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Abstract: By using simple fresuency calculations and fadt tree logic, an evaluation of the design 
basis accident fkquencies at the Canister Storage Building has been performed. 

The following are the design basis accidents: - Mechanical damage of MCO 

Gaseous release from the MCO 

* MCO internal hydrogen deflagration - MCO external hydrogen deflagration 
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Thermal runaway reactions inside the MCO 

Violation of design temperature criteria 
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1.0 EVALUATION OF ACCIDENT FREQUENCIES 
AT THE CANISTER STORAGE BUILDING 

1.1 INTRODUCTLON 

This report presents an evaluation of the design basis accident frequencies at the Canister 
Storage Building (CSB). The design basis accident analyses form a safety basis for the final 
safety analysis report and present a comprehensive evaluation of the CSB handling- and storage- 
related activities and natural phenomena and external hazards that can affect the public, workers, 
and the environment. Single and multiple initiating events from equipment and human error 
failures in the facility have been considered. 

The hazard identification and evaluation process provided a thorough, predominately 
qualitative, evaluation of the spectrum of risks to the public, workers, and the environment 
(HNF-SD-SNF-HIE-001). This process resulted in the selection of six candidate accidents for 
more comprehensive analysis in the CSB final safety analysis report (FSAR) (HNF-3553, 
Annex A). The six design basis accidents were selected to ensure that the range of accident 
scenarios analyzed in the accident analysis represented a complete set of representative and 
bounding conditions. A summary of the six design basis accidents documented in the CSB 
FSAR is presented below. The frequency of each of the six accidents is evaluated and estimated 
in this report. 

Mechanical Damage of Multi-Canister Overpack (MCO) 

Two types of scenarios have been identified for this accident category. The first set 
of scenarios (Section 2) describe a physical shear force applied to the cask-MCO by 
the receiving crane or to the MCO by the MCO handling machine (MHM) such that 
confinement of the fuel is challenged. The second set of scenarios are drops of a 
cask-MCO from the receiving crane or a drop of an MCO from the M~HM such that 
confinement of the fuel is challenged. For shears, analysis has shown either the cask 
survives the shear forces, the MCO survives the turret rotational shear forces, or the 
consequence of a MHM translational shear force on an MCO meets evaluation 
guidelines. Section 2.0 presents the evaluation of the frequency of a shear o f a  cask- 
MCO by the receiving crane or of an MCO by the MHM. In Section 3, the analysis 
for drops shows that either the cask or MCO survives a drop or the consequence of a 
release following a drop meets evaluation guidelines. An evaluation of the frequency 
of a cask-MCO drop by the receiving crane or an MCO drop by the MHM is 
presented in Section 3.0. 

Gaseous release from the MCO 

Two scenarios have been identified for this accident category. The first accident 
scenario describes the overpressurization ofthe MCO by the inert gas system during 
the reinerting of a monitored MCO after sampling. The rupture disk functions, as a 
design feature, to prevent the purge gas from pressurizing the MCO above its design 
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pressure. Section 4.0 presents the evaluation of the frequency of overpressurization 
of the MCO by the inert gas system. 

The second scenario involves a release of particulate from a pressurized leak of gas 
from an MCO at the samplingiweld station. No safety features or Technical Safety 
Requirements (TSRs) are required for this event because a release from this event 
meets evaluation guidelines. Section 5.0 presents the evaluation of the frequency of 
MCO gaseous release resulting from a leak in the MCO sampling system. 

MCO internal hydrogen deflagration 

The bounding scenario for this accident category describes the ignition and 
deflagration of a hydrogen-oxygen mixture inside an MCO when purge gas 
contaminated with oxygen is used to inert the MCO after sampling. No safety features 
or TSRs are required for this event because a release from this event meets evaluation 
guidelines. Section 6.0 presents the evaluation of the frequency of an MCO internal 
deflagration. 

MCO external hydrogen deflagration 

The bounding scenario for this accident category describes the release of hydrogen 
from an MCO into the sample hood and exhaust system. The hydrogen gas, after 
mixing with air, ignites and burns. No safety features or TSRs are required for this 
event because a release from this event meets evaluation guidelines. Section 7.0 
presents the evaluation of the frequency of MCO external deflagration. 

Thermal runaway reactions inside the MCO 

Three scenarios have been identified for this accident category. The first scenario 
describes an accident in which the MCO is left in the sampling/weld station for at 
least 40 days. The analysis in the CSB FSAR shows an increase in MCO 
temperatures but also shows MCO pressure remains within design limits (HNF-3553, 
Annex A). 

The second scenario describes an accident starting with the final conditions of the 
first scenario but considering additional water present in the MCO. For this scenario, 
the unmitigated consequences will not violate the safety limit on MCO pressure 
(HNF-3553, Annex A). 

The third scenario involves an accident at the sampling/weld station in which the 
MCO is assumed to be completely sheared, with the total MCO cross section exposed 
to the atmosphere and MCO wall temperatures greater than 100 "C. This scenario is 
analyzed to illustrate the consequences of a thermal excursion. Section 8.0 presents 
the evaluation of the frequency of thermal runaway accident in the MCO. 
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Violation of design temperature criteria 

The bounding scenarios for this accident category describe conditions in which the 
MCO and CSB safety-class concrete structures could exceed their design 
temperatures because of a lack of adequate cooling. There are two scenarios 
considered. The first scenario is an MCO left in the samplingiweld station without 
active glycol cooling and the second is the thermal heatup at the vault caused by a 
loss of inlet air flow in the inlet stack. However, the first scenario is not evaluated 
further in Chapter A3.4.2.6 of the CSB FSAR (HNF-3553). Safety-class features 
selected for this event include the CSB vault and inlet and exhaust structures. For the 
first scenario, glycol or forced-air cooling to the MCO would be initiated. For the 
second scenario, any debris would be removed from the air intake and exhaust 
structures to restore air flow through the vault. Section 9.0 presents the evaluation of 
the frequency of violation of design temperature criteria. 

1.2 METHODS 

To assess the likelihood of shears and drops, simple frequency calculations were 
performed using number of operations (lifts or lowers) per year times the conditional 
probabilities of the various failures required to result in a shearing action or a drop. To assess 
the likelihood of the other design basis accidents at the CSB, logic diagrams, in fault tree format, 
were constructed. These diagrams show possible ways that the accidents could occur as a result 
of a combination of operation error and component failure. In the fault trees, each box with a 
circle underneath represents a failure that could contribute to a potential accident at the CSB. 
The failures are combined through logic gates, either AND gates (flat bottom, semicircle top) or 
OR gates (arched bottom and arrow head top). An AND gate requires all inputs to the gate (from 
below) to occur in order for the result, described in the box above the gate, to occur. An OR gate 
only requires that any one input to the gate (from below) occur in order for the result, described 
in the box above the gate, to occur. Final estimates of the total likelihood of an accident 
resulting from component failure and operation error are obtained by properly combining the 
probabilities of each branch of the diagram according to Boolean algebra. 

The bases of the probability estimates for the mechanical and electrical failures are 
primarily from EGG-SSRE-8875, Generic Component Failure Datu Ba.se,fir Light Wa‘aler and 
Liquid Sodium Keuctor I’Ms, and DP- 1633, Component Fuilure-Kate Dala with Potential 
Applicuhiliiy to u Nuclear Fuel Reprocessing Plant. The bases of the probability estimates for 
human error are primarily from NUREGKR-4772, Accident Sequence Evaluation Program 
Human Reliability Analysis Procedure. 
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1.3 RESULTS AND CONCLUSIONS 

Results and conclusions for each design basis accident are summarized below. 

Mechanical Damage of MCO 

The MCO might be affected either by a shear force applied to the MCO by the MHM 
or by a drop from the MHM. The unmitigated frequency of a tear of the MCO 
confinement due to shear forces applied by the MHM that is physically possible is 
conservatively estimated to be 1.8 x 103/yr at the cask receiving pit, at the storage 
tubes, or at the sampling weld station. At an unlikely frequency the consequences of 
a shear meet evaluation guidelines. The failure frequency analysis shows that the 
unmitigated cask-MCO drop frequency is 5 x 1 O"/yr at the trailer vestibule and load- 
idload-out area. The failure frequency analysis shows that the unmitigated MCO 
drop frequency is 2.5 x 10S/yr at the load-idload-out area, operating area, and 
sampling/weld station. At an unlikely frequency the consequences of a drop meet 
evaluation guidelines. 

Gaseous release from the MCO 

The first accident scenario describes the overpressurization of the MCO by the inert 
gas system during the reinerting of a monitored MCO after sampling. The frequency 
of overpressurization of an MCO by the inert gas system is estimated to he in the 
order of 5 x 105/yr. Inclusion of failure of the rupture disk to rupture at its design 
pressure reduces the likelihood of overpressurization of the MCO to beyond 
extremely unlikely. 

The second scenario involves a release of entrained particulate from a pressurized 
leak of gas from MCO at the samplingiweld station. If 24 MCO samples are 
performed every year, the unmitigated frequency would be 0. I/yr. At an unmitigated 
frequency estimate, the consequences of a gaseous release meet evaluation guidelines. 

MCO internal hydrogen deflagration 

This study demonstrates that the MCO internal deflagration accident at CSB is a 
unlikely event with an estimated unmitigated annual frequency of 5.01 x 103/yr. At 
an unlikely frequency the consequences of an internal deflagration meet evaluation 
guidelines. 

MCO external hydrogen deflagration 

This study shows that the MCO external deflagration accident is an anticipated'event 
with an estimated unmitigated annual frequency of 0. Uyr. At an anticipated 
frequency the consequences of an internal deflagration meet evaluation guidelines. 

March 2000 



SNF-4042 REV 2 

Thermal runaway reactions inside the MCO 

This study demonstrates that the thermal runaway accident is considered as a beyond 
extremely unlikely event with an estimated unmitigated annual frequency of 
8.45 x lO-’/yr. The followings are the major reasons why the accident is beyond 
extremely unlikely. 

- First, there is not sufficient water to produce a continuing reaction 

Second, it is highly unlikely that the cooling at the samplingiweld station will not 
be restored within 40 days after loss of cooling 

Third, the MCO will not stay at the samplingiweld station for more than 40 days. 

Fourth, a complete shear of the MCO is a beyond extremely unlikely event 

- 

- 
- 

Violation of design temperature criteria 

Based on the frequency evaluation, it is concluded that the event that has the potential 
of violating the MCO temperature design criteria is beyond extremely unlikely The 
unmitigated annual frequency is estimated to 3.13 x w7/yr This is because it is 
extremely unlikely that the cooling at the samplingiweld station will be lost for more 
than 40 days or that the vault intake and exhaust path is significantly obstructed. 
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2.0 FREQUENCY OF A SHEAR OF A MULTI-CANISTER OVERPACK BY 
THE MULTI-CANISTER OVERPACK HANDLING MACHINE 

AT THE CANISTER STORAGE BUILDING 

2.1 INTRODUCTION 

A tear of the MCO confinement by the MHM was identified in the CSB hazard analysis 
as a potentially significant accident (HNF-SD-SNF-HIE-001). The rotational and lateral 
movements of the MHM turret provide the mechanism for applying shear forces to the side of 
the MCO. These shear forces could be applied whenever the MCO extends across two regions 
that may rotate with respect to one another, such as when the MCO is partially lowered through 
the CSB deck into a storage tube or when the MCO is partially lowered below the MHM turret- 
base interface. 

This study estimates the frequency of an MCO tear caused by turret rotation and MHM 
lateral movement. Turret rotation could he caused by either operating errors 'coincident with 
defeated defense-in-depth interlocks or a seismic event coincident with defeated seismic 
restraints. Likewise, MHM lateral movement could be caused by operating errors coincident 
with defeated defense-in-depth interlocks. 

The MHM interlocks have been designed as either dual- or single-channel interlocks. 
Dual-channel interlocks (Hazard N Class) have two independent sensor, electrical relay, and 
power contactor paths (X-channel and Y-channel) that must provide permission for the 
associated MHM drives to have power available upon operator demand. Single-channel 
interlocks (Hazard P Class) have a single sensor, electrical relay, and power contactor path 
(X-channel) that must provide permission for the associated MHM drives to have power 
available upon operator demand. 

Explicit treatment of component failures other than switches and sensors was not included 
in this study. Conservative data were used in the frequency evaluation, which is judged to more 
than offset the failures of other components in the interlock channels. The data used in the 
evaluation are more conservative than what is recommended by the Institute of Electrical and 
Electronics Engineers. Spurious operation is limited by operation of mechanical device. 
Moreover, the data treatment was done in a very conservative way (e.g., the way the hourly 
failure rate was converted to an annual failure rate). 

2.2 PROBABILITY ESTIMATES 

The following are the potential shear scenarios for which a scenario frequency calculation 
is documented. The scenarios are identified by numbers that correspond to the shear scenario 
numbers in Table 2- I ,  SNF-3328, (.:ani.ster Storage Building Design Busis Accident AnuIy.yis 
Documentation. 

8. Potential shear of cask-MCO by moving the receiving crane while the cask-MCO 
is partially lowered into the cask receiving pit 
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9. Potential shear of cask-MCO because of collision between the MHM and the 
receiving crane as the receiving crane lowers the cask-MCO into the cask 
receiving pit 

Potential shear of MCO by MHM turret rotation with MCO only partially 
retrieved into the MHM turret at the cask receiving pit 

Potential shear ofMCO by MHM translational movement with MCO only 
partially retrieved into the MHM turret at the cask receiving pit 

Potential shear of MCO while MCO is partially retrieved from or inserted into the 
cask receiving pit, storage tube, or sampling/weld station during a significant 
seismic event 

Potential shear of MCO by MHM turret rotation with MCO only partially 
retrieved into the MHM turret at the storage tube or samplinglweld station 
(exactly the same as shear scenario 28) 

Potential shear of MCO by IvlHM translational movement with MCO only 
partially retrieved into the MHM turret at the storage tube or samplingiweld 
station 

Potential shear of MCO by MHM turret rotation with MCO only partially 
retrieved into the MHM turret at the storage tube or sampling/weld station 

17a. 

17b. 

18. 

20. 

27. 

28. 

A more detailed description of each of these scenarios is provided below along with a 
Frequency calculation. The frequency calculation shows the frequency of the shear without 
credited controls (unmitigated case). The frequency calculations are for use in analyzing design 
basis accidents for the Canister Storage Building (CSB). 

The following are the assumptions represented in the shear frequency calculations: 

1 .  The basic human error probability used in the shear frequency calculations to 
represent an operator error is the value 0.03. This value is documented in 
NUREGlCR-4772 (step 6 in Table 4- I ,  page 4-3). 

If credit is taken for a single verification of a condition prior to proceeding with 
the next step, the basic human error probability is reduced by a factor of 10 
to 0.003. 

If credit is taken for a double verification of a condition prior to proceeding with 
the next step, the basin human error probability is reduced by a factor of 100 
to 0.0003. 

2. 

3 .  
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2.2.1 Potential Shear of Cask-Multi-Canister Overpack by Moving the Receiving 
Crane while the Cask-Multi-Canister Overpack is Partially Lowered into 
the Cask Receiving Pit (Scenario 8, Accident Analysis Bin SI) 

If the receiving crane were to be moved when it was lowering the cask-MCO into the 
cask receiving pit and the cask-MCO was partially inserted into the pit, the cask-MCO would be 
vulnerable to a potential shear of the cask between the pit wall and the cask wall. The following 
two calculations support the design basis accident analyses. In considering this shear scenario, it 
is assumed that 200 casks will be lowered into the cask receiving pit per year and that a cask is 
vulnerable to a shear only 10% of the lowering time. This potential shear is prevented because 
the cask survives the potential shear forces. 

Unmitigated Case: 200 is the number of cask-MCO lowers per year 
0.1 is the probability the cask-MCO is in the "shear zone" 

0.03 is the probability that an operator will move the receiving crane while 
the cask-MCO is partially lowered into the cask receiving pit 

(200 lowerdyr) (0. I)  (0.03) = 0.6/yr, BUT ANALYSIS SHOWS THAT 
THE CASK PREVENTS THE SHEAR 

2.2.2 Potential Shear of Cask-Multi-Canister Overpack because of Collision 
Between the Multi-Canister Overpack Handling Machine and the 
Receiving Crane as the Receiving Crane Lowers the Cask- 
Multi-Canister Overpack into the Cask Receiving Pit 
(Scenario 10, Accident Analysis Bin S1) 

When the receiving crane is lowering the cask-MCO into the cask receiving pit and the 
cask-MCO is partially inserted into the cask receiving pit, the cask-MCO is vulnerable to a 
potential shear of the cask should the MHM collide with the receiving crane and subsequently 
the cask. The following calculation supports the design basis accident calculations. This 
calculation assumes that 200 casks will be lowered into the cask receiving pit per year and 
incorporates an estimate that a cask is vulnerable to a shear only 10% of the lowering time. This 
potential shear is prevented because the cask survives the potential shear forces. 

Unmitigated Case: 200 is the number of cask-MCO lowers per year 
0.1 is the probability a cask-MCO is in the "shear zone" 

3 x 
rail frogs so the lMHM can move into the load-in/load-out area and a 
different operator will move the MHM into the load-idload-out area while 
the receiving crane is at the cask receiving pit 

(200 lowers/yr) (0.1) (3 x lo3)  = 6 x 10-'/yr BUT ANALYSIS SHOWS 
THAT THE CASK SURVIVES THE! COLLISION. 

is the common cause probability that an operator will change the 
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2.2.3 Potential Shear of Multi-Canister Overpack by Multi-Canister Overpack 
Handling Machine Turret Rotation with the Multi-Canister Overpack 
Only Partially Retrieved into the Multi-Canister Overpack Handling 
Machine Turret at the Cask Receiving Pit (Scenario 17a, Accident 
Analysis Bin S2) 

When the MHM is raising the MCO into the MHM turret and the MCO is partially 
removed from the shipping cask, the MCO is vulnerable to a potential shear from premature 
MHM turret rotation. The following calculation supports the design basis accident calculations. 
This calculation assumes that 200 MCOs will be raised from the cask receiving pit per year, and 
it incorporates an estimate that a MCO is vulnerable to a shear only 10% of the raising time. 
This potential shear is prevented because the turret rotation motors cannot provide enough shear 
force to shear the MCO. 

Unmitigated Case: 200 is the number of MCO lifts per year 
0. I is the probability the MCO is in the "shear zone" 

0.03 is the probability of operator error in rotating the MHM prematurely 

(200 liftsiyr) (0.1) (0.03) = 0.6iyr BUT ANALYSIS SHOWS THAT THE 
MCO CANNOT BE SHEARED BY THE TURRET ROTATION 
MOTOR 

2.2.4 Potential Shear of the Multi-Canister Overpack by Multi-Canister Overpack 
Handling Machine Translational Movement with the Multi-Canister Overpack 
Only Partially Retrieved into the Multi-Canister Overpack Handling Machine 
Turret at the Cask Receiving Pit (Scenario 17h, Accident Analysis Bin S3) 

When the MHM is raising the MCO into the MHM turret and the MCO is partially 
removed from the shipping cask, the MCO is vulnerable to a potential shear from premature 
MHM translational motion. The following calculation supports the design basis accident 
analyses. The calculation assumes that 200 MCOs will be raised from the cask receiving pit per 
year. This calculation incorporates an estimate that an MCO travels through a "shear zone" 10% 
of the raising time. This calculation incorporates an estimate that only 10% of the length of an 
MCO is vulnerable to a shear. Two independent operator errors must occur for a potential shear 
to exist. The first operator error is judging incorrectly that the MCO is at its upper limit in the 
MHM. The second operator error is failing to rotate the MHM to the tube plug cavity position 
before driving MHM away. 

Unmitigated Case: 200 is the number of MCO lifts per year 
0.1 is the probability the MCO is in the "shear zone" 

0.1 is the fraction of the MCO length that is vulnerable when in the "shear 
zone" 

0.03 is the probability of operator error in driving the MHM away 
prematurely 
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0.03 is the probability of operator error in skipping the procedural step of 
rotating to tube plug cavity over cask receiving pit. 

(200 lifts/yr) (0.1) (0.1)(0.03)(0.03) = 1.8 x lO"/yr 

2.2.5 Potential Shear of the Multi-Canister Overpack while the Multi-Canister 
Overpack is Partially Retrieved from or Inserted into the Cask Receiving 
Pit, Storage Tube, or Sampling/Weld Station during a Significant 
Seismic Event (Scenario 18, Accident Analysis Bin S4) 

When the MHM is raising the MCO into the MHM turret and the MCO is partially 
removed from the shipping cask, the MCO is vulnerable to a potential shear from a seismic 
event. The following calculation supports the design basis accident analyses. The calculation 
assumes that a 1 x 10-2/yr seismic event is the highest frequency seismic event that could 
potentially provide sufficient shear forces to cause enough damage to breach confinement of an 
MCO if the MHM were not seismically restrained. This calculation incorporates an estimate that 
an MCO is vulnerable to a shear only 10% of the raising or lowering time. This calculation 
incorporates an estimate that only 10% ofthe length of an MCO is vulnerable to a shear, 
especially at the lower magnitude seismic event with a frequency of 1 x 10~Z/yr. This potential 
shear is made an extremely unlikely event because operators will visually verify that the MHM 
seismic restraints are in place before raising or lowering an MCO, and operators will verify the 
rail frog bolts.are adequately tightened so the seismic restraints can be credited as required. 

Unmitigated Case: I x IO-'per year is the frequency of a seismic event that is assumed to be 
of sufficient size to breach confinement of an MCO 

0.1 is the probability the MCO is in the "shear zone" 

0.1 is the fraction of the MCO length that is vulnerable when in the "shear 
zone" 

(1 x 1 O-'/yr) (0. I)(o. I = 1 x I ~ - ~ / y r  

2.2.6 Potential Shear of Multi-Canister Overpack by Multi-Canister Overpack 
Handling Machine Turret Rotation with Multi-Canister Overpack Only 
Partially Retrieved into the Multi-Canister Overpack Handling Machine 
Turret at the Storage Tube or Sampling/Weld Station (Scenario 20, 
Accident Analysis Bin S2 [Exactly the Same as Scenario 281) 

When the MHM is raising the MCO into or lowering the MCO from the MHM turret and 
the MCO is partially removed from the storage tube or sampling/weld station pit, the MCO is 
vulnerable to a potential shear from premature MHM turret rotation. The following calculation 
supports the design basis accident analyses. The calculation assumes 1,000 MCO raises or 
lowers per year, and it incorporates an estimate that an MCO is vulnerable to a shear only 10% 
of the raising or lowering time. This potential shear is prevented because the turret rotation 
motors cannot provide enough shear force to shear the MCO 
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Unmitigated Case: 1,000 is the number of MCO lifts or lowers by the MHM per year 
0.1 is the probability the MCO is in the "shear zone" 

0.03 is the probability of operator error in rotating the MHM prematurely 

(1,000 lifts or lowersiyr) (0.1) (0.03) = 3/yr BUT ANALYSIS SHOWS 
THAT THE MCO CANNOT BE SHEARED BY THE T W T  
ROTATION MOTOR 

2.2.7 Potential Shear of Multi-Canister Overpack by Multi-Canister Overpack 
Handling Machine Translational Movement with the Multi-Canister 
Overpack only Partially Retrieved into the Multi-Canister Overpack 
Handling Machine Turret at the Storage Tube or SamplingAVeld 
Station (Scenario 27, Accident Analysis Bin S5) 

When the MHM is raising the MCO into or lowering the MCO from the MHM turret and 
the MCO is partially removed from the storage tube or sampling/weld station pit, the MCO is 
vulnerable to a potential shear from premature MHM translational motion. The following 
calculation supports the design basis accident analyses. An MCO is only considered at risk from 
a potential translational shear force when it is being lifted rather than lowered. This assumption 
is based on the logic that only at the end of the lifting process would the operator prepare the 
MHM to move translationally. The calculation assumes a total 400 MCO raises per year from the 
storage tube and the samplingiweld station. This calculation incorporates an estimate that an 
MCO travels through a "shear zone" 10% ofthe raising time. This calculation incorporates an 
estimate that only 10% of the length of an MCO is vulnerable to a shear. Two independent 
operator errors must occur for a potential shear to exist. The first operator error is judging 
incorrectly that the MCO is at its upper limit in  the MHM. The second operator error is failing to 
rotate the MHM to the tube plug cavity position before driving MHM away. 

Unmitigated Case: 400 is the number of MCO lifts per year 
0. I is the probability the MCO is in the "shear zone" 

0.1 is the fraction of the MCO length that is vulnerable when in the "shear 
zone" 

0.03 is the probability of operator error in driving the MHM away 
prematurely 

0.03 is the probability of operator error in skipping the procedural step of 
rotating to tube plug cavity over the storage tube. 

(400 lifts/yr) (0.1) (0.1)(0.03)(0.03) = 3.6 x IO"/yr 
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2.2.8 Potential Shear of Multi-Canister Overpack by Multi-Canister Handling 
Machine Turret Rotation with Multi-Canister Overpack Only Partially 
Retrieved into the Multi-Canister Overpack Handling Machine Turret 
at the Storage Tube Or SarnplinglWeld Station (Scenario 28, 
Accident Analysis Bin S2) 

When the MHM is raising the MCO into or lowering the MCO from the MHM turret and 
the MCO is partially removed from the storage tube or sampling/weld station pit, the MCO is 
vulnerable to a potential shear from premature MHM turret rotation. The following calculation 
supports the design basis accident analyses. The calculation considers 1,000 MCO raises and 
lowers per year. This calculation incorporates an estimate that an MCO is vulnerable to a shear 
only 10% of the raising or lowering time. This potential shear is prevented because the turret 
rotation motors cannot provide enough shear force to shear the MCO. 

Unmitigated Case: 1,000 is the number of MCO lifts or lowers per year 
0.1 is the probability the MCO is in the "shear zone" 

0.03 is the probability of operator error in rotating the MHM prematurely 

(1,000 lifts or lowerdyr) (0.1) (0.03) = 3/yr BUT ANALYSIS SHOWS 
THAT THE! MCO CANNOT BE SHEARED BY THE TURRET 
ROTATION MOTOR 
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3.0 FREQUENCY OF A MULTI-CANISTER OVERPACK DROP 

3.1 INTRODUCTION 

At the CSB, a cask-MCO will be hoisted and transported using the receiving crane and 
MCOs will he hoisted and transported using the MHM. The possibility of dropping a cask-MCO 
or an MCO is inherent to such hoisting operations. Receiving crane and MHM design features 
coupled with administrative controls provide the protection to prevent or minimize specific drop 
events. The protection consists of interlocks, mechanical design features, and administrative 
controls. The MHM mechanical design features that reduce the likelihood of an MCO drop 
include a mechanical lock that holds the MHM MCO grapple jaws closed when a load is 
suspended and the single-failure-proof load path provided by the MHM MCO hoist. 

3.2 HISTORICAL DATA ON CRANE OPERATIONS 

The frequency of an MCO drop has been calculated based on historical data on crane 
operations. Data in NUREG-0612, Control of Heavy Loads at Nuclear Power Planis Resolution 
qf Generic Technical Activity A-36, were used in this drop frequency calculation. The following 
information was excerpted from NUREG-0612. 

4. 

A variety of industrial type cranes and hoists have been in widespread use for many years to 
handle loads of greater than one ton ( S O 0  kg). They include chain falls, cable hoists (motor and 
mechanical-ratchet type), gantry cranes, cantilever gantv cranes, boom cranes (fixed and 
portable), rectilinear or overhead traveling cranes, cantilever wall cranes and polar cnmes. As 
such, there is a broad base of experience with cranes and hoists, and a continual improvement in 
equipment to reduce the frequency of accidents. However, despite this broad base of experience, 
there is no single data bank available that can provide an accnrate prediclion of crane reliability 
against a load drop (Le., probability of crane operation without dropping the load, per MI). 

Typically, crane events that result in significant property darnage or personnel injury are reported 
to insurance companies. However, not all events are reported and thus the completeness of such 
data is uncemn. Additionally, these statistics do not generally identify cause categories. 
Nonetheless, data is available from other sources that may be used to estimate bounds on the 
probability of a load drop, and to identify the principd causes of crane accidents. Useful data was 
obtained from the Occupational Safety and Health Administration and the Department of the 
Navy 

4.1 OSHA 
The Occupational Safety and Health Adnunistration (OSHA) collects some data on crane events 
(formerly through the Bureau of Labor Statistics). This data involves only tliase events reported 
to OSHA or obtained from insurance company records and therefore is not complete. Tlus data 
only lists statistics on cause categories and does not include reports or descriptions of the events 
for further analysis. It does, however, present an interesting picture of the major causes of 
significant crane failures based on a large sample of industrial crane events. Table 4-1 provides a 
sumniaq of the data collected by OSHA. A review of this data indicates that: 

REVIEW OF HISTORICAL DATA ON CRANE OPERATIONS 
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A. 

B. 

Loss of load due to poor rigging or slings. 

Performing minor niaintenancc. inspection, or unrelated work while 

Operating crane without authorization or proper signals. 

load is in motion 
~ 

C. 

( I )  The greatest contributor to crane accidents are crane operator errors (Categories B, C. and F) 
which accounted for 42% of all accidents. Improvcd operator training a id  qualification and 
use of operating procedures would rcdnce the frequency of operator errors. 

Improper rigging or inappropriate slings was the next greeatcst cause of crane accidents 
(Category A), with 3 4 X  of all accidents. Improved understanding of guidance on handling 
loads with slings and periodic inspection of thc lifting devices would reducc the frequency of 
this type of failure. This would also reduce frequency of Category E cvents (overloading). 

(3) Crane component failures (14% - I W , ,  if we consider a portion of Category G events) also 
led to nzmy of the accidents. [mprovcd niaintenancc and inspection would reducc the 
occurrence of Category D and G events (cquipmcnt failures. inadeqaatc inspcction and 
inaintenance. and other various causes). 

(2) 

34 

22 

18 

Table 4-1. Data on Crane Accidents froin OSHA' Records. 

The following is a statistical sununary of major crane accidcnt causcs based on an 
analysis of over 1,000 crane accidents involving damage to equipment: 

F. 

G .  

Handling load too near stationary equipment. 

Other causes (including faillire of control systems and inadequate 
inspection or maintenancc). 

I Cause Catcrorv I Percentare I 

2 

h 

1 D. Failure of defective boom, cable, or sheaves. I 14 I 
1 E. Failure diic to overloadinr. I 4 I 

Occupational Sdcty and Health Administration I 

4.2 

A large numbcr of cranes and hoists are uscd by thc U.S. Navy in applications ranging from large 
shipyard crancs and on-board crancs used for cargo or weapons handling, to snialler cranes. hoists 
and chain Falls used for nuscellaneons load Ixindling. Thc number of cranes and hoists in active 
usc in  any one year is approxinwtely 2,500 io 3 , 0 0 0 .  The Navy personnel contacted during this 
study did not have access to an exact accounting of thc nunibcr orcrancs or hoists in use; 
howcver. based on the experience of these individiuls in shipyard crane opctations and shipboard 
cranes and hoists, it is believed that thesc are accurate liinils on the number of cranes and hoists in 
use. 

Similarly, an exact accounting of the number ofliffs per year nnde by encli crane was not 
available. The frequency of usage varies greatly; where a few crancs nay be used only 
5 or 10 times per year, others may bc used almost 4 or 5 times per day (or approxiniately 1.111~0 to 
1,250 times per year, excluding weekends and holidays). It is belicved lliat an averagc nunihcr of 
lirts per cranc is probably between 2 ;~nd  10 limes per week (or ;~pproximately 100 to 500 lifts per 
year). 
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Using the above, we estiiirate that there are between 2.5 Y IO5 and 1.5 s IO6 lifts per year by Navy 
crancs. 

The Department of the Navy niaintaiiis sevcral reporting systems that record crane events that 
involve material damage or personncl injury involving Navy cranes. The data system records 
causes of events, conscquenccs aiid sequence of actions leading up to the event. The task group 
received computer print-out summaries of466 crane events covering a period from February 1974 
to October 1977. Most of these events involved minor pcrsonncl injuries. Of the 466 events, 
75 events were ones that resulted in cquipmciit damage. and of these 45 cvents were identificd a s  
load drops or potential load drops. Table 1-2 provides a smniiiay of the principal caiiscs of these 
45 events. 

Tablc 4-2. Ciiises of Crane Accidents Department of the Navy 
(February 1974 -October 1977) - .. .- .. .- 

No of Load Dtop or ~ T G i G & T O f G ~ ’  ’ 

Potcmtnl Load Drop 1 + Y l  Escnts Rcsultiug in vo of i L,, cause category Evcrns Total .- E.qttipinenr DmuagcA Total 
I. Crane failure 

’ 15 (50%) o f  these events occurrcd when the crane or hoist was left in the “raise” mode or 
inadvertentlv raised to limit. 

The 45 load drop or potential load drop events occurred bctween Fcbruay 1974 and 
October 1977. Howevcr. 31 of these events took place from January 1977 to October 1977 
(IO months). (Only 14 of  the 45 cvcnts occurred in 1974 through 1976,. TlUs is due Lo chmges i n  
the number of facilities and vesscls covered in Uie reporting system.) Tlie 3 1 events over 
10 months is equivalent to approximatcly 37 evcnts per ycar. 

If we assume that somewhere between all and 112 of all events arc being reported, then load drop 
or potential load drop events are occurring at a rate of bctweeii 37 aiid 74 events per year. If we 
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then combine this event rate with the estimated number of lifts per year, we can obtain a 
conservative estimate of probability of load drop per lift 

D 

L 
- -  No. of loud drops per year P (loud drop) = - 

No. of I$? per yeur 

where 37 2 D 5 74, with a midpoint of 5 5 . 5 ;  and 2.5 x 10’ 2 L 5 1.5 x 10‘. with a midpoint of 
8.75 x los 

Therefore, 2.5 x 10.’ 5 P (load drop) 5 3 x lO.‘with a midpoint of 2.7 x 10”. 

A review of the Navy data for identification of principal causes of load drops or potential load 
drops was performed, and is summarized in Table 4-2. This summary shows that: 

(1) Operator errors are by far the greatest contributors to load drop events; more thorough 
operator training and operating procedures would reduce the frequency of operator error. 

(2) Of all the events directly caused by operator error, 15 of the 30, or 50% were the result of 
inattention by leaving the hoist or crane in the “raise” mode or inadvertcntly raising the 
lower load block up to or near the upper load block (“two-blocking” or nearly “two- 
blocking”). Application of single-failure-proof features as well as improved operator 
training and procedures would greatly reduce the frcquency of these events. 

(3) The next greatest contributor was due to random material failures. Closer adherence to the 
prescribed inspection frcquency and more thorough inspections as well as application of 
single-failure-proof features would greatly reduce tlic frequency of random material failures. 

In terms of applicability to nuclear facilities, there are four areas that can be compared: operator 
training and qualification, procedural controls, complexity of equipment operation, and design of 
equipment. Navy crane operators receive some initial trailling and are provided manuals on 
proper crane operation. It does not appear that the training required or the procedures used by the 
Navy are as detailed as what is called for by the guidelines contained in Section 5.1 of this report. 
Many of the cranes in use by the Navy are similar in method of operation and design as cranes 
used at nuclear power plants, i s ,  overhead gantry or rectilinear cranes. However, the Navy also 
uses a large number of boom type cranes. Boom type cranes are more susceptible to failure due to 
operator action in moving Uie boom, or positioning the boom properly without overextending it. 

3.3 FREQUENCY OF A MULTI-CANISTER OVERPACK DROP 

The following are the potentia1 drop scenarios for which a scenario frequency calculation 
is documented. The scenarios are identified by numbers that correspond to the drop scenario 
numbers in Table 2-1 of SNF-3328: 

1. 

2. 

Potential drop of cask-MCO by the receiving crane with the MCO full of water 

Potential drop of cask-MCO by the receiving crane onto the trailer edge with 
horizontal slapdown onto the trailer vestibule floor 
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3 .  Potential drop of cask-MCO by the receiving crane vertically directed onto the 
trailer vestibule floor 

Potential drop of cask-MCO by the receiving crane onto the edge of the cask 
receiving pit with a slapdown of the cask onto the load-idload-out area floor 

Potential drop of cask-MCO by the receiving crane onto the edge of the cask 
receiving pit with a slapdown of the cask spanning the cask receiving pit 

Potential drop of cask-MCO by the receiving crane onto the edge of the cask 
receiving pit with cask impact on the opposite edge of the cask receiving pit 

Potential drop of cask-MCO by the receiving crane into the cask receiving pit 

Potential drop of cask-MCO by the receiving crane onto the edge of or into the 
Fast Flux Test Facility (FFTF) pit or the maintenance pit 

Potential drop of the receiving crane yoke, used for lifting the cask-MCO, onto 
the cask lid 

Potential drop of the cask lid onto the MCO 

Potential fall of the CSB facility structure and impact to an MCO during a seismic 
event 

Potential drop of cask receiving pit shield hatch assembly’s center plate from the 
MHM onto an MCO 

Potential drop of an MCO by the MHM onto the edge of the cask in the cask 
receiving pit (eccentric drop) 

Potential drop of an MCO by the MHM back into the cask in the cask receiving 
pit (concentric drop) 

Potential fall of the MHM onto the operating deck caused by a seismic event, 
resulting in major structural damage to deck, and affecting an MCO 

Potential drop of an MCO within the MHM turret onto the MHM turret deck 

Potential drop of an MCO from the MHM onto the CSB operating deck 

Potential drop of an MCO from the MHM onto storage tube covers for vault 2 or 
3 in the CSB 

Potential drop of an MCO from the MHM onto or into the maintenance pit or tube 
plug exchange facility 

Potential drop of an MCO from the MHM onto or into the FFTF pit 

4. 

5. 

6.  

7. 

9. 

1 1. 

12. 

13. 

14. 

15.  

16. 

19. 

21. 

22. 

23. 

24. 

25. 
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26. 

29. 

31. 

33.  

34. 

3 5 .  

36. 

Potential drop of intermediate impact absorber by the MHM onto the first MCO 
in a storage tube 

Potential drop of an MCO from the MHM onto a bottom impact absorber in the 
storage tube or samplingiweld station 

Potential drop of an MCO by the MHM onto another MCO located in the bottom 
of a storage tube (no intermediate impact absorber involved) 

Potential drop of an MCO by the MHM onto the storage tube plug because of 
inadvertent turret rotation 

Potential drop of an MCO by the MHM onto the edge of the storage tube 
(eccentric drop) 

Potential drop of an MCO by the MHM onto the edge of the sampling/weld 
station (eccentric drop) 

Potential drop of the storage tube plug or samplingiweld station cover plug by the 
MHM onto an MCO in a storage tube or sampling/weld station pit. 

For each of the potential drop scenarios listed above, a more detailed description of the 
scenario is provided below plus a frequency calculation. The frequency calculation shows the 
frequency of the drop without credited controls (unmitigated case). The frequency calculations 
are used in analyzing the design basis accident for the Canister Storage Building (CSB). The 
following are the assumptions represented in the drop frequency calculations: 

I .  The MHM meets the general guidelines of NUREG-06 12, Section 5 . 1 . 1 .  It is 
therefore expected that actual failure probability for the MHM would be lower 
than the estimate of2 .5  x 10-5/lift arrived at above using data from the Navy. 
Furthermore, the MHM conforms with much of NUREG-0554, Sing/e-t.hi/zire- 
I’roojCrcine.sfi,r Nuclear Power Plunfs Based on NUREG-061 2 (pages B-10 
and B-1 I) ,  the failure probability for the MHM can be lowered by a factor of 10 
to 2.5 x 10-6/lift. Assuming 1,000 lifts or lowers per year, the frequency of an 
MCO drop would be 2.5 x IO’iyr. 

The receiving crane is assumed to have a failure probability of 2.5 x 10-S/lift, 
arrived at above using data from the Navy. This value of 2.5 x 105/lift is at the 
low end of the failure range for Navy crane data. This is justified for the 
receiving crane for the following reasons: (1) the receiving crane is inside a 
covered building whereas most Navy cranes are outside and exposed to salt water 
in the air; and ( 2 )  the receiving crane operations involve an operator on the 
receiving crane and a dedicated spotter on the floor of the CSB. 

Other CSB cranes are assumed to have a failure probability of 1 x 10-4/lift. This 
value of 1 x 10-41ift is at the upper end, but not the extreme upper end, of the 
failure range for Navy crane data. This is justified for the CSB cranes because the 

2. 

3 .  
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cranes are inside a covered building whereas most Navy cranes are outside and 
exposed to salt water in the air. 

The basic human error probability used in the shear frequency calculations to 
represent an operator error is the value 0.03. This value is documented in 
NUREGKR-4772 (step 6 in Table 4-1, page 4-3). 

4. 

3.3.1 Potential Drop of Cask-Multi-Canister Overpack by the Receiving Crane 
with the Multi-Canister Overpack Full of Water (Scenario 1) 

When the receiving crane is raising the cask-MCO from the transport trailer, the cask- 
MCO is vulnerable to a potential drop. There also is a low probability that the MCO arrives at 
CSB f i l l  ofwater and this probability (3.3 x is calculated using the logic and probabilities 
represented in Figure I 

In Figure 1, the basic events T301, T302, T35 1,  and T352 are operator errors related to 
checking paperwork and quality assurance according to procedures. Basic failure event T30 1, 
“Driver takes MCO directly from K Basin to CSB,” has a probability of 1 x IO” per MCO move. 
This probability was based on the assumption that the procedures for transporting an MCO from 
the K Basins to the CVDF would have more than the average checking involved to ensure that 
the driver would not drive directly to the CSB. Basic failure event T302, “Receipt procedure at 
CSB is violated and MCO is received at CSB from K Basin,” has an estimated probability of 
3 x per MCO move. This estimate is based on the basic human error probability (0.03) and 
post-maintenance/post-calibration test failure (0.0 1). The post-maintenance/post-calibration test 
is judged to represent an examination of the CSB receipt paperwork to determine that the cask- 
MCO has been processed properly at the CVDF before arrival at the CSB. Basic failure event 
T351, “Operatodsupervisor allows water-tilled MCO to leave CVD to CSB,” has a probability of 
1 x 1 O 2  per MCO move. This estimate is based on a failure of administrative control using a 
written operations procedure allowing a cask-MCO to leave the CVDF for the CSB under 
normal operating conditions. Basic failure event T352, “Receipt procedure at CSB is violated 
such that water-filled MCO is received,” has an estimated probability of 3 x 
The post-maintenance/post-calibration test is judged to represent an examination of the CSB 
receipt paperwork to determine that the cask-MCO has been processed properly at the CVDF 
before arrival at the CSB. 

per MCO move. 

The following calculation supports the design basis accident analyses. In considering this 
drop scenario, it is assumed that 200 casks will be raised from the transport trailer per year. This 
calculation incorporates the probability of the receiving crane dropping a load. This value is 
2.5 x IO-’/lift, as discussed earlier in Section 3.3. 

snf-4042 doc 3-7 March 2000 

. -~ 



SNF-4042 REV 2 

Unmitigated Case: 200 is the number of cask-MCO lifts per year 
2.5 x 10-5/lift is the probability of the receiving crane dropping a load 
3.3 x 10‘‘ is the probability that an MCO arrives at CSB full of water 

(200 lifts/yr) (2.5 x 10-5/lift) (3.3 x I O 6 )  = 1.7 x IO-’/yr 

3.3.2 Potential drop of Cask-Multi-Canister Overpack by the Receiving Crane 
onto the Trailer Edge with Horizontal Slapdown onto the Trailer 
Vestibule Floor (Scenario 2, Accident Analysis Bin D1) 

When the receiving crane is raising the cask-MCO from the transport trailer, the cask- 
MCO is vulnerable to a potential drop onto the trailer edge with a horizontal slapdown onto the 
trailer vestibule floor. The following calculation supports the design basis accident analyses. In 
considering this drop scenario, it is assumed that 200 casks will be raised from the transport 
trailer per year. This calculation incorporates the probability of the receiving crane dropping a 
load. This value is 2.5 x lO-’/lift, as discussed earlier in Section 3 . 3 .  

Unmitigated Case. 200 is the number of cask-MCO lifts per year 
2.5 x 10-5/lift is the probability ofthe receiving crane dropping a load 

(200 liftdyr) (2.5 x 1 O-’/lift) = 5 x 1 O-3/yr 

3.3.3 Potential Drop of Cask-Multi-Canister Overpack by the Receiving Crane 
Vertically Directed onto the Trailer Vestibule Floor (Scenario 3, 
Accident Analysis Bin D1) 

When the receiving crane is moving the cask-MCO from the transport trailer to the cask 
receiving pit, the cask-MCO is vulnerable to a potential drop onto the trailer vestibule floor. The 
following calculation supports the design basis accident analyses. In considering this drop 
scenario, it is assumed that 200 casks will be moved from the transport trailer per year. This 
calculation incorporates the probability of the receiving crane dropping a load. This value is 
2.5 x 10-5/lift, as discussed earlier in Section 3.3 .  

Unmitigated Case: 200 is the number of cask-MCO lifts per year 
2.5 x 10-5/lift is the probability of the receiving crane dropping a load 

(200 lifts/yr) (2.5 x 10-5/lift) = 5 x 10”/yr 

3.3.4 Potential Drop of Cask-Multi-Canister Overpack by the Receiving Crane 
onto the Edge of the Cask Receiving Pit with a Slapdown of the Cask 
onto the Load-inLoad-out Area Floor (Scenario 4, Accident 
Analysis Bin D1) 

When the receiving crane is moving the cask-MCO from the transport trailer to the cask 
receiving pit, the cask-MCO is vulnerable to a potential drop onto the edge of the cask receiving 
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pit with a slapdown of the cask onto the loaddload-out area floor. The following calculation 
supports the design basis accident calculations. In considering this drop scenario, it is assumed 
that 200 casks will he moved from the transport trailer per year This calculation incorporates 
the probability ofthe receiving crane dropping a load. This value is 2.5 x 10”/lift, as discussed 
earlier in Section 3.3 .  

Unmitigated Case: 200 is the number of cask-MCO lifts per year 
2.5 x 10-5/lift is the probability ofthe receiving crane dropping a load 

(200 lifts/yr) (2.5 x 105/lif t)  = 5 x I03/yr 

3.3.5 Potential Drop of Cask-Multi-Canister Overpack by the Receiving Crane onto 
the Edge of the Cask Receiving Pit with a Slapdown of the Cask Spanning 
the Cask Receiving Pit (Scenario 5, Accident Analysis Bin D1) 

When the receiving crane is moving the cask-MCO from the transport trailer to the cask 
receiving pit, the cask-MCO is vulnerable to a potential drop onto the edge of the cask receiving 
pit with a slapdown of the cask spanning the pit. The following calculation supports the design 
basis accident analyses. In considering this drop scenario, it is assumed that 200 casks will be 
moved from the transport trailer per year. This calculation incorporates the probability of the 
receiving crane dropping a load. This value is 2.5 x I0-5/lift, as discussed earlier in Section 3 . 3 .  

Unmitigated Case: 200 is the number of cask-MCO lifts per year 
2.5 x 10S/lift is the probability ofthe receiving crane dropping a load 

(200 liftdyr) (2.5 x IO’/lift) = 5 x 107/yr 

3.3.6 Potential Drop o f  Cask-Multi-Canister Overpack by the Receiving Crane onto 
the Edge o f  the Cask Receiving Pit with Cask Impact on the Opposite Edge 
of the Cask Receiving Pit (Scenario 6 ,  Accident Analysis Bin DI) 

When the receiving crane is moving the cask-MCO from the transport trailer to the cask 
receiving pit, the cask-MCO is vulnerable to a potential drop onto the edge of the cask receiving 
pit with a cask impact on the opposite edge of the cask receiving pit. The following calculation 
supports the design basis accident analyses. In considering this drop scenario, it is assumed that 
200 casks will be moved from the transport trailer per year. This calculation incorporates the 
probability ofthe receiving crane dropping a load. This value is 2.5 x l0-5/lift, as discussed 
earlier in Section 3 . 3 .  

Unmitigated Case: 200 is the number of cask-MCO lifts per year 
2.5 x 10~5/lifi is the probability ofthe receiving crane dropping a load 

(200 liftdyr) (2.5 x 10-5/lift) = 5 x 10-3/yr 
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3.3.7 Potential Drop of Cask-Multi-Canister Overpack by the Receiving Crane 
into the Cask Receiving Pit (Scenario 7, Accident Analysis Bin D2) 

When the receiving crane is moving the cask-MCO from the transport trailer to the cask 
receiving pit, the cask-MCO is vulnerable to a potential drop into the cask receiving pit. The 
following calculation supports the design basis accident analyses. In considering this drop 
scenario, it is assumed that 200 casks will be moved from the transport trailer per year This 
calculation incorporates the probability of the receiving crane dropping a load This value is 
2.5 x lO-5/lift, as discussed earlier in Section 3.3. 

Unmitigated Case: 200 is the number of cask-MCO lifts per year 
2.5 x 10-5/lift is the probability ofthe receiving crane dropping a load 

(200 lifisiyr) (2.5 x lO-'/lift) = 5 x I0.3/yr 

3.3.8 Potential Drop of Cask-Multi-Canister Overpack by the Receiving Crane 
onto the Edge of or into the Fast Flux Test Facility Pit or Maintenance 
Pit (Scenario 9, Accident Analysis Bin D3) 

When the receiving crane is moving the cask-MCO from the transport trailer to the cask 
receiving pit, the cask-MCO is not supposed to be moved over the FFTF or maintenance pits. 
However, given certain errors, the cask-MCO could mistakenly be moved over the FFTF or 
maintenance pits and would be vulnerable to a potential drop into the pit. The following 
calculation supports the design basis accident analyses. In considering this drop scenario, it is 
assumed that 200 casks will be moved from the transport trailer per year. This calculation 
incorporates the probability ofthe receiving crane dropping a load. This value is 2.5 x 10-5/lift, 
as discussed earlier in Section 3.3. 

Unmitigated Case: 200 is the number of cask-MCO lifts per year 
2.5 x 10'5/lifi is the probability ofthe receiving crane dropping a load 

0.03 is the probability that an operator will travel over the FFTF or 
maintenance pit with an MCO 

(200 liftsiyr) (2.5 x (0.03) = 1.5 x lO4/yr 

3.3.9 Potential Drop of the Receiving Crane Yoke, Used for Lifting the 
Cask-Multi-Canister Overpack, onto the Cask Lid (Scenario 1 1 ,  
Accident Analysis Bin 0 1 )  

When the receiving crane is raising the cask-MCO yoke away from the cask-MCO in the 
cask receiving pit, the cask lid is vulnerable to impact from a potential drop of the yoke. The 
following calculation supports the design basis accident analyses. In considering this drop 
scenario, it is assumed that 200 casks will be raised from the transport trailer per year. This 
calculation incorporates the probability of the receiving crane dropping a load. This value is 
2.5 x 10-5/lift, as discussed earlier in Section 3.3. 
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Unmitigated Case: 200 is the number of yoke lifts per year 
2.5 x 10-5/lift is the probability ofthe receiving crane dropping a load 

(200 Iifis/yr) (2.5 x ~o-~i i i f t )  = 5 x  IO-^^^^ 

3.3.10 Potential Drop of the Cask Lid onto the Multi-Canister Overpack 
(Scenario 12, Accident Analysis Bin 0 1 )  

It is assumed that the gantry crane in the load-in/load-out area will be used to remove the 
cask lid from the cask-MCO, but another crane could be used. When a crane is raising the cask 
lid away from the cask-MCO in the cask receiving pit, the MCO is vulnerable to a potential drop 
of the cask lid. The following calculation supports the design basis accident analyses. In 
considering this drop scenario, it is assumed that 200 cask lids will be raised from cask-MCOs 
per year. These calculations incorporate the probability of the receiving crane dropping a load. 
This value is 2.5 x 10-5/lift, as discussed earlier in Section 3.3. It is noted that ifthe gantry crane 
is used to lift the cask lid it has a higher probability of drop per lift than the receiving crane. But 
the maximum height the gantry crane can lift the cask lid has been used in a drop analysis that 
concludes that the MCO confinement is not breached. 

Unmitigated Case: 200 is the number of MCO cask lid lifts per year 
2.5 x 10-5/lift is the probability ofthe receiving crane dropping a load 

(200 liftdyr) (2.5 x 10-5/lift) = 5 x lO”/yr . 

3.3.11 Potential Collapse of the Canister Storage Building Structure and Impact 
to a Multi-Canister Overpack during a Seismic Event (Scenario 13, 
Accident Analysis Bin 0 2 )  

Given a seismic event occurs, there is potential for the CSB facility to structurally fail 
and fall to the operating area deck, possibly striking an MCO exposed at the cask receiving pit or 
the samplingiweld station pit. The CSB was designed to withstand the design basis earthquake, 
which has a frequency of occurrence of 2 x 10-4/yr. The following calculation supports the 
design basis accident analyses. In considering this drop scenario, it is presumed that the CSB is 
designed to survive a 2 x 10-4/yr seismic event. 

Unmitigated Case. 2 x per year is the frequency of occurrence for the design basis 
seismic event 

3.3.12 Potential Drop of Cask Receiving Pit Shield Hatch Assembly’s Center 
Plate from the Multi-Canister Overpack Handling Machine onto a 
Multi-Canister Overpack (Scenario 14, Accident Analysis Bin 0 3 )  

When the MHM is raising the center plate from the cask receiving pit shield hatch 
assembly, it is possible that the MHM could drop the center plate toward the MCO in the cask. 
The following calculation supports the design basis accident analyses. In  considering this drop 
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scenario, it is assumed that the center plate from the cask receiving pit shield hatch assembly will 
be raised by the MHM 200 times per year. It is physically impossible for a dropped center plate 
to make contact with the top of an MCO because of the dimensions of the center plate and depth 
of the top of the MCO below the shield hatch. This calculation incorporates the probability of 
the MHM dropping a load. This value is 2.5 x IO.'//lift, as discussed earlier in Section 3.3. 

Unmitigated Case: 200 center plate lifts per year 
2.5 x IO"/lift is the probability ofthe MHM dropping a load 

(200 liftsiyr) (2.5 x lO-'/Iift) = 5 x 10-4/yr BUT THE DESIGN 
DlMENSIONS MAKE IT IMPOSSIBLE FOR THE CENTER PLATE 
TO IMPACT THE MCO. 

3.3.13 Potential Drop o f  a Multi-Canister Overpack by the Multi-Canister Overpack 
Handling Machine onto the Edge o f  the Cask in the Cask Receiving Pit 
(Eccentric Drop) (Scenario IS, Accident Analysis Bin D4) 

When the MHM is raising an MCO from the cask receiving pit, the MCO is vulnerable to 
a potential drop onto the edge of the cask in the cask receiving pit. The following calculation 
supports the design basis accident analyses. In considering this drop scenario, it is assumed that 
200 MCOs will be raised from the cask receiving pit per year. This calculation incorporates the 
probability of the MHh4 dropping a load. This value is 2.5 x per l i f t ,  as discussed earlier in 
Section 3.3. 

Unmitigated Case: 200 is the number of MCO lifts from the cask receiving pit per year 
2.5 x IO-'/lift is the probability ofthe MHM dropping a load 

(200 li fts/yr) (2.5 x 1 O'/lift) = 5 x 1 04/yr 

3.3.14 Potential Drop o f  a Multi-Canister Overpack by the Multi-Canister Overpack 
Handling Machine Back into the Cask in the Cask Receiving Pit 
(Concentric Drop) (Scenario 16, Accident Analysis Bin DS) 

When the MHM is raising an MCO from the cask receiving pit, the MCO is vulnerable to 
a potential drop back into the cask in the cask receiving pit The following calculation supports 
the design basis accident analyses. In considering this drop scenario, it is assumed that 200 
MCOs will be raised from the cask receiving pit per year. This calculation incorporates the 
probability of the MHM dropping a load. This value i s  2 5 x 10.' per lift as discussed earlier in 
Section 3 3 

Unmitigated Case: 200 is the number of MCO lifts from the cask receiving pit per yea1 
2.5 x 1 O-G/lifi is the probability of the MHM dropping a load 

(ZOO Iifts/yr) (2.5 x 1O.'/Iift) = 5 x 
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3.3.15 Potential Fall of the Multi-Canister Overpack Handling Machine onto 
the Operating Deck because of a Seismic Event, Resulting in Major 
Structural Damage to the Deck and Affecting a Multi-Canister 
Overpack (Scenario 19, Accident Analysis Bin 0 4 )  

Given a seismic event occurs, there is potential for the MHM to fall to  the operating deck 
resulting in major structural damage to the deck and affecting an MCO. If the seismic clamps on 
the bridge are applied, the MHM will not fall over during a design basis earthquake. It is 
assumed that the MHM could tip over if the MHM is moving when a seismic event of 0.1 17 g 
occurs (0. I 1  7 g is one-third of the 0.35 g design basis earthquake, setpoint for the seismic 
detection shutdown system). The frequency of a 0.1 I7 g seismic event is about 3 x IO" per year, 
and the frequency of a 0.35 g, the design basis earthquake, is 2 x 
calculation supports the design basis accident analyses. 

Unmitigated Case: 2 x 

per year. The following 

per year is the frequency of occurrence for a seismic event 

3.3.16 Potential Drop of a Multi-Canister Overpack within the Multi-Canister 
Overpack Handling Machine Turret onto the Multi-Canister Overpack 
Handling Machine Turret Deck (Scenario 21, Accident Analysis Bin D6) 

When the MHM is traveling in the operating area with an MCO fully raised in the MCO 
cavity of the MHM turret, the MCO is vulnerable to a potential drop onto the MHM turret deck. 
The following calculation supports the design basis accident analyses. In considering this drop 
scenario, it is assumed that 1,000 MCOs will be moved in the MHM per year. This calculation 
incorporates the probability ofthe MHM dropping a load. This value is 2.5 x 
discussed earlier in Section 3.3. 

Unmitigated Case: 

per lift, as 

1,000 is the number of MCO lifts per year 
2.5 x IO'Aift is the probability ofthe MHM dropping a load 

(1,000 lifis/yr) (2.5 x IO"/Iift) = 2.5 x IO"/yi 

3.3.17 Potential Drop of a Multi-Canister Overpack from the Multi-Canister 
Overpack Handling Machine onto the Canister Storage Building 
Operating Deck (Scenario 22a, Accident Analysis Bin D7) 

If the storage tube plug (or cover plug or center plate) is not replaced and the MHM is 
inadvertently moved a short distance over the operating floor after the MHM has finished raising 
an MCO into the MCO cavity of the MHM turret, the MCO is vulnerable to a potential drop onto 
the operating area floor from the fully raised position in the MCO cavity of the MHM turret. 
The following calculation supports the design basis accident analyses. In considering this drop 
scenario, it is assumed that 1,000 MCO moves will be made per year. This calculation 
incorporates the probability of the W dropping a load This value is 2 5 x I O 6  per lift, as 
discussed earlier in Section 3.3. The calculation includes the probability that the operator fails to 
rotate to camera position before moving the M H M  
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Unmitigated Case: 1,000 is the number of MCO lifts per year 

2.5 x IO-'/lift is the probability of the MHM dropping a load 

0.03 is the probability an operator fails to rotate to the camera position 
before moving the MHM 

(1,000 lifts/yr) (2.5 x IO"/lift) (0.03) = 7.5 x 10-'/yr 

3.3.18 Potential Drop of a Multi-Canister Overpack from the Multi-Canister 
Overpack Handling Machine onto the Canister Storage Building 
Operating Deck (Scenario 22b, Accident Analysis Bin D7) 

Anytime an MHM is carrying an MCO in the MCO cavity of the MHM turret and stops 
anywhere on the operating deck, the MCO is vulnerable to a potential drop onto the operating 
area floor from the fully raised position in the MCO cavity of the MHM turret when the MHM is 
rotated to the MCO cavity position. The following calculation supports the design basis accident 
analyses. In considering this drop scenario, it is assumed that 1,000 MCO moves will be made 
per year. This calculation incorporates the probability of the MHM dropping a load. This value 
is 2.5 x I O 6  per lift, as discussed earlier in Section 3.3. 

Unmitigated Case: 1,000 is the number of MCO lifts per year 
2.5 x lO.'//lift is the probability ofthe MHM dropping a load 

0.03 is the probability that an operator will rotate to MCO position before 
picking up a storage tube plug (or cover plug or center plate) first 

(1,000 lifts/yr) (2.5 x lO'//lift) (.03) = 7.5 x 10-'/yr 

3.3.19 Potential Drop of a Multi-Canister Overpack from the Multi-Canister 
Overpack Handling Machine onto Storage Tube Covers for Vaults 2 
and 3 in the Canister Storage Building (Scenario 23, Accident 
Analysis Bin D7) 

Anytime an MHM is carrying an MCO in the MCO cavity of the MHM turret and stops 
over vaults 2 or 3, the MCO is vulnerable to a potential drop onto the vault covers from the fully 
raised position in the MCO cavity of the MHM turret when the MHM is rotated to the MCO 
cavity position. The following calculation supports the design basis accident analyses. In 
considering this drop scenario, it is assumed that 1,000 MCO moves will be made per year. This 
calculation incorporates the probability ofthe M€€M dropping a load. This value is 2.5 x IO' per 
l i f t  as discussed earlier in Section 3.3. 

Unmitigated Case: 1,000 is the number of MCO lifts per year 
2.5 x IO"/lift is the probability of the MHM dropping a load 
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0.03 is the probability that an operator will rotate to MCO position before 
picking up a storage tube plug (or cover plug or center plate) first 

(1,000 lifts/yr) (2.5 x lO.'//lift) (.03) = 7.5 x 10-5/yr 

3.3.20 Potential Drop of a Multi-Canister Overpack from the Multi-Canister 
Overpack Handling Machine onto or into the Maintenance Pit or Tube 
Plug Exchange Facility (Scenario 24, Accident Analysis Bin DS) 

When the MHM is moving an MCO in the operating area, the MHM is not supposed to 
be moved over the maintenance pit. However, given certain errors, the MHM containing an 
MCO could mistakenly be moved over the maintenance pit, where the MCO would be 
vulnerable to a potential drop into the maintenance pit. The following calculation supports the 
design basis accident analyses. In considering this drop scenario, it is assumed that 1,000 MCO 
moves will be made per year. This calculation incorporates the probability of the MHM 
dropping a load. This value is 2.5 x 1 0 6  per lift, as discussed earlier in Section 3.3. 

Unmitigated Case: 1,000 is the number of MCO lifts per year 
2.5 x I0"ilift is the probability of an MHM dropping a load 

0.03 is the probability that an operator will travel over the maintenance pit 
with an MCO in the MHM 

(1,000 liftsiyr) (2.5 x lO-'//lift) (0.03) = 7.5 x 105/yr 

3.3.21 Potential Drop of a Multi-Canister Overpack from the Multi-Canister 
Overpack Handling Machine onto or into the Fast Flux Text 
Facility Pit (Scenario 25, Accident Analysis Bin D9) 

When the MHM is moving an MCO in the operating area, the MHM is not supposed to 
be moved over the FFTF pit. However, given certain errors, the MWM containing an MCO 
could mistakenly be moved over the FFTF pit, where the MCO would be vulnerable to a 
potential drop into the FFTF pit. The following calculation supports the design basis accident 
analyses. In considering this drop scenario, it is assumed that 1,000 MCO moves will be made 
per year. This calculation incorporates the probability of the MHM dropping a load. This value 
is 2.5 x 10.' per lift, as discussed earlier in Section 3.3. 

Unmitigated Case: 1,000 is the'number of MCO lifts per year 
2.5 x I0"ilift is the probability ofthe MHM dropping a load 

0.03 is the probability that an operator will travel over the FFTF pit with 
an MCO in the MHM 

(1,000 liftsiyr) (2.5 x IO-'/lift) (0.03) = 7.5 x 10-5/yr 
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3.3.22 Potential Drop of an Intermediate Impact Absorber by the Multi-Canister 
Overpack Handling Machine onto the First Multi-Canister Overpack 
in a Storage Tube (Scenario 26, Accident Analysis Bin 0 5 )  

When the MHM is placing an intermediate impact absorber in a storage tube that contains 
one MCO, the impact absorber would be vulnerable to a potential drop onto the top of the MCO 
located in the bottom ofthe storage tube. The following calculation supports the design basis 
accident analyses. In considering this drop scenario, it is assumed that 200 intermediate impact 
absorbers could be placed per year. This calculation incorporates the probability ofthe MHM 
dropping a load. This value is 2.5 x 10.' per lift, as discussed earlier in Section 3.3. The impact 
of a dropped intermediate impact absorber onto a stored MCO has been analyzed and shows no 
MCO breach. 

Unmitigated Case: 200 is the number of intermediate impact absorber lifts per year 
2.5 x 1O~'ilift is the probability of the MHM dropping a load 

(200 lifts/yr) (2.5 x 1O"iliR) = 5 x Io4/yr BUT NO BREACH OF MCO. 

3.3.23 Potential Drop of a Multi-Canister Overpack from the Multi-Canister 
Overpack Handling Machine onto a Bottom Impact Absorber in the 
Storage Tube or Sampling/Weld Station (Scenario 29, Accident 
Analysis Bin D10) 

When the MHM is raising an MCO from or lowering an MCO into a storage tube or the 
samplingiweld station, the MCO is vulnerable to a potential drop into the storage tube or 
sampling/weld station. The following calculation supports the design basis accident analyses. In 
considering this drop scenario, it is assumed that 1,000 MCO moves could occur per year. This 
calculation incorporates the probability ofthe MHM dropping a load. This value is 2.5 x 10.' 
per lift, as discussed earlier in Section 3.3. 

Unmitigated Case: 1,000 is the number of MCO lifts per year 
2.5 x 10"ilift is the probability of the MHM dropping a load 

(1000 Iiftsiyr) (2.5 x IO-") = 2.5 x IO"/yr . 

3.3.24 Potential Drop of a Multi-Canister Overpack by the Multi-Canister 
Overpack Handling Machine onto another Multi-Canister Overpack 
Located in the Bottom of a Storage Tube (No Intermediate Impact 
Absorber Involved) (Scenario 31, Accident Analysis Bin D11) 

When the MHM is placing MCO in a storage tube that contains one MCO but does not 
contain an intermediate impact absorber, both MCOs would be vulnerable to a potential drop of 
the MCO hanging from the MHM onto the top of the MCO located in the bottom of the storage 
tube The following calculation supports the design basis accident analyses. In conservatively 
considering this drop scenario, it is assumed that 1,000 MCO placements could be made per 
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year. This calculation incorporates the probability of the MHM dropping a load. This value is 
2.5 x IO-'//lift, as discussed earlier in Section 3.3. The impact of a dropped MCO onto a stored 
MCO has been analyzed and shows neither MCO breaches, assuming a bottom impact absorber 
is in place. 

Unmitigated Chse: 1,000 is the number of MCO lifts per year 
2.5 x IO-'//lift is the probability of the MHM dropping a load 

(1,000 liftdyr) (2.5 x IO"/lift) = 2.5 x IO.'/yr 

3.3.25 Potential Drop of a Multi-Canister Overpack by the Multi-Canister 
Overpack Handling Machine onto the Storage Tube Plug because 
of Inadvertent Turret Rotation (Scenario 33, Accident Analysis 
Bin D12) 

Anytime an MHM is carrying an MCO in the MCO cavity of the MHM turret and stops 
over a storage tube plug, the MCO is vulnerable to a potential drop onto the storage tube plug 
pintel from the h l ly  raised position in the MCO cavity of the MHM turret when the MHM is 
rotated to the MCO cavity position. The following calculation supports the design basis accident 
analyses. In considering this drop scenario, it is assumed that 1,000 MCO moves will be made 
per year. This calculation incorporates the probability of the MHM dropping a load. This value 
is 2.5 x I O 6  per lift,  as discussed earlier in Section 3.3. 

Unmitigated Case: 1,000 is the number of MCO lifts per year 
2.5 x lO'/lit? is the probability ofthe MHM dropping a load 

0.03 is the probability that an operator will rotate to MCO position before 
picking up a storage tube plug first 

(1,000 liftdyr) (2.5 x 106/lift) (0.03) = 7.5 x 105/yr 

3.3.26 Potential Drop of a Multi-Canister Overpack by the Multi-Canister 
Overpack Handling Machine onto the Edge of the Storage Tube 
(Eccentric Drop) (Scenario 34, Accident Analysis Bin D13) 

When the MHM is raising or lowering an MCO from a storage tube, the MCO is 
vulnerable to a potential drop onto the edge of the storage tube. The following calculation 
supports the design basis accident analyses. In considering this drop scenario, it is assumed that 
600 MCOs will be raised from or lowered into a storage tube per year. This calculation 
incorporates the probability of the MHM dropping a load. This value is 2.5 x 10" per lift, as 
discussed earlier in Section 3 . 3 .  
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Unmitigated Case. 600 is the number of MCO lifts per year from a storage tube 
2 5 x IO-'/Iift is the probability of the MHM dropping a load 

(600 lifts/yr) (2 5 x 10~6/lift) = 1 5 x lO"/yx 

3.3.27 Potential Drop o f  a Multi-Canister Overpack by the Multi-Canister 
Overpack Handling Machine onto the Edge of the Sampling/Weld 
Station (Eccentric Drop) (Scenario 35, Accident Analysis Bin D14) 

When the MHM is raising and MCO from or lowering an MCO into the samplingiweld 
station, the MCO is vulnerable to a potential drop onto the edge of the sampling/weld station. 
The following calculation supports the design basis accident analyses. In considering this drop 
scenario, it is assumed that 400 MCOs will be raised from or lowered into the samplinglweld 
station per year. This calculation incorporates the probability of the MHM dropping a load. This 
value is 2.5 x IO" per lift, as discussed earlier in Section 3 . 3 .  

Unmitigated Case: 400 is the number of MCO lifts per year from the samplingiweld station 
2.5 x I0"Aift is the probability ofthe MHM dropping a load 

(400 liftdyr) (2.5 x 106/lift) = I x Io3/yr 

3.3.28 Potential Drop of  the Storage Tube Plug or Sampling/Weld Station Cover 
Plug by the Multi-Canister Overpack Handling Machine onto a 
Multi-Canister Overpack in a Storage Tube or Sampling/Weld 
Station Pit (Scenario 36, Accident Analysis Bin 0 3 )  

When the MHM is raising or lowering a storage tube plug or sampling/weld station cover 
plug with the tube plug grapple, it is possible that the MHM could drop the storage tube plug or 
samplinglweld station cover plug toward the MCO in the storage tube or the samplingiweld 
station pit. The following calculation supports the design basis accident analyses. In considering 
this drop scenario, it is assumed that 600 MCOs will be raised from or lowered into a storage 
tube or sampling/weld station pit per year. It is physically impossible for a dropped tube plug or 
cover plug to make contact with the top of an MCO because of the dimensions of the plug and 
depth of the top of the MCO below the storage tube embed or the samplingiweld station 
shielding. This calculation incorporates the probability of the MHM dropping a load. This value 
is 2.5 x 10-6/lift, as discussed earlier in Section 3 . 3 .  

Unmitigated Case: 600 is the number of MCO lifts per year of storage tube plugs or 
sampling/weld station cover plugs 

2.5 x IO"/liR is the probability ofthe MHM dropping a load (tube plug 
grapple failure) 

(600 lifts/yr) (2.5 x lO-'/Iift) = 1.5 x IO-'/yr BUT DESIGN DIMENSIONS 
MAKE IT IMPOSSBLE FOR THE PLUG TO IMPACT THE MCO. 
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4.0 FREQUENCY OF OVERPRESSURIZATION 

BY THE INERT GAS SYSTEM 
OF THE MULTI-CANISTER OVERPACK 

4.1 INTRODUCTION 

Overpressurization of the MCO is a accident scenario that is initiated by failure of the 
pressure regulator on the helium supply system while an MCO is in the sampling/weld station 
undergoing the helium backfill operation. The regulator, which reduces the gas cylinder pressure 
to approximately 120 Ib/inz gauge, must fail open, thereby resulting in the system piping 
downstream of the pressure regulator being pressurized to the helium storage cylinder pressure. 
The helium cylinder pressure could be well in excess of 2,000 lbiin’ gauge. This high pressure is 
assumed to consequentially fail pressure control valve PCV726. The purpose of PCV726 is to 
further reduce the helium pressure to approximately I .5 atm for backfilling the MCO after 
sampling. During the backfilling operation, the MCO would then be exposed to the helium 
supply pressure (greater than 2,000 lbiin’ gauge), which exceeds the MCO design pressure. The 
design pressure of the helium piping associated with the MCO sampling operation is 150 lbiin’ 
gauge. It can be hypothesized that, following this scenario, some part of the sampling system 
pressure boundary fails resulting in blowdown of the MCO or that the MCO catastrophically 
fails and depressurizes into the CSB operating area. 

4.2 PROBABILITY ESTIMATES 

The unmitigated frequency of this design basis accident is the frequency of the pressure 
regulator valve PCV733 failing open during the 24 hours per year that MCOs are being sampled. 
The failure rate of the regulator valve is assumed to be 2.14 x l o6  per hour (Dexter and Perkins). 
Assuming that 24 MCOs per year will be sampled and that the sampling duration is 1 hour each, 
the annual frequency of overpressurization of an MCO by the inert gas system is (2.14 x 1 O“/hr) 
x (24hr/yr) = 5.14 x IO-’/yr. The design feature o f a  rupture disk failure drives this the frequency 
to less than 1 x lO.‘/yr. 

4.3 CONCLUSIONS 

The frequency of overpressurization of an MCO by the inert gas system is estimated to be 
in the order of 5.0 x 10.’. Therefore, the event is extremely unlikely. 
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5.0 FREQUENCY OF A GASEOUS RELEASE RESULTING FROM A LEAK 

AT THE CANISTER STORAGE BUILDING 
IN THE MULTI-CANISTER OVERPACK SAMPLING SYSTEM 

5.1 INTRODUCTlON 

This section addresses the probability of an MCO gaseous release resulting from a leak in 
the MCO sampling system with a coincident loss of sample hood exhaust at the CSB. The MCO 
sampling system is used for withdrawing a sample of gases from the monitored MCOs using a 
predetermined schedule. At the MCO sampling station, gases in the MCO are sampled using the 
MCO sample cart. 

A sample hood is positioned on top of the MCO for airborne radiological control. The 
sample hood is used to confine potential airborne contamination coming from an accidental 
MCO release during sampling operations. Thus only those systems upstream of the high- 
efficiency particulate air (HEPA) filter are analyzed. Most of the components associated with 
the sample cart that experiences MCO gas pressure are downstream of a HEPA filter. The 
samplingiweld station ventilation system, which is equipped with a HEPA filter exhauster, is 
relied upon for ventilating the hood. This is accomplished by connecting the sample hood 
flexible exhaust line to the sampling/weld station HEPA filtered exhaust fan. This exhaust fan 
provides a negative sample hood pressure relative to the sampling/weld area, maintains air 
contamination control around the sampling pit, and protects operating personnel from any MCO 
gases that might escape from the MCO to inside the hood during sampling operations. 

Long-reach tools are used to remove and replace the MCO process port operator cover 
plate. MCO cover plate 2 is removed using hand tools, and the process valve operator is bolted 
to MCO port 2. All lines in the sample cart are purged with inert gas. An operator uses the 
MCO process valve operator to open the MCO process valve inside port 2. Gases from inside 
the MCO flow through the MCO process valve filling the sampling line, HEPA filter, and 
flexible piping to the sample cart pressure gauge. 

An MCO leak could occur following opening of the MCO process valve inside port 2. If 
at the same time, a loss of exhaust flow from the sample station hood occurred, radioactive 
material would be released but the onsite dose consequence would not exceed evaluation 
guidelines (Sellers 1997). 

5.2 PROBABILITY ESTIMATES 

A logic diagram, in fault tree format (Figure 2), was constructed to assess the likelihood 
of an MCO gaseous release from a leak in the sampling system with a coincident loss of sample 
hood exhaust Each box with a circle underneath represents a failure that could contribute to a 
potential MCO shear The failures are combined through logic gates: AND gates (flat bottom, 
semicircle top) or OR gates (arched bottom and arrowhead top) An AND gate requires all 
inputs to the gate (from below) to occur for the result, described in the box above the gate, to 
occur. An OR gate only requires that any one input to the gate (from below) occur for the result, 
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described in the box above the gate, to occur. Final estimates of the total likelihood of an MCO 
gaseous release are obtained by properly combining the probabilities of each branch of the 
diagram according to Boolean algebra. 

The first assumption in the development of the fault tree is that the sample hood 
ventilation system works properly prior to opening the MCO process valve. The second 
assumption is that the MCO process valve remains open for I hour during MCO sampling 
operation. This is based on the sequence of events identified in the operational sequence block 
flow diagram (H-2-123400). The time starts from connecting the sample equipment and ends at 
pressurizing the MCO with helium. A 30-minute time period is allocated for activities related to 
sample equipment connection, pressure check, and MCO gas sample extraction. An additional 
IO-minutes is allocated for venting the collected MCO gas. Finally, another 10 minutes is 
allocated for pressurizing the MCO with helium gas. The total is SO minutes. To be 
conservative, 1 hour was assumed in this analysis. 

The following text describes each event for each path of the logic fault tree. The 
descriptions include estimates used in the current unmitigated analysis of the probability for each 
event to occur. 

5.2.1 Multi-Canister Overpack Leak 

Failure Event J501. The first basic event is a failure to tighten the spring bolts on the 
single valve operator assembly. The basic human error probability of 3.0 x 10’  
(NUREGICR-4772, Table 4-3, note 1) is used for the unmitigated case. 

Failure Event 5502. Cracks in the sample hood hose cause it to fail. The hose is made 
of steel with a design pressure of 150 Ib/inz gauge. The probability of a hose with cracks that 
might cause the hose to leak during sampling is considered to be remote. The probability of 
leakage for 1 to 3 in. pipes is 1.0 x 10.’ per hour per foot (EGG-SSRE-8875). Conservatively, 
assuming 100 ft of pipe and 1 hour of operation, the probability of pipe leakage is 1 .O x 

Failure Event 5401. Either failure event J501 or J502 causes a leak path to exist. The 
probability ofthis event is essentially the same as that in event 5501 (i.e., 3.0 x IO”). 

Failure Event 5301. Failure event J301 is a leak path that exists before the MCO is 
opened, which is event 5401. The probability ofthis event is essentially 3.0 x 10.’. 

Failure Event 5201. It is assumed that once the MCO is opened, the MCO gas releases 
through an existing leak path (failure event J301). The probability ofthis event is therefore the 
same as that for failure event 5301 (Le., 3.0 x 10-’). 

Failure Event 5310. The MCO hose in the sample hood could develop a leak because of 
a collision of the MHM with the sampling equipment. The probability of the MHM colliding 
with the sampling equipment is the probability of an operator error in moving the MHM too 
close to the sampling equipment and a factor of 10 reduction because the spotter will warn the 
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MHM operator to stop. The basic human error probability of 3.0 x 10‘Z/lift (NUREG/CR-4772, 
Table 4-3, note 1) is multiplied by 0.1 and used for the unmitigated case. 

Failure Event 5311. The MCO hose in the sample hood could develop a leak because of 
equipment being dropped from the crane onto the sampling equipment. The probability of 
equipment being dropped from the crane is 1 x 10-4/liR as discussed in Section 3.3, point 3 under 
assumptions for drop frequency calculations. 

Failure Event 5312. The MCO hose in the sample hood could develop a leak because of 
the sample cart is moved away during sampling causing the hoses to be ripped open. This event 
would involve an error of commission that is equivalent to sabotage because the seismic 
restraints on the sample cart would have to be released and the cart moved with sufficient force 
to rip the hoses. The probability ofthis event is conservatively estimated as 1 x 104/lift.  

Failure Event 5202. Failure event J202, MCO leaks due to ruptured sampling lines 
during sampling operation, is the combination of events J3  10, 53 1 I or 33 12. The probability of 
thiseventis(3.0 x l O ” ) + ( l . O  x 10-4 )+( l . 0x  10-4)=3.2x  

Failure Event 5101. Either failure event 520 I or failure event 5202 causes the MCO 
leak. The probability of a leak occurring is around 3.3 1 x 102/lift. 

5.2.2 Loss of Filtered Ventilation in the Sampling Hood 

Failure Event 5451. An average rate for loss of offsite power on the Hanford Site is 
1.22/year (WHC-EP-081 I ) .  Therefore, the probability of a loss of offsite power during a I-hour 
MCO process valve opening in a year is calculated to be 1.4 x 

Failure Event 5452. The motor fails during sampling. It is assumed that the ventilation 
system has one fan and one motor. The probability of the motor failing during sampling is 
estimated to be 3.0 x (EGG-SSRE-8875). 

Failure Event 5351. The motor stops running because of either failure event 3451 or 
5452. The probability of this event is in the range of 1.7 x l o 4 .  

Failure Event J601. The damper is closed before sampling. There are five dampers: 
MD-5, MD-6, MD-7, MD-8, and M~D-9. Dampers MD-5, MD-6, and MD-7 are closed only for 
maintenance. The probability that these three dampers are closed during sampling is remote, and 
is considered negligible when compared with the probability of damper MD-8 being closed 
during sampling. Damper MD-9 would have no impact on the flow path from the sample hood 
to the exhaust system. If the ventilation system is taken out of service, no MCO sampling 
operation could be performed. A conservative probability of 3.0 x 10” can be used for this event 
because the operators are fully trained to perform the operation, written procedures are in place, 
self-checking is performed, and operators will not perform their work in a stressful situation. 
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Failure Event 5552. Failure event 5601 has to occur for the damper to be closed before 
the MCO sampling operation. Based on failure event 5601, the probability for this event should 
be 3.0 x IO”. 

Failure Event 5551. The operator could inadvertently close the damper during sampling 
when the MCO process valve is in the open position. This is considered highly unlikely because 
the operator will have no reason, and will have no chance, to physically close the damper during 
sampling operation. Furthermore, the damper has no automatic control; once the damper is 
opened, the damper is in a locked open position. Therefore, a probability of I . O  x 
assumed for this event. 

can be 

Failure Event 5455. This failure event addresses the overall chance that the damper is 
closed during sampling operation when the MCO process valve is open. Either failure event 
555 I or failure event 5552 would have to occur, therefore the probability ofthis failure event is 
(1.0 x + (3.0 x IO3) = 3.1 x IO”. 

Failure Event 5456. The duct is ruptured during sampling. This could be caused by a 
seismic event. The probability of a design basis earthquake at the Hanford Site is in the range of 
2.0 x l o 4  per year. The probability of the duct rupture during sampling is therefore in the range 
of 2.0 x IO’. A ducting rupture rate of I x lo-’ per hour per foot (WSRC-TR-93-262) was used 
to evaluate the failure of ducting during routine operation. Assuming 1,000 R of duct, the failure 
rate would be 1 x IO’ per hour. This failure rate is much higher than the duct failure rate due to 
a seismic event. Therefore, the failure rate for event 3456 is 1 x 

Failure Event 5352. The flow path in the ventilation system is blocked during sampling. 
It is assumed that this failure event is caused either by failure event 5455 or by failure event 
5456. Therefore, the probability should be in the range of (3. I x + (1 .O x IO-’) 
=3.11 10”. 

Failure Event 5251. The heating, ventilation, and air conditioning (HVAC) system loses 
ventilation flow during sampling because either the motor stops or the flow path is blocked in the 
ventilation system. Summing the probabilities of failure event 3351 and event 3352 yields the 
probability of failure for event 5251, which is (1.7 x + ( 3 .  I I x = 3.28 x 

Failure Event 5252. The HEPA filter does not function as designed because of 
manufacturing defects or maintenance errors. The probability should be very low because 
quality procedures are followed for HEPA filter acceptance and. maintenance. The probability 
and the consequence of failure of this event should be less than that of failure event 5251. It is 
assumed that event J25 1 dominates. A small probability of 1 .0 x per hour is judged to be 
appropriate for failure event 3252. (WSRC-TR-93-581 suggests 1 x 
filter differential pressure indication.) 

per year without HEPA 

Failure Event 5453. The exhaust line to the sample hood has not been connected or has 
not been connected correctly. The hose is not be routinely disconnected once it was installed. 
The basic human error probability of 3.0 x 10.’ (NUREGKR-4772) is used for this event. 
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Failure Event 5454. The exhaust line has cracks. The probability should be very low. 
The probability of leakage for 1 to 3 in. pipes is 1.0 x I o "  per hour per foot (EGG-SSRE-8875). 
Conservatively assuming 100 ft of pipe and 100 hours of operation, the probability of pipe 
leakage is 1.0 x I O 4 .  

Failure Event 5353. Either failure event J453 or failure event 5454 can cause a leak path 
in the exhaust line to exist prior to the start of sampling operation. The probability should be 
( 3 . 0 ~  10~2)+(1 .0x  10~4)=3.01 x 10.'. 

Failure Event 5253. If failure event 3353 occurs, the exhaust line can leak prior to the 
start of sampling. The probability is 3.01 x 10". 

Failure Event 5102. HEPA ventilation operation is lost during sampling. Failure event 
5253 dominates this event. Therefore, a probability of 3.64 x IO' is calculated for this event. 

5.2.3 Gaseous Release at Sampling Station 

The Combination ofthe probabilities of failure events J l O l  and 5102 is dominated by the 
single failure event J310 that propagates up through both gates 5101 and 5102. The boolean 
combination of probabilities for event G-A, gaseous release at sampling station, results in a 
probability of G-A of  4.19 x 10.'. 

5.2.4 Gaseous Release Due to Dropping an MCO 

Failure Event 5451. This loss of offsite power event is the same event as is discussed in 
Section 5.2.2. The loss of offsite power on the Hanford Site is 1.22/year (WHC-EP-08 11). 
Therefore, the probability of a loss of offsite power during a 1-hour MCO process valve opening 
in a year is calculated to he 1.4 x 

Failure Event 5372. The failure of the MHM ventilation fan motor is very similar to 
event 5452 in Section 5.2.2. The motor fails during the drop of the MCO. It is assumed that the 
ventilation system has one fan and one motor. The probability of the motor failing during the 
drop is estimated to be 3.0 x (EGG-SSRE-8875). 

Failure Event 5271. The MHM ventilation system motor stops running because of 
either failure event 545 1 or 5372. The probability of this event is in the range of 1.7 x 

Failure Event 5272. The failure of the MHM ventilation system HEPA is very similar to 
event J252 in Section 5.2.2. The HEPA filter does not function as designed because of 
manufacturing defects or maintenance errors. The probability should be very low because 
quality procedures are followed for HEPA filter acceptance and maintenance. The probability 
and the consequence of failure of this event should he less than that of failure event 5271. It is 
assumed that event 5271 dominates. A small probability of 1 .0 x 10.' per hour is judged to be 
appropriate for failure event 5272. (WSRC-TR-93-581 suggests 1 x 10" per year without HEPA 
filter differential pressure indication.) 
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Failure Event 5103. HEPA ventilation operation is lost during the drop of an MCO. 
Failure event 5271 dominates this event. Therefore, a probability of 1 . 8 ~  
this event. 

is calculated for 

Failure Event DROP1. This calculation incorporates the probability of the MHM 
dropping a load. This value is 2.5 x l o 6  per lift as discussed earlier in Section 3.3. 

Failure Event G-B. The multiplication of the probabilities of failure events DROP1 and 
J103 results in a probability of G-B, gaseous release due to dropping an MCO, of4.50 x 10.'". 

5.2.5 TOP EVENT - Gaseous Release From an MCO 
That is Not Filtered (Unmitigated) 

The calculation of the frequency of the top event of the fault tree for a gaseous release 
involves multiplying the appropriate number of MCOs times the appropriate probability of 
gaseous release at either the sampling station or due to a drop. The probability of event G-A 
(4.19 x IO') is multiplied by 24 MCOs per year to be sampled to result in about 0 1/yr. The 
probability of G-B (4.5 x 10.'") is multiplied by 200 MCOs per year to be lifted out of the cask 
receiving pit to result in 9 x 10-X/yr. Since the sampling station releases dominate the probability 
of a gaseous release, the resulting frequency of a gaseous release is about 0 l/yr. 

5.3 CONCLUSIONS 

The total number of MCOs sampled has a direct impact on the frequency of the top event 
If 24 MCO samples are performed every year, the frequency would be in the range of 0. 1/yr, 
which is considered anticipated. 

In conclusion, the potential for an MCO leak from around the valve operator and the hose 
in the sample hood with a coincident loss of exhaust flow from the sample station hood during 
MCO sampling at the CSB is considered to be anticipated. 

snf-4042 .doc 5-6 March 2000 



SNF-4042 REV 2 

6.0 FREQUENCY OF MULTI-CANISTER OVERPACK INTERNAL 
DEFLAGRATION AT THE CANISTER STORAGE BUILDING 

6.1 INTRODUCTION 

An MCO to be sampled is moved to the sampling/weld station pit and a sample hood is 
placed over the MCO. Connections are made to the MCO sample port and MCO gas is collected 
using the positive pressure of the MCO. If the pressure in the MCO drops below 4 Ib/in2 gauge, 
inert gas is added to raise the pressure. Flammable mixtures of hydrogen and oxygen could be 
formed in the MCO if the inert gas is contaminated with oxygen or if a drop resulted in air 
ingress into the MCO. 

6.2 PROBABILITY ESTIMATES 

A logic diagram, in fault tree format, was constructed (Figure 3) to assess the likelihood 
of an MCO internal deflagration. Each box with a circle underneath represents a failure that 
could contribute to a potential MCO shear. The failures are combined through logic gates: AND 
gates (flat bottom, semicircle top) or OR gates (arched bottom and arrowhead top). An AND 
gate requires all inputs to the gate (from below) to occur for the result, described in the box 
above the gate, to occur. An OR gate only requires that any one input to the gate (from below) 
occur for the result, described in the box above the gate, to occur. Final estimates of the total 
likelihood of an MCO internal deflagration are obtained by properly combining the probabilities 
of each branch of the diagram according to Boolean algebra. The following text describes each 
event for each path of the logic fault tree. The descriptions include estimates used in the current 
analysis of the probability for each event to occur. 

Failure Event 1401. Helium contaminated with oxygen is not detected. Oxygen bottles 
are mistakenly used as helium bottles, or helium bottles are contaminated with oxygen. The 
chances for such mistakes are rare because the oxygen bottle and the helium bottle are unlike. 
The bottles are different colors, and they are labeled as to the type of gas contained. The supplier 
should have a quality assurance program to ensure a high quality standard for helium bottles. It 
is conservative to assumed that the probability that the supplier delivered a wrong bottle is 
1.0 x 
the bottle contents is in place to control the receipt of helium bottles 

per bottle. A sitewide procedure at CSB that requires inspection and/or verification of 

Failure Event 1402. The helium contaminated with oxygen has a concentration higher 
than 19%. It is assumed that the lower the contaminated oxygen concentration, the higher the 
probability. It is assumed that there is a 80% chance that the oxygen concentration will be higher 
than 19%. The probability offailure ofthis event is 0.8. 

Failure Event 1301. If failure events 1401 and 1402 are both true, the MCO is 
contaminated with oxygen at a concentration higher than 19%. This could happen if either 
helium bottles are accidentally filled with oxygen or oxygen bottles are accidentally used in 
place of helium bottles. Such mistakes are rare because the oxygen bottle and the helium bottle 
are unlike. The bottles are different colors, and they are labeled as to the type of gas contained. 
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The supplier should have a quality assurance program to ensure a high quality standard for 
helium bottles. A sitewide procedure requiring inspection and /or verification of the bottle 
contents should be in place to  control the receipt of helium bottles. The probability of failure is 
( 1 . 0 ~  1 0 ' ) x ( O . 8 ) = 8 . 0 ~  104forthisevent. 

. Failure Event 1501. Good sampling practice is not followed. As little sample gas as 
possible should be taken from the MCO during sampling. Using a sampling operation that 
minimizes the need to refill the MCO with inert gas reduces the frequency with which this 
accident could occur. Good engineering practices during the sampling process are likely to be 
followed because the good sampling operation is considered defense in depth for prevention of 
flammable gas mixtures within the MCO at the sampling station. A human error probability of 
1 .O x IO' is assumed (NLJREGKR-4772). 

Failure Event 1403. If good sampling practice is not followed, there is a chance that the 
MCO will be depressurized. It is judged that there is a fifty-fifty chance that the MCO will be 
depressurized. The probability that the MCO will be depressurized is conservatively assumed to 
be 1 in this study. 

Failure Event 1302A. In failure event I302A, the operator recharges a depressurized 
MCO with helium. If the MCO still has adequate pressure for sampling operations after an 
inadvertent depressurization of the MCO, the operator will not recharge a depressurized MCO 
with helium. Because of a lack of data, it is assumed that the operator will recharge a 
depressurized MCO with helium. The probability is conservatively assumed to be I 

Failure Event 1302. Combining probability of event I302A with the probabilities of 
failure events 1501 and 1403, the probability of the operator recharging a depressurized MCO is 
(1.0 x 1 0 2 )  x ( I )  x ( I )  = 1.0 x 10-2. 

Failure Event 1201. If failure events 1301 and I302 are both true, the MCO is recharged 
with helium that is contaminated with oxygen. The probability is the combined probability of 
failure events 1301 and 1302, avalue of(8.0 x x (1.0 x IO-*) = 8.0 x IO'. 

Failure Event 1411. In failure event I41 1, air is in the supply lines because they have 
not been fully purged. The basic human error of omission probability of 2.0 x 10' is assumed 
for this event (NUREGKR-4772). 

Failure Event 1303. The probability of event I303 is the value for event 141 1, 2 x 10" 

Failure Event 1202. If failure events I302 and 1303 are both true, the MCO is recharged 
using supply lines that are contaminated with air. The probability is the combined probability of 
failure events I302 and 1303, a value of ( l .0  x 10.') x (2.0 x IO-*) = 2.0 x W4. 

Failure Event 1102. If either failure event I201 or failure event I202 is true, air is 
assumed to exist inside the MCO. The probability that air exists inside the MCO is (8.0 x 
+ (2.0 i o 4 )  = 2.08 IO? 
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Failure Event 1103. Adequate water is required inside the MCO for sufficient oxygen to 
be generated to form a flammable mixture with the hydrogen present in the MCO. The MCO is 
processed at the Cold Vacuum Drying Facility (CVDF) and administrative controls at CVDF for 
dryness testing and test equipment calibration ensure that the MCO passes its dryness test to 
demonstrate a low water content. A fault tree model in SNF-2770, Cold Vacuum D@ngFaci/i~ 
Design Basis Accident Analysis Documentation, estimates the probability that an MCO arrives at 
CSB with adequate water to produce suficient oxygen to result in flammable mixtures inside an 
MCO at less than 1 x (represented in the fault tree in this report as 9 x 10’). 

Failure Event 1105. If either failure event 1102 or failure event I103 is true, sufficient 
oxygen is assumed to exist inside the MCO to form a flammable mixture with the hydrogen 
already present in the MCO. The probability that sufficient oxygen exists inside the MCO is 
(2.08 x I 0-4) + (9.0 x 1 07) = 2.089 x I O 4 .  

Failure Event 1101. It is conservatively assumed that an ignition source is always 
present. The probability of this is event is therefore one. 

Failure Event 1104. It is conservatively assumed that there is sufficient hydrogen 
always present in the MCO for a deflagration. The probability of this is event is therefore one 

Top Event. Iffailure events 1101,1104, and I105 are true, the MCO may experience an 
internal deflagration. Combining the probabilities of 1101, 1104, and 1105, the probability of an 
MCO internal deflagration is 2.089 x w4. Twenty-four MCOs per year are to be sampled at the 
CSB. The frequency of an MCO internal deflagration at the CSB is (24iyr) x (2.089 x 10“) 
= 5.01 x lO’/yr. 

6.3 CONCLUSION 

The MCO internal deflagration accident at the CSB is an unlikely event 
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7.0 FREQUENCY OF MULTI-CANISTER OVERPACK EXTERNAL 
DEFLAGRATION AT THE CANISTER STORAGE BUILDING 

7.1 1NTRODUCTlON 

Connections are made to the MCO sample port, and MCO gas is collected using the 
positive pressure of the MCO. If the connection to the MCO fails and discharges MCO gas into 
the sample hood, an explosive mixture of hydrogen and air could be formed in the hood. 

7.2 PROBABILITY ESTlMATES 

A logic diagram, in fault tree format, was constructed (Figure 4) to assess the likelihood 
of an MCO external deflagration. Each box with a circle underneath represents a failure that 
could contribute to a potential MCO shear. The failures are combined through logic gates: AND 
gates (flat bottom, semicircle top) or OR gates (arched bottom and arrowhead top). An AND 
gate requires all inputs to the gate (from below) to occur for the result, described in the box 
above the gate, to occur. An OR gate only requires that any one input to the gate (from below) 
occur for the result, described in the box above the gate, to occur. Final estimates of the total 
likelihood of an MCO external deflagration are obtained by properly combining the probabilities 
of each branch of the diagram according to Boolean algebra. The following text describes each 
event for each path of the logic fault tree. The descriptions include estimates used in the current 
analysis of the probability for each event to occur. 

7.2.1 Sample Line Failure 

Failure Event E501. The first basic event is a failure to tighten the spring bolts on the 
single valve operator assembly. The basic human error probability of 3.0 x 10.' 
(NUREGKR-4772, Table 4-3, note 1 )  is used for the unmitigated case. 

Failure Event E502. Cracks in the sample hood hose cause it to fail. The hose is made 
of steel with a design pressure of 150 lbiin' gauge. The probability of a hose with cracks that 
might cause the hose to leak during sampling is considered to be remote. The probability of 
leakage for 1 to 3 in. pipes is 1 .O x 10.' per hour per foot (EGG-SSRE-8875). Conservatively, 
assuming 100 ft of pipe and 1 hour of operation, the probability of pipe leakage is 1.0 x 10". 

Failure Event E401. Either failure event E501 or E502 causes a leak path to exist. The 
probability ofthis event is essentially the same as that in event E501 (i,e., 3.0 x 10.'). 

Failure Event E301. Failure event E301 is a leak path that exists before the MCO is 
opened, which is event E401. The probability ofthis event is essentially 3.0 x IO-'. 

Failure Event EZOI. It is assumed that once the MCO is opened, the MCO gas releases 
through an existing leak path (failure event E301). The probability of this event is therefore the 
same as that for failure event E301 (i.e., 3.0 x 10''). 
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Failure Event E310. The MCO hose in the sample hood could develop a leak because 
of a collision of the MHM with the sampling equipment. The probability of the MHM colliding 
with the sampling equipment is the probability of an operator error in moving the MHM too 
close to the sampling equipment and a factor of I O  reduction because the spotter will warn the 
MHM operator to stop. The basic human error probability of 3.0 x 10-’/liR (NUREGKR-4772, 
Table 4-3, note 1) is multiplied by 0.1 and used for the unmitigated case. 

Failure Event E311. The MCO hose in the sample hood could develop a leak because 
of equipment being dropped from the crane onto the sampling equipment. The probability of 
equipment being dropped from the crane is 1 x 10-4/lift as discussed in Section 3.3, point 3 under 
assumptions for drop frequency calculations. 

Failure Event E312. The MCO hose in the sample hood could develop a leak because 
of the sample cart is moved away during sampling causing the hoses to be ripped open. This 
event would involve an error of commission that is equivalent to sabotage because the seismic 
restraints on the sample cart would have to be released and the cart moved with sufficient force 
to rip the hoses. The probability of this event is conservatively estimated as I x 10-4/lift 

Failure Event E202. Failure event E202, MCO leaks due to ruptured sampling lines 
during sampling operation, is the combination of events E3 I O ,  E3 1 I or E3 12. The probability 
ofthis event is (3.0 x IO”) + (1.0 x 

Failure Event E101. Either failure event E201 or failure event E202 causes the MCO 

+ (1.0 x l o 4 )  = 3.2 x 10.’. 

leak. The probability of a leak occurring is around 3.3 1 x lO-’/MCO. 

7.2.2 Ignition Source Present 

Failure Event ElOZ. An ignition source is assumed to be present with a probability of 1. 

7.2.3 Loss of Filtered Ventilation in the Sampling Hood 

Failure Event E453. The exhaust line to the sample hood has not been connected or has 
not been connected correctly. The hose is not be routinely disconnected once it was installed. 
The basic human error probability of 3.0 x 10.’ (NUREGKR-4772) is used for this event. 

Failure Event E454. The exhaust line has cracks. The probability should be very low. 
The probability of leakage for 1 to 3 in. pipes is 1.0 x 10.’ per hour per foot (EGG-SSRE-8875). 
Conservatively assuming 100 R of pipe and 100 hours of operation, the probability of pipe 
leakage is 1 .O x 

Failure Event E353. Either failure event E453 or failure event E454 can cause a leak 
path in the exhaust line to exist prior to the start of sampling operation. The probability should 
be (3.0 x 10.’) x (1.0 x = 3.01 x IO*’. 
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Failure Event E253. If failure event E353 occurs, the exhaust line can leak prior to the 
start of sampling. The probability is 3.01 x 10.’. 

Failure Event E4.51. An average rate for loss of offsite power on the Hanford Site is 
1.22/year (WHC-EP-0811). Therefore, the probability of a loss of offsite power during a I-hour 
MCO process valve opening in a year is calculated to be I .4 x 

Failure Event E452. The motor fails during sampling. It is assumed that the ventilation 
system has one fan and one motor. The probability of the motor failing during sampling is 
estimated to be 3.0 x 10 ’  (EGG-SSRE-8875). 

Failure Event E3.51. The motor stops running because of either failure event E451 or 
E452. The probability of this event is in the range of 1.7 x 

Failure Event E601. The damper is closed before sampling. There are five dampers: 
MD-5, MD-6, MD-7, MD-8,  and MD-9. Dampers MD-5, MD-6, and MD-7 are closed only for 
maintenance. The probability that these three dampers are closed during sampling is remote, and 
is considered negligible when compared with the probability of damper MD-8 being closed 
during sampling. Damper MD-9 would have no impact on the flow path from the sample hood 
to the exhaust system. If the ventilation system is taken out of service, no MCO sampling 
operation could be performed. A conservative probability of 3.0 x I 0-3 can be used for this event 
because the operators are f d l y  trained to perform the operation, written procedures are in place, 
self-checking is performed, and operators will not perform their work in a stressful situation. 

Failure Event ES.52. Failure event E601 has to occur for the damper to be closed before 
the MCO sampling operation. Based on failure event E601, the probability for this event should 
be 3.0 x lo-? 

Failure Event ES.51. The operator could inadvertently close the damper during sampling 
when the MCO process valve is in the open position. This is considered highly unlikely because 
the operator will have no reason, and will have no chance, to physically close the damper during 
sampling operation. Furthermore, the damper has no automatic control; once the damper is 
opened, the damper is in a locked open position. Therefore, a probability of I .O x IO-4 can be 
assumed for this event. 

Fmilure Event E455 This failure event addresses the overall chance that the damper is 
closed during sampling operation when the MCO process valve is open. Either failure event 
E55 1 or failure event E552 would have to occur, therefore the probability of this failure event is 
( 1 . 0 ~  1 0 - ~ ) + ( 3 . 0 ~  1 0 - ~ ) = 3 . 1  10”. 

Failure Event E456. The duct is ruptured during sampling. This could be caused by a 
seismic event. The probability of a design basis earthquake at the Hanford Site is in the range of 
2.0 x per year. The probability ofthe duct rupture during sampling is therefore in the range 
of 2.0 x 10.’. A ducting rupture rate of 1 x I O ’  per hour per foot (WSRC-TR-93-262) was used 
to evaluate the failure of ducting during routine operation. Assuming 1,000 ft of duct, the failure 
rate would be 1 x per hour. This failure rate is much higher than the duct failure rate due to 
a seismic event. Therefore, the failure rate for event E456 is 1 x 1 0 ’ .  
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Failure Event E352. The flow path in the ventilation system is blocked during 
sampling. It is assumed that this failure event is caused either by failure event E455 or by failure 
event E456. Therefore, the probability should be in the range of (3.1 x IO”) + (1 .O x IO-5)  
=3.11 x IO”. 

Failure Event E251. The heating, ventilation, and air conditioning (HVAC) system 
loses ventilation flow during sampling because either the motor stops or the flow path is blocked 
in the ventilation system. Summing the probabilities of failure event E35 1 and event E352 yields 
the probability offailure for event E251, which is (1.7 x + (3.1 1 x IO”) = 3.28 x l o 3 .  

Failure Event E252. The HEPA filter does not hnction as designed because of 
manufacturing defects or maintenance errors. The probability should be very low because 
quality procedures are followed for HEPA filter acceptance and maintenance. The probability 
and the consequence of failure of this event should be less than that of failure event E25 1. It is 
assumed that event E25 1 dominates. A small probability of 1 .O x per hour is judged to be 
appropriate for failure event E252. (WSRC-TR-93-581 suggests 1 x IO” per year without HEPA 
filter differential pressure indication.) 

Failure Event E103. HEPA ventilation operation is lost during sampling. Failure event 
E253 dominates this event. Therefore, a probability of 3.64 x 10.’ is calculated for this event. 

7.2.4 Flammable Mixture From Release at Sampling Station 

Failure Event FLAM. The probability that a gas mixture released from an MCO results 
in a flammable mixture is conservatively assumed to be 1 

7.2.5 External Deflagration from Release at Sampling Station 

The combination of the probabilities of failure events E101, E102, E103, and E104 is 
dominated by the single failure event E3 10 that propagates up through both gates El 01 and 
E103. The boolean combination of probabilities for event E-A, external deflagration at sampling 
station, results in a probability of E-A of 4.19 x 10”. 

7.2.6 External Deflagration Due to Dropping an MCO 

Failure Event E451. This loss of offsite power event is the same event as is discussed in 
Section 7.3.3. The loss of offsite power on the Hanford Site is 1.22iyear (WHC-EP-0811). 
Therefore, the probability of a loss of offsite power during a I-hour MCO process valve opening 
in a year is calculated to be 1.4 x 

Failure Event E372. The failure of the MHM ventilation fan motor is very similar to 
event E452 in Section 7.3.3. The motor fails during the drop of the MCO. It is assumed that the 
ventilation system has one fan and one motor. The probability of the motor failing during the 
drop is estimated to be 3.0 x 10.’ (EGG-SSRE-8875). 
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Failure Event E271. The MHM ventilation system motor stops running because of 
either failure event E451 or E372. The probability ofthis event is in the range of 1.7 x 

Failure Event E272. The failure of the MHM ventilation system HEPA is very similar 
to event E252 in Section 7.3.3. The HEPA filter does not function as designed because of 
manufacturing defects or maintenance errors. The probability should be very low because 
quality procedures are followed for HEPA filter acceptance and maintenance. The probability 
and the consequence of failure of this event should be less than that of failure event E271. It is 
assumed that event E271 dominates. A small probability of 1 .O x per hour is judged to he 
appropriate for failure event E272. (WSRC-TR-93-581 suggests 1 x 10” per year without HEPA 
filter differential pressure indication.) 

Failure Event E104. HEPA ventilation operation is lost during the drop of an MCO. 
Failure event E271 dominates this event. Therefore, a probability of 1 . 8 ~  1 O 4  is calculated for 
this event. 

Failure Event DROPl. This calculation incorporates the probability of the MHM 
dropping a load. This value is 2.5 x per lift as discussed earlier in Section 3.3. 

Failure Event E-B. The multiolication of the orobabilities of failure events DROP1 
E104, and FLAM results in  a probahiiity ofE-B, external deflagration due to dropping an MCO, 
of4.50 x IO-”. 

7.2.7 TOP EVENT - MCO External Deflagration (Unmitigated) 

The calculation of the frequency of the top event of the fault tree for a gaseous release 
involves multiplying the appropriate number of MCOs times the appropriate probability of 
gaseous release at either the sampling station or due to a drop. The probability of event E-A 
(4 19 x IO”) is multiplied by 24 MCOs per year to be sampled to result in about 0. Uyr. The 
probability of E-B (4.5 x 10.”) is multiplied by 200 MCOs per year to be lifted out of the cask 
receiving pit to result in 9 x 10X/yr. Since the sampling station releases dominate the probability 
of a gaseous release, the resulting frequency of a gaseous release is about 0. liyr. 

7.3 CONCLUSIONS 

The total number of MCOs sampled has a direct impact on the frequency of the top event. 
If 24 MCO samples are performed every year, the frequency would be in the range of 0. Uyr, 
which is considered anticipated. 

In conclusion, the potential for an MCO leak fiom around the valve operator and the hose 
in the sample hood with a coincident loss of exhaust flow from the sample station hood during 
MCO sampling at the CSB resulting in an external deflagration is considered to be anticipated. 
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8.0 FREQUENCY OF THERMAL RUNAWAY ACCIDENT 

CANISTER STORAGE BUILDING 
IN A MULTI-CANISTER OVERPACK AT THE 

8.1 INTRODUCTION 

A thermal runaway reaction could occur in an MCO at the CSB ( I )  if fuel temperatures 
were extremely high and (2) if there were enough water or oxygen. The pressure inside the 
MCO would increase because of increasing temperature and the production of gas and vapor. If 
pressure inside the MCO continued to increase to the point that the MCO pressure boundary was 
challenged, the MCO could fail and release radioactive particulate and hydrogen gas into the 
surrounding environment. 

Calculations show that the MCO design pressure is high enough to provide a large 
margin of safety with regard to gas production from uranium-water and hydride-water chemical 
reactions (HNF-3553, Annex A). The calculation demonstrates that a runaway event caused by 
uranium-water and hydride-water reactions is beyond extremely unlikely at the CSB if the 
MCOs satisfy the dryness tests at the Cold Vacuum Drying Facility and if the aluminum 
hydroxide thermal decomposition data remain valid. 

Another way to generate heat in an MCO is for oxygen (or air) to enter as the result of 
some event. For this case, calculations show that the MCO gas pressure stays far below the 
MCO design pressure of 450 Ib/in2 gauge (HNF-3553, Annex A). 

This analysis investigates the frequency of a radioactive release from the MCO caused 
either by excess water or by an oxygen or air reaction with the fuel in an MCO at the CSB. 

8.2 PROBABILITY ESTIMATES 

A logic diagram, in fault tree format, was constructed (Figure 5) to assess the likelihood 
of a thermal runaway reaction in an MCO. Each box with a circle underneath represents a failure 
that could contribute to a potential MCO shear. The failures are combined through logic gates: 
AND gates (flat bottom, semicircle top) or OR gates (arched bottom and arrowhead top). An 
AND gate requires all inputs to the gate (from below) to occur for the result, described in the box 
above the gate, to occur. An OR gate only requires that any one input to the gate (from below) 
occur for the result, described in the box above the gate, to occur. Final estimates of the total 
likelihood of a thermal runaway reaction in an MCO are obtained by properly combining the 
probabilities of each branch of the diagram according to Boolean algebra. The following text 
describes each event for each path of the logic fault tree. The descriptions include estimates used 
in the current analysis of the probability for each event to occur. 
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8.2.1 Thermal Runaway Caused by Reaction with Air 

Failure Event T401. A loss of cooling occurs at the sampling/weld station. An HVAC 
unit chilled by glycol cools two sampling/weld stations. The failure rate (fail to run) for air 
conditioning units is 3.0 x 1 O 5  per hour (EGG-SSRE-8875). It is conservatively assumed that 
the probability of failure is 1.0 x per hour (8.76 x 10.' in 8,760 hours). 

Failure Event T402. The MCO temperature starts to increase once the cooling is lost at 
the sampling/welding station. Calculations show that the MCO wall temperature will reach 
132 "C after at least 40 days without cooling (HNF-3553, Annex A). The combined probability 
of the failure to recover cooling within 40 days and the failure to remove the MCO from the 
sampling/weld station within 40 days is very remote. The MCO normally will not stay at the 
station for more than I day, and the operation of the HVAC unit could be resumed at most in a 
matter of days. A very small probability of 1.0 x I 0-7 is assumed for this event. (This is based 
on the assumption that the probability of failure of the MHM is 1.0 x IO", and the probability of 
failure of a cooling recovery after 40 days is 1 .O x 

Failure Event T301. If the fuel temperatures are extremely high and there is enough 
water or oxygen, the chemical reaction rates increase and produce more gases and heat. The 
probability of a high fuel temperature is the combined probabilities of failure events T401 and 
T402, which is (8.76 x IO-') x (1.0 x = 8.76 x IO". 

Failure Event T302. The MCO is injected with oxygen at the sampling/weld station 
instead of helium. Oxygen bottles are mistakenly used as helium bottles, or helium bottles are 
contaminated with oxygen. The chances for such kind of mistakes are rare because the oxygen 
bottle and the helium bottle are unlike. The bottles are different colors, and they are labeled as to 
the type of gas contained. The supplier should have a quality assurance program to ensure a high 
quality standard for helium bottles. It is conservatively to assumed that the probability that the 
supplier delivered a wrong bottle is 1 .O x 10". 

Failure Event T201. Ifthe fuel temperature in the MCO is high enough and there is 
enough oxygen, the probability of thermal runaway reaction increases. If failure events T301 
and T302 are both tnie, the thermal runaway is initiated. The probability that the thermal 
runaway occurs is the combined probabilities of failure events T301 and T302, which is 
( 8 . 7 6 ~  1OX)x (1 .Ox  10"))=8.76x 10". 

Failure Event T101. It is conservatively assumed that once the thermal runaway starts, 
the MCO pressure boundary is challenged. Therefore, the probability is the same as for failure 
event T201, which is 8.76 x IO-" that the pressure boundary will be challenged. 

Failure Event T311. Ifthe he1 temperature are extremely high and there is enough 
water or oxygen, the chemical reaction rates increase and produce more gases and heat. The 
probability of high fuel temperatures is the combined probabilities of failure events T401 and 
T402, which is 8.76 x 10.8 

Failure Event T312. It is assumed that the MCO is completely sheared, which ensures 
plenty of oxygen for a potential thermal runaway reaction. The probability of a complete shear 
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is taken to be the annual probability of a design basis earthquake (2 x times the fraction of 
time an MCO is expected to be in the “shear zone” based on a year of operation. It is expected 
that 1000 MCO liftsilowers will occur each year. A lift/lower of an MCO is conservatively 
expected to take one hour but the MCO is expected to be in the “shear zone” for only 0.1 of the 
lift/lower time. An operator error to engaged seismic restraints prior to l i f t  is conservatively 
estimated as 0.03. Thus the probability of a complete shear is calculated to be 6.85 x 10.’ 
(2 x * 0.03 *[IO00 MCO lifts-lowers * 1 hrilift-lower * 0.1]/8760 hr = 6.85 x 10.’). 

Failure Event T202. If failure events T3 1 1 and T3 12 are both true, the thermal runaway 
reaction inside the MCO will start Combining the probabilities for failure events T3 I 1  and 
T312 yields (8.76 x 10.’) x (6.85 x 10.’) = 6.00 x I O i 5 .  

Failure Event T102. In failure event T102, the MCO pressure boundary is challenged 
by the thermal runaway reaction. Since the MCO has been completely sheared, the pressure 
boundary has already been challenged. The probability of failure event T102 is the same as that 
for failure event T202 (i.e., 6.00 x IO-”). 

8.2.2 Thermal Runaway Caused by Reaction with Water 

Failure Event T321. Adequate water is required inside the MCO for a thermal runaway 
reaction to occur. The projected bounding inventory of free water in an MCO received at the 
CSB is 200 g. Calculations have demonstrated that a thermal runaway accident at the CSB is 
beyond extremely unlikely if the MCO contains less than 200 g of free water (HNF-3553, 
Annex A). In failure event T321, the MCO is assumed to contain more than 200 g of free water. 
The MCO is processed at the Cold Vacuum Drying Facility (CVDF) and administrative controls 
at CVDF for dryness testing and test equipment calibration ensure that the MCO passes its 
dryness test to demonstrate a low water content. This results in a probability that an MCO 
arrives at CSB with adequate water for flammable mixtures of 3 x IO”. 

Failure Event T322. In  this event, heat removal is less than heat generation in the MCO 
If a loss of cooling were to occur at the sampling/weld station, the heat removal rate might be 
less than the heat generation in the MCO. The two sampling/weld stations are chilled by one 
HVAC unit using glycol coolant. The failure rate (fail to run) for air conditioning units is 
3.0 x per hour (EGG-SSRE-8875). It is conservatively assumed that the probability of 
failure is 1.0 x per hour (8.76 x 10.’ in 8,760 hours). The MCO temperature starts to 
increase once the cooling is lost at the sampling/welding station. Calculations show that the 
MCO wall temperature will reach 132 “C after at least 40 days without cooling (HNF-3553, 
Annex A). The combined probability ofthe failure to recover cooling within 40 days and the 
failure to remove the MCO from the samplindweld station within 40 days is very remote. The 
MCO normally will not stay at the station for more than 1 day, and the operation of the HVAC 
unit could be resumed at most in a matter of days. A very small probability of I .0 x 10’  is 
assumed for this event. This is based on the assumption that the probability of failure of the 
MHM is 1 .0 x IO”, and the probability of failure of a cooling recovery after 40 days is 1.0 x 10“ 
If the fuel temperatures are extremely high and there is enough water or oxygen, the chemical 
reaction rates increase and produce more gases and beat. The probability of a high fuel 
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temperature is the combined probabilities of air conditioning failure and cooling recovery failure, 
which is (8.76 x 10.') x (1.0 x IO') = 8.76 x 10.'. 

Failure Event T203. If failure events T321 and T322 are both true, a thermal runaway 
reaction could occur in an MCO. The probability is the combined probabilities of failure events 
T321 and T322, which is (3.0 x x (8.76 x IOx) = 2.63 x lo-". 

Failure Event T103. Failure event T103 is the same as failure event T203. Therefore, 
the probability is 2.63 x 10.'". 

8.2.3 Top Event 

Once the MCO pressure boundary has been challenged, it is assumed that radioactive 
particulate will he released to the environment. The probability of the top event is the 
probability of failure event TlOl plus the probability of failure event TlOZ plus the probability of 
failure event T103 (Le., 3.52 x 10.'"). Twenty-four MCOs per year will be sampled, so the 
frequency of a thermal runaway accident at the CSB is (24) x (3.52 x IO.'") = 8.45 x lO.'/yr. 
Therefore the thermal runaway accident at the CSB is considered to he a beyond extremely 
unlikely event. 

8.3 CONCLUSIONS 

The thermal runaway accident is considered a beyond extremely unlikely event for the 
following reasons. 

There is not sufficient water in an MCO to produce a continuing reaction 

Cooling at the sampling/weld station will not be lost for a period longer than 40 days. 

The MCO will not stay at the samplingweld station for more than 40 days. 

The chance for a complete shear of the MCO is beyond extremely unlikely 
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9.0 FREQUENCY OF VIOLATION OF DESIGN 
TEMPERATURE CRITEfUA 

9.1 INTRODUCTION 

Heat is produced in the MCO from energy released by radioactive decay and energy 
released from chemical reactions that occur between the fuel and water or gases. The MCO and 
CSB have been designed to provide for ample heat transfer away from the MCO so that an 
unacceptably high temperature will not be reached during normal handling and storage of the 
MCOs at the CSB. This analysis estimates the frequency of an event that may lead to a violation 
of the MCO design temperature criteria. 

9.2 PROBABILITY ESTIMATES 

A logic diagram, in fault tree format, was constructed (Figure 6) to assess the likelihood 
of exceeding MCO design temperature criteria. Each box with a circle underneath represents a 
failure that could contribute to a potential MCO shear. The failures are combined through logic 
gates: AND gates (flat bottom, semicircle top) or OR gates (arched bottom and arrowhead top). 
An AND gate requires all inputs to the gate (from below) to occur for the result, described in the 
box above the gate, to occur. An OR gate only requires that any one input to the gate (from 
below) occur for the result, described in the box above the gate, to occur. Final estimates of the 
total likelihood of exceeding MCO design temperature criteria are obtained by properly 
combining the probabilities of each branch of the diagram according to Boolean algebra. The 
following text describes each event for each path of the logic fault tree. The descriptions include 
estimates used in the current analysis of the probability for each event to occur. 

9.2.1 Loss of Active Cooling in Sampling/Weld Station Pit 

Failure Event V201. Twenty-four MCOs per year will be sampled and 200 MCOs per 
year will be welded. Each MCO will stay at the sampling/weld station for 6 hours. The 
probability of having one MCO at the samplingiweld station is,(224) x (618,760) = 1.53 x IO.' 

Failure Event V202. The glycol cooling system installed in the samplingiweld station 
pit is capable of removing heat from the MCO. The failure rate (fail to run) for air conditioning 
units is 3.0 x 10' per hour (EGG-SSRE-8875). It is conservatively assumed that the probability 
of failure is 1.0 x per hour (8.76 x IO-' in 8,760 hours). 

Failure Event V203. Calculations indicate that for a maximum heat generation MCO, it 
is possible to exceed the MCO temperature design criteria in about 40 days without active 
cooling (HNF-3553, Annex A). For the temperature criteria to be exceeded, the MCO would 
have to be located in the samplingiweld station pit for about 2 months or more without cooling. 
It is highly unlikely that the cooling unit would not be restored for 2 months. The probability of 
failure to resume active cooling within 40 days is assumed to be 1 .O x IO? 
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Failure Event V204. The MCO should be removed from the sampling/weld station pit 
after an extended period of time without active cooling. The probability that the MHM is unable 
to remove the MCO from the samplingiweld station pit within 2 months is assumed to be 
I .O x 10' because of a failure of the MHM and a failure to restore MHM operation within 
2 months. This is judged to be a conservative estimate of the combined probability of both 
MHM failure and failure to restore MHM operation. 

Failure Event V101. Failure events V201, V202, V203, and V204 must all be true for 
the MCO design temperature criteria to be exceeded. Combining the probabilities of failure 
events V201, V202, V203, and V204, the probability that the MCO temperature design criteria 
areexceededis(1.53 x IO~ ' )x (8 .76x  IO~ ' )x ( l .Ox  10-4)x(1 .0x  10 ' )=(1.34x IO.'). 

9.2.2 Loss of Passive Cooling in Vault 

Failure Event V301. If the vault intake and/or exhaust stacks are partially or fully 
blocked, natural convection of air through the vault will be reduced. If SO% or less of the inlet 
area were blocked, it is expected that the vault air flow rate and MCO and ceiling temperatures 
would be nearly equal to those expected for zero blockage (HNF-3553, Annex A). It is 
conceivable that over a long period of time some debris could accumulate over the opening or 
pass through the outer grating and accumulate on the inner horizontal grating. Because the 
opening in the vertical inlet grating has a total flow area that is more than six times that of the 
horizontal cross section of the inlet, about 92% of the vertical grating area must become fully 
blocked before more than 50% of the inlet cross-sectional area will be blocked. Given that such 
a large percentage of the four-sided vertical inlet must become fully blocked and that this inlet is 
located at a great height above the existing grade, the probability that the block is more than 50% 
of the inlet cross-sectional area is assumed to be very small (i.e., 1.0 x lo5).  

Failure Event V302. It is prudent to have an infrequent but regular program to visually 
inspect the inlet for blockage. The probability of failure of the program is assumed to be 
3.0 x lo-', which is based on the basic human error probability. 

Failure Event V206. Iffailure events V301 and V302 are both true, the vault intake 
stack is more than SO% blocked. Combining the probabilities of failure events V301 and V302, 
the probability that the intake is blocked by more than 50% is ( I  .O x x (3.0 x 10.') 
= 3.0 10.'. 

Failure Event V205. If the vault inlet stack were somehow completely blocked, the 
MCO wall temperature would reach the 270 "F CSB limit in about 15 hours and would continue 
to rise. The probability that the temperature rise is not noticed within 15 hours is assumed to be 
one. 

Failure Event V102. Iffailure events V2OS and V206 are both true, the MCO may 
exceed the temperature design criteria. Combining the probabilities of failure events V205 and 
V206, the probability that the MCO may exceed the temperature design criteria is 3.0 x IO-'. 
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9.2.3 Top Event 

The MCO may exceed the temperature design criteria either because of a loss of active 
cooling or a blockage ofthe intake. The frequency of occurrence is estimated as (1.34 x I O x )  
+ (3.0 x = 3 .13  x lo-'. 

9.3 CONCLUSIONS 

It is estimated that the event that has the potential of violating the MCO temperature 
design criteria is a beyond extremely unlikely event. 
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Figure 1. Fault Tree for a Multi-Canister Overpack Arriving at the 
Canister Storage Building Full of Water. 
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Figure 2. Fault Tree for a Gaseous Release Resulting from a Leak in the Multi-Canister 
Overpack Sampling System at the Canister Storage Building. (sheet 2 of 3)  
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Figure 2. Fault Tree for a Gaseous Release Resulting from a Leak in the Multi-Canister 
Overpack Sampling System at the Canister Storage Building. (sheet 3 of 3) 
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Figure 3 .  Fault Tree for a Multi-Canister Overpack Internal Deflagration 
at the Canister Storage Building. 
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Figure 4. Fault Tree for a Multi-Canister Overpack External Deflagration 
at the Canister Storage Building. (sheet 1 of 5 )  
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Figure 4. Fault Tree for a Multi-Canister Overpack External Deflagration 
at the Canister Storage Building. (sheet 2 of 5) 
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Figure 4. Fault Tree for a Multi-Canister Overpack External Deflagration 
at the Canister Storage Building. (sheet 3 of S )  
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Figure 4. Fault Tree for a Multi-Canister Overpack External Deflagration 
at the Canister Storage Building. (sheet 4 of 5)  
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Figure 4. Fault Tree for a Multi-Canister Overpack External Deflagration 
at the Canister Storage Building. (sheet 5 of 5) 
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Figure 5. Fault Tree for a Thermal Runaway Accident in a Multi-Canister 
Overpack at the Canister Storage Building. 
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