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1.0 INTRODUCTION

This document describes the approach used to demonstrate compliance of the TRUPACT-III
transportation package with the requirements of 10 CFR §71.73 [1]. The TRUPACT—III package
is a Type B(U)F-96, rectangular package with reinforced, flat walls, a bo]ted flahge lid, and a fully
enveloping overpack. The licensing basis for the TRUPACT-III paclﬁage will be primarily
demonstration by a full-scale test. Analysis is used for all Normal Condmons of Transport (NCT)
events, except the free drop (10 CFR §71.71(c)(7)), and for the Hypothetlcal Acc1dent Conditions
(HAC) immersion case [10 CFR §71.73(c)(5)], and the thermal event [10 CFR §71 .73(c)(4)]. Full -
scale testing will be used for the HAC free drop and puncture events {10 CFR §71 73(c)( 1) & (3)].

The objective of the test program is to demonstrate that ‘after a worst-case series of free  drop and
puncture drop events, the full-scale, prototypic Certlﬁcanon TestUnit (CTU) is leak“hght w*“
according to ANSI N14.5 [2], and has not incurréd ¢ damage that wbuld invalidate thermal or
criticality analysis assumptions. A ’

2. ANSINI14.5-1997, American National S\}andard%r Radloacizve Matertals Leakage Tests
on Packages for Shtpmenf‘ Amencan Natlonal Standard Instltute Inc. (ANSI).

u,contamment under the subsequent HAC fire event.

Several onent'mons will be tested to ensure that the worst-case series of free and puncture drop
events has been conSIdered :Post-lmpact helium leakage rate testing will demonstrate that the
containment. boundary is leaktlght per ANSI N14.5".

The maximum coplbmatlon of free and puncture drop deformation will be used in the thermal
analysis to show that under these worst-case conditions, the elastomer O-ring seal temperature

"'In this document the term “Jeaktight per ANSI N14.5” means a leakage rate less than or equal to 1 x 10 Pa-m*s
(1 x 107 ref-cc/sec), air.
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does not exceed safe limits during the HAC fire event. In addition, it will be shown that the CSA
structure does not exceed the temperature limit for the structural material.

Besides providing containment of the radioactive materials, the TRUPACT-III package must
maintain a subcritical payload. However, due to the nature of the TRU waste payloads slated for
transport, criticality is controlled by limiting the payload and mamtammg nommal CSA geometry.
And since the payload is contact handled, no biological shielding is requlred Thérefore, criticality
and biological shielding do not need to be considered in the certrﬁcatrbn test program.

3.1 Prior Testing in HaIf-ScaIe

The TRUPACT-III package has been subject to three prevrous“test campaigns usmg a prototyprc
half-scale test unit. In its current configuration, the TRUPACT—III package differ$ somewhat
from the configuration tested previously, but retarns 1ts ssential shape and internal structure
The differences may be summarized as follows: & G i

. . o ~ .
Prior Configuration “Current Conf iguration

Gross welght of 25,000 kg and maximum
payload werght of 5,125 kg

Gross weight of 30,000 kg, and max1mum

payload weight of 5,800 kg
.| Overall length of 4288'mm

Overall length of 6,058 mm \‘{'3;, l N
Energy absorption by wood and phenolic foam l%r;Erg)xlhabsorptLgntf)y polyurethane foam

%, 15-mm thick puncture-resistant plate in

No puncture-resrstant plate i in overpack < |
¢/,bothends ¢

cover; 10-mm thlck plate in closed end

In addition, somé‘;mlcmral stlffness has been add‘gd to the body and closure lid sealing flanges,
and some minor constructlon defarlshave been altered Tor better performance.

‘Q,m "

Vs T
In 1994, the-package, desrgnated ‘the’ ’I'N-Gemmr'Was tested in France. That test series included
one NCT 0.3:m free drop, four HAC, 9- “m frée. drops, and four punctures. After each test, both
the ”’c'ontamment seal and the contamment boundary were individually leaktight per ANSI N14.5.

(a‘"‘ln 2003 the same test umt was completely reﬁxrbrshed replacing the closure lid, closure bolts, and all
oVerpack materials and structures extemal to the CSA. The subsequent test series was conducted at
Sandia’ National Laboratones (free drops) and at a private contractor in Carlsbad, NM (punctures), and
included: one NCT, 0.3-m free drop, three HAC, 9-m free drops, and four punctures. Once again, the
containment. seal and contamment boundary were leaktight subsequent to all testing.

Finally, in 2005 l‘the puncture -resistant structures on the closed end (also representative of the
structures in the overpack cover) were refurbished and tested to determine the effectiveness of
design changes m'tde subsequent to the Sandia tests. Several punctures were performed on the
package sides in order to confirm the worst-case puncture attack angle to be used in certification
testing. Additionally, a 9 m free drop onto the large flat side of the package was made to
confirm acceptable performance in that orientation. In that case, support of a hard vacuum by
the containment seal was used as a substitute for a complete helium leakage rate test.
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Therefore, in all, a total of two NCT, 0.3-m free drops, eight HAC, 9-m free drops, and more than ten
puncture drop tests were performed on the half-scale test unit, as summarized in Table A1. Although
the leakage rate tests performed on the half-scale package were not necessarily representative of the
performance of a full-scale package, it is significant that the package was leaktight in each case.
Since the prior and current configurations are quite similar, the results of the prror tests are used to
guide the choice of certification test orientations for the current conﬁguratron "

A
4.0 INITIAL TEST CONDITIONS G
PN ““ |

4.1 Internal Pressuree.

\

Since internal pressure has the effect of i mcreasmg contamment boundary stress, thé { SA wrll be
pressurized (at ambient temperature) to an mtemal prcssure of 172 'kPa (25 psig), equal to the
design pressure. Since resistance to puncture is not srgnlﬁcantly affected by internal pressure
internal pressure is optional for the puncture tests. Since'the | pressure is’ only an initial condmon
monitoring the pressure will be optronal ~ :

The maximum free drop impact is 1mportant hn the evaluatlon of contz:"mment integrity. This
corresponds to the minimum temperature condltlon of 229 C (-20 °F) "due to the increase in
crush strength of the energy-absorbing matenals (polyurethane}foam) with decreasing
temperature. Consequently, t;for those free drop onentatlons inwhich the impact may be
bounding, the CTU wrll be tested at a foam materral temperature of -29 °C (-20 °F) or less.

The maxrmum‘Lfree drop deformatlon is 1mportant 1n the ‘evaluation of the ability of the overpack
structures to absorb ail.of the drop énergy prior to /Jock up” and to protect the elastomer

t{" ™
contamment seals durmg the hypothetrcal fife;” Consequently, for those free drop orientations in
whlch maxrmum crush deformatron may h?boundmg, the CTU will be tested at ambient
temperature Thé measured crush deformatlons will subsequently be extrapolated to their
maxlmum values, correspondmg to NCwaarm temperatures, using analysis.

The"puncture resistance %f the TRUPACT-III package is primarily a function of the properties of
the stainless steel puncture-resrstant p]ates and these properties do not vary significantly with
temperature"' Therefore '1ll puncture drops are performed at ambient temperature.

-*E.)'

4:3" Test Facilities and Instrumentation

The certification drop and puncture testing will be conducted using a drop pad having a weight of at
least 10 times the welght of the CTU, or at least 250,000 kg (550,000 Ibs). The top of the pad will be
covered by an embedded steel plate of adequate thickness such that the drop pad will represent an
essentially unyielding surface. The puncture bar will be a 150 mm (6 inch) diameter bar of mild steel,
mounted perpendicular to the drop pad, and having an edge radius not exceeding 6 mm (0. 25 inches).
The bar will be reinforced by gussets at its base and welded securely to the pad. The length of the bar
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will permit the bar to do maximum damage before the package becomes supported by the drop pad, but
it will be at least 20 cm (8 inches) long. More than one length of bar may be used. Puncture bars will
not be reinforced beyond what is necessary to provide rigidity at the baseplate joint.

CTU temperature will be measured by means of thermocouples embedded in the foam. Asa
minimum, the region of foam expected to undergo crush deformation w111 be momtored

The primary means of recording the results of the certification testin *wrll be physrcal
measurements and observations of the CTU before and after testing.~ Each free drop impact will
be recorded using accelerometers. Since puncture drop 1mpacts{rc not govemmg for impact,
puncture drops will not be instrumented. As a minimum, convéntlonal speed v1deo cameras and
still photography will record each event. High speed ﬁlmmg may "also be used

4.4 Certification Test«Unlt Conflguratlon

»;e

The CTU is an essentially prototypic representation of a full scale TRL!TPACT -III package. Any
differences between the CTU and a production TRUPACT: -m package are discussed and Justlﬁed below.

1. The CTU utilizes no thread inserts on the closure bolts, which are - optional. But since the
productlon unit inserts are made of hardened alloy steel, the holdmg strength of the closure bolts
is conservatively less in the absence of thread Inserts. Therefore, this drfference is conservative.

2. To help ensure bounding free drop imp cts the crus h strength of the polyurethane foam in
the regions of impact for the cold temperature freé drops wnll be: brased toward the high side
of the standard tolerance band. A crush st‘i'ength up to half, of the tolerance band above the
maximum value ay also be ‘accepted in these regions. Conversely, foam in the regions of
impact of the axrmum cru h‘free drops wnll'be biased toward the lower half of the standard
tolerance bafid. A crush strength up to half of lhe tolerance band below the minimum value
may also be accepted in these re lons :

3. To ensure, conservatlve leakage tate measurement of the CTU containment seal, the
compressron of the seal W1ll ‘be modified to'be less than or equal to the minimum
frvcompressron of ‘t‘heproductron unit (PU) seal. Since the leakage rate tests will occur at

‘ambient temperature, the reductlon in ‘tompression due to a package temperature of -29 °C is
also taken into account"- The maxrmum compression, vy, of the CTU seal will therefore be:

'YcrU MAX = [Y PU-MIN — AY Reduction for cold temperaturc)

4. Specra vent and test ports will be added to the side of the CTU that do not occur on the
productron umt These added ports are located away from structural damage areas, and do
not affect the behavror of the CTU. They provide for leak testing the CTU without removal
of the overpack cover

.

5. No rails, pallefs, or energy absorbmg dunnage are included in the test unit. Absence of these
structures is conservative, since their beneficial capacity to absorb impact energy will not be
present. Their weight, however, will be included in the simulated payload.

6. Several minor package features may be omitted from the CTU: Package nameplate, tamper-
indicating device, pressure relief valve on the overpack cover, rubber bumper strips in the
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payload cavity, and external paint. Lack of these items will not affect the outcome of the
certification tests.

7. The CTU payload, which accounts for the weight of the roller floor, the pallet, the waste container,
and the waste, will weigh a minimum of 5,125 kg (11,300 lb). This value w111 be adjusted upward
using additional material, as necessary, to ensure that the total weight of the CTU is at least equal to
the maximum gross weight of the TRUPACT-III package of 25,000 kg (55 125 lb)

Except for these differences, the CTU will be in full compliance v w1th the SAR drawings of the
TRUPACT-III package. Prior to any certification testing, the OTU will undergo all relevant
acceptance tests and fabrication data approval, and will recelve ¥ certlﬁcatelq mpliance with
all drawing and specification requirements. ik

4.5 Slmulated,

The payload of the TRUPACT-III package will consrst*"of essentrally the same waste stream as is
transported in the TRUPACT-II and HalfPACT packages wrth the differénce that the waste
containers will consist primarily of rectangular steel boxes (Other traditional waste containers, such
as drums, may also be used). The boxegwdl Testona relatlvely ‘thin’ pallet, which will rest, in turn,
on a roller floor attached to the lower sidé, the package interior. “Smce ths(structures of the box,
pallet, and roller floor may provide some beneficial & energy absorptlon durmg impact, a payload of
loose metal bars will be used in the certifi ca'hon tests-for conservatlsm e bars will be of a
material, stiffness, and length to ensure neghglble mtefénal energy absorptlon during impact, and an
interaction with the containment boundary of boundmg seventy ‘The bars may be bound in small
groups for convemenc@ “As’ stated above, the agﬁregate werght*éf the bars will equal, as a
minimum, the max1mum welght of the contents oﬁthe TRUPACT-III package (roller floor, pallet,

,In order to detennme the worst-case drop and puncture orientations, an exhaustive consideration of all
& umquely different free arid puncture drop Orientations was made. Each uniquely different orientation
was evaluated to determiné if boundmg forces, stresses, strains, or damage to the sealing area would
occur. Trom that review, a subset of bounding events was generated. As will be seen, very few free or
puncture drops can affect the contamment criteria in regions remote from the lid O-ring seals. Instead,
the majority of events that can affect the containment criterion are focused on the lid sealing region.

Note: In the fo]l ir "an edge is defined as a line where two sides meet at a right angle. A
corner is defined 3s a’point where three sides meet.

The raw set of all possible drops and punctures is grouped in summary form as follows:
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. Free Drops on the Ends (12)

A. Flat end (package vertical). Total of two drops. Although the overpack construction
is essentially the same at each end, the CSA construction is somewhat different.

B. Near vertical on each edge. Total of four drops, since each end has,only two unique edges.

C.g.-over-end edges. Total of four drops, since each end ha ’onlfﬁ‘i'io unique edges.

0

D. C.g.-over-each comer. Total of two drops, since there is only ne\unique corner per end.

In :'

Il. Free Drops on the Sides (9) ; Xy :
A. Flat (package horizontal). Total of two drops “;mcc there are only twom mque sides.
e

B. On s1de edges (package horizontal). Tota of one drop, smce all four snde ed es are

Slapdown on flat side, lid primary. Total of two drops ‘ mce there are two unique sides.

.,

Slapdown on flat side, lid secondary Total of two drops, smce there are two umque sides.

m|o 0

Slapdown on srde—edge lid seco dary “;“I‘“SEI of one drop, s;h !

lll. Puncture Drops (through c.g. unless stated othe

o0 E Punc""re on the overpack cover _]om front side).

-,
‘h

F. Punctufe. on the ove%ack coy;?er joint (top/bottom).

G. Puncture on’ the 8. ove‘ricomer drop damage.

whether it ls”unlque and whether it places bounding loads on the package, or represents bounding
damage to the sealmg area {'that could affect thermal performance. The result of all of these evaluations
is summarized in Sectlon 6.0. Note: in the following small figures, a number in parentheses (e.g.,
LD1), indicates that’ lthe test orientation will be performed as summarized in Table 1.

As noted in Section 3.1 and discussed further in the following paragraphs, many orientations have been
tested in prior certification test programs using the half scale test article. The results of these tests
provide a database of information which is used to guide the choice of bounding tests to be performed
on the full-scale CTU. Table A1 shows the extent of previous testing using the half-scale article.
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5.1 Free Drops on the Ends

I-A. Flat End Free Drops (Package Vertical). The overpack

construction at each end is essentially identical, and therefore the | |
impacts are considered identical at each end. However, the CSA o)

structure is different at each end: the closed end has 8 mm plates (|l

and is continuously connected to the sides, whereas the lid has 12 £ oz

mm plates and is connected to the sides by closure bolts.

Consequently, the closed end structure is a plate with essentra]ly,

fixed edges and the lid is a plate which is essentially srmply

supported. Under a distributed load (such as the payload in a vertrcal drop), theﬂ'bendmg stress at
the edges of the closed end is about 50% greater than at: the center of the lid. However, the lid
flange may rotate and affect the ability of the contamment seal to remain leaktrghtv'NFrom these
considerations, it is not obvious whether the lid down or closed end down drops would resent a
bounding case. The lid end down orientation places the’ greatest 10ads,on the lid structure‘and on
the closure, potentlally deforming the sealing area; the closed erd down’ potentially créates
bounding stresses in the containment boundary

During the certification testing of the TN-Germm in France in 1994 the half-scale test article
was dropped 9 m on the closed end wrth\anie urvalent full scale 1mpact of 179g. No damage or
deformation was noted in the closed end régron of the CSA after this (and Several subsequent)
tests. Since the construction of the CSA of the TRUPACT—III package is essentially identical to
that of the TN-Gemini, and since the expecte‘d maxifiim end drop impact of the TRUPACT-III
package (as redesrgned) s essentlally the samenat’fSSg, itis not  necessary to retest this
demonstrated in, the half scale test Since the lid end down orientation places the greatest loads
on the lid strucfure’ and closure, the TRUPACT-II package will be tested in a lid-down
orientation under maximum- lmpact (cold condrtlons

I-B. uear"\’ertlcal En}Free Drops The 1mpact magmtude
drops off rapxdly{mh the off-vemca] angle of impact, and

......

atan angle of approxrmately 6° 7°from the vertical, with an
equrvalent full scale lmpact of 109g. An equivalent lmpact under

I-B

the same condmons on the opposrte end of the article, in which the
orientation was essentrally perfectly vertical, was 327g, or three times higher. Also, since the lid
is supported by the overpack cover only in the vrcrmty of its four corners, it will still be left
unsupported near the middle of its four sides, even in a pure vertical drop. Finite element
analyses have shofvn that the deflections of the lid will be greatest at the middle of the sides. In
other words, whether the package orientation is vertical or near vertical, the most vulnerable
areas of the closure and sealing structures are unsupported by impact absorbing structures.
Therefore, since the forces driving seal area deformation fall off rapidly, even for small off-
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vertical angles, but the vulnerability of the closure structures are essentially unchanged, the near-
vertical end free drops are not bounding and do not need to be performed.

I-C. C.g.-Over-End Edges. These orientations provide neither
maximum component loading nor maximum seal area stress, as
discussed in the section above. Further, the thermally-relevant crush
in the seal area is less than the softer corner case discussed below.

If dropped on one edge of the cover, an “overturning moment” /: .
might be applied to the cover attachments. However, since the# ‘5 ’

cover is relatively soft, allowing the crush to be localized, there‘rs *
no risk of sufficient load transfer to the opposite side so as'to fall tlie cover atfachment bolts.
This condmon was demonstrated in the certrﬁcatlon testmg in France in 1994, in ‘Wthh a 9-m,

0»1

A It
G

I-D. C.g.-Over-Corner. This orientation produces the greatest* tal “’*w
deformation, since the crushed area is relatively small compared to other
orientations. All four corners are essentlally identical on each end For
this reason, a drop on the closed end comer would likely produce the )
same overall deformation as a drop on the] lid. e”n'd comer. However;i;
since there is no thermal shield structure oh the c]osed end, a drop on*the
closed end could not readily supply inform ‘hon abouf the peﬁomce

O

1-D

of the thermal shield under these conditions. ‘ln addmon if} puncture
drop is performed on top of thls damage, the presence of the 11d énd cover joint may be
significant. Therefore the TRUPACT-III package will be tested in the lid- down, c.g.-over-
comer orrentatlon Qt amblent te%peramre More deformatlon would occur at maximum NCT
temperature, bilt it can*be shown that the additional! fdeformatlon caused by the accumulation of
damage of this drop w1th the Y‘Lertrcal end. drop (I-A)'is conservatively greater. Therefore, no

analyncal adjustment of the \defonnatlon neeis ’t"o'ﬁ)e made.
. . - N ;{‘0

| ll-A]\ Flat Side Free Drops. In these‘orlentatlons (upper
srde/bottom side or left srde/rrght srde), the wall agamst the ground

Z\

NS
under its own werght Due to the large size of the impact surface,
impact loads in the srde drop are bounding. Slapdown is not :
governing as dlscussed below. Therefore, the TRUPACT-III :E ) :l (LD3)
package will be dropped in the side orientation, with the impact L ]
surface horizontal, under maximum-impact (cold) conditions. fI-A

I1-B. Side-Edge Free Drop. In this orientation, the package is
horizontal, with one side edge down and the opposite side edge T
directly above (c.g. over edge). This is a single orientation since @ (LDS)A ] l

all four edges are alike. A side-edge drop was performed during
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the certification of the TN-Gemini in France in 1994, and resulted in no deformation of the CSA (i.e.,
diagonal measurements of the CSA interior showed no change from the impact.) The greatest risk in
this orientation is to the thermal shield, since excessive deformation along the crush axis could
damage the shield or the thermal insulation behind it. Therefore, the TRUPACT-III package will be
tested in the side-edge orientation. To obtain maximum deformation, the test'wﬂl be performed at
ambient temperatures with results extrapolated to maximum temperature"s«by analysrs

II-C. Slapdown on Flat Sides, Lid Primary. There are two orientations, one with the cheeks'
vertical (normal transport orientation), and one with the cheeks honzontal "The cheeks vertical
case would presumably put greater loads on dislodging the coV'ér, Lbut the cheeks horizontal case
would be overall a larger load since it represents a shghtlyrlarger lmpact area, Smce the

impact of the cover will not place any rmportant ‘moment” loads on the
cover. The initial impact is in a directi nto drlve the cover on "but there will
be little moment transfer to the top row SEa attachment bolts The loads ont the

.....

lid itself are bounded in the axml dlrectlorl

......

orlentatlons one w1th the cheeks vertncal and one ]wnh the cheeks horizontal.

However, smce’,the secondary 1mpact angle is nea\ll‘y horizontal, very little '
crush damage is expenenced erther way, as demonstrated by the half scale

slapdown drop performed at Sandla in2003. In that test, the crush

deformation-at-the secondary end of the package"ﬁ‘las only about 50 mm (in

equwalent full: scale), or less than 2% of the total height of the package. The
secondary impact t'of the‘package perpendrcular to the ground, was 325g, and
ff“decreased rapidly going toward the package center. As a result of changes to
the pvemack energy absorbmg matenals and to the fact that the package is _
shorter than previously, the slapdoWn secondary impact is expected to fall =D

well below}?Sg, and wrll now be bounded by the flat srde drop. Smce the
orientation is essentlally,lthe same as the slapdown secondary onentatlon (i.e., essentially
horizontal), the flat 51de ‘drop will bound the impact conditions of the slapdown drop, particularly

at the closure lid, and the slapdown free drop test does not need to be performed.
4{;

! The cheeks are the structures that extend from the package on either side of the lid. The cover fits between the two cheeks.
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II-E. Slapdown on Side Edge, Lid Primary. Since the side edge drop
is softer in impact than the flat side drop, the impact in this case is not
governing. Further, since the c.g. over corner end drop puts all of the
package energy into a single comer, but the diagonal slapdown divides
the energy between comners, the damage to the corner will be governed by
the c.g. over comer drop (I-D). Therefore, this free drop is not boundmg
and does not need to be performed.

I1-F. Slapdown on Side Edge, Lid Secondary. For the sape reasons
stated above, neither the crush deformations nor the 1mpacts w11] be
governing, and consequently, this free drop does not need tobe -
performed.

discussions which follow.

e Puncture-resistant plates are located within the overpack on the four long sides and on the
octagonal end panels, which are demgned to prevent puncture perforatlon of the containment
boundary Puncture-res1stant plates are also present on the ends outside the octagon panels

P
seal region around the closure 11d joint, and covers the vent port.

r l by, M
e Atthe closure end, ‘the cheeks provrde protectlon\%o the elastomeric containment seal. The
cheeks must have suff crent strength to resnst,slgmﬁcant deformation from puncture bar lmpact

* “Sis ‘mﬁcant crush damage can occur in the c.g. over comer drop and in the side-edge drop.
The structure must be capable of resisting significant additional damage from the puncture
bar in the v1c1mty of the elastomenc containment seal.

Puncture orié tatlons are con51dered through the package c.g. unless a different orientation
would be more damagmg

I1I-A. Puncture 3n the Side. In this orientation, the bar axis is aimed
through the c.g. of the package, and is oriented at 70° to the package /x
surface (or 20° off the normal). The puncture will take place on the

side of the package which experienced the flat side free drop impact, @

although since the structural damage is expected to be negligible,
particularly in terms of its effect on puncture resistance, any of the

Hi-A
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long sides may be used for this test. The angle was chosen based on the results of a series of
standard puncture tests at different orientations using the half scale test article. This puncture
was originally performed in France in 1994 using a test article which did not feature the
puncture-resistant plates, and it was not successful. The test was soon repeated after installation
of the puncture-resistant plates, and was successful. (Note: the French testifig was at an angle of
30°.) To clearly demonstrate the puncture resistance of the TRUPACT- III package this puncture
drop will be performed again. / g

III-B. Puncture on the Overpack Cover. In this orientation, the bar'—
axis is aimed through the c.g. of the package, at an angle which'i 1s “
oblique as possible considering the geometry of the overpack cover
octagonal recess. The impact point will be on the recessed octagonal
surface. This puncture will challenge the puncture-resrstant plate near
its edge. It also takes place in the vicinity of the closure bolts and
elastomeric containment seal. A puncture test was pé performed on the L
closed end of the half scale test article at Sandia in 2003 ‘*and cau”ged
slight damage to the outer plate of the CSA. Since then, the puncture- |
resistant plates on both ends have been! mcreased in thickness' by 50% -8
The engineering test performed in 2005 ia

of safety on perforation of the contammeht boundary and on degradatlon of the elastomeric seals.
To clearly demonstrate the puncture resistance of the TRUPACT—III package this puncture drop
will be performed again (m this instance, on“the closure hd end ) ot

Since the bar axis ,15" not obquue to the surface, thrs\test is not considered as severe
as the oblique m{pact descnbed m III B above. Furthermore this test was
performed during cerfification testmg of the 'I'N Gemml in France in 1994. In
that case, the overpack cdver 'did nothave a3 puncture-remstant plate, and the bar [ l
penetrated through the thrckness"of the oct?l“gonal région and left a depression in
theclrd ‘outer sheét: \I\Iowever the msrde (containment boundary) sheet of the lid
showed only an msrgmﬁcant deformatlon and the test unit was leaktight. Due to ”

the addition of the puncture-resrstant plate ‘to the overpack cover, and to the -

.......

somewhat lighter werght of the TRUPACT-II package, the margin of safety
demonstl;ated in prior testmg wrll be increased, and this puncture drop does not need to be performed.

111-D. Puncture on the Closed end Center. This orientation is similar to the
one dlscussedrabove (III C) except that the location is the center of the closed L]
end octagonal area 1nstead of the overpack cover. For the same reasons given
in paragraph III- C“}thls puncture drop does not need to be performed.

-

1m-n
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III-E. Puncture on the Overpack Cover Joint (Front Side). The purpose
of this puncture is to damage the thermal protection of the lid elastomeric

containment seal by compromising the integrity of the cheek structure. It is _
at an angle away from the package, in an attempt to tear the cheek away from(
the package, exposing the edge of the lid. Although the bar axis will not be"(
through the c.g., the damage will be done before the package can rotate very
far. The angle between the bar and package is not extremely crltlcal and i
approxrmately 45°. The impact point is essentially on the ISO corrier ﬁttmg,

since this structure is a fairly rigid region and will help to dlstnbute the Joad T
to the cantilever root of the cheek. This test was performed on the half-scale test un1t~m'2003 The
puncture bar struck as planned, but essentially no damage resulted. This demonstrated t the effectlve
resistance of the TRUPACT-III package to this mode 6f fallure and this puncture drop do‘és not need
to be performed. L

III-F. Puncture on the Overpack Cover Joint (T op/Bottom) The
purpose of this puncture is to damage the thermal protection of the lid
containment seal by opening up the Jomt\between the overpack cover

impact on the overpack cover joint, aimed toward the package end so as N\
to penetrate as deeply as possible. The bar axis is aimed a away from the } ’

c.g., since damage is hkely to be greater if the har force’;s towards the
vvvvv m=F

structure is more resrsf;mt o' puncture due to the presence of the puncture-resxstant plate, and any

damage that occuxred would tend to be further from the lid sealing area. The oblique angle of the bar
to the package i'not cntlcal and ‘an ‘angle of 30°1s chosen This test was performed on the half scale
test unit in 2003. The resultmg damage was not boundmg compared to the c.g.-over-corner free drop

-----

I11- G'q’uncture on the C\G -over-Corn?F?)rop Damage. The
damage from the ¢! g over comer, free drop is expected to result in
e‘the ‘greatest crush dlstanpe as descrlbed #Above (I-D). Therefore, the

puncture on this damage mlght penetrate deeper than any other

onentatlon This puncture drop will be performed. ' r';-n

!

-G

III-H. Puncture on the Side-Edge Drop Damage. The side-
edge drop damage will result in deformation in the vicinity of the L

thermal shield (see II-B). Puncture on this damage might interfere .

with the function of the thermal shield. The puncture bar should & v
attack the package in a manner to cause the greatest compromise ‘

li-H
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of the thermal shield. A puncture bar alignment through the package c.g. would be too steep (45°)
for maximum damage to occur. If the bar impacted the package at a lesser angle, more damage
would likely occur even though it was not through the c.g. For this reason, the package axis will
be oriented at 30° to the horizontal for the worst case ripping effect on the damaged area opposite
the thermal shield. This puncture drop will be performed.

6.0 SUMMARY OF CERTIFICATION ‘TESTS

Based on the discussions in Section 5.0, the planned certification. tests for the TRUPACT—III
package are summarized in Table 1. Free drops are depncted} n F 1gure 1and} pun es in Figure 2.

6.1 Test Sequence and Damiage Accumulatlon B

The sequence of testing is first free drops, then pﬁ(‘ cture drop tests The order of tests hasfbeen
chosen to minimize the intermingling of damage from one test o the fiext, and to minirhize
interference with post test measurements. A total of one, 0.3.m'free drop, four, 9-m free drops,
and four, 1-m puncture tests are planned;

The test will begin with the 0.3-m (NCT) a d 9—m (HAC) free drops, “onented yertlcally, striking flat
on the lid end. The temperature will be col and the' damage is expected to b minimal (about 50
mm). These drops will be followed by the flat mde?]rop, also at cold temBerature Although some
interaction will occur with the damage from th‘e vemcal frce drops -it w:ll be negligible, considering
the extent of damage (about 50 mm) compared {0 the length of the package side (4,288 mm).

The c.g. over comerafree drop Wlll follow next, and wnll occur at ambient temperature on a corner
which is opposite f 'ﬁ'om the side drop Since the vemcal free drop affects the entire lid-end face, some
interaction between" the vemcal drop damage and the'c. .g-0ver corner damage will occur. Since the
purpose of the c.g. over comer teét iS'to generate the rdax1mum deformation, the combination with
the vemcal free. drop damage w111 be conservatlve”"’Crush estimates show that the increased crush
dlstance will'be, relatlvely small (somewhat 1esé'than 50 mm) and the maximum strain (crush
dlstance divided by’ orlgmal thlckness of foam between the outside comer and the thermal shield
F,rt:omer) remains acceptable , Since the extra ‘crush due to damage accumulation is greater than the
¢increase in crush which would occur 1f the c.g. over comner drop were performed at maximum NCT
hotutemperature (an amouht less than25 mm), no adjustment for hot temperature needs to be made.

The fmal .free (drop is the 51de edge at ambient temperature, which will occur on an edge
unaffected' by elther the sxde drop or the c.g.-over-corner drop. As for the side drop, the minor
amount of i mteractlon w1th the vertical end drop will be negligible. In contrast to the c.g.-over-
corner drop, an adjustment for NCT hot temperature will be made.

With one exceptlon "the four punctures will occur on prior free drop damage as shown in Table
1, in accordance with 10 CFR §71.73(a). The puncture on the overpack cover takes place within
the octagonal recess, where no free drop damage can occur.
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6.2 Measurements

As stated in Section 1, the licensing basis for the TRUPACT-1II package will be primarily a
demonstration by test. The measurements which must be taken to support this demonstration are
based on the acceptance criteria given in Section 7.0, and are:

o
e Helium Leakage Rate Testing. A helium leakage rate test of the conﬁ'/ fitient seal, per ANSI
N14.5, will be performed after closing the package and prior to openmg the package. At
intermediate points in the test program, helium leakage rate tes( ing. or, the application of a
hard vacuum may be employed as a check. At the conclusron of all testmg, the
vent/sampling port and containment boundary will also € hehgcm leaka“ﬁ;e“k rate tested.

e Measurements of the crushed overpack Detailed photographs or hand sket%hes of the free

e Accelerations of the free drop impacts. Several accelerometers"‘ :}," be arranged redundantly
on the package surface. Signals will be recorded and ﬁltered to apture the rigid bofly
deceleration of impact. The ﬁltermg frequency will be cho 1 after analysis of the raw data.

( L1 4
required temperature. The temperature Wil lalso be monitored m*the amblent temperature
tests to ensure the package has been all‘é)wed to’ warm much as possrble prior to the two
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Table 1 - Summary of Certification Tests

No. e Discussed o 3 ™

o Test Description in  No.: @ E.}!.',_'P?f:e&f Test &11E;)§pected Damage

LDI | Vertical, Lid Down, NCT I-A Test closur%attachments and seal area. Mmlme *crush on end face. Little or no

effect on su sequcnt HAC:-drops. »

LD2 | Vertical, Lid Down, HAC LA Test closure attachments and seal arca. Little or no.permanent deformation of

the lid, approx:matelySO mm of trush on the end'face.

Test closure attachments, seal area, lid lateral support, and unsupported wall

LD3 | Flat Side I-A ::under maximum impact cqn‘dxtxons Crush damage will be minimal.

..-re"i?

.........

“Quantifies. pgisxble maximum cmsh for use in thermal analysis. Crush will
LD4 | C.g.-over-Comner, Lid Down I-D réduce dlstancebetween comer, and “internal thermal shield. Accumulation of
dam‘agc thh LD2 &not cxccssnvcly conservative.

Quantlf cs’ p0551ble m'lxxmum crush for use in thermal analysis. Crush will

LD5 | Side-Edge reduce dlstancc between ‘¢dge and internal thermal shield.

Test ablhty of puncture-resistant design to resist penctration at worst-case

LPI | Puncture on Side Damage
oblique angleé_‘é,s

LP2 | Puncture on Overpack Cover | Test ablhtyfof puncturc-resistant design to resist penctration on package end.

PR T

Puncture on c.g.-over-Corfer R
g-oyer-i-ome Quantxf’ ¢s possible maximum accumulation of free drop and puncture damage.

Damage LT

LP3

LP4 | Puncture on Siid'é'-Edge Damage

Notes: RN
1. All drops (LDx) are from '9.m, except LDI Wthh is from 0 3 m, and all punctures (LPx) are from 1 meter.

2. Non-bounding tests arc omltted from this table}and are discussed in paragraph nos. I-B, I-C, II-C, II-D, II-E, II-F, HII-C, HlI-D, III-E, and I-F.
3. Tests LD1, LD2, and LD3 are z:t"co]d tcmpcmture All other tests are at ambient temperature,

_t-—'
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7.0 ACCEPTANCE CRITERIA

The following are the acceptance criteria for certification testing of the TRUPACT-III package:

1. The containment boundary shall remain leak tight per ANSIN14.5, as demonstrated by post-test
leakage rate testing. As a minimum, the containment boundary shall be leaktlght at the conclusion
of all free and puncture drop testing; intermediate leakage rate tests -may also be performed.

2. Damage to the package as a result of free drop or puncture events shall not be of such a
magnitude that the maximum temperature limit of the contamment seals or of the 'CSA material
would be exceeded in a subsequent fire. This will be defermmed using therm#l ; @nalysns that
includes a representation of the worst-case combmatlon of free drop and puncture damage.

PACTEC




A

PACTEC

SPECIFICATION NO: TP-039 REVISION: D
PROJECT NO: 51199

x”‘ ,PAGE: 19 of 23

LD3
SIDE-EDGE

LD

Lo‘i,\g,\& L0 2
VERTIGAL, LID DOWN:

'\ 5;—

FLAT SIDE

LD4

3
i

Figure 1 - TRUPACT-III p\‘ééjlj(\_é.ge Fregfgrop Orientations
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Figure 2 - TRUPACT-III Pacﬁ"age Pug@:{{lre Drop Orientations
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Table A1 - Summary of Prior Tests on the Half-Scale Test Unit

No. | Test Description Test Type | Discussed | Results:{

® in  No.: ‘
Tests in France, 1994 (TN-Gemini) 7 _,,,{"d’ 0h

Al | C.g.-Over-Lid Edge (NCT) Free Drop I-C _f Demonstrated integrity of cove’é%t_tqchments
A4 | C.g.-Over-Lid Edge (HAC) Free Drop I-C '*Diéj‘mgnsg;zift.é‘a'ixltegrity of coverattachments
A6 | Horizontal on Side Edge Free Drop Deimonstrated integrity of containment

F2 | Vertical, Closed End Down Free Drop Demoﬁﬁé‘t}g\ integrity of containment
C7 | C.g.-Over-Corner Free Drop Quantiﬁedﬁ?ﬁiiﬁmgnﬁ crush
F3 | Center of Overpack Cover (0°) Puncture ‘III-CL:"i fljér_gg)strated‘jﬁ;tggrity of closure and lid
F5 | Side Wall Oblique _Puncture IIIt‘-é g{f‘ ‘Not sucgé“s"s'ﬁxl — puncture-resistant design added
F9 | Side Wall Oblique !," Pun‘cktqre 1= ”ff Demonstrated adequacy of puncture-resistant design
C8 | Cover Joint [_f;fji A Punctu}e III-E"??;R Demonstrated adequacy of cover thickness
Tests in USA, 2003 (TRUPACT-III package) d S
FD1 | Vertical, Closed End Down__ “éﬁc"gDrOp‘- *[:A=" | Demonstrated integrity of containment

FD2 | Vertical, Lid Down, NCT = FFéeiﬁ;qp Demonstrated integrity of closure and lid

FD3 | Vertical, Lid'Down, HAC

Demonstrated integrity of closure and lid

FD4 | Slapdown on Flat Side, Lid Second’y |-

Demonstrated integrity of cover and closure

P1 | Cover Near Lid Bolts™,_ i Puncture I1I-B Demonstrated need for puncture-resistant design in cover

P2 | Cover Joint (Front Sid:éj?%x If.-;l"'uncture III-E Demonstrated integrity of cheek design

P3 | Cover Joint (Top Side)

N " Puncture II-F Demonstrated integrity of cover joint design
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Table A1, continued £
P4 | Closed End Oblique (19°) Puncture N/A Demonstrafed need for improvement of puncture-
resxstant deS|gn on cnds
Engineering Tests in 2005 ff‘;’ R TN
FDS | Flat Side Free Drop I-A ff{ ;"Dcmonstrated integrity of é@ﬁfiinment structure
&
P5 | Closed End Oblique (19°) Puncture N/A ld)e:xrg(:]nsgited a‘&c’lequacy of revn:ed puncture-resistant
P6 | Side Wall Oblique (several angles) | Puncture |  III-A Demor;gt_{aled worst-case oblique attack angle

Notes:

1. Drop designations shown are those of the French SAR, thi

§9§05 SAR, and Engineering Test Report,
respectively. ;




