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Fabrication Criteria
for Shipping Containers

Abstract

Criteria are identified for controlling the fabrication of metal®* components of ship
ping containers used for transporting radioactive materials. The criteria have been selected
from the ASME Code and are based on the leve! of radioactive materials being transported
and the nuclear safety function of the container’s components. Criteria are identified for
fabrication processes which are related to materials control, forming, heat treatment
examination and acceptance testing. Implementation of the criteria will ensure the struc-

tural integrity of shipping containers at levels consistent with the radioactive materials
being transported
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Preface

This NUREG provides criteria for fabricating metal omponents of shipping containers used for
transporting radioactive materials. The work wa: performed by the Lawrence Livermore National Labora

tory (LLNL) and was funded by the Mechanical/Structural Engineering Branch within the Division of
Engineering Technology of the Nuclear Regulatory Commission (NRC). Criteria were selected to control
container fabrication while allowing designers of shipping containers maximum flexibility in the choice of

materials, techniques for fabrication and acceptance testing methods

The authors wish to thank F |. Bush, Jr, of the Permutit ( mpany; and C. E. Williams, G. H

Weidenhamer, and E. O. Woolridge of the NRC for thei support and comments

ug during the research and

preparation of this report




1.0 Summary

This N1 wides fabrication criteria for the metal®* components of shipping containers used for

transporting radioactive materials. The criteria are divided into three categories that are associated with
the levels of safety for the types and quantities of radioactive 1 als being transported. For each

category, the fabrication criteria are subdivided into three component satety groups that are formed
wccording to their safety function. The categories and component safety group designations are the same
1s those used in developing the welding criteria in Ref. |

l'he fabrication criteria are based on the American Society of Machan.cal Engineers Boiler
Code (ASME Code),” as summarized in Table 1.1 for each of the categories and component safety
groups. Section 4.0 of this NUREG provides the detailed tabrication criteria in luding any exceptions or
modifications to the \“*\H | lhl selectea A \” Code crniteria proy hil‘ ]('\0‘]\ ot I\M"fhi"H\(' in con
trolling fabrication processs onsistent with the categories and component safety groups The criteria
should be used with the welding criteria contained in Ref. 1 when fabricating shipping containers for

transporting radioactive materials

Table 1.1. Summary of fabrication criteria based on the ASME code.”
Container contents

Component safety group Category | Category 1l Category 11

Containment Section 111 Section 111 Section VIII

Subsection NB Subsection ND Division 1

Criticality Section [11, Subsection N(

Other safety Section VI, Division 1 or

; Section 111, Subsection NI

* See Section 4.0 for detailed criteria for each category, component safety group, and fabrication process

Department of Transportation (DOT) Specifications 17C or 17H are acceptable for the fabrication of drums und
used as shipping container components. (See paragraphs 4.2, 4.3, and 4.4)




2.0 Introduction

Background

[o protect the public health and safety, shipments ¢ 11 ive materials are required to be in

wccordance with the

provisions of 49CFR170-189 and 10CFR71 All activities, which are related to the

ign, fabrication and use of shipping containers are documented in a Safety Analysis Report (SAR) and

onducted under a quality assurance program, both of which are reviewed and approved by the |

ticaoie reg

requirements and

Nuclear Regulatory Comm n (NRC), Measures are implemented to assure that the app
the approved design provided in the SAR are ly translated into specifica
drawings, procedures, and instructions for fabrication. The measures also assure that special fabrica
ing forging, heat treating and acceptance tes X » controlled and accomplished by
ualified procedure
1sed in the fabrication of a sl g container are identified in the SAR as
fesign. In the absence of anv ¢« S OF indards for a special process, information
process, the controls n th ] ity S8 a ¢ easures are "'.[11\':-'\‘. n 'hl SAR
container industry 1 s many e andards f abrication, no universa

[his NUREC(

ontainers
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3.0 Discussion

ind practices which could apply to the

on, consultation and review on fabrication processes

Pertinent informati
ontainer industry through ;‘t'r\v\!‘.il contacts, reports and attendance of
is identified in the survey were the

wportant ccde and standards id

wdards, The AS Code was selected for the fabrication criteria
a sate basis for itrolling processes used in fabricating components for
he ASME ( provi brication criteria to ensure various levels of
pecific \SME Code applicable to shipping containers the
ASME Code extensively for fabricating containers over the past

sed for fabricating shipping containers and the criteria sources

xde was written primarily for fabricating steel

Although the ASME (

i

ASME Code for controlling materials, forming, heat treating, examining

ving containers. There are several

used to control the fabrication of shipg

i not by standards but by industry

J

llowing paragraphs is typical of

r contr processes that are not adequately

codes

Shield Installation

ead K inner containmen
n ntait } ; le contir uous operation t

{ iting fron | ours.” To assure

that

juired lead thickness

molten lead from impinging on

i straightness of the container

y 1

the SAR (see 321

noderate thermal conductivity and high

| to be consi | during fabrication. Uranium is a relatively

y fabricated by making castings which are stacked together with interlocks to

wh

iranium shielding should be “!u;wrlk con

eliiminate \)h.'u\lru; I

of the stainless steel vessel

ent the sensitization of the

rocedures




Table 3.1. Criteria sources for fabrication processes.’

Fabrication ASME Code Industry standard Industry practice

Materials control | X
Forming, fitting and aligning
Shield instailation

Steel

Lead

Uranium
Heat treatment
Nondestructive examination
Acceptance testing

Hydrostatic

Leak

Heavy lifts

Gamma

Neutron

Criticality

Fhermal
General processes

Machining

Surtace finishing \

Cleaning and lubricating X
|

!

*Welding and brazing criteria are recommended in Ref 1. Quality assurance criteria are provided in Refs. 4 and 5

These processes are typically not addressed in the SAR, but still must be included under the Quality Assurance Program

for safety related items




3.2 Acceptance Testing

3.2.1 Gamma Shield. Gamma scanning or probing may be used to demonstrate the soundness of the
. 4 1

gamma shielding.” Alternatively, ultrasonic testing may be used. Whatever method is ubed, the following

information should be provided the test procedure
(1) Description of the measuring technique including the electronics
(2) The source type and st th used to measure the shield effectiveness

(3) The standards and methods used to calibrate the source, sensors, and other pertinent equipment

(4) The ‘;Llhf ix!"’lﬁ"” used t heck the shield

(5) The type of gamma sensor used to measure the shield effectiveness

6) The specific test requirements and measurements

7) The acceptance criteria

3.2.2 Neutron Shield. The neutron shield effectiveness should be verified by test using a neutron source
of adequate strength to verify the shielding effectiveness. Information should be provided in the test

ure which is similar to that specified for the gamma s veld

3.2.3 Criticality Control. Packages designed to transport fissile material which contain neutron absorber
material should be tested to demonstrate the presence of the neutron absorber material.” The test descrip
tion should include information similar to that requested for gamma shield testing 3.2.1. Fabrication

records of the absorber material and its installation and testing should be maintained

3.2.4 Thermal. Containers designed to transport radioactive material with decay heat should be tested to
demonstrate their heat load capabilities unless otherwise justified. The test procedure should provide the
tollowing intformation

juiremernts and acceptance criteria

ad testing at various levels including rated capacity
ire gradients across all major materials and their interfaces
4

Projectes 1k temperatures of the simulated contents
Method used to simulate the decay heat
Ambient envir

T
| he test conhguiatior

3.3 General Processes
usually determine the final dimensions and surface finish of a part. Since many
machining, it is difficult to specify criteria which fit every case. In general, precau
| be taken to control the feed rate, cutting depth and cutting speed to ensure that the part does
not overheat, deform, or receive an inadequate surface finish. Cooling fluids used in machining should not
be acidic or contain significant amounts (>>25 ppm) of halogens or sulfides. Processes such as welding
should be accomplished prior to final machining
Special surface finishes may be specified by the designer for gasket joints, seal surfaces, decontamina
tion, corrosion resistance and thermal protection. Machining, glass bead impingement, and electropolish
ing are normally used to finish bare metals. Special surface coatings such as paints and electroplating
should be applied by qualified personnel in accordance with the manufacturer’s instructions.’
Cleaning fluids and lubricants should not be acidic or contain significant amounts (>25 ppm) of
halogenated compounds, sulfides, mercury, or other deleterious materials, parti ularly when the container
o be submerged into reactor fuel pools. For applications requiring submergence in water the lubricants

should be basici mn-water soluble




4.0 Criteria

4.1 General

The criteria for fabricating metal components of shipping containers used for transporting radioactive
materials are based on the ASME Code as summarized in Table 1.1 and presented in detail in Table 4.1
and subsections 4.2 through 4.4. An acceptable method of assuring compliance with the criteria is to have
the construction of a shipping container carried out by a fabricator having a valid certificate of authoriza
tion for the use of the ASME Code stamp for the appropriate section. It is not intended that the ASME
Code stamp be applied to the shipping container. A fabricator having a Section I1I, Subsection NB, ND, or
NF certificate of authorization is considered to be qualified for Section VIII fabrication and would not
require a Section VIII certificate of authorization

2 Category |

Acceptable criteria for the fabrication of metal components of shipping containers are contained in
the ASME Code Section I, Subsection NB for containment components; Subsection NG for criticality
components and Section VIII, Division | or Section IlI, Subsection NF for other safety components. An
acceptable specification for drums and pails used in any of the component safety groups is DOT

Specification 17C or better

4.3 Category Il

Acceptable criteria for the fabrication of metal components of shipping containers are contained in
the ASME Code Section Ill, Subsection ND for containment components; Subsection NG for criticality
components and Section VIII, Division | or Section [1I, Subsection NF for other safety components. An
acceptable specification for drums and pails used in any of the component safety groups is DOT
Specification 17H or better

4.4 Category Il

Acceptable criteria for the fabrication of metal components of shipping containers are contained in
the ASME Code Section VIII, Division | for containment components; Subsection NG for criticality com

ponents and Section VIII, Division | or Section 11, Subsection NF for other safety components. An accept

able specification for drums and pails used in any of the component safety groups is DOT
Specification 17H or better




Table 4.1. Fabrication criteria based on the ASME Code.'

Component
safety Containment Criticality Other Safety

Broup | Primary vessel I Support Secondary Neutron shielding,
E structures bolts { piping, fittings Tie Heat

Container bolts, piping,

contents fittings, valves, | Primary Relief neutron GCamma shell and |Secondary valves, relief Lifting Impact | down | transfer

closure seal device | absorber shielding closure seal device, and tanks” lugs |limiters'’ | devices | devices
|

Category | Sec. 111, Subsection NB Sec. 1 Sec. VI, Div. 1°
Subsection NG or Sec. 111, Subsection NI

Materials NB-2000 NB-2000 NG-2000

Forming, fitting
and aligning NB-4200 NB-420( NG-4200

Heat
treatment NB-4600 NB-4600 NG-4600

Examination NB-5000 N B-5000 NG-5000

Acceptance
testing NB-6000" ’ NB-7000°

Category 11 Sec. 111, Subsection ND Sec. 111 Sec. VIII, Div. 1°
Subsection NG or Sec. 111, Subsection NI

Materials’ ND-2000 ND-2000 NG-2000
Forming, fitting,
and aligning ND-4200 ND-4200 NG-4200

Heat
treatment ND-4600 ND-4600 NG-4600

Examination N D-5000 ND-5000 NG-5000

Acceptance
tescing N D-6000 ND-7000’

Category I Sec. VIII, Div. 1° Sec. 11 Sec. VIII, Div. 1°
Subsection NG or Sec. I1], Subsection N}

Materials® ' NG-2000

Forming, fitting,
and aligning NG-4200

Heat
treatment NG-4600

Examination NG-5000

Acceptance
testing

Numbers shown on this page refer to following section titled “Notes.”




NOTES:

oy, v e i i e associated SAR . pecia rocesses used. but not ir wded this table, should be documented in the SAR. Fabrication critena for
elding it g are re mmended Ref Quality assurance er are provided Refs. 4 and 5. Referenced supporting portions nf Se~tior I1; Section lll, Subsection NCA; and
ect V of the ASME e are part of the re nmended cr ?
he ASME ( > wa for pressure a6 s br ' a {0 ¢ ide many of the matena ised in the shipping container industry. The designer may specify the material to be
aad R o ” 2! trade ATTYE N apy able ASTM fication. For each material used t n or references should be include AR to permit an evaluation of the
atenals ¢ pertie and the ints {e 1s¢ For thuick S S¢ D to four ches, fernt atenals she 1 satisfy the fracture toughness critenia recommended i t 1 for the relevant container
ategor st f the fracture toug S ritenia specified the ASM de. Fracture t ritena for fermntic st=el thicknesses greater thar four inches are NUREG/CR-3826
When drums 3 are used for shipping tainer ponents, the drums or pails uld comg with DOT Specification 17C or 17H
fax testing of ! na ta ¢ iding seals, should be performed accordance with Ref also see Acceptance Testing (3.2
3 g ASMI te dos p eC1fic for either gaske sea rna he designer ma pecity the matenal and configu-ation by a commercial trade name. Information which
e tra 1alificat he seal or gaske wluding those used for valves and relief devices) should be included in the SAR
¢ SIS 1 et fy € ybsorbe nater ) mmercial trade 3IM€ 15 2 mixture of elements or When appropriate, qualification data should be
4 AR {e mnstra ha e matenal funct s as specified. When special absorber matenals are use acceptance test (5.2.3) should be performed for
' 1INe re that the absorber material has been properly installed
- ecif A € m v } bee te the tabricatic Process is lent on the fabricanon method and matenals use Once the method of fabrication and
. als of stru ha e specified. the approg fabrica riteria can be found subsection A, Genera i\'r‘-"'.“:kﬂ"t! ts; Subsection B, Methods of Fabrication; and
> S 1S54 f Matena ena fro 3 alent M matenals and standard " rcrfications articies ASME Code Section 1], Subsection NF mav also be substituted
t { shielding (3 Y [ S5 h as lead g a ind the nar eSSe r shrink fitting of uranium castings onto the pnmary vessel which could affect the
S ' al Integr h case he r ! teria f i pecific process and an engineering evaluation of any associated structural effects should be included in the SAR. A«
ept e test f the ga a shield i be performed to « re its effectiveness
] e desis ) ecify p eldins aterial | nmer I nar r as a mixture of elements or common compounds. When appropnate, qualification data should be in
fe e g ate that the matenal fur pecified. Acceptance testing 2.4 1y be required to demonstrate the effectiveness of the neutron shielding
g or P t ear fac t hould have their liftting lugs fabricated and tested to the criteria specified in Refs. 13 and 14
Da \ s ¢ itena wh a d eyvcomt etals to provide the specified crushing characteristics. Any special processes hysical properties, or other
for eeded 8 mpact himite jualify 1t wper funct should be cluded in the SAR
{ea ansfer de €S I red A ressure st i be hydrostatica tested to Section V bsection J(-99. Acceptance te for each shipping container may be necessary
SUT ! he eCifie hea nste ate bt ed
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