ASTM STANDARD PRACTICE FOR THERMAL QUALIFICATION OF TYPE B
PACKAGES FOR RADIOACTIVE MATERIALS

Jack Hovingh
Lawrence Livermore National Laboratory
Livermore, CA

Jorman A. Koski
Retired
Sandia National Laboratories
Albuquerque, NM

ABSTRACT

Type B quantities of radioactive materids must be shipped in packages that comply with 10 CFR 71
and IAEA TS-R-1. These packages must be subjected to a hypothetical accident prescribed in

10 CFR 71.73 and TS-R-1, Section VI, while remaning within regulaory limits for containment,
shidding, and criticdity.

The ASTM E05.13 Task Group 9 is developing a Standard Practice for the Thermal Qudification of
Type B Nuclear Packages. The emphasis of the Standard Practice is on performing the thermal
portion [10 CFR 71.73 (c)(4); IAEA TS-R-1, paragraph 728] of the hypothetical accident.

The Standard Practice focuses on therma test methods that can be used to satisfy the regulatory
requirements of 10 CFR 71.73. These tests can include elther a physicd test, the mathematica
amulation of aphysicd test, or acombination of both.

The various methods for performing a physical test include apooal fire, furnaces, and aradiant hest
source. The Standard Practice discusses the advantages and limitations of each method (including
mathematica smulation), test preparation, test conduct, and adjustments of results for off-
regulatory conditions. Instrumentation issues are dso discussed in the Standard Practice.

The status of the Standard Practice will be presented.

INTRODUCTION

Type B quantities of radioactive materials must be shipped in packages that comply with 10 CFR 71
and IAEA TS-R-1. These packages must be subjected to a hypothetical accident prescribed in

10 CFR 71.73 and TS-R-1, Section VII, while remaining within regulatory limits for containmernt,
shielding, and criticality. Differences between 10 CFR 71.73 and TS-R-1 are given in Appendix 3
of the Standard Practice.

The ASTM E05.13 Task Group 9 is developing a Standard Practice for the Thermal Qudification of
Type B Nuclear Packages. The regulations cited above specify the hypothetica accident conditions
that a package must withstand, but they do not contain detailed ingtructions on adternative test
methods or criteriafor evaluating results. The Standard Practiceis intended to provide details of the
thermd portions of the certification process that can be referenced by both package regulators and



gpplicants during package certification. This approach is consstent with current emphasison
consensus standards as a regulatory tool in place of detailed regulations.

The emphasis of the Standard Practice is on performing the therma portion [10 CFR 71.73 (c)(4);
IAEA TS-R-1, paragraph 728] of the hypothetical accident. In ASTM parlance, a tandard practice
is not considered to be a standard, but rather a guide for completing a procedure or test.

The Standard Practice focuses on thermd test methods that can be used to satisfy the regulatory
requirements of 10 CFR 71.73. These tests can include elther aphysicd test, the mathematica
smulation of aphyscd test, or acombination of both.

MOTIVATION FOR ASTM STANDARD PRACTICE/GUIDE

Severd regulatory authorities exist for trangport of nuclear materids depending on the nature of the
shipment (foreign or domestic) and the type of nuclear materia to be trangported. The main
advantage of the Standard Practice will be to make the package certification process more uniform,
regardless of the certification authority and path.

The task group developing the Standard Practice consists of regulators, package developers and
testing organizations. Over three years of regular meetings have led to development of the current
draft Standard Practice. During that time severd people have contributed or expressed an interest in
the development of the Standard Practice.
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Note that the list includes a balance of people from regulatory, test, package vendor organizations,
and industry trade groups.

TEST METHODS
The various methods for performing a physica test include a poal fire, furnaces, and a radiant heet
source. The Standard Practice discusses the benefits and limitations of each method (including



mathematical smulation), test preparation, additional information to be reported, and test conduct.
Adjustments of results for off-regulatory conditions and instrumentation issues are discussed in the
Appendices of the Standard Practice.

Qualification by Analysis

Mathematical smulation is often used to estimate the response of alarge package containing a
Type B quantity of radioactive materid to aregulatory fire (10 CFR 71.73). (A large package is of a
Szethat may chalenge the capability of test fadilities)) Mathematicd simulation can mode the
decay hest rate of the package contents, a parameter not usualy included in physica tests. In
addition, mathematical smulation can determine the sengitivity of the package performance to off-
regulatory test conditions, with the concomitant change in the therma design margins of the
package. The mathematical smulations generaly use ideal geometries, tabulated materid therma
and physica properties, and empirical hesat transfer corrdations that require knowledge of the flame
and combustion products, properties, and velocities. Generdly, mathematical Smulation treats
conduction and radiation across gaps and enclosures within the package but neglects the effects of
convection in the enclosures within the package. In addition, the decomposition of the package
components during and following the fire and their effect on the thermd performance of the
package cannot be easily smulated.

Package Modeling. The Standard Practice discusses the following topics for preparing a package
modd for andyss

Mode preparation including
Thermophysica properties of the package materids (Sructura dements, impact limiters, and
contents).

Thermd conditions during norma conditions of transport and under hypothetica accident
conditions.

Example of a package mode
Additiond information including temperature histories, internal pressures, thermal stresses, and
post-fire, steady-state temperatures.

Methods for conducting the mathematical Smulation response of a package to the regulatory
firetedt.

Quality assurance requirements for computer codes.
Solved problems used to benchmark therma analysis codes.

Descriptions of severa therma anadysis computer codes, deemed to be representative of therma
andyss codes are given in the Appendix 4 of this Standard Practice.

Qualification by Pool Fire Test

Pool fires are used to estimate the response of a package containing a Type B quantity of
radioactive materid to aregulatory fire (10 CFR 71.73). A pool fire may best meet the regulations
of 10 CFR 71.73 relative to the other types of test facilities. The regulatory fire invokes the
radiation and convection surface heat fluxes and temperatures on the package boundaries.




Rdative to mathematical smulation, the package geometry is as fabricated and as damaged from
the preceding regulatory drop tests of 10 CFR 71.73. The actual package materia properties and
interna hesat transfer mechanisms are tested. However, the decay hest rate of the package contents
isusudly not included in physicd tests. In addition, the regulatory pre- and post-fire environment
conditions such as temperature and insolation may not be achieved.

Completed procedures are presented for an actua pool fire test in Appendix 2, beginning with
preparing the test unit (package) through ignition, podt-test activities, and al activities between
preparation and post-test.

Test Preparation. A poal firefadlity isrelaively ample with the flexibility to test awide variaion

of package sizes. With the exception of the regulatory 1m height of the package above the pool
surface, every pooal fire test setup is different. The basic facility needs, in addition to apoal, a
package support structure and a supply of fud. The setup design presents common features of any
pool fire test, identifies features for demonstrating conformance to the regulatory requirements of

10 CFR 71.73, and discusses additiona features for ensuring conformance to 10 CFR 71.73. These
additiond featuresinclude the ability to add fud to the pool during the burn, the use of wind fences
to reduce the effects of wind on the fire, and methods help ensure the packageis fully engulfed in
flames.

Test procedures, including consderations, the eements of atest plan, and organization are
described in Appendix 2 of the Standard Practice.

Tedt Performance. The Standard Practice addresses the test performance, including the selection of
the time of day to perform the test and the package and instrumentation response. The time of day to
perform the pooal fire test is selected to minimize the wind effects on the fire during the 30-minute

fire duration. At Sandia, thewind is usudly minimized during the early morning hours when the

wind shiftsin direction.

Pool Fire Test Setup. The setup design presents common features of any pooal fire test, identifies
features for demongtrating conformance to the regulatory requirements of 10 CFR 71.73, and
additiond features for ensuring conformance to 10 CFR 71.73. These additiona festuresinclude the
ability to add fue to the pool during the burn, the use of wind fences to reduce the effects of wind

on the fire, and methods to help ensure the package is fully engulfed in flames.

The Standard Practice a so addresses the test performance, including the selection of the time of day
to perform the test and the package and instrumentation response. The time of day to perform the
pool fire test is selected to minimize the wind effects on the fire during the 30-minute fire duration.

At Sandig, the wind is usualy minimized during the early morning hours when the wind shiftsin
direction.

The Standard Practice shows the response of (1) thermocouples placed in severd locations on atest
package, and (2) athick wall passve cdorimeter oriented horizontdly in the samefire a the same
level asthe test unit. Measurements taken by the thermocouples and calorimeter demondrate that
the pool fire met or exceeded regulatory requirements of 10 CFR 71.73.



Qualification by Furnace Test

Furnaces are frequently used to estimate the response of a package containing a Type B quantity of
radioactive materid to aregulatory fire (10 CFR 71.73). The package is heated by thermal radiation
from the furnace walls as well as by naturd convection from the furnace internal atmosphere. The
heet flux from natural convection may be less than from a pooal fire; to compensate, the radiant heat
flux may need to be increased to achieve the regulatory tota hesat flux on the package surface. In
addition, the flow of hot “ar” surrounding a cool package in afurnace test may be in the opposite
direction of the flames and heated gases of apoal fire. The heat loss of the furnace facility during

the insertion of the package into the facility may result in an ambiguous start time for the test.

Rdative to mathematical smulation, the package geometry is as fabricated and as damaged from
the preceding regulatory drop tests of 10 CFR 71.73. The actual package materia properties and
internal heat transfer mechanisms are tested. However, the decay hest rate of the package contents
isusudly not included in physica tests. In addition, the regulatory pre- and post-fire environment
conditions such as temperature and insolation may not be achieved.

Test Preparation and Configuration. The Standard Practi ces addresses the test preparation and
configuration of afurnace test. A gas-fired furnace is recommended over an eectric furnace for a
regulatory hest test (10 CFR 71.73) of a package for two reasons. one, the higher hesat flux
associated with the gas-fired furnace reduces the perturbation of the furnace environment during the
loading of the test package into the furnace; two, the oxygen concentration in agas-fired furnace
may be easier to maintain such that combustion, if any, of the package materias of congtruction
may proceed until it terminates naturally.

The Standard Practi ce addresses the following issues for the furnace test:

The size of afurnace, whether gas-fired or dectric, in terms of the interior surface areardative
to the package size.

Digita control sysemsfor the regulation of the interior furnace temperatures.

Methods for loading into and removing the package from the furnace, and supporting the
package in the furnace to minimize the conduction losses and obstruction of the package view
from the furnace surfaces. Loading a package into the preheated furnace and removing the
package from the hot furnace following atest are keys to the successful performance of a
furnace test to comply with the regulatory conditions of 10 CFR 71.73.

Furnace preparation for the test. Emphasisis placed on the location and method of mounting
thermocouples to ensure that the test can be demonstrated to meet the regulatory environment of
10 CFR 71.73.

Data acquisition, including the time interval between data points.
A method for maintaining and monitoring oxygen levelsin a gas-fired furnace.

Package preparation prior to the test, including methods for ingtdling and mounting
thermocouples to monitor the package surface temperature. After the test group ingtdlsthe
thermocouples and checks their functiondity, the package is ready to be inserted into the
furnace.



Test procedures, including considerations, the eements of atest plan, and organization are
described in Appendix 2 of the Standard Practice.

Additional Data to be Reported. Additional datato be reported are identified. All thermocouple data
must be recorded at 15- to 30-second intervas for the duration of the test. The time at which the
package is inserted into the furnace, the time at which the test begins, and the time the package is
removed from the furnace must be recorded. The flue gas oxygenation shoud be measured every

5 minutes during the te.

Conducting the Test. The Standard Practice addresses the conduct of afurnace test. The actud
testing of the package is straightforward. The furnace is prehested, the furnace door is opened, and
the package is loaded into the furnace. When the test is completed, the package is removed from the
furnace. However, because of the depression of the furnace interior and wall temperatures from hesat
losses during the insertion of the package into the furnace, the determination of the time when the

test starts, and hence ends 30 minutes later, is less straightforward. Methods for estimating the “ start
time’ aswell as methods for loading and unloading atest speciman into and from afurnace are
given.

Adjusiments of Results. Adjustments of results for differences from regulatory and initid boundary
conditions are addressed in the Appendix of the Standard Practice.

Abnorma Events, Remediation. Abnormal events and their remediation are addressed. The use of
“dry runs” is strongly recommended in advance of an actud furnace test to ensure that dl
procedures will perform as expected, and that unexpected difficulties are discovered prior to the
actuad test.

Qualification by Radiant Heat Test

Radiant heat facilities are used to estimate the response of a package containing a Type B quantity
of radioactive materia to aregulatory fire (10 CFR 71.73). The package is heated by thermal
radiation from heat lamps aswell as by naturd convection from the facility internad amosphere.
The heat flux from natura convection may be less than from a pool fire; to compensate, the radiant
heet flux may need to be increased to achieve the regulatory total heet flux on the package surface.
The low therma inertia of aradiant heet facility resultsin argpid increase in radiant hest flux at the
beginning of atest, aswell asthe ability of the facility to rapidly respond to input power changes.

Rdative to mathematicd smulation, the package geometry is as fabricated and as damaged from

the preceding regulatory drop tests of 10 CFR 71.73. The actua package materia properties and
interna heat transfer mechanisms are tested. However the decay hest rate of the package contentsis
usudly not included in physicd tests. In addition, the regulatory pre- and post-fire environment
conditions such as temperature and insolation may not be achieved.

Test Preparation. The Standard Practice addresses the test preparation for conducting a radiant heat
test. The test preparation addresses procedures, setup, cdibration, and uncertainty analysis.
Procedures include the environmental documentation and safety, qudity, and operationd

procedures necessary to perform aradiant hesat test.

The Standard Practice discusses the following issues for the radiant heet test:



Test setup, including the lamp array Size needed for the specific test, the design of the test sand
to support the package, the temperature profile required on the test enclosure, the required
insrumentation for the test, and other tasks. These tasks include connection of water hoses, a
check of the power connections and cables, the ingalation of safety barriers, and the setup of
the data acquisition system. A *check test” is recommended using an instrumented mock
package to check operation of the experimenta apparatus, pre-conditioning hardware, and the
enclosure uniformity. If required, modifications can be made and re-tested as necessary reusing
the mock package.

Cdlibration of the individuad thermocouples and other transducers and an uncertainty andyss of
the entire measurement system.

A pre-test vaidation analysis of the expected measurements and a check of the data acquisition
system.

Test procedures, including considerations, the eements of atest plan, and organization are
described in Appendix 2 of the Standard Practice.

Additional Data to be Reported. Additiona datato be reported include the volts, amps, and power
of the power system, the eectrica noise levels, and the reference junction temperature. These data
are desirable to ensure that the facility is performing as expected, and the true temperatures and
their fluctuations are as measured.

For quality assurance purposes, the details of the equipment used, calibration dates, etc. during the
radiant heeat test should be reported.

Test Conduct. The conduct of aradiant hest test is presented in a checklist form for atypica radiant
hest test. Severa taboos are dso listed.

Abnormda Events, Remediation Abnorma events and their remediation are addressed. An example
of an abnormal event isthe failure of awater hose that sprays water over the setup, that necessitate
test termination.

Precision and Bias.

Package qudification is, in part, determined by lesk tightness test following the entire regul atory
qudification prescribed in 10 CFR 71.73, which includes drop testing, puncture testing, crush
testing (if applicable) and fire testing. For this reason, the data presented in a Safety Analysis
Report for Packages and other regulatory documents are intended to provide evidence that the
regulatory fire environment was met or exceeded. For actud testing, the precision of these
measurements must be sufficient to convince the regulatory authority thet the regulatory fire
conditions were met or exceeded.

Appendices
Appendicesto an ASTM specification are not mandatory. The Standard Practice appendices give

further information and guidance for the user.

Appendix 1 of this Standard Practice addresses the approaches of the adjustment of test results for
differences of the test initid conditions as well as the test boundary conditions from the



10 CFR 71.73 regulatory prescribed initial and boundary conditions. These recommendations are
dependent on the magnitude and cause of the differences.

Appendix 2 of this Standard Practice discusses test procedures. These procedures are, in generd,
gpplicableto al of the test methods (poal fire, furnace, and radiant heat) described in this Standard
Practice.

Forma documentation is often required. This documentation may include informeation necessary to
ensure the proper conduct of the test to satisfy the gpplicant and NRC, and may aso include the
internal requirements of the testing organization and other government agencies such asthe EPA.
For example, the interna requirements of the testing organization may require documentation
showing that the test is conducted safely to meet both internd requirements and requirements from
OSHA or the DOE Integrated Safety Management program. Permission to conduct a pool fire test
may require approva of the EPA aswdl as burn permits from state and locd agencies.

Documentation necessary to ensure the proper conduct of the test includes atest plan, hazards
documentation, and the test procedure. The test plan includes the information necessary to facilitate
communications with the interested partiesincluding the applicant, the testing organization, and the
regulatory agency. A hazards analysis is performed and supporting documentation is prepared to
identify hazards for the in-house test organization as well as, if gppropriate, the NEPA

requirements. A test procedure identifies and formalizes the steps and procedures necessary to
perform the test to the satisfaction of the applicant aswell as the gppropriate regulatory agency, eg.,
the NRC.

Prior to the te<t, the test organization performs atest readiness review and presents the results to the
goplicant and other interested parties such asin-house hedlth and safety groups and outside
oversght groups. Thisreview ensuresthat dl test objectives satisfy interested stakeholders.
Following the test, the test organization presents their interpretation of the outcome of the test in
meseting the thermd accident requirements of 10 CFR 71.73. The quality of the datais addressed,
including the occurrence of abnormal events, if any, aswell as the lessons learned.

Customer Administration Engineering Operations Regulators
Initiate request Cost estimate Generate 10CFR 71
preliminary test
plan
Supply funding Allocate funding
to resources
Review and concur Finalize test plan
with test plan
Design test Cdlibrate NIST
instrumentation
Fileenvironmental | Perform hazards In-house saf ety
documentation analysis organization
Obtain open burn Local EPA Air
permits Quiality Board

Implement test
setup




Customer Administration Engineering Operations Regulators
Prepare test Walkthrough In-house saf ety
procedure procedure organization

Initiate public Conduct full dress | Local EPA Air
notification rehearsal Quiality Board

Review and concur Conduct test

with test procedure readiness review

Provide test unit Shipping and Execute test

handling

Review draft test Draft test data

datareport report
Conduct post-test | Perform post-test In-house waste
debriefing cleanup management

organization

Accept final report | Closeout funding Findize test data

account report

A test datareport is generated by the test organization that ultimately becomes part of the evidence
presented to the appropriate regulatory agency, e.g., the NRC. An outline of the materia that needs
to be included in the report is given in the Standard Practice.

The process of preparing for and performing the various tasks necessary for apool fire test is given
in Table 1, above. Role playersinclude the gpplicant (customer), the testing organization including
adminigtration, engineering and operations, and the regulators. The tasks shown in the table rows
arein chronologica order.

Appendix 3 of this Standard Practice compares the thermal portion of the hypothetical accident
prescribed by 10 CFR 71.73 (2000) with IAEA TS-R-1 (1996). Differences between the regulations
are emphasized.

Appendix 4 of this Standard Practice addresses thermd analysis computer codes. The emphasisis
on newer codes, including HSTAR, MSC Patran Thermal, and TAS. Brief descriptions of each of the
codes are given.

Appendix 5 of this Standard Practice addresses instrumentation issues and primarily focuses on
temperature measuring devices, more specificaly, thermocouples. It coversissues, including
cdibration, surviva in hogtile environments, and heat conduction and shunting errors. Pre-test
checks of thermocouples and the effects of thermocouple intrusion into a package are addressed.

CURRENT STATUS OF ASTM STANDARD PRACTICE

The concept for the Standard Practice grew from discussions held during a Symposum on Large
Scale Fires sponsored by ASTM in 1997. The discussions were held in ASTM Subcommittee
E05.13 on Large Scde Fire Tests. This subcommittee is a portion of the ASTM Committee EOS on
Fire Standards. At a subsequent E05.13 subcommittee meeting one of the authors (Koski) was
gppointed as task group leader to develop the Standard Practice. Participants funded by various
organi zations produced draft sections: first, by presenting gpplications and performing tests for the



initia drafting process and second, requesting the group as awhole to review and comment on the
draft contents.

To date, an initid ballot on the Standard Practice has been conducted at the E05.13 Subcommittee
level. Because no negative comments were received, the document was advanced for balot to the
entire EO5 committee. This ballot effort will represent the first opportunity for the ASTM Fire
Standards group to provide input and comments on the practice. The goa isto have a consensus
standard published within one year of the initid balloting. The length of the acceptance process will
depend on the number and nature of comments received.

CONCLUSIONS

The ASTM Standard Practice for Therma Quadlification of Type B Nuclear Packagesis designed to
help applicants for certification of Type B radioactive materia transportation packages select a
method for performing athermd test in partid fulfillment of the requirements of 10 CFR 71.73. In
addition, salient features of each method are described to dlow the gpplicant to review the test
issues, evaluate the test plan, and understand other procedures. This Standard Practice may be cited
by an applicant as partid fulfillment of the requirements of 10 CFR 71.31(c).
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