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B9 HORIZONTAL CASK TRACTOR AND TRAILER FAULT TREE ANALYSIS 

B9.1 REFERENCES 

The PCSA is based on a snapshot of the design. The reference design documents are 
appropriately documented as design inputs in this section. Since the safety analysis is based on a 
snapshot of the design, referencing subsequent revisions to the design documents (as described in 
EG-PRO-3DP-G04B-00037, Calculations and Analyses (Ref. 2.1.1, Section 3.2.2.F» that 
implement PCSA requirements flowing from the safety analysis would not be appropriate for the 
purpose of this document. There are no superseded or cancelled documents associated with the 
modifications that led to the issuance of this revision. Cancelled or superseded documents 
associated with the portions of this document for which the snapshot has not yet been updated 
are designated herein with a dagger (t).. 

The inputs in the Section noted with an asterisk (*) indicate that they fall into one of the 
designated categories described in Section 4.1, relative to suitability for intended use. 

Design Inputs 

B9.1.1	 tBSC (Bechtel SAIC Company) 2007. Yucca Mountain Project Engineering 
Specification for Cask Tractor and Cask Transfer Trailers. 000-3PS-HATO-00300-000 
REV 000. Las Vegas, Nevada: Bechtel SAIC Company. ACC: ENG.20071006.0004. 

B9.1.2	 BSC 2007. Aging Facility Cask Transfer Trailers Mechanical Equipment Envelope. 
170-MJO-HATO-00201-000 REV OOA. Las Vegas, Nevada: Bechtel SAIC Company. 
ACC: ENG.20070518.0002. 

B9.2 HORIZONTAL CASK TRACTOR AND TRAILER DESCRIPTION 

B9.2.1	 Overview 

The horizontal cask tractor and trailer (HCTT) will provide the following functions as described 
in Section 3.1.1 of the HCTT specification (Ref. B9.1.1): 

"The function of the cask tractor coupled with the cask transfer trailer is to: 

•	 Move a transportation cask loaded with a horizontal DPC from the WHF to a horizontal 
aging module located on Aging Pad 17R. 

•	 Retrieve a horizontal DPC from the horizontal aging module, place it into the horizontal 
shielded transfer cask, and transport it to the WHF. 

B9.2.2	 Physical Description 

The tractor is a large, four-wheel drive, diesel tractor designed specifically for pulling the 
transfer trailer (Ref. B9.1.2). The tractor has redundant brakes in addition to having a fail-safe 
emergency brake. The tractor has independently mounted non-driven hydraulic pendu1ar axles 
with a minimum of four tires per axles that will ensure the cask remains level during 
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transportation across uneven terrain. In addition to the pendu1ar axles, the trailer has three other 
hydraulic systems: (1) stabilizing jacks, (2) cask support skid and positioning system, and (3) 
hydraulic ram. Yucca Mountain Project Engineering Specification for Cask Tractor and Cask 
Transfer Trailers (Ref. B9.1.1) depicts the tractor and trailer. 

B9.3 DEPENDENCE AND INTERACTIONS ANALYSIS 

Dependencies are broken down into five categories with respect to their interactions with 
structures, systems, and components. The five areas considered are addressed in Table B9.3-1 
with the following dependencies: 

1. Functional dependence 
2. Environmental dependence 
3. Spatial dependence 
4. Human dependence 
5. Failures based on external events. 

Table 89.3-1. Dependencies and Interactions Analysis 

Structures, Systems, 
and Components 

Dependencies and Interactions 

Functional Environmental Spatial Human External 
Events 

Hydraulic Pendular 
Axles 

Vertical support 
and leveling 
during transport 
and load/unload 

- - - -

Hydraulic Stabilizing 
Jacks 

Redundant 
vertical support 
during 
load/unload 

- - - -

Tractor brakes Sufficient to stop 
conveyance with 
failed trailer 
brakes 

- - - -

Trailer brakes Sufficient to stop 
conveyance on 
failed tractor 
brakes 

- - - -

Vehicle Steering, 
Control and Speed 
Limiter 

Tractor/trailer 
control - -

Collision 
Overspeed -

Source: Original 

B9.4 HORIZONTAL CASK TRACTOR AND TRAILER FAILURE SCENARIOS 

An HCTT collision is the only failure scenario modeled. A rollover scenario was also 
considered, but is screened out per Attachment E. 
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B9.4.1 Horizontal Cask Tractor and Trailer Collision (ESD04) 

B9.4.1.1. Description 

There are two situations modeled where a HCTT collision may occur and each has a unique 
vehicle configuration: (1) during the loading and unloading of the DPCs (the trailer is unhitched 
from the tractor), and (2) during transport between the facilities and HAMs when the tractor is 
pulling the trailer. 

B9.4.1.2 Success Criteria 

A collision is defined as any undesired contact with another vehicle, facility structure, or 
equipment. Any of the steering, braking and hydraulic system can cause this to occur, in 
addition to operator error. 

B9.4.1.3 Design Features and Requirements 

The tractor brakes are a redundant-brake design and include a backup system with a split master 
cylinder and an indicator light inside the cabin to warn an operator if one of the systems fails 
(Ref. B9.1.1, Section 3.9.1.8.b). 

•	 The parking brakes are fail safe - The parking brake are designed as spring-applied, with 
hydraulically released calipers mounted on each axle input (Ref. B9.1.1, Section 
3.9.1.9.b). 

•	 The tractor and trailer brakes are redundant - either are capable of stopping the 
conveyance. 

•	 The stabilizing jacks and pendular axles are redundant vertical support systems during 
loading and unloading operations. 

•	 The trailer has four pendular axles and eight axle hydraulic actuators. The pendular axle 
hydraulic system can sustain one actuator failure and still function properly. 

•	 There are four stabilizing jacks, failure of anyone stabilizing jack results in the failure 
of the stabilizing jack system. 

B9.4.1.4 Fault Tree Model 

The top event in this fault tree is "Horizontal Tractor Trailer Collision." This is defined as an 
undesired contact at any speed between the cask tractor and/or cask transfer trailer with another 
vehicle, facility structure, or equipment. Faults modeled in this tree include axle and stabilizing 
jack hydraulic failures as well as vehicle control failures. 

B9.4.1.5 Basic Event Data 

A number of basic events are used in this fault tree, including three CCF events and two human 
failure event as listed in Table B9.4-1. 
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Table B9.4-1. Basic Event Probabilities for Collision of Horizontal Cask Tractor and Trailer 
tTJ~-< (1)
(1) .... 

a:::r::Name Description Calc. Typea Calc Prob. Fail. Prob. Lambda Miss. Time 
050-CRWT-BRK001--BRK-FOD Tractor Brake A Fails 1 1.46E-06 1.46E-06 - -

050-CRWT-BRK002--BRK-FOD Tractor Brake B Fails 1 1.46E-06 1.46E-06 - -

050-CRWT-BRK003--BRK-FOD Trailer Brakes Fail 1 1.46E-06 1.46E-06 - -

050-CRWT-BRKCCF--BRK-FOD CCF of Both Tractor Brakes C 7.16E-08 - - -

050-CRWT-LPATH--ATH--CCF 
CCF of Pendular Axle Hydraulics During 
Load/Unload C 1.67E-04 - - -

050-CRWT-LPATH 1--ATH-FOH Pendular Axle Hydraulic 1 Failure 3 1.78E-03 - 8.91E-04 2.00E+00 

050-CRWT-LPATH2--ATH-FOH Pendular Axle Hydraulic 2 Failure 3 1.78E-03 - 8.91E-04 2.00E+00 

050-CRWT-LPATH3--ATH-FOH Pendular Axle Hydraulic 3 Failure 3 1.78E-03 - 8.91E-04 2.00E+00 

050-CRWT-LPATH4--ATH-FOH Pendular Axle Hydraulic 4 Failure 3 1.78E-03 - 8.91E-04 2.00E+00 

050-CRWT-LPATH5--ATH-FOH Pendular Axle Hydraulic 5 Failure 3 1.78E-03 - 8.91E-04 2.00E+00 

050-CRWT-LPATH6--ATH-FOH Pendular Axle Hydraulic 6 Failure 3 1.78E-03 - 8.91E-04 2.00E+00 

050-CRWT-LPATH7--ATH-FOH Pendular Axle Hydraulic 7 Failure 3 1.78E-03 - 8.91E-04 2.00E+00 

050-CRWT-LPATH8--ATH-FOH Pendular Axle Hydraulic 8 Failure 3 1.78E-03 - 8.91E-04 2.00E+00 

050-CRWT-LSJATH 1-ATH-FOH StabalizinQ Jack 1 Failure 3 1.78E-03 - 8.91E-04 2.00E+00 

050-CRWT-LSJATH2-ATH-FOH StabalizinQ Jack 2 Failure 3 1.78E-03 - 8.91E-04 2.00E+00 

050-CRWT-LSJATH3-ATH-FOH Stabalizing Jack 3 Failure 3 1.78E-03 - 8.91E-04 2.00E+00 

050-CRWT-LSJATH4-ATH-FOH StabalizinQ Jack 4 Failure 3 1.78E-03 - 8.91E-04 2.00E+00 

050-CRWT-TRCT-STEER-FAIL Tractor Steering System Failure 3 1.84E-05 - 1.84E-05 1.00E+00 

050-CRWT-TRLR-STEER-FAIL Trailer SteerinQ System Failure 3 1.84E-05 - 1.84E-05 1.00E+00 

050-HTTCOLLI DE---G65-FOH Speed Limiter Fails 3 1.16E-05 - 1.16E-05 1.00E+00 

050-0PHTCOLLI DE1-HFI-NOD 
Operator causes collision of HTT while leaving 
the IR~[SL02] 1 3.00E-03 3.00E-03 - -

050-0PHTINTCOL01-HFI-NOD 
Operator Causes Collision of HTT due to 
Overspeed 1 1.00E-00 1.00E-00 - -
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NOTE: aFor Calc. Type 3 with a mission time of 0, SAPHIRE performs the quantification using the system mission time. See Table 6.3-1 for definitions of o 
b~ calculation types. o-<

(1) g.
 Calc. = calculation; CCF = common-cause failure; Fail. N= failure; HTT = the cask tractor and cask transfer trailer referred to as the HCTT in Section 6.2; o 
Miss. = mission; Prob. = probability; WHF = Wet Handling Facility. o 

b o~ oN oo Source: Original oo to 00 
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B9.4.1.5.1 Human Failure Events 

Two HFEs are modeled in the HCTT collision failure scenario as follows: 

1. Operator causes collision ofHCTT while leaving the WHF 
2. Operator causes collision ofHCTT due to overspeed condition. 

Further description of these events can be found in Attachment E, Human Reliability Analysis. 

B9.4.1.5.2 Common-Cause Failures 

Two CCF events are modeled in the HCTT collision failure scenario as follows: 

1. Common-cause failure of the primary and redundant tractor brakes 
2. Common-cause failure of two or more pendular axle hydraulics. 

B9.4.1.6 Uncertainty and Cut Set Generation Results 

Figure B9.4-1 contains the uncertainty results obtained from running the fault trees for 
"Horizontal Cask Tractor Trailer Collision". Figure B9.4-2 provides the cut set generation 
results for the "Horizontal Cask Tractor Trailer Collision" fault tree. 

Uncertainty Results 

Name 050-HCTT-COLLISION 

Random Seed 1234 Events 21 

Sample Size 10000 Cui Sets 34 

Point estimate 3.303E-003 

Mean Value 4.647E-003 

5th Percentile Value 4.835E-004 

Median Value 2.145E-003 

95th Percentile Value 1.188E-002 

Minimum Sample Value 1.173E-004 

Maximum Sample Value 1.000E+000 

standard Deviation 2.430E-002 

Skewness 3.100E+001 

Kurtosis 1.141 E+003 

Elapsed Time 00: 00: 01 .350 

OK 

Source: Original 

Figure 89.4-1. Uncertainty Results for the "Horizontal Cask Tractor Trailer Collision" Fault Tree 
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Cut Set Generation Results [RJ 
Name: 050·HCTT ·COLLISION 
Elapsed Time: 00: 00: 00. 020 

Cut ** minCut 
Size 

1 4 3. 203E -003 
2 30 1. 004E -004 
3 0 ······E···· 
4 0 ------E---­
5 0 ------E---­
6 0 ······E···· 
7 0 ------E---­
8 0 ······E···· 
9 0 ------E---­

10 0 ------E---­
>10 0 ------E ---­

Total 34 3. 303E -003 

Total Elapsed Time : 00: 00: 00. 040 

OK View Results I 

Source: Original 

Figure 89.4-2. Cut Set Generation Results for the "Horizontal Cask Tractor Trailer Collision" Fault Tree 

B9.4.1.7 Cut Sets 
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Table B9.4-2 contains the cut sets for the collision of the HCTT. 

Table 89.4-2. Cut Set for Collision of Horizontal Cask Tractor and Trailer 

%Cut 
Set 

Prob.l 
Frequency 

Basic Event Description Event Prob. 

90.83 3.000E-03 050-0PHTCOLLIDE1-HFI-NOD Operator causes collision of HTT 
while leaving the RF 

3.000E-03 

5.04 1.665E-04 050-CRWT-LPATH--ATH--CCF CCF of Pendular Axle Hydrualics 
During Load/Unload 

1.665E-04 

0.56 1.840E-05 050-CRWT-TRLR-STEER-FAIL Trailer Steering System Failure 1.840E-05 

0.56 1.840E-05 050-CRWT-TRCT-STEER-FAI L Tractor Steering System Failure 1.840E-05 

0.35 1.160E-05 050-HTTCOLLlDE---G65-FOH Speed Limiter Fails 1.160E-05 

050-0PHTINTCOL01-HFI-NOD Operator Causes Collision of HTT 
due to Overspeed 

1.000E+00 

0.10 3.170E-06 050-CRWT-LPATH1--ATH-FOH Pendular Axle Hydraulic 1 Failure 1.780E-03 

050-CRWT-LPATH8--ATH-FOH Pendular Axle Hydraulic 8 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH2--ATH-FOH Pendular Axle Hydraulic 2 Failure 1.780E-03 

050-CRWT-LPATH8--ATH-FOH Pendular Axle Hydraulic 8 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH3--ATH-FOH Pendular Axle Hydraulic 3 Failure 1.780E-03 

050-CRWT-LPATH8--ATH-FOH Pendular Axle Hydraulic 8 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH4--ATH-FOH Pendular Axle Hydraulic 4 Failure 1.780E-03 

050-CRWT-LPATH8--ATH-FOH Pendular Axle Hydraulic 8 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH5--ATH-FOH Pendular Axle Hydraulic 5 Failure 1.780E-03 

050-CRWT-LPATH8--ATH-FOH Pendular Axle Hydraulic 8 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH6--ATH-FOH Pendular Axle Hydraulic 6 Failure 1.780E-03 

050-CRWT-LPATH8--ATH-FOH Pendular Axle Hydraulic 8 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH7--ATH-FOH Pendular Axle Hydraulic 7 Failure 1.780E-03 

050-CRWT-LPATH8--ATH-FOH Pendular Axle Hydraulic 8 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH1--ATH-FOH Pendular Axle Hydraulic 1 Failure 1.780E-03 

050-CRWT-LPATH7--ATH-FOH Pendular Axle Hydraulic 7 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH2--ATH-FOH Pendular Axle Hydraulic 2 Failure 1.780E-03 

050-CRWT-LPATH7--ATH-FOH Pendular Axle Hydraulic 7 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH3--ATH-FOH Pendular Axle Hydraulic 3 Failure 1.780E-03 

050-CRWT-LPATH7--ATH-FOH Pendular Axle Hydraulic 7 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH4--ATH-FOH Pendular Axle Hydraulic 4 Failure 1.780E-03 

050-CRWT-LPATH7--ATH-FOH Pendular Axle Hydraulic 7 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH5--ATH-FOH Pendular Axle Hydraulic 5 Failure 1.780E-03 

050-CRWT-LPATH7--ATH-FOH Pendular Axle Hydraulic 7 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH6--ATH-FOH Pendular Axle Hydraulic 6 Failure 1.780E-03 

050-CRWT-LPATH7--ATH-FOH Pendular Axle Hydraulic 7 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH1--ATH-FOH Pendular Axle Hydraulic 1 Failure 1.780E-03 

050-CRWT-LPATH6--ATH-FOH Pendular Axle Hydraulic 6 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH2--ATH-FOH Pendular Axle Hydraulic 2 Failure 1.780E-03 

050-CRWT-LPATH6--ATH-FOH Pendular Axle Hydraulic 6 Failure 1.780E-03 
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%Cut 
Set 

Prob.l 
Frequency 

Basic Event Description Event Prob. 

0.10 3.170E-06 050-CRWT-LPATH3--ATH-FOH Pendular Axle Hydraulic 3 Failure 1.780E-03 

050-CRWT-LPATH6--ATH-FOH Pendular Axle Hydraulic 6 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH4--ATH-FOH Pendular Axle Hydraulic 4 Failure 1.780E-03 

050-CRWT-LPATH6--ATH-FOH Pendular Axle Hydraulic 6 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH5--ATH-FOH Pendular Axle Hydraulic 5 Failure 1.780E-03 

050-CRWT-LPATH6--ATH-FOH Pendular Axle Hydraulic 6 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH1--ATH-FOH Pendular Axle Hydraulic 1 Failure 1.780E-03 

050-CRWT-LPATH5--ATH-FOH Pendular Axle Hydraulic 5 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH2--ATH-FOH Pendular Axle Hydraulic 2 Failure 1.780E-03 

050-CRWT-LPATH5--ATH-FOH Pendular Axle Hydraulic 5 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH3--ATH-FOH Pendular Axle Hydraulic 3 Failure 1.780E-03 

050-CRWT-LPATH5--ATH-FOH Pendular Axle Hydraulic 5 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH4--ATH-FOH Pendular Axle Hydraulic 4 Failure 1.780E-03 

050-CRWT-LPATH5--ATH-FOH Pendular Axle Hydraulic 5 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH1--ATH-FOH Pendular Axle Hydraulic 1 Failure 1.780E-03 

050-CRWT-LPATH4--ATH-FOH Pendular Axle Hydraulic 4 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH2--ATH-FOH Pendular Axle Hydraulic 2 Failure 1.780E-03 

050-CRWT-LPATH4--ATH-FOH Pendular Axle Hydraulic 4 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH3--ATH-FOH Pendular Axle Hydraulic 3 Failure 1.780E-03 

050-CRWT-LPATH4--ATH-FOH Pendular Axle Hydraulic 4 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH1--ATH-FOH Pendular Axle Hydraulic 1 Failure 1.780E-03 

050-CRWT-LPATH3--ATH-FOH Pendular Axle Hydraulic 3 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH2--ATH-FOH Pendular Axle Hydraulic 2 Failure 1.780E-03 

050-CRWT-LPATH3--ATH-FOH Pendular Axle Hydraulic 3 Failure 1.780E-03 

0.10 3.170E-06 050-CRWT-LPATH1--ATH-FOH Pendular Axle Hydraulic 1 Failure 1.780E-03 

050-CRWT-LPATH2--ATH-FOH Pendular Axle Hydraulic 2 Failure 1.780E-03 

0.00 1.046E-13 050-CRWT-BRK003--BRK-FOD Trailer Brakes Fail 1.460E-06 

050-CRWT-BRKCCF--BRK-FOD CCF of Both Tractor Brakes 7.163E-08 

NOTE:	 CCF = common-cause failure; HTT = the cask tractor and cask transfer trailer referred to as the HCTT in 
Section 6.2; Prob. = probability; RF = Receipt Facility. 

Source:	 Original 

B9.4.1.8 Fault Trees 
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050-HCTT-COLLISION 

050-HCTT-COLLISION-LOAD 050-HCTT-COLLISION-TRANS 050-0PHTCOLLlDE1-HFI-NOD 050-HTTCOLLIDE-OSPEED 

050-PEND-HYDRLCS-FAIL 050-STBL-HYD RLCS-FAI L 050-HTTCOLLlDE---G65-FOH 050-0PHTINTCOL01-HFI-NOD 

050-HCTT-COLLISION - Horizontal Tractor Trailer Collision 2008/02/28 Page 347 

Source: Original 

Figure 89.4-3.	 Fault Tree for Horizontal Cask 
Tractor Trailer Collision 
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050-PEND-HYDRLCS-FAIL - Pendular Axles Hydraulics Fail 2008/07/10 Page 350 

Source: Original 

Figure 89.4-4.	 Fault Tree for Pendular Axles 
Hydraulics Fail 
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Stabil izing Jacks 
Hydraulics Fail 

050-STBL-HYDRLCS-FAIL 

Stabalizing 
Jack 1 Failure 

1.780E-3 

050-CRWT-LSJATH1-ATH-FOH 

Stabal izing 
Jack 2 Failure 

1.780E-3 

050-CRWT-LSJATH2-ATH-FOH 

Stabalizing 
Jack 3 Failure 

1.780E-3 

050-CRWT-LSJATH3-ATH-FOH 

Stabalizing 
Jack 4 Failure 

1.780E-3 

050-CRWT-LSJATH4-ATH-FOH 

050-STBL-HYDRLCS-FAIL - Stabalizing Jacks Hydraulics Fail 2008/02/27 Page 351 

Source: Original 

Figure B9.4-5.	 Fault Tree for Stabilizing Jacks 
Hydraulics Fail 
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HCTT Collision 
During Transport 

050-HCTT-COLLISION-TRANS 

Tractor Steering 
System Failure 

Trailer Steering 
System Failure 

Failure to Stop 

050-HCTT-FAILURE-TO-STOP 

1.840E-5 

050-CRWT-TRLR-STEER-FAIL 

1.840E-5 

050-CRWT-TRCT-STEER-FAI L 

Pendular Axles 
Hydraulics Fail 

050-PEND-HYDRLCS-FAIL 

50-HCTT-COLLISION-TRANS - HCTT Collision During Transport 2008/02/27 Page 348 

Source: Original 

Figure 89.4-6.	 Fault Tree for HCTT Collision 
during Transport 
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050-CRWT-BRKOO1--BRK-FOD 050-CRWT-BRKOO2--BRK-FOD 

60-HCTT-FAILURE-TO-STOP - Failure to Stop 2008/02/28 Page 349 

Source: Original 

Figure 89.4-7. Fault Tree for Failure to Stop 
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BIO 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: 

1. Dropping an object onto a cask or canister 
2. Impact to a cask by another vehicle or object 
3. Spurious movement of a crane causing impact to or tipping-over of a cask 
4. Loss of shielding leading to direct exposure 
5. Potential moderator sources 
6. Valve impacts on transportation casks 
7. Shield door impact to conveyance 
8. Crane drop of a horizontal DPC that needs to be uplifted. 

BIO.I FAULT TREES INVOLVING DROPPING AN OBJECT 

These "drop on" fault trees address the events associated with dropping an object onto a cask or 
a canister. Table B10.1-1 identifies the applicable ESDs, a specific fault tree associated with the 
event sequence and the affected cask or canister. A typical fault tree for drop of an object onto a 
transportation cask is shown in Figure BlO.l-i. 
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Table 810.1-1. Drop-On Fault Trees 

ESD Designator Fault Tree Name Applies To 

ESD05-UPEND-DROPON­
CASK 

050-5-200T-CRANE DROPON CSNF in Transportation Cask 

ESD06-TTC-UPDROPON 050-6-200T-CRANE-DROPON Horizontal STCIDPC in Transportation 
Cask 

ESD06-VTC-UPDROPON 050-6-200T-CRANE-DROPON DPC in Rail Transportation Cask 

ESD07-CPREP-DROPON* ESDO~CPRE~DROPON DPC in Transportation Cask 

ESD08-CPREP-DROPON* ESDO~CPRE~DROPON CSNF in Transportation Cask 

ESD09-DPREP-DROPON* ESDO~DPRE~DROPON DPC in Transportation Cask 

ESD13-DPC-DROPON CTM-DROP-ONTO-CASK DPC Canisters 
(Details in Attachment B) 

ESD13-TAD-DROPON CTM-DROP-ONTO-CASK TAD Canisters 
(Details in Attachment B) 

ESD15-PREP-DROPON* ESD15-PREP-DROPON STCIDPC Casks 

ESD18-DPC-DROPON* ESD18-DPC-DROPON DPC in Canister 

ESD19-FLOOR-DROPON* ESD19-FLOOR-DROPON DPC Casks 

ESD19-POOL-DROPON* ESD19-POOL-DROPON DPC Casks 

ESD20-FLOOR-DROPON* ESD20-FLOOR-DROPON CNSF Casks 

ESD20-POOL-DROPON* ESD20-POOL-DROPON CNSF Casks 

ESD21-CSNF-LOWER­
DROPON 

ESD21-CSNF-LOWER-DROPON CNSF Casks 

ESD21-DPC-LOWER-DROPON ESD21-DPC-LOWER-DROPON STCIDPC in Cask 

ESD21-TAD-LOWER-DROPON* ESD21-TAD-LOWER-DROPON* STCITAD in Cask 

ESD24-FLOOR-DROPON* ESD24-FLOOR-DROPON* STCITAD in Cask 

ESD24-POOL-DROPON* ESD24-POOL-DROPON STCITAD Cask 

ESD25-TAD-DROPON ESD25-TAD-DROPON TAD in STC 

ESD28-TAD-DROPON* ESD28-TAD-DROPON STCITAD Cask 

NOTE: Entries in "ESD Designator column marked with "*,, are described in applicable sections in Attachment 
A.
 
CSNF = commercial spent nuclear fuel; DPC = dual-purpose canister; ESD = event sequence diagram;
 
STC = shielded transfer cask; TAD = transportation, aging, and disposal (canister).
 

Source: Original 

In Figure BIO.I-I, the 200-ton crane may drop a lifting fixture onto a transportation cask or TAD 
canister from a normal height or from a much higher than normal height due to a two-blocking 
event. In Figure B10.1-2 the cask or pool handling cranes may drop a handling fixture during in­
pool preparation activities. The probabilities of crane drops are based on historical data 
discussed in Section 6.3 and Attachment C. 
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050-6-200T-CRANE-DROPON 

050-U PEN DOBJ LI FTNUM BER 

050-CHC-CSKDROP-CRN-DRP 050-CHC-TWOBLCK-CRN-TBK 

050-6-200T-CRANE-DROPON - 200 ton Crane Drop Object on Cask 2008/08/14 Page 17 

Source: Original 

Figure 810.1-1. Typical 200-Ton Crane Drop-On 
Fault Tree 

B10-3 November 2008 



Wet Handling Facility Reliability 050-PSA-WHOO-00200-000-00B 
and Event Sequence Categorization Analysis 

INTENTIONALLY LEFT BLANK 

B10-4 November 2008 



Wet Handling Facility Reliability 050-PSA-WHOO-00200-000-00B 
and Event Sequence Categorization Analysis 

ESD21-CSNF-LOWER-DROPON 

050-0BJ LI FT-POOL-FLOOR 

050-CHC-CSKDROP-CRN-DRP 050-PHC-OBJDROP-CRN-DRP 

ESD21-CSNF-LOWER-DROPON - Drop of object onto cask in pool 2008/08/14 Page 289 

Source: Original 

Figure 810.1-2. Typical Crane Drop-On Fault Tree for In-Pool Preparation Activities 

ESD13-DPC-DROPON and ESD13-TAD-DROPON fault trees are addressed in section B4 of 
this Attachment. 

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

These trees involve side impacts to the transportation cask by another vehicle or object. I 
Table B10.2-1 lists the ESD fault trees that describe these impacts. 
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Table B10.2-1. Transportation Cask Impact Fault Trees 

ESD Designator Fault Tree Name Applies To 
ESD05-UPEND-SIDE-IMPACT 050-5-CSNF-IMPACT CSNF 

ESD06-TTC-UP-IMPACT 050-6-HS-TC-I MPACT HS 

ESD06-VTC-U P-I MPACT 050-6-VTC-IMPACT VTC 

ESD07-CPREP-SIMPACT ESD07-CPREP-SIMPACT DPC 
ESD08-CPREP-IMPACT ESD08-CPREP-SIMPACT CSNF 

ESD09-DPREP-IMPACT ESD09-DPREP-SIMPACT DPC 

ESD11-TAD-IMPACT ESD11-TAD-IMPACT TAD 

ESD13-DPC-CANIMPACT ESD13-DPC-CANIMPACT DPC 

ESD13-DPC-SIDEIMPACT ESD13-DPC­
SIDEIMPACT DPC 

ESD13-TAD-SIDEIMPACT ESD13-TAD-SIDEIMPACT TAD 

NOTE:	 CSNF = commercial spent nuclear fuel; DPC = dual-purpose canister; 
ESD = event sequence diagram; HS = HI-STAR canister; 
TAD = transportation, aging, and disposal (canister); VTC = A transportation 
cask that is upended on a railcar. 

Source:	 Original 

Figure BI0.2-1 illustrates a side impact to a transportation cask for ESD05 and ESD06 that may 
occur due to the following operator errors: 

•	 Operator causing impact by the crane or object being carried by the crane 

•	 Operator impacting a vehicle (such as a forklift) into the cask at the design speed 

•	 Operator causing a forklift impact at higher than the design speed coupled with failure of 
the forklift speed control. 

Detailed analysis on human errors is contained in Section 6.4 and Attachment E. 
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ImpactofTC 

050-5-CSNF-IMPACT 

Vehicle Collision Impact by 
with Cask Crane/Object 

3.000E-3 

050-0PTCIMPACT01-HFI-NOD 050-15-VEHICLE-COLLISION 

3.000E-3 

050-0PCOLLIDE001-HFI-NOD 050-15-FORKLIFT-IMPACT 

Operator Causes 
Impact to Cask, 

RCorTT 

Forklift Impacts 
Cask 

Speed Control 
Failure 

Operator Causes 
FL Impact @ Higher 
Than Design Limit 

1.280E-4 1.000E+0 

050-FL---SCOO 1--SC--FOH 050-0PFLCOLLIDE1-HFI-NOD 

050-5-CSNF-IMPACT - Impact ofTC 2008101108 Page 16 

Source: Original 

Figure 810.2-1. Typical Side Impact Fault Tree 

BIO-? November 2008 



Wet Handling Facility Reliability 050-PSA-WHOO-00200-000-00B 
and Event Sequence Categorization Analysis 

INTENTIONALLY LEFT BLANK 

B10-8 November 2008 



Wet Handling Facility Reliability 050-PSA-WHOO-00200-000-00B 
and Event Sequence Categorization Analysis 

Figure BI0.2-2 is a typical fault tree developed for impact events associated with for ESD07, 
ESD08, and ESD09. Details on spurious movement of the CTT are contained in Attachment 
B2. Human error events are described in Section 6.4 and Attachment E. 
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ESD07-CPREP-SIMPACT 

050-7-CTT-SPURMOVE 050-7-0P-CRANE-IMPCT-CTT 050-9-FL-COLLISION 

050-0PCTCOLLIDEI-HFI-NOD 050-9-FORKLIFT-IMPACT 

050-FL---SCOO 1---SC--FOH 050-0PFLCOLLIDE I-HFI-NOD 

ESD07-CPREP-Sllv1PACT - CSNF Impacted During Preparation Activities 2008101108 Page 123 

Source: Original 

Figure 810.2-2. Typical Side Impact with 
Spurious Movement of GTT 
Fault Tree 

BIO-ll November 2008 



Wet Handling Facility Reliability and 050-PSA-WHOO-00200-000-00B 
Event Sequence Categorization Analysis 

INTENTIONALLY LEFT BLANK 

BIO-12 November 2008 



Wet Handling Facility Reliability 050-PSA-WHOO-00200-000-00B 
and Event Sequence Categorization Analysis 

Figure BI0.2-3 for ESD11 addresses impact events caused by spurious movements of 
conveyances and human error. ESD 11 addresses the spurious movement of the site transporter 
and human errors. Figure BI0.2-4 for ESD13 addresses spurious canister transfer machine 
(CTM) movements and human errors. Details on human errors are contained in Section 6.4 and 
Attachment E. Details on spurious movements of the site transporter, CTT and CTM are 
contained in Sections B6, B2, and B4, respectively. 

Figure BI0.2-5 for ESD13 addresses canister impacts during CTM operations. 
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050-0PTCIMPACT01-HFI-NOD 

050-0PCTCOLLlDE1-HFI-NOD 

050-9-ST-SPURMOVE 

050-9-FORKLIFT-IMPACT 

050-FL---SC001---SC--FOH 050-0P FLCOLLI 0 E1-HFI-NOD 

ESD11-TAD-IMPACT - TAD Impacted by Spurious Movement or Human Error 2008/01/08 Page 14 

Source: Original 

Figure 810.2-3. Typical Side Impact with 
Spurious Movement of Site 
Transporter Fault Tree 
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Side impact 
to canister 

ESD13-DPC-SIDEIMPACT
 

Number of lifts
 Side impact 
per DPC canister 

1.000E+O 

050-L1 FTS-PER-DPC-CAN 050-DPC-SIDE-IMPACTS 

Slide gate impact CTM collision 
damages canister 

+O.OOOE+O 

050-SLI DEGATECLOSES-CAN CTM-COLLISION 

ESD13-DPC-SIDEIMPACT - Side impact to cansiter 2008/02/28 Page 145 

Source: Original 

Figure 810.2-4. Typical Side Impact with Spurious Movement of Canister Transfer Machine Fault Tree 
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ESD13-DPC-CANIMPACT 

050-CTM--HOLDBRK-BRK-FOD 050-CTM--HOLDBRK-BRK-FOH 050-CTM--IMEC125-IEL-FOD 050-CTM--WT0125--SRP-FOD 050-CTM--WTSW125-ZS--FOD 

ESD13-DPC-CANIMPACT - Canister impact during CTM movement 2008/02/28 Page 141 

Source: Original 

Figure 810.2-5. Canister Impact during Canister Transfer Machine Operations Fault Tree 

BIO.3 IMPACT TO A CASK DUE TO SPURIOUS MOVEMENT (TIP-OVER) 

The ESD contained in Table BIO.3-1 address impacts to or tip-over of the transportation cask 
due to spurious movements of the crane, CTT, or site transporter. 
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Table B10.3-1. Transportation Cask Impacts or Tip-over Fault Trees 

ESD Designator Fault Tree Name Applies To 

ESD05-UPEND-MOVE ESD05-UPEND-MOVE CSNF in TC 

ESD06-TTC-UP-MOVE ESD06-TTC-UP-MOVE TTC 

ESD06-VTC-UP-MOVE ESD06-VTC-UP-MOVE VTC 

ESD07-CPREP-CASKTIP ESD07-CPREP-CASKTI P DPC 
ESD08-CPREP-TI P ESD08-CPREP-TI P CSNF 

ESD11-DPC-TIP 050-11-ST-ROLLOVER DPC 

ESD11-TAD-TIP 050-11-ST-ROLLOVER TAD 

ESD13-DPC-SPURMOVE ESD13-DPC-SPURMOVE DPC 

ESD13-TAD-SPURMOVE ESD13-TAD-SPURMOVE TAD 

NOTE:	 CSNF = commercial spent nuclear fuel; DPC = dual-purpose canister; ESD = 
event sequence diagram; TAD = transportation, aging, and disposal canister; TC 
= transportation cask; TTC = A transportation cask that is upended using a tilt 
frame; VTC = A transportation cask that is upended on a railcar. 

Source:	 Original 

Figure BIO.3-1 describes an impact to a cask due to spurious movement of the crane or a CTT 
that could result in an impact or tip over. The fault tree for spurious movement of the crane 
(identified as transfer gate 050-5-CRANE-SPURMOVE) detailed in Figure BIO.3-2. Spurious 
movement of the CTT is detailed in Attachment B2. 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 
system controls. 
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Spurious movement 
during cask upend 

ESD05-UPEND-MOVE
 

Spurious movement Spurious Movement 
of bridge/trolley of the CTT During 
breaches cask Cask Loading 

050-5-CRANE-SPURMOVE 050-5-CTT-SPURMOVE
 
ESD05-UPEND-MOVE - Spurious movement during cask upend 2008/02/27 Page 295 

Source: Original 

Figure 810.3-1. Spurious Movement during Cask Upending 
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Spurious movement 
of bridge/trolley 
breaches cask 

050-5-CRANE-SPURMOVE 

CTM Hoist Motor CTM Bridge Motor Control System 
(Electric) Fails (Electric) Fails Failure 

to Shut Off to Shut Off 

1.350E-8 1.080E-7 

050-CRN-HSTTRLMO-MOE-FSO 050-CRN-BRIDGMTR-MOE-FSO 050-PLC-FAILS 

CTM Bridge Motor 
PLC Spurious 

Operation 

CTM Shield Bell 
Trolley PLC Spurious 

Operation 

3.650E-7 3.650E-7 

050-CTM-PLC0101--PLC-SPO 050-CTM-PLC0102--PLC-SPO 

050-5-CRANE-SPURMOVE - Spurious movement of bridge/trolley breaches cask 2008/02/29 Page 298 

Source: Original 

Figure 810.3-2. Spurious Movement of the Crane during Cask Upending 

Figure BIO.3-3 describes an impact to a cask due to spurious movement of the crane and a crane 
operator human error (050-0PTIPOVEROOI-HFI-NOD) that could result in a cask tip-over. The 
fault tree for spurious movement of the crane (identified as transfer gate 050-7-CRANE­
SPURMOVE) detailed in Figure BIO.3-4. 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. Details on the human error are contained in Section 6.4 and Attachment E. 
Details on site transporter rollover are contained in Attachment B6. 
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I 

Unplanned Crane 
Movement 

~ 
ESD07-CPREP-CASKTIP 

Spurious movement 
of bridge/trolley 
breaches cask 

~ 
050-7-CRANE-SPURMOYE 

Crane Operator 
Causes Cask to 
Tipover (ESD7) 

B 
050-7-OP-CRANE-TIP-TC 

ESD07-CPREP-CASKTIP - Unplanned Crane Movement 200810 1/08 Page 120 

Source: Original 

Figure 810.3-3. Spurious Movement 01 the 
Crane Fault Tree 
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Spurious movement 
of bridge/trolley 
breaches cask 

050-7-CRANE-SPURMOVE 

CTM Bridge Motor 
(Electric) Fails 

to Shut Off 

CTM Hoist Motor 
(Electric) Fails 

to Shut Off 

Crane bridge 
motor PLC spurious 

operation 

1.080E-7 1.350E-8 3.650E-7 

50-CRN-BRIDGMTR-MOE-FSO 050-CRN-HSTTRLMO-MOE-FSO 050-CRN-PLCO 101--PLC-SPO 

050-7-CRANE-SPURMOVE - Spurious movement of bridge/trolley breaches cask 2008/02/28 Page 121 

Source: Original 

Figure B10.3-4. Spurious Movement of the 
Bridge/Trolley Breaches Cask 
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Tip-over in ESD7 addresses a potential operator error as shown in Figure BIO.3-5. 

I 

Crane Operator 
Causes Cask to 
Tipover (ESD7) 

~ 
050-7-0P-CRANE-TIP-TC 

Operator Causes 
Tipover o 1.000E-4 

050-0PTIPOVER001-HFI-NOD 

050-7-0P-CRANE-TIP-TC - Crane Operator Causes Cask to Tipover (ESD7) 2008/01/08 Page 23 

Source: Original 

Figure 810.3-5.	 Human Error Tip-Over Fault 
Tree 
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ESD-13 addresses spurious movement of conveyances and the possibility of impacts to the cask 
during movements on the CTT, site transporter, and CTM (Figure BIO.3-6). Details on 050-9­
CTT-SPUR-MOVE are addressed in Attachment B2; 050-9--ST-SPURMOVE in 
Attachment B6; and CTM-SHEAR in Attachment B4. 
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Spurious Movement 
During Canister 

Transfer 

050-9-CTT-SPUR-MOVE 

Spurious movement 
of Conveyance 
During Transfer 

ESD13-DPC-SPURMOVE 

Spurious Movement 
ofST 

050-9-ST-SPURMOVE 

CTM movement 
causes canister 

shear 

CTM-SHEAR 

ESD13-DPC-SPURMOVE - Spurious movement of Conveyance During Transfer 2008/01/08 Page 146 

Source: Original 

Figure 810.3-6. Spurious Conveyance 
Movement Fault Tree 
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