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B9 PIVOTAL EVENT ANALYSIS

Miscellaneous linking fault trees that were not discussed in Attachment A are described in this
section. Attachment A describes fault trees that provided links between the event trees and basic
events, fault trees containing split fractions, and initiating event fault trees described in
Attachment B. This section describes the remaining types of initiating event fault trees that do
not fit into these categories.

There are eight types of fault trees discussed in this section: dropping an object onto a cask or
waste package, impact to a cask by another vehicle or object, spurious movement of a crane
causing impact to or tipover of a cask, loss of shielding leading to direct exposure, introduction
of liquid moderator, shield door impact with a conveyance, failure of shielding due to collision
of a moving shield door with a conveyance, and failure in a fire.

B9.1 FAULT TREES INVOLVING DROPPING AN OBJECT

These “drop-on” fault trees describe dropping an object onto a cask or a waste package and are
listed in Table B9.1-1. A typical fault tree for drop of an object onto a transportation cask is
shown in Figure B9.1-1, and a fault tree for dropping an object onto a waste package is shown in
Figure B9.1-2.

Table B9.1-1. Drop-On Fault Trees

Number of
Objects
Fault Tree Name Applies to ESD Applies To Waste Type Lifted
060-3-200T-CRANE-DROPON ESD-3 DPC transportation cask 3
DSNF transportation cask 8
HLW transportation cask 3
MCO transportation cask 3
TAD transportation cask 3
ESD4-DPC-DROPON ESD-4 DPC transportation cask 8
ESD4-DSNF-DROPON ESD-4 DSNF transportation cask 1
ESD4-HLW-DROPON ESD-4 HLW transportation cask 1
ESD4-MCO-DROPON ESD-4 MCO transportation cask 1
ESD4-TAD-DROPON ESD-4 TAD transportation cask 1
ESD11-WP-H&D-DROPON ESD-11 WP with HLW & DSNF 2
ESD11-WP-H&M-DROPON ESD-11 WP with HLW & MCO 2
ESD11-WP-TAD-DROPON ESD-11 WP with TAD canister 2
060-15-WP-CRANE-DROPON ESD-15 WP with HLW & DSNF 1
WP with HLW & MCO 1
WP with TAD canister 1

NOTE: DSNF = DOE spent nuclear fuel;, DPC = dual-purpose canister, ESD = event sequence diagram;
HLW = high-level radioactive waste; MCO = multicanister overpack; TAD = transportation, aging and
disposal;, WP = waste package.

Source: Original
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In Figure B9.1-1 the 200-ton crane may drop a lifting fixture or lid onto the transportation cask
from a normal height or from a much higher than normal height due to a two-blocking event.
The probabilities of crane drops are based on historical data discussed in Section 6.3 and
Attachment C. The calculated probability of a crane dropping an object on a cask is 3.24E-005
for one object lifted.

200 ton Crane Drop
Object on Cask

060-3-200T-CRANE-DROPON
1
1 1

200 Ton Crane Number of object
Drop of Object lifts
on Cask

O 3.000E+0

060-3-CRANE-DROP-ON 060-UPENDOBJLIFTNUMBER
1 1
200 Ton Crane 200 Ton Crane
Drop Two Block Drop
O 3.200E-5 O 4.400E-7
60-CRN2-DROPON--CRN-DRP 060-CRN2-2BLKDON-CRN-TBK
060-3-200T-CRANE-DROPON - 200 ton Crane Drop Object on Cask 2007/11/15  Page 46

Source: Original

Figure B9.1-1. Typical 200-Ton Crane Drop-On Fault Tree

In Figure B9.1-2 the remote handling system crane (RHS) may drop the inner or outer waste
package lids onto the waste package from a normal height or from a much higher than normal
height due to a two-blocking event. The probabilities of crane drops are based on historical data
discussed in Section 6.3 and Attachment C. The calculated probability of the RHS dropping one
object on a cask is 1.450E-004.

The data for the 200-ton cranes with or without the use of slings is based on operational

experience of cranes designed to be single failure proof (SFP). However, the mobile cranes used
with the waste packages were presumed to be not single failure proof.
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Drop

O 4.500E-5

Q 1.000E+0

060-TRANSNSCTTLIFTNUMBER

060-WPCRN-DROPON-CRW-TBK

060-15-WP-CRANE-DROPON - WP Crane Drop Object on WP

2007/11/01

Page 23

Source: Original

Figure B9.1-2. Typical RHS Crane Drop-On Fault Tree

B9.2 IMPACT TO A CASK BY ANOTHER VEHICLE OR OBJECT

These trees involve side impacts to the transportation cask by another vehicle or object.
Table B9.2-1 lists the fault trees that describe these impacts.
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Table B9.2-1. Transportation Cask Impact Fault Trees

Fault Tree Name

Applies To

060-3-DPC-TC-IMPACT

DPC transportation cask

060-3-DSNF-TC-IMPACT

DSNF and MCO transportation cask

060-3-HLW-TC-IMPACT

HLW transportation cask

060-3-TAD-TC-IMPACT

TAD canister transportation cask

ESD4-DPC-IMPACT

DPC transportation cask

ESD4-DSNF-IMPACT

DSNF transportation cask

ESD4-HLW-IMPACT

HLW transportation cask

ESD4-MCO-IMPACT

MCO transportation cask

ESD4-TAD-IMPACT

TAD canister transportation cask

060-5-ST-IMPACT

TAD canister in AO

ESD9-DPC-SIMPACT

DPC canisterin CTM

ESD9-DSNF-SIMPACT

DSNF canister in CTM

ESD9-HLW-SIMPACT

HLW canister in CTM

ESD9-MCO-SIMPACT

MCO canister in CTM

ESD9-TAD-SIMPACT

TAD canisters in CTM

060-12-ST-IMPACT

DPC in AO
TAD canister in AO

NOTE: AO = aging overpack; DPC = dual-purpose canister; DSNF = U.S. Department of Energy spent nuclear
fuel; HLW = high-level radioactive waste; MCO = multicanister overpack; TAD = transportation, aging,

and disposal canister.

Source: Original

Figure B9.2-1 illustrates a side impact to a transportation cask that may occur due to the

following operator errors:

e Qperator causing impact by the crane or object being carried by the crane

e QOperator impacting a vehicle (such as a forklift) into the cask at the design speed

e Operator causing a forklift impact at higher than the design speed coupled with failure of

the forklift speed control.

The calculated probability of impact to the transportation cask is 6.12E-003.
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060-PSA-CR00-00200-000-00B

Impact
of TC
(ESD3)

060-3-DPC-TC-IMPACT
[ 1

Vehicle Collision
with Cask

Impact by
Crane/Object

<> 3.000E-3

060-OPTCIMPACTO1-HFI-NOD

060-3A-VEHICLE-COLLISION
[ ]

Operator Causes
Impact to Cask,
RCorTT

Forklift Collides
with Cask

<> 3.000E-3

060-OPCOLLIDE001-HFI-NOD

060-3A-FORKLIFT-IMPACT

Operator Causes FL
Collision (@ Higher
Than Design Limit

Forklift Speed
Control Fails

O 1.000E+0

060-OPFLCOLLIDE1-HFI-NOD

060-FL---SC001---SC--FOH

O 1.280E-4

060-3-DPC-TC-IMPACT - Impact of TC

2007/10/24  Page 49

Source: Original

Figure B9.2-1.

Typical Side Impact Fault Tree

Figures B9.2-2 and B9.2-3 are identical to Figure 9.2-1 except for the addition of another cause
of a side impact; the spurious movement of the CTT or the site transporter during cask loading
which is described in Attachment B. The calculated probability of impact to the transportation
cask with CTT spurious movement is 6.24E-003 and with site transporter spurious movement is

6.38E-003.

Figure B9.2-4 illustrates a side impact to a canister that may occur due to a CTM collision. The
calculated probability of impact to the canister depends on the number of lifts and is 3.9E-006

for a single lift.
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060-PSA-CR0O0

-00200-000-00B

Impact into DPC
Cask

ESD4-DPC-IMPACT

Operator Initiates
Impact by Crane into
CTT with Cask

060-4-OP-CRANE-IMPCT-CTT

Forklift Impact
with CTT

060-4A-FL-COLLISION

Spurious Movement
of the CTT During
Cask Prep

Forklift Collides
with CTT

060-4-CTT-SPURMOVE

060-4A-FORKLIFT-IMPACT

Operator Causes
Low Speed
Collision with FL

O 3.000E-3

060-OPCTCOLLIDE1-HFI-NOD

Operator Causes FL.
Collision (@ Higher
Than Design Limit

O 1.000E+0

060-OPFLCOLLIDE1-HFI-NOD

Forklift Speed
Control Fails

060-FL---SC001---SC--FOH

O 1.280E-4

ESD4-DPC-IMPACT - PMRC Collides Veh Inside Facility

2007/11/09

Page 509

Source: Original

Figure B9.2-2. Typical Side Impact with Spurious Movement of CTT Fault Tree
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060-PSA-CR00-00200-000-00B

Impact to ST
with AO

060-5-ST-IMPACT

Operator Error
Causes Impact
of AO

Forklift Impact
with ST

3.000E-3

060-OPAOIMPACTO1-HFI-NOW

060-5A-FL-COLLISION

Operator Causes
Low Speed
Impact with FL.

3.000E-3

060-OPCTCOLLIDE1-HFI-NOD

Spurious Movement
of ST

899
060-5-ST-SPURMOVE

Forklift Collides
with ST

060-5A-FORKLIFT-IMPACT

: Operator Causes FL
Eomilfl Spe_ed Impact @ Higher
Control Fails ¢ T
Than Design Limit
1.280E-4 1.000E+0

060-FL---SC001---SC--FOH

060-OPFLCOLLIDE1-HFI-NOD

060-5-ST-IMPACT - Impactto ST with AO

2007/11/15  Page 738

Source: Original

Figure B9.2-3. Typical Side Impact with Spurious Movement of Site Transporter Fault Tree
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CTM side impact

ESD9-DPC-SIMPACT

Number of Lifts Side Impacts
per DPC Canister to the Canister
O 1.000E+0
060-LIFTS-PER-DPC-CAN 060-DPC-SIDE-IMPACTS
[ |
Slide gate impact CTM collision

damages canister

060-SLIDEGATECLOSES-CAN CTM-COLLISION

ESD9-DPC-SIMPACT - CTM side impact 2007/11/14  Page 651

Source: Original

Figure B9.2-4. Typical Side Impact to Canister with CTM Collision Fault Tree

B9.3 IMPACT TO A CASK DUE TO SPURIOUS MOVEMENT
These trees involve impacts to or tip over of the transportation cask due to operator error or

spurious movements of the crane, CTT or site transporter. Table B9.3-1 lists the fault trees that
describe these impacts.
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Table B9.3-1. Transportation Cask Impact or Tipover Fault Trees

Fault Tree Name Applies To
ESD2-AO-ROLLOVER TAD canister in AO
060-3-DPC-TC-SPURMOVE DPC transportation cask
060-3-DSNF-TC-SPURMOVE DSNF & MCO transportation cask
060-3-HLW-TC-SPURMOVE HLW transportation cask
060-3-TAD-TC-SPURMOVE TAD canister transportation cask
ESD4-DPC-TIP DPC transportation cask
ESD4-DSNFE-TIP DSNF transportation cask
ESD4-HLW-TIP HLW transportation cask
ESD4-MCO-TIP MCO transportation cask
ESD4-TAD-TIP TAD canister transportation cask

DPC transportation cask

DSNF transportation cask
060-3-CRANE-SPURMOVE HLW transportation cask

MCO transportation cask

TAD canister transportation cask

ESD9-DPC-SPUR Waste package with DPC
ESD9-DSNF-SPUR Waste package with DSNF
ESD9-HLW-SPUR Waste package with HLW
ESD9-MCO-SPUR Waste package with MCO
ESD9-TAD-SPUR Waste package or AO with TAD canister

NOTE: AO = aging overpack; DPC = dual-purpose canister; DSNF = U.S. Department of Energy spent nuclear
fuel; HLW = high-level radioactive waste; MCO = multicanister overpack;
TAD = transportation, aging, and disposal canister.

Source: Original

Figure B9.3-1 describes a rollover of a site transporter carrying an aging overpack or drop of an
aging overpack from a site transporter. Fault trees for site transporter rollover and aging
overpack drop are described in Attachment B6. The calculated probability of a rollover or drop
is 2.46E-006.
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Impact due to
Rollover or Load
Drop

ESD2-AO-ROLLOVER
[ ]

ST Rollover (ESD2) ST Drop Load
During
Lift/Movement
060-2-ST-ROLLOVER 060-16-ST-AO-DROP
ESD2-AO-ROLLOVER - Impact due to Rollover or Load Drop 2007/10/30  Page 349

Source: Original

Figure B9.3-1. Impact due to Site Transporter Rollover or Aging Overpack Drop

Figure B9.3-2 describes an impact to a cask due to spurious movement of the CTT during
loading or spurious movement of the crane. The fault tree for spurious movement of the CTT is
described in Attachment B2.  Spurious movement of the crane fault tree is shown in
Figure B9.3-3. Spurious movement of the crane may occur due to failure of either the crane
bridge or hoist motor to shut off, or spurious signals from the crane bridge motor PLC. The
calculated probability of an impact due to spurious movement of the carrier is 3.94E-007.
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Unplanned
Movement of Carrier
Causes Impact to TC

060-3-DPC-TC-SPURMOVE
[ ]

Spurious movement Spurious Movement
of bridge/trolley of the CTT During
(ESD3) Cask Loading
060-3-CRANE-SPURMOVE 060-3-CTT-SPURMOVE
060-3-DPC-TC-SPURMOVE - Unplanned Movement of Carrier Causes Impact to TC 2007/10/22  Page 50

Source: Original

Figure B9.3-2. Spurious Movement of the Crane or CTT Fault Tree
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Spurious movement
of bridge/trolley
breaches cask

060-3-CRANE-SPURMOVE
1
I ] ]

Bridge Motor Hoist Motor Bridge Motor
(Electric) Fails to (Electric) Fails to PLC Spurious
Shut Off Shut Off Operation
O 1.350E-8 O 1.350E-8 O 3.650E-7
060-CRN-BRIDGMTR-MOE-FSO 060-CRN-HSTTRLMO-MOE-FSO 060-CRN-PLCO0101#-PLC-SPO
060-3-CRANE-SPURMOVE - Spurious movement of bridge/trolley breaches cask 2008/01/09  Page 51

Source: Original

Figure B9.3-3. Spurious Movement of the
Crane Fault Tree
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Impacts due to tipover may be caused by operator error or spurious movement of the crane as
shown in Figure B9.3-4. The calculated probability of a tipover is 1.00E-4 due to the over-riding
influence of operator error causing the tipover.

DPC Cask Tips
Over

ESD4-DPC-TIP
[ ]

Crane Operator Spurious movement
Causes Cask to of bridge/trolley
Tipover (ESD4) breaches cask
060-4-OP-CRANE-TIP-TC 060-3-CRANE-SPURMOVE
ESD4-DPC-TIP - PMRC Collides Veh Inside Facility 2007/10/23  Page 513

Source: Original

Figure B9.3-4. Typical Tipover Fault Tree

Figure B9.3-5 illustrates the fault tree for impact to a canister caused by spurious movement of
the CTT during unloading of the transportation cask, the site transporter during loading of the
aging overpack, or the CTM during transfer of the DPC canister. The calculated probability of
an impact due to spurious movement of the carriers is 6.92E-009.

Figure B9.3-6 illustrates the fault tree for impact to a canister caused by spurious movement of
the CTT during unloading of the transportation cask, the WPTT during loading of the WP, or the
CTM during transfer of the canister. The calculated probability of an impact due to spurious
movement of the carriers is 6.92E-009.
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Because a TAD may be in a transportation cask on a CTT or in an aging overpack on a site
transporter, a split fraction fault tree is required as shown in Figure B9.3-7. The calculated
probability of an impact due to spurious movement of the carriers is also 6.92E-009

The fault trees for spurious movement of these components are described in their respective
sections of Attachment B.

Spurious Movement
of CTT, ST, WPTT,
CTM During Loading

ESD9-DPC-SPUR

Spurious Movement Spurious Movement CTM movement
During Canister of ST causes canister shear
Transfer
060-9-CTT-SPUR-MOVE 060-9-ST-SPURMOVE CTM-SHEAR
ESD9-DPC-SPUR - Spurious Movement of Conveyance During Loading 2007/12/07  Page 654

Source: Original

Figure B9.3-5. Fault Tree for Impact to a Canister due to Spurious Movement of the CTT, Site
Transporter or CTM
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060-PSA-CR00-00200-000-00B

Spurious Movement
of CTT, ST, WPTT,
or CTM During

I (w1 §

ESDY9-HLW-SPUR

Spurious Movement

Spurious Movement

CTM movement

During Canister of WPTT During causes canister shear
Transfer Loading
060-9-CTT-SPUR-MOVE 060-9-WPTT-SPURMOVE CTM-SHEAR
ESD9-HLW-SPUR - Spurious Movement of Conveyance During Transfer 2007/12/07  Page 696

Source: Original

Figure B9.3-6. Fault Tree for Impact to a Canister due to Spurious Movement of the CTT, WPTT or CTM

B9-17 November 2008



Canister Receipt and Closure Facility Reliability
and Event Sequence Categorization Analysis

060-PSA-CR00-00200-000-00B

Source: Original

Spur Move of CTT,
ST, WPTT, CTM
During Transfer

ESD9-TAD-SPUR

Probability
of CTT Movement

060-13-PROB-CTT-MOVEMENT

Probability
of CTT with TAD
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O 4.614E-1

060-PROB-CTT-TAD

CTM movement

causes canister shear

Probability
of ST Movement

Spurious Movement
During Canister
Transfer

060-9-CTT-SPUR-MOVE

AN

CIM-SHEAR

060-13-PROB-ST-MOVEMENT

Probability
of ST with TAD
in AO

O 5.385E-1

060-PROB-ST-TAD

Spurious Movement
of WPTT During
Loading

£\

060-9-WPTT-SPURMOVE

Spurious Movement

060-9-ST-SPURMOVE

ESD9-TAD-SPUR - Spurious Movement of Conveyance During Transfer

2008/01/15  Page 718

Figure B9.3-7. Fault Tree for Impactto a

B9-18

Canister due to Spurious
Movement of the CTT, Site
Transporter, WPTT or CTM
during TAD Canister Transfer
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B9.4 LOSS OF SHIELDING LEADING TO DIRECT EXPOSURE

These fault trees describe direct exposure during canister transfer or while closing the waste
package. Table B9.4-1 lists the fault trees that describe these direct exposures.

Table B9.4-1. Direct Exposure Fault Trees

Fault Tree Name Applies To

ESD18-TEMP-SHIELD-LOSS All Canisters
ESD19-SHIELD-RING All Canisters in WP

NOTE: WP = waste package.

Source: Original

Figure B9.4-1 illustrates the potential causes of direct exposure during canister transfer. The
potential causes include operator error coupled with interlock failures, and inadvertent opening
of the shield door or slide gate. Fault trees for inadvertent opening of the shield door or slide
gate are described in “Loading/Unloading Room Shield Door and Slide Gate Fault Tree
Analysis” in Attachment B. The probability of shield loss is 1.062E-005.
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060-PSA-CR00-00200-000-00B

Source: Original
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I
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Causing Direct
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060-18-SLIDE-GATE-DIR-EX

Operaor Error
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Opened while
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060-OPER-DIR-EXP
L

060-18-SHLDDR-DIRCT-EXP

Op Fail to Stage
AO - Direct Exp

Q 1.000E-4

060-OPDIREXPOSE2-HFI-NOD

Probability of
AO in Process

Failure of Port
Slide Gate
Interlock

O 4.600E-1

060-PROB-AO

060-PTSLDGATE-INT-FAIL

Slide Gate Opens
and CTM Moves

060-SLDGATEOPENCTMMOVE
L

Operator Fails to Failure of CTM
Close Slide Gate Slide gate
with Can in Bell interlock

O 1.000E-3

060-OPFAILSG-HFI-NOD

060-SLIDE-GATE-INTERLOCK
[ 1

Port Slide gate Operator Fails to Slide Gate Operator Fails to
interlock Fails Reset Interlock Interlock Fails Reset Interlock
after Maint after Maint

060-PORTSLIDEGTE-IEL-FOD

O 2.740E-5

O 1.000E-2

060-OPFAILRSTINT-HFI-NOM

O 2.740E-5
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O 1.000E-2
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ESD18-TEMP-SHIELD-LOSS -

2008/01/15  Page 343
Figure B9.4-1. Typical Direct Exposure Fault
Tree due to Shield Door or Slide
Gate Opening
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060-PSA-CR00-00200-000-00B

Figure B9.4-2 is a fault tree for direct exposure from a waste package that has been improperly
closed or shielded with a probability of 2.100E-005. The causes are improper installation of the
inner lid or improper installation of the shield ring due to operator error.

DE During
Closure of
Loaded WP

ESDI19-SHIELD-RING

Failure to Install
WP Shield Ring

060-NO-WP-SHIELD-RING
[ 1

Inner Lid Improperly
Installed

O 1.000E-5

060-OPWPINNERLID-HFI-NOD

Improper Failure of Port
Intallation of Slide Gate
Shield Ring Interlock

O 1.000E-4

060-OPSHIELDRING-HFI-NOD

060-PTSLDGATEB-INT-FAIL

Port Slide gate
interlock Fails

O 2.740E-5

060-PORTSLIDEGTE-IEL-FOD

Operator Fails to
Reset Interlock
after Maint

O 1.000E-2

060-OPFAILRSTINT-HFI-NOM

ESD19-SHIELD-RING - DE During Closure of Loaded WP

2008/01/15  Page 345

Source: Original

Figure B9.4-2. Typical Direct Exposure Fault Tree due to Improper Shielding of the Waste Package

B9.5 MODERATOR SOURCE

Internal floods are potential sources of moderator addition into a canister associated with pivotal
events in the event sequences included in Section 6.1. Moderator addition into a canister can
occur following a breach of the canister and a subsequent internal flood causing criticality.
Table B9.5-1 lists the fault trees that describe the moderator events during CRCF operations.
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Table B9.5-1. Moderator Fault Trees

Fault Tree Name Applies To
060-MODERATOR-SOURCE Transportation casks, canisters (except for HLW) and AOs
ESD20-MOD-FIRE Transportation casks, canisters (except for HLW) and AOs
HLW-MODERATOR HLW transportation casks and canisters

NOTE: AO = aging overpack; HLW = high-level radioactive waste.
Source: Original

Figure B9.5-1 illustrates the possibility of a moderator source during normal operations in the
CRCF. Potential sources are: Oil from the 200-ton crane gear box, water from an inadvertent
activation of the fire suppression system and other water sources in the facility (i.e., water pipes).
Details on moderator source failures are addressed in Section 6.2.2.9.

CRCF Modcrator
Source

060-MODERATOR-SOURCE
I 1

Water Moderator Gear Box Leaks
Sources
O 9.000E-5
060-WATER-MODERATOR 060-OIL-MODERATOR
I ]
Water Moderator Inadvertent
Sources Other Than Actuation of Fire
Fire Suppression Suppression System
Q 2.000E-5 O 1.390E-9
060-OTHER-WATER 060-FIRE-SUPPRESSION

060-MODERATOR-SOURCE - CRCF Moderator Source 2008/01/10  Page 116

Source: Original

Figure B9.5-1. Moderator Source (no fire)
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