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i i ASSUMPTIONS

Volpe assumptions and data

+Consequences only on derailment

*No “fire only” scenario

+ Used Railroad Accident/incident Reporting System rather than Bureau of
Transportation Statistics for conditional probabilities

-Initial events are accident types: derailment, head-on collision. etc.

SNL assumptions

*Adopted Volpe data

*Consequences only on derailment

*Assumed an accident

-Sought consistency with NURE G/CR-6672 approach

*Reorganized initial events: impact speeds and fire

-Separated “fire" and “no fire"

-Maximum number of severity fractions = 40: could be collapsed to 10.
-2006 state by state accident data for accident probabilities
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Table 2. Reported Train Accidents 1988-2001

RAIRS Accide Total and Yard Yard Only
ccidents
Accideot L - " Proba
1988-2001 Count Probability :Accident Count bilicy
0.659
2 7
ilment 2219 0.6634 12.54 4
0.005
%
Head-on Collision 26 0.007 i I
0.003
2
Rear-end Collision n 0.0089 & 9
0.087
Side Collision 1.889 0.054 1,670 3
0.018
Rakise Coltision 510 0.0146 347 2
Broken Train Collision 84 0.0024 39 0.002
0.001
2393 0684 2
Highway-Rait Crossing* 5 0 8 s
- 0.000
Rail-Rail Crossing 16 0.0008 - 1
0.008
2
O ico 763 0.0218 158 a1
0000
Explosive i 0.0003 ? 4
0.004
3 2
Fire! Violem Explosion w 0.00% 2 R
a3 0.1258 s O
Otha tmpacts** - 12 .
Otha in Namrative 834 0.0238 457 0.024
Jotal 35,000 1,027,

* RAIRS dais contains only & porion of highway-1eil C1o3sing accidents.
** Other: Acts of God, or other evenls invoiving the operstion of or-track equipmernt (sianding or moving) that results in reportable casuslty/damages {e.g.. humping

accidants, switch damage)

Source: Railrosd Accidentincident Reporting System (RAIRS) @
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Scenarios and Equivalent Velocities for the NRC Compliance Test

Specd
of Equivalent Velocity
Concern

D mlman

Head-on Collision

Resr-ant Collision

Side Collision

Raking Coflismn

Broken Train Collision

Highway-Rail Crossing

>10 MPH For train derailments where the cask car does not derail (assigned an 80 pareent probability), it is assumed that the cask
may impact other rail equipmant. The resulting damage fom such an impact is assumed noi 10 exceed the regutatory
limit of 30 mph (4K.2 km/). For wain derailmens whae the cask car does darni! (assigned 2 20 parcan probability) it
is assumed that the cask impacis a hard ohictt in the swrounding environment. Any wain speed in excess of 30 mph
148.2 km/r) will reul in damage o the cask that excends reguiatory limits,

>70 MPH For head-0o train-to-train collisions, the worsi-case assumptions applied sre: the cask wrain speed is 50 mpb ($0.4
km/hr), the cask breaks free of its car, the cask collides head-0o with the second rain's locomative. For speeds of the
socond locomative above 70 mph {112.6 km/hr), jt is assumed that the cask tmpacts a hard object in the environment
and damage tha exceeds regulatory limits oocaurs.

>S50 MPH The worsi-case rear-end scenario assumed 15 than a stationary cask is struck by the second ran's locomative and
derails. ARta impaci, both the cask and Jocomative continue to move a1 o residual velocity. For striking locomative
speeds undar SO mph (8.5 km/s) the residual velocities do not excerd 30 mph (4%.2 kmv/hr). For siriking locomotsve
spueds greata than 50 mph (R(.5 kmvhr), the cask impacis a hard object in the environment and damage that excends
regulatory limits oceurs.

>S50 MPH The sido-collision scenario assumes the cask is hit broadside by a train and darzils. Afler impact, both the cask and
locomotive continue to move &t & residusl velocity. For striking locomative speeds under 50 mph (80.5 feuhr) the
residual velocitics do pot exceed 30 mph (48.2 kn/hr). For striking locomotive speads greater than 50 mph (0.5
km/t), the cask mmpacts 8 hard object in the environmam! ad damage that exceads regulatory Linits ocours.

70 MPH For raking collisions. it is assumed that the cask is sruck on the comer by another piece of rail wquipment and dararis.
For speads of the second locomotive bdow 70 mph (152.6 km/hr) LOS events can occur. For speeds of the second
locomotive above 70 mph (112.6 kmr), it is assumed that the cask impacis s hard objext in the environment and
damage thar exceads regutatory limits occurs which corresponds to a rdease even

>70 MPH In the broken Wsin collision somerio, 3 section of a train rolls into the path of @ moving train, or rolls into anotha
stopped tran. The spoeds of concem are assumad the same as in the raking collision. The broken train wwust be
traveling & & speed below 70 mph (112.6 kan/hr) for 2 LOS event 10 ocamr. The broken train must be traveling & a
speed above 70 mph (112.6 knvhr), for a redease event 1o occur

>3 MPH T For a highway-rai) crossing scenario, the worst case occurs when the train derails. The derailment logic is then
applied.
>50 MPH For the rail-rail crossing scenanio, the cask is i ide by & ive and derails. Afla impact, both the

cask and locomotive continoe W move at 2 residual vdocity. For striking locomotive speeds under S0 mpb (80.5
km/br) the sesidual velocities do pot excoed 30 mph (48.2 kan/hr). Far striking locomotive spoeds grestar than 50 mpb

Rail-Rail Crossing
(80.5 ki), the cask impacts a hard object in the environment and damage that exceeds regulsory lipvits occurs,
which correspands to a rdease event
Otsruction >MMPH , These collisions are assumed to be similar 10 highway-rail qossing accidents discussed above. 'L‘ _Sim
1 0 cp EXplosn Fre MPH ~ These events ore evahumed i in torms of potential fire hazand. nal
Table 22. Summary of Accident / Fire Probabilities
Scenano Probabulity
Fall ofi'bndgs 30 feet onto hmd bedsock surtace 1.407E-13
Major Darailisent with inpact into slope of hard becaock S.03E-10
Majos Desathinent with fall off embankanent into haud bechock 321E-10
T TRE-ID

Major Darmbment with Ipact into shmichue
! 2

Major Deradent with Inpact into humel ' S.0SE-10

Pool Fue Tenp Dation - Seal Leak

steel-lead-steel 1.3897E-20
monaolithic steel 1.2307E-20
Pool Fue Temp ‘Druation - Seal Leak / Rod Buust
steel-lead-steel §.3383E-21
monolithic steel 1.2S0TE20

Kational
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Voipe fire scenarios

i PoelFin |

Temperature | Dumation

!

Pool Fr
0.001] .

Texp<T, G3C)

Seals leak

1205607 1O X T 0C) < Temp < Ty (750°C)  Duration > Dz,
T 0.99987819) 0.2 steetlead-sieel . 0.1 1.3097€-20
monolthic steet 0 09 1.2507E-20
| R . Seats leax and Roas burst
2.38095E-0% Temp > T, (750°C) Dovation »Dan,
08 cteeklead-steel (106 B8.33B3IE-21
monolthic steel  (10¢ 1.26807E-20
. 'I'qnpqmn
Caxk Type : Ty =750°C T,= 1,000 °C
Sicel-Lead-Stedd Rait 1.06 hours 2.91 hours 6.43 hours
Monolithic Sted Rail 1.37 bours 6.57 hours 1} bours
Fire Source Fire Durstion Teamperoture of Effect
Stee)-Lead-Steed
Ca 10mue {0.17 howrsy
Reguintory Fue | 30mim (0.2 hotn sy
Tanka Truck G0min {1 houss
Lead mielts
63 6mun i1.06 hiwu ) Seal Leaks
1746 Mmi2 01 hows} Redy Banst
Rail Tank Ca 400min (6.6 howns) Sandky
National
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064963 <30 MPH

0.83975

. HWAY GRADE CROSSING COLUSION REMAIN ON TRACK

028355 30 ~ 50 MPH

0.14806

RAIL-RAIL CROSSING COL

DERAIL 0.16025

LISION

|-006614_ 50 ~ 70 MPH

000061 >70 MPH
V77738 <30 MPH
}— 018824 30 - 50 MPH

0.00088

DERAIL 0.54786

0.60224

HEAD-ON, RAKING, BROKEN TRAIN COLLISION

————003439 50~ 70 MPH

L 0.00056 >70 MPH
UEG404 <30 MPH
0.27552 30 ~ 50 MPH

U.0ZI35

DERAIL 0.39776

f————06338 50 - 70 MPH
L 000056 >70 MPH

REAR OR SIDE COLUISION 330 MPH
002855 DERAIL 053785 30 - 50 MPH
50- 70 MPH
>70 MPH
0.86777
OBSTRUCTION 30- 50 MPH
0.00788 DERAIL 0.13223 50- 70 MPH
>70 MPH
<30 MPH
DERAILMENT REMAIN OR TRACK 30~ 50 MPH
0.66813 DERAIL 10 0- 70 MPH
>70 MPH
FIRE/EXPLOSION
001588 DYRAIL U02237 30 - 50 MPH
50 - 70 MPH
>70 MPH
230 MPH
OTHER IMPACTS 30 - 50 MPH
0.0787 DERATT U985 50~ 70 MPH
>70 MPH
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WATER: 0.48

HARD BEDROCK: 0.039

30-50 MPH
; > 30 FT: 0.0631
! e ————"""{__SOFT REDROCK: 0.033
! ]
i i ROCKY: 0.00
' FALL ! E—
00005 | L_OTHER_CLAY, SOIL: 0.443
: ONBRIDGE |
;oo i i <30FT:0.9369
i ;
i i | NOfALL WATER: 0.00506
i 0.9995 —
: .__HARD BEDROCK: 0.0732
50-70 MPH ,
. | - 0.064
DERAILMENT INTO SLOPE: 0.003 1 (—SOELBEDROCK: 0.0643
i ROCKY: 0.00875
i ROCKY: 0
: : i
10FF BRIDGY * L__OTHER CLAY, SOIL: 0.87257
‘0.9887
WATER: 0.00506
i OFF EMBANKMENT: 0004 | _HARD BEDROCK: 0.0732
i |__SOFT BEDROCK: 0.0643
i
i
i ROCKY: 0.00875
!
] QTHER_CLAY, SOIL: 0.87257
|
i 270 MPH INTO STRUCTURE: 0.0077
INTO TUNNEL: 0.008012
NO SLOPE/STRUCTURE/TUNNEL: 0.9828 @ Seno
LOCKNEED unnr112$ 9 |aborgtories
0.2497
[~ NO DERATCMENT, FIRt - 0.01380 0.01480
i <30 MPH COLLISION: 0.6741
0.4881
DERAILMENT NO FIRE B
|_30.50 MPH COLUSION- 0 2665
0.9846 0.1930
DERAILMENT
0.7355
50-70 MPH COLLISION: 0.06043 0.0438
Lsz0MpGCOLLISION:SOIEL
0.000363
<30 MPH COLUSION: 0.6497 0.007a1
30-50 MPH COLLISION:0.28355
0.00323
50-70 MPH COLLISION:0.06614 0.0007%4
DERAILMENT FIRE
00155 >70 MPG COLLISION: 0.00061 0.0000070
Sand
National
10 Laboraturies
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2642
<30 MPH COLLISION: 0.6741 .4882
INTO SLOPE:.0011 .00021

OFF BRIDGE ; 1aanyent: 0000 76365
B-9887~—_ N30 STRUCTURE:.0077 0.00147

; f,_mm_muuu: 00801 0.00153

|
!
I
I . . . earg
| DERAILMENT NO FIRE 30-50 MPH COLLISION: 0.2665 . Latsee: 882 0.1875
i Tosea : ONBRIDGE 0133 00218
- : S 4.76E-5
! | 5020 Men o1 LsI0N: £ 06003 OH-BRIOGE g sipr i 0004 17365
i | 05887 N1 STRUCTURE:.0077 '888%?
: : : UNIO TUNNEL: 00801 o 222
: I H OTHER: 98, :
: ! : ' B 28 00039
i ! ONBRIDGEOMI 1y ¢ oy - 0012 3.59€-5
o DERALMENT . ; OFf BRNDGE JLMBANKMENT:.0004 1 43E-8
0.7355 i { >70 MPG COLLISION:5.01¢-4 079887 HNIOSIBUCTURE:.0077 2.76€-7
: i UNIO.TUNNEL: 00801  2.87E-7
) : ATHLR: 982
i i ¢ 3535
! ;
! i
! 4. -
. ON BRI 0011 1087
! <30 MPH COLLISION: 0.6487 000747
—NIQ SLOPE:.0011 3.526-6
) L EMBANKMENT:.0004 1.28£-6
& ; —OH-BRHBGE 110 sTRUCTURE:0077 2.46E-5
3050 RPACOTIISTON0, 28355 09887 o tuwwie: 00so: 25665
| H ! Lotnen: 9828 0.00314
: ONBRIDGE: 0113 3.65€-5
{ ANTOSLOPE:.0011 8.20€-7
i le naga nwcanE NY: 0004 2.98E-7
| 50- T ST LNIO STRUCTURE-.0077 5. 7466
! a.9887 hNTOTUBNEL: 008D} 5.976-6
i {QIHER: 9828
! 04
‘1 QNBRIDGE 011 0P
| OFF BRIIDGE INTOSTOPE:.0013 7.56€-9
1 DERAILMENT FIRE 9887 [TMIEARKME NT:.0004 2.75€-9
0.0155 L HRTOSTRUCTURE:.0077 5 2968
>7oMPG 6:00063 INTOTURNE L:.00801

4 UTRIAT 3828 @w
INBRIDEE—63T 13— mﬂi
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