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Development of Methodology for Certification of Type B Shipping
Containers using Analytical and Testing Techniques*
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Design Engineenng Division, Los Alamos Nauonai Laboratory, Los Alamos New Mexico, Unied States ol
Amenca

INTRODUCTION

The Analysis and Tesung Group (WX-11) ot the Design Engineering Division at Los Alamos Nauonal
Laboratory (LANL) 1s developing methodology tor designing and providing a basis tor ceruticauon ot Type B
shipping contamners. This methodology will include design, analysis, iesting, tabncation, procurement, and
obtairing certificauon of the Type B containers, allowing usage in suppont ot the United Staics Deparunent ot
Energy programs. While all aspects of the rackaging developmant are included in this methodology, this
paper focuses on the use of analysis and tesung ¢ aniques 1or enhancing the design and providing a basts tor
ceruficauon. This methodology 1s based on cois - ent engincenng principles.

Muludisciplinary tcams within LANL arc respon bie for the design and ceruticanon of specitic Type B
Radioacuve Matenal Shipping Containers. These teams include personnel with the various backgrounds and
arcas oi expertise required 1o support the design, (esting, analysis and certification tasks. To demonstrate that a
package can pass all the pertormance requirements, the desizn needs to be charactienzed as completely as
possible. Understanding package responscs to the vanous cavironments and how these responses intluence the
ctfecuveness of the packaging requires experuse in several disciplines. 11 acdivon to charactenzing the

shipping container designs, these muludisciphinary teams should be able to provide insightintoimproving new
package designs.

BACKGROUND

I'he pertormance requirements tor cerutication of Tvpe B Radioactuve Matenal Shipping Containers in the
United States are spectticd in the Code ot Federal Regulations, Part 71 (1O CEFR 71, "Packaing and
Fransportation of Radioacuyve Matenals.” Tusung and apalyses, or a comiinauon of testing and analyses, may
be used o demonstrate compliance with the normal and hvpothetical accident conditions speciied in

MCER T

The regulauons do not define the allowabic stnictural or thermal damage a packagtng may sustain but instead
use radiological critena as measures of the acceptability of the design, The package response must be such that
the packaging can (1) mect contamnment requiremetits, (25 keep external radiauon kevels within stated lisnits,
and (3) ensure that a cnucahity event cannot oceur. In the United States. a Safety Analysis tor Packaging
(SARP) is required for every package that is (o be ceruficd. The Nuclear Regulatory Commission has

* Los Alamos Natonal Laboratory s operated by the University of Califorma tor the Unied States
Deparunent ot Energy under contract W-7408-ENG- 36



published SARP guidelines 1n Reg. Guide 7.9, The following sccuons discuss how the package design meets
the requirements of 10 CFR 71:

General Discussion
Structural Evaluaton
Thermal Evaluauon
Containment Evaluation

. Shielding Evaluation
Cnucality Evaluauon

. Operaung Procedures

. Acceptance and Mainwenance
. Quality Assurance

B P
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ANALYSIS TECHNIQUES

Analysis of shipping contziners serves several purposes. Dunng the preliminary design phase, analysis
provides necessary informauon on specific component design requirements. Analysis pnor to tesung helps
idenufy areas of a structure where potential problems could anse during the tesung. Pre-tesung analysis also
helps determine locauons tor instrumentauon in order 10 opumize the data gathered dunng tesung. Post-test
analysis 1s used to understand the data obtained from the 12sting and helps 1o benchmark the analyses. (nce an
analyucal model is "enchmarked, design parameters, including component tolerances and matenal
~haractensucs, can be vaned in order to analyze how the design responds to the extremes ol the environmental
conditons. In some cases, when tesung is impractical, analvsis s the only method that wall allow the engineer
to conttrm the acceptability ot the design. a

Computer modeling techniques used at LANL include the ABAQUS finite eiement analysis code «for analyses
that will be used for ceruticauon), DYNA, PRONTO, EXPLQ), :~d other analysis and optimizaton programs.
The ABAQUS finite clement code 1s a commercial, benchmarked code capable of performing gecometric and
matenal nonlinear static and dynamic cvaluauons with fully coupled heat and stress analysts, large
displacements and rotauons, finite strain elastomers, and rigid surtace contacts. The DYNA (hrcc-dimcns:opal
finite element coxde s copable of analyzing large detormation structural dynamic responses. The ‘PR()NTO iD
code includes nonbincar consututive models and geometne nontincanues resulung trom large detormauons,
and ts capable of providing dynamic impact analysis. EXPLO is & one~<hmensionat thermal analysis code
which uses finite ditferences to calculate temperature ticlds, EXPLO can use temperature-dependent matenal
properties including phase changes and muluple heat source terms with boundary conditions that include
conducuon, Hux. radiauon, and intemai or external convection conditions.

TFSTING

Structural and thermad tesung s conducted w wd n the characwerization and venficaton ot Type B contuner
designs. Tesung allows the normal and hypothetical acaident condibions specificd in 10 CFR 71 to be
amulated w1y a controlled environment.

Objecuves of a test program can include: bench marking of analyses, cavironmental charactenzauon, design
margin determinauon, proot esung, inual damage determinauon tor analyses, and contirming acceptability of
ndividual package components. The information necessary to create 3 valid computer madel and the tests
required for certiticatton are brought gether with testing techmques and nesurement capatnhues. Field and
laboratory tests arc uscd 10 sausty the test objectives, 1n some cases tesung 15 the only method that will allow
the cngineer W contirm the acceptability of components that cannot be evaluated completely by analysis.

Los Alamos National Laborstory has a wide variety of laboratory and field wesung capabilities that directly
support package engineering weams. These capabiliies include data acquisttion/reduction, static and dynamic
tesung, environmental tesung, and matenal charactenzaton.

I xtensive instrumentauon and field portable data acquisition cquipment are capable vt measuring hundreds of
channels of structural and thermal responses during actual transportation or laboratory testing. Instrumentation
includes wradiiona transiucer swllations tor striun, accelemuon, displacement, pressure, and temperature



ncasurements. Nontraditional instrumentation 1s developed for special applicatons such as heat {lux
measurement. Measurement recording systems include data loggers for measurements spanning scveral days
or weeks, and fast transiu recorders tor measurements spanning several mullisecond durauons. Most sysiems
provide real ume output and hard copy data plots within minuies of 1est completion.

Laboratory simuiations of transporiation environments are achieved using vibration, shock, stauc,
environmental and thermal test equipment. Vibration testung facilities include clectrodynamic and
servohydraulic test equipment with up 10 36,000 pounds force capacity and frzquency ranges trom 0.1 1o
2.000 Hz. Shock testing machines have capabilitics up w0 2,000 pounds and 5,000 g ot accelerauon. A 150-
foot verucal tower provides the capability for drop testing objects up to 6000 pounds onto an “unyiciding”
targel. Pneumatic and hydrostatic pressure tesung is possible up to 100,000 psi. Stauc load test trames have
compressive and ensile capacities up 0 2,200,000 pounds of force. Cyclable thermal chambers with
temperature ranges trom -70 to 180 degrees Celsius and volumes up to 280 cubic feet are used to demonstrate
design funcuionality at environmental extremes. One thermal chamber allows simultaneous alutude snmulauon
up to 100,000 feet of elevation or controlled relative humidity between 5 and 95 percent. Capabilitics tor water
spray and immersion tesung exist. General leak test capabiliues including both fixed and portable sysiems
using pressure drop, pressure rise, or helium mass spectroscopy are available. A wind-shieided fire pu cight
feet 1n diameter can sustain a tuel fire bum for up w (wo hours.

Matenal charactenzation facilities exist 10 generate data required 0 develop constitutrve matenal macdels for
use 1n analytical etforts. This ability allows matenal properues to be evaluated under the actual environmental
cenditions anucipated duning transportauon. The propertics tor nonstandard matenais can be ¢valuawd carly
in the design process to determine whether they are sutable tor use and will enhance the conuuner design.

Other capabilities relative to testing being investigated at Los Alarpus include data recording packages and
mock thermai loads which could be scaled inside contunment vessels dunng tesung. These would chminaw
any extnnsic cffects from electnical cables dunng wsung,

METHODOLOGY

The methodology being developed at Los Alamos is based on pnnciples ot concurrent engineening. At the
start ot the program, people involved with the package desten, ceruticauon, tabrication and use are brought
logether into a product development wam.  Although this methodology applics to the complete product .
development process, this paper 1s focusing on the design and cerification steps emphasizing tic icrauon ot
analysis and tesung techmiques.  The analysis and testing techniques discussed carbier are used concurrently to

develop a complete understanding ot how the package design responds W the environments detined in the
regulations

The design ot a packaging 15 broken down into four phases. These phases are: development of design

constraints, conceptual design, prehiminary design, and final design. Proceeding trom one phase to the nexi
does not preclude taking steps back and revisiing previous phases.  The obiective ot this methodology is o
chiminate “long loops™ in the design process in tavor of "short loops.” By frequent iterauon of analysis and

1esLng, design changes can be made as determined necessary, rather than waiing until the process is nearly
. l)lllDl(“lk‘ LO imtate 3 major rcdcsmn.

U'he use of maludisciphinary teams should lead 10 higher quality and more innovauve designs. A combinauon
of mechanical and thermal analysis with structural and thermal tesung acuvities and matenal ¢valuatons are
concurrenty utihized w evaluate and venty Type B shipping continer designs - A pnmary obgective tor an
iteratrve approach to analysis and tesung s 1o get the most out of cach cvent, Both analysis and testing

activities throughout the package development should represent a concurrent and itcrative process leading © an
understanding ol the container design,

Each member of the product development team defines their requirements and needs at the beginming of the
design phase. The weam deterrmines the wide range of packaging destgn constrmnts. The contesis ol the
package as weil as the pertormance requirements ot 10 CFR 71 play an important role in determiming the
desien constraints. [n somie cases the packaging 1s designed and certified for only one specific item. However,
for more generally detined contents, this detinwson can be very difficult. The nature vt the contents dnves the
package design. Contents that generate a great deal of heat require ditferent design teatures than those that



give off high levels of radiation. Some of the questions raised while determining design constratnts might
include: what ar. the overall size requirements tor the package? Arc these size cequirements specific o the
size of the facilities using the package’ Are there special containment, shielding or cnucality requirements?
All these issues require a diverse team working logether 10 improve the package design.

After the design constraints are defined. a conceptual design of the packaging is developed. Conceptual design
Analysis acuviues evaluale an iniual geometry by which test hardware can be procured. [nitial analysis 15 used
to get an 1dea ot how the preliminary design will respond to the different environments. Concerns generated
Jdunng this :mual analysis ot the conceptual destgn mav lead 1o the team deciding 1o reevaluate the design
constraints before proceeding o the preliminary design.

Once the product team has approved the conceptual design ot the packaging, the preliminary design phase 15
imuated. Duning the preliminary design phase, further analysis of the packaging design indicates regions
where instrumeatation is to be installed in order to benchmark the analyses, and suggests possibie weaknesses
in the design that may requure further detailed analysis, ¢valuation tesung or design modificauon. Tesung
duning the preliminary design phase is used to venfy computer models, provide tecdback conceming areas in
the design of parucular interest, determine the boundary conditions for subsequent analysis (c.g. imtial damage
deformauon from a crush input), demonstrate compliance with 10 CFR 71, and provide an empincal feel for

how the container will respond to the normal and accident transportauon environments defined in the
regulations.

Analysis pnor 1o testing 1s used to gain maximum knowicdge trom tesung and 1o give a basis tor the (_laaa
required to benchmark the analyses used tor certificauon. In order 10 obtain urable and opumal daa trom
testing, predicted levels of strain, acceleration, displacement, or temperature are needed. ‘The prediction ol

these leveis ts done by analy:is, and this informaton 1s used 1o s&lect types ol instrumentauon W use in order w
gather usable data.

Results from imual tesung can provide boundary conditions tor subsequent analysis and modeling, For
cxample, deformation and other damage observed (measured) duning imual tesung are used to detine nnmaI
boundary condiuons for shiclding and cniucality analyses. This 1a tum allows a better evatuation ot shiciding
cifectiveness and criucality implications, Post-test analysis 1s used 1o interpret test results.

Ficld tesung 1s uscd to charactenze the ransportauon environments detined in 10 CFR 71, For example, an
accelerauon measurement obtained from the simulated contuner contents during impact irom the 30-foot drop
Jdetines the actual ime history aceeleration pulse unparted W the contents atter mingation by the external
package structure. This informauon can lead 1o opumizing the support structure W prevent problems
assocuied with other design requirements.

l.aboratory tesung can be used to simulate ransponation speciticatrons or reproduce actual measured ficld
data. This simulabion can ke place at a system (the whole container) or component (support tlange weld)
level. Laboratory tesung atlows a more detasied evaiuatuon of the environmental ¢tiects on the packaging

components or the overall system. The uncertainty assoctated with the ambient test conditions can be
controlled in a laboratory,

Limuted informauon s avatlable on the properties of the materals used i various contmner designs.  The
majority of the intormation 1s usually specified at a nonunal ambient temperature. Since most matenal
properties are tunctions ot temperature, material modeling becomes more difficult as the temperaiure ol the
contner vanes, .ANL 18 tesung severgd matenals and developimg constitutive redatonships that can be input
to the varous computer codes tor maicnial properties such as thermal conducuvity, Young's modulus, and other
parameters that are cither temperature or swrain rate dependent.

Subsequent analysis using a ventied model is used w perform parameter studies. The parameter studies
cvaluate vanauons in matenal properuies, Jimensional tolerances, and environmental inputs. Using analysis,
these studies can be accomplished quicker, and 1n some cases with less cost, than is possible by butlding i
tesung hardware. Any untavorable or marginad resuits can be cvaluated through subsequent testng.

I'he concurrent engineenng process of analysis coupled with tesuni is especiallv use tul in determiming design
margin. The mmal unalysis suggests locatons ot high stress tor specitic e viluation durning the it testing.



in tumn. the test results can be used 1o further venty the model. Retinement ot the mesh allows the suress state

of the enure structure 10 be determined at specttic locauons. Through an weraton process. any icvel of design
margin ¢an be obtained.

Once analysis and tesung has been completed on the preliminary design, and the design has been characuzed.

the tinal design 1s 1ssued. In some cases, proof tesung or turther analysis ot the tinal design may be required
tor certificauon,

Package proof tesung generally demonstrates that a container design meels regulatory requirements. While
this works, the proposed concurrent methodology allows tor a better understanding ot the contuncer s response
'0 postulated transporiation environments and allows a determination of the design margin. In ettect, the
methodology answers the quesuon, "1s the container's weakest point at 50% or 95% of yieid?" ‘A wtall_y
uninstrumented test or a test withow instrumentation in the proper locations may not answer this question. An
accident environment that slightly exceeds the regulatory requirement (0r worse yet, just the est-to-1est
vanauon) might possibly lead to a rzlease of radioactive matenal.

An example of the concurrent engineering approach with respect to one component of a package design 1s
demonstrated with the selecuon and ceruticauon of a scal design. Once the package design constrainis are set,
a seal design is proposed. Initial analysis of the conceptual design is used 1o sclect the sealing matenal. ThlS‘
selecuon takes into considerauon effects the contents may have, both from the radiauon and the heat given off,
temperatures the seals will be exposed to duning normal condiuons of transport and during the hvpotneucal
accident tire, and the level of containment required. Thermai wesung provides a temperature distribution i the
region of the seal through adjacent measurements. Subsequent leak tesung venfies that the scal remains lea}
tight after being exposed to the thermal environments. Analysis of the temperature distribution during the fire
rndicates that the O-ning scal remains below the maicnal thermad 4ymiauons dunng the tuel tire environment
and that no gaps form as a result of thermal expansion allowing loss ¢t the precompression load on the scals.

CONCLUSIONS

The use of muludisciplinary teams to develop Type B shipping containers improves the guahity and rcliability
of these reusable packagings. Including the people invoived in all aspects ot the design, certiticauon and use
ol the package leads o more nnovative, user-trendly contuners, Concurrent use of tesung and analysis
allows engineers w more tully charactenize a shipping contaner § responses 1o the environtaents given in the
rewulations, and provides a strong basis for certificauon.

Pre-analysis ot a design gives valuable insight into informauon the engineer needs (o obuiin during tesung.
Vesung provides benchmarking tor the analysi: methods used. Onee the analyses are benchmarked, they can
be used W develop an nnderstanding of how the package might respond o conditions at cnvironmental or
Jesign extremes, for vanous reasons: cost, une restraints, matenal avalability, or the types ot intonnauon
needed, cither testung or analysis ot the deswen mey be impracucal. Post-test analysis is used 1o interpret test
results and detenmine accuracy of the data.  The ability o determine matenal properties of new matenals

should allow designers more tlexibility in the choices ot matenals they utihze i thair des: ns. Proot tests of
the overall desien tor certitication are done wheee required

One bitot cngineenng tolk lore has it thet everyone believes the experiment but the expenimenter, and no one
belicves the analysis but the analyst. The proposed concurrent engineening methodology combines the best of
both approaches. Bv making the analysis and wesung (cxpenment) a concurrent acuvity, the tehevability ot
die expenment s combined with the contidence in the analysis,

i'he combination ot the input and output of these efforts should provide a general methodology that designers of
lype B radicacuve matenal shipping containers can utilize to optimize and certity thesr designs.
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