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ABSTRACT

A methodology has been developed to rank Frequently Asked Questions in Safety Anadlys's Reports for
Packaging (SARP) review. The method has been applied to 39 SARPs reviewed by Argonne Nationa
Laboratory between 1986 and 2001. General Information (Chapter 1) and Structura Eva uation
(Chapter 2) are the two topical areas where more problems were found in the SARPs, followed by
Quality Assurance (Chapter 9), Containment (Chapter 4), and Operating Procedures (Chapter 7). These
problem areas indicate where future training resources should be directed.

INTRODUCTION

The U.S. Department of Transportation (DOT) regulationsin Title 49 of the Code of Federd
Regulations, Part 173 (49 CFR 173.7d) authorize the U.S. Department of Energy (DOE) to certify its
own packages for trangportation of radioactive materials. The DOT regulations also require DOE to
certify that the packages meet standards equivaent to those prescribed by the Nuclear Regulatory
Commission (NRC) in Title 10 of the Code of Federa Regulations, Part 71 (10 CFR 71) for
commercid shipment of radioactive materials. DOE Order 460.1A establishes the safety requirements
for packaging and transportation of radioactive materias that are equivaent to the standards described in
10 CFR 71; the Implementation Guide for DOE Order 460.1A contains information on the
adminigtrative procedures for certifying and using radioactive materia packaging by DOE. DOE Order
460.1 and its Implementation Guide thus provide the basis for DOE packaging certification. Exclusons
from DOE Order 460.1A are DOE's Office of Defense Program for packagings of nuclear wegpons and
weapons components, Office of Naval Reactors Program for packagings used in nuclear-propulson-
related activities, and Office of Civilian Radioactive Waste Management, which isrequired by law to
have its packagings reviewed and certified by NRC.

The DOE packaging certification program, established at DOE Headquartersin 1986 and supported by
technica review groups a Argonne National Laboratory (ANL) and Lawrence Livermore National
Laboratory (LLNL), have reviewed many SARPs submitted with applications for new certifications,
certificate renewds, and amendments. Over the years, the technica reviewers have generated many
hundreds of questions (or request for additiona informatiory clarification) covering al aspects of the
design of packages and their safety compliance as demonstrated and documented in the SARPs either
by tests or analyses or acombination of the two. The reviewers have observed that many of the same
issues came up repeetedly for such items as contents definition, materias specification, drawing legibility,
etc. A compilation and digtribution of "Frequently Asked Questions' (FAQs) was considered to be an
important vehicle for helping applicants avoid common problemsin SARP preparation; the result would
be a more efficient packaging review and certification process [1-3]. Use of the FAQs by the applicant,
coupled with the guidance provided in the DOE Packaging Review Guide [4] and the various training



courses, should help avoid common omissions and shortcomings before the SARP is submitted for
review.

METHODOLOGY

To compilethelist of FAQsin SARP review, the input questions submitted by the ANL and LLNL
technical review gtaffs were andyzed by following a criterion that defines a FAQ based on its "rdative
frequency of occurrence’ in SARP reviews. The relaive frequency can be determined by dividing the
number of times a FAQ was asked by the total number of SARPs areviewer had reviewed in the padt.
(Specid congderation is necessary for FAQsin shielding and criticdity, asexplained later.) A tdly of
relative frequencies for the FAQs can thus be generated, and any ranking (e.g., the top 10 most
frequently asked questions) or cutoff frequency (e.g., [150%) can serve as an objective criterion to
generate either separate (i.e., ANL or LLNL) or combined (ANL and LLNL) lists of FAQsin SARP
review. ANL and LLNL were to independently determine the frequency taly of their FAQs; this paper
focuses mainly on the ANL results.

The early portion of the ANL andysis of FAQs was completed in 1996 by R. A. Alsup, who compared
the FAQs with the QO0, Q1, Q2, and Qn questions that the ANL reviewers had asked in the 35 SARPs
reviewed between 1986 and 1995 for various contents such as uranium hexafluoride, uranium tritide,
uranium and plutonium metal and oxide, source capsules, spent fue, transuranic waste, etc. Each FAQ
that has been identified for a given SARP was counted only once, even though that FAQ may appear
more than once in the exchange of questions (if unresolved) and responses between reviewers and
gpplicants. A spreadsheet program was used to tabulate the data and eva uation results, which were
subsequently verified by the ANL SARP reviewers who submitted the FAQs. The spreadsheet program
was als0 used to generate a Satistical compilation of SARP review questions by chaptersin the 35
SARPsreviewed by ANL. The compilation combines the Q0, Q1, Q2, and Qn questionsin each of the
nine cheptersin the SARPs for atota of 2,288 questions. Breakdowns of SARP review questions by
chapters and contents are also provided for SARPs that, because of the nature of the contents for the
packages, have no concernsin ether shidding, criticdity, or shidding and criticdity. A breskdown of
questions by Q-list issuance (i.e., Q0, Q1, Q2, etc.) isnot given in this paper; it can be obtained with
additiond effort when it is necessary to investigete the reasons for fully versus partialy resolved
guestions.

Between 1996 and 2001, ANL conducted mgjor reviews for four additional SARPs for packages
containing plutonium metals and oxides, highly enriched uranium metals and oxides, low-enrichment
uranium metal ingots and scraps, and various target and specia form materials. The 497 questions
generated during the review of these SARPs were used to vaidate the earlier results on the nature of the
FAQs and the datistics. Recent statistics of questions generated in the LLNL SARP review are dso
included for comparison.

RESULTS

The data and evauation results of the FAQs were tabulated for the 35 SARPs reviewed by ANL
between 1986 and 1995. In the spreadshest, the SARPs are listed by abbreviated titles and docket
numbers in chronologicd order starting from the SARPs (T-3, RH-72B, and ATR) that were under
review a thetime. Thefirgt column in the spreadshest gives the two-digit “chapter.question”
combination that uniquely identifies each FAQ submitted by the ANL SARP review ga&ff. (Thetota



number of FAQsis 54; see www.et.anl.gov/sections'thm/research/fag.html for a complete list.) Each cell
in the spreadsheet’ s 35 columns of SARPs contains one of the three possible types of entries: 1 for a
match between a FAQ and a previoudy asked question for the SARP, blank for no match, or "--" for
null. Null entries were made only for FAQs in shidding (Chapter 5), criticdity (Chapter 6), or shieding
and criticdity (Chapters 5 and 6) for certain packages. For example, the ATR package has criticality
concern, but no shielding concern, because the package contains fresh, unirradiated but highly enriched
uranium metd fud dements. Mount-TT, UC-609, and TT-6M, on the other hand, have neither shidlding
nor criticality concern because the contents for these packages are tritium. For these and other smilar
packages (10 of atota of 35), no questions need to be asked on shielding, criticdlity, or shielding and
criticaity because such concerns do not exist. Null entries are therefore necessary to exclude them from
being used in the determination of relative frequencies of FAQs for Chapters 5 and 6.

Additiondl columnsin the spreadsheet contain the evaluation results The SUM column tabulates the
number of times each FAQ has gppeared in the total number of SARPs (35 or 25) reviewed and given
in an adjacent column under Tota # of Packages. The Percentage column gives the rdative frequencies
of the FAQs. The last three columns in the spreadsheet compare the relative frequencies of each FAQ
to assumed cutoff frequencies of 50, 35, and 20%, respectively. The number of FAQs above acertain
frequency, indicated by the sum of 1sin the entries for each of the last three columns, apparently
increases with lowering of the cutoff frequency.

The evauation results within the spreadsheet can be sorted easily, and certain FAQs, eg., questions 2.8,
4.4,5.4, 6.3, and 8.4, obvioudy appear less often than others. The top 10 most frequently asked
questions by the ANL reviewers are (in descending order): questions 1.1, 1.2, 2.2, 2.4, 2.10, 9.1, 2.7,
3.1, 1.5, and 9.4, appearing in Generd Information (Chapter 1), Structura (Chapter 2), Therma
(Chapter 3), and Qudity Assurance (Chapter 9) in the SARP.

STATISTICAL COMPILATION

Figure 1 shows the percentages of SARP review questions by chapters based on the datalisted in the
spreadsheet. Among the 35 SARPs reviewed by ANL between 1986-1995, more questions were
asked in Structural (Chapter 2) than in any other chapter, followed by Genera Information (Chapter 1),
Containment (Chapter 4), Operating Procedure (Chapter 7), Therma (Chapter 3), and Quality
Assurance (Chapter 9).

When the SARP review questions are grouped by chapter and content, the percentages of questionsin
Structura (Chapter 2) remain the highest (26.4, 25.7, 30.0, and 27.5%) of al chaptersin the four
subgroupings of SARPs containing both Chapters 5 and 6 (for fissle and radioactive materids), without
Chapter 5 (for unirradiated fissle materid), without Chapter 6 (for nonfissile radioactive materid), and
without 5 and 6 (for tritium-containing material). Compared to the percentages shown in Fig. 1, the area
(or Chapter) that has the next-highest percentage of SARP review questions depends on the content of
the package: for example, Containment (Chapter 4) has the second-highest percentage (20%) of SARP
review questions for the five SARPs (ATR, PUO/AmMO, HPG MOD 3, 5-Watt Radioisotope) without
Shidding (Chapter 5) concern; Containment (Chapter 4) also has the second- highest percentage
(14.2%) of questions for the five SARPs (Shippingport, ®Co capsules, BUP-500 RTG, Krypton,
BUSS) without Criticdity (Chapter 6) concern; and Operating Procedures (Chapter 7) has the second-



highest percentage (14.8%) of questions for the five SARPs (Mound-TT, UC-609, TT-6M, AL-M1
Nuclear, DT-14A) without Shielding (Chapter 5) and Criticality (Chapter 6) concerns.

Figure 1. SARP Review Questions by Chapters (2,288 Questionsin 35 SARPS)

Table 1 ligs the percentages of questions generated in the reviews by Chapters (1 to 9) in the SARPs
and by ANL between 1986 and 1995 and between 1996 and 2001, and by LLNL. The percentages of
guestions in each SARP chepter differ somewhat between ANL and LLNL, but Structural (Chapter 2)
and Generd Information (Chapter 1) are consstently ranked the highest among dl chaptersfor ANL and
LLNL. Thetwo sets of ANL dataaso reved an increase (by afactor more than 2) of percentage of
questionsin Criticdity (Chapter 6), dueto aparticular SARP for which the gpplicant has changed the
package contents and design approach (from finite to infinite arrays) severd times during the review.

Table 1. Percentages of review questions by SARP chapters and by ANL and LLNL

SARP Ch.1 Chh2 Ch3 Ch4 Ch5 Ch6 ChtY Ch.8 Ch.9

ANL* 167 268 103 109 52 44 107 49 9.9
(1986-
1995)
ANL** 171 231 50 9.7 42 103 123 80 103
(1996-
2001')
LLNL 227 308 100 89 5.2 5.6 7.4 3.9 5.6

*2,288 review questionsin 35 SARPs.
** 497 review questionsin 4 SARPs.

SUMMARY
A methodology has been developed to rank the FAQs in SARP reviews. The method has been applied
to 35 SARPs reviewed by ANL between 1986 and 1995 and vdidated with the questions generated by



ANL for 4 additiona SARPs reviewed between 1996 and 2001. For the 39 SARPs reviewed by ANL
between 1986 and 2001, the top 10 most frequently asked questions, in descending order, are:

Ch.1

Ch.1

Ch. 2

Ch. 2

Ch. 2

Ch.9

Ch. 2

Ch. 3

Ch.1

Ch.9

Provide identification of dl materids (e.g., sted, wood, foam, sedls, vent plugs, etc.) in the
packaging with complete, authoritative (ASTM, etc.) materials specifications.

Provide a complete set of detailed, legible engineering drawings of the packaging. (As-built
drawings should be provided if packaging fabrication deviates from design.)

Provide quantitative design criteria for each structura component of the packaging, if analyssis
used for packaging qudification. Provide numerica vaues of the dlowable stress/deformation
limits for structura materials based on authoritative sources (ASME, €tc.).

Provide mechanicd properties of al materids of congtruction of the packaging for the range of
norma and hypothetica accident conditions (e.g., temperature, strain rate, etc.) expected for the
packaging. For impact-limiter materids of a given dendty, stress-strain data as a function of
temperature and strain rate should be provided.

Provide evidence that the worst conditions (temperature, orientation) for maximum damage to
the packaging have been used in the 9-m drop and puncture tests. Show that the puncture test
damage is treated subsequently to and cumulatively with the 9-m drop test.

Identify al QA requirements for the use of the packaging. Use of the packaging includes
operation, acceptance testing, maintenance, and repair throughout the life cycle of the packaging.

Provide anadyses of lifting and tiedown devices for the packaging as prescribed in 10 CFR 71.
An account should be provided in the SARP for possible lifting and tiedown of the packaging by
unintended means,

Provide judtification for assumptions, and input and relevant output data for the thermd analysis
performed for the packaging. Show that the computer program used in the andlysisisa
vaidated code, and that the hypothetica accident therma event modeled isfor the worst-case
conditions.

Provide a document-controlled SARP.

Remove ste-specific procedures and shipping/facility requirements from Chapter 9 of the SARP.
Packaging-pecific requirements must be specified in the SARP. Quantitative pass/fail criteria
must be specified S0 that the desired result will be accomplished no matter who is performing the
work.

The mgority of these 10 most frequently asked questionsin SARP reviews appear in Generd
Information (Chapter 1) and Structural (Chapter 2), which corroborate with the trend identified in the
datistical compilation of SARP review questions by chapters, and nearly so by chapters and contents.
Thermal (Chapter 3), Containment (Chapter 4), Operating Procedures (Chapter 7), and Quality



Assurance (Chapter 9) are other areas where more problems were found in SARP preparation, as
indicated in the historical data. These problem areas dso point to the need for continuing the following
Training Courses sponsored by the DOE Package Approva and Safety Program:

* Methods for Reviewing Safety Analyss Reports for Packagings (Generd).
* Application of the ASME Code to Radioactive Materid Packaging (Structural).
* Qudity Assurance for Radioactive Material Packaging (Genera and QA).

Proactive measures should be taken to disseminate the FAQs in SARP reviews to potentid applicantsin
thefield. Direct mailing of FAQs as part of a pregpplication package, handouts of FAQs for future
participantsin the above Training Courses, and posting of FAQs on the web are among the means by
which common problemsin SARP preparation might be avoided for a more efficient process of
packaging certification. Theligt of the FAQsin SARP reviews by ANL can be found a
www.et.anl.gov/sectionsthm/research/fag.html
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