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ABSTRACT

In addrossing speciiic wald Is3ues related 10 the Dapartment of Transpaotiatinn spacification 20
inner containar, the Depritment of Fnargy Container Wedt) Advitory Committae ravievord prosyramant
documentation and !zhrication proceduras at FOF Nuclear Containery and davalnpad
recommenciations for the FBF manufacturerd 2R weld 1ase, Additionally, tha commiian determined
inspection, teat, and acruptanco criterta for existing 213 containeg welds, recammaneting that a uninvlal
force test ba performed «n existing 21 containars 1o damanstrate a leval of <afply commenturaia with
10 CFR 71 roquiraments  Finally, the camimittan datagmingd inspactinn, tast, anct aceeptapen rriierin
for future innar contain: 3, racommending spacitie matariala ysa, weldina, fn=re e tion, oned oty
assurance criteria.
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EXECUTIVE SUMMARY

The Department of Energy (DOE) Container Weld Advisory Committee (CWAC)
has concluded Lts ctask assigned in Section C of the DP-1.0 Troy Wade
sesorandun dated January 24, 1989.  This memorandum directed DOE
Albuquerque Operations (DOE/AL) to convens a working comnittee of velding
and wvelding inspection experts to mske recommendations and provide criteria
for specific weld issues related to the Department of Transportation (DOT)
2R {nner container.

The charter and scope of the CWAC's activities Lncluded three items:

l. Develop recommendations which address the FBF Nuclear Containers
manufactured 2R weld i{ssue. '

2. Determine inspection, test, and acceptance criteria for the existing
DOT specification 6M 2R inner container welds.

3. Determine inspection, test, and acceptance criteria for future inner

container welds,

"The recommendatlons and criteris offered by the cdmmiccoo are based on
one or more of the following: ctechnical evidence, existing documentation,
confirmed statements made during fact finding interviews, or expert
opinion. 1If the information i{s considered expert opinion only, the
statement ls so prefaced. This comsittee was sensitive to budget and
schedule consideracions; however, the driving force behind chiir work vas
to present the technical facts in a straighctforvard manner and develop

appropriste recommendations based on those faccts.

Approach and Observations

In addressing Icem 1 of the ;hcttcr and scopse, the commlcnee studied
the DOT specification for the 2R containers:; evaluated the technical

correctness of selected purchase order requirements; consulted with DOE
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Headquarters (DOE/HQ) to determine the root cause of the L{ssue; and
evaluaced FBF's compliance with the DOT specification requirements and
supplemental specification requireaents {mposed by purchase orders. The
committee reviewed the background for the weld {ssue and conducted an audit

of FBF which -included reviev of many dravings, putcﬁnso orders, and related
documents.

The committee’'s reviev {dentified evidence of deficiencies i{n many
elements of the DOE community's sctions to acquire shipping containers.
These included deficlencies in packaging design, packaging procureaent
specification, vendor qualificat{ion sudits, manufactured veld controls in
the ares of procedure qualification and weld performance qualiflcation,
process inspection, veceiving lnspection, quality documentation, and
technical direction from DOE/HQ. In the opinion of this éommitc.o, the
evidence reviewed {mplles that the DT14-A and 6M 2R packages are not unique
{n that manufacturing, weld, and material control problems may exist for
other fabricators and packagings used for the transportation and storage of
radioactive materials within the DOE system.

"During the course of the weld review, this committee observed examples
of nev 2R designs being produced with additional veld and design controls
in an attempt to overcomse ptoEloul recently {dencified with the DOT
specificacions. However, some new designs fall short of providing a
complete solution and may still present problems due to iack'of suitable
technical expertise {n their conception and execution.

In addressing Itens 2 and 3 of the charter snd scope, the coomittes
evaluated the 2R inner container design, and revieved the applicable code
requirements and federal regulations to develop {ts recommendations for
{nspection, test, and acceptance criteris of existing 2R containers and
future innatr contalner designs. The approach for addressing Item 2
(existing containers) included evaluating a basellne 2R design. Then,
based on a stress analysis for the baseline design and an evaluation of
existing data from other reports, the CWAC developed criteria for a proof

test to be performed on existing 2R Llnner containers. The approach for
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addressing ltems 3 (future containers) included developling criteria for
materiasls, welding, and quality assurance (QA) that vould assure compliance
with 10 CFR 71 requirements and other applicable regulations. These

criceria are recommended for use {n fabricating future inner containers.

Recogmendations

For Item 1 of the charter and scope, the committee recommends the
following:

1. Qualified individuals should veview procureaent practices and technical
weld requirements before orders are placed for future containers.
Further, internal procedures and quslity documentation should be
audited o assuce the containers ceet the required specificacion.

2. DOEL should develop uniform criteria from a central point cthat will
provide preciss, cénsistonc, and couplete direction for container
procurement. The criteris should i{nclude recommendations such as those
presented for Item ] of the CWAC’'s charter and scope.

3. FBF should be evaluated on a case-by-case basis for tts abilicy to

produce acceptable packaging to meet future DOE procurement
specifications.

4. Future considerations of technical lssues assoclated with packaging

safoty, such as weld criteris, should {nvolve & team of unbiased
experts assigned to more clearly identify and evaluate the technical
facts imnediately after the problea (s recognized and before action
wicth far-reaching lmplications ls taken.

For Item 2 of the charter and scope, the committee recommends the
following:

l. Each 6M 2R should be tested so cthat the end plate vill be subjected to

an outward direcred uniaxial stacic force of 24,400 lb. Appendix B



provides general guldance for conducting the test. - Subjeczing the 2R
weldment to the static force vill ensurs that the weld ls strong enough
to withstand the postulated hypothetical accident condition loadings.
Acceptance criteria for the force test shall be based on no detectable
yielding of the veld. If the container luccoslfuliy passes the force
test, & leak test shall be conducted in sccordance with ANSI N14.5 to
check for unacceptable leak paths in the weld.

The tests may be conducted at the {ndividual contractor sites. Each
site should develop their own test procedures so that the trequired
tests are compatible vith existing test hardvare and container

fnvencories.

If i{ndividual 2R inner containers are not permanently marked or do not
have s traceable QA file, the container shall be permanently marked and
a QA file established.

It s possible that individual field offices may have contaliners or &
specific lot of containers that have s sufficlent pedigree to assure
quality containers. This would {nclude a traceable QA file on
{ndividual contalners and analysis and/or testing to demonstrate an
adequate level of safecy. However, it is :ho'oﬁingon of this committee
(formed from evalustion of past procurement ptac:ic;s) that an approved
QA procedure does not necessarily result {n high quality 2R inner
container welds. Therefore, this committee recommends that 100% of

all DOE 2R inner containecrs be tested as {ind{cated above.

Paragraph J(b) of 49 CFR 178.104 excludes the use of cast iron for 2R
fsbrication. In practice, the end caps which are provided with the 2R
are often made out of malleable fron, vhich is a cast product. Because
the end cap ls pirt of the containment vessel, a literal {nterpretation
of the specification would prohiblt malleable {ron from being used for
the end caps. Previous severe acclident simulstion tests (8, 3] have
shown that cast lron caps can shatter upon severe impact. Alchough

this tssue L1 beyond the scope of the charter for the CWAC, it Is
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recomnended that the Packaging Characteristics Coamittee (PCC) address
the issue. The most definitcive solution would be to veplace any
malleable iron end caps with acceptable macterisl end caps afcer proof
tescting.

For Item ) of ths charter and scope, the commsittee recommends the
folloving:

1. Requirements for materials:

+ For double containment, use zaterials specified in American Society
of Mechanical Engineers (ASME) Boiler and Presser Vessel Code,
Section III, NB-2000 and apply fracture toughness criteria defined
{n Nuclear Regulatory Commission (NRC) NUREG/CR-lOIé.

+ For single conkltnnonc. use materials specified {n ASME Section III,

'ND-2000 with emphasis on specifying "normalized, fine-grained
practice.”

+ Provide option for using auscenitic stainless sceel.
2. Requirements for welding program:

+ Remove weld joint from high-stress reglons where possible.

+ Provide workmanship criteria according to ASME Secction I1I, NB-4000
for double containment or to ASME Section III, ND-&OOb for single
containment.

+ Provide inspection criteria according to ASME Section III, NB-5000
for double containment or to ASME Section III, ND-5000 for single
containment. '

« Full penetration welds located where they can be easily evaluated by

nondestructive examination (NDE) techniques.
3. Requirements for quality assurance (QA) progranm:

+ Adhere to QA criterisa In 10 CFR 71.
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. Adhers to ASME Section I1I, NCA for material traceability and

document control. .
+ No °"N® stamp {s required.

The committee offers recommendations specifically for the problems [t
addressed related to the DOT 2R packaging lssue. Recommendations to
resolve issues associated vith restricted use of DT14-A containers were
considered outside the scope of this comaittee. Hovever, soae of the
recoamendations included in this report may cpply’to DT14-A containets.
The additional task of addressing Lssues associated with current DTl4-A
containers may be addressed by thn CWAC upon request from the propet

auchotlty.

-viti-



CONTENTS

Page
Acknowledgezents ... .. R e i i
Executive Sumnary B Cre e, 11t
1.0 Introduction R e e, e, l
2.0 FBF Manufactured Weld Tssue ............... ... veenas Crevan 3
2.1 Background T e, T e i e 3
2.2 Approach I R |
2'3 Flnd‘n‘. '......""..D.'0300.00"00.00’.0."'0.7."..00...0. 6
2.4 Conclusions S 11
2.5 Recommendations et e, 12
3.0 Inspection, Test, and Acceptance Criteria For :
Ex{scing 2R Inner Container Welds ..... R L3
3.1 Backg:oqu e, e e, R 13
3.2 Approach 5. e, L3
3.3 Recomaendations .......... . et e e e, 22
References R R R I oo 26
.0 Inspection, Test, and Acceptance Criteria
For Futuis Inner Container Welds I 25
o7 aaSkgTOWNd ... 25
4.2 Approach ......... . ... 7 e e e, e, 26
4.3 Recomaendations R 29
References .................................,...........f ......... 32
Appendix A: Stress Analyses of the DOT 2R Inner
Concalner Weldmenes ............... .. . . . KR, A-l
Appendi{x B: Proposed Weld Integricy Test Characteriscics ..... ... .. .. B-1

-{x-



1.0 INTRODUCTION

Section C of the DP-1.0 Troy Wade Memorandum of January 24, 1989
directs the Department of Energy, Albuquerque Operations (DOE/AL) to
convene a working committee of welding and velding insp;ccion experts to
make recommendations and provide criteris for specific weld {ssues relaced
to the Department of Transportation (DOT) specification 2R {nner contalner
and FBF, Inc. The DOE Container Weld Advisory Coamnittee (CWAC) was
established to meet this directive and presents this document as a result
of {ts vork.

The membership of the CWAC included technical experts [n the flnfds of
welding, weld examination, materials, packaging development, and auditing.
The first committes members vere selected from s cross-section of the DOE
community by nominations froam the Packaging Characteristics Committes
(PCC). Subsequent members were identified and recruited on the basis of -
their technical expertise i{n the flelds required to assure credibility of
the report contents. ’ '

The charter and scope of the committee's activities {ncluded three
{cenms:
l. Develop recommendations which address the FBF Nucloii Containers

manufactured 2R weld (ssus.

2. Determine inspection, test, and acceptance criteria for the ex{sting
DOT specification 6M 2R lnner container welds.

3. Deternine weld inspection, test, and acceptance criteris for future

inner container welds.

Each of the major sections of this report addresses one {tem of the
CWAC's charter and scope, outlining the approach and presenting the
findings, Lf any, and recommendations. The {nformation contalned (n this

report was elther obtalned chrough facc finding missions and (nterviews



with personnel {dentified as belng involved with the assoclated (ssuas or
developed by the independent technical experts on the committee., The fact
finding missions included visits to DOE Headquarters (DOE/HQ), DOE/AL, OQak
Ridge (OR), Savannah River (SR), and FBF Nuclear Containers, Inc.

The recoamendstions and criteria offered in this report are based on
one or more of ths following: technical evidence, existing documentation,
confirmed statements made during fact finding i{nterviews, or expert
opinion. If the {nformation is considered expert opinion only, the
scatement ls so prefaced. This committee vas sensitive to budget and
schedule considerations; hovever, the driving force behind this document
was to present the technical facts in a straight forward manner and develop

appropriate recommendations based on those facts.

The coumittee addressed only DOT 2R packaging problems and recommends
soluttions speciflcally for those problems. Recommendations to rtesolve
{ssues associated with restricted use of DTl4-A containers were considered
outside the scope of this committee. However, some of the recomasendations
included in this report may apply to DTl4-A conﬁalnots. The addicional
task of ;ddtosslng {ssues assoclated with current DTl4-A contaliners may be

addressed by the CWAC upon request from the proper authority.



2.0 FBF MANUFACTURED WELD ISSUE

The first Ltem of the CWAC's charter and scope vas to develop
recommendations which address the FBF (nov known as FBF Nuclear Containers)

manufactured 2R weld {ssue,

2.1 Background

The FBF manufactured veld issue originated vhen three DT14-A innet
contalners manufactured by FBF were destructively evaluated i{n July 1988.
The events that led to the destructive evaluaction of these contalners are
related to the procurement of 100 DT14-A containers by thi SR/Naval Fuels
Ptogr;n through the Y12 Plant at OR. The chronology of these events is

. presented in Table 1.

The destructive evaluation of the three contalners revealed welds which
SR deemed to be unacceptable., Subsequently, an Unusual Occurrence Report
(UOR) was {ssued by SR, as directed by DP-4.1. The issuance of the UOR was
followed by a directive from DP-4.1 to suspend use of all DOT14 and DTl4-A
containers, tvegardless of the fabricator. Another directive {ssued by DP-
121 required weld inspections of all containers manufactured by FBF.’

2.2 Approach

The approach developed and undertaken by the CWAC to address Item 1
included the following:

1. Review of the DOT specifications for the 2R contalners.

2. Evaluation of the technical aspects of purchase order requliremants

{ssued for hazardous material packagings.

3. Consultation with DOE/HQ to obrtain {nformation about {ssues related to
FBF welds on DT14-A and 2R containers.



TABLE 1

Chronology of Events lLeading to the -

F3F Manufactured 2R Weld lssue

Event Date
DOE Certificate of Compliance i{ssued for DTl4-A 1/731/84
NRC Certificate {ssue for DTl4-A 10/31/84
Shipping containers evaluated and DT14-A chosen for FMF ‘10/8a
with 6L as & backup
DOE, SR, and NRC meet in Silver Springs to discuss 12/05/84
addicional contents for the DT14-A
New NRC regulacion prohibits .ew DTl4-A containers 1/86
from being builc afgpr 8/31/86
P.O. 93Y-62561V {ssued by Martin Marietta to FBF for 2/20/86
100 DT14-A containers
P.0. AX0737206 issued by Dupont to Martin Mariectta 2/24/86
to procure 100 DTl4-A containers ,
SR inspector approves first five DT14-A containers 5/07/86
and the Monothane mold '
FBF reports that same SR inspector visited the shop and 5/86
approved cthe final containers for shipament
FBF tests the last DT14-A container (60 psi p:ossuro 5/14/86
test) for P.0. 93Y-62561V
Final shipment of DT14-A containers received at SR 5/86
Revised SARP for DTl4-A container spproved by NRC 12/29/86
SARP supplement prepared and submitted to NRC and DOE 7/87
SR performs an audit of the quality documentation 9/87
record packags to determine Lf requirements of SARP revision
are met; audit {dentified inadequate QA documentation
DOE certificats {ssued 11/87
Dupont QA task team formed to resolve quality concerns /88

AN
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TABLE 1

Chronology of Events Leading to the-
FBF Manufsctured 2R Weld Issue
(concluded)

Event . Date

Oupont perforuws destructive evaluation of three DT14-A 7/88
containers {n order to resolve questions raised by the SR

audic; veld examination revesls defective velds {n 2R {nner

containers; Unusual Occurrence Report {ssued

DP-4.1 and DP-121 issue letters that address the veld problen 8/88
and require action froam sll users

Troy Wade i{ssues DOE lecter requiring specific actions -1/726/89

4. Evaiua:lon of FBF's compliance with the DOT specification requirements
and any additlonal requirements lzposed by purchase orders.

5. Meet with representatives froa OR and SR to establish the facts related
to FBF welds on DT14-A contalners teported to be unacceptable,

Fact findtng>v£tics vere nade to the DOE/HQ offices of DP-4.1 and
DP-121 to obtain background {nto the reported probleas. Additlonal fact
finding crips vers also taken to SR, where the problem ;cs infcially
reported, and to OR. In addicion, an in-depth audit was perforwed at FBF
in Knoxville, TN to determine {cs coapliance vith the DOT specifications

- and any additional requirements. The CWAC's fac: finding and audit

activities included review of dravings, purchase orders, and related
documents and i{nterviews with {nd{viduals assoclated with the {ssue.

2.3 Flndinga

The CWAC audit of FBF resulted I(n findings and observations that are

discussed and sumnar{zed in this section of the reporc.



The committee studled the DOT specificactions for 6M 2R containers and
found the specifications to be characterized by subjeccive guldelines.
While these specifications do not detsrmine the definitive tequirements
necessary to produce Type B containers, they do provide general guidance
necessary to sddress a family of contaliners with & vatloiy of sizes and
uses. The specific requireaents necessary to produce s container for &
spec’ fic use oust be established vithin the genetal DOT specifications.

One exaaple of the non-specific naturs of the guidance provided by DOT
specifications is found {n 49 CFR 173.24, which states that vork {s to be
performed {n a "workmanlike mannet.® Although this statement {zplles that
a degree of adequate skill and ability (s required to perform the work, the
term ls’subjoccivo and not specifically measurable without further
definicion. B

During the audit of FBF, the committes reviewed many purchase documents
{ssued by the DOE community. The committee found a widespread practice of
ordering and accepting Type B contalners wvith the general DOT
specifications a: the only guldance. It {s the committee’'s opinion cthat
the DOE communlity, not a vendot i{n & competitive environment, should

.establish such requirements as workzanship, materials, quality, and design.

This ls necessary to assure that the resultant container will provide the

desiryd level of quality and safety for cthe intended use of the container.

The committee did observe some attempts by purchasers to {mpose more
specific requirements in addicion to the general DOT specificacions.
Unfortunately, these additional requireaents werse often technicslly
{ncorrect or incomplets and created nevw probleas. For example, one
blueprint for a 2R container called for "seal welds" only on the contalner.
A seal wveld, by definition, is used to stop a lesk path and does not
necessarily provide an acceptable level of structural {ntegrity for the
container. Other probless arose when the specified wveld joint designs wers
not conducive to conventional volumetric nondestructive examination. The
commicttee found widespread examples of this design problem. Some purchase

documents simply stated "radlographs required® or "final {nspection



required,” with no criceria supplied. In one case the radlograph
requirements varied froa one draving to another for the same weld. Omn one
drawing a note says that "o full 1/6 in. £illec ls toqulrid...,' vﬁilo the
draving symbol clearly shovs a full penetration groove wveld.

During the sudit, the CWAC revieved documents associated with SR's
procureaent of 100 DT14-A containers for technical correctness snd for FBF
compliance with those requirsments. Many of the docunents revieved
contained inadequate or misleading information for fabricacion. As an
exasple, the purchase order for the 100 DTl4-A contalners in question
tncludes the draving from the SARP that states, "Welding shall be In
sccordance with the AWS standard code fotr atc and gss velding in building
construction.” Another draving for the same container says that all
welding shall be in accordance vith ASME Section IX. The same drawing
requires that veld procedure W106 (a Martin Marietta veld procedure used at
OR) be used. In order to comply with Sectlon IX the fabricator has to
qgalify his own weld procedurs, and therefore cannot use the W106 weld
procedure. Hovever, the W106 weld procedure is specifled In the NRC
certificate of compliance for this container. Thetefore, the container
cannot be fabricated by anyone other than OR, who qualified the W106 weld
procedure, without violating the certificate of compliance. This is '
compounded by 8 very general reference to AWS on the SARP drawing.

Further review of the documents related to FBF’'s welds on the SR DTl4-A
containers revealed that in July 1987, when the required inspectlon
cricteris and documentation in the SARP for the DT14-A contalner werse
amended, SR performed an {nternal audit of their qualicy documentation
package in order to deteruine Lf they wers in compliance vith the SARP
cevision. Three DTl4-A containers wers sectioned in July 1988 by SR in
order to resolve internal audit findings of inadsquate quality
documentation. The CWAC review of the procureacent documentation for the
three containers cevealed that several requirements had not been met. In
particular, the purchase order for these containers required weld procedure
and operator quallflcacion tb the requiremencs of ASME Section IX. The QA

trecord package {ricluded a procedure qualificacion record for 304 stainless



sceel while cthe containers are senufactured froa carbon stesl. The velder
parformance qualiffcation record was several years old, and no record vas
included for continuing performance within the required period of time to
the specified procedurs.

The drawing included {n the procurament package specifled the size of
the welds and the weld procicl. The draving i{s referenced in the
Certificates of Compllance from FBF (nuaber T2E 117028, revision J) and
stated that weld procedure W106 was to be used to perform the weldaent.

The W106 weld procedure requices that & Gas Tungsten Arc Welding (GTAW)
process be used for the welding. Some of the welds inspected by SR vere
reporced to be made with the Shielded Mecal Arc Welding (SMAW) process, and
during the course of the CWAC auoit verbal cozments were made which would
lead us to bollcvoniha: much of the welding wvas {ndeed done with the SMAW
process. In an exanination performed {n March 1989, SR verified that cthe
SMAW process was used to fabricate these containers. The DT14-A containers
and weld specimens were not available for this committee’s examination and
were teported by SR as lost. However, overhead projections of micrographs
of the specimens, without scale or magnificacion indicated, wers provided
to the CWAC. The examinativa of the sections taken from the thres. '
containers revealed welds (n all three containers that were deemed to be
unacceptable by SR. The examination revealed, most notably, undersize
welds {n the uppermost weld and both lack of fusiom and lack of penetration
at the root of some welds. A review of corrective actlion reports generated
by FBF indicated that several wveld repairs were made as a result of FBF
inspections befors shipment. The fact that conditions which required
correction befors shipment wers also found after delivery suggests that {in-

house i{nspections wers not adequates.

Nine other DTl4-A containers fabricated by FBF under a saﬁntate OR
purchase order were dastructively evaluated by the Y12 Planc. These nine
containers wece fabricated by FBF before the lot of 100 procured by SR.
Each container Qas sectioned in four places, which provided 72 micrographs
of welds. Of chese, 12 welds showed defects of the same nature as did

those from SR. During che audit the CWAC found cthat welding was being



performed with & combination GTAW/SMAW process, but neilther a procedure
qualification record nor weld procedure specification wvas avallable.
However, a welder qualification record vas present vhich qualified the
velder for the GTAW/SMAW procedure without the procedure qualification
tecord of the weld procedure specification. This qualltiéntion vas
conducted for FBF externally by an independent coampany.

Additionally, wvhile all arc velding procedure specifications have
required asperage inputs, FBF, at the time of the audit, had no means of
verifying the amperage inputs and therefore no mesns of assuring that all
the required psrametsrs were met. In one of the FBF corrective action
reports in which a weld had to be ground out and replaced, the inspector
noted that the amperage was too low and that {t was adjusted "two notches.”
This does not ptovldé assurance that the amperage requirements were met.

During the audit, the only wcldinj-codo book which could be located ac
FBF was the 1976 AWS D1.1. 1t was reported that one of the welders had a
copy of ASME Section IX at home. With the changes which are published
annually and the perlodic addenda publications throughout the year, a
¢ompany which i{s fabricating to specific code requirsments must have
current code requirements readily available. Durihg the audit, purchase
orders were revieved which {mposed the requirements of AWS Dl.1, 1979 &
1986, AWS D10,9-80,and ASME Section IX. None of these standards were
available at FBF st the time of the audit. During the audlt, a lack of
knowledge about code requirements was apparent. A company who (s bidding
on, and pctfotuln; vork to various code requirements should have a
qualified {ndividual available who can advise thea of the various code and
referenced specification requirements. A case in point is ths W106 weld

procedure which wvas referenced on the OR drawing.

All welding codes require some form of qualiflc;:icﬁ and certification
requirements for the (nspector. For example, since 1979 AWS D1.1 has
provided guidance for certification for AWS {nspectors when required by
contract documents. While FBF does provide {nspections of the vglds,

Iincluding outside I{nspections by an {ndependent laboratory, no



qualificscion requireaents vere scated for the inspector; other than
American Soclety of Nondestructive Testing (ASNT) for nondestructive
exasination. Likewise, no cercification records for the inspector(s) were
svident, other than choio for the nondestructive svaluation service
provided by the independent laboratory. While this is not {ntended to
iaply that the FBF lnspector is not capable, it does at the least cause the

-validity of cthe inspections performed by FBF to date to be questionabls. A

nevw revision of the FBF Quality Assurance Manusl was being pcepared for
lssuance st the tlae of the audit. This revision msy correct the problems
{dencifled in this repore.

A sunpary of the findings is presented below.

1. Whers DOT spoci!t;aclon 2R containers vere ordered without additional
specific requirements provided by the pu:chalo;. the weld fabricaczion
requirements were generally performed to FBF’s {nterpretation of "a
workmanlike manner.”

2. In cases where the DOE purchaser determined specific details or
documentation requirements, FBF did not consistently meet the specified
requirements.

3. When specifying weld and inspection criteria in purchasing documents to
provide guldance to the vendor, the organizations procuring the
containers often provided inconsistent, contradictory, inadequate, or

incomplete information.

4. During the course of the assigned weld review, this committee observsd
exazples of new 2R designs being produced with additional weld and
design controls in an atteapt to overcome probleas recently identiffed
with the DOT specifications., However, some new designs st{ll fall
short of providing a complete solution and may present nev problens due
to the lack of suitable technical expertise {n thefr conception and

execution.



2.4 Conclusions

For Itea 1 of the charter and scope, the CWAC concludes the following:

In the opinfon of this commiztes, 2R inner containers cannot be
fabricated {n "a vorkmanlike asnner,” vithout established weld process
controls as part of the velding program. At the time of the CWAC'Ss
audit, FBF did not have establ{shed and {zplemented procedures to
sufficiently control their velding program. Thus, this cowaittee has
concluded that FBF di{d not consistently fabricate the 2R {nner
containers {n "a workmanlike manner."

The committee’'s review of FBF evaluated the current (March 1989) and

past performance of FBF, but cannot accurately predict future
performance because FBF may have taken corrective action to meet the
requirements of more stringent orders. Recent i{mprovements made by FBF
to correct problems {dent{fied by past audits demonstrate their
villingness to comply when shown deficlencles.

In the committee's opinion, the DOE comnunity has frequently provided
directfon chat s {ncorrect, contradictory, or incomplets. This
opinion has been formed through the review by this commictee of many

documents that were technically incorrect.

In most cases, technical requirements established by the purchaser arse

being imposed by personnel vho do not have the technical background

" tequired to assure compliance with regulatory requirements.

In the coomittee’s opinfon, the evidence revieved Impll;s that FBF
DT14-A and 64 2R packages are not unique in that manufacturing, weld,
and material control problems may exist {n other fabricators and
packagings used for the transportation and storage of radioactive

materials within the DOE system.



2.5 ammmmm:

The CWAC recocmends the following:

Qualified {ndividuals should reviev procurement practices and technical
weld requirements before orders are placed for futurs containers.
Further, internal procedures and quality documentation should be
audited to assure the containers meet the required specification.

DOE should develop uniform criteris from & central point that will
provide precise, consistent, and coamplete direction for container

‘procuresent. The criteris should include recommendations such as those

presented for Item 3 of the CWAC’'s charter and scops.

FBF or any other fabricator should be evaluated on a case-by-case basis
for their ability to-produce acceptable packaging to meet future DOE
procureaent specifications.

‘Future considevations of technical Lssues assoclated with packaging

safety, such as weld criteria, should involve s team of unblased
oxpofti assigned to more clearly identify and evaluate the technical
facts {omediately after the problem is recognized and before action
with far-reaching implications is taken.
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3.0 TINSPECTION, TEST, AND ACCEPTANCE CRITERIA FOR
EXISTING 2R INNER CONTAINER WELDS

Item 2 of the CWAC's charter and scope vas to determine {nspection,
test, and acceptance criteria for existing 2R inner container welds used in
the DOT specification 6M shipping package.

3.1 Background

The DOT Specifications 49 CFR 178.34 snd 49 CFR 178.104 (1] provide
guidance for fabricating s Type B package. The DOE has procured thousands -
of 6M 2R containers which vere fabricated to these DOT specifications. The
spoctfféactons sllov s wide cholce of materials for fabrication and
container design. However, the specifications do not provide guidance in
weld joint design nor do they provide an acceptance criteria by which to
judge the inhetrent safety of the package.

This section will propose & test program and an sccopcanco‘ctltetla
which will demonstrate a level of safety consistent vith the requirements
of 10 CFR 71 [2] for existing 2R containers. Since Section 2.0 of this
report {dentified the potential existence of marginal welds In exlsting R
containers, it beccmes necessary to verify the integrity of exlscing'ZR
welds. The following discussion will present an approach for evaluating
the ex{sting containers based on calculated stresses usiﬁg closed-form
analytical techniques and existing data from refersnced reports (3 - 10].
The results of the evaluation will then be used to establish the proposed

test program for acceptance of the existing 2R Lnner contaliner welds,
3.2 Approach

Flgure 1 {llustrates, in s qualitative sense, the range of 2R container
designs that currently exist. A baseline 2R contalner which mests the DOT
specification, as a minimus, {s represented In the lower left-hand box of
the matrix. Combinations of {mprovements (n fabrication techniques and/or

material selection provide for i{ncreased quality and safecy. Bacause
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containers exist in the fleld which correspond to the conditions
reprasented in the lover left-hand box of Flgure 1, this svaluatlon will
focus on these types of contalners.

Figure 2 presents the logic dlagrasm used in evaluating the 2R container
and in developing recommendations for Items 2 and 3. The stress analysis
was performed for the baseline 2R design using closed-form mechanics of

materials analysis for normal conditions of transport and hypothetical"
accident conditions.

Although the DOT specification 2R container does not require compllance
with the ASME Boiler and Pressire Vessel Code rules and criteria (ll], this
evaluation will be guided by the ASME criteria when possible and
appropriate. The current licensing criteria for certified Type B
containers requires using ASME code materials vhen possible and the NRC
Regulatory Gulde 7.6 {12] uses an ASME approach {n evaluating stresses (n
cask containment designs.

The integrity of the 2R container will be judged by calculating the
stress levels produced {n the container by s ptesc:tbid set of loading
conditions as specified in 10 CFR 71 (2] for normal conditions of transport
and hypothetical accident conditions. These calculated stresses can then
be related to minimunm material strengths for a given mac;rlal. Ideally,
the materials used are {ncluded {n the ASME Section III, which provides

mechanical property values for use i(n design,

Table 2 lists ainfoum material property values for several candidate
materials. Because the DOT specification does not list specific grades of
materials, representative materials are listed. Also included in Table 2
are materials which to our knovledge have been used to fabricate the 2R
containers. The list {s not all inclusive, but again, the materials are

representative. In general, the yield strength for thess materials i{s (n

‘the range of 1O to 40 ksi and the ultimate strength ranges from 48 to

75 ksi. In this analysls, the highest stress allowed in a component undet

normal conditions {7 related to the yleld stress, Sy, while for
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TABLE 2

Min{aua Matavrial Propertles

Yield Ultiaate Elongation
Material Stress (ksi) Stress (ksi) )

1. DOT Specification
-+~ Stainless Steel 30 75 3s
(SAJI12 TPI0G)

-« Malleable Iron 32 S0 10
(SALT)

-- Brass 12 40 .-
(SB-43-06)

-+ Ferritic Steel »
(AS13-lovest : 23 38 30
strength grade)

2. Representative Materials
Used for the 2R Fabrication
-+ AJ6 36 S8 21
<« AS3 Type E

GR A 30 48 .-
GR B s 60 -
-+ AlO6 GR A 30 48 28
- GR B 38 60 16 1/2
GR C 40 70 ©16 172
-+ AS1) Type $/1026 65 75 .10

Notes:

1. The DOT 2R specification (49 CFR 178.34) does not provide
specification numbers, only general classes of asterial. The
specifications listed {n parentheses are examsples of suitable
materials. The lovest strength grade of ASLl) (s {ncluded as
a saterial of "equivalent physical strength” (it has not been
{dentified in any 2R procureaent documents).

2. The list of materisl under Item No. 2 {s not all Inclusive.

DOT Specification 49 CFR 178.104 for the 6M prohibits cast
iron and brass from being used vith & 6M. The materials
listed are ferritic steel plate and pipe specifications.



hypothetical accident conditions, maximum sllowable JLTEISES are telaced
instead to the ultimate tensile strengch, Su. This follows the phllosophy
that under normal condi{tions, the material must never exceed {ts yleld
strength. However, in an sccident condition, the material may yfeld, but
oust not exceed {ts ultimate tensile strength.

Reference (1] lists & series of drop tests which were conducted on
64 2R type containers according to the 10 CFR 71 normal conditions of
transport. The one normsal condition which has not been evaluated {s the
stress vhich results from {nternal gas generation. Therefore, an analysis
{s provided {n this report for normal conditions of transport where
scresses are {nduced in the weld of the 2R inner container due to intermal
gas g;notacion. Rgfg:oncc [s] presents calculations of {nternal maximum
pressure of 120 psi\duc to 8 lOW heat source from the payload i{n the
presence of moisture.

For hypothetical acctdonc.condicions, stresses were calculated in che
2R weldment resulting froa a 30 ft corner drop loading, Material
properties for the {nternal impact absorber macerisl (Celotex) were
obtained from rveferenced reports (Appendix A.3). To bound the highes:
stress levels expected froa a drop testc, the aisump:ions made in order to

perform the analysis were {n all cases conservacive.

Table 3 lists che results of che calculations. The detailed
calculations are provided in Appendix A. The Sy and Su material propafty
values ate related directly to the maximum allowable stresses for cthe
normal transport conditions and the hypothetical accident conditions.
These allowable levels are then coampared directly with the calculated
stress levels. For normal conditions, the bending stress i{n the weld (s
secondary and the primary stress is pure shesr across the weld throar. A
secondary stress ls defired as self-limlcing. Local ylelding can sacisfy

the condiclons which cause the stress to occur. For the case of the 2R

- weld, che bending stress is secondary as long as the stresses {n the end

plate remain below yield. This cricerion (s met for the 120 psi pressure

load {nside the 2R container. As shown {n Table 3, the calculated primary
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shear scress of 1.2 kst {4 signiflcancly below the lowest allowable stress
of 13.8 ksi (ASL3 lovest grade). This represents a facror of safety of
l1.5. The secondary stresses are also below the allowable values lisced {n
Table 3.

For the accident condition snalys{s, the allowvable stress requirenents
are also met. The maxiazua calculaced primary shear stress {s 15.1 ksi {(n
the weld. The lowast allowable stress (again for the AS13 lowest strengch
grade) {s 22.8 ksi. This Tepresents a 1.3 factor of safety. Consistent
vith the AMSE code philosophy, there are no specific limfts for secondary
stresses for accident condition loadings.

Because of cho low calculated prizary shear stresses trelative to the
stress allovablcs, an undersized weld or sub- -quality weld could scill
withstand the loads {mposed on the wveldment. However, upon evaluation of
the {nformation concerning existing weldments, the Lssue became one of how
much ligament {s needed to withstand the calculated normal and accident
condition loads. Therefors, an Inspection and test procedure is needed to
verify a oinioun veld ligament.

Weld inspection by destructive examination of a statistically relevantc
number of containers froa a glven lot s not {ncluded {n the
tecomnendations for lctem 2. Alchough this approach was recommended {n two
DOE/HQ divective letters, cthe effect of past procurement and operational
practices rendey chis approach unsatisfactory. Di{fferent fabricators used
different materials and weld dosignn Further, 2R {nner cdncainet: ars not
nccossarily permanently marked and ace interchanged between 6M packages.
Thus, craceability of che 2R does not exi{3T {n every case. Any given DOE
site may inventory containers froa different fabricators using differentc
materials and weld practices. a destructive examination on & limited
nuaber of contalners would provide an evaluastion of those specific
containers only, Judging weld integricy for any uninspected contafners by
extrapolacing the conclusfons of the {nspected contalners would be
{nappropriate. Even (f a large percentage of contalners (which could be

considered truly representative of the entire populaction at a DOE site)



were sampled, the results would likely yleld large uncertainties and would

not provide conclusive svidence on which to base a judgement.

Nondestructive vweld i{nspection techniques vere also considered so that
1008 of the containers could be evaluated. The CWAC concluded that the
joint design most commonly used for the existing 2R velds render ultrasonic
and radiographic inspection techniques unworkable. The fillet weld and 90
degree joint (see typical veld detail in Appendix A-l) make meaningful
inspection very difficult using these two techniques. Surface and near-
surface inspection (liquid penetrant and magnetic particle) will provide
only part of the story regarding veld integrity. Subsurface volumetric
flaws will not be detected using these two techniquss.

The use of a drop test to demonstrate safety ls not included in this
recozmendation for the same statistical reason discussed previously.
Numerous drop tests have been performed on these types of containers (3 -
10]. Although the 2R contalnetrs werse uninstrumented i{n general, the {nner

container weldments were judged to have successfully passed the drop tests.

It {s clear from the preceding arguments that lOO\‘inspccclon of
existing 2R inner containers is required. The committee evaluated the
possibility of using a pressure test as a means of inspection. Considering
the conditions for the cnalyait presented {n Appendix A, a pressures
sufficient to stress the weld to the level of the lllowablcs shown {n Table
3 would yield the centar of the velded end plats. Therefore, performing a
pressure test at a pressure that would not yleld the center of the plate
would not result in weld stresses vhich were meaningful. This conclusion
is demonstrated i{n Refarence [10] which describes the testing of a 2R
container that was pressurized to failure. The pressure at failure was
2700 psi. The middle of the plate shoved visible large scale deformation
wall before faflure (which did eventually take place through the weld).

A uniaxtial force can be applied to the 2R end plats which equals ths
calculated dynamic force resulting from the end drop analysis. Appendix

ALd presents the calculations for the required force of 26,400 1b to



i\'

produce a stress level of 15.1 ksi (Table 3) in the full-sized weld. A
procedure {s outlined {n Appendix B by which 1008 of the 2R containers can
be tested using & relatively siaple ram apparatus to cpplyvtho static force
to the end plate. This procedure has the adventage over the pressure test
of not subjecting the middle of the end plate to bending. 'This procedurs
can be used on all containers, will not yield the end plate material in
bending, and wvill test the weld to & loading equivalent tc (or higher than)
what would be expected from s 30 ft drop test. Appendix A.4 provides s
comparison of calculated stresses resulting from a pressure test and a
force test,

A fracture mechsanics evaluation was not formally considered {n this
reporet. ASME, Section III, NB-2310 does not require fracturs toughness
testing for material less than 5/8-in. cthick. However, the recommended

uniaxial force test will {nherently provide a test for brictle fraccture.
3.3 Recompendationa

1. Each 6M 2R with velded end plates should be tested sc that the end
plate will be subjected to an outward directed uniaxial static force of
24,400 1b. Appendix B provides genersl guldance for conducting the
test., Subjecting the 2R veldment to the static force will ensure that
the weld Ls strong enough ro withstand the postulated hypochetlcal
accident condition loadings. Acceptance criteria for the force test
shall be based on no detectable ylelding {n che veld.

A leak test after the force test should be conducted to check for leak
paths in the weld. The leak test shall be conducted {n accordance with
American National Standards Institute (ANSI) N14.5 for leak tests on
packages for shipment of radioactive materials. Reference ANSI 14.5
Appendix 3.4, Soap Bubble Test, for the test procedure. The cest
contaliner shall be presrurized to a test pressure of 14 psig for 15
min. Then, with the container scill pressurized, all possible leak
areas of che weld will be coated or brushed with a sbcp solucion. The
solution must bridge all weld areas to be effective. Bubhbling of cthe

solutfon {ndicates a leak path (n tha weld. Any bubbling ls cause for
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rejection of the contaliner. Commericlal sosp solutions with lovw
surface tensions are wvailable for use in this leak test. After

completion of che testing, the effected area will be clesned.

The tests nay be conducted at the {ndividusl contractor sites. Each
site should develop their own test procedures so that the required
tests are cospatible with existing test hardvare and container

{nventories.

1f individual 2R inner containers are not permanently marked or do not

have s traceable QA file, the container shall be pcruauontly'uatkod and

aQqa file established.

It is possible that individual fleld offices may have containers or a
specific lot of contalners that have a sufficient pedigree to assure
quality containers. This would include & traceable QA file on
{ndividual containers and analysis and/or tescing to demonstrate an
adequate level of safety. Hovever, it ts the opinion of this committee
(formed from evaluation of past procurezent practices) that an approved
QA procedure does not necessarily result in high quality 2R ilnner
container wolds. Therefors, this cnzaittes recommends that 100% of

all DOE 2R lnner containers be cested as {ndicated above.’

paragraph 3(b) of 49 CFR 178.104 excludes the use of cast {ron for R
fabricacion. In practice, the end caps which arte provided with the 2R
are often made out of salleable Lronm, vhich is a cast product. Because
the end cap is part of the containzent vessel, a literal interprestation
of the specification would prohibit sallesble {ron from being used for
the end caps. Previous severe sccident simulation tests (8, 9] have
shown that cast iron caps can shatter upon severe lmpact. Alchough
this issue Ls beyond the scope of the charter for the CWAC, fc is
cecommended that the PCC address the lssue. The most definitive
solution would be to replace any malleable iron end caps with

acceptable paterial end caps after proof ctesting.
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4.0 INSPECTION, TEST, AND ACCEPTANCE CRITERIA
FOR FUTURE INNER CONTAINER WELDS

The third {tem {n the CWAC's scope and charter {s to develop weld
{nspection, test, and acceptance criteris for future generation contairment
vessels. During the fact finding sudit of FBF Nuclear Containers and in
the course of this committee’s investigatiom, {t has becoms evident that
guidance for the selection of msterials, velding joint designs, and joint

placement vithin the contalnaent vessel is also needed.

4.1 Background

; Ptt;cntly, the fabricatior of a 2R inner containment vessel has to meet
or exceed the requirements stated in 49 CFR 178 {1]. The velding and
materials guidance stated in this regulation ls vague. 49 CFR 173.24(e)
states that welding shall be performed in "a workmanlike manner® using
sultable and appropriste techniques, materials, and equipment. This
particular paragraph 1s subjective and does not mandate what "suitable and
appropriate® refer to in terms of service conditions. Without specific
guidelines for both the design and fabrication phases, suitable matetrials

and fabrication tcchniduos cannot be chosen.

Both written and verbal communication with DOE/RQ'oiﬁicos pP-4.1 and
DP-121, have indicated that future fabrication of Type B shipping
containment vessels must satisfy requirements <et forth by 10 CFR 71 (2].
Paragraph 119 of this part says that measures shall be established to
assure that special processes, including velding, heat treating, and
nondestructive testing, are controlled and sccomplished by qualified
personnel using qualified procedures {n accordance vith applicable codes,

standards, specifications, criteria, and other special requirements.

The following discussion presents an spproach and recommendatlons for
the fabrication of future inner containment vessels which {s consistent
with che requirements stated {n 10 CIR 71 and NRC published guidelines {3,

4). 1t shouid be noted chat these recommendatlions are not a subscitute for
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requirements stated {n existing contsinment vessel safety analysis reports,
alchough (n many i{nstances these recommendations uoo:~thoso stated
requirements. New containment vessel designs should consider these
Tecoumendstions when developing safety analysis toports to support
containment vessel certification.

4.2 Approach

Good engineering design depends on the sum of many interdependent
parts. Arvivel st o finsl design that is assnufacturable, cost efficient
and sulctable for service requires thoughtful consideration of materials
used, fabricacion and {nspection techniques, available manufacturing

resources, setvice condiciorns, and cosc.

All of these facéo:l {mpact upon each other to & greacer or lesser
extent. Forvcxamplo, an elevaced fracture toughness will lmpact
nondestructive testing toquitomohcs {n that a less sensitive flaw
inspection process will be required simply because the material can
colerate larger flaws. Another {mpact here will be that, because a more
sophisticated material is used, mors highly skilled welders will be
tequired. Thus, the lack of specified requirements for or inadequate
control within any part of the design and manufacturing sequence R3Y vesulc

{n unsuitable couponents.

In order to ensure the quality of welded coamponents, cthe fabrication
sequence aust be controlled {n all aspects. These parts of the fabrication

sequence wers broken down as follows:

* Base materials (includes strength and toughness requirements)
* Weld materials (i{ncludes scrength and toughness requirements)
+ Joint preparation and placement

¢+ Welding

¢ Heat ctreatment (includes preheat requiremencs)

* Qualificarion of procedures and personnel



* Examinat{on

* Qualicy Assurance (refers to adaini{strative procedures rather than
technical {ssues)

The NRC has published guidelines, NURZG/CR-3019,:£or containment
telated welds as3ociated vith the {nner shipping container (3). This NuREg
Primarily references the ASME Bo{ler and Pressure Vessel Code (5] for
fabrication Tequirements. The ASME code vas selected because {t,
historically, has been & proven code {n the fabrication of nuclear
components. Although the referenced code does not apply directly to the
fabrication of shipping containment vessels, it does cover all of the
hecessary procedure steps to fabricate quality components and can be
applied to the fabrication of shipping contalnaent vessels. It should be
noted that design criteris vhich differ from those Lnherent {n the ASME
code must be Integrated vith the design at an early sctage (n the
fabrication sequence before effective control of containment vessel
fabrication can be established and maintained,

NUREG/CR-3019 (3] recommends that tequirements of NUREG/CR-1815$ (4] be
used to establish ferritic steol fracture toughness tequirements. Three
Categories are established that provide degrees of safety appropriate to
the various materials Cransported in the concalnmonc'vo;scls. An

expianation of each category is as follows:

l. Cacegory 1 givea the largest margin of safety by vequiring sufficient
toughness to assure that there {3 no crack Propagation at the lowest
service temperaturs, Steel having chis level of safety can tolerate
large flavs under dynaaic loading condicions and {ts toughness s
sufficient to aTTesCt large cracks (L.e., yielding will precede
fracture). Macerials which typify this category (nclude sustenicic
stainless stenl and 'heat treated (normalized) - nade to fine grain
Practice” ferritie steels used on their upper shelf. This behavior (g

3lvays verified by fracture Coughness testing.
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Category II provides & smaller aargin of safety than does Category 1.
The asinlaum level of toughness st the lovest sorvico'caupotacuro {s
specified at a level somewhat above the toughness at the plane strain
liatc for dynaaic loading conditions. If & shock mitigating system,
such as an overpack, s effective in reducing the loading rate {n the
fracture critical components, then an intermediats loading rate can be
assuned and an addi{tional reduction {n the ainizua toughness could be
permicted. This criceria {s sufficlent to prevent fracture iniclation
of pre-existing cracks under dynaaic loading. This category spitoaizes
the fracture mechanics school of design, vhere service use is
quantified by analysis. Material testing is not mandated for
thicknesses less than 0.625 in., hence assumptions relating to

materials toughness are {m:lied.

Cacegory III offers a smaller margin of safety than does Category II

. and cthe oinisua corresponding fracture toughness {s also reduced. Good

engineering practices and selection of steels with low nil ductilicy
temperatures make {t unlikely that brictle fracture will occur, tather
than extensive analysis and testing. Note that this app:dach while
having lover toughness stipulations may actually require a moce
conservative (l.e., better) materials choice. This level of toughness
will only tolerate small flaws characteristic of good fabrication
practices.

Based on the above criteria the following categories weta chosen for

Type B containment vessel fabrication:

Category [ fracture toughness criteria vere selected for components
shipped in accordance with the requireaents of 10 CFR 71.63 (e.g8.,
double containment). |

Category II fracture toughness criteria were selected for containment
vessels which transporc all other types of contents. This approach
takes cred{t for use of the shock mici{gacting overpack, vhich reduces

the dynamic fracture toughness requirements.
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Category IIl fracture toughness criteria vere not chosen because

critical flaw sizes may be saaller than {nherent notchos-typical of
commercial fabrication practices.

4.3 Recommendations

The following recommendations are for materisls vith s thickness

between 0.019 {n. and 0.62% in. and yield strengths less than or equal to
100 ksi:

l. The selection of base materisls shall be limited to the materials
included in ASME Section IIT, NB-2000. The weldability of these
materials are classified by & P nuaber designation in Section 1X.
Materials not {ncluded in Section IX are acceptable ptoviding the
woldablltty of such saterials are classified by P number or § nuaber in
accordance wvith applicable vequirements stated {n NUREG/CR-181%S.
Category I fracture toughness criéozla shall be applied to material
used {n fabrication of forrttic Type B packaging, the contents of which
require shipaent {n accordance with the requirements of 10 CFR 71.63
(e.g., double containment). Category Il fracture toughness criteris
shall be applied to materials used in fabrication of all other totticic
Type B packaging. The option of using normslized sceels made to fine
grained practice shall be used to satisfy this frlctuta ‘toughness
criteria.. Materials made to, but not limited to ASME Sactfion 11,
SA-320, SA-333, SA-334, SA. 420, and SA-516 satisfy this cond{tion. It
should be reemphasized that sll types, grades, or classes vithin these
subsections do not necessarily meet the "normalized made to fine grain
practice” criterla, thus particular attention should be given to
materisl purchasing requirements. Use of sustenitic stainless steels,
such as those included in ASME Soction II, SA-240, SaA- 312. and SA-403
can be considered as an alternative approach to ftlctut. toughness

characterization of ferritic steels for Category I and Category II.

2. UWeld materials used to fabricate containment vessels wvhere Cacegory I

fracture criceris is applied shall meec the roqultomonca of ASHME
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Section III, NB-2400. Welding and filler mecal {denti{fication and
control shall meet the requirements specified in ASME Section III,
NB-2150. Comparable ,aragraphs froa ASME Section 111, ND shall be used
for contalnment vesse) fabrication where Category 11 fracture toughness
{s applied. :

Weld joint preparation where Category 1 fracture criteria is applied
shall meet the requirements of ASME Section III, NB-4200. The welds
shall be full penetration joints and be placed reaote from high stress

‘locations, whenever possible. This entails use of Category 3

cizcunferencial butt welds as specified in ASME Section I11I, NB-3351.2.
Compstrable paragraphs froa Subsection ND shall be used for containment
vessel fabrication whets Category 11 fracture toughness Ls applied.
Joint placcmoné“shnll specifically consider the nondestructive

exasination requirementcs.

Welding on contslnment vessels where Category I fracturs criteria is
applied shall be performed in accordance with the workmanship criteria
specifled in ASME Section I1I, NB-4000, Comp.tabio paragraphs from
Section III, ND shall be used for containment vessel fabricatlion whers

Category 11 fraccture toughness is applied.

Heat treatment on con:ainncdc vessels shall be used where Category I
fracture requitements of ASME Sectlonm 111, NB-4600 apply, except where
{t can be shown (by qualification) chat the deletlon of the post weld
heat treataent will result in equal or {mproved flav tolerance
propertisa. Comparable paragraphs from Section III, ND shall be used
for containment vessel fabrication where Category 11 fracture toughnsss
{s applied.

Qualificaction of welding procedures and personnel used in fabricacing
containment vessels where Category I fracture criteria is applied shall
be in accordancs with the requiremencs of ASME Section ITI, NB-4300.
Comparable paragraphs from Sectlion III, ND shall be used for

contalnment vessel fabrication where Category II fracture toughness is
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applied. See paragraph 9 for additional nondestruct.ve exanmination

requirements.

Fxasinati{on of contalnment vessels where Category I fracture criteria
{s applied shall be {n accordance with the requirements of ASME Sectlon
[II, NB-5000. Comparable paragraphs from Sectios III, ND shall be used
for containment vessel fabrication where Category II fracture toughnass
{s applied.

A quality assurance progras shall be established and applied to the
entire design, procurement, and manufacturing process. It shall mee:
the requirements specified in Subpart H in 10 CFR 71. The quality
assurance program shall be usid to establish appropriate controls of
naterial traceability and document control covered in ASME Section III,
NCA.

Fracture toughness of the weld metal and heat affected zone shall meec
or exceed the minimum requirements of the base material. Actual
fracture toughness test data froa the weld procedurs qual{fication test
(or & successful welder certification test to that specific procedurs)
shall be used to demonstrate this Eompllunct. The supplementary
requirements for notch toughness specified {n ASME Section IX shall be
applied during qualification of the veld procedure., Welding procedure
specifications used for welding production containment vessels shall
contaln sufficient detail to control these requirements during

fabrication.

When the optional full-:éalo drop test, described {n NUREG/CR-181S5 {s
used for demonstrating toughness, the supplementary requirements for
notch toughness spacified in the ASME Section IX shall be applied
during qualification of the welding procedure. Welding procedure
specifications used for welding produccioh contalnoent vessalz shall
contain sufficient details to control these requirements during

fabrication.
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APPENDIX A

STRESS ANALYSES OF THE DOT 2R INNER CONTAINER WELDMENTS

2R Geometry
Normal Conditions of Transport
Hypothetical Accident Condition

" Comparison of Calculated Stresses
Resulting from & Pressure Test and
A Force Test
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A.l 2R GEOMETRY

The basic geometry is defined in 49 CFR 178.34 with the 6M specificacion

49 CFR 178.104 furcher restricting the 2R to:
Inner diasrter = & {n. to 5.23 In.
Min{auns height = 6 in. A
Schedule 40 pipe equivalent vall thickness

For this analysis:

Inner diameter - $.25 {n.
Wall thickness, t = 0.258 (n.

—{ 1t 0.258 VP

Typical Weld Dactail

A-2
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. A.2 NORMAL CONDITIONS OF TRANSPORT

+ Loading: From Reference (3] of Section 3, the maximum pressure
loading {s 120 psi fros the heat generated by the payload
in the presence of moisture.

This is considered the maximsum loading for normal
conditions.

"o Stress Analyses: The approach outlined in ASME, Section III,
Appendix A, Azticle A-6000 will be used to
calculate static stressos in the weldment. The
geouetry is axisymmetric as well as symmetric
about the midheight of the container. Carry-over
factors from the top of the container to the
bottom (and vice-versa) are vanishingly small aﬁd
thus ate not accounted for. This reduces the

anaslysis from solving four simultaneous equations
to solving tvo,

Step 1. Assumed Ceometry

oo &
/“fa M. 1) °-
Ecenem A - - 2F l l (2] G? I
TIE AT
{dﬁ- '~ 1/‘\\ Lﬁ a' . 31 i( (t\*)“
| oy | | R
" ~ 22| VT
?; N =1 'y k! )
™ N \U \\:i
- 12" .
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Scep 2. Calculate cthe Influence Coefficiencs

A. Element A (Cylindar) W = Radial displacement
# = Rotation

3 2
Wac = (41,/28°D)Q + (8,,/28°D)N_

fac = (Bp/28°D3Q, + (B,/60M

Evaluate the constants (Article A-2120)

5 - { 31 - Y }1/“ ) { 3. 0.3YH }1/“
(R + t£/2)%c? (2.625 + (0.258/2)]%(0.258)°

8- 1.5249 n. "t

oo _29005%0.258)°
20 12(0.91)

D - 45607 tn.-#

By = b B =l By, =t

-6

AN [3.0918Qc + a.71«7uc]10

-6

ac = [a.71a7qc + 14.379nc]10

B. Element B (Cltcﬁlar Flat Plate)

~2F3 F3

Yac " TEeR) %t . H

(+

For t/R = 0.258/2.754 = 0.0937 } Table A-5240-1

F3 - 3.875

0 -——-—F—L__Q ,—ﬁ}.—_—
BC ERz(C/R)3

3 |
ER(t/R)

c
-2(3.875) . 3.875

3 Q 3 ‘ 7 !
31(29)¢10)%¢0.0937) 29(10)%(2.756)(0.0937) %,

W

8C c

A-G

c



Ny

I e — 31.875 Q 2(3.87%)

BC "

29(10)%(2.754)(0.0937)% © 29(10)%(2.756)%0.0937y) ©
| 6
Yac - [-o.9so7qc + s.szsanc]lo
-6
Yac = [5-5263, - 42.8314 ] 10

Step 3: insulnsn_&h1_zdx1_D:xn:masxgna_nu:_sg_shn_Lns:xnnl.ﬁzgz;u:n

A. Eleament A

o
]

ac = (b - (v/2)](sRR_/EE)

(1 - 0.15](120¢2.625)(2.754),29(10)%(0. 258y

W 98.554(10) S

AC

aAC -0

B. Element B

Fl . For t/R ~ 0.0937

fpae = —— 5 | Table A-5240-1
B¢~ C e/ F, = 0.8721 } _

0.8721(120)

[}
29¢10)%¢0.0937) 3

BC

:6
OBC - 4386.63(10)

Vo ety - .95323(4336.63)(10)’6

8C 2

-6
UBC - -565.88(10)

Step 4. Thermal Forcag - N/A
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Scep 3. [Equate che Tocal lateral Displacements and Rotations

Yac = Y

[3.09180 + 4.71674_ + 93.55«]10’6

- [-0.93070, + 5.5263_ - 565.88]166
(] c
'ac = '5c

[6. 71670, + 1«.37950110'6

- [5-52630, - 42.8309M_ + a;as.ss]10'6

e “Now, combine like teras and sultiply through by 106
. 4.0425Qc - 0.8116Mc = -666.436
) -0.8116Q¢ + 57.2099M. = 4386.6)
L]
~

Scep 6. Solve the Simuyltaneous Equations

<664.434(x.8116)

6.0025Q - 0.8116M_

4386.63(x4.0429)

‘0.8116Qc + 57.20991‘(c

3.2809Q_ - 0.6587M -539.26
c c

-3.2809Qc + 231.27!1c - 17,733
' ZJO.GIHC 17,196

Mc - 74.56 in.-#/{n,
'3'2809Qc + 231.27(74.56) « 17,733

-3.2809Qc - 489.51

Qc = -149.20 »/in. (The ~egative value {ndicates that the actual

direction {s opposite to that originally chosen.)
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12?;(x)

-F
G =0 = “[1 . 6‘:’]Q - —3—
t

For t/R « 0.258/2.7%4 « 0.0937
Table A-5240-.1

F“ = 0.9679
(x) i{s defined in the flat plate as:
M
Q ‘ ?
] 4 N
e Compute ¢ for 3 values of (x)
X x = -0.129, 0, +0.129
-0.10q D!*q tJ, 124
- -0,9679 6(x)” 12(0.9679) (x)
9,.(x) = -57333-[1 . 6%5%3 ](.1a9.3a) . [ © 258, ]7a.s§

0 (+0.129) = B746 psi
a(0) = 560 pst

dt(+0.129) - -7626 psi

Compute shear stress in the axisl direction from the reactive force, RF

2
"RF ~ -§" (approximate) P =20 O/in.z {ZLEjEQEl—} = 2859»

A =Ct w x(5.508)(0.258) = 4.464 in.z

o 2839
RF 4.6484

= 640 psi
Finally,
I =, = 8746 psi (max)
T’RF 640 psi
Note: S:fess.s due to pressure are not calculated at the plate boundary

(A-5224).



Step 8.

F79 & ' f——-) 8744

o, = 228, J[p;as)z + (640)% = 8793

Yz “o. - 8746 psi

_ 8746 J[s7as]z v (660)% = 07

% ) 2

Scep 9: Compute Stress Intensities

515 = Ial . 02' S15 = 67 pst

S,y = laz . 03| S,y = 8793 pst

Sy = l03 . all Sy = 8840 psi
S8 - 8840 psi

Step 7. Compyte Max{mua D{scontinuity Stresses {n the Weldment of the
Cxlinder Resulting From cthe Uniformly Apolied Radlal Forge. Q and

Homent M,
6M
g, =
M2
o = EW 6iM
Tt (R + t/2) z c2
g =0
T
W~ (3.09180 + 4.7147M)10°°

{3.0918(-169.34) + a.71a7<7a.55))10'6
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- .1.102010) 7" tn.
EW - -3196 ®/in.

M= 76.56 in.-#/in.

1. Inside Surface

- ﬁﬁlﬁ;éﬁli - 6721 psi
(0.258)

-3196 6(0.3)(74.56)
g - » - 856
e 2.62% +# 0.129 (0.258)

Iy

g =0
T
2. Outside Surface

P—— 26(76.36)  _ .g721 pst
(0.258)

-3196 6(0.3)(74.56)
T 2.629 + 0.129 (0.258)

g =0
i 4 .
Step 8. Qamnuss_shn_isxn11n1_Es1ulsLnz_E;gm_lnssxnal_znsz;uxs
From A-2212 :

oy - g ¢ - 1.0983, Y* = 1.2062
(Y * l) 2 N
(v? - 1) - 0.2062
2
0 - 2&%.:.&;1 2 = 1.0468, 2% = 1.0938
(Y® - 1)
2
o = 2&%_;_2_) (1 + 2%) = 2.0958
: - (1 - 2%) = -0.0958

1. Inside Surface (Z = 1.0983, Z2 = 1.2062)

120 ]
oy = T.z062 - o2 st

120(2.2062) _
g, ——afiﬁgi—v— 1284 psi

, . 120(-0.2062)

[ pst

A-9




Therefore, toCal stresses are:
Iy = 6721 + 382 = 7303 ps!
9. = 856 + 1284 « 2140 psi
o, = 0 - 120 = -120
2. Outside Surface
oy = 582 psi
9. = 1164 psi

L 0 psi

Thotqforc. the total stresses are:

o = -6721 ¢ 582 = -6139 pst
g, = 3177 + 1164 = -2013 psi
g =0
t .
Compute Stress Intensities
- qa - 7303

Step 9.

9
°2 - ’c - 2140

- -120

g, = @
T

3

S12 = |91

S23 = |92

S31 - 03 - ag

S SHAX - 76423

Final Results:

S12 - 5163 psi

523 - 2260 psi

5, = 7623 psi

1. Flac Plate: Smax = 8840 pst (Inside Surface)

2. Cylinder:

SMaX = 7423 psi (Inside Surface)

-10



Scep 10.

Eilles Veld
”——
a A
A7
/L / :::::;;>
3! R

f v/ - 32.49°
, R

M o M

i

‘R = 120 {' "2°.' 2) (#s.508)-1 = 165.2 #/tn.

Q = -149.346 »/{n.

M~ 74.56 in.-#/in.

V e -Qcos 32.49° - Rsin 32.49° = 37.21 #/in.

T « Rcos 32.49° - Qsin 32.49° = 219.6 #/in.

Finally;

Eﬂ
]

r—hm

o

(64 T))2 v )2
=2* E]} * [ t ]

&

1
4
’-—Aﬁ
~fe

SMAX = 2 X TMAYX

((6(74.56) , 219.6 ]}2 . {3_7_&.}2 - 12,439
L (0,13§6)2 0.1186 0.3186

-2x LZ,AQO = 26,880 (See Table 3J) (ASME NB-3227.2)

A-11
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Scep 11. Evaluate Secondacy Stresses

A very saall weld would not be expected to resisc the applied moment.
Alloving end rotacion reduces the end plate boundary conditions to siaply
supported vith no moment zesistance. If the end plate stresses remaln
elastic, cthe stresses resulting from the moment force, M, and shesr force,
Q. become secondary. The remaining primary stress is the shear stress
tesulting from the longitudinal force, R. (See Table NB-3217-1).

Consider: ‘ f .
33 ¢:0258 °
— JL* JL~ AI: J?— J?-A4lf JL_;:J' dr2754"°
t N rio.3
/r A\~ 19: 20 P
.
| >
" o 6282(3 + v) _ 6(120)(2.574)2(3 + 0.3)
- center 16:2 16(0.258)2
9center 14,780 psi << Yield stress for any materifal shown in

Table 2 (excluding brass)

S Stresses rvesulting for M and Q forces are socohdaty

Scep 12. Calculate the Primary Screas {n the Weld

The primary stress Ls merely the resultant force, R, divided by the weld

throat area.

2
R = 120 #/i{n.2 [' 5'20‘ ] - 2859 »
Weld throat ares = 0.1386 (5.508)s = 2.398 {n.2

rooo - -3523-3—3'- 1192 psi (Ses Table 3)

MAX 5 198 tn.

A-12




APPENDIX A.3 HYPOTHETICAL ACCIDENT CONDITION

Evaluacion of 2R container end plate weld for 30-foot hypothetical accident
condicion drop. '

1. DRecermine cthe paxigua accelsration load on the overall 6M/2R systea as
the result of g JO-foot drop, The maximum scceleration corresponds to

a bottom end drop since this orfentation luacdtaéoly mob{lizes a large
ares of Celotex. To obtain s maximum °g® load, the full diameter of
the 6M container will be assumed to be effective. - Additionally, the
compressive crush strength of the Celotex will be taken at 1.5 times
the scated compressive strength of 91 psi (provided {n Celotex
Corporation Technical Bulleiin Number 6003, August 26, 1963). The 1.§
factor is used to account for uncertainties in Celotex properties. The
maximum end drop force acting on the 6M/2R system, F, therefore
becomes:

F-l.sacA
where
oc = 91 psi
A = end ares of 6M container = (r/4)(d)2, (n.?
d = dlameter of 6M container, in.
Resultant "g" load becozes: g = F/w
where

w = weight of the loaded 6M/2R system, lb

The following table presents the resultant "8" loads for each size of 6M .
container,

A-13
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Recernine the maxioua force acting on the 2R end plate. The maximun

force acting on the 2R container end plate {s taken a; the above
decermined system "g* loed times the veight of the contents within the
2R contalner. This approsch conservatively lgnores any beneficial
force on the end plate associasted with the end plate -driving into the
Celotex and also (gnores any beneficlal effects associated with the
contents themselves absorbing energy. For the particular case 5£
double contalnmsnt shipaents, a variety of energy absorbing components
sre included as part of the 2R contents (e.g., empty slip 1lid cans).
Again, these are conservatively tgnored. The resultant load, P, on the
2R end plate as a function of 6M container size is presented in the
following table.

Maximum 2R Load, P on

Container Size contents wveight "g" load 2R end plate
(gallons) - (1b) (from 1, above) (lb)
10 75 159 11,930
30 100 160 16,000
55 100 183 18,300

Retermine stress in 2R contalner end plate weld. .. The maximum force on

an end plate has been determined to be 18,300 1b. Uslng a wveld throat
chickness, t, of 0.123 i{n. (based on wall thickness of a schedule 40
plpe with an inside diameter of 4 {n.) and a minimum Inside diameter
for a 2R container of 4.0 {n. (end plate diameter of 4.188) resulcs (n
a uniform weld shear stress, rye1d, of:

rweld = P/A = 18,3007/x(4.188)(0.123)
< 11,300 pst

To account for the fact that in drop orientations such as c.g. over
corner the load on the weld may not be uniform around the circum-
ference, che above determined weld shear stress will be multiplied by a

factor of 1.333. This factor corresponds to a linearly varying weld

'stress across the diameter of che end plate as shown helow,

A-15
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2R end FLATE

The naxiouas wveld shear stress {s therefore:

rMax = 1.333(11,300) = 15,060 pst  (See Tadle 1)

This is well within the ultimate shear capabilicy of the weld which can be
taken as 60% of the lower of the minimum ultimate tensile strength of the
base metal or weld mitqrtal. or 0.60(48,000) = 28,800 psi{ (for AlO6 or AS],

Gr A material).

foot free drop accident event., The minioum throat size required is

simply determined by appropriately ratioing the results available from

Step 3 above.

tMIN = (TMAX/Tallow) (E)
- (15,060/28.§00)(0.123)

w 0.064 in.

5. WWWM
pal (i.e.. cthe highest calculated scress resulting from the 30-foof
drop). This end load {s simply 1.333 times the max{mum load on the end
plate determined in Step 2 above, or 1.333(18,300) = 24,400 1b.
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APPENDIX B
PROPOSED WELD INTEGRITY TEST CHARACTERISTICS

In order to guarantee that existing containers’ welds are strong enough to
survive the stress levels reached during & 30-ft drop, s method of proof
testing (s desirad.

Unfortunately, internal pressurization is not a practical approach, because
the i{nternal pressures do not efficiently generate high levels of weld
stress. Long before the desired proof stress level in even a small weld
could be reached, the bottom plate of the container would be permanencly
deformed.

Alcornactv.iy, s fof&o applied directly to the bottom plate by means of a
ram and hydraulic press arrangeaent as Lllustrated {n Flgure B-1 could be
used. This spproach would largely eliminate the bending stresses caused by
Incernal pressurization {n the bottoa plate, and would allow appropriace
proof stress levels to be reached in the weld.

Several characteristics of the test procedure which would be desirable
Include the following:

l. The force applied musc be accurately measurable; a calibracion
traceable to National Institucte of Standards Technology should be
provided.

2. The force applicator (ram head) should be self-aligning {n case the
bottom plate {s not exactly perpendicular to the container axis.
The applicator should apply its load in the vicinity of the weld;
it should be of the largest dlameter which will easily slip inside
the containsr and not intecrfere with any {rregularicies of the
container {nterior. The head should be strong enough not to deform

or buckle upon repeated use.



Some containers may have «ffective weld sizes that could y{eld but
not fail at the proof loads applied. Since these velds could
conceivably be damaged by che test, a method (s required to
deteraine Lf ylelding occurs without faflure. Aitctnacivcs would
be to (1) instrument the end plate displacement versus applied
load, or (2) use a brittle costing that would flake off the weld {f
plastic deformation occurs. Coatings are available comzercially
which are compounded to flake off at strains of ~0.S5%, wvhich level
{s vell above the strains encountered i{n elastic loading (<0.2%) or
vhich may result from pertisl relief of weld residual stresses.

.. Since it is possible that some ends may fall, safety precautfons

which preclude acci{dental personnel {njury should be employed (an
end plate "catcher” or shield).

The leak test to check for leak paths {n the weld shall be
conducted {n accordance with Amer{can National Standards Institute
(ANST) 14.5 for leak tests on packages for shipment of radioactlve
materials. Reference ANSI 14.5 Appendix 3.4, Soap Bubble Test, for

test procedure,

The container shall bo.prcssurized to & test pressure of 14 psig
for 15 min. Then with the container still ptiisptiied, all
possible leak areas of the weld will be coated with a soap
solution. The solution must bridge all weld areas to be effectivi.
Bubbling of the solution {ndicates a leak path {n the weld. Any
bubbling {s cause for rejection of the container. Commercial soap
solutions with lov surface tensions are available for use in this
leak test. After completion of the testing, the effected area will

be cleaned.
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8-

3



