximately 3 ft(1 m) above the JP-4 fuel surface.

The stand is lightly constructed and offers no interference with inci-

dent heat input to the PAT.

f. The water level, the JP-4 fuel level, and the chimney draft are preset

to maintain a minimum temperature of 1283 K (1850 F; 1010 C) at the

median height of a crashed, crushed, punctured, and slashed PAT-1

package, or to maintain the highest possible temperature at the level
of the PAT-1 if 1283 K cannot be attained under the particular conditions

of a giver, test (ambient surface winds have greatest effect).

g. The PAT-1 packages will be oriented on the stand so the point chosen

to be most threatening to the inner TB-1 vessel will face down toward

the burning JP-4 fuel.

h. A 60-minute minimum supply of fuel will be ignited. Facility warmup
time, to achieve 1850 F (1010 C) minimum, will not be counted.

i. Flame temperature will be measured by thermocouples at levels
below, even with, and above the PAT-1. Thermocouples will be

attached to the external drum of the PAT-1 to measure surface tem-

peratures. A time versus temperature record will be made from each

the rmocouple.

j. The PAT-1 package will not be artificially cooled (no attempt to extin-
guish a possible lingering fire within the PAT-1) after the I hr burn
test. (The package is to cool enough for the bare hand to remain

upon it. )

6. Water Immersion Test
The crashed. crushed, punctured, shshed, and burned PAT-1 package

will be immersed in 3 ft (0.9 m) of water (minimum depth to any point on

the PAT) for a minimum of 8 hr.

7. Containment Acceptance Test Measurements

a. The TB-1 vessel will be extracted from the crashed, crushed, punc-

tured, slashed, burned, and immersed PAT-1 package. The TB-1

exterior will be monitored for uranium material release or contamina-
tion, using a fluorimeter sensitive to 10' gm uranium.

b. A mass spectrometer helium leak-rate test will be conducted on the

TB-1 vessel. Leak-rate results will be converted to cm /s air-
leak rate.

O
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C. Individual (Nonsequential) Testi lfydrostatic Pressure

One TB-1 vessel with a clean and dry interior will be randomly selected and

assembled in accordance with I.C.2 through 6 and will be subjected to 600 psi
(4.1 MPa) hydrostatic water pressure for 8 hr minimum. The TB-1 interior

will then be examined for water. A hydrostatic test vessel will be utilized.

III. 10 CFR 71 Tests

A. Gene ral

1. Test Sequence

Although the 10 CFR 71 normal conditions of transport are not required to

be sequentially cumulative. they will be applied in sequence on one PAT-1,

as described below.

2. Hardware Selection

One PAT-1 package, including surrogate CO ntents, a PC-1 sealed product
2

can, a sealed TB-1 containment vessel, an AQ-1 overpack, prepared as described

in Part I Package Preparation (above) will be randomly selected for testing in

accordance with 10 CFH 71 normal conditions for transport.

with 10 CFR 71 normal conditons for transport.

B. 10 CFR 71 Normal Conditions for Transport

1. IIeat

The high-temperature exposure test will be satisfied by a 367 K (200 F)
0exposure of PAT-1 for 48 hr (130 F ambient plus 70 F addition to account

for solar radiation and 25-W decay heat load equals 200 F); thermal equilib-

rium occurs in less than 24 hr; 48 hr gives added assurance of reaching

thermal equilibrium,

2. Cold

233 K (-40 F) exposure of PAT-1 for 48 hr (no allowance is taken for internal

decay heat contribution).

3. P re ssu re

a. The separs*a TB-1 vessel will be removed from the AQ-1 and will be

heated to 397 K (225 F; 124 C) for 8 hr. and then helium leak rate

checked while hot to demonstrate compliance with the 1. S times maxi-

mum normal operating pressure test of 10 CFR 71. 53. Chapter 3

includes the analysis that demonstrates that 255 F produces an inter-

nal TB-1 pressure 1. 5 times the maximum normal operating pressure.
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b. The TB-1 vessel will be allowed to cool to ambient temperature and

then again be helium leak rate tested. The helium leak-rate tests
are conducted in a vacuum vessel, hence the 10 CFR 71 test of

0. 5- ATM exposure is satisfied repeatedly.

4. Vib: ation

The TB-1 and AQ-1 will be reassembled into a PAT-1 configuration in

accordance with the earlier described procedure. A comprehensive trans-

portation vibration spectrum exposure of PAT-1 will then be conducted:

0. 2 g /liz 30-150 IIz

6 dB/ octave rolloff 150-2000 Hz

8 hr duration - longitudinal axis

8 hr duration - vertical axis

5. Water Spray

30-minute exposure per 10 CFR 71.

6. Free Drop

Since PAT-1. loaded, will weigh less than 500 lb, PAT-1 will be dropped

4 ft (1. 2 m) pe r 10 C FR 71. Five principal drop attitudes (top, top corner,
side, bottom corner, bottom) will be tested. The first of these drops will

follow the water spray test by less than 2 hr.

7. Penet ration

40-inch (1-m) drop of 13-lb (5. 9 kg) rounded spike per 10 CFit 71, onto the

most vulnerable point of PAT-1 package.

8. Compression

2500 lb (1138 kg) minimum, 24 hr compression load on ends and side of

PAT-1 package, per 10 CFR 71.

9. Containment Acceptance Test Measurements

Acceptance testa of the PAT-1 package following the 10 CFR 71 normal

condition tests described above will be in accordance with II. B. 7. a. and

b. above (u.anium re! ease raonitoring and leak rate testing of TB-1 ves-

sel), and also uranium monitoring of the inner sealed vessel (PC-1) by

swipe test. After disassembly, the interior of the TB-1 will be moni-

tored for uranium by swipe testing. Swipe tests will have 10' g L'

sensitivity.

O
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C. 10 CFIt 71 Standards for Ilypothetical Accidents

1. General

One PAT-1 package, with surrogate UO contents and the containment of the
2

PC-1 sealed inner vessel and the sealed TB-1 containment vessel, and with

the assembly of the AQ-1 and PAT-1 as described in Item I above, will be

randomly selected for sequential testing in accordance with 10 CFIt 71
hypothetical accident conditions.

2. Free Drop

30-ft (9.1-m) freefall onto unyielding target, side of PAT-1 package (most
vulnerable attitude), then onto top, top corner, bottom corner, and bottom.

3. Punctu re

Crashed and PAT-1 package will be dropped 40 inches (1 m), impactinga.

a blunt steel spike at the point of contact chosen to be most threatening
to the inner TB-1 vessel (point of minimum dimension of redwood

between TB-1 and AQ-1 outer surface),

b. Blunt steel spike will be 6-inch (15-cm) diam, 0. 25-inch (0. 6-cm)

corner radius,10-inches (25. 4-cm) minimum length,
c. Spike will be supported on a large reinforced concrete mass.
d. A crane, support cable, and explosive cable cutter release will be

utilized to drop the package onto the spike.

4. Thermal

1075 K (1475 F) or greater, 30 minutes or greater, JP-4 jet-fuel fire
exposure in facility described in II.13. 5 above. No artificial cooling of

PAT-1 for at least 3 hr after the 30-minute exposure (natural extin-
guishment permitted).

5. Water Immersion

3-ft (0. 9 m). 8-hr minimum exposure per II. B. 6 above.

6. Containment Acceptance Test Aleasurements

Acceptance of the PAT-1 package following the 10 CFIl 71 accident condi-

tion tests desc ribed above will be in accordance with II. B. 7. a and b above

(uranium-release monitoring and leak-rate testing of TB-1 vessel), plus
uranium-release monitoring of the inner scaled vessel (PC-1 product can)

and of the TB-1 vessel interior by swipe test. Swipe tests will have
10' g-U sensitivity.
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IV. Contingency PAT-1 Packages

PAT-1 packages will be available for replacement tests, if required. A possible cause
would be undertest or test apparatus failure in the rocket pull-down crash testing,

requiring replacement of one or more PAT-1 packages to achieve an acceptable crash

(impact) velocity and attitude. Another possible cause would be an underperforming

burn test.

V. Substantiating Analyses or Tests

A. Aerodynamic calculations of a PAT-1 package freefall from the most severe pos-

sible high-altitude high-speed transport aircraft accident showed that the terminal

velocity is lower than the 250-knot (129 m/s) crash velocity used in the crash

testing onto the unyielding target.

B. Results of development testing of PAT-1 package impacts at low-temperature and

high-temperature extremes are presented in Chapter 2 to show compliance with

these conditions.

C. The TB-1 vessel was subjected to a thermal environment which resulted in a

vessel temperature and internal pressure that equaled or exceeded the maximum

temperature and pressure the vessel experienced in the fire test that was a part

of the sequential test series. The TB-1 vessel did not rupture or open in any

manner.

VI. Data

Dt.ta from the above described tests will consist primarily of the following:

A. Pretest quality control inspection data or manufacturer's certification on the
PAT-1. AQ-1, TB-1. and PC-1 assemblies, including leak-rate test data on the

TD-1 vessel before environmental testing.

B. Photometric data of the impact tests (velocity and attitude).

C. Postimpact radiographs of PAT-1 showing location of TB-1 with respect to AQ-1.

D. Laboratory test reports (observed measurements of the crush, puncture, slash,

and hydrostatic tests).

O
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E. Thermocouple data as described herein for the burn (fire) tests.

F. Ilealth physics swipe test results of TB-1 and PC-1 as required for radiological
and uranium (chemistry) monitoring,10~ g-U sensitivity.

G. Laboratory standard leak-rate reports of mass spectrometer helium leak-rate
testing of TB-1 vessel, converted to air standard, after environmental test

sequences.

II. Posttest observables on TB-1 copper and 0-ring seals.

I. Posttest inspection data on the TB-1.

J. Posttest observables on the PC-1.

K. Approximate dimensional descriptions of PATS after test series, prior to destruc-

tive opening to recover tbs, describing shape and dimensions of exterior and
locating internal TB-1 with respect to the exterior.

L. Photographic (still and motion picture) coverage of major test events; still photos
of PAT-1, AQ-1. TB-1, and PC-1 after tests or test series.
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APPENDLX 2I

Characterization of Surrogate UO
2

Depleted sinterable UO Powder was used in the PAT-1 qualification tests in place of PuO
2 2

powder. The depleted UO Powder was supplied by Eldorado Nuclear, Ltd. , Port Ilope, Ontario,
2

Canada, as specified in ENL-1-Issue 5 Depleted Sinterable UO *
2

The powder was examined by the Nuclear Materials Division, Savannah Itiver Laboratory

(SItL), by agitating it in an isoton solution by ultrasonic means and then taking measurements with

both an electron-beam microscope and a Coulter counter.

Eldorado reported the bulk density to be 1. 00 +0. 25 g/c per ASTM-B329 (the 40,000 psi

sintered density would be 5 to 6 g/c ). SitL reported the particle size as:

3.0lp median

5. 59p mean

52. 74% of population <1 micron

5. 65% of volume < 1 micron

For comparison purposes, SItL reports the following for an oxalate precipitation 239 Puo
2

(direct strike); low (small particle) data group of four measured samples:

28.06p median

29.14p mean

No particles < 6 y .

The above data shows that the CO examined was much finer than a certain PuO Powder; the
2 2

Powder was typically " briquette-like or straw-like,"1 whereas the UO Powder was morepug
2 2

s and-like. Additional information on PuO microstructures may be found in lleference 2, below.
2

The particle size distribution of the CO us d in the PAT-1 qualification tests is given in the
2

following table.

1 Telecon 11/10/77, from James Scarbrough, Savannah Iliver Laboratory Nuclear
Alateriale, Divison, to J. A. Andersen Division 5433, Sandia Laboratories.

2 "Effect of Oxalate Precipitation on PuO, Microstructures," 6th International
Materials Symposium, llerkeley, California, AuRust 24-27, 1976.
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O
Table 21-1

Particle Size Distribution of Depleted UO P wder, PAT-1
2

y Range Volume % Population %

0.63 - 0.79 2.60 33.23

0. 79 - 1.00 3.05 19.51

1.00 - 1.26 5.77 18.42

1.26 - 1.59 7.24 11.56

1. 59 - 2.00 10.41 8.31

2.00 - 2.52 12.50 5.00

2. 52 - 3.17 11.03 2.20

3.17 - 4.00 10.75 1.07

4.00 - 5.04 9.45 0.47

5.04 - 6.35 6.22 0.16

6.35 - 8.00 4.07 0.05

8.00 - 10.08 2.88 0.02

10.08 - 12.7 2.94 0.009

12.70 - 16.00 3.28 0.005

16.00 - 20.16 2.43 0.001

20.16 - 25.40 1.70 0.0006

25.40 - 32.00 2.55 0.0005

32.00 - 40.32 0. 0 0.0005

40.32 - 50.80 1.13 ------

100.00 100.01615

9
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APPENDIX 2J

Test Faenity Descriptions

2J.1 Itocket Pulldown Cable Facility

The rocket pulldown cable facility used to accomplish package impact tests consists of a

tensioned aerial cable suspended over a canyon between two ridges, a carriage which can be

hoisted from a ground-based target up to the aerial cable, an unyielding target, a monorail sled

track, a rocket-propelled sled, and control and instrumentation capabilities. The general arranIe-

ment is shown in Figures 2J-1 and -2. The PAT-1 package is suspended at a height of approxi-

mately 185 ft (5G m) perpendicular to the unyielding target. Ilocket sled tow lines (a continuous

wire rope used in a loop so there appears to be two tow lines, one on each side of the PAT-1

package) are attached to the PAT-1 by means of towing fittings (Figure 2J-3, -4, ~5, -G, and -7)

in such a manner that high-speed towing will be stable and the package will impact in a designcted

attitude. The towlines route vertically downward from the PAT-1 package and pass through pulleys

that straddle the unyielding target; the towlines then route horizontally (approximately)to the rocket

sled, where they are firmly attached. The rocket sted uses a variable number of 5-in. IIVAlt

(Iligh-Velocity-Aerial-Itocket) motors that have 5000 lb-s impulse. By a combination of adjusting

the package height above the target and varying the number of rockets installed on the sled, the

desired impact velocities are attained or exceeded.

Operation is accomplished by a firing sequence involving staged rocket ignition and wire

rope cutters. Between first-and second-stage rocket ignition, the package suspension wire rope

is cut and towing commences. The tow lines are cut to separate the PAT-1 just prior to impact;

this action is triggered by sled passage through a breakwire on the monorail track.

The unyielding target is an extensively reinforced 526,000-lb (2. 4 - 10 -kg) mass of con-

ceete, approximately 20 ft (6 m) in diameter and 11. 5 ft (3. 5 m) deep into prepared (tamped) earth,

faced with a 10-ft x 10-ft (3- x 3-m) slab of battleship armor plate, 3 to 5 n. (7. 6 to 12. 7 cm)

thick. The steel facing is welded to the alloy steel-concrete reinforcing r :mbers and is grouted

to the concrete plug with iron-filings-filled cement grout.

Itedundant high-speed photometrics are utilized to measure PAT-1 package impact velocity

and attitude and to assure that the 422-fps (129 m/s) impact velocity was achieved or exceeded.
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2J.2 Static Test Machine

The crush test was accomplished through use of a Tinius Olsen static test machine (Figure 2J-8).

Itadiographs of the l'AT-1 after impact were used to establish that this crush and the subsequent puncture test

were performed in a manner to cause maximum package damage (i.e. , the distance between the TIl-1 con-

tainment vessel and the point of applied load were minimized).

2J. 3 Drop Tower Facilities

Two drop towers of 185 ft (5G m) and 300 ft (91 m), respectively, were utilized to accomplish the punc-

ture and slashing tests, respectively. Both facilities provided for proper impact location and orientation

control of the test probes when impating the 1>AT-1 package.

The pancture test involves the dropping of a 500 lb (227 kg) blunt conical probe from a height of 10 ft

(3 m) onto a package which is supported on a concrete-backed steel-plate target. A guide tube assured proper

impact orientation control of the probe. The PAT-1 package rests on the essentially unyielding support of a

massive steel plate and a large block of reinforced concrete. The general arrangement for this test is shown

in Figure 2J-0.
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The slash test was accomplished by use of a guided carriage on the 300-ft drop tower.

The 5-in. leg x 1/2-in. thick x 6-ft long steel angle beam, with squared-off ends, was attached

perpendicular to the mounting deck of this guided carriage. The angle beam was oriented so the
sharp central corner of the angle impacted the PAT-1 package first, and the 90* angle of the beam

approximately bisected a longitudinal plane of the PAT-1. Testing was accomplished by hoisting

the carriage with the steel beam to a correct drop height, allowing for friction on the guide wires,
and then allowing them to slide down the guide wires toward the PAT-1 package (Figure 2J-10).

The steel angle is separated from the carriage just above the PAT-1 package by means of an

explosive cable cutter, allowing unrestrained final free-flight into the PAT-1. Impact velocities

are determined through photometrics.

2J.4 Fire Test Facility

This facility is described in Chapter 3.

2J. 5 Water immersion Facility

The 10-ft (3-m) diam x 6-ft (1.8-m) deep water tub used to float the JP-4 fuel for the burn
test is utilized as the pond for the submersion test. The impacted, crush, punctured, slashed, and

burned PAT-1 packages did not require ballast weights to sink to the bottom of the pond.

. .
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CIIAPTER 3

TIIEli \1AL EVALUATION

3. I Summary

The PAT-1 package is designed to safely contain its plutonium contents under a variety of

normal and accident conditions. This chapter summarizes the thermal evaluations which com-

plement the structural evaluation in Chapter 2 and the containment evaluation in Chapter 4.

The supporting information required for the structural evaluation involved the calculation of
extreme PAT-1 package temperatures under specified normal conditions of transport. This

information was utilized for four main purposes: (1) to establish the experimental test conditions
for the heat test in Chapter 2; (2) to assure that differential thermal expansion of PAT-1 package

materials had been properly considered; (3) to assure that the long-term performance of package

materials could not significantly degrade over the container's useful life; and (4) to establish tes'

conditions for the pressure test in Chapter 2

The supporting information required for the containment evaluation involved the assessment

of maximum TIl-1 containment vessel temperatures and accident environments from which internal

containment vessel pressures were calculated. This evaluation of differential pressure across

the Til-1 seal was necessary to allow an assessment of maximum credible content leakage to be

made for the five PAT-1 packages tested to the NRC Qualification Criteria.

The results of this thermal evaulation under maximum and minimum environmental extremes

for normal conditions of transport as specified in 10 CFR 71 Appendix A are shown in Table 3.1-I.

The maximum normal operating pressure (A1NOP) that will occur within the TB-1 containment

i essel is 34,3 psi (23G kPa).

During the sequence of accident environments specified in the NRC qualification criteria. the

maximum TIl-1 containment vessel temperature and pressure are 1080*F (582'C) and 1253 psi

(8. 6 A1Pa). respectively.

1567 M4
165



TAllt.E 3.1-1

Summary of PAT-1 Package Temperatures
Normal Operations'

Maximum Minimum
1.ocation (*F) (*V)

Til-1 vessel and seals 212 -40

Aluminum load spreader 188 -40

Itedwood: Mean 182 -40

Maximum 225 -40

Stainless-steel outer drum:

Mean 176 -40

Peak 225 -40

Not e: Under ambient conditions in the absence of solar heating,

the outer diom temperature will exceed ambient by 10*F.

' As specified by 10 CFit 71, assuming the maximum 25-Watt
content decay heat in estatilishing the maximum temperatures.

3. 2 Thermal Properties of Materials

The thermal properties used in this section are shown in Table 3. 2-I, Reference 1.

Since the thermal conductivity and specific heat of the redwood assembly are subject to

variations due to moisture content and the assembly process (specifically the glued joints), the

values stated in Table 3. 2-I are based on experimental data derived from an actual PAT-1 (AQ-1)

assembly (Appendix 3A.1), and varied slightly from the values given in Iteference 2.

T Altl.1: 3. 2-1

Thermal Properties of Materials

The rmal
* ""'

Conductivity Dersity Specific !! cat
,

V a' e ri11 (Htu lbr / ft I * F) (ll m /ft ) (Utu ' ism I * F) s

Aluminum honeycomb N. A. 8.1 0. 21 N. A.

Aluminum o0. 0 169.0 0.21 N. A.

I:TP copper 220.0 558. 0 0.09 N. A.

Stainless steel 10.0 500.0 0, 11 0.45/0,2 4 200*1'

l '0 N. A. N. A. O. 03 N. A.2

liedwoml:

Parallel to grain 0.14(1 +0. 006T( * F))

Perpendicular to grain 0. 05(1 0. 006T( * ;')) 22.0 0,19(1 0. 01 T( * F H N. A.

To assess the thermal protection provided by the redwood under the specified accident

environments. reliance was placed on the charring data shown in Figure 3. 2-1. The experimental

evidence from the five packages subjected to the performance tests of the NltC qualification criteria

indicates that an analysis utilizing this data does predict TIl-1 temperatures typical of the tempera-
tures actually experienced in the tests.

'"
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3. 3 Technical Specifications

PAT-1 package detailed specifications are supplied in the drawing and product specification

set in an appendix to Chapter 9

3. 4 Thermal Evaluation for Normal Conditions of Transport

Two models were utilized in the thermal evaluation: a simplified steady-state model and a

finite difference numerical model. The steady-state model assumed solar heating as a constant

value while the finite difference numerical model illustrated in Figure 3. 4-1 considers the daily

thermal cycle of a PAT-1 package [130'F (54*C) ambient temperature with 16-hr exposure to

direct sunlight 2. To establish basic input data for both models, a thermal test reported in

Appendix 3A. I was conducted to determine the thermal resistance of PAT-1 components along the

heat path from the TIl-1 containment vessel, through the copper heat-conducting tube, aluminum

load-spreader tube and discs, then through the redwood to the outside stainless-steel drum. A

schematic diagram of this heat path is shown in Figure 3. 4-2. The thermal resistances determined

through this experiment are shown in Table 3. 4-I.

REDWOOD

:

ALUMINUM LOAD SPREADER''
LUMPED MASSES N

SSUMED 150THERMAD

R o. 1 R (1. 3V
y

s 1

ASSUMED INSULATED SURFACES

SIDE VIEW 0F PAT

FINITE DIFFERENCE-

MESH SYSTEM
- Tijk T t r;. e , t )g

e '

'

9=0 - e-r

END VIEW OF PAT

_

SUNRISE MIDDAY SUNDOWN

HOUR -0 HOUR 8 HOUR = 16

es 0 es r/2 es r

Figure 3. 4-1. Schematic of Numerical Model Used to
Assess Solar lleating
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iLE 3. 4-I

1:xperimentally Ls._; mined Thermal Resistances

Location Thermal itesistance

Til-1 vessel and copper heat tube It 0. 5 G T / Wo,1

Copper heat tube and Al tube load spreader. Il 0. 36 * I? / Wl,3

Axial resistance in copper sleeve,11 0, l ' F / W

lladial resistance in lower aluminum plate,11 0. 05'F / W
2

Axial resistance in aluminum tube, 11 *I
3

Contact resistance Cu/ A1 and A1/ A1 joints, it * It 0. 02 * I? / W2 2, 3
Through Itedwood Liner (varies slightly with T), 11 0. S ' F / W4

From Til-1 to outside surface, It l' 4 ITOT
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3. 4.1 Thermal Models

3. 4.1.1 Steady-State Mcwlel

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

steady-state heat balance on the stainless-steel surface can be written as follows

Q+q Q A - I$ A /T -TJ (1)s s s e\ s /

where Q is the decay heat; q, is the incident solar flux; O is s lar absorptivity; A is the areas g

of the container projected normal to the solar flux; and A is the total surface area for convective

and radiative exchange with the local surroundings.

The surface heat transfer coefficient ii includes both radiation and convection

II = h *h (2)e c

Data correlations for natural convection give the mean surface Nusselt number as a function of

Grashoff and Prandt1 Numbers

Nu f( P r. G r) (3)

where Nu h I /k, I. is a characteristic length (diameter), and k is the conductivity of air. Using
properties of air at 130*F (54*C) and the package diameter of D = 22 in. (56 cm), the convection

coefficient is found to be

or 9

T -T,)* ~', W / ft~/'F (4)h 2 , 08
e s

where the fourth root deperdence on temperature difference arises through the Grashoff number.

The radiative heat-transfer coefficient h is defined as
r

h - q"/a T (5)

where q'y is the net radiant heat flu as given by

q"r / c(T -T (6)s

in which / 2 0. 2 is the mean surface emissivity (and absorptivity) in the long wavelength range
and 0 .1714 x 10-8 (litu/hr/ ft / *lt ) is the Stefan-lloitzman constant. Combining the above

9 4

equations (5) and (6), denoting T ~ T, + 5 and noting that T, >> 6 for the conditions being con-
sidered here, the radiative heat ransfer coefficient becomes, to the first order

"
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h s 4 / c T. = 0. 03 (W / f t /*l)7

or

1,55 W/m .k (7).

There are two different environments of interest: (a) interior storage (building or vehicle)

or external storage in shade, and (b) external exposure, which includes solar heating. In either

case, the most severe conditions are encountered in hot, dry climates.

a. Interior storage (building or vehicle) or external storage in shade: for interior

storage or external storage in the shade, direct solar heating is absent. The

surface area from Figure 3.4-2 for convective and radiative heat transfer to

the surroundings is at least

A = 27 f # *I* I
33

or

9

1. 07 m ~ (8).

Thus, using Equations (1), (4), and (7), it was found that the temperature

difference should not exceed

T - T, = 10 ' Fg

or

-12*C (9).

Since the maximum air temperatures in storage are in the neighborhood of
150'F (66 * C), '5 the maximum temperature on the PAT-1 surface is:

T < 160'F
s

or

71*C (10)

and the assumption used in deriving Equation '7) is verified since 6 2 10altand

T, 7; 610'11,
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If stored in an external 100*F (38'C) ambient environment:

T, < 110' F

or

< 43*C .

b. External exposure which includes solar heating: when solar heating is present,

the external surface of the PAT-1 may deviate significantly from the isothermal

condition implied in Equation (1). Nevertheless the average surface tempera-

ture T, can still be estimated. The most severe attitude occurs when the sun
impinges directly on the cylindrical side of the package. An upper bound on

i, can therefore be obtained by taking

A = 2n f 3'3 = 11. 5 ft

or

1.07 m (11)

9
A 2f #33" *

s

or

0.34 m (12)

which conservatively neglects heat flow off the ends.

Then, for q, = 87 W/ft2 (295 Utu/hr/ ft"; 930 W/m ) o 0. 4 5, a nd
9

g

T, = 130*F (54*C), the following estimates were obtained from Equations (1),
(4), and (7):

T < 180*F
g

or

82'C (13)

T < 215 * F
TH

or

< 102 * C (14)
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The maximum temperature on the surface was estimated by considering a

small element of surface area which lies normal to the impinging solar

flux for which the approximate heat balance is

q,o dA = h(T,-T) dA (15)g

If h is still taken at its mean value, then using (2), (4), (7), and (15)

(T,hg < 234*F

or

ll2'F (16)

llowever, it is expected that circumferential conduction in the PAT-1 will

reduce this upper bound estimate of surface temperature.

The foregoing analytical estimates are based on steady-state heat balance. It is likely that

the heat capacity of the package will somewhat reduce the temperature rise caused by insolation,

particularly since the sun passes over the package during the day and is absent during the night

hours. The effect of these transients is addressed in the next paragraph.

3. 4.1. 2 Numerical Model

The transient temperature response of the PAT-1 was calculated using finite difference

m e thod s. The numerical model is shown schematically in Figure 3. 4-1 Since the influence of

solar flux is of primary interest, heat flow in the radial and circumferential directions was

modeled, with temperature assumed uniform in the axial direction. This is equivalent to chopping

off the ends of the package (at the end of the aluminum tube) and replacing this material with

insulated planes. Such a model overpredicts tne PAT-1 temperatures because internal heat and

absorbed solar radiation are not lost to the surroundings from the end surfaces.

To further simplify the model, a few assumptions were made concerning the internal

metallic components. The TIl-1, the copper tube, and the aluminum load-spreader assembly were

each treated as lumped masses of uniform temperature. The thermal resistances between these

components were taken from the test results of Appendix 3A.1 w hich are shown in Table 3. 4-I.

These approximations have a negligible ir. fluence on the temperature distribution in the wood.

The energy equation which is applied to the redwood liner is the transient conduction

equation

S 1 3 B 1 :' 13Tpc T = y rk|| T k+ ~3 . g --

r
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in which c, k , and k were taken as the temperature dependent functions given previously in

Table 3.2-1 and the other parameters are illustrated in Figure 3. 4-2. The boundary condition

applied at the outer wall is as follows

- k|| p = E(T - T) + 0,q, cos #BT
(18)

where

#
cos S = cos (3 - 9 ), O < |0 - 9 |<2-a s

(19)

# |0 0 | < #cos 8 = 0
-2 s

<

9, is the angular location of the sun which varies during the day and 9 is the angular coordinate

on the surface, as noted in Figure 3.4-1. As the sun passes over the package, 9, is gradually
increased from O = 0 to o during a 16-hr period, and then q is set to zero for the next 8 hr.

s s g

The entire daily cycle was repeated until a periodic behavior was established. Because of the

cylindrical shape of the package, the normal area projected to the insolation remains the same

throughout the 16-hr period of sunlight. This is in contrast to the case of a flat plate for which
the energy absorption varies approximately as a half sine wave due to geometric considerations.

Thus, it is expected that the most severe attitude for the PAT-1 package is the one considered
here, with the sun moving in the (r ;)-plane.

The finite difference equations derived from (17) and (18) comprise a standard, explicit
s che m e. The nodal equations for the outer boundary include the heat capacity and the circumfer-

ential conduction in the stainless-steel wall as well as the convective and radiatise exchange with

the surroundings. Stability and sufficient accuracy were obtained using 9 radial divisions, 15
angular divisions, and a time step of 1/ 2 minute.

Hefore considering the effects of insolation, a test case was run corresponding to the

conditions of the thermal test which was described in Appendix 3A.1. A comparison of experiniental
and numerical results is shown in Figure 3. 4.1. 2-1. The steady-state temperatures are in pre-

cise 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, with some minor deviations. The thermocouples which measure wall temperature

were located on the ends of the PAT-1 and are therefore not in intimate contact with the redwood.
The calculated wall temperature refers to the side wall where the temperature rise due to environ-

mental heating is slowed by conduction into the redwood. The predicted internal temperatures

increase somewhat faster than the experimental 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

174
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initial time lag in the experimentally observed temperature rise. Also, the numerical model

neglects axial spreading of the internal heat from the TIl-1. None of these factors should have a

significant impact on the calculations concerned with insolation.
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Figure 3. 4.1. 2- 1. Itesults of Thermal Test (Solid Lines) and Comparison
with Numerical Calculation (Symbols)

o o
The response of l'AT-1 was calculated for a solar flux of q = 205 Iltu/hr/ ft" (930 W/m")

g

passing over the cylindrical surface from 9 - O to O = n in a 16-hr period, followed by 8 hr of
s s

darkness. The ambient temperature was held steady at 130*F (54*C) throughout the day.

Calculation was contim.ed for live consecutive days. After the third day the thermal cycle shown

in Figure 3. 4.1. 2-2 was well established. It li seen that the representative temperatures increase

steadily during the period of insolation, reaching maximum values at sunset or shortly after.

Maximum values of the TIl-1 temperature, the mean surface temperature T . and the mean red-
g

wood temperature T . are as follows:g

T,g < 212 * F (100 *C)

T . < 182 * F (83 *C) (20)g

T < 176 * F (80 *C)s

These values are only slightly less (3* to 4*F4 l. 7* to 2. 2*C) than those obtained by the analytical,

estimates in I:quations (13) and (14) of the previous section Indicating that 16 hr of insolation has

almost brought the package to a quasi-steady state condition. This approach to a quasi -teady
limit is also apparent in the flattening off of mean temperatures in Figure 3. 4.1. 2-2,
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Figure 3. 4.1. 2-2. Daily Thermal Cycle of PAT-1 Subjected to Solar Itadiation

The most severe temperature distribution in the redwood is shown in Figure 3. 4.1. 2-3

The peak temperature occurs at the surface near 9 = r, where the insolation impinges normal to

the surface.

(T < 224 * F (107 'C) (21)
g

This is about 10*F (5. 6*C) less than the analytical estimate in the previous section because

circumferential conduction and transient effects are now included. Since the circumferential
conductivity of the wood is small. it appears that the aluminum load spreader is playing a signifi-

cant role in carrying heat from the hot side to the cold side of the package. Also, the temperature

distribution is skewed slightly to the left of 9 = n because that side has been subjected to greater

solar flux in tne preceding hours of the day.
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Figure 3. 4.1. 2-3 Temperature Distribution in lledwood Overpack Just

11efore Sundown (Most Severe Case)

Figure 3. 4.1. 2-4 shows the amount of the redwood overpack which is cooler than any

given temperature. It is seen that 90 percent of the redwood is cooler than 200*F (93*C) even at

the end of the day. This is a conservative estimate because the ends of the package, which are

significantly cooler, have not been included in the analysis.

220 , , , ,

(104.41

210 -

198.9)

799 -

,G (93. 3)
- 190 - T 16 HR5 -

7 L 87. 8) SUNSET T = 8 HR5

180 -
MIDDAY _

$ (82.2)
3 170

-

y . O HR5
-

g (76.7) SUNRISE

3 160 - -

~ ( 71.11
150

-

(65. 6)

0
0 02 0. 4 6 0. 8 10

CUMlaATIVE FRACTION OF REDWOOD

Figure 3. 4.1. 2-4 Temperature of I'AT Iledwood -- Severe Normal Environment
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3.4.2 Maximum Temperatures

The foregolng analysis and testing of the l'AT-1 package supports the estimates for

maximum temperatures under normal conditions of transport as shown in Table 3.1-1. The con-

servatism (over-prediction) of Table 3.1-1 estimates is emphasized by a review of modeling

assumptions:

a. Geometric orientation maximizes absorption of solar flux

., <>

h. 16 hr of solar flux (295 litu/hr/ft") (930 W/ m~)

c. liigh ratio of solar absorptivity to surface emissivity

d. Ambient temperature of 130*l' (54 *C), even at night

c. No allowance maih for heat loss from ends of I'AT-1

f. No wind to enhance convection cooling.

The thermal stresses and internal pressures in the Til-1 are negligible at these

t e m pe rat u re s. Also, the characteristics of the redwood are not sienificantly affected by a tempera-

ture of 200*I' as demonstrated in Iteference 7

3.4.3 Minimum Temperatures

in an external ambien'. of -40*l' (-40*C) with no direct solar flux, the temperatures of the

outer wall and the Til-1 are estimated as -30*1' (-34 *(*) and +5'I' (- 15"C). respectively, for an

internal heat load of 25 W and - H*le (-40*C) without an internal heat load. The associated thermal

stresses and pressures at thesc <emperatures pose no threat to the l'AT-1 package.

3.4.4 Maximum Internal l'ressure

l'or a Til-1 containment vessel at a temperature of 215*1' (102"C) (2*l' in excess of the

Table 3.1-I value), the internal pressure is 34. 3 psi (236 ki'a) as discussed in paracraph 4. 2. 2.

3.4.5 Maximum The rmal Stresses

Temperature differences within the Tit-1 shouhi not exceed -10*I' (5. G*C) under normal

conditions of transport. Corresponding stresses are insignificant.

O
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3.4.6 Evaluation of Package Performance for Normal Conditions of Transport

The ability of the PAT-1 package to safely contain plutonium oxide under normal conditions

of transport has been demonstrated by the evaluation in Chapter 2 which is supported by information
in this paragraph (3. 4). Over the range of normal operating temperatures [-40*F (-40'C) to

212*F (100*C):, the T13-1 design has sufficient capability to maintain its contents under leaktight

conditions. Long-term performance of the stainless-steel vessel is unaffected by this range of
temperatu re s. The copper gasket and elastomeric O-ring, over their periods of intended use

(Chapter 8), are also unaffected by this normal operating temperature range.

The PC-1 product can, operating over essentially the same temperature range as the TH-1

vessel, demonstrated the ability to retain its contents without leakage. The roll-crimped, contact-
adhesive and flexibilized-epoxy-overbonded PC-1 closure was unaffected by the normal-condition

performance tests and will not be degraded during its use in the single-trip PC-1 containment
system.

The metal components of the AQ-1 overpack are unaffected by the temperature range of
normal transport [e. g. . -40*F (-40*C) to 225'F (107'C) for the outer stainless-steel drum . The

mean temperature range for the redwood of -40*F (-40*C) to 182'F (83 *C) has no detrimental

effects on redwood material properties, and the redwood properties experience no long-term
degradation upon being subjected to temperatures within this range.

3. 5 10 CFil 71 -- Thermal Accident Evaluation

Compliance of the PAT-1 package to the requirements of 10 CFil 71 Appendix H was accom-

plished primarily by test. liowever, one assessment was required to establish that the maximum

TH-1 temperature assumed in Chapter 4 is a reasonable value. Also, it is demonstrated in

paragraph 3. 6. 2. 2 that the test facility used to conduct the fire tests produced the environments
required.

3. 5.1 Thermal 11odels

3.5.1.1 PAT-1 Packace flesponse in a 10 CFR 71 Fire I:nvironmerit -- Analytical 1Todel

The fire response of the TH-1 within the PAT-1 package can be calculated utilizing data
of charring rates in wood. 3,8, O In iteference 3, the exposed surface of the wood was confined

within steel skin similar to the condition of the PAT-1 package following the 30-ft (9-m) drops and
puncture tests called for in 10 CFit 71 Appendix H. However. data were generated utilizing an
external 1850*F (1010*C) blackbody radiation source rather than the 1475'F (802*C) radiat;an

environment specified in 10 CFil 71 Appendix H. Figure 3. 2-lb shows that after 30 minut es of

fire exposure, a char depth in the range of 2.1 in. (5. 3 cm) would be predicted in 22 lb/f' '
3

(352 kg/m' ) density redwood typical to PAT-1. The amount of virgin redwood remainint betweer,

179
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the char front and the aluminum load-spreader tube at this time would be approximatelv 2. 6 f n.

(6. 6 cm). The char front is predicted by Figure 3. 2-la to be moving at a velocity of about

0. 28 f t / hr (. 085 m /hr).

Several test s. including the PAT-1 package and other prototype packages, indicate that

if the redwood la contained and remains in an integral condition following termination of the fuel

fire, a curtailment of the char front progression occurs (demonstrated in paragralih 3. 5.1. 2).

Since the PAT-1 package is essentially undamaged prior to the 10 CFit 71 fire test (refer to

('hapter 2), charring terminates shortly after the fuel fire is extinguimed. The temperature in
front of the char front can be estimated for the equation.

T *l'i vx (22)~ C XP -

T -T
e i w

where T is the temperature at a distance x in front of the progressing char front (0. 22 ft) (0. 067 m).

T is the initial internal temperature at x, v is the char f ront velocity (0. 28 ft/hr) (0. 085 m /hr).
g

H
and T is the char front temperature, ~550* l? (283 * C). liased on the high-thermal resistivity of

c
the uncharred redwood, the value chosen for T would not be expected to be much higher than the

g

maximum normal oper sting temperatures (-200* F (93'('). Table 3.1-1) at the load spreader.
>

Thermal diffusivity (a ' Ipc) can be calculated from the values in Table 3. 2-1 as 0. 024 ft~/hr
' w

.,

(0. 002 m~ / hr). The temperature of the wood adjacent to the load-spreader tube is calculated as

T redwood M load spreader - 227'F (lon *C) (23)

Since the physical condition of the PAT-1 package throughout the 10 (' Fit 71 accident condition

performance tests assures that reasonable thermal contact between the Til-1 and the aluminum

load spreader is maintained, the Til-1 temperature woubt also be at about this temperature.

3, 5.1. 2 Test Model - PAT-1 Performanac I)uring 10 CFit 71 Accident Condition Tests

Testing to the accident conditions of transport as specified by 10 CFit 71 Appendix 11 was

accomplished on a PAT-1 package. In this sequence of tests, the Til-1 did not contain actual

Pu( ), contents but 1. 434 kg of I'() . a surrogat e. As in all loadings of surrogate, 19. 3 g of water

wa , added to the 11) contents (see paragraph 4. 3. 2).

The thermal test requirement of 10 CFit 71 Appendix 11 calls for a heat input to the pack-

age of not less than would result from exposure of the whole package to a radiation environment of

1475"F (802*C) for 30 minutes with an emissivity coefficient of 0. 9 assuming the surfaces of the

package have an absorption coefficient of 0. 3 The ability of the fire test facility to meet these

requirements is discussed in paragraph 3. 6. 2. 2 The performance of this specific fire test is

show n in Table 3. 5.1. 2-1 and indicates that the 10 (' Fit 71 requirements were exceeded. The

O
lllo
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duration of the fire was 52 minutes. It is seen in Figure 3. 5.1. 2-1 that the luminous flame zone

extends essentially across the diameter at the top of the chimney. Internal package condition and
char depth is shown in Figures 3. 5.1. 2-2 and -3 The maximum T11-1 temperature during the

test was estimated to be just over 200*F (93*C); this temperature was estimated by posttest
examination of Tempilaq coating painted on the external bottom and internal cover of the Til-1

vessel. The 200*F (93*C) coating on the exterior of the TIl-1 was degraded (possibly by the

effects of the water-submersion test) but indicated a temperature slightly exceeding 200'F (93'C)

(the 300*F (149'C) coating was completely intact). The 200'F (93 *C) coating inside the T13-1

cover was discolored but still intact confirming the 200*F (93'C) estimated temperature (a 300*F

(149'C) coating was completely intact). Tempilabels placed on the surface of the PC-1 (indicating
temperatures in 10'F (5. 6*C) increments) indicated a PC-1 temperature between 170'F (77'C) and

180* F (82'C).

TAllLF 3. 5.1. 2-1

10 CFR 71 Appendix 11 Ilurn Test

Observed average temperature on AQ-1 drum: -1800*F

Observed flame temperatures in vicinity of PAT-1: 2200-2300*F
Duration of above temperatures: 52 minutes
Char depth in outer redwood: 3. 8 25 in.

TIl-I temperature: ~200*F
(> 170; < 210)

Cumulative char rate:* < 0. 37 ft/hr

Total char depth observed was divided by 52 minutes; this is a severe
assumption because char would persist beyond the 52 minute duration
of the .J P-4 fire. Char rate pretest prediction was 0. 28 ft/hr (see
paragraph 3. 5.1.1).

The conclusion is that the fire test conducted in the accident condition of transport test

series provides a significantly more severe thermal environment than that required by 10 CFil 71

Appendix 13 Differences between the Tli-1 temperature achieved in the test and that calculated by
analvsis (assuming maximum PAT-1 package normal operating temperatures (Table 3.1-I) as
initial conditions) v ere minimal (<27'F, -15'C).
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3.5.2 Package Conditions and Environment

The damage to the PAT-1 package resulting from five 30-ft free-drop tests and the puncture
test was discussed in Chapter 2. The minor dents and scratches caused by these tests are assessed

as no significant impact on the package performance during the thermal test.

3.5.3 Package Temperatures

The above analysis and testing of the PAT-1 pac': age supports an estimate of ~227'F (108'C)

for the maximum TB-1 temperature during the thermal performance tests of 10 CFIt 71 Appendix H.

3.5.4 Maximum Internal Pressure

For a TH-1 containment vessel at 227'F (108'C), the internal pressurels 38. 7 psi (269 kPa)

as discussed in Chapter 4

3. 5. 5 Maximum Thermal Stresses

Temperature differences within the TU-1 should not exceed 10'F (5. 6'C) under 10 CFR 71

Appendix H Accident Conditions of Transport Performance Tests. Corresponding stresses are
insignificant.

3.5.6 Fvaluation of Packace Performance for the 10 CFR 71 Accident Conditions

The ability of the PAT-1 package to safely contain plutonium oxide under 10 CFIt 71 accident

conditions of transport has been demonstrated in Chapter 2 with supporting information provided

by this paragraph (3. 5). Maximum temperature predicted for the TB-1 (227'F, 108'C) only exceeds

the peak of the normal operating range by 15*F (8. 3'C); therefore, the demonstrated ability of this

containment vessel to maintain its contents under leaktight conditions is not unexpected (considering

that prefire structural damage to the PAT-1 is minimal). The maximum internal pressure

associated with the 227'F (108*C) maximum temperature is 38.7 psi (267 kPa), 12 psi (83 kPa)

less than the internal pressures generated in the 1-1/ 2 x maximum normal operating pressure test

(Chapter 2). Testing the PAT-1 package to this pressure is routinely required in the containment

system fabrication verification tests specified in Chapter 8 The elastomeric O-ring and copper
gasket were not degraded under these performance test conditions.

The PC-1 product can was demonstrated to retain its contents without leakage. The roll-

crimped and epoxy-overbonded PC-1 closure was also not visibly degraded by the 10 CFR 71

Appendix B environments.

The redwood within the AQ-1 overpack served its intended purpose. During the fire test
the redwood located external to the aluminum load spreaders charred to a depth of about 4 in.

(10 cm) (in agreement with an analytical assessment performed as indicated in paragraph 3. 5.1.1).

The redwood located within the load-spreader tube and discs, except for soo. staining caused by

the immersion test (Figure 3. 5.1. 2-3), was unaffected by the 10 CFil 71 Appendix B performance
tests (Figure 3. 5.1. 2-4).

183
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3. 6 NitC Qualification Criteria -- Thermal Accident Evaluation

The compliance of the l'AT-1 package to the requirements of the NitC qualification criteria

was accomplished primarily by test demonstrations. The purpose of the assessment in this section,

therefore, is to establish that the maximum Til-1 temperature assumed in paragraph 4. 4. 2 is a
reasonable upper limit which would bound all test results.

3. 6.1 Thermal Models

3. 6.1. I l'AT-1 Package flesponse to the Fire Environment of the NitC Qualification Criteria --
Analytical Assessment

The l'AT-1 packages subjected to the first test of the NitC qualification criteria were in

a damaged condition -- the packages were impacted at > 422 fps (129 m/s), crushed with a

70,000-lb (311-kN) force, punctured with a 500-lb (187-kg) conical probe, and slashed with a
100-lb (37-kg) steel angle dropped from 150 ft (46 m). Such prefire test distortions of package

geometry and alterations in physical properties of package materials (e. g. , compressed redwood)

limit any theoretical package thermal evaluation to a conservative bounding assessment.

The two ripping / slashing tests were specifically of interest since the resulting penetrations
allowed a significant direct exposure of the redwood to the fuel fire environment. The main effect

of this degradation was to allow continued charring of the redwood after the 1-hr fuel fires had

terminated. The re fo re, the effects of varying damage and geometric configurations resulting from

impacts in five orientations (top, top corner, side, bottom, and bottom corner) became unimportant
in the analytical assessment of maximum Til-1 temperatures achieved during the fire test. This

conclusion hinged on the test-verified assumption that sufficient thermal insulation was still pro-

vided by the crushed / damaged outer redwood assemblies (exterior to the load-spreader tube) to

protect the load spreader from direct exposure to the fuel fire. * As indicated by the data correla-
tion in Iteference 3 and observed in test experience of lieference 3, redwood has similar insulation

capabilities in its compressed and uncompressed states -- given that the mass of redwood con-

tained within a constant area segment extending through the depth of protecting material remains

constant, it is therefore demonstrated that sufficient thermal insulation is provided even in the
postimpact l'AT-1 package configurations to protect the loader spreader from exceeding melt
t e m pe rat u re s.

Depending on the viability of the heat-conduction path between the load spreader and the
Til-1 following the high-velocity impact and puncture tests, direct exposure of the load spreader
could result in Tll-1 temperatures approximately equal to the load-spreader temperature. In this
event, maximur, load-spreader temperature would be limited to the melting temperature range for
the load-spreader material, Al 6061: 1030*F solidus, 1205'F liquidus.

,_
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Following impact of the package in the most damaging orientation (a side-on impact), the

redwood remains entirely confined within the outer stainless-steel drum. At the point of minimum

distance between the outer stainless-steel drum and the aluminum load spreader, approximately
1-in. compressed redwood separates these two materials. Although some redwood material was

displaced tangentially in the distorted PA'I-1 configuration (see figures in Chapter 2), the

remaining compressed redwood, combired with the protection provided by the essentially integral

outer stainless-steel drum, was sufficient, as verified by the test program, to provide the insulating
effect of -3 in. (~7 cm) of undamaged redwood. This amount of redwood prevents the load-spreader
tube from reaching its melting point prior to termination of the 1-hr fuel fire.

Following the termination of the 60-min fuel fire, redwood burning / charring would

continue. During development testing, the temperatures achieved during this postfuel fire burning

were observed to vary in one of two ranges. If the redwood was contained within an essentially

integral stainless-steel outer drum after the high-velocity impact test, any continued combustion

of redwood occurred through the progression of a char front. This char front temperature as
indicated in !!eference 3 would be expected to exhibit a temperature range between 550*F (288'C)

and 620*F (327'C). If, however, the breakup of the redwood was extensive and the damage to the

outer stainless-steel drum allowed "open" glowing combustion of the charcoal, temperatures of
-1100* F (594*C) were experienced.

The PAT-1 package, specifically the outer stainless-steel drum, was designed to remain

essentially integral following the high-velocity impact test. llowever, the ripping / slashing tests
caused two ~5 in. (0. 003 m ) penetrations of the outer drum as illustrated in figures in
Chapter 2. Therefore, the conclusion from this analytical assessment of package performance is

that the maximum temperature to which the Til-1 will be directly exposed (durirg the NitC

qualification-criteria-defined fire test) will be between the temperature of the redwood char front,
550 *l' (288 *C) to 620 * F (327'C), and the glowing combustion temperature of charcoal 1100*F

( 5 94 * C). The Til-1 surface temperature would not be expected to vary significantly from these
values (i. e. , the temperature differential caused by the 25-W internal heat source would be
inconsequential).

3. 6.1. 2 PAT-1 Packace flesponse to the l' ire Environment J 'he NitC Qualification Criteria --
Test Alodel

Testine to the accident conditions as specified in the NitC qualification criteria was

accomplished by subjecting five different PAT-1 packages to the sequence of tests mentioned in
paragraph 3. 6.1.1.

In each PAT-1 packace, the TII-l contained from 1. 05 to 1. 25 kn of t'O surr g te.
2

Water (10. 3 g) was added to the surrogate loadings to simulate Til-1 containment vessel internal

pressures as described in paragraph 4. 4. 2
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The major variable in performing the series of sequential tests involved the package

orientation with respect to the target at impact. Side, top, top corner, bottom, and bottom corner

impacts were conducted followed by the crush, puncture, and slashing tests; then these packages

were subjected to the specified fire test. The requirements for this fire test include exposure to
luminous flames from a pool fire of JP-4 or JP-5 fuel for a period of at least 60 minutes. The
luminous flames are to extend an average of at least 3 ft (1 m) and no more than 10 ft (3 m) beyond

the package in all horizontal directions.

The ability of the fire test facility to meet these requirements is discussed in paragraph

3.6.2.2. The time / temperature records for the three fires for the five package tests are shown

in Figures 3. 6.1. 2-1 through -9 The estimated average flame temperature at package height,

estimated average package skin (AQ-1 drum) temperature, the duration of the fires, and the

maximum TB-1 temperature during each test are indicated in Table 3. 6.1. 2-I. Actual thermo-

couple data plots from the tests have a fairly wide band of jitter; the temperatures in Figures
3. 6.1,2-1 through -9 are averaged resulta. The estimates were made by posttest examination of

Tempilaq coatings painted on the external bottoms and internal covers of the TB-1 vessels; the

normal response of the Tempilaq was perturbed by the adjacent redwood char, and by the mechani-

cal effects of the severe crash test, but a rough estimate indicated a response of about 1000'F

(538'C) on each TB-1. Also the postfire coloration of four of the five tested TB-is was a dark

blue, which is roughly indicative of about 1000'F (538'C) for PII13-8 Mo stainless steel when

heated in an oxidizing atmosphere. The other TB-1 was a medium yellow color, roughly indicative

of less than 1000*F (538'C).
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T Allt.1: 3.6.1.2-I

Averaged itenults -- NitC Qualification Criteria Fire Tests

Flame Temp.
4 l'ackage !)uration Alinimum
I.evel for of Fire Alax. Temp. Tot al 1:xposc re
Time Above of Time to 1:ngulfing Atax. Tit-1

l'AT- 1 l'ac kage lleport ed 1850*F AQ-1 I) rum .f f'-4 l' lame s Tot al
Te nt s ('F) (min) (*F) (min) ( * F)

Top Impact 1850-2100" 63 >2400 66 <1000

Top Corner
Impact 1850-2100 58 2150 66 -1000

Side impact 1850-2200 58 2200 66 - 100')

llot tom Corner
b cimpact 1700-2100 -50 >2400 63 -1000

llot tom impact 1850-2100" 63 22400 66 -1000

Nurl:S: a
Flame temperature 6 in, below packages

Flame temperature at pac kage median

Short-time dip below IH50*F <!uring fire; package temperature continued to rise.
Note Figu res 3. 6.1. 2-8 and -9

3. C. 2 l'ackage Conditions and l'nvironment

3. C. 2. I l'ackage Conditions

The damage to the l'AT-1 packages resulting from the high-velocity impact, crush,

punct u re, and slashing environments of the NitC Qualification Criteria was discussed in Chapter 2.

The damage from the high-velocity impacts, when combined with the openings in the outer drum

of the AQ-1 produced by the puncture and two slashing tests, significantly deforms specific areas
of redwood in the outer overpack. These prefire tests, in threatening the integrity of the outer

stainless-steel drum, allow (1) limited direct exposure of the redwood to the fuel fire and (2) long-
term charring of the redwood following fuel fire termination.

3. C. 2. 2 Fire Test Facility I)escription (Ficures 3. C. 2. 2-1, -2; -3)

The fire test facility consists of a steel-tub hurn pit approximately 10 ft in diameter (see
Figu re 3. C. 2. 2- 1 ). The tub la set into the ground and has minimum freeboard above the ground

surface level. Ji'-4 aviation jet fuel is floated on water within the tub. A chimney, approximately

16 ft (5 m) in diameter and 10 ft (3 m) tall, fabricated from 1-in. (2. 54-cm) thick mil i steel plate,

is centered os er the burn pit. The chimney is suspended on wire ropes and can be lifted to provide
draf t for t he fire (see Figu re 3. 0. 2. 2- 1). A 4-ft-high, noncombustible fence is situat: d about

3 ft (1 m) away from tha draft opening and surroun is the chimney to lessen the effects of surface

wind on flame characteristics (see Figure 3. C. 2. 2-2).
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The water level, the JP-4 fuel level, and the chimney draft are preset to attempt to

achieve a minimum temperature of 1850*F (1010*C) at the median height of the PAT-1 test article.

The PAT-1 packages are situated about 3 ft (1 m) above the fuel surface on a stand centered in the

burn pit. Flame temperatures were measured with thermocouples at levels below, even with, and

above the PAT-1. In addition, thermocouples are mounted on the external drum of the PAT-1.

1:vidence that the luminous flame extended approximately 5 ft (1.5 m) from any point on the pack-

age surface to the chimney surface was provided by these thermocouples and photographic coverage

of the fire tests (indicating luminous flame completely envelops the enclosed area at the top of

the chimney).

Water and JP-4 fuel are gravity-fed to the burner site from storage tanks (see
Figure 3. 6. 2. 2-3).

3,6.3 Packace Temperatures

The analyses of 3. 6.1. I and the test results indicated in 3. 6.1. 2 support an estimite of

approximately 1080'F (582'C) for the maximum TII-1 temperature during the thermal test of the

NitC Qualification Criteria.

3.6.4 Maximum Internal Pressure

For a Til-1 containment vessel at 1080'F (582*C) the maximum internal pressure is

1253 psi (P. C MPa) as discussed in Chapter 4.

3.6.5 Maximum Thermal Stresses

Substantiation that the thermal stresses in the Til-1 do not affect its containment integrity

was provided by the testing of five PAT-1 packages to the required five performance tests.

Temperatures on the Til-1 could vary depending on the progression of the redwood char front, but

are equalized by the aluminum load spreader. The conductivity of the Til-1 stainless steel is

such that significant temperature differences within a vessel would not be expected.

3.6.6 1: valuation of Packace Performance for NltC Qualification Criteria Thermal Conditions

The ability of the PAT-1 package to safely contain plutonium oxide throughout the sequential

testing required by the NitC Qualification Criteria has been demonstrated in Chapter 2 with support-

ing information provided by this section (3. 6). Maximum temperatures reached by the TIl-Is are

typically 900'F (482*C) to 1100*F (593*C), assessed both analytically and by actual tests. Com pa ri-

sons of pretest and postlest air leak rate measurements across the TIl-1 seal indicate that leak

tightness of the pristine containment vessel does change as a result of the severe environments

imposed on the package. As indicated in Chapter 4. this change in leak rate had no effect on

packace safety since no surrogate material was lost from the containment vessel (to the limit of

test instrument (fluorimeter) detectability, 210 g of uranium). An analytical correlation between

posttest pas leakage and potential powder leakage indicated compliance with the acceptance criteria.
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The PC-1 product can was still intact. a condition not required for the N!tC qualification tests

and not accounted for in the analytical assessment of leakage perforrned in Chapter 4 A maximum

temperature of 1080*F (582'C) was utilized in establishing the maximum internal pressure used in
the assessment of content leakage described in Chapter 4.

The redwood, as expected, was completely charred, a process which provided the required

protection for the TIl-1 The integrity of the char, especially internal to the aluminum load

spreader, indicates that glowing combustion of this internal char did not take place. This test

evidence further confirms the ability of the PAT-1 package to limit TIl-1 temperatures below

1100*1' (593*C) during the NitC Qualification Criteria fire test.

O
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APPENDIX 3A

Test to Establish Thermal flesistance Values of PAT-1 Components

A thermal test was conducted to determine the thermal resistance values for PAT-1
component s. A resistance heater was placed inside the TIl-1 of a PAT-1 e tekage, and thermo-
couples were attached at the locations noted in Table 3 A. 3.1-I.

TAllLE 3A. 3.1-I

Steady-State
TC Designation on Te mpe ratu re
No. Location Ficure 3. 4.1. 2- 1 ('F)

2,3,4 Lid of TH I 235

5, 6 Cu sleeve 2 221

7, 8 Al tube 3 212

0 Al plate (upper) 3 212

I ti, 11, 12 Outer SS wall 4 200

The test was run in a temperature-controlled chamber which was maintained in the neighborhood
of 200 *F (f,3 'C). The power to the internal heater was maintained at 25 W using a variable

resistrace power supply. The transient response of the thermocouples is indicated by the solid
lines in Figure 3. 4.1. 2-1. The symbols on this plot represent comparative numerical calculations
which are discussed in paragraph 3. J 1. 2.

The steady-state temperatures listed in Table 3A. 3.1-! were used in conjunction with the

known heat load of 25 W to calculate thermal resistances along the heat-flow path. The steady-
state temperature difference between the TIl-1 and the outer surface of the PAT-1 was written

as follows:

T,;.g - Tg = ItQ (A3-1)

where Q is the internal heating rate (25 W) and 11 is the overall thermal resistance of the primary
conduction path shown in Figure 3. 4-2. The overall resistance It is the sum of the separate
resistances along the path. The axial heat flow a' the ends was neglected since it contributes less

than 15"o to the total conductance.
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The temperature difference between the TH-1 and the copper sleeve was 14'F (7. 8'C).

Since thermocouples 5 and 6 were located near the top of the copper sleeve, this temperature
drop was attributed to the resistance 11 f the fiberglass protective layer at the slip-fit joint

0, I

between the TH-1 containment vessel and the cadmium-plated copper sleeve.

TH ~ Ctf
gg = 0, 5 6 * F / W,

0,1 Q

or

0.3'C/W (A3-2).

The measured temperature difference between the copper sleeve and the aluminum tube was

0 * F (5 'C), corresponding to a thermal resistance of

Al' ~ CI 2 0. 3G'F/WIt( 1, 3) Q
=

or

s 0. 2 * C / W ( A3-3).

Since thermocouples 7 and 8 were located near the top of the aluminum tube, this resistance

includes the axial resistance in the tube as well as the axial resistance of the copper sleeve, the

radial resistance in the lower aluminum plate, and the contact resistance at the two joints

(A3-4)"(1, 3 )
* * *N * ^ .

1 2 3 1, 2 2, 3

The axial resistance in the copper sleeve is

It - k (0, l ' F / W)2
k1 2nrg g

or

0. 056 * C / W (A3-5)s

where the parameters are defined in Figure 3. 4-2, and the radial resistance in the lower aluminum

plate is

9
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' 2f1) 2 0. 05'F/WIn
It2' Mk 2A

or

0. 028 'C/ W ( A3-6)= .

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

f(3 2 0,19'F/W

or

* 0.106 * C/ W (A3 7).

This leaves a total contact resistance of approximately

it + l t ,, ,1 2 (0. 02'F/ W)1, ,.,. ..

or

2 0. 011 'C/ W ( A3.n)

for the copper / aluminum icint it 1, ,., and the aluminum / aluminum joint it,, .t. 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

T. 12 * F (6. 7 'C) (A3-9).J, a

Since this tensperature drop is related to the thermal resistance of the woo l liner, it provided a
means for checking 'u redwood conductivity. The axial conduction in the aluminum cylinder was

coupled with outward radial conduction along the grain of the wood. Thus, the fin equation was
applicable provided the usual convection coefficient h was redefined as follows in terms of the

radial coaductance of the woo I

k
w

h (A3-10)
2n(r/r).r '.

a 2
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Then, from the textbook solution,

9 1/2 9 1/2
hPf ~ hPf'

A)Q = LT(hPk
A tanh + I *" b

k A k A

in which LT is the temperature difference between the lower end of the aluminum tube (base of the

fin) and the outer wall. Equation (11) was rearranged as follows

-1

f n{r k2) '5 '43
^ " ^LT = Q "

2nf k I E
i . 3. - 3. l3w

in which

- 1/ 2-

9
k f~
*9- (A3-13).

# ~ # "b3 b2)__A 33

Also, the relationship between LT and iT was available from the solution of the fin equation [4]
3, 5

- g-
LT = AT cosh + (A3-14).3, 5

Then, by comt,.ning (12) and (14),

3h9) '4"

ST ~O s
3, 5

2n f .3 w
pi + coshk

3

( A 3- 15)

$ tanh $ .

Since Q, ST " " N" Y* " " * " ' "" s caMaM fmm M and M as3, 5 w

k s 0,31 litu/ hr/ft / *F

or

1 1. 76 W/ m .k ( A 3- 16 ).

This is in good agreement witn published empirical expressions noted in T: ; 1e 3. 2-I.
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The temperature drop along the aluminum tube was estimated using (14)

2 4. 8 * F (s 2. 7 *C) ( A3- 17 )ST3"
~

3, 5

and the corresponding thermal resistance was

AT
11 *3" *

or

2 0,106 *C/W ( A 3- 18)

as given previously in Equation (7).

The thermal resistance of the redwood liner was evaluated as

n

"'3'5
s 0. 5 * F / W11 =

4

or

s 0. 278 * C/ W ( A 3- 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 heat flov from the aluminum tube to the outer wall. Nevertheless, the inferred value for red-

wood conductivity, k s 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 It between the TB-1 and the outer stainless-

steel drum wall consists of the three major contributions discussed separately above

It = 11 # +
0,1 1, 3 4* *

or

s 0. 78 *C/W ( A3-21)

'"
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Although the redwood conductivity varies with temperature, the total R changes by only 5% with a

temperature change of 50*F (10*C). Thus, the steady-state temperature difference between the TB

and the outer surface can be taken as

T -T = QR = 35'F (s 19'C) (A3-22)TB 3

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.

O
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CIIAPTER 4

CONTAINAIENT

4.1 Summary

The containment acceptance criteria for the PAT-1 package following the tests described in
Chapter 2 are: (1) no release of radioactive material from the T13-1 containment vessel and PC-1

product can following the norms 1 and accident condition tests of 10 CPR 71, and (2) release of no

more than an A2 quantity of plutonium in one week from the T13-1 containment vessel following the

tests prescribed in the NRC qualification criteria. An A2 quantity is defined in Table VII of the
International Atomic Energy Agency regulations for the Safe Transport of Radioactive Alaterials

(IA1:A Safety Series No. 6); typical pertinent A2 quantities are tabulated in Appendix 4A.

Verification of T13-1 containment vessel compliance involved a direct measurement to detect
*

If any surrogate contents (CO ) had escaped during the performance tests. The measurement
2

procedure involved submitting standard health physics swipe samples, collected from the contain-

ment vessel at the completion of the sequential tests, to analysis with a fluorimeter capable of
detecting > 10 g t '.

Another method of verifying containment involved a msss-spectrometer-type helium leak-

detector measurement of helium gas leakage across the TI3-1 containment vessel boundary. The
leak-detection test was capable of detecting > 10~ cm /s helium. The leak-rate data are to be
used to perform a bounding analytical / experimental correlation to establish upper bounds on pos-

sible plutonium release. This correlation involves experimental work on plutonium-oxide release
at llattelle Pacific Northwest Laboratories (Iters. 2-G) and analytical work by a member of the

t'SNitC staff. It is not part of the Sandia Laboratories work in this report.

Sunrnary results follow in Table 4.1-I

*
Surrogate contents are defined in Appendix 41).

++
William H. Labs, PAT-1 Program Alanager, pug Container Certification, Division of3

Safe gu ard s. Fuel Cycle, and Environmental llesearch, USN!tc.
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TABLE 4.1-I

PAT-1 Package Containment -- Posttest Results

Regulatory Uranium IIelium

A cceptance Detection Leak Rate
Component Test Condition Standard M easurement (cm3/s)

*
Normal conditions of No release No release Less than
transport (Appendix 1 x 10-10
A of 10 CFR 71) (leak tight)*

TH-1 Ilypothetical accident No release No release + Less than
conditions (Appendix 1 x 10-10
B of 10 CFR 71) (leak tight)*

+
NRC Qualification A2/ week * * No release Less than

4. 5 x 10-5

*
Normal conditions of No release No release -

transport (Appendix
A of 10 CFR 71)

PC-1 Hypothetical accident No release No release * -

conditions (Appendix
B of 10 CFR 71)

^

Reference 6 - Regulatory Guide 7.4 and ANSI N14.5.
*e

For a typical mixture of a recycle plutonium-oxide powder, an A2 quantity is
approximately 2.55 mg of plutonium.

+ No release above detection capability of 10' gm.

4.2 Containment Houndary

The containment boundary for all performsnte test environments is the TB-1 containment
N.

vessel. The PC-1 product can provides the separate inner container required by 10 CFR 71.42 ~

effective June 17, 1978. The boundary provided by the PC-1 product can is required following the

10 CFR 71 normal and accident condition tests and is not required following the test sequences

defined by the NRC qaalification criteria.

4.2.1 TH-1 Containment Vessel

The TH-1 containment vessel is described in Chapter 1 and is shown in Figures 1.4 and 1.5:

stress analyses material properties, and tests with results are described in Chapter 2. Draw-

ings and specifications are included in Appendix 9A.

4.2.2 PC-1 Product Can

The PC-1 product can is described in Chapter 1 and is shown in Figure 1.5; drawings and

specifications are included in Appendix 9A.

O
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4.2.3 Closure

Positive closure of the TB-1 containment vessel is provided by the twelve 1/2-in.-diam ;

bolts which fasten the lid to the body of the vessel, acting through a ductile copper gasket in con-

junction with a knife-edge sealing bead on both the body and lid. Bolt torquing procedures are
described in Chapter 7. An elastomer 0-ring seal between the TB-1 lid and body is also provided
with details of this closure and seal shown in Figure 4. 2. 3-1.

0-RING (OPF'ER GASKET

PILOT DIAMETER

\s
N ' x _

lNW /~
s , . /x y/. .

,

N /W
\

''s__

. 7
/A .

, ,

\ /y
,

DOUBLE-OPPOSED

KNIFE-EDGE SEAL

Figure 4. 2. 3-1. Cross Section of TB-1 Seals

The PC-1 closure is attained through a crimping of the can lid to the body and the applica-

tion of a double coat of sealer material around the circumference of the crimped closure. There

is also a contact-sealer material internal to the crimp joint.

4.3 guirements for Normal Conditions of Transport 10 CFIt 71

4.3.I llelease of Itadioactive Contents

Through the use of the surrogate release and helium leak-detection methods described

previously, it was verified that the TB-1 does not release radioactive cortents under the defined

normal conditions of transport. Specifically, (1) the uranium detection measurement cortfirmed
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that no release of the surrogate contents (depleted UO ) had occurred; and (2) the posttest gas
2

leakage measurement established that the TB-1 vessel remained leaktight.

The uranium detection method was used to demonstrate that the PC-1 product can meets

the requirements of 10 CPR 71.42. Specifically, the uranium detection measurement confirmed

that no release of the surrogate contents had occurred from the PC-1 into the leaktight TB-1.

4.3.1.1 Demonstration of TB-1 Containment Vessel Leaktightness

During assembly of the PAT-1 packages. the TB-1 containment vessels were backfilled

with helium at ambient temperature and pressure, and were checked with a mass spectrometer-

type helium leak detector for leaktightness. No leakage to the detection limit of the mass spectro-
-Ometer (10 cm /s) was ever observed.

The TB-1 and PC-1 product can were both subjected to a pretest uranium detection

measurement which verified thtt no uranium-oxide surrogate contamination existed on either con-
tainer to the limits of detectability -- > 10' g of uranium.

_

After accomplishing the series of normal-condition performance tests (including a 1-1/2

times maximum normal-operating pressure test -- Chapter 2) and following PAT-1 disassembly,
the TB-1 was subjected to a uranium detection measurement based on swipes of the TB-1 seal

areas. No uranium dioxide was detected in this measurement (detectable limit > 10' g of uranium).
_

The TB-1 containment vessel was then placed in the mass spectrometer and, by drawing

a near-vacuum external to the TB-1, a measurement of helium leakage was made. Posttest helium
leakage was undetectable (spectrometer capable of detecting leakage as low as 10'I cm /s).
Disassembly of the TB-1 confirmed that helium had remained in the vessel. It was, therefore.

concluded that the TB-1 containment vessel remained leaktight throughout the normal condition of

transport tests (including the 10 CFR 71.53(b) requirements).

4.3.1.2 Demonstration of PC-1 Product Can Integrity

Following the TB-1 posttest leakage measurement and TB-1 disassembly, the interior of

the TB-1 and the exterior of the PC-1 product can were subjected to a uranium detection measure-

ment, if C O surr gate had been released from the PC-1 product can, it would have been contained
2

within the leaktight TB-1. No uranium oxide surrogate was detected on any of the swipe samples
(detectable limit > 10' g of uranium).

ANSI N14.5, Reference 7, defines that q 310' /s is leaktight (where g = leakrate).cm
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A verification test was also performed which demonstrated that this result was not

dependent on the double-wrapped plastic bags which contained the UO within the PC-1. These
2

bags may have retained their integrity throughout the normal conditions of transport performance

tests. The verification test, discussed in paragraph 4.4.1.2, involved packaging the UO surr gate
2

into a PC-1 without use of the plastic bags. The 10 CPR 71 accident condition of transport per-
formance tests were then repeated on a PAT-1 package containing this PC-1. No uranium-oxide

surrogate leakage was detected following these tests.

Therefore, based on these results, it is concluded that the PC-1 product can meets the
intent of 10 CFil 71.42 requirements.

4.3.2 Pressurization of Containment Vessel

The TB-1 containment vessel and PC-1 product can were designed to hold a maximum of

3.15 kg Pu0 p wder with a maximum moisture content of 16 g of water. These contents are limited
2

to generating a maximum 24 W of decay heat. The TB-1 is loaded at atmospheric pressure or

less as described in Chapter 7

After the PC-1 and TB-1 are sealed a content loading which generates the maximum 25 W

of internal decay heat, combined with the e:.ternal environments specified in 10 CFR 71 [130' F

(54'C) ambient temperature and solar heating), will cause the TB-1 to reach a maximum tempera-

ture of 215* F (102'C) with a corresponding higher internal pressure (see Chapter 3). This higher

pressure is caused by the heated air and the vapor pressure of the contained moisture. With

plutonium contents at 215' F (102'C), the vapor pressure for 16 g of water in a free volume of
*

715 cm is 15.6 psi (110 kPa). The pressure from the original 715 cm of air is calculated to

be 18. 7 psi (130 kPa); the total internal pressure is 34.3 psi (240 kPa). Therefore, the require-

ment for testing at 1-1/2 times maximum normal operating pressure involved producing an internal

PC-1 pressure > 51.4 psi (350 kPa).

The PAT-1 used in the normal condition of transport performance tests was loaded with
**

1.485-kg CO to which 19.3 g of water was added. Water vapor pressure at 215' F (120'C)

is independent of water volume (since saturation conditions exist) and air pressure is essentially

a
The approximate free volume is calculated by taking the PC-1 internal volume (1124 cmh.

3and subtracting the volume of PuO2 contents, assuraing maximum particle density of 8 g/cm
3(393 cm3), and the original volume occupied by the II 0 (16 cm ).2

*+
The actual mass of CO2 surrogate that can be loaded into a PC-1 is controlled by the

density of the material and the space available.

.# s
As indicated in paragraph 4.5, the constant water loading in all PAT packages was

established to produce the internal pressure which could occur during the accident conditions
defined in the NItC qualification criteria.

1567 233
205



independent of initial volume. Therefore, during the 10 CFR 71 heat test (Chapter 2) of the PAT-1
package, the internal container pressure of 3/.3 psi (240 kPa) which could be associated with
PuO shipments was properly simulated.

2

To achieve the internal pressure required for 10 CFR 71.53(b), namely 51.4 psi (350 kPa),

the TB-1 was subjected to a 255'F (124* C) temperature for 8 hr (see Chapter 2). At this tempera-

ture, water vapor pressure is 32.6 psi (220 kPa) and air pressure is 19.8 psi (140 kPa) or a total

internal pressure of 52.4 psi (360 kPa). This pressure exceeds the required value of 51.4 psi
(350 kPa).

4.4 Requirements for Accident Conditions of Transport 10 CFR 71

4.4.1 Release of Radioactive Contents

The two methods described previously (gas leakage and uranium detection) also verified that

the TB-1 and PC-1 meet the containment requirements for radioactive contents under the accident

conditions of transport defined by 10 CFR 71. Specifically, (1) the posttest gas leakage measure-

ment established that the TH-1 vessel remained leaktight, and (2) the uranium detection measure-

ment confirmed that no release of surrogate contents (depleted UO ) had occurred throughout the
prescribed test series.

The uranium detection method was also used to demonstrate that the PC-1 product can
integrity was preserved intact as required by 10 CFR 71.42 Specifically, the uranium detection

test confirmed that no release of surrogate contents had occurred from the PC-1 to the leaktight
T H - 1.

4.4.1.1 Demonstration of TH-1 Containment Vessel Leaktightness

During the assembly of the PAT-1 package prior to the performance tests representing
the 10 CFR 71 accident conditions, TB-1 containment vessels were helium-filled and were checked

for leaktightness with a helium-mass spectrometer. No leakage to the detection limit of the mass
-10 3

spectrometer (10 cm /s) was ever observed. The TB-1 containment vessel and the PC-1
product can were also subjected to uranium detection measurements which verified no UO surrogate

2
contamination of either vessel (to detectability limits of > 10" g of uranium).

_

After accomplishing the series of 10 CPR 71 accident condition performance tests and

following PAT-1 disassembly, the TB-1 was subjected to uranium detection measurements for

potential release of UO,, surrogate. No UO was detected in this measurement (detectable limit
2~

-8
> 10 g of uranium).

The TB-1 containment vessel was again placed in the mass spectrometer. Posttest
-10helium leakage was undetectable (less than 10 cm /s). Disassembly of the TB-1 containment

vessel revealed a helium-rich internal atmosphere confirming the validity of the leak detcetion
m easurement.
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It is therefore concluded that the T13-1 containment vessel / PAT-1 package meets the

acceptance criteria of 10 CFit 71 and qualifies for consideration as a 13(U) package under 1AEA
regulations (IAEA Safety Series No. 6). I

4.4.1.2 Demonstration of PC-1 Product Can Integrity

Following the Til-1 posttest leakage measurement and disassembly, the interior of the

TIl-1 and the exterior of the PC-1 product can were subjected to a uranium detection measure-

ment. If UO Surr gate had been released from the PC-1 product can, it would have been con-
2

tained within the TIl-1. No uranium oxide surrogate was detected on any of the swipe samples
(detectability limit > 10' g of uranium).

,

An added verification test was also performed which demonstrated the above measure-

ment was not dependent on the doubled-wrapped plastic bags that contained the surrogate contents

within the PC-1 and may have remained intact throughout the testing. This added test involved a

second PAT-1 package which was subjected to the 10 CPIt 71 Accident Condition performance

test sequences. The contents within this product can included 606 g of 00 surr gate, 2545 g
2

of No. 8 lead shot (used as ballast to attain a 3.15-kg content weight) and 19,3 g of water. This

material was placed directly into the PC-1 without use of the double-wrapped plastic bags. Fol-
lowing completion of the test series, the T11-1 was disassembled and the entire interior surface

of the TIl-1 and exterior of the PC-1 were subjected to uranium detection measurements. No

uranium oxide surrogate was detected. Therefore, based on these results, the PC-1 product can
meets the intent of 10 CPIt 71.42 requirements.

4.4.2 Pressurization of Containment Vessel

The TIl-1 containment vessel and PC-1 product can were designed to contain a maximum

3.15 kg of PuO p wder with a maximum moisture content of 16 g of water. These contents are2

also restricted so as to generate a maximum 25 W of decay heat.

The Tf3-1 is loaded at atmospheric pressure or less as described in Chapter 7. After the

PC-1 and Til-1 are sealed, the internal pressures rise as equilibrium temperatures are established
throughout the PAT-1 package. To demonstrate compliance with the 10 CFIt 71 accident conditions

of transport. the peak internal TIl-1 and PC-1 pressures reached during the 10 CFIt 71 fire test
were also evaluated.

As demonstrated in the PYi-1 package tests to the 10 CFIt 71 Appendix B performance

requirements (see Chapter 2), the structural damage caused by multiple 30-ft (D-m) drops and the
*

puncture test was limited to minor dents to the outer stainless-steel drum. The effects of PAT-1

Further evidence of the structural touchness of the PAT-1 was demonstrated through an error
in a test .t the aerial cable facility when a PAT-1 package experienced a free fall of 155 ft (47 m)
to the surface with only superficial damage.
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package exposure to the 10 CFR 71 Appendix B,1475* F (802* C) 1/2-hr fire are expected to be
similar to those which would be experienced if an undamaged PAT-1 package was subjected to the

fire. As indicated in Chapter 3, the peak TB-1 temperature which could oe attained with heat-

generating PuO e ntents in the 10 CFR 71 fire environment has been calculated to be approximate-
2

*
ly 227' F (108' C). At this temperature the vapor pressure for 16 g of water in the rainimum

free volume of the PC-1 product can (715 cm ) is 19.6 psi (135 kPa) [see footnote for 4. 3. 2] .
3The pressure of the original 715 cm of air is calculated to be 19.1 psi (130 kPa); therefore, the

m1ximum total pressure within the product can is 38.7 psi (270 kPa).

The maximum total pressure within +he TB-1 cannot exceed the maximum pressure of the

PC-1, in that the source of the vapor pressure is the moisture within the PC-1, and the only pres-
surization source outside of the PC-1 but within the TH-1 at this temperature is the additional air

between the outside of the PC-1 and the inside of the TB-1. which would have the same value of

19.1 psi (130 kPa).

The first of the two PAT-1 packages used in the 10 CFR 71 accident condition of transport

performance tests ciescribed in Chapter 2 was loaded with 1.484 kg of UO to which 10.3 g of
2

*
water was added (see footnote for 4. 3. 2). As indicated in Chapter 3, the fire test was an over-

test for it was conducted in flame temperatures averaging over 2000* F (1093* C) rather than the

specified 1475' F (802* C), and it extcaded for a time period of 52 minutes rather than the required

30 minutes. Measured TH-1 temperature in this test was ~ 200* F (93* C) (see Chapter 3). The

water-vapor pressure at this temperature is 11.5 psi (79 kPa) and air pressure is 18.3 psi

(130 kPa) for a total induced internal pressure of 29.8 psi (210 kPa).

The ~9 psi (62 kPa) pressure difference between maximum calculated pressure and the

pressure attained in the 10 CFR 71 Appendix U test series is not considered significant for the

following reasons:

a. The calculated pressure is based en a conservative assessment of the maxi-

mum pressure attained within the TH-1; i.e. , use of char depth and char front

velocity data based on >1850* F (1010* C) external temperatures rather than

14 75' F (802* C).

b. The magnitude of the pressure difference is inconsequential for a PAT-1

package which experienced limited deformations within the AQ-1 and no

permanent deformations of the TB-1 in the preceding impact and puncture

*
This calculation, because of lack of data at 1475' F (802'C), was conservatively based on

data at 1850* F (1010* C) as discussed in Chapter 3.
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*tests (e.g. , differential axial force on TB-1 bolts 11 lb (48.9 N)/ bolt. At

these loadings, thread shear stress is insignificant).

c. Furnace tests on a TB-1 indicated no seal failures until long-term exposure

to a temperature of 1000* F (538'C) with 62. 5 g of water deliberately in-

troduced, causing 3330 psi (23 AIPa) internal pressure [see paragraph 4.6.4].

As described in 4.4.1.2, an additional PAT-1 package was submitted to the 10 CFR 71

accident condition performance test sequences. The contents within this package included lead-

shot ballast as well as UO Surr gate (to attain a 3.15-kg content weight) and 19.3 g of water
2

which were placed directly into the PC-1 without the benefit of using two plastic bags. No signi-

ficant difference in the evaluation of peak internal PC-1 pressure (~30 psi; 210 kPa) attained

during the fire was indicated by the results of this testing.

4.5 Requirements for NRC Qualification Criteria

4.5.1 Release of Radioactive Contents

4.5.1.1 Summary

Urar.ium surrogate detection measurements were used to verify that TB-1 containment

vessel plutonium containment acceptance criteria were achieved.

Also, gas leakage measurements were made across the TB-1 containment vessel bound-

ary, to be used in correlation with experiments involving passage of PuO Powder through defined
2

leaks under controlled conditions. Specifically, (1) the uranium detection measurement confirmed
that no release of surrogate UO e ntents occurred, and (2) the helium leak-rate measurements

2 ** -5 3converted to air leak races indicated that all TB-1 leak rates, posttest, were < 5 x 10 cm /s.

4.5.1. 2 Uranium Detection Measurements

During assembly of the five PAT-1 packages which were tested to the requirements of

the NRC qualification criteria, the TH-1 vessels were subjected to uranium detection measure-

ments which verified no UO surrogate contamination (to detectability limit > 10' g uranium).
_

After the sequential testing, the TH-1 containment vessels were again subjected to the

uranium detection measurement for potential release of UO surrogate. No UO was detected in
2 2

*
Hased on tml axial force (F) per bolt: F = Prir /N where P = internal pressure,

r = inside radius of TH-1, and N = number of bolts.

**
Included all TH-1 vessels that were subjected to the impact, crush, puncture, slash,

burn. and immersion tests required by the NRC qualification criteria.

'"
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1

these measurements. The limit of detectability is about five orders of magnitude below a typical

mass of plutonium powder associated with an A2 quantity (Appendix 4A).

Upon disassembly, additional uranium detection measu ements, not required by the NRC
criteria, were made internal to the TB-1 containment vessels. Results of these additional measure-

ments are presented in Appendix 4C. This additional evidence further demonstrates that release

is controlled to less than an A2 quantity.

4. 5.1. 3 Gas Leak-Rate Measurements

During assembly of the five PAT-1 packages which were tested to the requirements of the

NRC qualification criteri'.. the TB-1 containment vessels were backfilled with helium at ambient
temperature and pressure. Each TB-1 was checked for leaktightness; no helium leakage was

detected (< 10 atm em /s). After experiencing the environments required by the NRC qualifi-
cation criteria, the TB-1 vessels were again leak-tested. The results, when converted to air

-5 3 *
1eakage, are indicated in Table 4.5.1. 3-I; all leak rates are <5 x 10 cm /s.

TAB LE 4. 5.1. 3-1

Posttest TB-1 Air Leakage Rates

Package impact Orientation Air Leakace Rate (cm /s)*

Top end (O') < 4. 5 x 10~

Top corner (30* ) < 4. 5 x 10"

Side (90* ) 1.4 x 10

Bottom corner (150* ) < 5. 5 x 10~

Bottom end (180') 1. 9 x 10"

*
The measurements with a < sign are believed to include gases from
redwood decomposition products (trapped in bolt holes), cleaning
solution, and water vapor, all generated exterior to the TB-1 con-

,

tainment vessel. Wide-spectrum gas spectrometer leak-rate tests
identified the presence of other gases, which was expected consider-
ing the combustion processes tnat took place adjacent to the TB-1 in
the fire test.

*
I:xperimental work with actual PuO2 was conducted under NRC sponsorship at another

laboratory (Refs. 2, 3, 4, 5. and 6), to correlate the observed helium leak rates with conserva-

tive bounding estimates of worst-case possible plutonium loss (again, no surrogate powder
escaped). These conservative bounding assessrients of plutonium loss were compared to IAEA
"A2" quantities (Ref.1) by the NRC staff. Theae assessments demonstrated successful perfor-
msnce of the PAT-1 package, satisfying the c iteria for plutonium containment.

O
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4.5.2 Pressurization of Containment Vessel

The TB-1 containment vessel was designed to contain a maximum of 3.15 kg of pug 2 p wder
with a maximum moisture content of 16 g water (0.5% weight fraction of water). At the peak

temperature attained in the NRC qualification fire test (-1080* F; 582* C) the internal pressure

within the TB-1 would be 1253 psi (8.64 AIPa). This total includes a contribution of 879 psi
(6.06 AIPa) from superheated steam at 1080* F (582* C), 49 psi (338 kPa) from the pressure of

heated air within the TR-1, and 325 psi (2. 2 AIPa) from pressure of ethylene gas resulting from

decomposition of the two polyethylene bags. These pressures were based on a calculated original

free volume of 1013 cm . The PAT-1 packages used in the five NItC qualification criterial test-
ing sequences included PC-1 product cans that contained from 1048 to 1254 g of L:0 . (Table

2

4.5. 2-I), to which 10. 3 g of water were added. Four of the TH-Is within these PAT-1 packages

appeared to achieve temperatures approximating the estimated maximum of about 1080* F (582* C).

Total internal TB-1 pressures attained in these qualification tests were calculated to range between

1144 psi (7.89 AIPa) and 1183 psi (8.16 AIPa). This total again includes contributions from super-

heated steam of 833 psi (5.74 AIPa) to 867 psi (5.98 AIPa), 49 psi (338 kPa) from the pressure of

heated air, and 262 psi (1.81 AIPa) to 267 psi (1.84 AIPa) from decomposition of the polyethylene

bags. These pressures were based on a calculated free volume ranging from 1235 to 1261 cm .

These calculated TH-1 vessel pressures would be slight underestimates of actual pressures
achieved during the tests, since the l'O used as a surrocate had a small initial moisture content

2

(< 0.4 w/o or ~4 g of water per specification). This effect was not considered in the internal pres-

sure calculation. The conclusion from the above calculations is that the internal pressures which

were generated in the NRC qualification test PAT-1 packages pros. 'ed a proper simulation of

pressures which would have been experienced by a PAT-1 package loaded with maximum PuO
2

contents containing a maximum moisture content.

TABLI: 4. 5. 2-1

Surrogate UO2 L adings in 5 PAT-1 Packages Tested
to NRC Qualification Criteria

Impact Orientation @o Surrogate Loading (c)

Top end 1346

Top corner 1048

Side 1205

Bottom end 1030

Hottom corner 1073

e 3The original free volume was calculated by taking the TH-1 internal volume (1460 cm ) and
3subtracting (1) the voDue of the PC-1 product can (25 cm ), (2) the volume of the aluminum honey-

3comb spacer (13 cm ), (3) the volume of PuO2 contents assuming maximurp particle density of
d

8 g/ cm (393 cm ), and (4) the original volume occupied by the H,0 (16 cm"); subtracting this
volume for the space occupied by water makes the calculation cdhservative (higher calculated
pressure) because 582* C is in the superheat region and no water would remain.

'"
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APPENDIX 4A

IAEA (A2) Quantity Containment Requirements

Accident Conditions Normal Conditions
of Transport of Transpor.t

m g /wk ug/hr

Pu 0.176 0.000176

"Pu 32.2 0.032
240

Pu 8.7 0.0087
241 Pu 0.9 0.0009
242Pu 770 0.77

Typical Mixture 2. 55 mg Pu/ wk 0.002

213-214
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APPENDLX 4B

Application and Characterization of Surrogate UO Powder
2

Depleted sinterable UO Powder was used as a surrogate for PuO during testing of the
2 2

PAT-1 packages. Selection of this material was based primarily on its ability to replicate the
-8aerosol characteristics of PuO and the capability to detect very small quantities (10 Em) of

2

this material. This detection capability was utilized as one of the two methods to demonstrate

container compliance with the performance specifications. Other similarities of this UO sur-
2

rogate with PuO include (1) U and Pu are both actinide rare earths wit! similar atomic pro-
2

perties; and, (2) UO and PuO have similar heat capabilities, surface tensions, and thermal
2 2

conductivity. The bulk density of the UO Powder (1 - 1. 25 g/cm ) is also similar to PuO
2

formed in the oxalate process (1. 2 - 1. 5 g/cm ). *

All PAT-1 package analyses presented in this report assume a content weight of 3.15-kg
3Pu O., . This weight represents a maximum mass payload of PuO p wder with a 2.8 g/cm bulk

2~
* 3density (could be formed in a peroxide process) that could be contained in 100% of the 1124 cm

of the PC-1 product can. Chapter 2 indicates that the ability to package from 1.048 to 1.485 kg of

UO within the product cans in the tested packages does not affect the capabilities of the PAT-1
2

package to contain 3.15 kg of PuO '
2

The depleted UO Powder used in the testing program was supplied by Eldorado Nuclear,
2

Ltd. , Port Hope, Ontario, Canada, as specification ENL-1-Issue 5--Depleted Sinterable UO '
2

The powder was examined by the Nuclear Alaterials Division, Savannah River Laboratory

(SHL), by agitating it in an isoton solution by ultrasonic means and then taking measurements with

both an electron-beam microscope and a Coulter counter.

Eldorado reported the bulk density to be 1. 0010. 25 g/ cm per AST11-H329 (the 40,000-psi
sintered density would be 5 to 6 g/cm'3). SRL reported the particle size as

3. 01 g median

5.50 mean

52. 74% of population < 1 micron

5.65% of volume < 1 micron

*
Personal communication. L. S. Nelson, 5443, Sandia Laboratories to J. A. Andersen,

5433. Sandia Laboratories and also Reference 8
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239For comparison purposes, SRL reports the following for an oxalate precipitation PuO
2

(direct strike); low (small particle) data group of four measured samples are

28.06 g median

29.14 microns mean

No particles < 6 microns.

The above data show that the UO examined was much finer than at least one specific PuO
2 2

powder examined by SRL; the individual PuO p wder grain was typically " briquette-like or straw-
2*

like , ' whereas the individual UO powder grain was more nearly spherical or "sandlike'. Addi-
2

tional information on PuO microstructure may be found in Reference 8.

The particle size distribution of the UO used in the PAT-1 qualification tests is given in
2

Table 4B-1.

TABLE 4B-I

Particle Size Distribution of Depleted CO Powder, PAT-1
2

p Range Volume % Population %

0.63 - 0.79 2.60 33.23
0.79 - 1.00 3.05 19.51
1.00 - 1.26 5.77 18.42
1.26 - 1.59 7.24 11.56
1.59 - 2.00 10.41 8.31

2.00 - 2.52 12.50 5.00
2.52 - 3.17 11.03 2.20
3.17 - 4.00 10.75 1.07
4.00 - 5.04 9.45 0.47
5.04 - 6.35 6.22 0.16
6.35 - 8.00 4.07 0.05
8.00 - 10.08 2.88 0.02

10.08 - 12.70 2.94 0.009
12.70 - 16.00 3.28 0.005

16.00 - 20.16 2.43 0.001

20.16 - 25.40 1.70 0.0006
25.40 - 32.00 2.55 0.0005

32.00 - 40.32 0 0.0005

40.32 - 50.80 1.13 ------

100.00 100.01615

^

m

Telecon, 11/10/77, from James Scarbrough, Savannah River Laboratory Nuclear Alaterials
Divi For. to J. A. Andersen. Division 5433, Sandia Laboratories.

'''
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APPENDIX 4C

Post-NRC-Qualification-Test Uranium Detection 31easurements,
Internal to TB-1 Containment Vessel

A further indication of the ability of the PAT-1 package to meet the containment acceptance

criteria following the NRC qualification criteria testing was provided by uranium measurements
taken internal to the TB-1. These measurements, Table 4C-I, indleae that release of surrogate

from the PC-1 to the internal environment of the TB-1 was lim 9 less than 10 g of uranium.

This mass is 10~ times the A2 quantity, which is the acceptable plutonium leakage limit from the

TB-1 for typical recycled PuO . The NRC qualification criteria did not require this double con-
2

tainment of the radioisotopic contents.

TABLE 4C-I

*
Posttest Uranium Surrogate Aleasurements Internal to the TB-1

TB-1 PC-1 PC-1
Package Impact Internal Factory Bonded

Orientation Surfaces (c) Seam (c) Joint (c)_
-8 -8

Top end <10~ 5.6 x 10 < 10
-8 -8

Top corner <10 2. 6 x 10" 3. 4 x 10
-8

Side 1. 2 x 10 6. 2 x 10' 9. 5 x 10~
-0

Bottom cotmers <10' < 10~ 3. 4 x 10

Bottom end ?. I x 10~ 6. 8 x 10' 4. O x 10~

*
NHC Sequential Tests for Certification of a Plutonium Air Transportable
Package.

Upon disassembly of the five TB-1 vessels from the NRC qualification test series, it was

found that the PC-1 product cans, although severely deformed, exnibited no visible openings (see

Figures 4C-1 through 4C-10). The residue visible in the photographs is decomposed aluminum

honeycomb, decomposed Tempilaq (temperature indicating lacquer applied inside the TB-1 lid),

decomposed Viton O-ring material, and decomposed identification and warning stickers from the

PC-1 product can exterior (none is UO p wder). Figure 4C-1 indicates the general procedure
2

followed in first opening all of the TB-1 containment vessels: handling precautions in the event

UO was openly present, immediate helium " sniffing" and gas sample collection, and health-
2

physics-radiation monitoring preceding the swipe collections.
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This TB-1 (Figure 4C-1) is from the top-end-impacted PAT-1 package following the entire
test sequence of impact, crush, puncture, slash, burn, and immersion. Figure 4C-2 is the PC-1
product can from the top-end-impacted sequence. The following figures (4C-3 through 4C-10)

show the TB-1 disassembly and details of the PC-1 condition following the full NRC qualification

criteria test series that initiated with impact on the PAT-1 top corner, side, bottom corner, and
bottom, in that sequence.
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Figures 4C-3 through 4C-10. Series Showing TB-1 Disassembly and Details of PC-1 Condition
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CIIAPTI:It 5

ltADIATION SIIICLDING 1: VALUATION

5.1 Summary

The PAT-1 has been examined to determine the radiation environment external to the package

when loaded with PuO . A v ri ty of isotopic mixtures of Pu have been considered and a specific
2

mixture has been selected for use in determining the external dose rates. The source intensity for
this mixture is unlikely to be exceeded by any real pug sample. The calculated dose rates. in-

2

ciuding the effect of ground scatter. indicate that the package meets all radiation requirements of

40 CFit 173. 393 and 10 CFIt 71. 36. The calculated results for the normal operation and the post-

accident radiation tissue dose rates are:

Normal Operation

Dose rate on the surface llorizontal 30 mrem /hr. . . . . . .

V ertical 15 mrem /hr

Dose rate 3 ft from the surface IIorizontal 4 mrem /hr. . .

V e rtical 1 mrem /hr

Postaccident Case

Dose rate 3 ft from the surface Ilori70ntal. . . .

or Vertical 3 mrtm/hr

5. 2 Int roduction

The purpose of this chapter is to show that the radiation levels external to the PAT-1 are

within the regulatory limits set by 49 CFil 173 and 10 CllF 71. The regulatory limit for normal

operation specifies a maximum tissue dose rate of 10 mrem /hr at a distance of 3 ft (~ 1 m) from

the accessible surface of the package and a maximum tissue dose rate of 200 mrem /hr on the

surface of the package. The limit under accident conditions is 1000 mrem /hr at 3 ft from the

package surface.

The radiation source in the PAT-1 is produced from the natural radioactivity of the Pu

isotopes and their daughter products, from induced reactions with the oxygen in the PuO , and
2

from fissions induced in the Pu. The source strength is limited by the concurrent constraints

assumed for the payload of the package: the mass of the Puo may not exceed 3.15 kg and the

thermal power of the payload may not exceed 25 W. The volume available for the payload is

1124 cm .
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5. 3 Source Definition

The thermal power and nuclear radiation emitted by the payload of the PAT-1 will depend on

the isotopic mix of the plutonium. This, in turn, depends on the type of nuclear reactor, neutron
flux and fluence, and uranium enrichment used to generate the Pu; the cooling time of the fuel prior

to chemical extraction of the Pu; and the shelf life of the Pu after extraction. The neutron source

strength also depends on the chemical form of the Pu, the oxide betng more active than the metal

per unit mass of Pu, and on the presence or absence of low-Z impurities such as B and F.

Generally the chemical extraction of Pu from its parent fuel results in relatively pure Pu.

The presence of transplutonic actinides or of fission products, even in small quantities, would

greatly increase the thermal and nuclear radiation sources in the Pu. In practice, levels of these
materials in the extracted Pu are on the order of a few parts per million. The radiation environ-

ment for the PAT-1 has been considered only for " clean" Pu as has been produced in the past or is

being produced at present (i.e. , by the Purex process). The safeguard concept of using so-
called " denatured" Pu, or of including selected fission products to increase the radiation source

in order to thwart intervenars (the Civex process), do not pertain in any way to the payload con-

sidered for the PAT-1.

The radiation characteristics of the different major isotopes of Pu and their daughter pro-

ducts, and their relative abundances in typical Pu mixtures, are discussed in Appendix 5 A. Based

upon the analysis described there, the range of PAT-1 source intensities from Pu-isotope mixtures

that realistically could be expected to occur is somewhat limited. Therefore, a specific source

has been selected for use in this study. ,o mixture of Pu isotopes that could be produced in

quantity from existing sources, or from anticipated future sources, has been identified that would

result in a significantly higher radiation source than that for the case selected. Additional con-

servatism in the source does not appear to be warranted.

The total neutron source strength for the selected isotopic mix, assuming the maximum pay-

load in the PAT-1. is 2.1 x 10 n/s. About 20-30% of the neutrons emitte d originate from spon-

taneous fission and 70-80% originate from (a,n) reactions. The actual division of the neutrons

between the two sources varies with the shelf life of the sample. The energy spectrum of the

spontaneous fission neutrons is well known and is shown for specific energy-group structures in

Section 5. 4 The energy spectrum of the neutrons resulting from the (a,n) reaction varies with the

energy of the a particle and the specific target nucleus. The neutron energy spectrum produced

by the 5. 5- Alev a from Pu reacting with oxygen is given by Stoddard and Albenesius. The

maximum neutron energy is given by Evans and by Arnold for a variety of reactions. The (a.n)

neutron-energy spectrum used in this study is shown for a specific group structure in Section 5. 4

The gamma-ray source strength for the Pu-isotope mix selected for the presrat shielding

study is shown in Table 5. 3-I. This gamma source represents the maximum source identified in

Appendix 5A and is based on 14.6 yr-old Pu (i.e. , approximately one half-life of Pu).
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TABLE 5. 3-I

Gamma-Ray Source Used in the Present Shielding Analysis

Average Photons /s From
Energy Energy Alaximum Payload
Group ( AleV) of Worst-Case PuO2

1 3.25 4. 5 x 10

2 2.75 2.1 x 10

3 2.38 7. 5 x 10

4 1.99 5. 2 x 10

5 1.55 1.1 x 10

6 1.10 1.9 x 10

7 0.63 1. 5 x 10

8 0,30 2. 9 x 10

9 0,15 1. 6 x 10

10 0.05 4. 2 x 10

5. 4 Shielding Calculations

A series of radiation-transport calculations was performed on the PAT-1 and the TB-1 to

determine the radiation environments ta be expected on the surface ant; 3 ft from the surface of the

package. All one-dimensional calculations were performed with the ANISN discrete-ordinates

code. Two-dimensional calculations were performed with the TWOTHAN-Il discrete-ordinates

code and with the AIOllSE-SGC Alonte Carlo code. The geometries considered were as follows

a. One-Dimension, Normal Operation -- The PAT-1 was modeled in spherical geometry

using 1-yer thicknesses based on the minimum shielding path through the side of the package. For

the neutron transport calculations, 3 ft of air was assumed external to the PAT-1 followed by a

~3-cm-thick water phantom. This geometry is shown in Figure 5.4-1 and Table 5.4-I. A water phantom

is included in some of the present calculational models to account for perturbation of the radiation

field by a human body. The results which include a water phantom are conservative since its effect

is to increase the neutron dose rate slightly (~ 10%). No water phantom was used in the primary

gamma-ray transport calculations because such a water phantom has very little effect on the

gamma-ray dose rate.

9

The discrete-ordinates (one- and two-dimensional) models were developed by S. II. Sutherland
of Sandia Laboratories. Sutherland also performed the discrete-ordinates neutron and secondary-
gamma transport calculations reported here.
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This and the following three models assumed 2 kg of I)uO inside the Til-1 for the neutron
2

transport calculations and 1.5 kg of l'uO f r the gamma-ray transport calculations; the actual pay-2

load for the specific source used in the calculations was 1.5 kg. This represents the worst-case
radiation source identified for the PAT-1 and is controlled by the 25 W thermal limit (see Appen-

dix 5A). The payload mass has very little effect on the calculated neutron-dose rate but has a

large effect on the calculated gamma-ray dose rate.

b. One-Oimension, Postaccident Conditions -- The worst case for a postaccident configu-

ration of the PAT-1, based on the test results reported in Chapter 2, is for the outer surface of the

Til-1 containment vessel to be located a few centimeters inside the crushed outer surface of the
AQ-1 overpack. Ilowever, to simplify the postaccident model and ensure consideration of the worst-
case conditions, a completely bare TIl-1 was used for the postaccident dose-rate determination.
The one-dimensional model consists of the T13-1 portion of Figure 5.4-1 surrounded by 3 ft of air. A

water phantom was included for the neutron-transport calculations but not for the primary gamma-

ray transport calculations. T1.e geometry is shown in Table 5. 4-11.

Water Phantom

124.0
121.113

Air

304 Stainless Steel
\

20.673
29.363Hedwood

6061 Aluminum

E
16.44 c
15.17 .g

H edwood f
W

PAT-1

" 9.912
PH13 8 Mo 7.83

PuO '

2
T il- 1

N ot to Scale 0. 0

Figure 5. 4-1. One- Dimensional Model
of the PAT-1 (Normal
Operation)

9
224
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TABLE 5. 4-1

One-Dimensional Alodel of the PAT-1 (Normal Operation)

Zone Outer
Itadius Thicknes s

Zone (cm) (cm) Alaterial

1 6.450" 6.450 PuO
2

2 7.880 1.430 PII13-8 Ato stainless steel
3 9.912 2.032 Air gap

4 15.170 5.258 Hedwood

5 16.440 1.270 6061 aluminum
c

6 29.368 12.928 Redwood

7 29.673 0.305 304 stainless steel
8 121.113 91.440 Air

9 124.000 2.887 Water

"TH-1 volume 1124 cm ; contents of 2-kg PuO2 used in the neutron transport
calculations: 1.5-kg PuO2 used in the primary gamma-ray transport calcu-
1ations.

Combination of 0.033-cm-thick 304 stainless steel inner product can wall and
1. 397-cm-thick PII13-8 Ato stainless steel TI3-1 vessel wall,

c
Includes two 0.152-cm-thick glue lines.

TABLE 5. 4-II

One-Dimensional Alodel of the TB-1 (Postaccident Conditions)

Zone Outer
Itadius Thickness

Zone (cm) (cm) Alaterial

1 6.450 6.450 PuO
2

2 7.880 1.430 Pill 3-8 AIo stainless steel
3 99.320 91.440 Air

4 102.000 2.680 Water

"TH-1 volume 1124 cm ; contents of 2-kg pug 2 used in the neutron transport
calculations: 1.5-kg pug 2 used in the primary gamma-ray transport calcu-
lations.

Combination of 0.033-cm-thick 304 stainless steel inner product can wall
and 1. 397-cm-thick PII13-8 AIo stainless steel TH-1 vessel wall.
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c. Two- 1)im ension I)is c ret e-Ordinat es Model, Normal Operation -- The finite (r,z)

geometry of the TWOTitAN code was used to model the PAT-1 in an air-over-ground geometry.

A substantially correct l'AT-1 internal geometry was included as shown in Figure 5. 4-2 and

Table 5. 4-111. This model was specifically developed to determine the effect on the external

dose rates of the backscatter of neutrons in the ground. A water phantom was included both

radially and axially. This introduces ad'itional conservatism in the results by approximating a

completely enclosed vault around the PAT-1. No primary gamma-ray transport calculations

were performed using this model.

Water Phantom

Air

304 Stainless Steel

lledwood

60G1 Aluminum

C 71.0 _ a
3 Air Air

lledwood_
.c
- 63.1 ,y--l>lI13-8 Mo
~ 57. 5 - -

PuO
2 fu

i

48.1

38. 2 Water
~

Phant om

10.0 || !N
G rotuad0 . __

,

O G. 78 15.3 28.5 120 1220
Itadius (cm)

N ot to Scale

Figure 5.4-2. Two-1)imensional Discrete-Ordinates Model of the PAT-1 (Normal Operation) in an
Air-Over-Ground Geometry

All region boundaries are right circular cylinders.
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TABLE 5. 4-III

Two-Dimensional Discrete-Ordinates Alodel of the PAT-1
(Normal Operation) in an Air-Over-Ground Geometry

Radial Alesh

Zone Outer
Itadius Thickness

Zone (cm) (cm) Alat erial

1 5.3848 5.3848 Puo
2

2 6.7818 1.3970 PII13-8 Ato stainless steel

3 7.5692 0.7874 Copper

4 14.0208 6.4516 Itedwood

5 15.2008 1.2700 6061 aluminum

6 28.2194 12.9286 Itedwood

7 28.5242 0.3046 304 stainless steel
8 119.9642 91.4400 Air

9 122.0 2.0358 \ Vater

0 1220.0 1098.0 Air

Axial Alesh

Zone Upper
lloundary Thickness

Zone (cm) (cm) A1aterial

1 10.0 10.0 G round

2 10.3048 0.3048 304 stainless steci

3 38,1940 27.8892 lledwood

4 40.7340 2.5400 6061 aluminum

5 48.1254 7.3914 Itedwood

6 49.5224 1.3970 PII13-8 Ato stainless steel

7 61.8612 12.7358 Puo
2

8 63.0982 1.2370 PII13-8 Alo stainless steel

9 70.9976 7.8994 Itedwood

10 73.5376 2.5400 6061 aluminum

11 101.4268 27.8892 It edwood

12 101.7316 0.3048 304 stainless steel

13 193.1716 91.4400 Air

14 106.0 2.282 Water

"TIl-1 volume 1124 cm , contents of 2-kg PuO2 used for self-shielding.

0
'
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d. Two-Dimensional Discrete-Ordinates Model. l'ostaccident -- The bare Til-1 was modeled

as a worst-case postaccident condition in an air-over-ground geometry. This model is shown in

Table 5. 4-IV. Neutron and secondary gamma-ray transport calculations were performed using this

model.

Two-Dimensional Monte Carlo Model, Normal ()peration -- A detailed model of the l'AT-1,e.

including a more accurate model of the T13-1 than was used in models 'c' and 'd', was developed in

the MOIISE combinatorial geometry. A cross section of the l'AT-1 model, generated by the

l'ICT Ulti code * is shown in Figure 5. 4-3. In addition to the PAT-1, the model included a

15-cm-thick ground underneath the package and 20 m of air both horizontally and vertically. No water

phantom was used.

f. Two-Dimensional Monte Carlo Model, l'ostaccident -- The Til-1 portion of model 'e'

was used over 15 cm of ground f ar the postaccident Monte Carlo calculations. This model also

included 20 m of air horizontally and vertically.

TA13LE 5.4-IV

Two-Dimensional Discrete-Orcinates Model of the TIl-1
(Postaccident Condition) in Air-Over-Ground Geometry

Itadial Me.sh

Zone Outer
Itadius Thickn es s

Zon e (cm) (cm) M at erial

1 5.385 5.385 l'uO
2

2 6.782 1.397 l'1113-8 Mo stainless steel

3 08.222 91.440 Air

4 105.0 6.778 Water

5 1108.0 1003.O Air

Axial Mesh

Zone Upper
13oundary Thicknes s

Zone (cm) (cm) M aterial

1 10.000 10.000 G round

2 11.397 1.397 l'1113-8 Alo stainless steel

3 23,736 12.339 l'uO
2

4 24.973 1.237 PII13-8 Mo stainless steel

5 116.413 91.440 Air

G 121.490 5.077 Water

7 1126.0 1004.510 Air

"Til-1 volume 1124 cm ; contents of 2-kg PuO used for self-shielding.
2
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The elemental compositions of the various materials used in the above models are shown in

Table 5. 4-V . The redwood cornposition was tak m from tN analyses of Matchette and 10 ric k s on.

Only the major constituents (II, C, and O) were used in the calculations. The next most abundant
element in redwood, Ca, has an atomic density of 8. 7 x 10' atoms /b cm. Although this Ca, along

with other trace elements, will produce son.e secondary gamma radiation, its contribution will

be negligible due to the extremely low atom densities involved. The compositions of GOG1 aluminum

and 304 stainless steel were taken from itef.13 The composition of l'II13-8 A1o stainless steel is

from itef.14 The soil composition was taken from Iter.15 and represents extremely wet worst-

case ground (30% water with a total density of 1. 7 g/cm ) based on data from itef. 16.

TAllL1; 5. 4-V

I:lemental Compositions of Alaterials Used in Shielding Calculations

Densit Composition
Alaterial (g/cm ) (atoms / b.tr v cm)

I'll13-8 Ato stainless steel 7.76 C 0.000195
Al 0.001905
Si 0.000166
Cr 0.01168
Fe 0.06304
Ni 0.00G368
At o 0.00112

Itedwood 0.36 II 0.01242
C 0.009131
0 0.006034

0061 aluminum 2.70 Alg 0.000669
At 0.05825
Si 0.000347
Fe 0.000204

304 stainless steci 7. 0 C 0.000317
Si 0.001694
Cr 0.01738
Ain 0.001732
Fe 0.05785
Ni 0.008103

Soil 1. 7 II 0.034
0 0.0398
At 0.00881
Si 0.00371

l'uG 1.33" l'u 0.002966
2

0 0.005932

" Corresponds to a payload of 1. 5 kg I'uO '
2

O
1567 257230



The calculations used several different l'uo., compositions. The one-dimensional and two-
~

e
dimensional discrete-ordinates neutron transport calculations assumed an oxide payload of 2 kg.

Neutron self-multiplication from fissions in the oxide region was neglected in these calculations.

Although the effect of including such fissions is small, they were included in the Monte Carlo

30 'uOcalculations. The Monte Carlo neutron transport calculations assumed pure l at maximum
23

density (3.15 kg in 1124 cm ) to maximize this self-multiplication. The Monte Carlo primary
239

gamma-ray calculations assumed l'uO t the density of Case 2 of Table SA-IV (1. 5 kg in
2

3
1124 cm , see Appendix SA) in order to correctly account for the self-shielding of the gamma
rays. The resulting atomic densities are shown in Table 5. 4 V.

Four different cross-section sets were used for the various calculations reported here.

Two separate sets were used to calculate simultaneous neutron and secondary gamma-ray trans-

port . A third set was used for neutron transport only. Finally, the fourth cross-section set was

used only for primary gamma-ray transport. The neutron (and neutron-induced gamma-ray)

t ransport was separately analyzed from the primary gamma-ray transport because the energy

spectrum of the secondary gamma rays is markedly different from that of the primary gamma

rays. Significant computer time is saved without loss of accuracy by splitting the problem into

two parts.

Most of the neutron and secondary gamma-ray calculations used a 20-group,183"" """~

tron, 3 gammas, or '12-8') collapsed from the HUGLl'17 set using the M ALOCS code. The
18

12-8 group structure, tissue dose factors, and fission spectrum are shown in Table 5,4-VI. The

dose factors for the cross-section sets were taken from Itef.19.

The second cross-section set used in the present calculations was a 32-group, l' s et
0(19 neutron, 13 gammas) collapsed from the DNA few-group library using ANISN. The energy

bounds, tissue dose factors, 6, n) neutron spectrum, and prompt-fission-neutron spectrum for

this group structure are shown in Table 5. 4-VII.

A single one-dimensional neutron dose rate calculation was performed using the 27-group,

l'3 MkaW hary herM in Gapter 6 Although not designed for shielding calculations,
the library was used as a cross check on the accuracy of the smaller sets.

All primary gamma-ray transport calculations were performed using an 11-group, l'3 *'
1

generated with GAMLI:G. The group bounds and tissue dose factors for this set are shown in

Table 5.4-Vill. The energy bounds match those shown in Table 5A-1 of Appendix 5A from group 5

through group 12.

The results of the neutron transport calculations are not sensitive to the mass of the payload,
its density, or its isotopic composition.
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Table 5.4-VI

Group Structure and Data for the 12-8 Cross-Section Set

Upper Energy Dose Factor
Group Bound [ mrem /hr j Fission

Number (MeV) \ particle /cm2 s / Spectrum

Neutrons

1 17.33 0.1471 0.076

2 7.408 0.1559 0.186

3 2.725 0.1264 0.322

4 1.353 0.1308 0.161

5 0.863 0.1029 0.159

6 0.369 4. 781 x 10" 0.073

7 0.111 1. 514 x 10" 0.023

8 0.015 3. 55 3 x 10' O. 0

9 1. 234 x 10' 3. 8 2 2 x 10" 0. 0

10 1. 013 x 10' 4. 290 x 10' O. 0

11 1. 068 x 10' 4. 573 x 10' O. 0

12 4.140 x 10' 3. 7 24 x 10' O. 0

1. 0 x 10'

Gammas

13 14.0 8. 991 x 10'

14 8. 0 7. 294 x 10-

15 6. 0 5. 8 23 x 10'

16 4.0 4. 413 x 10-

17 2. 5 3. 207 x 10'

18 1. 5 2. 308 x 10-

19 1. 0 1. 564 x 10

20 0.45 6. 387 x 10'

O.01

0
232
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TA fl11 5. 4-VII

Group Structure and Data for the 19- 13 Cross-Section Set

Upper Energy Dose Facter

\ pa rticle /cm 2. s}/[ m rem /h r Fission (a. n)Group 130und
Number GleV) Spectrum Spect rum

Neut rons

1 10.0 0.1447 0.204 0.010

2 3.01 0.1268 0.236 0.321

3 1.83 0.1291 0.220 0.431

4 1.11 0.1162 0.196 0.178

5 0.55 0.0568 0.123 0.060

6 0.111 0.0170 0.021 0. 0

7 5. 25 x 10~ 9. 893 x 10~ 0. 0 0. 0

8 2. 4 8 x 10~ G. 912 x 10~ 0. 0 0. 0

0 2.19 x 10~ 4. 9ti9 x 10~ 0. 0 0. 0

10 1. 0 3 x 10' 3. 601 x 10~ 0. 0 0. 0
-3

11 3. 35 x 10~ 3. 694 x 10 0. 0 0. 0

12 1. 23 x 10~ 3. 790 x 10 0. 0 0.0
13 5. 8 3 x 10~ 4. 015 x 10~ 0. 0 0. 0

14 1. 01 x 10 4. 275 x 10~ 0.0 0. 0
-5

15 2. 90 x 10 4. 451 x 10~ 0. 0 0. 0

IG 1. 07 x 10~ 4. 522 x 10~ 0. 0 0. 0
'

17 3. 00 x 10 4. 48 2 x 10~ 0. 0 0. 0
-6

18 1.13 x 10 4. 317 x 10~ 0. 0 0. 0

19 4.14 x 10~ 3. 7 24 x 10~ 0. 0 0.0

1. O x 10~

Gammas

-3
20 14.0 8. 991 x 10

~3
21 8. 0 7. 6 34 x 10

22 7. 0 G. 899 x 10~

23 6. 0 6.155 x 10

24 5. 0 5. 38 8 x 10~

25 4. 0 4. 57 8 x 10~

26 3. 0 3. 625 x 10~

27 2. 0 2. 92G x 10~

28 1. 5 2. 30 8 x 10~

29 1. 0 1. 7 3 6 x 10~

30 0. 7 1.125 x 10'

31 0. 3 5. 297 x 10~
~432 0.1 5. 8 22 x 10

0.01

'
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TABLE 5. 4-VIII

Group Structure and Data for the 11-Group Gamma-Itay Cross-Section Set

Upper Energy Dose Factor
G roup Bound / mrem /hr 1
Number (MeV) I gamma / cm 2. s /

1 3. 5 4. 36 x 10~

2 3. 0 4. 00 x 10~

3 2. 6 3. 71 x 10

4 2, 2 3. 24 x 10

5 1. 8 2. 77 x 10~

6 1.35 2. 30 x 10~

7 0. 0 1. 51 x 10~

8 0. 4 0. 8 3 x 10"

9 0. 2 0.36 x 10~

10 0.1 0. 37 x 10~

11 0.01 0. 37 x 10

0.001

Neutron dose-rate calculations were performed using both the prompt-fission source energy

spectrum and the (a n) energy spectrum. The difference in the external dose rate per source

neutron was small for the two cases. The primary gamma-ray dose rate calculations used the

source spectrum for Case 2 of Table 5A-IV for a 14.6-yr (one Pu half-life) shelf life. This
source spectrum is shown in Table 5. 3-I.

5. 5 Results

A number of radiation-transport calculations have been performed on the PAT-1 using the

computer codes, cross sections, and geometries described in Section 5. 4 As expected, the dose

rates determined from two-dimensional calculations excluding the ground were lower than the worst-

case one-dimensional results. However, ground seat r contributed significantly to the neutron
dose rate at the side of the PAT-1; the two-dimension esults, which included this effect, were

found to give the highest external dose rates obtained in this analysis. These results, then, based

on the Case 2 source of Table SA-IV (Appendix SA), reflect the worst-case radiation environments

for the PAT-1. The calculated total dose rate = are shown in Table 5. 5-I.

In the undamaged PAT-1, the amount of material located above or below the TB-1 greatly

exceeds the amount located radially outside of the source. The top and bottom results in Table 5.5-1

0
234
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reflect this additional shielding. The postaccident geometry is governed by the wall thickness of

the TH-1, which is fairly uniform except for the thick flange at the top. Calculations without

ground scatter included have shown very little difference between the dose rates produced in the
radial cr axial directions for the bare TH-1. When ground scatter is included, the dose rate at

3 ft is larger to the side of tl.e TH-1 than overhead. Only this worst-case result is given for the
postaccident case. All of the dose rates shown in Table 5. 5-1 are well within the regulatory

requirements and Qualification Criteria for the PAT-1.

TABLE 5. 5-I

Total Dose Hates External to the PAT-1 (in mrem (tissue)/hr)

Normal Operation Postaccident
Dose Hate on Surface Dose Itate at 3 ft Dose Itate at 3 ft

Side Top or Hottom Side Top or Hottom e Side

30 15 4 1 8

Tables 5.5-11 and 5.5-III show a relatively complete matrix of results from the calculations

performed and indicate the breakdown of the dose rates into neutron, secondary gamma-ray, and

primary gamma-ray contributions. As mentioned in Section 5.4, use of the (a,n) spectrum results

in a higher external n,eutron dose rate per source neutron than use of the fission spectrum, but the
eff ect is small at 3 ft from the surface of the container. The one-dimensional neutron results

are in good agreement with the two-dimensional results on the surface of the package, but the

ground scatter effects greatly increase the neutron-dose component 3 ft radially outward from

the package. The primary gammas are also increased by the ground scatter. Neither the neutron

nor the gamma dase rates 3 ft vertically above the package are significantly affected by the ground.

The summa ry results of Table 5.5-I are taken f rom the worst-case results of Tables 5.5-11 and

5.5-1I1. Specifically, the maximum dose rate during normal operation at 3 ft from the package sur-
face is 2.4 mrem /hr from r.eutrons (two-dimensional 11onte Carlo result plus one standard devi-

ation; secondary gamma-rays are negligible) plus 1.1 mrem /hr from primary gamma rays (two-
di nensional 11onte Carlo result plus one sEundard deviation). The sum, 3. 5, was rounded up to 4

as shown in Table 5.5-I The one-dimensio fal result is the worst case for the dose rate on the
radial surface of the PAT-1 during normal operation. The dose rates on the top surface and at

3 ft above the top surface were estimated by summing the one-dimensional primary gamma dose

rates (11 and 0.6 mrem /hr, respectively) and the two-dimensional discrete-ordinates neutron

and secondary-gamma results (3. 6 and 0. 6 mrem /hr, respectively). Finally, the postaccident
dose rate at 3 ft was taken from the Alonte Carlo results (plus one standard deviation) and again

rounded to an integer.
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The uncertainties in the results presented here stem from uncertainties in (1) the source

terms;(2) the cross sections used; (3) the accuracy to which the computer models simulate the

true PAT-1 geometry and material compositions; and (4) the accuracy of the computer solutions

with regard to convergence, the finite-difference approximation, and the Monte Carlo statistics.

Of these, the largest uncertainty is in the source definition. For the PAT-1 application a con-
*

servative source has been used and a realistic range of uncertainty is probably +25%, -90%

The cross sections used are based on the best available data and the cross sections for the spe-

cific materials used in the PAT-1 construction are reasonably well known; their probable un-

certainty is t20% The error in the computer solution is small--tS% for the discrete-ordinates

calculations. Uncertainties in the Monte Carlo results are shown in Tables 5. 5-1I and 5. 5-111 and

are included in the results reported in Table 5. 5-1.

Including the cumulative uncertainties and ground scatter effects, the present analysis shows

that the PAT-1 meets all regulatory requirements on radiation dose rates external to the package.

*

No minimum loading is specified for the PAT-1, hence the lower limit in the source intensity
is zero. In a practical sense, however, the smallest full-payload source identified in Appendix 5A
is approximately 10% of the source used in the calculations described. Hence, a downside un-
certainty of 90% is considered realistic.

''"
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APPEN DIX 5A

Derivation of Worst-Case Source Terms for the PAT-1

The radiaH.on source originating within a given sample of PuO depends upon the isotopic
2

composition of the Pu at the time it was removed from its source fuel and the shelf life of the Pu

after such removal. Determinatica of a realistic worst-case source for the PAT-1 therefore
requires consideration of these variables and their quantitative impact on the source.

The radiation and thermal source strengths for Pu composed initially of pure isotopes are

shown in Figures 5A-1 through SA-3 as a function of shelf life; i.e. , the length of Hme since the

purification of the Pu. The results are based upon 1 kg of each isotope initially present; thus, the

source in any actual sample of Pu will be given by the sum of this source per isotope times the
*

mass (in kg) of the isotope initially in the sample.

The most striking result shown in Figure 5A-1 is the increasing thermal source from the
buildup of daughter products of Pu as a function of shelf life. This increase is caused by the

decay chain

p a
241 241 237Pu - Am Np .

14.6yr 433yr

The Np daughter product is long lived (half-life ~ 2.1 x 10 yr) and it and its daughter products

do not contribute to the buildup of the radiation-source strength. The 433-yr half-life of the Am

coupled with its high thermal-source strength, however, causes the decay heat from a sample of

Pu, initially composed solely of Pu, to reach a maximum after a shelf life of about 74 yr.

This maximum is more than an order of magnitude larger than the thermal source from the same

mass of Pu and its daughter products at a shelf life of one year. Thus, depending upon its

isotopic mix at zero shelf life, the thermal source from a sample of Pu may increase with shelf

life for the first 70 yr or so after extraction from its parent fuel. A quantity of PuO that meets
2

the PAT-125-W thermal limit at some point in time may therefore exceed the li'mit after further

shelf life. Thus, using a PAT-1 to store PuO f r extended periods should be undertaken with
2

caution.

244-Small quantities of Pu are generated in nuclear reactors, but the total quantity pro-
23Gduced is typically 6-7 orders of magnitude less than the quantity of Pu generated.
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The total gamma-ray energy-emission rate for l'u composed initially of a pure isotope is
*

shown in Figure S A-2. Pu and its daughter products are very low-intensity sources of

gamma rays compared with those shown, emitting ~ 10 r AleV/s/kg over the shelf life range
shown. As was found for the total thermal power, the gamma source of an initially pure l'u

sample increases with shelf life due to the buildup of Am, reaching a maximum after about

74 yr. In addition, the gamma source from an initially pure 'Pu sample increases with time.

The buildup from this latter isotope is caused by the decay chain which begins

a a
236 232 238p

2. 85 yr 12 yr

23?The daughter products of ~U are all short lived compared with 72y. Thus, the gamma source
from Pu and its daughter products reaches a maximum after a shelf life of approximately
14 yr. The major gamma emitters in the Pu decay chain are Pb and T1.

Figure SA-2 gives the total energy emitted per second in the form of gamma rays by Pu

composed initially of a pure isotope. However, the energy of the gamma photons emitted must be

known in order to determine which gamma rays from a particular isotope are capable of pent. -

trating a given amount of shielding. The energy spectra of the gamma rays emitted by the initally
pure Pu samples are shown in Table 5A-1. The intensities shown reflect a shelf life of one Pu

9
half-life or 14. G yr. The energy-group structure is that used in the OltlGEN~ code. All gammas
above group 6 (C > 3 AleV) are from spontaneous fission. The intensity of these gamma rays

is extremely low and their presence can be neglected. The very large photon-source intensities

below 150 kev are likewise of little importance in shielding analyses due to their low penetrating
power.

Table 5A-I shows that not only does 'Pu and its daughter products produce the greatest

gamma-energy emission rate per unit mass of Pu isotope present at zero shelf life, but that these

gammas are much more penetrating, on the average, than those of any of the other Pu isotopes and

their daughter products. Thus, even small quantities of Pu in a sample might contribute signi-

ficantly to the total gamma source in the sample.

Only gamma rays with energies above 20 kev are included in this analysis. Low energy
x-rays are abundant in Pu but are easily shielded.

n 9

Gamma-ray sources and spectral data are taken from the OltlGEN~ data library as com-
piled by the Oak Itidge National Laboratory and released through the Itadiation Shielding Information
Center, OltNL (CCC-217). See also IIcath,3 Stoddard and Albenesius,4 and Alattack and Aletz. 5

t 236 239 Pu do undergo spontaneous fission,6 their rates are low and theirAlthough Pu and
high-energy gamma sources are much less than those shown for 233Pu, 240Pu, and 242Pu.

'"
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I TAI 3LE 5A-1

Gamma-Itay Emission Spectra for the Atajor Isotopes of Plutonium and Their Daughter Products

Average Gamma-Emission Itate at a Shelf Life of 14.6 yr (Photon /s/kg
of Each Pu isotope Present at Zero Shelf Life)Ene rgy Energy

G roup (MeV) 236Pu 238Pu 239Pu 240Pu 241Pu 242Pu

1 5.25 0. 0 1.1 x 10 0. 0 4. 7 x 10 0.0 9.0 x 10

2 4. 7 0. 0 1. 8 x 10 0. 0 7. 4 x 10 0.0 1. 4 x 10

3 4.22 0. 0 3.9 x 10 0. 0 1. 6 x 10 0. 0 3. 0 x 10

4 3. 7 0. 0 6.1 x 10 0. 0 2. 5 x 10 0.0 4. 8 x 10

5 3.25 0. 0 9.5 x 10 0. 0 3. 9 x 10 0.0 7. 5 x 10

G 2.75 2. 3 x 10 5. 8 x 10 0. 0 G. 2 x 10 0.0 1. 2 x 10

7 2.38 0.0 7. 5 x 10 0. 0 1. 3 x 10 0. 0 ?.G x 10

8 1.99 4. 2 x 10 1. 0 x 10 0. 0 2. 7 x 10 0. 0 5.2 x 10

19 6 5 5

9 1.55 8. 7 x 10 ~ 4. 0 x 10 0.0 5.1 x 10 0. 0 9. 8 x 10

10 1.10 1. 7 x 10 1. 8 x 10 0. 0 7. 5 x 10 0. 0 1. 4 x 10

11 0.63 5. 3 x 10 5. 0 x 10 1. 4 x 10 5. 4 x 10 5.5 x 10 7. 0 x 10

12 0.30 2. 7 x 10 1. 3 x 10 4. 7 x 10 8. 0 x 10 1.6 x 10 1. 5 x 10

13 0.20 G. 7 x 10 2. 4 x 10 9. 4 x 10 4. 0 x 10 1.1 x 10 7. 6 x 10

# ~0.05' 1.0 x 10 2.6 x 10 2. 3 x 10 2. 2 x 10 2. 4 x 10 3. 9 x 10

W
CB
- -.J

' Photons with energies less than 20 kev are neglected.
N
w

O O-



Figure SA-3 shows the neutron source by Pu isotope present at zero shelf life assuming an
oxide matrix. The neutrons are produced by spontaneous fission and by (a,n) reactions with
oxygen, particularly the reaction O(a, n) N e. The plotted results are for the sum of these two

The (a,n) neutrons have a slightly higher average energy than the spontaneous fissionsources.

neutrons (~ 2. 5 MeV compared with ~ 1. 5 MeV). The portion of the total neutron source con-

tributed by the two processes varies with the isotope undergoing spontaneous fission and/or a
decay as shown in Table SA-II. Because U and Am are important daughters of Pu and

Pu, respectively, they are included in the table. It is apparent that the buildup of U and
241

Am does not change the relative strength of the two neutron-source components, Most of the

neutrons produced by the three dominant isotopes and their daughter products shown in Figure 5 A-3
241

(initially pure Pu, Pu, and Pu) are from (a,n) reactions.

TABLE S A-II

Contributions of Spontaneous Fission and (a,n) Ite'nctions
to Neutron Sources in the Major Pu Isotopes,

232U, and 241Am

Fraction of Neutrons Due to
Isotope Spontaneous Fission (a,n)

') 3 ''U
~'

~0 ~ 1. 0

236
Pu ~0 ~ 1. 0

938~ P1 0.00 0.94

239
Pu ~0 ~ 1.0

240
Pu 0.73 0. 27

')41~ Pu 0 1. 0

')4 ~'Pu
~

: 0.99 < 0.01

241 Am ~0 ~ 1.0

The maximum neutron and gamma-ray source strengths per watt of the rmal power of the

major Pu isotopes and their daughter products are shown in Table 5A-III. The gamma ratios are
taken at 14 and 70 yr of shelf life for initially pure Pu and Pu, respectively; the neutron

ratio is taken at 70 yr for Pu. All other ratios are taken at zero shelf life. Although this
table does not apply to an actual payload that might be loaded into a PAT-1, it is informative

concerning upper limit sources attainable in the PAT-1. The maximum source possible in a

1567 272
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PAT-1, assuming a payload consisting initially of eaci. of the pure isotopes, is shown. Because

of its very low power density and relatively high spontaneous-fission rate, Pu at zero shelf

life produces the highest neutron source achievable within the PAT-1 payload mass and thermal
936
~ Pu daughterpower restrictions. Correspondingly, the high gamma-source strength from the

products makes a payload based upon this isotope the worst case for gammas despite the high

thermal-power density of the sample and its correspondingly small payload. Furthermore, from

Table SA-I it is apparent that the gamma radiation from the Pu daughter products is the most

penetrating emitted by any of the Pu decay chains, making this clearly the worst case for gamma

rays.

F T li t .E 53 111

M amur urn Wu r< e lie nuties f ar the M a ror Pl at otu am i+>*open and Their f >ag ter Pr+1act s

% n mam
Ge ma- Rx M 2rr e!=vtope l'a v luad N eu* ron Sm r e

l'rew rt t at art l' A T * 1 Ne u rone s s i A ?.l a n t rn um fl eV/s'n 114s t rn u m

7 e ro Nhelf ng of N e u rota l of Thermal Neut ron / n of Thermal t -MeVis
Is /kg Power AN evablel ife ouMel 94g Power Achievable y -V eV

12
Pu 1. 7 a 10^ 1. 0 x 10 6. 7 x 10 1. 7 x t o 1.2 x 10 8.1 = 10 2. 0 a 10

Pu 4.5 x 10' 3. 5 x 10 6. 2 x 10 1. 6 m 10 1. 7 x 10 3. 0 m 10 7. 6 a 10

'Pu 3.15 9. 5 u 10 a. 0 x 10 3. 0 x to 9. 0 x 10 4. 7 u 10 2. 6 x 10

Pu 3.15 1.3a10 1. 9 a 10 4.1 x 10 11 . 9 s 1 0 1.3m 10 '. 8 x 10

l 'u 0. 25 6. 2 x 10 6. 2 x 10 1. 6 a 10 2. 6 x 10 2. 6 x 10 6.5x10

Pu 3.15 2. 0 m 10 1. 8 x 10 6. 3 x 10 1.5 x 10 1. 4 x 10 4. 7 x 10

M aurnum suuri u hievable u limited by the P.5T- 1 payloa l capacity of 3.15 kg of oxade or 25 % , et u hever ise rear hed tirst. l'or a

pow e r ;tewi% of 7. 4 W / kg or lea s the f ull payload of 3.15 kg a poss ti le.

IIaving examined the radiation source from hypothetical samples composed initially of pure

isotopes of Pu, one can combine the results according to actual isotope mass fractions at zero shela

life to determine the source for any given sample of Pu. Isotopic enrichment is not practiced on

bulk quantities of Pu. The inital isotopic mixture is therefore determined by the environment

used to generate the Pu and the cooling time prior to chemical extraction of the Pu. A wide diver-

sity of isotopic compositions is readily available. A few of the possible mixtures are shown in
Table SA-IV. The results shown in this table by no means exhaust the conceivable mixtures of

Pu isotopes; however, they do provide a representative sampling of possible mixtures.

O
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T AIlLE 5A-1V

Possible Isot >ptc Mixtures e,f Plutonium

Mass Fractions of Pu Isotopes at Zero Shelf Life

Case No. I 2 3 4 5 6
,

7
Low Durnup ILgh Burnup ilanford Pu
(11 MW d/kg) (33 mwd /kgl (from low- U -Recycle U- and Pu-L% R Spent LWR Spent enriched C, FFTF C RiiR L% R Spent L% R SpentFuela (3.3% Fuel" (3.3% burnup Rec cle Recycle Vuel Fueld dI sotopes 235U enriched b 235tr enrichedi 3 \tWd/kan IN Puc t ru>m inal) (nominal)

8IN 8x10' - 8 x 10 7 x 10 -7x.i 2 x 10' 3 x 10' - 5 x 10' 7 x to - 2 x 10' s x 10 - 1 x 10' 8 x 10'' - 1 x 10'
Pu O.0021 - 0.0022 0.02 0.001 0.0015 - 0.0022 0.011 - 0.017 0.034 - 0.035 0.041

Pu 0.82 - 0.83 0.59 - 0.61 0.927 0.79 - O.81 0,59 - 0.64 0.35 0.34

Pu 0.14 0.24 - 0.25 0.066 0. 17 - 0.19 0. 26 - 0. 32 0.29 0.31

Pu 0.02 - 0.03 0.08 - 0.11 0.006 0.010 - 0.017 0.030 - 0.064 0.17 - 0.18 0.16 - 0. 17

Pu 0.003 0.04 2 x to 0.003 0.033 - 0.038 0.15 0.14

--- ------------ -------------- -- ------ - ----------------------------------

Approximate
Maximum
Pay loa d'
(kg oxide) 3.15 1.5 3.15 3.15 1.8 0.9 0.8

Neutron
Source
(n/s for
maximum
payltad) 1.2 x 10 1.9 x 10 6.4 x 10 1.3 x 10 2.1 x 10 2.0 x 10 2.0 x 10

C
Ga m m a - Ra y
Sou rce

N IvMeV/s
I'***'*"*

11 11 10 11 11 11 11payload) 1.5 x 10 2. 3 x 10 4.0 x 10 1.1 x 10 1.9 x 10 2.3 x 10 2.0 x 10N
N

* Ranges refer to cooling times prior to ext 4 action of the Pu and are from 6 mo to Ranges refer to cooling times prior to extraction of the Pu and are
10 y r. from I to 2 yr.

The Fast Flux Test Facility (FF TF) is an experimental 1 M FHR under construction 'M aximum payload is limited by the PAT-1 capacity of 3.15 kg of oxide
at flanford, % A. Range of composition refers to different burnups and cooling times. or 25 % of thermal power whichever is reached first. Maximum

C The Clinch River Breeder Reactor (CRHR) is included as being mdicatave of the
h2 composition to be expected f rom commercial LMF HR plutonium. Range of compo-) sition refers to different fuel cycles, burnups, and cooling times.



Cases 1 and 2 represent Pu that could be extracted from commercial pressurized light-

water reactor (LWIt) spent fuel after 1- and 3-yr burnup, respectively. The isotopic compo-
sitions given also encompass the ranges expected for boiling-water reactor spent fuel. Case 3 is

-

based on the irradiation sequence used at N lleactor, Ilanford, WA. It represents Pu that could
be obtained from low-burnup, low-enriched uranium fuel. Cases 4 and 5 represent Pu that might

be extracted from two types of Liquid Aletal Fast Breeder lleactor (LAIFBIt) spent fuel. Cases 6

and 7 represent the Pu mix to be expected from spent fuel after initiation of U recycle or U and Pu

recycle in commercial LWils, respectively. Each of these isotopic mixtures were obtained using

the Oll! GEN code. OltIGEN computes both the burnup and decay of the feed fuel, the recovery of

the Pu, and the decay of the Pu after recovery. The present results are in reasonable agreement
. 8,0,10

with other calculations.

The maximum payloai in the PAT-1, shown for each of the isotopic mixes in Table SA-IV,

was obtained using the maxincim mass fractions given for all isotopes except Pu. The Pu

mass fraction was then adjusted to make the total unity. Since not all of the resulting combinations

are physically possible and the indicated payload may in fact produce a lower source than that

shown, the sources are conservative from the present point of view.

Except for the Pu for Case 3 (which has an extremely low radiation intensity), the source

strengths of the various Pu-isotopic mixtures are similar and produce about 1-2 x 10 n/s and

about 1-2 x 10 y-31eV /s, despite the fact that their payloads vary from 800 g to 3.15 kg of oxide.

In every case, the gamma source is dominated by Am while the neutron source is spread more

or less uniformly among Pu, Pu, Pu, and Am. The Pu isotope is important only

in Cases 5 and 6. The Pu daughter products are important contributors of high-energy gamma

rays.

The maximum source strengths shown at the bottom of the table were obtained in the same

manner as the maximum payload. All of these results assume a shelf life of 14.4 yr (one Pu

half-life). As the shelf life increases, the maximum PAT-1 oxide payloads of the m'xtures of

Cases 2, 5, 6, and 7 decrease due to the buildup of Am. This decrease in the permissible

payload somewhat compensates for the increase in source strength per initial unit mass of Pu.

The use of a 1-1.6-yr shelf life already accounts for the gamma-ray source increase due to the

buildup of the da >ghter products of Pu. The maximum PAT-1 payload mass of PuO , based
2

on the 25-W therm. I limit, and the corresponding neutron and gamma-ray source strengths for

Case 2 oxide of Table SA-IV, are shown in Figure SA-4 For this case, the radiation sources

continue to increase beyond a shelf life of 70 yr because of the increasing paylaad mass.

O
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Figure SA-4 Alaximum PAT-1 Payload and Corresponding Neutron and Gamma 11ay Energy
Emission Itates for Case 2 PuO as a Function of Shelf Life

2

The source strengths of Cases 2 and G are similar and constitute the worst-case gamma-

radiation source for the PAT-1 of those shown in Table 5A-IV. Case 2 has a higher initial Pu

mass fraction than Case 6, however, making it the worst-case of the two for the gamma source.

The gamma-ray energy-emission rate for a maximum PAT-1 payload of Case 2 oxide continues

to increase beyond 14.6 yr, as shown in Figure SA-4 Ilowever, the average energy of these

gamma rays, and thus their penetrating power, decreases with time. Therefore, a maximum

payload of Case 2 oxide with a shelf life of 14.6 yr has been selected as the worst-case gamma

source to be expected from any real payload of a PAT-1. The neutron source strength from the

maximum PAT-1 payload of Case 2 oxide is relatively insensitive to shelf life, as indicated by

Figure SA-4, and is close to the maximum neutron source shown in Table SA-IV. To insure use

of worst-case conditions, the neutron source of Case 2 was scaled to 2.1 x 10 n/s to encompass

the higher Case 5 results.

All of the sources of Table SA-IV are based upon a series of conservative assumptions and it

is extremely unlikely that any sample of PuO 1 aded in the PAT-1 will emit as much radiation as
2

the Pu mixture of Case 2. Ilowever, due to uncertainties m the OltlGEN data base, possible changes

in the irradiation history of a particular reactor fuel element and the variation of the source strength

in a given sample of PuO with its shelf life, the uncertainty in this specific source term is probably
2

on the order of 125%
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Cl[APTEll 6

CitITICALITY EVALUATION

6.1 Summary

A series of nuclear criticality calculations has been performed on 'he PAT-1 package and
its l'uO e ntents. PAT-1 packages were considered both singly and in arrays. The results,2

summarized in Table 6.1-1, indicate that the PAT-1 package when fully loaded with 3.15 kg of
PuO p wder qualifies as a fissile Class I package in accordance with 10 CFil 71.2

TAllLE 6.1-1

Itesults of Criticality Calculations That Establish the PAT-1
as a Fissile Class 1 Package

3(Nommal payload: pug Powder witi, density 2. 8 g/cm )
2

Normal Conditions itesults

Number of undamaged packages
calculated to be suberitical

k gt of infinite array of undamagede
packages' O 22 10.005

Package size Itight circular cylinder:

Diameter - 24 in. (61 cm)
lieight - 4 2. 5 in. (108 cm)

Accident Conditions

k rt of infinite array of packagese
damaged by impact, redwood not
consumed by fire, no water

present 0.28 10.006

kert of infinite array of packages
damaged by impact, redwood re-
placed with water 0.34 10.006

k pt of array of 768 packagese
damaged by impact, redwood re-
placed with air, array externally

water reflected 0.31 10.005

k f a Single TIl-1 with water
eff

moderation of contents and full
water reflection on all sides

(10 CFR 71. 33a) 0.62 10.008

Package size See Figures 6. 3-2 through

6.5-1
o
llesult is independent of water moderation between packages.
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The dimensions of the undamaged packages were based on the design values; dimensions of

the impact-damaged PAT-l's were obtained from measurements made on packages that had under-

gone sequential testing to the NItC Qualification Criteria. The neutronic interaction between

adjacent damaged or undamaged packages was found to be small for cases in which the redwood was

left in place or in which the redwood was replaced with water. The interaction increased when

the redwood was replaced with air; however, none of these changes affected the conclusion re-

garding the criticality safety of the PAT-1 package.

Although water leakage into the TH-1 under the postulated accident environments is pre-

cluded by the package and vessel designs, calculations show that should the vessel (with worst-

case fissile contents) become flooded by water and externally water reflected, the system remains

critically safe.

6. 2 Int roduction

The fede al regulatory agencies concerned with the handling and transportation of fissile

materials do not specify a maximum neutron self-multiplication (keff) which a shipment will be
permitted to reach. It is required, of course, that fissile material not become critical (k = 1)g7

under any normal or credible accident configuration. In practice, persons knowledgeable in

criticality safety typically permit stationary assemblies to reach no more than k = 0. 98 under
eff

worst-case conditions when verified by experiment, or k = 0.95 (including three standardg7

deviations to envelope the 99% confidence level if Alonte Carlo is used) when based on calculations.

When fissile material is to be moved, the maximum k is commonly limited to about
df

0. 95 under worst-case accident conditions. An analysis of the changes in k incurred by the
eff

compression of the PuO in a TB-1 during impact was performed by Lawrence and Alarshall.1
2

Their study shows that under worst-case conditions (422-ft/s impact of an unreflected sphere of

PuO at a density of 5 g/cm ) and conservative mechanical assumptions (uniaxial strain and rigid-
wall impact) the increase in k due to compression is less than 0.1. Therefore, in order to limitgfr

the postaccident k in the PAT-1 to 0. 05, it is sufficient to limit the normal operation k tog7 g7

about 0.P5. The conditions under which the PAT-1 is to be handled and shipped in no way indicate

the existence of extraordinary circumstances which c>uld exclude it from accepted practical

limits of criticality safety and control. Therefore, the above limits have been used as guidelines
in this chapter.

G. 3 Calculational Atodel

it is assumed that the payload of the PAT-1 consists of a maximum of 3.15 kg of PuO '
2

subject to the concurrent requirement that the contents generate no more than 25 W of thermal

power. The scope of this report does not include Pu metal as contents of the package. The
*

highest k f the system will occur when a high percentage of the Pu m the payload is Pu.df

* 241 239Although Pu has a reactivity worth similar to that of Pu. it never constitutes the
dominant isotope in Pu (see, for example, Table SA-IV).
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In Chapter 5 it was shown that a maximum-weight payload of l'uO is possible without exceeding
2

the thermal limit of 25 W. Therefore, for worst-case criticality conditions such a payload has

been assumed. This assumption is conservative since even llanford l'u is only 93 w/o l'u

(see Table SA-IV).

The nominal water content inside the payload section of the Til-1 is 16 g. The maximum

amount of water that could theoretically be included with the oxide powder can be estimated from

the crystal density of the oxide (11. 5 g/cm ), the mass of the oxide (3.15 kg), and the volume of

the product can (1124 cm ), as approximately 850 g. Ilowever, achieving a water content in ex-

cess of 16 g is considered possible only if the Til-1 is not nroperly sealed.

Alost of the multiplication eigenvalue calculations performed in support of the present

analysis u. icd the Kl:NO-IV code, a Alonte Carlo program designed specifically for performing

criticality analyses. As a cross check, the AIOllSE-SGC code was used for a limited number of

cases. The KENO geometry package was used even though certain details of the PAT-1 geometry

were omitted. In the KENO geometry the Til-1 was modeled as a right circular cylinder with an

interior volume of 1124 cm . The radial and bottom wall thicknesses were 1. 4 cm (0. 55 in. ); the

top was 1. 24-cm (0. 49-in. ) thick. Thus the curved bottom, Al honeycomb spacer, and wide flange

at the top of the Til-1 were negiceted. These features were, however, included in the AlOltSE

geometry (see Figure 5. 4-3). Comparisons between KENO and AloitSE results for equivalent

configurations, differing in their geometry approximations but using identical cross sections,

showed differences in k of less than the statistical standard deviations of the two calculations,
g7

indicating that the error introduced by the KENO geometry approximation is insignificant.

A number of calculations were made with both fimte and infinite arrays of packages, with

and without water filling the intervening spaces. The KENO geometry is wel; suited for this type

of configuration, with either rectangular or hexagonal spacing of packages equally convenient.

I'se was made of reflecting boundary conditions to simulate the infinite arrays.

The KENO geometry models for the Til-1 and the undamaged PAT-1 are shown in Fig-

ure 0.3-1. The copper annulus, the aluminum load spreader, and the stainless-steel outer

container of the l'AT-1 were not included in this model; these features, included in the AlOliSE

model, have little effect on the system k The material compositions used were the same asg.
those used in Chapter 5 (see Table 5. 4-V) except for the Pu O ., . For the nominal case, the payload

3
~

3was modeled as a minimum-density powder (2. 80 g /cm uniformly dist ributed in 1124 cin ). The

effect of changes in the payload density on the system k are considered in Appendix GA.g

The KENO models were developed and calculations performed by S. II. Sutherland of
Sandia Laboratories.
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To address the requirements of 10 CFR 71.33a, a criticality assessment was made of a
*

single TB-1 including the effects of water moderation and reflection. For the nominal. minimum-
density powder payload the water was assumed to be homogeneously mixed with the oxide.

The worst-case postaccident configuration for the PAT-1 was determined experimentally.

The most vulnerable impact is side-on and produces a final configuration in which the PAT-1 is

crushed almost into a half-cylinder with the TB-1 located a few centimeters inside the flattened

face. The present calculational model for this configuration, shown in Figure 6. 3-2, neglects

the overpack material remaining external to the TB-1 and assumes instead that the vessel is

tangent to the flattened face. This model is conservative since it underestimates the shielding

of neutrons between the payload and the external environment, and it minimizes the distance

between TB-l's in an array of damaged packages. The aluminum lond spreader and stainless-

steel outer container are also neglected.

A separate geometry model was used to analyze a finite array of impact-damaged PAT-l's

for which it was assumed that the redwood had been consumed by fire. This model is shown in

Figure 6. 3-3. In this case, the carbon residue or ash from the burned redwood has been ne-

glected and the space created filled with air. The aluminum load spreader was included as a

1. 27-cm (0. 5-in. )-thick annulus immediately outside the TB-1 with 2. 54-cm (1-in. )-thick

aluminum plates on the top and bottom. Thus, the mass of the load spreader was underestimated,

which is conservative for determining the system k The 0. 3048-cm-thick stainless-steelgg.
onmide drum was also included. The outer dimensions of the drum are the same as those in

Figure 6.3-2. The array contains 768 damaged PAT-l's, each containing the maximum payload

of PuO . and is externally water reflected. To maximize the system kgg, the damaged pack-2

ages have been arranged in an approximately cubic volume. The array exceeds the regulatory

requirement for postaccident criticality safety of Fissile Class I packages (10 CFH 71, which

requires that an array of at least 250 such packages be shown to be critically safe) by approxi-

mately a factor of three.

For practical purposes, an infinite water reflector can be approximated to a high degree

of accuracy by 15 cm of water.
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A special 27-group cross-section set was generated for the criticality calculations reported
4 5

here. The l'3, 218-group Criticality Safety llesearch Library was collapsed, using the AIALOCS
code, into 27 groups. Itesonance parameters were processed with NITAWL, S a Nordheim integral

processor [ Analyses by Westfall et at have shown that this group structure, which includes

16 thermal groups, reproduces the results obtained from use of the full 218-group library and the

results so obtained agree with experiments to a high degree of accuracy for problems involving

significant amounts of Pu. The 27-group structure is shown in Table 6. 3-I.

TAllLE 6. 3-1

Onergy Structure of the 27-Group Neutron Cross-Section Set 1 sed
for Criticality Analyses of the PAT-1

Upper Energy Dose Fact or * *
Energy llound Fission (mrem /hr per
G roup (eV) S pect rum n/cm2.sl

1 20 x 10 0.0261 1. 471 x 10'

2 6. 434 x 10 0.2034 1. 5 3 3 x 10'

3 3 x 10 0.2175 1. 25 2 x 10'

4 1. 85 x 10 0.1227 1. 281 x 10'

5 1. 4 x 10 0.1609 1. 306 x 10"

6 900 x 10 0.1716 1. 057 x 10"

7 400 x 10 0.0340 4. 961 x 10'

8 100 x 10 0.0129 1. 428 x 10'

9 17 x 10 0.0009 3. 57 2 x 10'

10 3 x to 0. 0 3. 676 x 10'

11 550 0.0 3. 9 51 x 10'

12 100 0.0 4. 263 x 10~

13 30 0.0 4. 4 58 x 10'

14 10 0. 0 4. 567 x 10

15 3.05 0.0 4. 562 x 10'
-3

16 1.77 0.0 4. 5 21 x 10

17 1. 3 0.0 4. 488 x 10

18 1.13 0. 0 4. 467 x 10

19 1. 0 0.0 4. 4 36 x 10'

20 0. 8 0. 0 4. 345 x 10

21 0. 4 0.0 4. 200 x 10'

22 0.325 0.0 4,10 3 x 10'

23 0.225 0. 0 3. 895 x 10'

24 0.1 0.0 3. 6 7 5 x 10'

25 0.05 0.0 3. 67 5 x 10'

26 0.03 0. 0 3. 6 7 5 x 10'

27 0.01 0. 0 3. 675 x 10

10'
r

The dose factors were used in calculations reported in Chapter 5. See
Reference 19 of that chapter.

*

The cross sections were collapsed and processed by P. J. AlcDaniel of Sandia Laboratories.
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All of the Atonte Carlo results quoted in this chapter include a best-estimate of the one

standard deviation uncertainty. This is a statistical quantity and does not account for nonstatistical

sources of uncertainty such as geometry approximations, cross sections, and material compositions.

Thus, the quoted statistical standard deviations overestimate the accuracy to which the sys''n
k values are known. IIowever, the additional uncertainty introduced by the nonstatisticalgf

factors may be concluded as small due to the agreement achieved with KENO, using the 27-group

cross sections, in comparisons with benchmark results (Section 6.4), and the fact that the cross

sections of the most important materials in the problem ( Pu, O, II, Fe, Cr, Ni, and Alo) are rea-

sonably well-known. A more conservative estimate of the uncertainty in the reported k values
77

would be two or three times the amounts shown. Certain tests made to verify problem conver-

gence in KENO are discussed in Appendix 6D.

The calculated results presented in this chapter are shown to three significant digits in

order to facilitate making certain comparisons and to indicate trends. Although the statistical

standard deviation quoted with each number generally warrants this level of numerical precision,

the actual level of accuracy to which the neutron self-multiplication is known does not justify use

of the third significant digit.

6. 4 Benchmark Calculations

To verify that the 27-group cross sections are adequate for the type of problem of interest

in this study, the neutron self-multiplications of two benchmark critical assemblies have been
7calculated. These assemblies consisted of rectangular parallelepipeds of PuO , n unm derated

28
and one moderated. Both assemblies used 15-cm-thick plexiglas reflectors. The PuO2 *""
placed in a polystyrene matrix providing II/Pu atom ratios of 0.04 and 15 for the unmoderated and

moderated cases, respectively. Thus, the benchmark problems encompass a range of neutron

spectra of interest to the current PAT-1 analysis.

The isotopic composition of the Pu for the two experiments, along with the critical densities

and dimensions, are shown in Tables 6. 4-1 and 6. 4-11. The experimental uncertainties in the

quantities shown were on the order of 0. 5 to 1.0% The nominal dimensions were used in KENO.

The neutron self-multiplications calculated were 1.003 t 0.008 for the unmoderated configuration

and * . 991 t 0.008 for the moderated configuration. Both results are based on 50 neutron generations

of 300 neutrons per generation. These results validate the calculational method and the accuracy of

the KENO-IV code (used with the 27-group cross section set) for application to criticality evaluations

of the type presented below.
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TABLE 6. 4-1

Configuration of Criticality Benchmark Calculation
Using Unmoderated PuO

2
(see Reference 7)

Experiment Critical Dimensions (cm)

Reflector thickness (plexiglas) 15.0

Length 25.65 10.01
**

Width 25.65 10.01

IIeight 10.03 10.01

Critical Alass

38. 310. 3 kg Pu

Calculational Composition of Fuel Hegion

l'uO - Polystyrene mixture
2

Density

Element Atoms / b* cm g / cm3

Pu 1. 450 x 10~ 5.762

0 3. 094 x 10' O.822

II 5. 511 x 10~ 0.00091

l'u Isotopic Composition

Isotope Atom %

239'u 7. 53 x 10~1

240 ~

Pu 1. 97 x 10

I'u 5.01 x 10'

Calculated k 1.003 0. t 0 8=
77

*
Plexiglass composition:

Density

Element ( Atoms /b cm)

0 1. 4 2 2 x 10- 2
II 5. 688 x 10-2
C 3. 555 x 10-2. . ,

Excluding reflector.

9
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TABLE 6. 4-11

Configuration of Criticality Benchmark Calculation
Using Maderated PuO

(see Reference 8) 2

Experiment Critical Dimensions (cm)

Reflector Thickness (plexiglas) 15.0
**

Length 51.31 t0.03
**

Width 68.25 10.03
++

IIeight 10.36 10.03

Critical Mass

38.09 i0.11 kg Pu

Calculational Composition of Fuel Region

PuO - Polystyrene mixture
2

Density

3
Element Atoms /b cm g/cm

Pu 2. 763 x 10- 1.098

O 5. 481 x 10' O.146

II 4.144 x 10- 0.0694

C 3. 94 2 x 10~ 0.785

Pu Isotopic Composition

Isotope Atom %

Pu 9,12 x 10~

240
Pu 8. 06 x 10'

Pu 7. 50 x 10~

Calculated k = 0. 091 t 0. 008
77

y

See note to Table 6.4-I for plexiglas composition.

*t
Excluding reflector.

tStated uncertainty is from least-squares analysis and does
not reflect additional experimental uncertainty.
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6. 5 Results of Criticality Calculations

The neutron self-multiplication of a single PAT-1 under normal operating conditions, con-

taining 3.15 kg of dry PuO p wder at the minimum density of 2. 8 g/cm , has been calculated
2

to be 0. 220 t 0. 005. The difference in k for dry oxide powder and for the oxide plus the nominal
77

16 g of water inside the TB-1 is negligible (see Appendix 6B). Stacking undamaged PAT-1 pack-

ages, all with payloads of 3.15 kg of PuO , in n infinite rectangular array increases k less
2 77

than one standard deviation whether or not water is assumed to fill the intervening spaces. Thus,

the AQ-1 overpack is an efficient neutron decoupler and each oxide-filled, undamaged PAT-1 can

be treated independent of any number of other PAT-1 packages; i.e. , the presence or absence of

additional containers external to a given PAT-1 in no way influences the k of the PAT-1.g

The postaccident model of the PAT-1 is shown in Figure 6. 3-2. The k of a single pack-
gg

23
age in this configuration with a full payload of dry )uO Powder of minimum density, the redwood

2

still in place, and no neutron reflection external to the damaged package has been calculated to be

0.219 10.006. If the single damaged PAT-1 with this fuel loading is submerged in water, the

self-multiplication increases to 0.277 10.005. If the redwood is replaced with water (package

still assumed to be externally water reflected) as might be the case following a fire, the system

k becomes 0.334 10.007. If the redwood is assumed burned and replaced with air, the kgg g7

of the package becomes 0.198 t 0.003.

The k of an array of damaged PAT-1 packages depends on the detail of their configura-g

tion. Several stacking arrangements have been proposed, the most straightforward of which is

the infinite array shown in Figure 6.5-1. If the impact-damaged redwood is assumed to remain

in place, the k calculated for this array, each PAT-1 containing the maximum payload ofdf
239 *

PuO o wder at the minimum density, is 0.279 10.006. If the redwood is replaced with
2

water, the system k becomes 0.343 10.006.df

Performing calculations on different geometries for arrays of damaged PAT-1 packages may

enable one to identify configurations that produce a higher or lower k than that of Figure 6. 5-1.
77

Ilowever, even if the TB-l's are permitted to move freely about inside the volume of the damaged

PAT-l's (permitting locally increased densities of oxide by moving TB-l's to adjacent corners

in ti e e-v of Figure 6. 5-1), the infinite array of damaged packages still remains critically safe.

Specific ..y, in the configuration of Figure 6. 5-2, an infinite array of clusters of TB-l's, each

cluster containing 8 vessels and each vessel containing 3.15 kg of PuO as a minimum density
2

powder, is considered. All intervening spaces are filled with redwood. The resulting system

has a k f 0. 521 10. 006.
df

*

The neutron self-multiplication factors calculated for other stacking arrangements are
similar in magnitude to this result (see Reference 9).
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Figure 6. 5-1. Calculational Model for an Infinite Array
of Postaccident PAT-1 Packages

Although a carbonaceous residue remains after redwood is burned. a criticality calcu-

lation was performed on a finite array of impact-damaged PAT-l's in which the redwood was

replaced with air. This configuration (shown in Figure 6. 3-3) consisted of 768 PAT-l's, or

approximately three times the number required (250) by 10 CFR 71 to qualify a package as
Fissile Class I. The array was externally water reflected. The neutron multiplication for this
array, each TB-1 containing 3.15 kg of PuO as a minimum density powder, was calculated

2

to be 0. 31210.005.

The results of this section (see also Appendix GA) provide a high degree of confidence in the

conclusion that it is not possible to assemble any credible number of damaged or undamaged

PAT-1 packages in such a way as to make them critically unsafe, independent of their payloads,

provided that such payloads meet the concurrent criteria of 3.15-kg PuO and 25 W of thermal
2

power maximum.
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The neutron self-multiplication of a single TB-1 with water moderation of the contents and

full water reflection on all sides was calculated as required by 10 CFIt 71. 33a. A payload of
3

3.15 kg of ~39
9 pug in the form of a minimum density (2.8 g/cm ) powder was assumed along

2
f r a Single TH-1 since thiswith 850 g of water. These conditions represent the maximum keff

is the theoretical maximum amount of water that can be added without displacing the oxide con-

t ents. The system k was calculated to be 0.617 10.008.
77

The present analysis indicates the PAT-1 package meets all requirements for a Fissile

Class I package, as defined in 10 CFIl 71, and has been foend critically safe under any normal

or credible accident condition. O
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APPENDLX 6A

Effect of Oxide Density on Neutron Self-Alultiplication in the PAT-1

The neutron self-multiplication of a mass of fissile material depends on the density and

geometry of the material as well as its relation to nearby matter. The results of criticality

calculations reported in Chapter 6 assumed the 3.15-kg PuO, PAT-1 payload to be in the form
3

~

of a powder with a density of 2.8 g/cm . This is the minimum density that will permit a full-
weight payload to be carried in the TH-1 and reflects the original impetus of the PAllC project.

However, compaction techniques exist which can produce PuO in densities close to the crystal
2

3density of 11. 5 g/cm .

To determine the effect of payload density on the criticality safety of the PAT-1 package, a

model of the TH-1 and the PAT-1 was developed in which the payload was assumed to be a sphere
of 3.15 kg of PuO with a density of 11. 5 g/cm . This provides an extreme upper limit to the2

neutron self-multiplication that might be possible in the PAT-1 from unrestricted forms and con-

figurations of PuO subject to the concurrent constraints of 3.15 kg and 25 W thermal maximum.
2

Table GA-I shows the effect on the quantities reported in Table 6.1-I of changing the payload

from a minimum-density powder to a maximum-density sphere. The water moderated TH-1 result

(10 CFH 71. 33a) again assumes the maximum 850 g of water incide the vessel. The water is

assumed to occupy the space not occupied by the oxide. The sphere of pug is ssumed to be
2

located at the center of the TH-1.

Although most of the results shown in Table 6A-I are higher than the corresponding values

shown in Table 6.1-I, they all reflect safe levels for criticality control. Thus, the PAT-1 package
meets all requirements for a Fissile Class I package, as defined in 10 CFil 71, independent of the

density and geometry of its Puo, payload, provided such payload meets the concurrent require-
ments of 3.15 kg and 25-W thermal maximum.
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TA13LE 6 A-I

Ilesults of Criticality Calculations on the PAT-1

(PuO2 payload in the shape of a sphere with density
11. 5 g/cm3)

Normal Conditions Ilesults

Number of undamaged packages
calculated to be subcritical co

k of inf

p$bages*inite array of undamaged 0.51 tO.005

Accident Conditions

keff of infinite array of packages
damaged by impact, redwood not
consumed by fire, no water present 0.54 i0.006

kerr of infinite array of packages
damaged by impact, redwood re-
placed with water 0. 56 + 0. 005

kert of 768 packages damaged by
impact, redwood replaced with air,

array externally water reflected 0.55 10.005

k gg of single Til-1 with watere
moderation of contents and full
water reflection on all sides

(10 CF1171. 33a) 0.61 0.007

e
flesult is independent of water moderation between packages.

O
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APPENDIX 6B

Effect of Water Inside a TB-1 on Neutron Self-Multiplication in the PAT-1

The nominal water content in the TB-1 is 0.5 w/o of the oxide, or 16 g for the maximum

3.15-kg payload. Water leaking into a properly sealed TB-1 is not credible-no TB-1 vessel has

ever leaked water in the tests of packages to the Qualification Criteria. However, the question

has been raised as to what effect the presence of water would have on the results presented in

Chapter 6 and in Appendix 6A: a series of calculations hae been performed to answer it. The

results reported in this section are theoretical studies of hypothetical configurations of PAT-l's.

The values produced are not required by any federal regulation to be part of the documentation

supporting an application for a Certificate of Compliance from the Nuclear Regulatory Commission,

or the operational use of the PAT-1.

Figure 6B-1 shows the neutron self-multiplication of a single undamaged PAT-1 containing

3.15 kg of PuO as a fun tion of the amount of water inside the TB-1. Ilesults are shown for
2

the oxide in the form of a minimum-density powder and as a maximum-density sphere (see
*

Appendix 6A). The difference between k of a single undamaged PAT-1 and of an infinite array
gg

of such PAT-l's is small. Note that although the k of the system is considerably different forgg
the powder and the solid oxide cases when the TB-1 is dry, the difference decreases with

increasing water content and is small when the maximum amount of water is included. It is also

apparent from the figure that the difference in k between the dry and nominal (16 g) water casesgg
is negligible.

It was mentioned in the body of Chapter 6 that the k f single impact-damaged PAT-1eff
carrying the worst-case minimum-density powder payload was calculated to be 0. 219 t 0.006 when

unreflected and 0. 277 t 0.005 when water reflected. If the maximum amount of water is added

inside the TB-1, the reflected system k increases to 0.545 10.005. If the payload of the PAT-1
gg

239
is in the form of a maximum-density, 3.15-kg PuO sphere, the postaccident k in the dry

2 eff
(no water inside the TB-1), unreflected (a vacuum assumed external to the PAT-1) configuration

*
For the oxide in the form of a minimum-density powder, the water and the PuO2 are as-

sumed mixed homogeneously. For the oxide in the form of a maximum-density sphere. the water
is assumed to occupy the space inside the product can not occupied by the PuO2 and the sphere is
located at the center of the TB-1. This assumption is conservative since it maximizes the re-

activity effect of the water. The theoretical upper limit for the amount of water that can be
placed inside the TB-1 without displacing the oxide is 850 g.
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is 0.497 10.004 If this damaged PAT-1 were submerged in water, k w uld increase to
df

0.528 10.009. Finally if one assumes, in addition, that the maximum 850 g of water is placed
inside the TB-1, the system k becomes 0.594 1 0.007.df
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3 0.3
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Figure 6B-1. Neutron Alultiplication in the PAT-1, Normal Operation

For the infinite array of impact-damaged PAT-l's shown in Figure 6. 5-1, the system k
df

was found to be 0. 279 0.006 (worst-case powder payload). If, in addition, 850 g of water were
added to each of the TB-l's, the k w uld increase to 0.570 10.007. If the PuO were in thedf 2
form of a maximum-density sphere in each of the PAT-l's, the k of the array of Figure 6. 5-1gg

would be 0.544 10.006. If the maximum amount of water were then added inside the TB-l's, the
system k w uld increase to 0. 627 0.007.df

In the configuration of Figure 6.5-2, in which the TB-l's are clustered in groups of eight,
the k f an infinite array of impact-damaged PAT-l's was found to be 0.521 10.006 if the oxidedf
is in the form of a minimum-density powder. If the oxide is in the form of a solid sphere, the
system k becomes 0. 664 0.000. If, in addition, the TB-l's each contain the maximum amountgg
of water, the system k 's become 0. 89510. 009" and 0. 72010. 008 for powder and solid oxide,df
res pectively.

*

The safe kcgg limit of 0.85 discussed in Section 6. 2 is assumed to apply to the PAT-1 under
normal operating conditions. The present hypothetical configuration would be considered post-
accident and, hence, be subject to a criticality safety limit of 0.95.

O
1567 2 ''

270

A



For the 768-package postaccident array of Figure 6. 3-3 the system k was found to beg
0.312 10.005 for minimum-density oxide powder and 0.548 0.005 for solid oxide spheres. If
the maximum amount of water is placed in the TB-l's, the neutron self-multiplications increase
to 0. 63G 10.007 and 0. 022 t o.006 for the respective PuO configurations.

2

The presence of water inside the TB-l's increases the k of the system studied here. The
77

impact of the water is greatest when the oxide payload is in the powder form. However, in every
case examined, the system remains critically safe when water is added inside the TB-l's inde-
pendent of the density of the oxide.
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APPENDIX 6C

Criticality Analysis of Arrays of Bare TB-l's

The only time that a TB-1 containing PuO should be outside the AQ-1 overpack is during
2

the loading or unloading of the PAT-l's. Each facility handling PuO perates under its own
2

criticality guidelines, an area outside the scope of this study. However, delineation of the

neutronic characteristics of bare TB-l's containii,g worst-case PuO Payloads may be of interest
2

to the PAT-1 user community. The k f a single dry, unreflected TB-1 containing 3.15 kg of
eff239

PuO in the form of a minimum-density powder is 0.198 t 0.003. Under the same conditions
2

but with the PuO as a solid sphere, the k is 0. 499 t 0. 005. Finally, if the oxide is in the shape2 ff

of a solid rod extending along the axis of the TB-1, the k is 0.439 10.004. Thus, the neutron
eff

self-multiplication is sensitive to the geometry of the oxide but even the worst-case is critically
safe.

239The effect of adding water internal or external to the TB-1 containing 3.15 kg of PuO i*
2*

shown in Figure 6C-1. This figure shows that when the water content exceeds 850 g and the oxide
is displaced, the system k decreases. The maximum k f r a single TB-1, containing theeff eff239
maximum payload of PuO2 (in the form of a minimum-density powder), the maximum amount of
water internally, and fully water reflected, is 0.617 0.008. The k of a fully reflected, inter-g7

nally dry TB-1 under the same payload conditions is 0.334 1 0.007. The corresponding values
239for a maximum-density sphere of PuO are 0. 612 0.007 (maximum water internal, fully re-

2
**

flected) and 0. 56510.005 (dry internal, fully reflected). Thus, the geometry details of the
oxide become relatively unimportant under water-flooded conditions.

The k f an array of TB-l's is sensitive not only to their payload compositions and masses,df
ttheir oxide geometries, and their water contents, but also to their spacing or pitch. Figure GC-2

shows the results of changing the pitch of three different rectangular arrays of TB-l's, each con-
taining the maximum payload of PuO . Results are shown both for the oxide in the form of a

2

*
When the oxide is in the form of a powder, the model used here assumes the PuO2 and the

water to be homogeneously mixed; when the oxide is in the form of a maximum-density solid, the
water is assumed to occupy the space inside the product can not occupied by the PuO . The oxide2
sphere is assumed located at the center of the TB-1.

** 241 239
The reactivity worth of Pu was claimed to be similar to that of Pu. In the present

i 239case, if the sphere were 241PuO2 nstead of PuO , the system self-multiplications would be2
0.62810.006 (maximum water internal, fully reflected) and 0. 521 10. 005 (dry internal, fully
renected) instead of as stated in the text.

t
Horizontal pitch is defined as the distance between centerlines of adjacent vessels. The

minimum horizontal pitch is the diameter of the vessels.
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minimum-density powder and as a maximum-density sphere. The 8-vessel array assumes two

layers of four TB-l's each while the 12-vessel array includes a third layer of four. As was

found for the single TB-1, the dense form of the oxide results in a higher k f r these arrays
df

than the powder form when no water is present. Aloderation of the neutron spectrum by placing

water internally or externally increases the system k f r both fuel densities, but has a mucheff
larger effect on the powder than on the solid. The k of a water-reflected array of TB-l's,

77

each vessel also containing the maximum amount of water internally, is not highly sensitive to

the geometry of the oxide and the sensitivity decreases with increasing pitch.
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Figure 6C- 1. Neutron A1ultiplication in a Single TB-1

239Water added internally to a TB-1 containing a payload with a high Pu content always has

a positive reactivity effect as long as no oxide is displaced. The reactivity worth of water added

externally to the TB-l's, either singly or in an array, is also positive provided the total number

of TB-l's in the array, or the spacing between them, is not too great. As the number of TB-l's

in an array or the spacing between them increases, at some point the water begins to act as an

absorber and produces a negative reactivity effect. However, a large number of TB-l's (several

hundred) in a tight-packed array, or a spacing that is on the order of the PAT-1 dimensions

(~ 60 cm), is required before this effect appears.

O
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Figure GC-2. Effect of Pitch on Neutron Self- Alultiplication
in Hectangular Arrays of TB-l's

239PuO powder but externallyThe array of eight TB-l's containing dry, minimum-density
2

water reflected (bottom curve in Figure 6C-2) reaches a maximum k of approximately 0. 41 atg7

a nonzero separation between the cans. This is because the closest-packed configuration is

undermoderated. Increasing the spacing and, therefore, the amount of water between vessels

softens the neutron spectrum and increases k gf. By further increasing the spacing between the
vessels, however, the probability of a neutron leaving one vessel and entering another declines

and k bt gins to decrease. This phenomenon does not occur when the maximum amount of
77

water is present inside the TB-l's. An infinite rectangular array of TB-l's, each containing the
e

maximum amount of water internally and externally reflected (top curve of Figure GC-2) is unsafe

at a pitch of approximately 17.5 cm or less. The rectangular arrays of 8 and 12 TB-l's are
unconditionally safe.

*
This hypothetical array of bare TB-l's is stationary and, hence, assumed subject to a

calculated criticality safety limit of keff $ 0. 05.
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Figure GC-3 (upper curve) shows the k of a hexagonal closest-packet array of Til-1 vesselsgg
239

(intervening spaces filled with water), each vessel containing 3.15 kg of PuO in powder form
2

along with 850 g of water, vs the number of vessels in the array. The effect of changing the oxide

density is small in this case since all vessels are assumed to be flooded with water. I'nder this
noncredible condition, nine Tll-1's are still safe; ten or more are no longer safe under current

as s um ptions. Note, however, that the neutron self-multiplication is reduced significantly if the

array is changed from hexagonal to rectangular (lower curve in Figure GC-3). In the later case,

15 worst-case TB-l's (3 layers of 5 vessels) produce a k of 0. 042 t 0. 009.
77
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Figure GC-3. Neutron Self-Alultiplication of a Worst-Case Finite Array

of Ilare Til-1's

The reactivity worth of a worst-case Til-1 decreases rapidly as it is separated physically

from an array of similar vessels, and the presence of water inside a Til-1 in amounts greater

than the nominal 16 g is an extremely unlikely occurrence. Therefore, the above results indicate

that the probability is vanishingly small that any reasonable number (15 or less) of bare Til-1's,

containing PuO which meets the concurrent requirements of 3.15 kg and 25 W thermal maximum
2

and stacked or arranged in any manner, will pose a criticality safety hazard unless there are

significant amounts of fissile materials not sealed inside TIl-1 vessis also located in the vicinity.

O
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Al'PENDC 6D

Tests of the Convergence of KENO Criticality Hesults

The statistical standard deviation calculated by KENO is an important and generally reliable
test of the convergence of the neutron self-multiplication predicted. Ilowever under certain

circumstances, reliance on this quantity alone to assure convergence may not be justified. In

particular, a case in which the fissile material is present in discrete lumps that are widely

distributed may not converge reliably unless a sufficiently large number of neutrons per generation

and/or number of generations are used. Several of the problems examined in Chapter 6 and its
Appendixes are of this nature.

31ost of the results reported in Section 6. 5 were obtainea using 300 neutrons per generation for
*

50 generations. The AIOHSE code was used on a small number of cases as a cross check. In
oc

each such case the two results differed by less than one standard deviation. In addition, in

several KENO calculations the number of neutrons per generatior were varied. Three of these

cases are summarized in Table 6D-I. In each case the agreement between the 300 and 400 neutrons

per generation results was satisfactory indicating that the statistical standard deviation is a rea-

sonable estimate of the calculational uncertainty in these results.

The final test applied to verify convergence of the KENO result was to examine the cofactor

k matrix. This matrix provides an estimate of the reactivity worth of the different components

in the geometry by printing an estimate of what the k w ul be if the component were omitted.
eff

If a fundamental spatial flux mode has been reached, the cofactor k values for symmetric compo-

nents should be similar and the values for components containing fissile material and located near

the center of the geometry should be smaller (reflecting a greater reactivity worth) than similar

components located near the outer edge of the geometry. Furthermore, any component not under-

going fission should have a cofactor k value roughly equal to the k ,77 of the system. Examination
of the matrix of cofactors allows the KENO user to verify that fissions are occuring where they

should and that the spatial distribution of fissions is reasonable.

The calculations actually included 53 generations but the results from the first 3 were dis-
carded to account for the fact that the input source did not have the fundamental mode spatial
dis t ribution.

u
Because of this agreement, the 310 HSE results were not reported.

The result is only an estimate since the calculation assumes that the spatial dependence of
the neutron flux is not affected by removal of the component. Computer run time and core require-
ments are increased when the cofactor k matrix is calculated; hence, normally this diagnostic tool
is not used on a regular basis.
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TAllt.1; 61)-!

I:ffect on K1;NO liesults of Var nation in Neutrons per Generation

Calculated kg

300 Neut rons / 400 Neut rons /
l* roble m !)e s c ra pt t on G en e ra tion Gene r ation

8 Til- 1's, Itectangular array 0.626 t0.003 0.S25 t0.006

12 Tit-l's, Itectangular array 0.631 10.009 0.630 10.007

15 Tli-l's, Itectangular array 0.874 t0.008 0.H71 t0.003

' All calculations were run for 53 generations; kerg was based on the last
50 gene rations. The k gg's for the 8- and 12-vessel arrays are plottede
in Figure 6C-2: the 15-vessel array corresponds to the rectangular-

array data point plotted in Figure 6C-3 except that the present results

include no water external to the Til-l's.

All vessels and intervening spaces flooded with water.

All vessels fully flooded; no water was assumed external to the Tit-l's.

The cofactor k matrix for the third case of Table 6D-I with 400 neutrons per generation is

shown in Table 6D-II. In each case the nonfissioning regions (voids, designated V) give k as 0.87,
77

which is close to the 50-generation average value of 0.871 10.005. The values for the symmetric

regions such as the central TB-1 value for layers 1 and 3 are similar and the centrally located

vessel.(center of layer 2) has the smallest cofactor value shown. Thus the problem has apparently
converged properly and the calculated k Ppears to be correct.

df

T A 111. | 6 I)-11

Cof at tor k Alatrix for Array of 15 Til 1's in a llectangular Configuration

I. aver (;eom e t rv Cofactor ki
V Tit-1 V 0. Sti98 0 HtiO4 0.8699

1 T il- 1 T it- 1 Tit-1 0.8592 0.8339 0.8614

V Til- 1 V 0.8699 0.8397 0.8699

T it- 1 V 0.8699 0.8420 0.8693'

2 Til 1 T il- 1 T il- 1 0.8435 0.7569 0.8443

V T il- 1 V 0.8693 0.H301 0.8696

V Tit-1 V 0.8696 0.83R7 0.3697

3 T il- 1 T il- 1 T il- 1 0.8382 0. 8:120 0.8334

V Tit-1 V 0.8696 0.8130 0.8696

Configuration consists of th ree lay e rs of 5 Tit-l's eac h.

239 'uo2, "V" design at es void.' Tit- 1" designates Tit- 1 containing 3.15-kg 1

Spaces t>etween Tli-l's were assumed to be voids

Ave r:tge kegg 0. 871 t 0. 00 3 baaed on 50 gene rations.

O
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Iteference ( App. 6D)

1. L. M. Petrie and N. F. Cross, KENO IV- An Improved Monte Carlo Criticality Program,
ORNL 4938, Oak Ilidge National Laboratory, Oak Ittdge, TN,1975.
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CliAPTElt 7

OPEllATING PROCEDURES

The information in this chapter presents recommendations to the NItC reviewing staff regarding
operating procedures applicable to the PAT-1 package.

7.1 Procedures for Loading the PAT-1 Package

7.1.1 Loading of PuOn Into the PC-1 Product Can

A procedure for loading PuO into the PC-1 product can is described in Appendix 7A. The2
specific requirements would be as follows:

Any filler material used within the PC-1 (e.g. , to fill space resulting from aa.

short load) must be restricted to those which will not decompose at < 1100*F

(593* C). except for two plastic bags and a necessary amount of tape which

are for initial plutonium-oxide powder packaging.

b. The PC-1 must be roll-crimped to the PC-1 body and double-sealed by the

application of an overcoating of a room-temperature-curing impact-resistant
rubber-modified epoxy sealant.

7.1. 2 Loading the PC-1 Into the TB-1 Containment Vessel

A detailed procedure for loading the PC-1 into the TB-1 containment vessel, described in
Appendix 7B, includes the following:

a. Load the PC-1 product can into the TB-1 containment vessel.

b. Place the aluminum honeycomb spacer on top of the PC-1 product can,

c. Grease the O-ring with silicone grense (see Table 7B-D and insert onto TB-1 lid.

d. Verify the presence of the copper gasket and inspect for major damage to

the copper,

c. Place TB-1 lid into TB-1 body and install two of the twelve 1/2-20 socket-

head cap screws. These two screws should be 180* apart.
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f. Install remainder of cap screws fingertight and then tighten all 12 screws to

50 ft-Ib in the following order (by screw number): 1-7. 4-10, 2-8, 11-5,

3-0, 12-6.

g. Repeat step f. to a torque le~el as indicated in Table 7.1. 2-I.

h. Attach the lifting sling to the TI3-1 lid.

TAllLE 7.1.2-I

Assembly or TIl-1 Second Torque Level
Copper Seal Use No. (ft-lb)

1 (First use of seal) 75

2 (Second use of seal) 75

3 (Third use of scal) 75

4 (Fourth use of seal) 80

5 (Fifth use of seal) 80

6 (Sixth use of seal) 80

7 (Seventh use of seal) 85

8 (Eighth use of seal) 85

9 (Ninth use of seal) 85

Note: After its ninth use. the T11-1 copper seal must be re-
placed. Itefer to example replacement procedure of
7.1.5

7.1.3 Loading the TH-1 Containment Vessel Into the AQ-; Overpack

A detailed procedure is described in Appendix 7C and includes the following:

a. I ower the TIl-1 into the AQ-1 overpack,

b. Insert the small redwood plug.

c. Insert the 11-in. -diam aluminum load-spreader plate.

d. Insert the large outer redwood plug.

c. Place the large insulation pad on the plug.

f. Insert the inner liner cover (line up index marks).

g. Place the insulation pad on the inner cover.

282
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h. Insert the outer cover. lining up index m Arks,

i. Install the clamp ring by lining up index marks and holes and using twenty-
three 3 /8-24 UNF hexagon-head screws. Start screws at index mark and

proceed on alternate sides, towards the gap in the ring.

j. Torque hexagon-head screws to 15 ft-lb.

k. Install the clamp-ring bolt and lock nut; install security wire, if required.

7.1.4 Loading the AQ-1 Overpack Onto a Packing S,cid

The PAT-1 package may be steel-banded to a packing skid (which is provided with the AQ-1

overpack) for transportation and handling.

A design of such a sk!d in indicated in Figure 7.1. 4-1. Federal Standard QQ-5-781 desccibes

the proper strapping and fasteners.

I'lan View of Pallet. W /O l'AT
4- lil III M.f r_ u-

@ | |-| |.I I O 1/2 x 8-in. Long Steel I.ag Italt and

| |.| .| | Washer (4 places)

| ll p' |
-

I|I r, i oo i .

_ _

II ||
,

_ 1/2-in. Steel Countersunk Carriagei i

' I ' ' ILolt and Washer (4 places)

Steel Strapping

(3 | 1ces)
O ~

Strapping Seal - -
~

j
(3 places) |

-
s

4

PAT Assanbly # [} {.-| C
Toe Natl4 g

TE } --g y - - --t O |,N _ _ Ni OW *g "'gg,g

',
"'

Q "|5|A ~9-'$/,,,h~' p'l,
-

i

I j '

i

+24 + 1/ 8 in.*Si t 1/8 tn. rc

3/4 -in. Douglas l'ir I'ly wood, * 4 x 4.in. Douglas l'ir (4 places)
Exterior, Sound lioth No. 2 or lietter
Sides, Nail to ('ross

M ernbers 4 x 6-in. Douglas l'ir (2 places)

Steel Corner No. 2 or 11etter

(6 places) \_2 x 4-in. Douglas l'ir (2 plat es)
No. 2 or lletter

Ficu re i.1. 4 -1. Shipping Configuration
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7.1.5 Replacement Operations for Copper Seal

Replacement of the copper seal is required after its ninth use as noted in Table 7.1.2-1.

When the copper gasket becomes firmly imbedded within the groove on the TB-1 lid, it is difficult

to remove; however, it can be removed by the careful use of a small, sharp machinist's chisel and

a small machinist's hammer. Take greitt care not to msrk the stainless-steel lid ir. any manner

with the chisel. IIold the flat cutting edge of the chisel parallel to the flat scaling surface of the

lid (the flat region that the 12 bolt holes pass through): gently hammer the chisel into the edge thick-

ness of the copper gasket. This is done in an inward, radial direction. Once the chisel edge has

a " bite"in the copper. pry up on the copper by pushing down on the chisel. Repeat this operation

at twelve points (in between each bolt hole). If the copper gasket is not pryted out by the twelfth

attempt, repeat the entire operation, imbedding the chisel slightly deeper each time, until the
copper gasket pries out.

The O-ring may be removed by pushing slack to one point, then grasping it, and pulling it
out.

Clean the lid with a suitable solvent and disposable wipes.

Fit a new copper gasket, part No. R00637-000, into the mating groove on the lid. Alake

sure the gasket fits in a flat and centered manner. The gasket is loose prior to the first closure

of the TH-1 lid onto the TH-1 body (it is tightened by applying torque to the 12 closure bolts).

After the first closure, the copper gasket will pinch into the groo'/e on the lid. Lubricate a new

O-ring, Parker V 747-75-242, with silicone grease (see Table 7B-D, and install it in the O-ring
groove on the TB-1 lid.

7.2 Procedures for Unloading the Package

a. Remove the PAT-1 from the skid, if present.

b. Remove the security wire and seal, if present.

c. Remove the twenty-three 3/8-24 UNF hexagon-head screws.

d. Remove the clamp-ring bolt and lock nut,

e. Remove the clamp ring by grasping the lues in either hand and pulling the ring
apart while lifting.

f. Remove the cover.

g. Remove the insulation pad.

9
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h. Itemove the inner cover by lifting from the two finger holes provided,

i. Itemove the outer redwood plug by lifting from the two finger holes provided.

j. Itemove the ll-in. -diam aluminum load-spreader plate by lifting from the two
finger holes provided.

k. Itemove the inner redwood plug by lifting from the two finger holes provided.

1. Itemove the Tll-1 by grasping the lifting sling and lifting.

m. Itemove the lifting sling from the Til-1.

n. Itemove the twelve 1/2-20 socket-head cap screws from the Til-1.

o. Itemove the Til- 1 lid. This can be done by installing three screws 1/4-23 l'NI' x 1-in. -

long and turning them evenly until the lid releases. There may be some pressure
relief action,

p. flemove the aluminum honeycomb top spacer,

q. Itemove the l'C-1 product can with contents by carefully tilting the TIl-1 until the

product can slides out.

CA UTION: When returning empty l'AT-1 packaging with an empty fil-1, the
assembly steps of paragrapt i 1. 2 should be followed, except that
the twelve Til 1 1/2-20 sockt; iead cap screws should be torqued
to a nominal mechanic's feel.
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APPENDIX 7A

Operating Procedures for Loading of pug Into the PC-1 Product Can
2

The process for loading plutonium into the PC-1 product can is expected to proceed under

the following conditions: The PC-1 loading operation would be performed in a glove box or con-

trolled exhaust hood with less than ambient atmospheric air pressure, with adequate exhaust

filtration, and with appropriate control of surface cleanliness. The plutonium-oxide powder would

double-wrapped in polyethylene bags (for pug with low decay heat) or in special high-temperature
2

plastic bags (for PuO with high decay heat) with each bag taped shut individually. The bags and
2

tape would be weighed and the data recorded prior to shipment. Appropriate processing and handling

wau;d be implemented to maintain an uncon%ninated exterior surface on the second bag. A PC-1

product can, without the lid, could be used as a form in filling the bags so that the finished double-

bagged product will fit easily into another clean PC-1 selected for actual shipment. The PC-1 can,

having a round bottom, should be supported in a work stand to provide stability.

The PC-1 selected for use within the TIl-1 should be serialized, identified, appropriately
marked as to its contents, and visually inspected to assure cleanliness and freedom from defects.

The PC-1 can body and mating lid should, likewise, be inspected and may be weighed for account-
ability control. These data should be recorded.

If any fil:er material is used within the PC-1 (e. g., to fill space resulting from a short load),

the material is restricted to that which will not decompo e at n1100'F (593*C). The two plastic bags

and the necessary amount of tape are the only low-temperature-decomposing materials permitted
within the PC-1.

The double-bagged plutonium oxide, with clean exterior, would then be loaded into the clean

PC-1 selected for use. The PC-1 lid must then be roll crimped to the PC-1 body by using a
standard canning tool or mschine. The stainless steel can lid and body material is more difficult

to form into place than ordinary can materials, requiring extra care and attention. Several small

stages of forming, with each set of roller tools, is recommended. The exterior of the PC-1 should

be cleaned and then inspected by standard health physics swipe tests for plutonium contamination.

The gross weight of the loaded PC-1 should be measured and recorded, and the net weight of

pug e ntents calculated and marked on appropriate labels on the PC-1.
2

The crimped-!!d seam of the stainless-steel PC-1 product can must be double-sealed by the

application of an overcoating of a room-temperature-curing, impact-resistant rubber-modified

epoxy sealant. 4 formulation equivalent to that specified in Table 7A-1 is to be applied all around

the roll-crimped joint by the use of a disposable plastic syringe.
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TA13LE 7A-I

Formulation for Rubber-Modified Epoxy Sealant

Proprietary Designation Chemical Type Parts by Wt.

Dow Chemical XD7575-02* CT13N (carboxy-terminated- 110
butadiene-nitrile) rubber-
modified epoxy

11 F. Goodrich ATilN AT13N (amine-terminated 50
butadiene-nitrile) rubber

Jefferson Chemical Co. T403 Polyoxypropylene-triamine 45

Jefferson Chemical Co. Amine accelerator 4. 5
Accelerator 308

or manufacturer's recommended substitute

Care should be taken to leave no gaps or voids in the bond region. The bonded PC-1 can

with contents should be permitted to cure at room temperature for 24 hr, or longer if necessary
to be tack free. Sixteen hours at 75'F (24* C) has been a typical cure condition.

The parts and msterial needed for the PC-1 produc.t-can loading are listed in the Table 7A-2.

These parts are to be visually inspected for major imperfections or damage, and for cleanliness.

TABLE 7A-Il

Parts List for PC-1 Loading

Quantity Item Part Number

1 ea llody, can R00633-000

1 ca Ltd, can R00634-000

2 ea Plastic bags 6 x 12 in.

As reqd Tape

As reqd Nuclear material labels
As reqd Identification labels

As reqd Rubber-modified epoxy sealant

1 ea Can assembly R00831-000*

*
The part results from joining the body and lid.

O
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APPENDIX 7B

Loading the PC-1 Product Can Into the TB-1 Containmez. Lesa.el

7B.1 Introduction

The parts and materials required for Icading the PC-1 into the TB-1 are listed in Table 7B-I.

These parts should be visuall" inspected for major imperfections or damage, for cleanliness, and
for the presence of the correct part number.

TABLE 7B-1

Parts List for TB-1 Loading

Quantity Item Part Number

1 ca Body, TB-1 R00635-000
1 ea Lid, TB-1 R00636-000
1 ea Spacer, top R006 32-000

1 en Gasket, copper R00637-000
1 ea 0-ring (Viton) Parker No.

V747-75-242
12 ea Bolt, socket head, special R00638-000

0.500-20
1 ea Sling, lifting R00610-000

1 ea PC-1 product can, loaded

3 ea Screw, cap, hex head, A1S90726-6
0. 250-28 x 0. 750 in. long

3 ea Washer, steel, AIS27183-10
0. 281 1. D. x 0. 625 x 0. 065 in.

As reqd Silicone grease General Electric
G-624 ( AllL-S-8660)

or
Dow Corning
DC-4 (AIIL-S-8660)

As reqd Labels, nucicar material

As reqd Labels, identification

1 ca Containment vessel, TB- 1 R00630-000

i
This part results from the assembly sequence.

The step-by-step loading procedure is given in paragraph 7B. 2.
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711.2 Til-1 Containment Vessel Assembly Procedure

Step 1. The first step of the loading procedure is to insure that all necessary parts

are available. Figure 713-1 shows the parts needed to load the PC-1

product can.
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=
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Figure 711-1. Parts for Loading PC-1 Product Can
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Step 2. Place the product can and top spacer into the TU-1 body (Figure 7B-2).
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Step 3. Grease the O-ring with the required silicone grease (General Electric or Dow

Corning) and put the O-ring into the groove in the TH-1 lid. Verify the pre-
sence of the copper gasket firmly imbedded in its groove in the lid. Visually

inspect for any major damage to the copper. The small circular groove all

around the copper gasket is proper and acceptable. Small scratches in the

copper are acceptable (Figure 7B-3).
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Step 4. Place the Til-1 lid in the Til-1 bo<!y, lining up the screw holes by eye
(Figure 713-4). Take care not to disturb the O-ring or the top spacer. Install
two of the twelve big cap screws f 5gertight, as shown. Install the rest of the

big cap screws fingertight.

.
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d. - :#

*
, 4

I
- p

Figure 7B-4
,

4 - #
Step 4

.y. i
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Step 5. Put the TH-1 Containment Vessel in a vise (Figure 711-5), with screw No.12

on top. The screws must be tightened two times with a torque wrench.
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Step 8 For the first torque, set the torque wrench to 50 ft-lb, and tighten all twelve
screws in the follo" ring order (by screw number).

1-7 4-10 2-8 11-5 3-9 12-6

Step 7 For the second torque, find the first line (from the top), in the list below,

that has not been used. Use the torque level in that line for the seond torque.

Second
A ssembly Torque Level

No. (ft-lb) Name Organization Date

1 75

2 75

3 75

4 80

5 80

6 80

7 85

8 85
,

0 85

Note: After assembly No. 9, the containment vessel copper seal must be replaced,
as described in paragraph 7.1. 4.

Tighten the screws in the following order:

1-7 4-10 2-8 11-5 3-0 12-6

Write your name, organization, and date on the line next to the torque-level you
just v. sed.
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Step 8 Using the three small screws and washers, attach the lifting sling as shown
(Figure 711-6). Tighten the screws fingertight, then tighten very slightly with

a wrench. Do not over-tighten.

Note: Always use the lifting sling when carrying the containment vessel.
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Figure 7B-G. Step 8

Step 9. Loosen the vise and remove the Til-1 containment vessel. The TB-1 contain-

ment vessel is now ready to be placed in the AQ-1 overpack.
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APPENDLX 7C

Loading the TIl-1 Containment Vessel Into the AQ-1 Overpack

7C.1 Introduction

The parts and material required for loading the TI3-1 containment vessel into the AQ-1 over-

pack are listed in Table 7C-I. These parts are to be visually inspected for major imperfections or
damage and for general cleanliness.

TAI 3LE 7C-1

Parts List for AQ-1 Loading

Quantity Item Part Number

1 ea Container subassembly R00629-001

1 ea Removable wood plug R00627-000
(small inner plug)

I ea Removable dise R00623-000

1 ea Removable wood plug R00625-000
(large outer plug)

I ca 1.iner cover R00624-000
(furnished with 23 floating nut plates)

I ea Alodified cover R00618-000
(furnished with gasket and plug)

I ea Alodified clamp ring R00621-000
(furnished with 5 /8 -11 x 4 in, long
draw bolt and lock nut)

I ea Insulation pad R00628-000

1 ea Insulation pad R006 39-000

23 ea IIex-head cap screw 3/8 in. -24 AIS90726-60

As reqd Security wire and seal

1 ea Assembled T13-1 containment vessel R00630-000

The step-by-step loading procedure follows in paragraph 7C. 2.
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7C.2 AQ-1 Overpack Loading Procedure (Loading the TB-1 Containment Vessel Into the AQ-1
Overpack)

Step 1. Place the TB-1 containment vessel into the AQ-1 overpack (shipping package),

seating it all the way down (Figure 7C-1).
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( ( Figures 7C-1 through 7C-14

Loading Procedure for TIl-1 Con-

tainment Vessel Into the AQ-1'*
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Figure 7C-1
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Step 2 Insert the small redwood plug. Twist it to ensure that the notches in the

bottom of the plug clear the lifting sling screws in the TI3-1, and that the
plug is .11 the way down.
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Step 3. Insert the aluminum plate, seating it all the way down (Figure 7C-3).
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Step 4 Insert the big redwood plug. seating it all the way down (Figure 7C-4).

'

'm
+.

'

f-

,
N

A

,

f

Figure 7C-4

Step 4

r ~' ; ,

;

.,

!Ag
'

. . . ,

? s + ' 'f? a,

ke ',
. -hy p., .: /

g.

y-;.a; .,:-. I s
-

j AL5,, ;;-~.- . .<
'

l... . D?$$!r' . . . , a

o ** m a anw y 3

- 1567 320 2"

n o n Null n



Step 5. Center the big pad on top of the big tedwood plug (Figure 7C-5).
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Step 6 Insert the inner cover, lining up the index marks (Figure 7C-6).
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Step 7 Center the small pad on the inner cover (Figure 7C-7),
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Step 8 Insert the outer cover, lining up the index marks (Figure 7C-8).
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Step 9 Install the clamp ring, lining up the inder marks (Figure 7C-D).
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Step 10 Using a tapered pin, line up the holes by the index marks so that you can

thread one of the 23 screws through the holes (Figure 7C-10).
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Step 11. Thread one hex-head screw into the hole by the index mark, and tighten it
fingertight (Figure 7C-11).
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Step 12. Install the remaining hex-head screws one by one: one to the left of the first
screw, then one to the right of the first screw, working back and forth toward

the gap in the clamp ring (Figure 7C-12). Use the tapered pin to help line up
the holes for the screws. (If some of the screws are faulty and won't screw
in, replace them with new ones. )
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Step 13 When all the screws are threaded in, torque them to 15 ft-lb.

Step 14 Install the 4-in.-long hex-head screw in the clamp ring and torque it to

50 ft-lb (Figure 7C-13).
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Step 15 Install the nut on the 4-in. -long screw. IIold a wrench on the screw to keep
it from turning and torque the nut to 30 ft-Ib.

Step 18 A security wire and seal may be installed through the holes provided in the
lugs on the clamp ring (Figure 7C-14).
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This completes the assembly of the shipping package. The assembly of the TIl-1 contain-

ment vessel into the AQ-1 overpack forms a PAT-1 package,
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CIIAPTER 8

ACCEPTANCE TESTS AND AIAINTENANCE PROGRAM

The Product Specification, Plutonium Air Transportable (PAT) Package, PS-R00602-000,

as presented in Chapter 9, Appendix A, is the authoritative statemer.t establishing the require-

ments for manufacture and manufacturer's acceptance of those Model PAT-1 packages that were

produced for Sandia Laboratories and that were used in the tests documented throughout this
report. Additional information in this chapter is recommended to the NitC staff as possible
instructions for users of the PAT-1 package.

8.1 Acceptance Tests to be Performed Prior to First Use of Each Package

8.1.I Visual Inspection

Note: The following steps are not necessarily in sequential order. To accomplish a com-

plete visual inspection, the TIl-1 and AQ-1 must be disassembled in accordance with paragraph
7. 2.

8.1.1.1 AQ-1 Overpack

a. Check that there are no indentations deeper than 1/2 in. In the visible interior

redwood assemblies.

b. Check that there are no large, obvious breaks in the fiberglass covering of
the innermost tubular member (copper heat-conductor tube),

c. Check that there are no identations or damage points deeper than 1/2 in. in

the outer steel drum and covers.

d. Check that the 23 bolt-head covers are in place around the bottom of the drum.

e. Check that the twenty-three 3/8-24 bolts are in place around the top end of

the drum (when AQ-1 is assembled).

f. Check that the 5 /3-in. -diam x 4-in. -long clamp-ring bolt and lock nut are in

place at the top of the drum (when AQ-1 is assembled).

g. Check that the Caplug vent plugs are in place on the drum bottom and on the

drtml lid.
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8.1.1. 2 TIl-1 Containment Vessel

a. Check that the copper gasket is in place on the Til-1 lid and that it is free of

any major gouge or irregularity (the circular groove all around is correct).

b. Check that the O-ring is in place on the TIl-1 lid, free of large obvious

gouges and lightly lubricated with the specified silicone grease,

c. Check for visible damage to the small circular knife-edge in the TIl-1 body
(the lid knife ~ edge will normally be hidden by the copper gasket).

d. Check for the presence of the 12 socket-head bolts and the nylon lifting sling

with 3 bolts and washers (when TIl-1 is assembled).

8.1.1. 3 Ileplacement Parts

Missing parts may be replaced if (a) the replacement part meets the design requirements

as described in the drawings of Chapter 9, Appendix A, and (b) no other damage to the PAT-1

package is evident as a result of the missing part.

8.1.1.4 Rejection

Mechanical damage as described in paragraphs 8.1.1.1 and 8.1.1.2 is cause for rejec-

tion. Damage to the knife-edge or copper gasket is cause to perform a leakage test as described

in paragraph 8.1.3 to demonstrate TIl-1 vessel acceptability.

8.1. 2 Structural, Pressure, and Leak-Itate Tests of the TIl-1 Containment Vessel

l'ach TIl-1 containment vessel before it.. first use must be demonstrated to remain leak-

tight * when assembled as for shipment and suby cted to an internal pressure 50 pcreent higher

than maximum normal operating pressure (1. 5 x 34. 3 psi = 51. 4 psi).

Structural and pressure tests buyond this leakage test and those described in paragraph

8.1. 3 are not required.

8.1.3 Leak Testing of PC-1 Product Can

To demonstrate that before first-use the PC-1 product can meets the requirements pertain-

ing to single-trip containment systems, at least one PC-1 product can from each lot or one of

each 20 PC-1 containers (whichever results in the highest test frequency) will be assembled as

for use with actual contents. This PC-1 must be leak-tested. This leakage test shall have a

* ~ cm /s per USNItC llegulatory Guide 7.4 which references ANSI N14.5.10
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~4 3sensitivity of at least 10 m /s and indicate leakage less than 10" cm /s in the assembled
P C- 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 Tests to Verify Proper Assem*21v Prfor to 1:ach Shipment

8.2.1 PC-1 Product Can

Prior to loading the PC-1 product can (with contents) into the Til-1 containment vessel, a

leakage test shall be completed on the PC-1. This leakage test shall have a sensitivity of at least
~4 3 -310 m /s and indicate leakage less than 10 cm /s in the assem'aled 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. )

8.2.2 Til-1 Containment Vessel

As part of preparation for each actual shipment, the Til-1 containment vesset will be
assembled in accordance with the procedure described in paragraph 711-2 and a leakage test shall

be completed on the TIl-1 together with its radioactive contents. This leakage test shall have a
sensitivity of at least 10 cm /s and indicate leakage < 10 cm / s for the assembled Til-1. (An

acceptable test would be one in which the Til-1 is placed in a closely fitting chamber, a vacuum
is rapidly drawn, and any subsequent rise in chamber pressure is correlated with le tk rate.)

U.3 Periodic Test and Maintenance

8. 3.1 TIl-1 Containment Vessel

After every third use of a TIl-1 containment vessel, or if a leaktest as described in para-
graph 8.1.3 has not been performed within the preceeding 12-mo period, the TIl-1 shall be sub-

jected to the leak test as described in paragraph 8.1. 3 before further use is permitted.

8.3.2 PC-1 Product Can

If a leaktest as described in paragraph 8.1.3 has not been performed within the preceeding

12-mo period, a PC-1 shall be subjected to such a leaktest before further use is permitted.

8.3.3 Iteplacement of Gaskets on Contairunent Vessel

The only components of the Til-1 having a replacement schedule are the copper gasket and

the Viton 0-ring. The copper-gasket-replacement schedule is indicated in Table 7.1.2-1 as oc-

curring after the ninth full torquing of the closure bolts. Prior to the tenth use of the Til-1 con-

tainment vessel, the copper gasket and the O-ring must be r eplaced as described in paragraph
7.1. 5.
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CIIAPTElt 9

QUALITY ASSUltANCE

9.1 Discussion

This chapter identifies the quality assurance requirements that were used for Sandia Labora-

tories' design, purchase, fabrication, and test of the Model PAT-1 package, and recommends

certain requirements * applicable to users of the PAT-1 package. In the areas of design and

environmental test, the preceeding chapters of this report provide full information regarding tests

and most of the design information: Appendix 9A of this chapter provides a complete design definition.

The material presented in the remainder of this chapter applies to the quality assurance program

utilized for the fabrication and manufacturing of the specific Model PAT-1 packages addressed in

this report, meeting the intent of 10 CFil 71, Appendix E.

9. 2 Quality Assurance Program

An effective quality assurance program is maintained at both of the Department of Energy

(DOE) agencies involved: Sandia Laboratories (responsible for package design and test) and the

Ilendix Corporation, Kansas City Division (responsible for package fabrication). The quality as-

surance programs assure that adequate quality control is maintained from the time of ma'erial

procurement through the receipt, identification, stocking, and issue of material, and thraugh the
entire PAT-1 * brication process. All materials which are procured from suppliers r,utside the

DOE system are subjected to adequate quality controls and inspections to assure conformance to

specification requirements. The program forestalls the procurement or manufacture of defective

material, and provides that defects or other unsatisfactory conditions are discovered at the

earliest practical point. The program provides readily available recorded evidence of quality in

the form of inspection and test results.

The specific quality assurance provisions for the Model PAT-1 package are cited in the at-

tached Product Specification, Plutonium Air Transportable (PAT) Package, PS-It00602-000,

Section 4, Quality Assurance Provisions. This covers inspection per AllL-1-45208, calibration

per MIL-C-45662, serial numbers, test records, test conditions, rejected units, certification of
compliance, tolerances, in-process inspection and testing, final acceptance testing, function and

fit, leak rate, and drawing compliance.

.

Specifically, sections 9. 2.13, 9. 2.14, and 9. 2.15.
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9.2.1 Organization

The Quality Assurance l'rogram for the design, fabrication, and test of the Alodel PAT-1

package falls within the guidance of Department of Energy (DOE) directives. For the 51odel l'AT-1

package, Sandia Laboratories, Albuquerque (SLA) was the design agency vested with all jurisdic-

tion over design and testing. The Hendix Corporation, Kansas City Division (IIKC) was the

production agency for the l'AT-1 packages pertinent to this report with the responsibility for
fabricating the l'AT-1 packages to the design req ..ements. in both companies, the administra-
tion, coordinacion, and evaluation of the quality program is vested 1.. a responsible, authorative

element able to casure objective decisions by contractor management.

The responsible organizations are staffed by technically competent personnel with freedom

to make appropriate objective judgments, recommendations, and decisions consistent with delegated

authority. Copies or organizational charts for both companies can be obtained which indicate the

level of authority and independence delegated to the quality assurance function.

9.2.2 Design Control

Sandia Laboratories has overall responsibility for the design of the Alodel l'AT-1 package.

The project manager is responsible for validation and application of all analysis used in the design
phase of the package,

llowever, the NitC performance u i'&ia were of sufficent severity that complete reliance
on analysis was not possible and the overall desi r adequacy of the PAT-1 was verified by a com-k

prehensive, environmental test program. The specifications for the PAT-1 require assurance of

conformity of all materials which, through design and design reviews, are necessary to the proper
performance of the l'AT-1 with respect to the NItC qualification criteria. Calibration systems
are directly traceable to the National Bureau of Standards (Nils). All inspection tools used are to
be within this calibration system.

Within the DOC this traceability is maintained by a l'rimary Standards Laboratory within

SLA. All standards are periodically recertified by the NHS. A secondary standards laboratory
is maintained at HKC which periodically recertifies their standards against those of the Sandia

l'rimary Standards Laboratory. Periodic au, lits of the system are performed by Primary Standards
personnel as well as personnel from the DOC.

A design definition system was formalized and controlled by EP401219, Definition Control

for Plutonium Air Transportable (PAT) Package, an engineering procedure issued specifically
for this task, from which excerpts are as follows:

a. Drawing Definitions: The drawing control and drawing numbers are described
in D10521, "Nonweapon Drawing Set". The 9-digit part number system applies
to all parts on this program, providing for precise part identification referenced
to design definition.

"
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b. A List of Data (LD) drawing that lists the drawings by issue which are required

for procurement of the I*AT-1 will be maintained by the SIA specifications
engineer. This drawing may be used to authorize specific development-build

definitions. (The implementation of this requirement is LD-Il00602-000,

List of Data, Plutonium Air Transportable (l'AT) I'ackage. )

c. Itelease: All drawings will be initially released after preliminary design and
review by a Development Engineering Itelease (DCIt). The Dell shall also be

used to authorize specific engineering actions during the development con-

tract. SLA Department 5430 shall release drawings by Deli for drawings

located at SLA or HKC.

d. Change: After release of the drawings by Dell, specific changes to the design

will be made by change order. The change order may authorize specific

engineering action during the development contract. The class of change will

be ' development' (DEV). Changes to the drawings may be by either Advance

Change Order (ACO) or Final Change Order (PCO). ACOs are issued prior

to drawing changes being incorporated in a new drawing issue; FCOs identify

a change document issued after the drawing changes are incorporated in a

new drawing issue. If the drawing originals are located at HKC, Hendix has

the responsibility for originating changes; if the drawing originals are located

at SLA, Department 5430 has responsibility for originating changes.

e. Approvals: The applicable 5430 project engineer and project engineering
division supervisor, or his authorized delegate, approve all DCits and those

changes originated at SIA. For changes originated at HKC, Hendix obtains

verbal approval from the SIA project engineer and so states that approval
on the change order,

f. Distribution: The distribution of both release and change orders shall be
*

S LA No. 1, the buyer, the 9633 specifications engineer, the 5430 project

engineer, and others as determined by the project engineer,

g. Processing of Release and Change Orders at SIA: The specifications engi-

neer at SIA is responsible for preparation of release and change orders

originating at SIA.

h. Itelation to Development Contract: Change orders originated at SIA will be

processed through the Sandia buyer in addition to the project engineering

group. The change order is processed by the Product Definition Drawing

Dist ribution Control Section.

.

This is an internal Sandia Laboratories distribution list.
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1 Deviating Material: Deviation from development-build definitions must be

confirmed in writing, on an SE (Specification Exception) document. SLA-

originated deviations will be transmitted through the buyer,

j. Disposition of Original Tracings: At the end of the development contract,
SLA will transfer all drawing originals located at HKC by DTER to SIA for

final retention. Aperture cards will be prepared and retained at Sandia and

the project engineering division will authorize archiving by Archive Engi-

neering Release.

9. 2. ? Procurement Document Control

Engineering Procedure EP401219, Definition Control for Plutonium Air Transportable

(PAT) Package, attached as an Appendix, is the authoritative procurement document control for

the development contract and drawing definitions.

Product Specification PS-R00602-000 cites all documents required for PAT-1 quality and

fabrication control.

9.2.4 Instructions, Procedures, and Drawings

Instructions, procedures, and drawings are as cited in the previously referenced Engineer-

ing Procedure EP401219 and Product Specification PS-R00602-000, and in the List of Data,

Plutonium Air Transportable (PAT) Package, LD-R00602-000 (provided in attached Appendix).

Instructions for users are in Chapters 7 and 8 of this report.

9. 2.5 Document Control

The complete set of specifications, drawings, and control documents for the PAT-1 package
are included as Appendix DA, as cited in 0.2.3, above.

9. 2. 6 Control of Purchased Material

The BKC purchasing documents will specify the requirements of the contract via usa of

engineering drawings with the noted design requirements and by citing specifications in purchase

orders. Assurance that these requirements are maintained is accomplished by inspection upon

receipt of material. All material must conform to the drawing requirements. Any discrepant

material is either rejected to the supplier or, if useable, approved for use via a nonconforming

approval system. Any nonconforming approval request is processed to the applicable design
engineer for his approval or rejection.

Certification of compliance is required on critical items (refer to paragraph 4.1.5 of
PS-R00602-000 (see Appendix)).

O
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9.2.7 Identification and Control of Alaterial Parts and Components

All material received within 13KC is properly bagged or tagged to allow referral to appro-
priate specifications and inspections. During fabrication of these msterials into a PAT-1, records

are generated to allow traceability to any previous analysis or inspection. These data are main-
tained for use by any appropriate organization.

L'ach PAT-1, AQ-1, and TH-1 is permsnently marked with a serial number in ascending

numerical order corresponding to the sequence of manufacture. Once assigned, a serial number
is not assigned to another item.

D. 2. 8 Control of Special Processes

All special processes are controlled and accomplished by qualified personnel using qualified

procedures in accordance with specifications included in the Appendix to this section.

Special Specifications were issued as follows:

SS-It00602 Alaterial Specification, itedwood for PAT Package.

SS-It00621 Welding Corrosion-Ilesistant Steel, PAT Package.

:>S-It00630 Testing, Leak Itate, Alass Spectrometer, PAT Package.

SS-It00645 General Itequirements. PAT Package.

Compliance with these specifications is required on the drawings and in the overall Product

Specification PS-It00602-000 Copies of these spacifications are included in the Appendix.

9. 2. 9 Inspection

All inspections are performed in accordance with AIIL-1-45208 by qualified personnel who

utilize calibrated inspection devices and standard inspection techniques in accordance with

AII L-C-4 566 2. All inspection personnel are assigned to the inspection organization which is

functioning independently.

Spccific irispection details (final acceptance testing) are cited in paragraph 4.3 of PS-It00602-

000, attached in appendix 9A.

9.2.10 Test Control

Test control for environmental tests is per the Test Protocol, PAT-; (Plutonium Air

Transportable) Package, Alodel 1, included as Appendix 211, and per the facil:ty descriptions

presented in Appendix 2J. Tests required in manufacturing are specified in the applicable draw-

ings and specifications.
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D.2.11 Control of Measuring and Test I:quipment

The quality assurance program described above embodies the control of MIL-C-45662 for

calibration, MIL-I-45208 for inspection, and MII.-Q-0858 for quality control, as specified in
l'S-It00602-000, included within Appendix 9A.

9.2.12 flandling and Itelated Functions

No special measures to control handling, storage and shipping, cleaning and preservation

of materials and equipment are required beyond those previously addressed in this section.

0.2.13 Inspection, Test, and Operating Status

Appropriate markinga, tags, labels, routing cards, or other suitable means of assuring

satisfactory completion of the inspections, tests, and replacements described in Chapters 7 and 8
must be provided by the user of the Model I*AT-1. This should include a user's torque-record

card for the Tll-1.

9.2.14 Nonconforming Materials, Parts, or Components (in service)

Appropriate measurea shall be established by the Model l'AT-1 package user to assure

that nonconforming parts are not inadvertently uaed.

9.2.15 Corrective Action

Mea:sures applicable to design, fabrication, and test have been addressed previously in

this section. Measures required during packcge transport operations must be identified Ly the
user.

9.2.16 Quality Assurance Itecords

The provisions for maintaining sufficient records of design, fabrication, and test activities
have been addressed previously in this section.

9. 2.17 Audits

A comprehensive system of planned and periodic audits is included in the authority delegated

to the quality assurance organizations at SIA and IINC under DOC directives. A comprehenaive

program must also be provided by the user of the Model l'AT-1 package.

0.3 Certification of Compliance

The Hendix Corporation Certificate of Compliance letter appears as Appendix DH. The

referenced Apecification 1:xceptions are on file with the Sandia Labor atories Depart;ne..t 5400
l'roject 1:ngineer.

O
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APPENDIX 9A

Hierarchical Index to
PAT-1 Specification and Drawing System

LD-R00602 - List of Data

EP-401219 - Definition Control

PS-R00602 - Product Specification

SS-R00602 - Material Specification, Redwood

SS-R00621 - Welding

SS-R00630 - Ieak Testing

SS-R00645 - General Requirements

R00602 - PAT Assy.

R00603 - AQ Overpack

R00604-001 - Gasket
R00618 - Modified Cover *

R00620 - Cover Skirt

R00621 - Modified Clamp Ring *

R00323 - Ring Skirt

R00624 - Liner Ccwer*
R00625 - Removable Wood Plug
R00626 - Removable Disc
R00627 - Removable Wood Plug
R00628 - Insulation Pad *
R00629 - Container Subassembly

R00604-001 - Drum
R00605 - AQ Subassmbly

R00607 - Liner Cylinder
R00609 - Wood Cylinder
R00610 - Wood Cylinder
R00611 - Fixed Wood Plug
R00612 - Ioad Spreader Assembly

*

Called out twice
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R00613 - Load Spdr. Tube
R00614 - Fixed Disc
R00615 - Heat Conductor Tube

R00616 - Wood Cylinder
R00617 - Fixed Wood Plug

R00618 - Modified Cover
R00621 - Modified Clamp Ring
R00624 - Liner Cover
R00628 - Insulation Pad (12" dia.)
R00639 - Insulation Pad ( 6" dia.)
R00639 - Insulation Pad

R00630 - TB Containment Veasel

R00635 - TB Body

R00643 - TB Body Forging

R00636 - TB Lid

R00644 - TB Lid Forging

R00637 - Cooper Gasket
R00619 - Lifting Sling
R00638 - Spl. Bolt

R00632 - Top Spacer
R00631 - Can Assy.

R00633 - Can Body
R00634 - Can Lid

Note: Do not use drawings R00606 - Drum Liner, R00608 - Liner Cap,
R00622 - Mod. Drum

O
'"
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FSCM No. 14213 LD-R00602
FCO 77 2915SC-D!:V -000
P.R.OWENS 9633 Pro c4=/~''
J.A.ANDERSEN 5433
LEX /140 Page 1 of 3

LIST OF DATA, PLUTONIUM AIR TRANSPORTABLE (PAT) PACKAGE

Page 1 2 3
Issue P E E

Document No. Issue Title

EP401219 8 Definition Control for Plutonium
Air Transportable (PAT) Package

PS-R00602 P Product Specification, Plutonium
Air Transportable (PAT) Package

SS-R00602 B Material Specification, Redwood
for PAT Package

SS-R00621 A Welding, Corrosion Resistant
Steel, PAT Package

SS-R00630 B Testing, Leak Rate, Mass Spec-
trometer, PAT Package

SS-200645 B General Requirements, PAT Package

R00602 C PAT Assembly

R00603 C Overpack, AQ

R00604 C Drum

R00605 C Subassembly, AQ

R60607 C Cylinder, Liner
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LD-H00602
Page 2
Issue E

Document No. Issue Title

ROO609 B Cylinder, Wood

R00610 C Cylinder, Wood

. R00611 B Plug, Wood, Fixed

R00612 B Load Spreader Assembly

R00613 B Tube, Load Spreader

R00614 B Disc, Fixed

R00615 B Tube, Heat Conductor

R00616 B Cylinder, Wood

R00617 B Plug, Wood, Fixed

ROU618 B Cover, Modified

R00619 B Sling, Lifting

R00620 B Skirt, Cover

R00621 B Clamp Ring, Modified

R00623 B Skirt, Ring

R00624 B Cover, Liner

R00625 B Plug, Wood, Removable

R00626 B Disc, Removable

ROU627 8 Plug, Wood, Removable

R00628 B Pad, Inculation

R00629 C Container, Subassembly

R00630 B Containment Vessel, TB

R00631 A Can Assembly

R00632 B Spacer, Top

R00633 B Body, Can

9
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LD-R00602
Page 3
Issue E

Document No. Issue Title

R00634 B Lid, Can

R00635 B Body, TB

R00636 B Lid, TB

R00637 B Gasket, Copper

R00638 A Bolt, Socket HD, Special,
0.500-20

R00639 A Pad, Insulation

R00643 B Forging, TB Body

R00644 8 Forging, TB Lid

1567 340 313
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Dwo CLASSIFICA'lON LEVEL

LEX-A-894ENGINEERING PROCEDURE

"Ev'5'0"5DeSicN ActNCY
CONTROL NO. ISSUE DESCRIPTION PREPARED BYgg (pgf{

B FCO 772632SC R. M. IIAWK 9636 11/18/77

1 GENERAL.

Iurpose. This procedure establishes the design definition system1.1 j
to be used for development units of the Plutonium Air Transport-
able (PAT) Package, and the release and change procedures for that
definition. The responsible project engineering group for PAT is
the Nuclear Fuel Cycle Technology Development Department, 5430.

1.2 Development Contract. The development contract with Bend ix ,
Kansas City (BKC) is the controlling document for:

a. Scope of work

b. Quantities

c. Price

d. Deliveries

e. Administrative conditions __,

f. General terms and conditions of contract

The development contract shall call for this engineering procedure
for the purposes described.

2. DRAWING DEFINITIONS. The drawing control and drawing numbers are
described in D10521 (see reference 1). The 9-digit part number
system will apply to all parts on this program.

An LD (List of Data) drawing that lists the drawings by issue which
are required for procurement of the PAT will be maintained by the
SLA specifications enqineer. This drawing may be used (through the
buyer) to authorize specific development build definitions.

SNEET

ISSUE

1 2 3INDEX
issue It [4 B

AGENCY APPROVALS TITLF

ora DATE INITIALS DEFINITION CONTROL FOR PLUTONIUM
AIR TRANSPORTABLE (PAT) PACKAGE

DWG CLASSIFICATION LEVEL SIZE CODE IDENT NO. DWG NUMBER

UNCLASSIFIED A e3 '", 219
.NE.T ,

.. . ... < ,, , ,, g
320
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ENGINEERING PROCEDURE

3. DRAWING RELEASE AND CHANGE SYSTEM.

3.1 Release. All drawings will be initially released after orelimi-
nary design and review by a Development Engineering Release (DER).
The DER shall also be used to authorize specific engineering
actions during the development contract. SLA Department 5430
shall release drawings by DER whether the drawings are located
at SLA or BKC.

3.2 Change. After release of the drawings by DER, soecific changes
to the design will be made by change order.

The change order may authorize specific engineering action during
the development contract. The class of change will be DEV.
Changes to the drawings may be by either Advance Change Order
(ACO) or Final Change Order (FCC). ACO's a.e issued prior to
drawing changes being incorporated in a new drawing issue and
FCO's identify a change document issued af ter the drawing
changes are incorporated in a new drawing issue. I f the d raw-
ing originals are located at BKC, Bendix has the responsibility
for originating changes; if the drawing originals are located
at SLA, Department 5430 has responsibility for originating
changes.

3.3 Approvals. The applicable 5430 project engineer and project
engineering division supervisor or his authorized delegate
approves all DER's and those changes originated at SLA. For
changes originated at BKC, Bendix shall obtain verbal approval
from the SLA project engineer and so state that approval on
the change order.

3.4 Distribution. The distribution of both release and change orders
shall be SLA #1, the buyer, the 9633 specifications engineer, the
5430 project engineer, and others as determined by the project
engineer.

3.5 Responsibility for Release and Change Orders at SLA. The speci-
fications engineer at SLA is responsible for preparation of re-
lease and change orders originated at SLA. Change orders origi-
nated at SLA will be routed to the Sandia buyer in addition to
the project engineering group. Section 9631-1 processes the
releases and change orders.

4. DEVIATING MATERIAL. Deviation from development build definitions
must be agreed to in conversations and confirmed in writing, as
an SE (specification exception) document. SLA originated de-
viations will be transmitted through the buyer.

uwa uanima rio~ avn sue coot ioe~ r. ~o. o*u.~uvutuissut B

UNCLASSIFIED A feot 19ma s_ ,

SA 5300-ABD (11-74
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ENGINEERING PROCEDURE

O
5. DISPOSITION OF ORIGINAL TRACINGS. At the end of the development

contract, SLA will request transfer of all drawing or iginals
located at BKC to SLA for final retention. If and when there is
no longer a need for the original tracings, the project engineering
division will authorize archiving the drawings and specifications
by an Archive Engineering Release.

6. REFERENCES.

1. D10521, "Nonweapon Drawing Set".

Bl " * " " * " ' * ' ' " ' ' " ' " " " "' " ''''''' " '* * """"'"
issur

UNCLASSIFIED A u2n m ot "
I s.. r 1 , o. ,

SA S300 ABD (ll /6)
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FSCM NO. 14213 PS-R00602
FC0772915SC-DEV -000
P.R.OWENS 9633 r/'6 -/2 /7'
J.A.ANDERSEN 5433
LEX / CASSETTE NO. 123 Page 1 of 11

PRODUCT SPECIFICATION, PLUTONIUM AIR TRANSPORTABLE (PAT) PACKAGE

Page 1 2 3 4 5 6 7 8 9 10 11
Issue F D D E D E F F E D D

1. GENERAL.

1.1 Scope. This specification establishes the requirements for manu-
facture and acceptance of the Plutonium Air Transportable (PAT)
Package.

1.2 Item Description. The Plutonium Air Transportable Package covered
by this specification is a packaging system suitable for use in
transporting (including transportation by air) limited quantities
of plutonium and similar material. It is designed to meet the
requirements of CFR 10, Part 71, and CFR 49, Parts 170 through
178, and newly emerging Nuclear Regulatory Commission (NRC)
accident criteria.

The Total Package, PAT, drawing number R00602, is made up of
the following major components.

a. Overpack, AQ, drawing number R00603.

b. Containment Vessel, TB, drawing number R00630.

c. Spacer, drawing number R00632.

2. DOCUMENTS.

The following documents 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 documents
referenced herein and the contents of this specification, the
contents of this specification shall be a superseding require-
ment,
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PS-R00602
Page 2
Issue D

2.1 DOCUMENTS.

Specifications:

Federal:

QQ-S-781 Steel Strapping, Plat

Militar y:

MIL-C-45662 Calibr ation System Requir ements

MIL-I-45208 Inspection System Requir ements

MIL-0-9858 Quality Control System Requir ements

Sandia Labor ator ies:

SS-R00602 Material Specification, Redwood for PAT
Package

SS-R00645 Gener al Requ ir ements, PAT Package

SS-R00621 Welding, Cor i osion Resistant Steel,
PAT Package

SS-R00630 Testing, Leak Rate, Mass Spectr ometer ,
PAT Package

Standards:

fiilitary:

MIL-STD-129 Mar king For Shipment and Storage

Drawings:

LD-R00602 List of Data, PAT

Other Publications:

Regulations:

10CPR 71 Packaging of Radioactive Material For Trans-
por t and Tr anspor tat ion of Rad ioact ive
Material Under Certain Conditions

CFR 49 Tr anspor tation

O
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PS-R00602
Page 3
Issue D

2. 1 continued

Procedures:

EP40219 Definition Control for Plutonium Air
Transportable (PAT) Package

3. REQUIREMENTS.

The provisions of SS-R00645 chall apply.

3.1 Performance. The PAT shall provide a sealed , accident resistant
packaging system suitable for use in transporting plutonium by
air.

3.2 Construction.

3.2.1 Production Drawings. The PAT shall be fabricated and assembled
in accordance with the drawings, mater ial lists, and other docu-
ments listed on LD-R00602, and the additional documents speci-
fied therein.

3.2.2 Standards Of Manufacture.

3.2.2.1 Quality control. Unless otherwise specified, the require-
ment s o f MIL-Q-9858 shall apply.

3.2.2.2 Workmanship. The provisions of SS-R00645 shall apply.

3.2.2.3 Weld ing Methods. Welding and f abr icat ion shall be in accord-
ance with SS-R00621.

3.2.2.4 Glued Assemblies. The provisions of SS-R00602 shall apply,

a. In gluing wood pieces together (wood to wood), polyvinyl
acetate resin emulsion per MMM-A-180 shall be used. As
an alter nate, glue per 3.2.2.4.b may be used, unless
otherwise specified.

b. In gluing wood to metal, or metal to 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

1567 346
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PS-R00602
Page 4
Issue E

3.2.2.4.b continued

The material shall be processed as follows: Upon receipt
of the five gallon cans of Uniroyal B635, heat them for
12 hours at 130 +10*F and then shake them 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, or 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. If mois-
ture in the air is allowed to react with this material,
a crystalline layer will form on its surface. This can
be removed, and the material used, but it is best to
prevent this from happening.

In mixing, first blend the B635 and the Benzoflex 988
plasticizer together, next add the 3080 hardener and mix
thoroughly. For small batches of 100 to 200 grams, two
minutes of vigorous hand mixing with a spatula will be
satisfactory. For larger batches, mix thoroughly to
insure uniformity. To extend the pot life of the adhe-
sive, mixing should be done as rapidly as possible.

c. Glue lines, resulting from the dimensions of finished
mating parts, shall be 0.001 to 0.100 inch.

3.2.2.5 Part Number Marking. Product marking shall be per Section
3.5 of SS-R00645.

1

3.3 Preproduction Sample. Preproduction samples are required.

3.3.1 Sample Items. The preproduction sample shall consist of the
following items which have been manufactured and assembled by
the supplier using the same continuous production processes,
procedures, and equipment which will be used in fulfilling the
production contract.

one (1) Package, PAT, part number R00602-001,

one (1) Product Can, part number ROO631-000.

one (1) Spacer, part number R00632-000.

The sample shall be accompanied by certificates of compliance
in accordance with 4.1.5.

9
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Page S
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3.3.2 Sample Testing. The pr epr oduction sample shall be subjected
to the tests specified in 4.3.

3.3.3 Sample Rejection. If any assembly or component fails to
comply with any of the applicable r equir ements, the prepto-
duction sample shall be rejected. In the event of r ejection,
the supplier shall take cor r ective action and submit new pre-
production samples until such time as an acceptable sample is
submitted. Until the fitst preproduction sample is accepted,
the supplier is not authorized to begin or r esume : egular
pr oduct ion , unless other wise d ir ected.

4. QUALITY ASSURANCE PROVISIONS.

4.1 Gener al . The supplier iesponsible for the manuf act or e of the
PAT is r esponsible for the accomplishment of all of the tests
and inspections specified her ein. Inspection shall be in ac-
cordance with MIL-I-45208. Calibr ation shall be in accordance
with MIL-C-45662.

4.1.1 Serial Numbers. Each PAT, AQ, and TB shall be per manently
mar ked with a ser ial number in ascending numer ical or der cor -
responding to the seguence of manufacture. Once assigned, a
serial number shall not be assigned to another item.

4.1.2 Test Recor ds. The supplier shall maintain iecords of all
tests per for med per 4.3. Copies shall be distr ibuted as
r eouir ed by the contr act or pur chase or der .

4.1.3 Test Conditions. Unless other wise specif ied , all measur ements
and tests shall be per f or med at standar d ambient conditions.

4.1.4 Rejected Units. Units that fail any test shall he rejected.
Rejected units shall not be eworked, unless other wise d ir ected,
and shall be mar ked in 'd *o prevent accidental use..

4.1.5 Cer tificate of Compliance. The supplier of the PAT shall
obtain and supply, as requested, certificates of compliance
f r om subcontr actor s ver ifying that the following materials
used in fabrication of the PAT are in accordance with the
applicable dr awings and soecif icat ions.

a. The stainless steel for the Over pack , AQ, see R00603.

b. The edwood for the AQ, per SS-R00602.

c. The 7075 aluminum for the load sprcader .liscs, see
R00614 and R00626.
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4.1.5 continued

d. The 6061 aluminum for the tubular load spreader, see R00613.

e. The copper for the heat conductor tube, see R00615.

f. The cadmium plating for the copper heat conductor tube,
see R00615.

g. The stainless steel forgings for the TB, see R00643 and
R00644.

h. The 0.500-20 bolts for the TB, see R00638. Certify bolt
material, silver plating, and 30,000 # ultimate T.S.

i. The copper for the TB gasket, see R00637.

j. The rubber for the TB O-ring, per assembly drawing R00630.

k. The stainless steel for the product can, see R00633 and
ROO634.

1. The aluminum honeycomb for the spacer, see R00632.

4.1.6 Tolerances. Limiting values specified in the drawings and
specifications shall be absolute, as defined in SS-R00645.

4.2 In-Process Inspection and Testing. The supplier shall perform
such in-process inspection and testing as he deems necessary to
obtain product which meets the requirements of this specifica-
tion.

4.3 Final Acceptance Testing. The following tests and inspections
shall be performed on all units. Tests may be performed in any
sequence, as appropriate.

4.3.1 Function and Fit. The PAT shall be visually and mechanical-
ly inspected to assure that all of the component parts fit
into the assembly properly, as specified in the drawings.

4.3.2 Leak Rate. The TB shall be leak tested utilizing mass spec-
trometer leak rate measurement methods in accordance with
SS-R00630. Helium leak rates, when present, shall be converted
to equivalent air leak rates. The leak rate shall not exceed

1x 10- ATM cc/sec (air).

4.3.3 Drawing Compliance. The PAT assembly and component parts
shall be inspected, either by open set-up or gaging methods,
to assure that the dimensional requirements specified on the
applicible drawings are met, as follows.

O
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4.3.3.1 Overpack, AQ, Drawing No. R00603.

a. The 3/8 inch bolts (item 15) in place (23 required).

b. The 5/8 inch clamp ring bolt in place.

c. Marking as specified for both impression stamping and
painted index marks.

d. The 23 covered bolts at bottom, in place.

e. The two end cover caplugs, in place.

f. Verify that the bottom clamp ring lugs have been removed
and the ring reworked per Note 6 of drawing R00629.

4.3.3.2 TB Body, Drawing No. R00635.

a. The 4.250 +0.001, -0.00 2 d i amete r at gasket location (first
1/2 inch).

b. The 0.030 10.010 radius, two places.

c. The 20 11' angle and sharp corner.

d. The 0.022 10.002 dimension.
e. The 0.047 10.002 dimension.
f. The 32 rms finish, three places.

g. The 5.375 TP diameter bolt circle, the threaded hole
locations, and the 0.500-20 UNF-2B thread size,

h. The 4.810 +0.005, -0.000 diameter.

i. The 4.559 10.002 diameter.
j. The 5.350 10.010 diameter.
k. The 6 3 rms finish and the flatness tolerance on that

surface.

1. The 6.250 10.010 diameter.
m. Marking as specified.
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4.3.3.3 TB Lid, Drawing No. R00636.

a. The 4.247 +0.000, -0.001 d i ameter .

b. The 4.559 10.002 diamater.

c. The 20' +1' angle and sharp corner,

d. The 4.810 +0.005, -0.000 diameter.

e. The 0.022 10.002 dimension.

f. The 0.047 10.002 dimension.

g. The 32 rms finish, two places.

h. The 5.375 TP diameter bolt circle, the size and
location of the 0.530 holes.

i. The 4.028 +0.000, -0.002 diameter.

j. The 6.220 10.010 diameter,

k. The 63 rms finish and the flatness tolerance on that
surface.

4.3.3.4 Gasket, Copper, Drawing No. R00637.

a. The 4.808 +0.000, -0.005 diameter.

b. The 4.252 10.002 diameter.

c. The 0.080 10.002 dimension,

d. The 63 rms finish,

e. The concentricity specified for the inside and outside
diameters.

4.3.3.5 Bolt, socket head, special, 0.500-20, R00638.

a. The 0.780/0.790 diameter,

b. The 0.073/0.063 radius.

c. The 1.015/.985 length dimension.

d. The " maximum two incomplete threads" requirement.

O
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5. PREPARATION FOR DELIVERY.

5.1 Preservation and Packaging. The PAT shall be packaged for ship-
ment as specified in Figure 1.

5.2 Marking. Marking for shipment shall be in general accordance
with the requirements of MIL-STD-129 and shall have the following
minimum information legibly marked or labeled:

a. Contractor's Part Number.

b. Contractor's Name.

c. Serial Number.

d. Purchase Order Number.

e. Quantity.

6. NOTES.

Procurement documents shall specify the following:

a. Title, number, and date of this specification,

b. Applicability of Preproduction Sample Approval (paragraph 3.3).

c. Any exceptions to this specification.
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Notes for Figure 1:

1. All dimensions are in inches.

2. Nails shall be cement coated.

3. Hardware shall be galvanized or black oxide coated.

4. Strapping shall be 1 1/4 x 0.035 minimum thickness, steel per
QQ-S-781, Class 1, Type I, Finish A.

5. The 4x 4's shall fit snugly against the Pat at sides and ends.
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1. GENERAL.

1.1 Scope.

This specification defines the requirements for the redwood
material used in fabrication of the Plutonium Air Transportable
(PAT) Package.

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

2. DOCUMENTS AND EQUIPMENT.

The following documents and equipment form a part of this speci-
fication to the extent specified herein. Unless otherwise speci-
fied the latest issues shall be used. In the event of conflict
between documents referenced herein and the contents of this
specification, the contents 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, Cali-
fornia

2.2 Equipment.

Moisture Register, Model L, made by the Moisture Register Co.
Alhambra, Calif., or approved equivalent.

O
334

1567 355



FSCM i10. 14213 33-R00602
Pace 2
Iscue A

3. REQUIREMENTS.

3.1 Material Description.

a. The material to be used shall be clear, kiln dried redwood,
free of dcfects, as defined in para. 104 of the " Standard
Specifications" document. Knots are not permissible.

b. Assemblies shall be fabricated of one inch or greater
nominal thickness,

c. Moisture content shall not exceed 124. The material shall
be protected, as necessary, to assure this condition.

d. Finger-joined and edge-glued lumber is acceptable.

(1) Parts shall be assembled in accordance with the aunli-
cable drawings, using polyvinyl acetate resin emulsion
per MMM-A-180, or Resorcinal adhesive per MMM-A-181.

(2) Glue lines shall be 0.030 inch maximum.

3.2 Grain Defects. Burls and birdseyes of less than 0.375 inen
diameter are acceptable, oroviding there are not more than
six such defects in a six inch diameter, in a maximam of 56
of the lumber in a subassembly.

4. QUALITY ASSURANCC PROVISIONS.

4.1 Visual Inspection. All material shall oe visually insoected to
assure that it meets the requirements of Section 3 of this
specification.

4.2 Moisture Content.

The material shall De inspected, after final machining and just
before application of sealant, to assure that the moisture
content specified in 3.1.c is not exceeded. Incoection shall
be conducted as follows.

a. Zero the Moisture Register in accordance with the manufac-
turer's instructions.

b. Twenty percent of the material in each subassembly shall be
checked for moistute content, using the Moisture Register
per the manufacturer's instructions. The Reqister readings
shall not exceed 24.
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S. PREPARATION FOR DELIVSie.Y .

The lumber to be used shall be packaged by the subcontractor so
that it will meet the requirements of this specification after
processing by the fabricator of the PAT. Vapor barriers shall
be used in packaging to maintain the minimum moisture content
requirement specified.

.

O
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1. GENERAL.

1.1 Scope. This specification defines the fabrication and inspec-
tion requirements for the welding of corrosion resistant steel

Parts used on the Plutonium Air Transportable (PAT) Packaqe.
1.2 Definitions.

1.2.1 Welding Terms and Definitions. Welding terms and definitions
used in this specification shall be in accordance with AWS
A2.0, except for the following:

Porosity. Voids in the weld metal of approximately spherical
shape.

1.2.2 We ld ing Symbols, helding symbols used on the product d raw-
ings shall be in accordance with AWS A2.0.

2. DOCUt1ENTS .

The following documents form a part of this specification to the
extent stated herein. Unless otherwise specified use latest
issues.

AWS A 2.0-58 Welding Symbols

AWS A 3.0-51 Welding Terms and Definitions

f1IL-I-6866B Inspection, Penetrant Method of
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3. REQUIREMENTS.

3.1 Welding Ptocess. Welding shall be done by any of the arc weld-
ing processes, using manual, semiautomatic, or automatic tech-
niques.

3.2 Weld Preparation. Loose scale, slag, rust, qrease, oil, and
other foreign matter shall be removed from surfaces to be welded.
Beveling and weld prenaration may be done by flux-oxyqen cuttino,
provided cracking does not occur in the metal and provided at
least 0.125 inch of metal is removed from all cut edoes bv
mechanical means, grinding, etc.

3.3 Weld Defects. Imperfections that exceed the limits concified in
Table 1 shall be considered defects and are unacecotable, exccot
as specified below.

3.4 Repair of defects. Repair of defects is permissible if the re-
quired weldment, the repair weld itself, and the adjacent naront
metal meet the requirements of the original weldment. A renaired
weldment shall be reinsoected in the same manner as the oriqinal
weldment.

4. QUALITY ASSURANCE PROVISIONS.

4.1 General.

4.1.1 Responsibility for Insoection. The Sunolier nerforminq the
welding shall be responsible for the oerformance 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 diatributod as
specified in the contract or ourchase order.

4.1.3 Inspection Sequence. Weldments may he insoected at nov t imo

after the weld preparation and cleaning requiromonts of Section
3 have been met.

.

4.1.4 Rejected Units. Parts that fail to moet any of the roouiro-
ments of this specification shall be rejected. Somo rework,
as defined in 3.4, is permissible.

4.2 Product Inspection and Testing. The following insooctions shall
be performed on the weldments on narts of the n%T Package on
which welding is performed.

4.2.1 1001 Visual Inspection. Parts shall he visually insnected
100% for the imperfections defined in Table 1. De maqnifi-

cation is required.

O
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4.2.2 Penetrant Inspection. Each Clamp Ring, flod i f ied , cart numbnr
R00621-000, shall be oenetrant inspected in accordanco with
MIL-I-68668. See Table 1 for acceptance criteria.

5. PREPARATION FOR DELIVERY.

Not applicable.

6. NOTES.

Not applicable.

.

.
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TABLA 1 - LIMITS OF IMPERFECTIONS IE ACCEPTABLE WELDS

- __-----------..- - ----- ------ -

, IMPERFECTION ___ _

LIMIT _ __ ____i
Cracks in weld bead Unacceptable
_-------- - -__4- ___ ------- |

Cracks in parent metal j Unacceptable {
--___ -..---___7

--

Crater cracks Unacceptable i
_ -.

-- & - ;

| Incomplete fusion and | The aggregate length of the imperfectionsj
j inadequate joint shall not exceed 1 1/2T in a weld length ;
! penetration of 6T, and the length of any individual I

j j imperfection shall not exceed 1/2T. If
the weld length is less than 6T, the ag-,

! gregate length of the imperfections shall
i not exceed 1/4 the weld length, and the

,

i length of any individual imperfection
j shall not exceed 1/12 the weld length.

(See Note 1)-

- _-- -- _ - . . - - - - - - - - - - - - - - - - - - - -

, Porosity (Internal) Not applicable

, Inclusions (Internal) Not applicable
__ _- -_ _---- -_-

Undercut Unacceptable

Overlap Unacceptable

Concavity Unacceptable in butt welds. In fillet
welds, actual throat shall be not less
than the theoretical throat for speci-
fied weld size.

Max. Rein-
Convexity of butt Weld Size forcement fleight
welds on either side Up to 0.125 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:

1. (T) is the specified weld size.

O
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1. GENERAL.

1.1 Scope. This specification defines the requirements for the
quantitative measurement of the leak rate of a sealed component
of the Plutonium Air Traneportable (PAT) Package. A mass
spectrometer type leak detector is used.

1.2 Product Description. The item to be leak tested per this
specification is the Cor.tainment Vessel, TB, part number
R00630-000, which is a major component of the PAT Package,
R00602-001. The detail parts of the Containment Vessel,
TB, are:

TB Body, RUO635-000

TB Lid, RUU636-000

Copper Gasket, R00637-000

Rubber 0-Ring

Bolt, Socket Head, Special, .500-20 UNF, ROU638-00U (12 required)

1.3 Definitions.

1.3.1 Background. Test system background is included in the !?ak
rate result. This may be spurious output of the leak detector
expressed in suitable terms, due to the resoonse to all gaaes
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 includes absorbed
tracer gas.
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1.3.2 Units.

1.3.2.1 Preseure Units.

a. Millimeter of Mercury ( mmlig ) . A unit of pressure
corresponding to a column of mercury exactly 1 milli-
meter high at 0 C under standard gravity acceleration

2
of 980.665 Cm/sec ,

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

c. Torr. A unit of precsure equal to 1/760 of a standard
atmosphere; diffecs 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.

a. CC/sec. STP (Cubic Centimeter Per Second, Standard
Temperature and Pressure). A flow rate of qac in
terms of cubic centimeters per second in which the
gas volume is reduced to standard temperature and

1 Torr-liter /sec.pressure. 1.315 cc/sec. =

1.3.3 STP (Standard Temperature and Prescure). Defined as 0"C and
760 Torr.

1.3.4 K Factor. A factor used to convert from a tracer qas leak
rate obtained under the specified test conditions to an
equivalent air leak rate at those specific test conditions.
For purposes of this specification:

091SE"1 E E9 3bb 91 b315"9 =K =
Molecular welqht of air 29

K = 0.372

1.3.5 Scaled Product. A product which is capable of maintaining, or
of being sealed by special fixturer, to maintain, an internal
pressure or vacuum.

O
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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 quantity of gas flowing in 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 test result, calculated
without application of a K f actor, f rom 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 K factor.

1.3.7.3 Maximum Permissible Leak Rate. The maximum total gas leak
rate limit allowable for product acceptance.

1.3.8 Known Leak. A calibrated device f rom which tracer gas is
emitted at a known rate.

2. DOCUMENTS

The following documents, of the exact issue shown, form a part of
this specification to the extent specified herein.

Specifications:

Federal:

88-H-ll68b Helium, Technical

.

3. REQUIREMENTS.

3.1 Equipment Capability.

3.1.1 Leak Detector System. The system shall consist of a mass spec-
trometer type leak detector together with a suitable test chamber
that will completely enclose the product, auxiliary pressuri-
zation equipment, and instrumentation necessary f ar performance
of the test under the specified conditions.
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3.1.2 Location of Known Leak. The known leak shall be connected
directly to the vacuum system as closely as possible to that
point at which the test item will be connected.

3.1.3 Vacuum Gages. Gages used to ascer tain that the pr essur e in
the test chamber or fixture is not gr eater than the specified
maximum shall be suitably located to read the pressure of the
test chamber or fixture. If leak detector s having gages
capable of reading pressures indicated below are available,
it is permissible to use these gages provided:

-5
a. An indicated test pressure of 5 x 10 Torr (mmHg)

or lower is used for helium.

b. An essentially shor t direct connection is maintained
between the leak detector and the test chamber or fixture.

Under the present state-of-the-art, calibration of vacuum
gages below one micron of mercury is not guaranteed by
Primary Standards and; therefore, is not required.

3.1.4 Attenuation Setting On Leak Detector. The leak detector
shall be operated on the most sensitive readable scale.

3.2 Gases. The tracer and fill gas used shall be helium per
BB-H-ll68b, Type I, Grade A.

3.3 Calibration of Known Leak. The known leaks used shall be cali-
brated by the Primary Standards Laboratory specified in the
contract or purchase order. Calibration shall be performed
prior to initial use and at intervals thereafter in accordance
with policies established by the Pr imary Standards Labor ator y.

3.4 Procedure (Leak Rate Measurement).

2.4.1 General.

a. Readability of the leak detector output meter shall be
checked per 3.1.3.

b. Pressures at which a test is to be performed shall
-4not exceed 5x 10 Torr (mmHg) helium.

3.4.2 Product Leak Test.

3.4.2.1 The TB to be leak tested will be received disassembled,
and it will be necessary to assemble the unit as the leak
test progresses, as follows.

O
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3.4.2.1 continued

a. Invert the TB Body and place it on the edge of a clean
work surface, with approximately one-fourth the interior
diameter of the Body extending out from the work surface.

b. Insert the nozzle of the helium tracer gas line into the
interior of the TB Body, and flood the interior with
helium for a period of at least 20 seconds.

c. Remove the nozzle and, with the TB still in the inverted
position, place the TB Body in pcsition over the TB Lid
(the copper gasket and lubricated rubber 0-ring should 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.

d. Align the holes in the Lid with the threaded holes in the
Body (orientation optional) and install the 12 socket
head bolts onto the unit. Using a suitable strap-type
holding device and torque wrench, torque the bolts
to 50 +5 foot-pounds.

e. Place the assembled TB in the chamber of the mass
spectrometer leak tester. Two readings shall be taken
from the leak detector output meter for each test, as
follows:

y= BackgroundR

R2= Background + Known Leak

R3= Product Leak + Background

3.4.2.2 Leak Rate Calculation. Readings R R and R s btainedy, 2, 3,

in e. above, permit calculation of the total gas leak rate
as follows:

(C)(K)(R -Ry)3b"
R - R

2 y

Where:

L = Total gas leak rate

C = Calibrated value of known leak
.

K = See 1.3.4

1568 005
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3.4.2.3 Maximum Permissible Leak Rate. The leak rate for the TB shall

not exceed 1 x 10- ATM cc/sec (air).

3.4.3 Test Records. The following information shall be recorded by
the testing laboratory. Copies of test records shall be
distr ibuted as specified in the contract or purchase order.

a. Product part number and serial number,

b. Purchase order or contract number.

c. Make and model number of leak detector used.

d. Value of known leaks used.

e. Test pressures (internal and external).

f. Tracer gas and concentration used.

g. Fill gas used.

h. Leak detector output readings per 3.4.2.1.e.

i. Calculated total gas leak rate.

j. Date of test.

4. QUALITY ASSURANCE PROVISIONS.

Not applicable.

5. PREPARATION FOR DELIVERY.

Not applicable.

6. NOTES.

Not applicable.

O
346

1568 006



PSCM NO. 14213 SS-R00645
DER 770185SC -000
P. R. OWENS 9633 FEO'/I'/ <

J. A. ANDERSEN 5433 44A
LEX / Page 1 of 10

GENERAL REQUIREMENTS , PAT PACKAGE

Page 1 2 3 4 5 6 7 8 9 10
Issue B A A A A A A B B B

1. GENERAL.

1.1 Scope. This specification defines the general requirements for
product fabrication and inspection of parts and assemblies used
on the Plutonium Air Transportable (PAT) Package, R00602. It

also provides interpretation of certain requirements specified
on the product drawings. Specific requirements on the product
drawings shall take precedence over these general requirements
and interpretations.

2. DOCUMENTS.

The following documents form a part of this specification to the
extent specified herein. Unless otherwise specified, the issues
shown shall be used.

ANSI Y14.5-1973 Dimensioning and Tolerancing

ANSI Bl.1-1974 Unified Inch Screw Threads (UN and UNR Thread
Form)

3. REQUIREMENTS.

3.1 Dr awing Interpretation. The product drawings utilize the "True
Position" drawing system, as defined in ANSI Y14.5. An under-
standing of the provisions in the ANSI document is essential
for the proper interpretation of the dimensions and tolerances
on the PAT drawings.

1568 007
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3.2 Dimensions, Tolerances, and Measurements. The product is defined
using customary (inch) dimensions.

3.2.1 Absolute Tolerance Concept. Design requirements are based on
the absolute tolerance concept, which means the true value of
the characteristic shall be within the tolerance stated. An
acceptable degree of conformance of product to the intent of
absolute tolerances is required. To judge the degree of con-
formance, consideration shall be given to the inherent measure-
ment uncertainty in relation to the specified tolerances. In-
formation concerning production process distribution (both
centering and dispersion), if available, may also be used in
determining conformance.

3.2.2 Decimal Places. As many (or as few) decimal places are used
as are needed to express design requirements.

3.2.3 Interpretation of Dimensional Limits. Regardless of the number
of decimal places, the maximum and minimum limits are considered
to be followed by a single (implied) zero. Any measurement made
beyond this implied zero reading shall be disregarded; rounding
is not applicable. There is no need to measure past the single
implied zero.

3.2.4 Measurament Temperatures. Physical measurements of a product
are considered to apply only at a temperature of 68*F. If
referee measurements are required, the measurement shall be
made at 68*F or adjusted to 68 F to account for differences
in thermal expansion or contraction in the material of the
gage and/or parts. The tolerance on the 68*P temperature is
controlled by the degree of accuracy required for the measure-
ment being made.

3.2.5 Counterbotes. In curved surfaces or on flat surfaces where
the hole axis is not perpendicular to the surface, the depth
of a counterbore is the minimum distance from the bottom of
the rim as shown in Figure 1. The interict corner at the
bottom of a counterbore produced by a standard tool is
acceptable.

3.2.6 Countersinks. In curved surfaces or on flat surfaces where
the hole axis is not perpendicular to the surface, the dia-
meter of a countersink is the diameter of the lowest point
on the rim in a plane perpendicular to the hole axis. See
Figure 1. Countersink for flat head screws to allow head
of screw to be flush to .010 below the surface.

9
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3.2.7 Stock Material Tolerances. When the drawing specifies nominal
cross-sectional dimensions for material used to fabricate
the par t, but does not specify tolerances for these dimensions,
the widest tolerances applicable to the material, form, and
process may be used.

3.3 Manufacturing Practices.

3.3.1 Removing Burrs and Sharp Edges. All burrs and sharp edges shall
be removed to the extent that material fragments are not visible
and sharpness cannot be felt. Either a .010 maximum x .010
maximum chamfer or .010 maximum radius is satisfactory treatment
in breaking edges and deburring. Only those edges that appear
to exceed tnese limits upon visual inspection need be measured
for conformance to these dimensions. If it is necessary to
break sharp edges or to deburr after application of chemical
surface treatment, the bared metal shall be touched up as
required. Flash on molded plastic parts that does not cause
the part to exceed maximum dimensional limits need not be
removed. These requirements do not apply to rough and semi-
finished metal castings and forgings.

3.3.2 Free-State Variations. I f material flexibility or normal
internal stresses can be expected to cause parts to be out
of tolerance, appropriate inspection procedures shall be
obtained prior to the manufacture of parts.

3.3.3 Holes Called for on Assembly Drawings. Where holes are ca' led
out on assembly drawings, they may be provided in the detail
parts, either full size or less than full size, as required to
facilitate manufacture. Inspection of such holes is not
required, however, until final assembly, at which point the
holes must meet all assembly d rawing requirements.

3.3.4 Machine or Molded Diameters. Where no concentricity requirement
(position or runout tolerance) is specified, any two or more
diameters having a common axis (including hole countersinks,
counterborec) shall be concentric withia a full indicator move-
ment (FIM) ti one-half the arithmetic stm of their size tolerance.
The diameter having the smallest tolerances shall be the datum
feature for all related diameters. If size tolerance values
are equal, the diameter having the longest axis shall be used
as the datum feature.

3.3.5 Threaded Parts.

3.3.5.1 Form and Class of Pit. All threads shall conform to the
requirements of ANSI Bl.l.
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3.3.5.2 Appearance. All threads shall be free from burrs, nicks, and
rough or chattered surfaces, that are visible without
magnification.

3.3.5.3 Gaging.

a. Measurement Over Wires. Thread wires and measurement
indicators may be used.

b. "GO" Gages. When "GO" gages are used, the product shall
allow the "GO" gage to enter or to be entered the spec-
ified full length or depth of the thread; however, the
thread must be functional.

c. "NOT GO" Gages. Threads are acceptable as within material
limits if, when plug ring thread gages are used, the "NOT
GO" plug gage does not enter or the "NOT GO" ring gage
is not entered. Threads may be accepted if all complete
threads can enter in or be entered by the "NOT GO" gage
provided a definite drag results from metal-to-metal
contact on or before the third turn of entry. For threads
having three or fewer turns, the drag shall occur on
or before the first one-half turn of actual thread engage-
ment. "NOT GO" gaging procedures for extremely ductile
materials shall be as specified by the Design Agency.
Neither working nor final inspection "NOT GO" gages
should be forced after the drag is definite.

d. Three-Roll Indicating-Type Gage Readings. When this
type gage is used on Class 2A or 3A threads, the gage
reading may not exceed the basic pitch diameter by more
than 1/8 turn of the screw providing the maximum gage
reading does not exceed the basic pitch diameter by mores
than 50 percent of the difference betweeh basic pitch
diameter and minimum 2A or 3A pitch diameter, as
applicable (See 3.3.5.6.c).

e. Threads in Installed Commercial liardware and Inserts.
Thread size and class of fit callouts may appear on
assembly drawings in conjunction with installed com-
mercial hardware and inserts. Unless such callouts are
modified by reference to specific notes on the assembly
drawing, the size and class of fit shown are for in-
formation purposes only and the commercial part thread
limits shall be governed by the limits of the commercial
part specified on the assembly drawing.

O
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3.3.5.4 Assembly. When two or more threaded fasteners are used to
attach a part, a sequential tightening pattern shall be
established that will equalize fastener load throughout
the part.

3.3.5.5 Torque Wrenches.

a. When torque limits are specified for threaded assemblies
or fasteners, the torque wrench used shall be selected
so that the limits specified for each feature will fall
within approximately the middle 75 percent of the wrench
scale.

b. A procedure for the routine periodic calibration and
repair of all torque wrenches used to assemble items to
specified limits shall be established and maintained.

c. Torque wrench readings shall be taken in a direction
that will tighten the part.

3.3.5.6 External Threads.

a. Thread Length. Dimensions of axial thread length shown
on drawings indicate minimum required length of complete
threads. When the dimensioned thread length terminates
at a shoulder and an undercut is not specified, the two
threads next to the shoulder may be incomplete.

b. Chamfer. The leading end of externally threaded parts
shall be chamfered. The resulting incomplete threads
are included in the measurement of thread length but
must not exceed two pitches in length,

c. Coated Class 2A Threads. Class 2A threads to which
metallic plating, chemical-film coatings, resin bonded
dry film lubricants, or any combination thereof have
been applied may be gaged with basic "GO" g ages in
determining conformance to maximum size limits.

3.3.5.7 Internal Threads.

a. Tap Drills. Select a standard tap drill size that will
assure approximately 75% of full thread.

b. Blind llole Depth. The tap dtill point shall not break
through or deform the surface opposite the mouth of the
hole.

c. Thread Depth. Dimensions of axial thread depth shown on
drawings indicate minimum required depth of ccmplete
threads.

3'1568 011
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3.3.5.7 continued

d. Perpendicularity. The perpendicularity or normality of
threaded holes in flat or curved surfaces shall be within
1*0'.

e. Chamfer. The leading ends of internal threads shall be
'hamfered as shown in Figure 2. If accessible, both
ends of through-tapped holes shall be chamfered. Cham-
fering shall not result in elimination of more than
one pitch of thread depth. For the purpose of deter-
mining the number of complete threads from the surface
adjacent to the hole, the chamfered thread may be
counted.

3.3.6 Metal Heat Treatment.

a. When necessary to facilitate fabrication, narts made from
heat-treatable alloys, for which material is specified in
terms of the final temper or condition requireo, may be
fabricated from raw stock of a temper or condition different
from the final temper and then heat-treated to the noecified
temper or condition.

b. After the completion of in-process heat-treatment, sample
parts from each heat-treat lot shall be tested to determine
that the material properties influenced by heat-treatment
conform to the applicable materia 1 specificalion require-
ments. If tests of actual parts are impractical, suitable
samples of the same alloy and star ting condit ion as the
parts shall be heat-treated with the lot and tested for

''' conformance to the applicable requirements.

c. Parts specified to be made from a work-hardened temper of
a non-heat-treatable alloy must be fabricated from material
of the required temper or condition.

d. Thermal treatments such as hot forming, stress-relieving,
drying, bonding, and baking, other than those specifically
permitted by the product drawings, shall not be used.

3.4 Requirements for Cleaning, Protection, and Identification of
Raw Material, Parts, and Assemblies.

9
353
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3.4.1 Protection. All parts and assemblies shall be adequately pro-
tected from accumulation of foreign matter, corrosion, physical
damage or deterioration. This requirement shall apply to all
manufacturing operations from receipt of raw material to com-
pletion of a finished product, to product held in any storage
area, and to product prepared for shipment.

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

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

c. All items such as raw material, parts, subassemblies,
assemblies, etc., not in immediate use, s 11 be
adequately packaged, identified, and stored.

3.4.2 Cleanup of Parts and Assemblies. All finished parts and sub-
assemblies shall be adequately cleaned before final assembly.
Final assembly and necessary subassembly shall be performed in
an environment appropriate to the type of product. All parts
and assemblies shall be thoroughly cleaned to remove fereign
and manufacturing waste material such a<

Superfluous hardware, wire, and insulation clippings.

Chips, filings, abrasives, machining lubricants.

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 liquid baths used in plating and chemical
treatments.

Temporary tags and packaging.

'"
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3.5 Par t Number Marking.

a. All finished par ts, assemblies, and subassemblies shall be
per manently mar ked with the applicable par t number, e.g.,
R00615-000, using ink marking with covercoat. The vertical
height of character s shall be not less than 0.12 inch.

b. Part numbers shall be located in any readily observable
location which does not affect function.

.

O
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T."J.' | f'O NOTES % ""~ ~~~'"' "' '~
~~~~

TJ"~-f ,

i 1. MATERIAL: A-286 PER AMS $731. 4 LANE $57BX/J ANDEASDi 5433/ROO63&ooO i

E.MATCHETTE 823BX y77 y
Q

7. BRE AK SHARP EDGES .003 .015 X 45 * 2. HEAT TREAT: #60 MSI BOLT TENSILE STRENGTN, DE OW %,

RC 36 u N.8. CHAMFER PLUS INCOMPLETE THREADS kwe '-VW"

NOT TO E xcEED 2 PITCHES. 3. FINISH. SILVER PLATE PER AMS 2410.
9 'sIMENSIONS IN INCHES. 4 CONCENTRICITV ' HEAD DIAMETER TO BE (DN-

CEN TRIC TO THE THREAD PITCH DI A. WITHiN
.Oto T.t.R. SOCMET TO BE CONCENTRIC WITH
HE AD Di A. W THIN .012 T. I. R.

S. SURFACE TEXTURE : PER ANSI B46.1. t>NLESS
OTHERw SE SPECIFIED, THE SURFACE TEXTURE
SHALL NOT EXCEED 125 MiCROINCHES.

6. MECMANICAL PROPERTIES: R ATED ULTIM ATE
TENSILE STRENGTH ss 30000 LBS. DOUBLE
SHEAR REQUIREMENTS AME NOT APPLICABLE.
TENSfLE TESTING SHALL SE PERFORMED USING
A TENSILE BAR ENGAGED AS FULLY AS POSS-
f BLE. FATI6UE TESTING IS WAlVED.

.500 W - *-=* - ' ==

- = - *-MAX 2.0 R- I PtITE_,.378 5 _ 0O3755 THREADS
#3 X45*AFPROX. CD|

-*--

| N 17" ?^

.7/50 %' '
i

- - t- - .790 f,25 - C
CY __

d

"
' --

( .073en .011 6 PL .247 MEASURED AT BOTTOM -w *- R .500-20 UNJF-3 A PER MIL-5-8879OF HEX SOCKET FACET .063
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APPENDIX 9B

Bendix

Kansas City
Division

December 11, 1977
W: John Andersen

Organization Sh33
Sandia Laboratories

FROM E. E. Matchette

SUBJ: Certification of Compliance - PAT Assembly - R00602

RE: SLA Order No. 05-3057 for twenty-four (2h) R00602 Pat Assemblies

DRAWINGS: LD-ROO602

REQUIREMENTS: PS - R00602 - Product Specification, Plutonium Air
Transportable (PAT) Packa6e

SS - R00602 - Material Specifica tions, Redwood for
PAT Package

SS - R00630 - Testing Leak Rate, Mass Spectrometer,
PAT Package

SS - R00645 - General Requirements, PAT Package
SS - R00621 - Welding Corrosion Resistant Steel, PAT

Package

EXCEPTIONS : Specification exceptions for PAT Package per SE-001,
SE-002, SE-003, SE-00h, SE-005, SE-006 and SE-007

PAT Packages, Units 101 thru 12h, inclusive are hereby certified to
conform to all requirements and drawings as set forth above except
for deviations as listed in Specification Exceptions SE-001 through
SE-0 7.

/ c ts

E. E. Matchette W. D. Schultz d
BKC - Engineer BKC - Quality %ntrol Engineer

f , 3 -/,

. E. Splty,eitg7 J~./ 0. Christ $/
''

BKC - Engineering Supervisor EKC - Quality Control Supervisor

A'IT: SE-001 thru SE-007

15@ 054 393

s



DISTit!IlUTION:

US Nuclear Itegulatory Commission K. It. Shultz
(246 copies for ItT) Atomic 1:nergy Control floard

Division of Document Control P. O. Ilox 1046
Distribution Services llranch Ottawa. Canada
7920 Norfolk Avenue KIP SS9
lie t he sda, MD 20014

It S. Ilutterfield

US Nuclear llegulatory Commission (10) United Kingdom Atomic 1:nergy Authority
Wa shington, DC 20555 ltisley Nuclear Power Development
Attn: W. Lahs (5) Establishment

Office of Nuclear llegulatory itenearch Warrington
Div. of Safeguards. Fuel Cycle, and Cheshire

1:nvironmental itesearch WA 36 AT
C. I '. Macdonald (5) England

Office of Nuclear Material Safety and
Safeguards C. 11. G. Taylor M A

D iv. of Fuel Cycle and Material Safety Manager. Isotope Production Unit
The Itadiochemical Centre

1.os Alamos Scientific Laboratory (3) Amersham
P. O. Ilox 1663 Iluckinghamshire

Los Alamos. NM 37545 England
Attn: D. f t. Sm ith

Nuclear Criticality Safety Officer Pierre Grandperret
it. J. llatholomew, WN-8 C. E. N. Fontenay

G. W. Meinze. SP-4 Departement de Securite des Matieres
Nucleairca

Dr. D. Sellinschegg 14. P. No. 6 - 92260 Fontenay Aux itoses
llead. Physical Protection itAD France
Nuclear llesearch Center
Vernforshungszentrum A. Criechio
Karlsruhe, Commission of the European Comm' mitier
I ederal Itepublic of Germany DG XII - D-1

200 Itue 'c la 1.oi
M r. Tet suo Goto 1049 Ilrussels
Nuclear Industry Development Department IIelgium

Japan Atomic Industrial l'orum

No. 1-13 1-Chome, Shimbashi, Minato-Ku P. Itocco
Tokyo. .fapan Commission of the European Community

Joint i escarch Center

llattelle Pacific Northwest I ab ISPitA Establishment
P. O. Ilox 999 21020 ISPilA (VA)
Itichland, WA 99352 Italy

Attn: L. C. Schwendiman

.f . L. Itidihalgh. President
The llendix Corporation

Ridihalgh, Eggers, A AssociatesKansas City Division

P. O. Hox 1159 Nuclear and Thermal Energy Systems Consultants
2112 luka As e.Kansas City. MO E1141

Attn: E. 15. Matchette C lumbus, Oli 43201

Dr. Kazuo IkedaState of New York
Department of Law General Manager. Structural Engineering Lab

be Steel. Ltd.Two World Trade Center
Doi - ChoNew York. NY 10047
Am gas kiAttn: J. Y. Willen
Japan

it. A. Illythe

Central Electricity Generating Iloard Nuclear Fuel Services, Inc.

Generation Development and Consultation Div. P. O. Ilox 218
Harnwood I:rwin. TN 37650
Glouce ste r A tt n: A. Maxin
Englard
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DIST'tIBUTION: (Cont)

A. Onodera 1282 J. D. AtcClure

h1anager. Nuclear Design 1336 J. K. Cole
Flitachi Co. , Ltd. 5400 A. W. Snyder
3-40 Sakurajima 1-Chome 5430 R. hl. Jefferson (10)
Konohana- Ku 5431 W. A. Von Iliesemann
Osaka 5433 II. II. Pope (10)

Japan 5433 J. A. Andersen (10)
5433 H. J. Joseph

Yoshikuni Pajise 8266 E. A. Aas
Project htanager. Development Department 3141 T. L. Werner (5)
A11tsubishi lleavy Industries, Ltd. 3151 W. L. Garner (3)
5-1 N1arunouchi, 2-Chome, Chiyoda-Ku For DOE / TIC (Unlimited Itelease)
Tokyo 100 DOE / TIC (25)
Japan (It. P. Campbell, 3172-3)

Osamu Terada
lleadquarters Technical Itesearch and

Development Lab.
Applied Afechanics Itesearch Station. Tamano
A11tsui Engineering & Shipbuilding Co. , Ltd.
Tamano Works
16-1 Tamahara 3-Chome. Tamano
Okayama - Pref.
Japan

ATSCE. Yasuro Ataki
Senior ite?earcher
Civil Engineering Laboratory
Central Research Institute of Electric Power

Industry
1646. Abiko City
Chiba
Japan

Saburo Sakamaki
Supervising Sales Engineer
Special Representative Office
Mitsui Engineering & Shipbuilding Co. , Ltd.
Suite 2029 One World Trade Center
New York, NY 10048

John Thomas Daniels
Brookwood
14 Whalley Itoad
Hal
Cheshire
England

Jean F. Fradin
92. 270 Hols-Colombes
France

Jens Quist
Alaster Alechanical Engineer
fliso National Laboratory
Faborgvej 34
DK 4000
Itoskilde
Denmark
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