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ABSTRACT

MOSAIK [1-15 casks were designed for the transport of different types of radioactive waste, among
others heavy scrgp compacts and sted drums with conditioned radioactive materid. According to the
results of andyticd predictions the mass of contents must be limited to specified vauesin order to
avoid inadmissble strains of cask lid and lid bolts under IAEA test conditions, espediadly during drops
flat onto the lid sde impact limiter. Among others, high stresses were expected which are caused by
interactions between free movable solid contents and the cask lid during the find phase of impact or
the rebound of the package. Therefore, additional tests which have been performed with the package
had two objectives. Generd check of the results of mechanica andyses, and, moreover, quantification
of effects resulting from interactions between the package components that can be increased because
of gaps between the containment components, the inner leed shielding and contents. The paper
presents results of caculations and tests performed for two different package modifications: (1) cask
with inner lead shielding loaded with dose packed sted bars; small gaps between the package
components, (2) cask without inner lead shidding loaded with asted drum that wasfilled with sted
scragp in a concrete matrix; large axid gep between the drum and cask lid.

INTRODUCTION

The requirements for casks used for trangport of radioactive materid are defined in the IAEA
Regulations T-SR-1 [1]. The regulations dlow safety proofs by tests with prototype and modd casks
aswell as by mechanicd analyses. It is one of usud practices to perform mechanica accident andyses
for package components with consderation of the maximum acceeration that packages subject during
the impacts onto the target. This can be a conservetive gpproach but its conservatism is not generdly
evident. Results of FEM andlyses do often not have the necessary leve of confidence because of
problems with moddling of the materid characteridtics (e.g., the character-igtics of wooden impact
limiters). Therefore, sometimes are red tests the only possibility to get sufficient evidence about the
behaviour of cask components during accidents and the resulting stresses and strains. Thisillustrates
the example discussed in this paper.

Primary reason for the tests reported about was the limitation of contents masses included in the
approva certificates for MOSAIK 11-15 casks. The discussion of the test program prepared by the firm
GNSwith BAM led to an expansion of the origind program. Particularly, BAM required to include the
experimenta investigation of effects of interactions between the package components (cask, inner
shidding, contents) that can appear if radid and axia gaps exist between [2]. The tests were carried
out by GNS. All tests were accompanyed by BAM representetives.

TEST OBJECT: THE MOSAIK 11-15 CASK

MOSAIK [1-15 casks manufactured in severd modifications are used for transport of different types of
radioactive waste with heat generations up to about 300 W. The most important design parameters of
MOSAIK [1-15 packages are summarized in Table 1.



With regard to the problems considered in this paper, contents were of primary interest thet can cause
large drains of the cask components during tests which are required in order to Smulate accident
scenarios. These are especialy rigid contents without significant shock absorbing properties, eg.,
meta scrgp compacts, drums filled with conditioned waste, etc.

Table 1. Characteristicsof MOSAIK [1-15 packages

Cask | Lid | lid bolts | Contents | Shock absorber
- height: 1500mm | - thickness/ - type: Different waste, - effective
- outer diameter: thickness of 24 cylindricd eg., dried thickness)*:
1060 mm flange: heed screwsM36 | concentrates 200 mm
- wall thickness: 180100 mm - material: dewatered ion - material:
160 mm - diameter/ outer | 8.8 (feritic, exchange resins, pine-tree
- material; DCI diameter R,z 640 MPa) activated
- inner shidlding of flange: or core internals,
thickness (Pb): 730/1060 mm A2-70 (augtenitic | metdlic objects )* lid Side shock
0.. 140mm - material: DCI Rz 250 MPa) | and S0lids... absorber

OBJECTIVE OF THE TESTS

Origind objective of the tests (redlized in test no. 1) was the experimenta check of the results of
andytica cdculations. Background was a guessed overestimation of the srainsin the cask lid and the
lid bolts under IAEA test condiitions, especidly during a9 m vertica drop onto the lid side impact
limiter. Due to the results of the calculations for that case the contents masses specified in the approva
catificates for the MOSAIK packages were limited: E.g., by MOSAIK [1-15 contents masses are
alowed to trangport between 810 kg (no shiding, A270), 430 kg (80 mm, A2-70) and 230 kg (140
mm, 8.8) depending on the thickness of the lead shidding and used screw materid (in brackets). It was
assumed in these cd culations that no significant interactions gppear between contents, shielding and
cask lid. This seemed to be aredigtic goproach for bulk contents (contents A, maximum filling).

With regard to unavoidable radia gaps between cask wall and shidding and axid gaps between
contents and cask lid, it was intended in test no. 1 to take into consderation the most disadvantageous
conditions. Of course, the ggpsin test no. 1 mentioned in Table 2 would only exist if the tolerances of
the cask component dimensons would combined as “worst casg’. This was a requirement of BAM (as
the competent authority for safety assessment and qudity assurance of Type B packagesin Germany)
in order to cover the most unfavourable conditions in regard to the mohility of contents and shidding
aswdl. Fig. 1 (left) showsthe axid cross section of the test package before dropping.

Objective of test no. 2 was the investigation of effects resulting from interactions between non-fixed
rigid contents and the cask lid if there exist large gaps between. Contents of thet type (contents B) are,
eg., drumsfilled with concrete-conditioned waste or metd scrgp compacts. Significant interactions
one have to expect, eg., & 9 m drops onto the lid Sde impact limiter. Stress pesksin the lid and lid
bolts were guessed especidly if the contents would strike on the package lid after the impact of the
cask on thetarget or its rebound. On principle, such conditions would require the corsideration of a
package as a system congsting of two (or more) sngle masses.




Test no. 2 Imulates the conditions expected if casks are loaded with asted drum filled with waste in a
concrete matrix. The desired conditions are provoked by the large axid gap (255 mm) between drum
and cask bottom (Fig. 1, right). It was expected that a contents-lid interaction could happen some miilli-
seconds (theoreticdly up to more than 15 ms) after the cask impact onto the target. In order to have
unambiguous conditions during the test the axiad movement of the drum in the cask was guided by
guiding rails. Important conditions and parameters of the test are summarized in Table 2.

Table2: Test conditions

Parameter || Test 1 Test 2
drop height 9m 9m
temperature not specified (ambient temperature) not gpecified (ambient temperature)
Test position verticd; lid-gdeimpact limiter verticd; lid-gdeimpact limiter
contents - mass: 770 kg - mass: 1250 kg
- specification: - specification: ged drum,
thin sed bars 860 mm long A max. 625*885 mm filled with
(smulaing, eg., dsorber rods) sted scrap, cast with cement
package - thickness of leed shidding: - thickness of leed shidding:
Specifications 120 mm no leed shidding
- lid bolt materid: 8.8 (fernitic sted) - lid bolt materid: 8.8 (ferritic sted)
special conditions  ||- contents: 30 mm free axid gap - 255 mm axid gap between drum
(at test pogition - shielding: axid (about 4 mm) and and bottom of cask
before drop) radid gaps (about 7 mm) between - drum not locked but axidly

shielding and cask lid/cask wall

guided

RESULTS OF MECHANICAL ANALYSES
The limits of contents masses for type A contents mentioned above were caculated with condderdtion
of dresslimitationsto 67 % and 50 % of the 0.2% yidd stress for the bolts and the DCI lid,
respectively. The calculations were based upon arather smple mode . Interactions between leed
shidding and cask lid were not taken into consderation assuming that there no axia gep exists
between shidding and cask lid and that the influence of the small gap between contents and lid can be
neglected. More exact FEM cd culations were performed by GNS/GNB for a package with alead
shidding thickness of 120 mm and a contents mass of 326 kg (MOSAIK 11-15 PU), i.e, with the
exception of contents mass for the same conditions asin test no. 2. According to these cdculations the
gresses amount to 40 MPain the lid and 244 MPa (equivaent stress) in the ferritic (8.8) lid bolts.

BAM performed cdculations for contents B (test no. 2) after the test. Primary objective was the
vaidation of options used for modelling of the geometricad and materia characterigtics of cask
components. The ABAQUS FE program [3] was used to smulate the drop conditions. An dadtic-
plastic materid law with a‘von Mises' yied condition was assumed for the metalic components of
the cask. The shock absorber was modelled as a homogeneous materid that consders the compound
behavior of the sheet structure as well as the energy absorbing characterigtics of the wood enclosed
therein [4]. The ABAQUS ‘ crushable foam’ mode was used to modd the indagtic behavior of the
shock absorber. Exept of the bolts wich conggts of gxring dementsdl components are e emented with




isoparametric three-dimensond cubic continuum eements with linear interpolaion and reduced
integration.

Concerning the deflection of cask lid (Fig. 2), the results of calculations show agood agreement with
the test results (Fig. 3b). The caculated maximum gress in the centre of lid anountsto 145 MPa

TEST RESULTS

The most important result of the tests was the experimenta confirmeation thet the maximum strains of
the cask components strongly depend on the geometrica and materid characteristics of the contents
and its possibility to interact with the cask components. Especidly, contents B, i.e, rigid bodies that do
not totally occupy the inner volume of the cask can lead to stress pesks that are much higher than those
for bulk contents which fill the volume dmog fully. Thisis the consequence of amore or less
effective reaction between the contents and the cask (momentum due to disappearance of deform+
aions) a the moment of the release of the package. Due to this effect, the downward motion of the
contents gtarts later than thet of the cask. Owing to this, the contents strikes the cask lid with a veocity
of about 13 m/s when the cask velocity is aready reduced to lower vaues. Because of the
geometrica conditions, i.e., the gaps between contents, shielding, cask wall and cask lid, this effect has
been expected in amitigated form aso during test no. 1. However, the andlyses of dl test results
(especidly the accderations) did not give indication for it. Probably, the mobility of contents was
restricted or impossible, eg. due to friction forces which reduced the effectiveness of the momentum
after the release of the package.

Figs. 3aand 3b demondrates clearly the widdy differing results of testsno. 1 and 2 illustrated by the
the velocities of the center of the cask lid after the impact of the cask on the target. Fig. 3a shows these
veocities (i.e, theintegrated decderations that are measured in the center of the lid) for the testswith
the contents A and B. In comparison with the nearly smooth curve for contents A indicating no inter-
actions between contents and cask lid the lid velocity began strongly to oscillate in test no. 2 efter the
contents struck the cask lid (ca10 ms). The course of  deflections of thelid center (Fig. 3b; 300 Hz
high-passfiltered integrd of lid velocities) demondtrates this effect likewise. The maximum deflection
during test no. 2 lay about one order of magnitude beyond that evauated for test no. 1

Thelid bolt strains measured during test no. 2 (contents B) are shown in Fig. 3c. Thefigureilludrates
unambigoudy the coincidence of the maxima.and mimimaof  the portions of the tenson and bending
components caused by the drop with the maxima and minima of the bending of the lid center (Fig. 3b).
With condderation of the stresses due to the tightening torque (i.e., amembrane strain of about 930
mm/m) the maximum stresses in the bolts amount to vaues in the range of the 0.2 % yidd stress of the
bolt materid (8.8; 640 MPa). It happened immediately after the contents struck the cask lid producing
bending and tenson strain components of about 1100 and 900 nm/m, respectively. The course of the
bolt strains reflects dso the second contact between drum and cask lid after the contents rebound phase
(about 16 ms after the impact of the cask). It can be also recognized in Fig. 3b by the increased
amplitude of the deflection and the short-time change of the frequency of the deflection oscillaions.

In comparison with the bolt stresses during test no.2 the maximum stresses during test no.1 were rather
low. Though the Sgnds of srain gauges were srongly impaired by oscillations presumably caused by
electric effects, it could be shown on the basis of low-pass filterings with different frequencies (3000
to 500 Hz) that the portion of the strains caused by the test did not overstep 400 mm/m. With congder-



ation of the pretenson the total stress reached alevel that was not higher then about 280 MPa. Thisisa
rather low vaue compared with the result of above mentioned caculations performed for the

MOSAIK [1-15 P/U package because of the different masses of contents that must taken into
congderation (test no. 1: 770 kg, calculaion 326 kg).

The effect of interactions between contents and cask lid during test no. 2 isillugtrated in Fig. 4 more
clearly by theintegras of the measured accderdtions, i.e. the velocities of cask lid, cask bottom and
contents (drum). The first interaction between drum and cask lid about 10 ms after the cask impact is
reflected by the increase of the velocity of the lid centre and (with some delay) of the bottom as well
as by agrong decrease of the velocity of the drum. Until that interaction the velocity of the drum
remained nearly 13.3 nV/s, i.e, it was not influenced by contacts with other package components.

SUMMARY AND CONCLUSIONS

9 m drop tests were performed with aMOSAIK cask in order to check the results of caculaions with
different gpproaches and to evaluate stress increasing effects that can possibly result from interactions
between the cask components and the contents. The test resultsillustrate the problem of aredigtic
moddling of the package components with congderation of al effects that caninfluence the stresses
in the cask lid and lid bolts. Caution is required with gpproches which are based on the caculation of
the maximum deceleration of the package during the impact. A “black-box” cask modd can lead to
consarvative results but to an underestimation of the stresses as well.

With regard to contents pecified in this paper as contents A the origind limitation of the contents
meass for MOSAIK casks seems to be conservative gpproaches, but a verificaion is necessary for
conditions different to those in test no. 1 (lead shidding thicknesses, content masses). The test results
confirm that high stresses in containment components are avoidable if gapsin the package are as smdll
as possiblein order to minimize interactions due to different component velodities during the course of
impact that result in sgnificant momentum resctions.

The results of tests with smulation of the conditions in casks loaded with rigid nortlocked contents
show that the interactions between the cask components and its interactions with the contents can
cause very high sressesin the cask lid and lid bolts. Especidly, afalure or an inadmissible strain of
the bolts cannot be excluded if rigid contents would strike the cask lid during the rebound of the cask
after itsimpact. This conclusion is based on results of other tests with Type B packages performed by
BAM in the past.

In order to avoid stress pesks in cask lids and lid bolts during accidents that are caused by contents
specified in this paper as contents B, specid solutions should be prepared precautionary as part of the
cask design to mimimize the axiad and/or radia gaps that would exist because of the geomelry and the
dimensonsof contents. Preferably, the gaps should be cdlosed by filling meterids or structurd
components with shock limiting characteridtics.

It is possible to estimate the effects caused by non-locked rigid contents during 9 m drop testsaso by
mechanica andyses. However, an important but difficult (i.e,, non-trivid) part of such andysesisthe
caculation of the span between theimpacts of cask and contents that has a subgtantid influence on
the estimated stressesin the lid and lid bolts.



| . ““\-\ shack shsorher

{baltom)

W IIH—— cosk body
fert— aheelding (wally

i
il ciesl hars

sheck absoeker

AN — {rnididle)
f

beipht of drop

i

He=t— ahielding (lid)

__ mcanting har

= I (1"

shick absorber

L
™ rap)

=L shock absorher

{esarttiom )

i
—— cask bady

o tinam

__ shock ahsorber
~ (middlep

— puhling raals

. mounting bar

heigha of drop

Fg. 1: MOSAIK packages|oaded with contents A and B (left: test no. 1, right: test no. 2)
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Fig. 2: Deflection of thelid of the cask centre during test no. 2 ( finite dement Smulation)
Take notice that the positive sign in this figure means (contrary to Fig. 3b) adeflection in drop direction.
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Fig. 3: Results of tests no. 1 (contents A, blue curves) and no. 2 (contents B, red curves)
3a Vdocity of lid centre
3b: Deflection of lid centre
3c Lid bat grains (only test no. 2)
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