Lawrence Livermore National Laboratory

Fission Energy and Systems Safety Prog:am

Y
December 26, 1996
NTFS96-516

Dr.Go:ﬂonEn;hd:’

682 Milford Drive

Kingston, Ontario

Canada KM 6B4

Dear Dr. English:

Last summer during a phone conversation, I provided verbal responses (o your questions
on the Modal Study chon. Enclosed are the written responses (Attachment 1) to your
questions (Attachment 2). I have also provided information regarding criticality safsty and
basket deformation, which was also mentioned.

As 1 told you, the IMPASC computer code used in the Mnaal Study has been superseded
by the SCANS code. A copy of SCANS 2a and iws user’s manual are enclosed. We are
finishing version 3a, which will be available next year. We will likely conduct a 2 - 3 day
workshop on version 3a after its release and will notify you of the time and the location.
We also have 6 volumes of theory manuals on SCANS available at your request.

I plan to attend, with the Nuclear Re Commission, the Association of American
Railroads

presentation of “Railroad Transport of Spent Nuclear Fuel (A Risk Review) on
Janvary 8, 1997 in Washington, DC. Ilook forward to meeting you and discussing the

risks in transporting nuclear spent fuel.
Sincerely,
47‘47 ¥ 4 Zzai\_»

A \"’,001 Larry E. Fischer
" Associate Program i_eade,
Fission Energy and Systems Safety Prog.ain
gy

Attachment(s): as stated

cc: C. Haughney  w/o attachments
S. Shankman

. w/o attachments | A
E. Easton with attachments ‘,
M. Holt with attachments i
-2 A
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Attachmeat 1
Responses to Priority Questions for LLNL

Your interpretation of Figure 5.1 is correct.

B.  Your conclusions based on the interpretation are correct. We suggest that for truck
accidents you use Figures 2-3 and 2-4 with Table 5.9 to obtain probabilities and
damage state information where the interpretations and conclusions have already been
made and tabulated. For rail accidents use Figure 2-5 in conjunction with Table 5.11.

C. Please see response B.
D. Your interpretation is correct.
E. Please see response B.
Responses to Longer Time Frame Questions for LLNL
Use of data

1. The LLNL swdy primarily uses the BMCS statistical data base for truck accidents (p.
2-10 and 2-11) and the FRA statistical data base for train accidents (p. 2-28). The
Eggers data are for specific severe accidents rather than for a statistical data base. The
Eggers data basically showed that most severe accidents are within the loading
conditions of the regulatory “hypothetical accident conditions.” Four specific

icularly severe accidents from the Eggers report were discussed in the Modal

tudy report (p. 9-15 through 9-19), where it was concluded that even for these
extreme events they were lppmg-inely included in the study and the study’s results.
There are no problems with the Eggers findings. Their findings were used to
establish Table 2.1, which tabulates accident loads and loading parameters. The
Eggers report was also used to select a high speed beam impacting the cask as being
one of the most severe loading conditions (p. E-14), and also crush (p. E-17) Table
26 from the Eggers report was used to establish loading conditions for bounding
accident evaluations contained in Appendices E and F.

2.  Please see response to question 1.

3. Asused in the Modal Study Report, the meanings for certified and licensed casks are
the same and were used interchangeably. The cask designs were based on LLNL
staff’s experience in reviewing casks that had been certified and by using analysis to
confirm the certifiably. The cask designs reviewed were the NAC-1, TN 8/9,

NAC 10/24 and IF-300.

Validation of the Models Used

1. Mesh convergence studies were performed (p. E-28). They are no longer available
because the old computer system (Octopus) no longer exists. The mesh plots are
shown for the truck cask in Figures E-11 and E-25 and for the rail cask in
Figure E-15. The mesh plots were not shown in the other figures for clarity.
DYNA2D and NIKE2D were t:enchmarked NmaEgunst each other. DYNA was used
primarily for dynamic analysis whereas was used primarily for static analysis.
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The sensitivities studies and fuel basket representation are discussed on p. E-28.

Currently, before a cask is certified, the applicant must demonstrate that the system
remains subcritical (k < 0.95) under hypothetical accident conditions, including
optimum water intrusion, with fresh fuel in the basket. The basket must be shown
not to deform permanently. This approach is very conservative and does not require
the applicant to verify burnup credit or analyze all possible deformed configurations.
(In addition, recovery of the fuel is easier ify the basket is not deformed.) In reality,
all spent fuel has 2 low fissile conteat (~1.5% compared with ~4%) and numerous
fission products that are significant neutron poisons—which is why the fuel is
removed from the reactor. Furthermore, fuel assemblies are designed to be slightly
undermoderated in a reactor to provide stable operation. Any distortion which moves
the rods closer together will further reduce the moderation and hence the reactivity of
the fuel assembly. Large distortions of the cask, fuel basket, and fuel rods are not of
concern for highly unlikely accident conditions, particularly when it is highly
probable that the fuel will have significant burnup and will deform in a manner to
reduce reactivity.

The sensitivity studies primarily consisted in a series of meetings and discussions
amongst LLNL and NRC staff members. It was concluded that it would be extremely
difficult to calculate the strain in all components and their failure for all accident
conditions; therefore the inner containment shell was selected as a single conservative
parameter. The result of this conservative approach is that failure of containment and
radioactive releases are significantly over predicted, but doesn’t make sure the need to
identify the exact location of the impact is eliminated and the exact cause of failure
does not have to be identified with a high level of certainty. The strains in the cask
were also related to the “g” loads to the cask, fuel and components to assess their
capability to resist failvre, and this was included in the selection of strain levels for
the radiological hazards estimated in Figure 8-7. The lead slump was aiso estimated
and included by analysis to the strain levels.

The IMPASC model and code have been replaced with the SCANS code, which has
been extensively benchmarked with NIKE and limited test data.
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! Attachment 2
FRAOM | .TranSys Research PHONE NO. : 613 389 S632 Feb, @5 1996 11:42aM P1

682 Milford Drive

Tran Research Ltd.
Kingswor, Caterio
Canads K7M 6B4 e
~» FAX TRANSMITTAL
,/ BEARIRN RTINS SRE SR AR SN BT
/
Title: Section Leader - Transportation Safety
Company:  NRC
Deste: 020556 /
oc: Bob Fronczak, AAR
From: Gordon English phane: 613 389 5632  Fax: 613 389 5499
Subjoct. Sper | 0 Drnosport by Radl £ Pages (including this cover page)

This {s further to your discussions with Bob Fronczak at the AAR and relates 1 our review
of their recommended practices for the transport of spent nuclear fuel,

WchnwnnumbudqmmmmcuoenmgmmudummmtheNRC
sponsored report Shipping Container Response to Severe Highway and Rallway
Accident Conditions by Lawrence Livermore Natdonal Laborutory (LLNL). Some
questions may be sddressed by anyone knowledgeabie of cask testing and design; while
I.LNL mey have w clarify others.

We have identified » subset of questions that we believe are fairly straight forward and can
be answered (or discussed) quite quickly. In general, this subset of questions asks for
chﬂnudmdeCmmaml)mdeonﬂmdmﬁomLLNLo(mcmmwf
two of thair Pigures (item 11),

Ummﬁmmdmmahm.pmwmtbdnmwmnw me.
/6 L ,
L
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PROM : -TrarSys Research PHONE NO. @ 613 389 Se2 Feb, @5 1996 11:43AM P2

I Reguistion interpretation and Test Conditions
(ail questions In thie category are priority ones)

L mmumyupammwgmmwwmmwmwm
impact Fmiters?

3 mm.um.mmmmwmmmmlm
mawoumummmrwmhww If s0 please
mvﬂodoulh;lfmneoﬂddedm“h.l"nmdmuumhnwmwbe
provided on typical meihods of attachment of end-cup style impact limiter used on
licensed casks.

3 Whunetucaplwhlwhnﬂmﬁnﬂmmmbyadinnmkdcmdmnmc
require any teats to be conducted on the cask without the impect Hmiters attsched? If so
please describe them.

4. The pin drc) tost calls for the pin to be long enough 10 cause maximum damage. Could
you provide a test description and test results for this test when conducted on & cask
dnﬂunLLNL'lunducbnﬂcak(l.o.wlmmdapimpmllmlmofulunw'
end depth and 20" side depth)?

s. labucﬂln.dmeﬂnlnw.pxehdna“pm“;andlfoo.hﬂmanyunﬂuﬁonpooedm
ddmthodapthohnhwnum,orﬂnmtconﬂwm such that the pin length is

constrained to a certain buckling threshold.? Please provide detalis of 2levant past
tosts,

7. SMhﬂy.hnNRC(ambm)wuluNmeewabmmmcaMydmeimm
Mm&mhmfmquhgmofm-ﬂumfm? If so please provide

L Dmpuummberﬂdyumkmch)hmuppﬂublemrdlmuponcm. Itis
lmludedfuinnuu&smthendonnbmeymthlppadlnmuwpquﬂdumd
Mmmmmmwbummuhmmm. We believe that
huﬁnwhmnnﬂwhdnovuynwepﬁﬂebplhupcwaeonwﬂmd

" fpRLT*YA" "D NAAT NN MM 4
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FROM :.TrarSys Researchk PHONE ND. : 613 389 Se32 Feb, @S 199€ 11:44aM P3

. Priority Gueetions for LLNL (Interpretstion of Figures 5.1 and 4.1)

w.unmwm:ununnms.lam'.mmuww
& bit of information presented in the cask orientation curves drawn there. Others huve made
lMWd&MMﬂMnMWWMwhﬂemm
reviewed. Womunb»mummmmumimmamnm
is correct or provide the proper interpretation. We have provided & copy of the origingl
figures for easy reference.

A thhducwheduh&ibmm\mdthcﬁlmmmhm
1. mmcmmtuﬂtddmwmmhthtuchnwumbuma
mmdwoﬂmddnnﬂnhnhwﬁmdfumwﬂedcuk
orlentation under a range of impact speeds.
2. The dashad lines are there smply o highlight the speeds associated with the two
identified strain thresholds (C.e. .02% and 2.0%).

3. Impact velocity refers to the cask's spoed-vector component that is perpendicular
to the imparad surface. :

B.  Using this interpretation, please confirm that & 0.2% strain level is achieved at (roughly):
31 mph impact speed for a cask with & 0° (side) arientation;
34 mph impact speed if at & 45° orlentation; and;
38 mph impact speed if at a 90° (end) orientadon.
Similarly, a 2.0% strain threshold, is reached at:
52 mmwm.mm«uo‘m«)mmw
49 mph impact speed If et @ 45° orlentation; and;
47 mph Impact speed if at & 90° (end) orientation.

C. M«.lmemehMmyﬂMnmmywmhtth%
mmmu.uummmmm”memmmsm
m;wbdvmmd“‘.mwmmmﬂmphimpmweedﬁmthe
phlnddvldoby.mwn“')wddnm«dw-&smh.

D. anMMMMhMMy(M:Nn). Please confirm that
meﬁmomnnohdswmmlmpmwdammymmchm
uuuhomamhnwmo'mmm.;mmmmmmwu

E. If one wished to estimy., the influence of surface hardness, one could use Figure 4.2.
Mmhwt.wdthﬂmlwudngm:m.ﬁomm
unylelding s ~.odium surface hardness leads 10 s 1.8 (~ 82/ 45 mph) increase in impact
qnodﬂmmszmw(h.m”ﬁn). Thus, the irupact described in 111
obovuwwldhweooocurul.t“7-8$mphwhbhlnmhuwdmdwmaulk




FROM . .TranSys Research PHONE NO. : 613 389 S632 Feb. @5 1996 11:44aM P4

poblmwlﬂnh&'mlhdm?:ahunmmmd;hetymdmm

mopplbdhmhmﬂwwddemmwdnwconduhnummoupuofhd
mmmmuummmmammc.

3. On page 3-23 of NUMMV&.HtMM!cmdM&eMwM
Mmlobuedmmnﬂyuoenndcukdwpawhlchmnotmcmlﬂed. Could you
pm&ﬂmmmmhpd.mdﬂmcuum.alwm.wﬂﬁodu&fa
transporting radicactive waste in the U.8.7 Also, could you please identify these casks and
wovldehlamﬁmnmdln;thdrded;nmdmymﬂymwdmdn‘whlchmethe
undergone, (No.:mlpedﬁcq\nulmwmmwy under “NRC testing” could
idealy be answered with respect to these casks).

Vialidation of the mocieie used

1. Were mesh mmWMmhMﬂnludmtmﬂym;th&y
available? Related to this, anly the component outlines (not meshes) are plotted for the
side impact DYNA2DYNIKE2D culculstions (Figs B-21,22). Can we see the mesh plots
for these models. Aho.themmmmnotcleuuuwhlchmdymmbuedmm
and which on DYNA — can this be clarified?

2. Can we get detalls of the sensitivity analyses performed to evaluate the influence of
lndudbua!bdhnhummnﬂmmﬂnmnofﬂwnpmmﬂvecukmn

3. Given ihe large amount of defarmetion (ovaling) predicied for side impact (e.g. Fig B-22),
mwwldummddanbhdlnpwﬂulmdlmppmhubtumuumdm

components inside the cask™, Can we get the details of these sensitivity analyses?

S. AmdmmbemmddMASC)wundfdemcnﬂcukmﬂwl.
Nddumemoddoriuvaudndonmwandocumm Could we get b
Mmﬂoamboﬁdnmodelmdhsvmonwimnhwopeom:smdy.
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' $ «TranSys Researck

PHONE ND. @ 613 389 S632

Feb. 25 1996 11:45aM PS

Figura &-2 Schematic representastion of cask structural response for
varfous gurfece hardness and impact velocities.
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* 682 Milford Drive TranSys Rese:nrch Ltd.
Kingston, Ontario s Systams Specietet

Canada K7M 6B4
FAX TRANSMITTAL

Attention: Larry Fischer

Company: LLNL (510 424 6889)

Date: 04/25/96

From: Gordon English phone: 613 389 5632 Fax: 613 389 5499
Subject: Modal Study Report —1_ Pages (including this cover page)

This is being sent to give you our address for the information package on “SCANS” mode! that is
the outgrowth of IMPASC.

Further to our conversation this moming [ wanted to make sure | properly interpreted the criticality
issue and the discussion around our question 3 under ‘Validation’. Our origiral impression was that
deformation of the fuel basket was a concern because 1t could lead to concentration of the fuel
pellets. This was derived from the first paragraph on page 1-5 of your report which states that the
“criticality requirement is typically met by demonstrating that essentially no deformation occurs to
the basket, the structure within the cask which holds the spent fuel.” The deformations illustrated in
Figure E-22 would appear to not meet such a criterion. From our conversation this morning |
understood you to say that concentration of the fuel pellets is not a concern; that in fact they are in
the most susceptible state as packaged and any concentration actually lowers the risk of criticality.

Thus raises the question of why deformation of the fuel basket is the criterion typically used to
demonstrate avoidance of this hazard. Could you please add to the other items you will be f.lowing
up on a brief explanation of:

the relationship between basket deformation and criticality, and (if not self evident from that

explanation),

why the deformations of Figure E-22 do not pose a criticality concern.

Thanks, and best regards



