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Simulation	of	Prolonged	Shutdowns	On	MSPI	
 
To test the effect of long term shutdowns on the MSPI derived values, simulations were conducted with 

Q4 2011 MSPI results.  The simulation worked by zeroing out the critical hours and unavailable hours for 

all MSPI trains/segments from the Q4, 2011 results moving forward.  This effectively simulated all units 

shutting down on Jan 1, 2012 and not restarting for the next 10 quarters.  Demands and run hours were 

left intact to simulate required testing continuing on safety systems.  No additional failures are assumed.  

Q4, 2011 is unique in that all MSPI indices at all stations were green.  The results are shown in table 1. 

Table 1: MSPI Systems (out of 520 total) that go white based on extended shutdown periods 

MSPI Identification  Quarters Shutdown After Q4 2011 

LocId  System  0  1  2  3  4  5  6  7  8  9  10 

1025  ROP‐MSPI‐HRS                            1.12E‐06 

1039  ROP‐MSPI‐CWS                      1.37E‐06 

1044  ROP‐MSPI‐CWS                      2.47E‐06 

1045  ROP‐MSPI‐CWS            1.14E‐06  1.61E‐06  2.43E‐06  3.76E‐06  5.62E‐06  6.30E‐06 

1062  ROP‐MSPI‐CWS                1.82E‐06  3.63E‐06  3.95E‐06  2.62E‐06 

1063  ROP‐MSPI‐CWS                1.83E‐06  3.52E‐06  3.17E‐06  1.89E‐06 

1068  ROP‐MSPI‐CWS     1.48E-06 n/a n/a n/a n/a n/a n/a n/a n/a 

1100  ROP‐MSPI‐EAC                  1.13E‐06    n/a 

1100  ROP‐MSPI‐HPI                    1.36E‐06  n/a 

1100  ROP‐MSPI‐RHR                    3.92E‐06  n/a 

1121  ROP‐MSPI‐RHR                      1.14E‐06 

1123  ROP‐MSPI‐HPI                      1.08E‐06 

1128  ROP‐MSPI‐HPI                1.15E‐06  1.13E‐06  1.27E‐06  1.61E‐06    

1141  ROP‐MSPI‐EAC                    1.15E‐06        

1141  ROP‐MSPI‐HRS                  1.07E‐06  1.08E‐06  1.10E‐06 

 

As can be seen in Table 1, unit 1100 suffers multiple systems going white, but 1100 is already in a 

prolonged shutdown.  The number of unit shutdowns that have exceeded one quarter since 10/1/2003, 

CDE inception is very limited as shown in Table 2. 

Table 2: Unit reactor shutdowns lasting greater than one quarter since 10/1/2003  

              (excluding 2 units currently in on‐going shutdowns) 

LocId  Start Date  End Date  Type  Qtrs S/D 

1128  19‐Mar‐85  22‐May‐07  RXSD  89 

1125  16‐Feb‐02  11‐Mar‐04  RXSD  8 

1084  20‐Sep‐08  18‐Dec‐09  RXSD  5 

1121  27‐Sep‐09  08‐Apr‐10  RXSD  3 

1145  20‐Feb‐05  01‐Jul‐05  RXSD  2 

1028  18‐Mar‐06  07‐Jul‐06  RXSD  2 

1042  28‐Mar‐10  18‐Jul‐10  RXSD  2 

1070  30‐Sep‐07  04‐Jan‐08  RXSD  2 

1030  29‐Sep‐07  15‐Jan‐08  RXSD  2 



Simulation	of	Prolonged	Shutdowns	On	MSPI	
 
These simulations are consistent with the one example of a unit starting up following a long term s/d 

ending in May 2007.  The High pressure injection value in Q2 2007 is strictly due to planned unavailalbe 

hours being three times  baseline in the first quarter of operation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Simulation	of	Prolonged	Shutdowns	On	MSPI	
 
 

Similarly, the unit currently in the longest shutdown, shows a slow decay in MSPI value for the one 

system within the range of graphing. 

 

 

 

 

 

 

 

 

 

 

 

 

The second unit in a long term shutdown since May, 2011, shows a much slower decay in MSPI value.  

None of its MSPI systems are currently within graphing value range.  As seen in table one, the first 

system can be expected to go white in approximately 8 quarters.   
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Key Question 

If: 
(a) a degraded condition is identified that is not readily correctible, e.g. random and 

unpredictable failures of main condenser tubes over a period of months which 
ultimately requires a full condenser re-tube to correct, and  

(b) the licensee has Abnormal Operation Procedures, an Operational Decision Making 
Instruction, and approved work packages addressing response to the identification of 
the degraded condition and repairs,  

Then: 
Do individual downpowers required to facilitate the repair of leaking tubes meet the 
definition as Unplanned power changes assuming the time between discovery of a 
leaking tube and a power change of greater than 20% is less than 72 hours? 

Background 

Water in-leakage into the condensate system reduces the heat transfer capability and allows 
for corrosives and other undesirable solids to gain entry into the condensate Hotwell.  This 
results in degradation through fouling and corrosion of the condenser tubes.  Main Condenser 
tube leaks also lead to increased conductivity levels downstream of the steam side effluents 
leading to the reactor vessel. 

The increased conductivity levels can be detrimental to the overall health of the reactor vessel, 
impact long term asset preservation, and decrease reactor water clean-up (RWCU) and 
condensate demineralizer performance.  In addition, increased water in-leakage requires more 
frequent RWCU filter and condensate demineralizer change out.  

In January 2011, the James A. FitzPatrick Nuclear Power Plant (JAF) experienced a tube failure in 
the main condenser.   This resulted in an unplanned downpower.  The failure mechanism was 
determined to be a linear extrusion defect. 

In March 2011, another tube failure also resulted in a downpower in order to repair the tube 
leak.  The inleakage was minor enough that the downpower could be performed in conjunction 
with a planned rod sequence exchange.  At that time the management team directed the 
System Engineering Department to develop an Operational Decision Making Issue (ODMI) 
document to provide guidance to the Shift Managers.  Additional condenser related 
downpowers for 2011 are noted in the timeline below. 

Downpower Timeline:  [January 2011 thru January 2012] 

Note:  Only downpowers related to the main condenser tube leakage problem are included. 

01/11/11 [Unplanned, 55%] A-39-28 in the B1 waterbox was identified as a gross leaking 
tube.  The most probable failure mechanism was determined to be a linear 
extrusion defect based on a review of Eddy Current data.  A-39-28 is plugged and 
helium detection verified that no other leaking tubes existed. 
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03/21/11 [Planned] This was a planned downpower to perform a rod sequence exchange 
and to repair a casing leak in the “A” reactor feed pump.  Due to a rising trend in 
conductivity during the previous days, leak detection was performed in the “A1” 
waterbox.  Three leaking tubes were identified: A-24-5, D-48-61, and D-68-35.  
This resulted in the plugging of 23 tubes.  The most probable failure mechanism 
of these leaking bundles was determined to be outer diameter defects.  The 
additional tubes were plugged as preventative measures. 

04/28/11 [Planned, 54%] On 4/26/11 at ~0540, “A” hotwell indicated significant leakage 
(~0.5 gpm).  Wood flour injections appeared to be effective until 4/27/11 when 
the leak reappeared and slowly increased to 0.9 gpm.  Wood flour was 
ineffective this time so a downpower was commenced on 4/30/11 at ~0213.  A 
tube leak was identified at location D-56-17 in the A2 waterbox.  A total of 29 
tubes were plugged.  Visual inspection confirmed the failure was a small hole 
near the outlet of the tube.  The additional tubes were plugged mainly due to 
proximity to the leaking tube and as preventative measure. 

05/06/11 [Unplanned, 50%] On 5/6/11 at ~0500, an increase in conductivity to 0.280 
uS/cm leak was identified in “A” waterbox corresponding to a 7 gpm leak.  Wood 
flour injections momentarily lowered the leakage rate, but by 0550 the leakage 
had increased to 15 gpm (0.407 μS/cm).  The downpower was commenced on 
5/6/11 at 1000.  A boroscope inspection confirmed that the failure was a severe 
linear split on A-62-13. This downpower was counted as unplanned because the 
degradation which led to the downpower was large enough in magnitude and 
sudden enough to require the downpower in less than 72 hours. 

12/02/11 [Planned, 49%]  This was a planned downpower due to high CDI conductivity in 
the B1 waterbox first noted on 11/28/2011.  Six (6) tubes were identified to be 
leaking:  A-21-2, A-64-41, A-68-51, C-22-4, D-76-5 and D-76-8.  Two of the tubes 
(A-68-5 and A-64-41) were confirmed by visual inspection to have holes 1-2 
inches inside the outlet of the tubes.  Two additional tubes (D-76-5 and D-76-8) 
appeared to be leaking at the outlet tubesheet but it could not be definitively 
verified.  The other two tubes were borescoped but the failure mechanism could 
not be determined. 

12/27/11 [Planned, 47%] This was a planned downpower that commenced on 12/27/11 at 
0230 due to high “A” hotwell and CDI conductivity.  The first conductivity 
excursion occurred on 12/23/11 at ~0853.  A second conductivity excursion 
occurred at ~1151 on 12/24/11.  Due to conductivity trending up towards the 
ODMI trigger points and the wood flour injections not being effective, it was 
decided on 12/25/2011 to perform the downpower on 12/26/11 at 1000.  The 
downpower was later postponed until 0300 on 2/27/2011. 

 Six (6) tubes were identified as leaking in the A1 waterbox.  Tube A-88-23 was 
the most significant leak, which was identified using helium detection and 
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verified using dimple plugs.  The cause of these leaks could not be determined in 
the field.  23 tubes were plugged; 6 due to leaks and 17 as preventive. 

01/14/12 [Unplanned, 50%] This was an unplanned downpower that commenced on 
1/14/12 at 0400 in response to indications of condenser tube leakage; B Hotwell 
conductivity reached ~.085 CDI.  3 tubes were identified as leaking on the B1 
waterbox.  Tube A-72-52 was the largest leak which began on 1/14/12 and 
necessitated the waterbox entry. Visual and boroscope inspections were unable 
to verify the failure cause.  Tubes D-52-10 and A-68-29 were small leaks which 
were visually verified to have small holes near the tube outlets.  7 tubes were 
plugged (3 leaks, 4 preventive). 

Operational Decision Making Issues 

The ODMI is based on BWRVIP and EPRI guidance documents. This document establishes an 
ongoing monitoring plan with pre-planned trigger points and actions.  A summary of the trigger 
points and actions are: 

TRIGGER POINTS and ACTIONS: 

WATCH TRIGGER:  CDI Conductivity (μS/cm) exceeds the target value of ≥ 0.06. 

WATCH ACTION:  Notify Chemistry Supervision and the shift manager of the potential for 
condenser tube leaks.  Temper the intake as necessary in order to maintain condensate 
temperature at the upper portion of the operating band (97°F to 102°F). Perform additional 
wood flour additions per Chemistry recommendation and in compliance with SPDES permit 
limitations.  Evaluate and plan for proper time to perform waterbox leak detection. 

ALERT TRIGGER:  Reactor Water Conductivity exceeds the value of > 0.15 μS/cm OR Reactor 
Water Chlorides exceeds a value of 0.80 parts per billion (ppb) with both trains of RWCU 
and Hydrogen Injection in-service. 

ALERT ACTION:   Notify Chemistry Supervision, the EDM, and the Shift Manager.  Consider 
an increase in the monitoring frequency of Reactor Water Chlorides to daily.  Schedule a 
downpower within 10 days to remove a waterbox from service for leak detection and tube 
plugging. 

ACTION TRIGGER:  CDI Conductivity (μS/cm) exceeds the value of >0.10 OR Reactor Water 
Chlorides exceeds a value of 2.00 parts per billion (ppb) with both trains of RWCU and 
Hydrogen Injection in-service. 

“ACTION” ACTION:   Schedule and commence a downpower within 24 hours to 
systematically isolate suspect waterboxes and perform leak detection to correct the 
excessive water in-leakage. 

RESTRICTED TRIGGER:  CDI Conductivity (μS/cm) exceeds the value of >10.0 OR Reactor 
Water Chlorides exceeds a value of 4.00 parts per billion (ppb) with both trains of RWCU 
and Hydrogen Injection in-service. 
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RESTRICTED ACTION:   If Conductivity Restricted Level is reached, commence immediate 
removal of affected waterbox from service. If restricted level is sustained for 6 hours and is 
not successfully mitigated by the isolated waterbox, perform a normal plant shutdown to 
investigate the cause of the condensate conductivity levels. 

If Reactor Water Chloride Restricted Level is reached, schedule and commence a 
downpower within 24 hours to systematically isolate suspect waterboxes and perform leak 
detection to correct the excessive water in-leakage. 

The trigger points and actions for the “alert” and “action” level correspond with existing 
procedural guidance contained within AOP-76, “High Conductivity in the Condensate System.”   

In addition to the establishment of action levels and triggers the Shift Managers are provided 
guidance for over-riding the ODMI Triggers/Actions.  This guidance is designated as abort and 
hold criteria.  In this case the guidance provided is,  “If at any time, the Shift Manager 
determines that conditions have degraded, and present a safety hazard or plant transient risk; 
Operation are to perform a normal plant shutdown in accordance with OP-65 to investigate 
cause of condensate conductivity levels.” 

The ODMI also includes the following guidance for monitoring: “Chemistry to continue to 
monitor Condensate Demineralizer Inlet and Reactor Water Conductivity once per shift.  
Chemistry to continue to sample and perform analysis of Reactor Water Chlorides three (3) 
times per week.” 

Discussion 

Based on this guidance the Operations and Chemistry departments have successfully monitored 
the condition of the condenser for twelve months.  In those twelve months there have been 
seven (7) power changes of greater than 20% Rated Thermal Power (RTP) to establish the 
appropriate conditions to identify and plug leaking tubes in the main condenser.  Of those 
seven (7) power changes two (2) have been classified as unplanned for 2011.  In addition, one 
(1) unplanned power change occurred in January 2012 that will be counted for the NRC 
performance indicator for the first quarter 2012. 

The classification of the power changes is based on the definition of Unplanned changes in 
reactor power in NEI 99-02 Revision 6 which states, “Unplanned changes in reactor power are 
changes in reactor power that are initiated less than 72 hours following the discovery of an off-
normal condition, and that result in, or require a change in power level of greater than 20% of 
full power to resolve. Unplanned changes in reactor power also include uncontrolled excursions 
of greater than 20% of full power that occur in response to changes in reactor or plant 
conditions and are not an expected part of a planned evolution or test.” 

The clarifying notes in NEI 99-02 provide additional insight into the intent of the indicator.  On 
pages 13 and 14 the following clarifying note is found: “The 72 hour period between discovery 
of an off-normal condition and the corresponding change  in power level is based on the typical 
time to assess the plant condition, and prepare, review, and approve the necessary work 
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orders, procedures, and necessary safety reviews, to effect a repair.  The key element to be 
used in determining whether a power change should be counted as part of this indicator is the 
72-hour period and not the extent of the planning that is performed between the discovery of 
the condition and initiation of the power change.” 

The issue with condenser tube leakage is now a well defined issue that has been with JAF for 
over a year.  The considerations in the clarifying note are satisfied in that the conditions are 
understood, work orders are prepared and approved, the necessary materials for identifying 
and plugging leaking tubes is staged, and the Operations department is thoroughly familiar and 
has demonstrated proficiency in reducing power and isolating main condenser water boxes to 
support the required repairs. 

Beginning at the bottom of page 15 and continuing onto Page 16 the following clarifying note is 
found: “This indicator captures changes in reactor power that are initiated following the 
discovery of an off-normal condition. If a condition is identified that is slowly degrading and the 
licensee prepares plans to reduce power when the condition reaches a predefined limit, and 72 
hours have elapsed since the condition was first identified, the power change does not count. 
If, however, the condition suddenly degrades beyond the predefined limits and requires rapid 
response, this situation would count.” 

The ODMI summarized above establishes criteria for monitoring the current condition.  One of 
these criteria includes a condition that requires a downpower within 24 hours.  JAF believes 
that based on the nature of the tube failure mechanism the use of this 24 hour criterion, should 
not be considered to be a rapid response to a suddenly degrading condition.  Rather it should 
be considered a conservative operational decision based on pre-established criteria that were 
developed using the best available industry guidance. 

Corrective Actions 

Compensatory Actions 

Forced outage work orders 00137847 and 00137848 have been generated to perform helium 
leak checks of each of the waterboxes for the source of water in-leakage.  Each work order is 
coded for a forced outage and is in Ready status.  

On-line work orders 226923-01, 226925-01, 262585-01, and 226927-01 were created to 
perform helium leak checks of each of the waterboxes for the source of water in-leakage.  The 
first two are for the A1/A2 waterboxes and have been completed.  The remaining two are for 
the B1/B2 waterboxes and are in Ready status. 

Short-Term/Interim 

Wood flour is being added as needed on a per shift basis in accordance with OP-4 “Circulating 
Water System”.  This action limits the affect of the Hotwell in-leakage on Condensate 
Demineralizer beds and ultimately the Reactor Vessel. 
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Based on the ODMI guidance, trigger points are established to perform downpowers and 
correct any leaking tubes.  The “alert” and “action” level points are based on existing 
procedural guidance in AOP-76, “High Conductivity in the Condensate System.” 

Intermediate/Long-Term 

Intermediate corrective actions include re-sleeving the condenser tubes during JAF’s next 
refueling outage (RO-20) in September 2012.  A long term corrective action is to install new 
tube bundles in the main condenser water boxes during RO-21 in September 2014.  These 
actions are scheduled to allow adequate time to obtain the necessary material and resources to 
ensure the safe and reliable implementation of the actions. 

Related FAQs 

#311 – An off normal condition (hydrogen leakage from the main generator) was identified 
during the weekend of 07/07/01.  Since no administrative limit on hydrogen had been 
previously established, the plant manager established criteria for a shutdown one of which was 
an un-isolable leak that could not be repaired online.  Over a period of approximately one 
month, efforts were made to identify and fix the leak.  During that time, the hydrogen leakage 
generally increased.  On 08/09/01 the shutdown criteria had been met and on 08/10/01 the 
unit was taken to Mode 2.  This was considered a planned shutdown because it did not require 
a rapid response. 

#277 – A leak in the main generator hydrogen cooler was identified in February 2000.  Against 
the possibility that repairs would have to be performed prior to the next scheduled outage, an 
action plan was initiated, daily trending was performed, and outage schedule was initiated.  By 
the end of February the work orders had been planned, parts ordered, and the forced outage 
schedule developed.  The leak increased in October 2000, and again in December.  On 
December 19, 2000, the unit was shutdown to perform repairs as previously planned in 
February.  This was considered a planned shutdown because an action plan was in place, parts 
were ordered, and work orders were planned.  The increased leak rate in December was not a 
different condition, but a continuing degradation of the previously identified condition. 

#6 – A question was brought up regarding leakage from a main steam safety relief valve.  The 
condition is monitored twice per shift.  Plans are put in place to effect repairs at some 
predetermined trigger point at which point a downpower is performed.  A similar situation was 
also described for leakage inside primary containment that indicates a recirculation pump seal 
may be leaking.  The condition is monitored and plans are put in place to repair or replace the 
seal.  In both cases, the question was brought up if days//weeks beyond the initial discovery of 
the condition had elapsed, would it be counted as an unplanned power reduction.  The 
response was that they would not be counted as unplanned because in both cases the time 
period between discovery of the off-normal condition and the power reduction was greater 
than 72 hours. 
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Conclusion 

Based on these considerations, JAF believes that power changes associated with the 
implementation of the guidance provided in the condenser tube leakage ODMI summarized 
above should not be counted against the unplanned power change performance indicator. 

References 

NEI 99-02 Rev. 6, NRC Performance Indicators 

ODMI Rev.1, Condenser Tube Leakage 

INPO CDE, Generation Occurrences January 2011 through December 2012 

JAF Condition Reports 

• CR-JAF-2011-0170, Root Cause; B1 tube leak, downpower to 55% for ALARA 
• CR-JAF-2011-1575, ACE, A1 Waterbox, March 21, 2011 downpower 
• CR-JAF-2011-1679, ODMI, rev 0 
• CR-JAF-2011-2190, Increase in A Hotwell conductivity 4/26/11 
• CR-JAF-2011-2292, April 30, 2011 downpower 
• CR-JAF-2011-2411, May 6, 2011 downpower, CDI exceeds “action” level 
• CR-JAF-2011-2696, Root Cause; trend and roll-up CR, 4 downpowers in 2011 
• CR-JAF-2011-4749, CDI exceeds “action” level 
• CR-JAF-2011-5554, “A” hotwell conductivity trends up, but below the ODMI “alert” level 
• CR-JAF-2011-6167, Entered AOP-76 High Conductivity in Condensate System 
• CR-JAF-2011-6260, December 2, 2011 downpower 
• CR-JAF-2011-6734, downpower due to high “A” conductivity 
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11-13 EP03 Suspension of 
Siren Testing 
for Weather-
Related Issues 

Discussed on 1/19/2012 

Introduced 12/1/2011.   

Received NRC Comments 
2/20/2012 

Generic Marty Hug 
(NEI) 

 

NEI Contact:  James E. Slider, 202-739-8015, jes@nei.org 
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Plant:      Generic  
Date of Event:    Spring, 2011  
Submittal Date:   12/01/2011  
Licensee Contact:   Marty Hug   Tel/email:  202-739-8129/mth@nei.org            
NRC Contact:       Eric Schrader Tel/email:  301-415-5627/eric.schrader@nrc.gov 
  
Performance Indicator:   EP03, Alert and Notification System Reliability  
  
Site-Specific FAQ (Appendix D)? No  
  
FAQ requested to become effective:  At least one full calendar quarter after approval  
  

Question Section  
  
NEI 99-02 Guidance needing interpretation (include page and line citation):  
  
ANS page 57 lines 6 through 10  
  
6 If a siren is out of service for maintenance or is inoperable at the time a regularly scheduled test  
7 is conducted, then it counts as both a siren test and a siren failure. Regularly scheduled tests  
8 missed for reasons other than siren unavailability (e.g., out of service for planned maintenance or  
9 repair) should be considered non opportunities. The failure to perform a regularly scheduled test  
10 should be noted in the comment field.  
  
Event or circumstances requiring guidance interpretation:  
Certain conditions could result in intentional down-powering of equipment for safety reasons (e.g. flooding or 
significant damage to AC power grid) and the area being deemed uninhabitable by State and/or Local 
agenciesresulting generally from weather-related issues. In the spring of 2011, flooding on the Missouri River 
resulted in evacuation of residents around the Fort Calhoun and Cooper nuclear power plants. The plants followed 
their emergency plans but conditions remained well below a General Emergency which would have required 
evacuation. Specific areas were evacuated due to high water rather and EPZ sirens in those areas were 
intentionally de-energized due to rising water and a concern for downed power lines. The sirens were not needed 
since those areas had already been evacuated. State and local governments identified the areas as inaccessible to 
the public and uninhabited. Backup route alerting remained available (via water craft). Testing of sirens in areas 
that are uninhabited would not result in validation of the siren’s performance as individuals were not in the areas 
to report possible failures.   
  
If licensee and NRC resident/region do not agree on the facts and circumstances explain  
N/A  
  
Potentially relevant existing FAQ numbers  
None  
  

Response Section  
Proposed Resolution of FAQ  
  
Revise NEI 99-02, page 57, to read as indicated below:   
 
6 If a siren is out of service for maintenance or is inoperable at the time a regularly scheduled test  
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7 is conducted, then it counts as both a siren test and a siren failure. Regularly scheduled tests  
8 missed for reasons other than siren unavailability (e.g., out of service for planned maintenance or  
9 repair) should be considered non opportunities. The failure to perform a regularly scheduled test  
10 should be noted in the comment field. Additionally, if sirens are not available for operation due 
tobecause of intentional actions to disable them, and the area is deemed uninhabitable by State 
and/or Local agencies, the siren(s) in question will are not required to be counted in the numerator or 
denominator of the Performance Indicator for testing throughout the event. The conditions causing 
the suspension of testing, its duration and restoration are to be noted in the comment field for the 
Iindicator.  
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