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1.0 INTRODUCTION 
Excessive leakage of reactor coolant pump (RCP) seals following loss of component cooling water or 
loss of power events can be a significant contributor to risk at nuclear power plants.  This is particularly 
true in the event of an extended station blackout (SBO) or extended loss of alternating current (AC) 
power (ELAP), when the RCP seals can be exposed to high temperature and high pressure conditions 
for a significant period of time.  To address this issue, Framatome offers a device, the Passive 
ShutDown Seal (PSDS), which is available as a solution to RCP seal leakage during an extended SBO. 
 
This document presents the results of an evaluation of the failure of the PSDS to actuate during an 
accident scenario.  The evaluation is not based on the application of the PSDS in the seal package for 
a particular RCP type.  

2.0 OBJECTIVE 
The objective of this report is to assess the potential failure mechanisms that are associated with the 
subcomponents of the PSDS,  [  

 ] 
The objective of the evaluation is to estimate a reasonable probability of the failure to actuate that can 
be used as part of a probabilistic risk assessment (PRA).   

3.0 PSDS DESCRIPTION 
The PSDS is a passively-actuated mechanical seal that is designed to provide very low leakage 
through currently installed RCP seals in the event of ELAP.  The PSDS is available pre-assembled into 
a #1 seal insert that can be installed with little or no modifications to existing RCP seals.  The PSDS is 
installed as an integral portion of the existing #1 seal insert and is located upstream of the No. 1 RCP 
seal leak-off line.  Information on the general design, components, and operation of the PSDS can be 
found in Reference [1, Section 5].  
 

[  

 
  

] 
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Figure 3-1:  Cross-Section View of PSDS 
 

The PSDS is a passive device, which is not dependent on any support system, e.g., electrical power, 
cooling water, instrument air, etc.  The following is a description of each component of the PSDS and 
its role in operation of the PSDS. 

3.1 [  ] 

 

A drawing of a  [  ]  is shown as Figure 3-2 [1, page 18]. 
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Figure 3-2:  [  ] 
 

3.2 [  ] 

3.3 [  ] 

 

A drawing of a  [  ]  is shown as Figure 3-3 [1, pages 17, 18]. 
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Figure 3-3:  [  ] 
 

3.4 [  ] 

A drawing of a  [  ]  is shown as Figure 3-4 [1, page 19]. 
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Figure 3-4:  [  ] 
 

3.5 [  ] / PSDS Assembly 

 

A drawing of the  [  ]  is shown as Figure 3-5 [1, page 17].  

  

Figure 3-5:  [  ] 
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4.0 ACTUATION OF THE PSDS 

[

] 
  

Figure 4-1:  PSDS in Inactive State 
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Figure 4-2:  PSDS after Actuation 
 

5.0 FAILURE MODES AND EFFECTS ANALYSIS (FMEA) 

5.1 Failure to Actuate Failure Modes and Effects Analysis 
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Table 5-1:  FMEA Table – [  ] 
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Table 5-2:  FMEA Table – [  ] 
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Table 5-2:  FMEA Table – [  ] (Continued) 
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Table 5-3:  FMEA Table – [  ] 
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Table 5-3:  FMEA Table – [  ] (Continued) 
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5.2 FMEA Results 

After performing the component based FMEA for the PSDS,  [  
 ]  The following 

failure mechanisms are discussed in additional details in the proceeding sections:   
 

 

6.0 EVALUATION OF POTENTIAL FAILURE MECHANISM OF COMPONENTS 

6.1 [  ] 
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6.2 [  ] 

6.3 [  ] 

6.4 [  ] 
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7.0 SUMMARY OF PSDS FAILURE TO ACTUATE  

7.1 Summary of Basic Events 
The following table summarizes all the basic events included in the fault tree that is used to quantify the 
probability of the PSDS Failure to Actuate.   
 

Table 7-1:  Basic Event Summary 

 

8.0 REFERENCES 

1. Framatome Document No. 38-9351062-000, “Passive Shutdown Seal  [  
 ]  for Reactor Coolant Pump  [  ].” 

2. Framatome Document No. 58-9346852-000, “Passive ShutDown Seal (PSDS) for Reactor 
Coolant Pump -  [  ]  - Test Report” 

3.   AREVA Document No. 38-9227792-000, “Dispositif d’Etancheite Passif pour systeme de joints 
d’arbre des  [  ], Note de Synthese de Qualification (lot N1).” 
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APPENDIX A: FAILURE OF PSDS TO ACTUATE FAULT TREE 
The following is the fault tree developed to calculate the probability of the failure of the PSDS to 
actuate.
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APPENDIX B: HRA CALCULATOR DETAILS 
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PSDS-ASSEMBLY,  
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1.0 INTRODUCTION 
Excessive leakage of reactor coolant pump (RCP) seals following loss of component cooling water or 
loss of power events can be a significant contributor to risk at nuclear power plants.  This is particularly 
true in the event of an extended station blackout (SBO) or extended loss of alternating current (AC) 
power (ELAP), when the RCP seals can be exposed to high temperature and high pressure conditions 
for a significant period of time.  To address this issue, Framatome offers a device, the Passive 
ShutDown Seal (PSDS), which is available as a solution to RCP seal leakage during an extended SBO. 
 
This document presents the results of an evaluation of the failure of the PSDS to remain sealed after 
successful actuation. The evaluation is not based on the application of the PSDS in the seal package 
for a particular RCP type.   

2.0 OBJECTIVE 

The objective of this report is to assess the potential failure mechanisms that are associated  [  

 ] 
The objective of the evaluation is to estimate a reasonable probability of the failure to actuate that can 
be used as part of a probabilistic risk assessment (PRA). 

3.0 PSDS DESCRIPTION 
The PSDS is a passively-actuated mechanical seal that is designed to provide very low leakage 
through currently installed RCP seals in the event of ELAP.  The PSDS is available pre-assembled into 
a #1 seal insert that can be installed with little or no modifications to existing RCP seals.  The PSDS is 
installed as an integral portion of the existing #1 seal insert and is located upstream of the No. 1 RCP 
seal leak-off line.  Information on the general design, components, and operation of the PSDS can be 
found in Reference [1, Section 5].  
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Figure 3-1:  Cross-Section View of PSDS 
 

The PSDS is a passive device, which is not dependent on any support system, e.g., electrical power, 
cooling water, instrument air, etc.  The following is a description of each component of the PSDS and 
its role in operation of the PSDS. 

3.1 [  ] 

 

A drawing of a  [  ]  is shown as Figure 3-2 [1, page 18]. 
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Figure 3-2:  [  ] 
 

3.2 [  ] 

 

3.3 [  ] 

 

A drawing of a  [  ]  is shown as Figure 3-3 [1, pages 17, 18]. 
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Figure 3-3:  [  ] 
 

3.4 [  ] 

 

A drawing of a  [  ]  is shown as Figure 3-4 [1, page 19]. 
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Figure 3-4:  [  ] 
 

3.5 [  ] / PSDS Assembly 

 

A drawing of the  [  ]  is shown as Figure 3-5 [1, page 17].  

  

Figure 3-5:  [  ] 
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4.0 ACTUATION OF THE PSDS 

[  
 

 ]  A 
schematic showing a PSDS in the inactive state is shown as Figure 4-1 [3, page 16].  
  

Figure 4-1:  PSDS in Inactive State 

[  
 

]  A schematic showing a PSDS in the actuated state is shown as Figure 4-2 [3, page 16].  

 

  



Document No.:  51-9348566-001 
 
 

Passive Shutdown Seal – Evaluation of Failure To Remain Sealed 
 

 

 
Page 14 

Figure 4-2:  PSDS after Actuation 
 

5.0 FAILURE MODES AND EFFECTS ANALYSIS (FMEA) 

5.1 Failure to Actuate Failure Modes and Effects Analysis 
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Table 5-1:  FMEA Table – [  ] 



Document No.:  51-9348566-001 
 
 

Passive Shutdown Seal – Evaluation of Failure To Remain Sealed 
 

 
Page 16 



Document No.:  51-9348566-001 
 
 

Passive Shutdown Seal – Evaluation of Failure To Remain Sealed 
 

 
Page 17 



Document No.:  51-9348566-001 
 
 

Passive Shutdown Seal – Evaluation of Failure To Remain Sealed 
 

 
Page 18 



Document No.:  51-9348566-001 
 
 

Passive Shutdown Seal – Evaluation of Failure To Remain Sealed 
 

 

 
Page 19 

5.2 FMEA Results 
After performing the component based FMEA for the Sealing Split Ring,  [  

 
 ]  The following failure mechanisms are discussed in additional details in the proceeding 

sections:   
 

 

 

 

 

 

6.0 EVALUATION OF POTENTIAL FAILURE MECHANISM OF COMPONENTS 

The following section describes the potential failure mechanisms of the  [  ].  These 
failures are quantified using the fault tree included in Figure 6-1.  Table 7-1 summarizes the basic event 
probabilities and basis for the values.   
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Figure 6-1:  Failure of PSDS To Remain Sealed Fault Tree
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6.1 Temperature Related Failure 

6.1.1 [  ] 

6.1.2 [  ] 

6.1.3 [  ] 



Document No.:  51-9348566-001 
 
 

Passive Shutdown Seal – Evaluation of Failure To Remain Sealed 
 

 

 
Page 22 

6.2 [  ] 

6.3 [  ] 



Document No.:  51-9348566-001 
 
 

Passive Shutdown Seal – Evaluation of Failure To Remain Sealed 
 

 

Page 23 

6.4 [  ] 

6.5 [  ] 
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7.0 SUMMARY OF PSDS FAILURE TO ACTUATE  

7.1 Summary of Basic Events 
The following table summarizes all the basic events included in the fault tree that is used to quantify 
the probability of the PSDS Failure to Remain Sealed.  See Appendix B for the fault tree used to 
quantify the failure rate of the PSDS to remain sealed.   
 

Table 7-1:  Basic Event Summary 



Document No.:  51-9348566-001 
 
 

Passive Shutdown Seal – Evaluation of Failure To Remain Sealed 
 

 

 
Page 25 

 

8.0 REFERENCES 

1. Framatome Document No. 38-9351062-000, “Passive Shutdown Seal  [  
 ]  for Reactor Coolant Pump  [  ].” 

2. Framatome Document No. 58-9346852-000, “Passive ShutDown Seal (PSDS) for Reactor 
Coolant Pump -  [  ]  - Test Report” 

3.   AREVA Document No. 38-9227792-000, “Dispositif d’Etancheite Passif pour systeme de joints 
d’arbre des  [  ], Note de Synthese de Qualification (lot N1).” 



Document No.:  51-9348566-001 
 
 

Passive Shutdown Seal – Evaluation of Failure To Remain Sealed 
 

 

 
Page A-1 

APPENDIX A: [  ]  TECHNICAL DATA SHEET 
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APPENDIX B: FAILURE OF PSDS TO REMAIN SEALED FAULT TREE 
 
The following is the fault tree developed to calculate the probability of the failure of the PSDS to remain 
sealed after successful actuation. 
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APPENDIX C: HRA CALCULATOR DETAILS 
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PSDS-ASSEMBLY,  
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1.0 INTRODUCTION 
Excessive leakage of reactor coolant pump (RCP) seals following loss of component cooling water or 
loss of power events can be a significant contributor to risk at nuclear power plants.  This is particularly 
true in the event of an extended station blackout (SBO) or extended loss of alternative current (AC) 
power (ELAP), when the RCP seals can be exposed to high temperature and high-pressure conditions 
for a significant period of time.  To address this issue, Framatome offers a device, the Passive 
ShutDown Seal, (PSDS), which is available as a solution to RCP seal leakage during an extended SBO 
or ELAP condition. 
 
This document presents the results of an evaluation of the potential for a PSDS to spuriously actuate. 
The evaluation is for the application of the PSDS in the seal package for  [  

 ] 

2.0 OBJECTIVE 

The objective of this report is to assess the potential failure mechanisms that are associated with  [  

 
 

 ] 
[  

 
 
 

] 
The objective of the evaluation is to estimate a reasonable probability (frequency) of spurious actuation 
that can be used as part of a probabilistic risk assessment (PRA).   

3.0 PSDS DESCRIPTION 
The PSDS is a passively-actuated mechanical seal that is designed to provide very low leakage 
through currently installed RCP seals in the event of ELAP. The PSDS is available pre-assembled into 
a #1 seal insert that can be installed with little or no modifications to existing RCP seals. The PSDS is 
installed as an integral portion of the existing #1 seal insert and is located upstream of the No. 1 RCP 
seal leak-off line. Information on the general design, components, and operation of the PSDS can be 
found in Reference 2, Section 5.  
 
[  

 
 

] 
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Figure 3-1:  PSDS Assembly View 
 
The PSDS is a passive device, which is not dependent on any support system, e.g., electrical power, 
cooling water, instrument air, etc.  The following is a description of each component of the PSDS and 
its role in operation of the PSDS. 
 
The PSDS comes in two models, a high temperature model, and a low temperature model. The high 
temperature model actuates at a higher temperature than the low temperature model. The difference in 
actuation temperature between the two models is due to different fuse spacer material, explained in 
further detail in Section 3.1. 

3.1 [  ] 
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A drawing of a  [  ]  is shown as Figure 3-1, [2, page 18]. 
 
 

Figure 3-2:  [  ] 

3.2 [  ] 

3.3 [  ] 

A drawing of a PSDS  [  ]  is shown as Figure 3-2 [2, pages 17, 18]. 
 
 
 

Figure 3-3:  [  ] 
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3.4 [  ] 

 
A drawing of a  [  ]  is shown as Figure 3-3 [2, page 19]. 

Figure 3-4:  [  ] 
 

3.5 [  ] / PSDS Assembly 

A drawing of the  [  ]  is shown as Figure 3-4 [2, page 17].  
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Figure 3-5:  [  ] 
 

4.0 ACTUATION OF THE PSDS 
 
[  

 ]  A 
schematic showing a PSDS in the inactive state is shown as Figure 4-1 [3, page 16].  
 

Figure 4-1:  PSDS in Inactive State 

[  
 

 ]  A schematic showing a PSDS in the 
actuated state is shown as Figure 4-2 [3, page 16].  
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Figure 4-2:  PSDS after Actuation 

 
 

5.0 FAILURE MODES AND EFFECTS ANALYSIS (FMEA) 

5.1 Spurious Actuation Failure Modes and Effects Analysis 

A tabular-format FMEA for the fuser spacer was developed as shown in Table 5-1. The FMEA 
considered the function, possible failure modes, failure mechanisms, and possible preventative 
measures for spurious actuation of the PSDS due to  [  

 ] 
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Table 5-1:  FMEA Table – [  ] 



Document No.:  51-9227814-004 
 
 

Passive Shutdown Seal – PRA Evaluation of Spurious Actuation 
 

 
 

 
Page 16 

5.2 FMEA Results 
 
After performing the component-based FMEA for  [  

 ] 
 

6.0 EVALUATION OF MECHANICAL STRESS AND STRENGTH OF  [  ] 

6.1 [  ] 

6.1.1 [  ] 
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Figure 6-1:  [  ] 

6.1.2 [  ] 

Table 6-1:  [  ] 

 
 

Table 6-2:  [  ] 
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Figure 6-2:  [  ] 
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Figure 6-3:  [  
] 

6.2 [  ] 

6.3 [  ] 
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Figure 6-4:  [  ] 

6.4 [  ] 

Figure 6-5:  [  ] 
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6.5 Result 

7.0 EVALUATION OF  [  
 ] 
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Figure 7-1:  [  ] 

7.1 [  ] 
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7.2 [  ] 

7.2.1 [  ] 

Table 7-1:  [  ] 

7.2.2 [  ] 
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APPENDIX A:  [  ]  TECHNICAL DATA SHEET 
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