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NOTICE

Th:s report was prepared as an account of work sponsored by an agency of the United St.tes
Government. Neither the United States Government not any agency thereof, or any of their
employees, makes any warranty, espressed or implied, or assumes any legal liability of re-
sponsibility for any third party's use, or the results of such use, of any information, apparatus,
product or process disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights.

NOTICE

Availability of Reference Materials Cited in NRC Publications

Most documents cited in NRC publications will be available from one of the following sources:

1 The NRC Public Document Room,1717 H Street, N.W.
Washington, DC 20555

2. The NRC/GPO Sales Program, U.S. Nuclear Regulatory Commission,
Wishington, DC 20555

3. The National Technical Information Service, Springfield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications,
it is not intended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public Docu.
ment Room include N RC correspondence and internal NRC memoranda; NRC Of fice of Inspection
and Enforcement bulletins, circulars, information notices, inspection and investigation notices;
Licensee Event Reports; vendor reports and correspondence; Commission papers;and applicant and
licensee documents and correspondence.

The following documents in the NUREG series are available for purchase from the NRC/GPO Sales
Program; formal NRC staff and contractor reports, NRC-sponsored conference proceedings, and
N RC booklets and brochures. Also available are Regulatory Guides, NRC regulations in the Code of
Federal Regulations, and Nuclear Regulatory Commission issuances.

Documents available from the National Technical Informatico Osrvice include NUREG series
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special technical libraries include all open literature items,
such as books, journal and periodical articles, and transactions. Federal Register notices, federal and
state legislation, and congressional reports can usually be obtained from these libraries.

Documents such as theses, dissertations, foreign reports and translations, and non-NRC conference
proceedings are available for purchase from the organization sponscring the publication cited.

Single cooies of NRC draft reports are available free, to the extent of supply, upon written request
to the Division of Technical Information and Document Control, U.S. Nuclear Regulatory ComJ

:

mission, Washington, DC 20555.

iCopies of industry codes and standards used in a substantive manner in the NRC regulatory process I
are maintained at the NRC Library,7920 Norfolk Avenue, Bethesda, Maryland, and are available ]
there for reference use by the public. Codes and standards are usually copyrighted and may be
purchased from the originating organization or, if they are American National Standards, from the
America n National Standards institute,1430 Broadway, New York, NY 10018.
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1 Abstract

; Welding and related operations are evaluated to assess the controls required to pre-
*

vent weld-related failure of shipping containers used for transportation of radioactive i
*

materiais. The report includes (1) recommended criteria for controlling welding as applied
to shipping containers and (2) a discussion of modifications of the recommended industry<

Codes as applied to shipping c<mtainers. .;
*
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Recommended Welding Criteria For Use
in the Fabrication of Shipping Containers

for Radioactive Materials

1. Summary

This NUREG presents the recommended cri- 3. Joint Preparation
teria for welding and related operations used in 4. 5.elding
the fabrication of shipping containers for radioac- 5. Brazing
tive materials. The welding criteria given in the 6. Ileat Treatment
report are divided into three categories that are 7. Qualification of Procedures and
associated with the levels of safety for the type of Personnci
containers and radioactive contents being trans- 8. Examination
ported. Category I provides the largest margin of 9. Quality Assurance
safety; Categories 11 and 111 provide lesser margins 10. Fracture Toughness.
of safety consistent wi'h the characteristics and For each Weld Type and Category, the selected
quantities of the radioactive material being trans- welding criteria are based on an appropriate Sec-
ported. The same Category designations also have tion of the ASAfE Boiler and Pressure Vessel Code,t

been used in the development of fracture tough- as summarized in Table 1. These selected Code
ness criteria applicable to the containment ves- sections provide a level of confidence consistent
sel.'' l' r each category, the welding criteria are with the Category and Weld Type. Acceptableo
further divided into three weld types that are as- modifications to the ASME code to reflect shipping
sociated with the functions of the welds. The container application are noted in Section 4.0.
three types are containment-related welds, criti-
cality-related welds, and other safety-related -
welds. * In Ref.1. shipping containers with ferritic steel components

The welding criteria include a number of re- thicker than 4-in. or with a yield strength exceeding 100 Ksi are
''cluded.lated elements to ensure adequate control. The ten ' "*''''"efemd t as the ASME Code or Code.

key elements are as follows:
1. Base Materials
2. Welding and Brazing Materials

Table 1. Summary of recommended welding criteria for use in the fabrication of shipping
containers.'

Category i Category 11 Category til

Contain ment. ASM E Code ASME Code ASME Code

Related Welds Section Ill, Section 111, Section VIII Div.1
Subsection NR Subsection ND

Criticality. ASME Code, Section III, Subsection NG
Related Welds

Other Safety- ASME Code Section Vill Div.1 or Section III, Subsection NF (as appropriate)
Related Welds

* Department of Transportation (DOT) Specifications 17C or 1711 are acceptable specifications for the f abrication of drums
and pails used as shipping container componenta.
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2. Introduction-

2.1 Objective and Scope of the Study define medium and low-level quantities, respec-
tively. The welding of shipping containers can be

The objective of the study is to recommend subdivided into three functional types of welds
acceptable welding criteria for fabricating ship- that provide a graded approach in the selection of
ping containers used to transport radioactive welding criteria within a specific category. The
materials. three types of welds are defined as follows:

o Containment-Related Welds: Welds in-In scope, it covers three aspects:
1. A review of the application of welding cluded in components whose failure could cause a

and welding-related operations to the fabrication breach of the containment boundary
Criticality-Related Welds: Welds includedof shipping containers for radioactive materials e

2. Development of rational guidelines for in components that are part of the criticality con-
use in meeting a prescribed level of control for trol for a shipping container

Other Safety-Related Welds: Welds in-welding operations e
3. Correlation of relevant welding criteria ciuded in components that either protect or re-

with other criteria, such as fracture toughness. strain the shipping container or welds included in
,

components that contain safety-related elements
such as shielding, coolant, or impact-absorption

2.2 Categories and Types of Welds devices.
It is recommended that the welding require-

In accordance with Ref.1, three categories are ments of AshtE Code be applied to the Categories
defined in terms of the type and quantity of radio- and Weld Types shown in Table 1. The recom-
active material being transported. Category I de- mended Code Sections provide a level of confi-
fines high level quantities of radioactive materials dence consistent with the Category and Weld
to be transported, whereas Categories 11 and 111 Type.

3. Discussion

Welding and related operations are used in however, the only effect this should have on the,

the fabrication of many components that consti- weld criteria in the design process is to limit mate-
'

tute a complete shipping container system. The rial and process choices to those provided by the
criteria selected to control welding operations Code.
must be integrated with the design and material The safety analysis report and shipping con-
selectic n process at an early stage. tainer drawings that are submitted to secure a cer-

The ash 1E Code was selected for welding tificate of compliance are the controlling docu-
criteria because it has been proven to be a safe ments for the design, fabrication, and use of
basis for welding various nuclear components. shipping containers for radioactive material. The
With only minimal modifications, selected code safety analysis report may be used to document
sections are applicable to sh;pping containers. Al- the adequacy of any special materials, methods, or

; though the ASME Code does not apply directly to tests; or to justify additions or modifications to
,

welding of shipping containers, it does cover all of ash 1E Code criteria.
! the basic welding criteria applicable to the fabrica-

tion of shipping containers. To use the Code effec-
tively for welding application to shipping contain- 3.2 Modifications,

ers, the following aspects should be considered.
,

| The Code refers specifically throughout its
! sections to pressure vessel and pressure-related

3.1 Design welds. For purposes of this NUREG, these Code
references should be understood to refer to con-

'
Some of the recommended ash 1E Code para- tainment related and safety-related welds as de-

graphs provide additional information on design, fined in Section 2.2. References to Subsection NC

2
,

,
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including the term core support structures should shielding, then alternative techniques, such as ul-
be considered as references to criticality struc- trasonics, are acceptable.

- tures. Other safety-related welds are governed by
the rules of ASME Code Section Vill, Div.1. 3.4 Shielding

* Shielding can create two problems. First, it
3.3 Examination Limitations can interfere with the radiography process and to-

tally block access to joints. Second, shielding that
Shipping containers are often multiple-wall is added as molten metal subjects the components

structures. Problems of access can make it difficult to an unusual heating cycle. After such shield'ng
to examine annular closure welds. Welds within is in place, additional heat treatment as requiied
the containment boundary should be examined as by the Code may not be possible. Special atten-
stated in the Code. However, if the primary tion should be given to ensure that application of
examination method or technique (e.g., radiogra- shielding materials does not violate the critical
phy) is not possible on some containment- or temperature range for any of the materials used in
safety-related welds because of geometry or container fabrication.

4. Welding Criteria

Recommendations for application of the Base materials to be used for components
ASME Code Sections for each Category and Weld other than the containment vessel should meet
Type are summarized in Table 1. Table 2 presents fracture toughness requirements specified in the
this same information in more detail as related to safety analysis report.
the key welding elements. Each of these key ele-
ments is discussed below. Modifications to the

; Code where applicable are provided in the follow- 4.2 Welding and Brazing Materials
ing paragraphs. Justification for deviations from
these criteria should be included in the safety Welding and brazing materials should meet
analysis report. the appropriate requirements of the Code Sections

and Subsections listed in Table 2. Section II, Par-
4

C, should be used in conjunction with Section 111.
Subsections NB, ND, NF, NG, and Section Vill.4.1 Base Materials '

The selection of base materials is normally
limited to the materials included in the Code Sub- 4.3 Joint Preparation
section. Welding criteria are established for each
base material using the P Number designation as The Code Sections and Subsections listed in
listed in Section IX of the ASME Code. NonCode Table 2 are directly applicable,
materials may be acceptable provided that they
can be readily classified into an existing P Num-
ber grouping or a comparable S Number grouping 4.4 Welding
as defined in appropriate Code Cases. Ibr exam-
ple, Code Case N 71 includes an extensive tabula- The Code Sections and Subsections listed in
tion of additional materials that may be accept- Table 2 are directly applicable.
able for use hi shipping containers.

Base materials used for ferritic steel contain-
ment vessels with wall thickness up to and in- 4.5 Brazing

i cluding 4 in. should meet the fracture toughness
: criteria identified in Section 5 of NUREG/CR- The Code Sections and Subsections listed in

1815. Fracture toughness criteria for ferritic steels Table 2 are directly applicable.
in thicknesses greater than 4 in. are being developed.

3'

.
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Table 2. Welding criteria for shipping containers.'
Criticality-Related Other Safety-Related

,

Containment-Related Weld Weld Weld
-

Category Category 1 Category 11 Category III Categories I, II, and III Categories I, II, and lll

ASME Section VllI-Div.1
Code Section III, Section III Section VIII-Div.1 Section Ill, As appropriate,

Key Welding Subsection NB Subsection ND Subsection NG Section III, Subsec.

Elements tion NF

Base Materials N B-2000 ND-2000 NG-2100, NG-2200,

(except NB-23004 fescept ND-2300b NG-2500, NG-4100,
NB-4100, and N D-4100, and and applicable
applicable applicable Code Cases
Code Caws Code Cases

~ <

Welding and
Braring Materials NB-2400 ND-2400 Subsection A, Gen. NG-2400 Section VIII, Div.1,

eral Requirements Subsection A, General

Joint appropriate parts of Requirements; appro-
preparation NB-4200 N D-4200 Subsection B, Meth. NG-4200 priate parts of Subsec-

ods of Fabrication; tion B, Methods of
^ and Subsection C, Fabrication; and Sub-

Welding NB-4400 ND-4400 Classes of Materials NG-4400 section C, Clasws of
Materials.

Brazing NB-4500 ND-4500 NG-4500
As appropriate,

IIcat Section III, Sub-
Treatment N B-4600 ND-4600 NG-4600 section NF. e

| Qualification of
| Procedures and

Personnel NB-4300 ND-4300 NG-4300

Examination NB-5000 ND-5000 NG-5000

Quality
Assurance Subpart 11 in Title 10, Code of Federal Regulations, Part 71

Fracture
Tougnness Paragraph 4.10

* Department of Transportation (DOT) Specifications 17C or 17H are acceptable specifications for the fabrication of drums and pails used as shipping container
components.

.
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4.6 Ileat Treatment 4.10 Fracture Toughness-

The Code Sections and Subsections are di- Fracture toughness integrity is equally impor-
rectly applicable except if it can be shown that tant for base materials, weld heat-affected zones,
deletion of postweld heat treatment will result in and weld metal. However, the initial decisions rel-
improved properties. For example, many ative to any fracture toughness criteria should be
quenched and tempered steels retain excellent based on material properties, thickness, tensile
properties in the heat-affected zone when prop- stress magnitude, and flaw orientation. The safety
erly welded. However, postweld stress relief may analysis report should include the results of these
result in embrittlement or cracking of the heat- decisions for the various component parts that
affected zone. Specific exclusion from Code re- constitute the complete shipping container pack-
quirements should be cited on a case-by-case ba- age. Paragraph 4.1 states the criteria for ferritic
sis. As noted in paragraph 3.4, postweld heat steel containment vessel base material as given in
treatment of final closure welds may not be possi- NUREG/CR-1815. The fracture toughness criteria
ble in containers having shielding m aterials added for Criticality and Other Safety-Related compo-
as molten metal. Any special design details or spe- nents should meet the requirements defined in
cial materials should be qualified if they are used the safety analysis report.
to avoid the Code postweld heat treatment Fracture toughness of weld metal and the
requirements. weld heat-affected zone should meet the mini-

mum criteria for the base materials established in
Paragraph 4.1. Actual test data from the welding

4.7 Qualification of Procedures and procedure qualification test should demonstrate
Personnel this compliance. The applicable ASME Code Sec-

tions, Table 1, provide guidance in requirements
The Code Section and Subsections listed in for number of specimens, specimen location, and

,

Table 2 and Section IX of the ASME Code are orientation. Section 5 of NUREG/CR-1815 permits
directly applicable to the qualification of welding base material acceptance in some thicknesses and
procedures and personnel. Categories on the basis of procurement specifica-

tions and as an alternate, compliance may be veri-
fied by one of the test methods indicated. Actual

4.8 Examination test data from the welding procedure qualification
test should demonstrate compliance with one of

The recommended Code Section for Category the alternate tests indicated.
I, Containment-Related Welds, is directly appli- When the optional full-scale drop test de-
cable. In those cases where the Code rules do not scribed in NUREG/CR-1815 is used for demon-
require nondestructive examination of weld joints, strating the toughness of a containment vessel,
the designer should consider specifying an appro- the welding materials and welding procedures
priate method of nondestructive examination. used should be documented in accordance with

the requirements of impact tested procedures as
dermed in ASME Code, Section IX. For the pro-

4.9 Quality Assurance duction containers, the welding materials and
welding procedures should be identical to the re-

A quality assurance program should be estab- quirements for the successful prototype container
lished and applied to the welding criteria of ship- used in the full-scale drop test.
ping containers. The program should meet the re-
quirements of Subpart H,10 CFR Part 71.

The quality assurance program should be 4.11 Additional Criteria
used to establish appropriate controls of material
traceability and other documentation normally 4.11.1 Fabricator's Responsibility

covered by Code Subsections that have not been Fabricators of shipping containers for radio-
referenced in this NUREG. For example, Subsec- active materials are responsible for establishing an
tion NCA is normally used in conjunction with acceptable third-party review, audit, and inspec-'

Subsections NB, ND, NF, and NG. tion system similar to that required for ASME

5
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' Code fabrication A shop is approved for Section the basis for establishing each fabricator's compe-* ~

.

111 or Vill fabrication if ASME survey :*eams re- tency and consistency. The fabricator's Quality
view the shop procedures and control systems, Assurance Program should indicate the detailed

i and then regularly judge thc shop for compliance. method chosen to meet this requirement.
Fabricators possessing a current N-or U-type-

,

2 Code Symbol stamp corresponding to the appli- ,'

cable Code Section given in this NUREG are con- 4.11.2 Upgrading -
3

sidered qualified for corresponding fabrication.-

While shipping containers will not be Code . Welding criteria' can be upgraded by<

stamped, this ASME approval and review can be Category.

I
f
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prevent weld-related failure of shipping containers used for transportation of
radioactive materials. The report includes (1) recomended criteria for controlling
welding as applied to shipping containers, and (2) a discussion of modifications of
the recomended industry Codes as applied to shipping containers.
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