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Lawrence Livermom National Laboratory

Fission Energy and Systems Safety Program,

1

S U 0-000/
December 26,1996
NTFS96-516

Dr. Gordon blich
682Milford Drive
Kingston, Ontario
Canada K7M6B4

,

Dear Dr. English:

Last summer during a phone conversation, I provided verbal responses to your questions
on the Modal Study Report. Enclosed are the written responses (Attachment 1) to your
questions (Attachment 2). I have also provided infomiation irgarding criticality safety and
basket defomiation, which was also mentioned.

'

As I told you, the IMPASC computer code used in the Modal Study has been supeneded
by the SCANS code. A copy of SCANS 2a and its user's manual are enclosed. We are4

finishing version 3a, which will be available next year. We will likely conduct a 2 - 3 day
workshop on venion 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 Regulatory Commission, the Association of America:1

Raihoads presentation of" Railroad Transport of Spent Nuclear Fuel (A Risk Review) on
January 8,1997 in Washington, DC. Ilook forward to meeting you and discussing the
risks in transporting nuclear spent fuel

'

Sincerely,

fQ b

o p001 Larry E. Fischer'

Associate Program fe,adec-

Fission Energy and Systems Safety Progiam
,

Attachment (s): as stated,
.

| ~ \
cc: C. Haughney w/o attachments

|S. Shanicman w/o attachments \ \
E. Easton with attachments 1

M. Holt with attachments
i
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Attachawat 1 i
4

,

i

: Responses to Priority Questions for LLNL
,

A. 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,

i damage state information where the irwdions 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.
1

| D. Yourinterpretation is correct.
,

:

| E. Please see response B. !

!

| Responses to Longer Time Frame Questions for LLNL
4

! Use of data
:

i 1. The LLNL study pnmarily 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
j 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 l'

particularly severe accidents fmm the Eggers report were discussed in the Modal
Study report (p. 9-15 through 9-19), where it was concluded that even for these
extreme events they were i.yyie intely included in the study and the study's results.

-

r
There are no problems with the Eggers fmdings. Their findings were used to
establish Tab e 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 loadmg conditions (p. E-14), and also cmsh (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. As used 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. 'Ihe cask designs reviewed were the NAC-1. TN 8/9, l

NAC 10/24 and IF-300.

Validation of the Male Used
J

1. Mesh convergence studies were performed (p. E-28). They are no longer available
Iwanse the old computer system (Octopus) no longer exists. The mesh plots are

i

shown for the truck cask in Figures E-11 and E-25 and for the rail cask m '

Figure E-15. The mesh plots were not shown in the other figures for clarity.
DYNA 2D and NIKE2D were bend riied against each other. DYNA was used_
primarily for dynarme analysis whereas NIKE was used primarily for static analysis.

(
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2. The sensitivities studies and fuel basket representation are discussed on p. E-28.

3. Currently, before a cask is certified, the applicant must demonstrate that the system !

remains suberitical (k 50.95) 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 reguirei
j the applicant to verify burnup credit or analyze all possible deformed configurations,

(In addition, recovery of the fuel is easier if the basket is not deformed.) In reality,i

all spent fuel has a low fissile content (~1.5% compared with ~4%) and numerous
fission products that are significant neutron poisons-which is why the fuel is,

i 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

3 the fuel assembly. Large distortions of the cask, fuel basket, and fuel rods are not of
concem 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
2 reduce reactivity.

4. The sensitivity studies primarily consisted in a series of meetings and discussions;
3

!
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 contamment and
radioactive releases are significantly over predicted, but doesn't make sure the need to1

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 failere, and this was included in the selection of strain levels for
the radiological hazards estimated in Figure 8-7. The lead slump was also estimated

i

and included by analysis to the strain levels.
|

5. 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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i. Attachment 2
*

; ftROM L.h anSws Research PH0tti HD. : 613 399 5632 Feb. OS 1996 11:42AM P1
l '

I

! 682Munnd orive Tran Research Ltd.| Kingsson. Ontario
; en K7M 634 % -~symmee,anen
i
; /F A X TRANSMITTALt /'

/
Attendon: BadEaston ,/

,

Tide: Section lander - Transportation Sakty |,

,

|
j Oxnpeny: NRC /

Data: 02MI/96 /
| cc: BobPhmesak. AAR
i

i Pnun: Oordon English phona: 613 389 5632 Pax: 613 389 5499
|

j Subject: .3mst het TimmonitindalL__ _JL.Pages Onclueng this coverpage)
|

I

|
j 'this is further to your discussions with Bob Pronczak at the AAR and selses to our review
| of their recommended practices for the transport of spent nuclear fuel.
:
! We have a number of quesdcas about the NRC licensing test procedures and about the NRC
; sponsored report Shipping Container Response to Severe Highway and Railway
i Accident Conditione by Lawrence Uvermore Nadona1 Laber&y (LLNL). Some
; questions may be addressed by anyone knowledgeable of cask testing ami design; while
'

LLNL may have soclarifyothers.
1 .

| We have idendfled a subset of queadons that we believe are fairly straight forward and can
i be answered (or discussed) quits quick 1y. In general, this subset of queadons asks for
i

clarificadon of NRC test methods Otom I) and confirmation fmm LLNL of the content of| two of their Mgures Otom11).
t
i

i
! 'Ihe other questions OternJII) may requim LLNL to review their files Dom the time of the

study. We would like answers so as rnany of these as can be addressedin a short time
;

frame; but where answers nra not available, we can discuss the general implications for our
j report and whether distribution of the draft should be delayed undl further details am

~

j available.
: -

1

; If you require any clarification of the quesdons, phase do not hesitate to contact me.
i

1
i

i b/
! <
i
!

w -

;
-

i
<

.

! i

i
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I' PROM : TranSys Research
1 PKN! M3 : 613 309 5632 Feb. 05 1996 11:43AM P2

.
;

i

!

!
:

; i. Regulation ;. ^ge^1^22 . and Test Conditione
.

! (all queellone in thle estadory are priosity ones)

,

1. Are these any design directives or licensing tests conducted with respect to end-cap stylej impactMaiters?
.

| 2. More p%ny,is them a known force magnitude below which impact limiters will not
! become dislodged: a) if esened ia tension: and b) if exoned in lateral shear? If so please
! psevide detaus; if not, could design details, illustrations or technical descdyttons be
j provided on typical methods of attachment of end cap style impact limiter used on
; licensed casks.
I
i 3. Where end cap style impact limiters limiters an: employed in a cask design, does NRC

require any tests so be conducted on the cask without the impsct findscrs attached? If so
-

i plosse descdbo them.
i

4. The pin dry test calls for the pin to be long enough to cause maximum damage. Could!

j you psovide a sest descdption and test results for this test when conducted on a cask
j; similar to LLNL's candidate rail cask (i.e. with end cap impact limiters of at least 40" '

| enddepth and2&' side depth)? -

:
i

5. Is buciding of the pin inte paned as a" pas's"; and if so. is there any lindudon posed on
either the depth of an impact lindeer, or the test configuration such that the pin length is

j c.onstrained to a certain buckling threshold.? Please provkle details of alevant past

! .

! 6. Does NRC know how the pin dmp test would scale up to other bodies; pardcularly for'

larger: areas seengths, and impact energies? If so please pmvide details?

7. Sindlarly, has NRC (or othern) ever scaled the energy absorydon capacity of the impact!
Ibnteers born flat surfaces to varying degrees of non-flat surfaces? If so please ymyldo

| dealls.
,

s. Drop seat number 3 (dynamic crush) is not applicable to rail transport casks. It is
included for amaBer casks on the rarianah they are shipped in multiple quandties and

<

with other packages and are suscepdble to impacts from these bodies. We believe that,

in train derailments a rail caris also very susceptible to pile ups and/or constrained
impacts by other vehicles in the train. 'Ihis type ofloading is more prevalent with North
American trains than with Baropean trains. Has the NRC ever investigated the
costa / benefits ofincluding a scaled up version of dmp test # 3 forruil casks? If so_please provide the details.

.

!
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11. Priority Questione for LLNL (Interpretelton of PIgures 5.1 and 4.1)
!
! We have data E- K ^'= gaaadaan velased to Rgure 5.1 ofI.LNL's report. There is quite!

a bit ofinfonnadan psesented in the cask orientadon carves drown there. Others have made
a diffbrent inserpetaden of the data than we have and we wonkt like to have our logic
reviewed. We wookilike to have LLNL ehher conArm that our ingsrpretadon of the Figure:

! is correct or provide the proper interpretation. We have provided a copy of the original
j figues foreasy redseence.
!

! A. Please indicate whether the following interpretatbn of the Hsure content is correct:
{ 1. The soud curves present a St of data points such that each solid line locates a
j conservadve esdmelo of the strain levels experienced for the specifled cask
i orientadon under a range of fmpact speeds.
! 2. 'Ihe dashedlines are there simply to highlight the speeds associated with the two
!

identifled strain thresholds (!.e. 02% and 2.0%).
! 3. Inapact velocity refore to the cask's speed-vector component that is ,-g .dicular
j m theImpend surfbee. .

|

j B. Using this 17^ . =, please conArm that a 0.2% strain level is achieved at (roughly):
^'

: 31 mph impact speed for a cask with a O' (side) orientation;
j 34 mph impact speed if at a 45' crientadon; and;
; 38 mph impact speed if at a 90' (and) orientation.
i Similarly, a 2.0% strain threshoki,is reached at:
i 52 mph impact speed Ibr a cask with a 0* (side) orientation;
! 49 mph impact speed if at a 45* orientation; and;

47 mph trnpact speed if at a 90* (end) orientadon.

C. Porther, if one wished to detsunine the speed magnitudo necessary to reach the 2%
strain threshold for a cask at 90 desmo orlaa*=daa, L..pn; ting the unyielding surfhes
with a velocity vector angle of 45*, one would select the 47 mph impact speed Dom the
plot and divide by .707 (sin 45') to derive the cask speed = 66.5 mph.

D. There was a thhd threshold level used in the study (30% strain). Please conarm that
the Mgure of9ers no basis so esdmate the impact speeds ee to stach thatn
threshold ihr casks at 45' and O' e,amadons; other than that the speeds would be
unreasonably high ones.

E.
If one wished to esderrs the inAnence of surface hardness, one could use Figure 4.2.
Please confirm our bierpretadon of this Figuse ladtendng that: going from an
anyle1 ding m medium surface hardness leads to a 1.8 (~ 82 / 45 mph) i=m in impact
speed to tatnin the S2 :esponse level (i.e. 0.02 strain). Thus, the inupact descdbed in III
above would have so occur at 1.8 * 47 - 85 mph which in turn is assaciated with a cask
speed of 84.6/ sin 45 = 120 mph.

-

6 *A DD * DQ * t?D 6
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: til. LongerTime Frame Queellone for LLNL;
i

i M
!
.

1. 'the LLNL study siderences a nsport by Eggers as one of its data sources but appears toj

! use very litde of the information pasented in it. 'Ihese is no daenenantation concerning the
| use and non-use ofdata ikoen the Eggers study (NURBG/CR 3499). Are these known
! puchloms with the Eggers findlagsh or have other studies assessed the types ofloads and
j related severity data derived by Eggers?
| 2. It is not clost how loading soonarios were derived from the reviews of accident reports (inj

either the Eggets study or the ILNL study). Could someone explain what g+r-, crieria
! were applied in avviewing the accident reports to draw canclualons about the types ofload
| that particolar cars had experienced in the course of the accident.

! 3. On page 3-23 of NURB0/CR-4429 Vol.1 it is indicated that the representative cask
i

design is based on curmntly licensed cask designs which are not yet certiSed. Could you
please denne the meanings of, and differences between, a licensed and a certi5ed cask for
transporting radioacdvs waste in the U.8.7 Also, could you please identify these casks and;

i provide information agardlag their design and any analyses aed tesdag which they have
!

undergone. (Nom: '1he W6 cppariana presented previously under "NRC testing" could
| idenly be answered with respect to these casks).
, -

| Validgon of the mocials used
4

f 1. Were mesh onnvergence studies undertaken in the finleo element analyses; and are they
j

available? Related to this, only the component outlines (not meshes) am plotted for the
j

side impact DYNA 2D/NIKB2D calculations (Figs B-21,22). Can we see the mesh plotsi
for these models. Also, the anthers are not clear as to which analyses wem based on NIKE

! and which on DYNA -can this he clart5ed?
I 2. Can we get details of the sensidvity analyses performed so evaluate the influence of

including a fbel baskets representadon on the response of the representctive cask model?

3. Given the large amount of deformation (ovaling) piedicted for side impact (e.g. Pig B-22),j
one would expect considerable damage to fuel rod / support basket assemblies and the
potendal for fbal mods to be pushed together. Similarly for the end impacts (as statod in the

;

| report), the rods are expected to bucido, which could lead to large lateral displacements.j
Could these conditions affect the solHriticality assumptions? la there a clear definhion of'

what degree of fusi zed deformation leads to susceptibility to criticality?
i

4. "he diece:slon on pp. 4-3 of NUREQlCR-4429 Vol 1 talks about variations in strain inj
shells, bohs mi enclosures and implies that sensitivity studies were conducted whichj
determined ths "r='"'= M' between strairs at different lacaelans or on differentc

j
components inside the cask". Osa we est the details of these sensitivity analyses?j

5. A one dimensional beam model(IMPASC) was used for much of the rail cask analysis.j
Neither the model orits validadon were well documented. Could we get backgroundj information on both the model and its validadon within the scope of the study.

<
1
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F AX 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) ,

i
i

This is being sent to give you our address for the information package on " SCANS" model that is i

the outgrowth ofIMPASC.

Further to our conversation this moming I wanted to make sure I properly interpreted the criticality
issue and the discussion around our question 3 under ' Validation'. Our original imprsssion was that

,

i deformation of the fuel basket was a concern because it could lead to concentration of the fuel
j pellets. This was derived from the first paragraph on page 1-5 ofyour report which states that the

" criticality requirement is typically met by demeie. ting that essentially no deformation occurs to
i 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 moming I
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.

'

! This raises the question of why deformation ofthe fuel basket is the criterion typically used to
demonstrate avoidance of this hazard. Could you please add to the other items you will be fcllowing |
up on a briefexplanation 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

|
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