
Appendix XX 
Performance Indicator Technical Bases 

This Appendix provides the technical bases for the methods used in the 
mitigating systems performance indicators. Three topics are covered in 
the appendix: 

" Derivation of the expressions used for the calculation of the 
unavailability performance index and the unreliability performance 
index that are defined in appendix F of NEI 99-02, 

" Derivation of the method used to calculate the conversion factors 
for relating changes in unavailability and unreliability to changes 
in CDF, and 

"* Derivation of the expression used to identify systems for which the 
performance indicator is not valid.  

In all the derivations below liberal use is made of the small number 
approximation for the estimation of the value of the logical OR of a series 
of cutsets by a simple sum of the individual values.  

Calculation of ACDF from AUR and AUA 

A simple method may be derived to estimate changes in CDF that result 
from changes in unreliability or unavailability. The method provides a 
result that is expressed in terms of quantities readily available from most 
PRA software.  

The derivation assumes a linear relation between CDF and reliability. By 
definition 

aQ - Eq. 1 
cUR AUR 

Referring to Figure 1, 8Q/BUR is defined (URE 

by the line from point (OQo) to the point Q 
(URB,QB). Where 

QB is the plant specific baseline 

CDF, 

URB is the reference plant! specific 
unreliability that corresponds to Q0 QB, 

and 

.Qo is the plant specific CDF with 
the reference unreliability set to Figre 1 

zero.

Thus,
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aQ = (QB-Qo) 
OUR (URS-) Eq. 2 

Combining equations 1 and 2 results in 

AQ = (QB-Qo) 
AUR (URBs-O) 

or, 

AQ - (QB-Qo) E .UR3 
(UPS-O0) 

Using the definition of the Fussell-Vesely importance, 
Qo = QB(l- FV) Eq. 4 

where 

FV is the Fussell-Vesely importance associated with the 
unreliability URB.  

Substituting equation 4 into equation 3 results in the desired relation 
AQ - QB* FV * AUR. Eq.5 

URE 
When this expression is used to estimate the change in CDF for the 
mitigating system performance indicators, the AUR is the difference 
between the Bayesian updated train unreliability (URBu) and the industry 
mean value (URIJW used as the baseline for the performance indicator, or 

AQ = QB* FV*(UR -UUM) Eq.6 
UKB 

This same expression can be applied to estimate the ACDF due to 
unavailability, with the change to the FV importance related to the 
unavailability events in the PRA model.  

Risk Conversion Factors 

In equation 6 the expression Q can be thought of as a conversion 
URB 

factor for relating changes in unreliability and unavailability to changes 
in risk. The development of this factor in the preceding section is 
obviously valid for specific basic events where the unreliability and 
Fussel-Vesely terms are clearly defined. This section will, derive methods 
to be used when this expression is to be used for groups of basic events 
that represent a component or a train.



Given a set of n basic events (BE,, BE 2 , ... , BE.) that represent a 
component or train, where failure of each basic event alone results in the 
failure of the component or train, then the top event frequency can be 
written as: 

Qo = BE,*CR+BE2*CR+...+ BE.* CR+QR Eq. 7 

In this expression the top event frequency is represented as a sum of n 
cutsets that contain one of the n basic events times an identical set of 
events that represent the remainder of each cutset (CR) and then the sum 
of all the remaining cutsets that do not contain one of the basic events of 
interest (QR).  

The Fussel-Vesely importance for the group of n basic events is defined 
as: 

FV. = Qo - QR Eq. 8 
Q0 

Re-writing equation 7 and using the definition in equation 8 leads to the 
result: 

CR* .BEn 
"n =FVn 

Qo 
or, 

FV- =R =Constant. Eq. 9 
BEn Qo 

n 

Equation 9 is the important result. The ratio FVB is a constant value 
rBEn 
n 

for any set of n basic events and the FV importance associated with that 
set of events, as long as the events are logically equivalent. This is true 
in this case because only events that can fail a train are included in the 
set of basic events. It can also be easily shown that the FV importance 
for any group of logically equivalent basic events is the simple sum of the 
FV importances for all basic events in the set.  

Thus, it has been shown that given a component or train that is 
represented by multiple basic events that the ratio of the two values for 
the component or train is equal to the ratio of values for any basic event 
within the train. Or: 
FVbe FVuR_ FVf 

- - = Constant 
URbe" UR-, URt 

and



FV, _ FVUAP = Constant.  
UAb- UAP 
Note that the constant value may be different for the unreliability ratio 
and the unavailability ratio because the two types of events are 
frequently not logically equivalent. For example recovery actions may be 
modeled in the PRA for one but not the other.  

Identification of Systems for which the Performance Indicator is not 
valid 

The performance indicators rely on the existing testing programs as the 
source of the data that is input to the calculations. Thus, the number of 
demands in the monitoring period are based on the frequency of testing 
required by the current test programs. In most cases this will provide a 
sufficient number of demands to result in a valid statistical result.  
However, in some cases, the number of demands will be insufficient to 
resolve the change in the performance index (1.Ox1O-6) that corresponds 
to movement from a green performance to a white performance level. In 
these cases, one failure is the difference between baseline performance 
and performance in the white performance band. The performance 
indicator is not suitable for monitoring such systems.  
This section will define the method to be used to identify systems for 
which the performance indicator is not valid, and will not be used.  
The criteria to be used to identify an invalid performance indicator is: 

If, for any failure mode for any component in a system, the 
risk increase (ACDF) associated with the change in 
unreliability resulting from single failure is larger than 
1.0x 10-6, then the performance indicator will be considered 
invalid for that system.  

In the application of this criteria the change in risk will be calculated 
using the methodology defined in Appendix F.  

Calculation 

The change in risk resulting per'failure for a component may be written 
as: 

JCDF LVR JCDF JA•U 
ACDF= 6 x + X Eq. 1 

iUR dVr X5A d\rs 

Where 

CDF is the Core Damage Frequency, 

UR is the unreliability for the component, 

UA is the unavailability for the component,



and

Nf is the number of failures.  
JCDF c2DF 

In Equation 1 the quantities CDF and 6 were given previously as: 
eýUROV 

-CDF =CDFxFVp Eq. 2 

o-JR URp 

and 

-DF = CDF xFVp Eq. 3 
07JA UAP 

The Last term in equation 1 is the Mean Time To Repair (TMR) divided by 
the Number of Critical Hours (TCR), or 

-UA ThR Eq. 4 
oT3f TCR 

The unreliability for a component was defined as: 

UR = PD+ AT. Eq. 5 

or, expanding the terms on the right of this equation: 

UR- Nfd+a + T. Eq. 6 
a+b+D b+H 

where 

Nfd is the number of demand failures, 

Nfr is the number of run failures, 

D is the number of demands, 

and 

H is the run hours.  
dUR 

The quantity -- may be determined for a specific failure mode by 

taking the derivative of equation 6 with respect to the appropriate failure 
mode. For example, taking the derivative with respect to the number of 
demand failures results in: 

o7UR 1___ aT JREq. 7 
JXfd a+b+D 

Substituting equations 2, 3, 4 and 7 into equation 1 results in an 
expression for the change in CDF per demand type failure: 

F Vp 1 FVg xT• 
ACDF = CDFP x F x + CDFp x . Eq. 8 

U&w a+b+D UAp TCR



Likewise, the change in CDF per run type failure is given by: 

ACDF =CDF,, x T- +CDF x FVp TEAq = - •-x-X- Eq. 9 
URp b + H UAp TCR 

These equations may be used for all failure modes for each component in 
a system. If the resulting value of ACDF is greater than 1.Ox10-6, then the 
performance indicator for that system is not considered valid.



ATTACHMENT 1 
NEI 99-02 Revision 2, Section 2.2 

MITIGATING SYSTEMS PERFORMANCE INDICATOR 
PILOT PROGRAM 

Discussion: 

Many of the concepts, definitions, and protocols, agreed upon during the seven month 
(November 2001 to June 2002) development phase of the Mitigating System 
Performance Index (MSPI) represent continued paradigm changes for the Reactor 
Oversight Process (ROP) from the traditional Nuclear Regulatory Commission 
inspection/enforcement methodology.  

The purpose of the new MSPI is to monitor the risk impact of changes in performance of 
selected systems. It is comprised of two elements - system unavailability and system 
unreliability. The MSPI is the sum of changes in a simplified core damage frequency 
evaluation, resulting from changes in train unavailability and train unreliability relative to 
baseline values. The MSPI is risk-informed, while the current Safety System 
Unavailability (SSU) PI is not risk-informed. The benefits of the MSPI to the Industry, 
NRC, and other stakeholders, are to reduce false positive/negative findings - properly 
characterizing Mitigating System performance.  

To ensure good communication, this Attachment provides illustrative examples of how 
the ROP, under the MSPI pilot program and if the MSPI is adopted for Industry use, will 
handle various plant situations. The format for the examples is to provide a description 
of conditions, and then provide the resolution of the conditions under the MSPI ROP.
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EXAMPLES: 

1. Failure of check valve in AFW system 

SCENARIO: A facility is designed with three Auxiliary Feedwater (AFW) trains.  
Two trains have electric pumps and one pump is turbine driven, and each train is 
100% capacity. Each train also has an isolation valve (motor operated, locked open), 
and a check valve on the discharge line of each train. On June 16, the check valve on 
the turbine train was determined to have a frozen fully-open flapper, a condition that 
apparently resulted due to an error during preventive maintenance on the check valve 
performed on May 6. With the flapper frozen in the open position, the train would 
not have fulfilled its risk significant function (to prevent backflow through a secured 
turbine pump). This would have resulted, in certain scenarios/configurations, in a 
decrease in AFW flow to the Steam Generator below that necessary to satisfy the 
risk-significant function of the AFW system. The check valve repairs were 
completed 20 hours later on June 17.  

DISCUSSION: 

The MSPI monitors train unavailability and the unreliability of those active 
components necessary to satisfy the risk-significant safety functions of monitored 
systems. Check valves are not defined as "active components" in MSPI monitored 
systems. In this example, the position of the flapper (closed/open) is not relevant to 
the unreliability element of MSPI. Therefore, the failure of the check valve would 
not be counted toward the AFW MSPI unreliability (no demand failure or failure to 
run). The exact repair time (20 hours), however, would be counted toward the AFW 
turbine train unavailability. Unlike the current unavailability PI, no unavailable hours 
are counted prior to the discovery of the condition.  

The failure of the check valve would be assessed for safety significance using the 
Reactor Oversight Process inspection program.  

There are many such "non-active" components outside the scope of the MSPI that 
would be assessed by the inspection process. Also note that train unavailability can be 
caused by any condition that renders the train incapable of performing its risk 
significant function.  

Note: This is different than monitoring for the Maintenance Rule (10CFR 50.65).  
There is no similar exemption for passive components so in addition to the 20 hours 
unavailability, this would be a Maintenance Rule functional failure. However, similar 
to the MSPI, no unavailability time during the undiscovered condition would have to 
be counted.
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2. Failure of HVAC in HPSI pump room

SCENARIO: A facility has two (2) independent trains of High Pressure Safety 
Injection. Each train has an electric 100% capacity pump located in separate HPSI 
pump rooms. On August 10, it is discovered that due to a degradation problem in the 
chilled water supply to the room coolers, the HIPSI room HVAC room cooling was 
not sufficient to satisfy its risk significant function of meeting the design basis heat 
load for the room (i.e., keeping room temperature below 106 degrees F). The chilled 
water supply was fixed 30 hours later on August 12. The licensee notes that in the 
event of an emergency, it would take over 4 hours for the room to exceed the 106 
degree design temperature, and operators are directed by Emergency Operating 
Procedures (EOPs) to check the HPSI pump rooms within 2 hours of the onset of an 
emergency. EOPs also specify, and it is modeled in the plant Probabilistic Risk 
Assessment (PRA) that operators would open the HPSI pump room door (gaining an 
additional 5 hours before the room temperature exceeded 106 degrees) and also use 
portable fans in the doorways (permanently keeping temperature below 106 degrees).  

DISCUSSION: The MSPI monitors those active components necessary to satisfy the 
risk-significant safety functions of monitored systems. Room cooling, fire protection, 
missile protection, and electrical separation, are all examples of support system 
capabilities that are not cascaded onto the monitored systems. In this example, the 
heat load information is not relevant to the MSPI. Therefore, the failure of the chilled 
water and HPSI HVAC would not be counted toward the HPSI MSPI unavailability 
or unreliability.  

The failure of the HPSI HVAC would, instead, be assessed for safety significance 
using the Reactor Oversight Process inspection program..  
Note that by not cascading the HVAC onto the IH-PSI, the PI is consistent with the MR 
which also does not cascade.  

Also note that this condition does not apply to the cooling support system.  
3. Change in PM Program 

SCENARIO: A facility conducts their routine surveillances of the AFW pump on a 
monthly basis. Each month the AFW pump is started and run for 20 minutes. In 
developing the AFW MSPI unreliability model, the licensee elected to estimate the 
test demands for the AFW pump as 12 per year (once per month). In September, after 
three years and 2 months (38 months total), the licensee notices decreasing AFW 
pump performance although no failures occur. Based on input from the licensee's 
Maintenance Rule (MR) Expert Panel, the MR program increases the AFW pump 
surveillance to weekly beginning October 1.  

DISCUSSION: The AFW MSPI unreliability calculation uses demand estimates for 
the previous 3 years. For the three-year period ending September, the estimate was 
based on once per month, or 36 demands over 36 months. Appendix F requires the 
estimate to be updated if "a change to the basis for the estimated demands results in a
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>25% change in the estimate." The revised three year estimate would be 144, which 
is far greater than an 25% change in the estimate. Therefore the estimate must be 
revised. The estimate would be increased each quarter on a pro rata basis. For 
example, For the three-year period ending in December there were 33 months @ 
once/month + 3 months @ 4/month = 45 estimated demands. For the three year 
period ending in March, the demand estimates would be 54. Licensees will note the 
change in the comment section of the report and retain documentation for NRC 
review.  

Note that this has no MR impact since demands are not counted; however, licensees 
would have to determine if they would change the estimated demands in EPIX.  

Note that while the estimate must be changed when the basis is changed > 25%, it 
MAY be changed to reflect any changes in the estimate basis.  

4. Production decision for PM program 

SCENARIO: A facility has always conducted their routine 22-hour once-per-cycle 
PM program for the HPSI train valves (MOVATS) testing during their refueling 
outages. When the HHPSI train MSPI was developed, the licensee reviewed routine 
PMs on the HPSI train and determined that the historical baseline for HPSI train 
unavailability was 89 hours per three years. Based on a desire to shorten their 
refueling outages, a decision was made in April to move the PM for the HPSI train 
MOVATS testing for the current cycle out of the outage, and perform it while the 
reactor is at power. The 22-hour PM can be accomplished within the allowed 
Technical Specification 24-hour AOT.  

DISCUSSION 

5. Completion of Risk-informed Mission Time 

SCENARIO: A licensee is in a 24-month fuel cycle. A routine outage PM on the 
Train A HPSI pump finds a mis-installed cooling vane. The error would have 
resulted in overheating/failure of pump prior to completion of the 8-hour risk
informed mission time. The routine monthly HPSI surveillances and the post
maintenance test of the HPSI pump following PM and CM work, run the pump for 
only one hour. Although the outage surveillance demonstrates the 8 hour mission 
time, Nneither the routine monthly HPSI surveillance nor any post-maintenance test 
operate for the 8-hour mission time and therefore would not have identified this 
vulnerability. Once identified, the pump was repaired after 19 hours. Subsequent 
investigation could not determine when the mis-installation occurred, but it could 
have been during either one of two corrective maintenance (CMs) performed on the
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pump (the first CM was one month into the fuel cycle and the second was 8 months 
into the fuel cycle).  

DISCUSSION: In this scenario, the pump has a successful demand and start.  
However, since it would not have run for a risk-significant mission time of greater 
than one hour, a run failure has occurred. As the failure was identified during the 
outage (reactor not at power), the 19 hours for repair of the pump are not counted 
toward HPSI train unavailability. Notwithstanding that the last successful test of the 
pump was during that last refueling outage, no unavailability time is counted toward 
the HPSI train unavailability (Recall that fault exposure is no longer included in the 
PI).  
NOTE: This is different than unavailability monitoring for Maintenance Rule.  
NUMARC 93-01Revision 3, Appendix B, page B-6 specifies that unavailability must 
be monitored during required operational hours which may be all of the time or 
dependent on reactor mode, criticality, fuel in the reactor vessel or other factors. If 
the pump was required to be available due to plant conditions, the 19 hours of 
unavailability, in addition to the functionalfailure, would be countedfor 
Maintenance Rule, but only the demandfailure for MSPI.  

6. Credit for ODerator Action 

SCENARIO: The licensee performs the Emergency Diesel Generator (EDG) testing 
of the day tank transfer circuitry on a quarterly frequency. During the surveillance, 
the licensee continuously stations an Operator at the local EDG electric panel, with 
radio contact to the control room. The Operator can restore the EDG day tank 
circuitry, with virtual certainty, within the two hours that the day tank must transfer 
from the main storage tank. The EDG testing takes a total of 3 hours.  

DISCUSSION: No unavailability time is taken during PM or CM, when the licensee 
has a dedicated Operator to restore a risk-significant safety function and it can be 
performed with virtual certainty within the time assumed in the PRA (2 hours). In 
this case, the continuous radio contact was not required to establish "virtual certainty" 
since it is a virtual certainty that the operator would restore the transfer switch within 
the 2 hours before the transfer switch must function to refill the day tank 

7. Non-Performance Issue
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8. Demand Failures or discovered conditions not capable of being discovered 
during normal surveillance tests 

SCENARIO: A licensee identifies an old design issue associated with the minimum 
design flow of the AFW pumps. Specifically, when resolving an unrelated issue, an 
engineer determined that a design calculation error had occurred approximately 12 
years ago. After performing a verification and validation of the AFW design basis, 
the licensee determined that the AFW pumps required 245-gpm minimum flow vice 
the original construction Technical Specification and design basis calculated 230-gpm 
minimum flow., which is also the PRA success criteria. A review of surveillance data 
identified that on 3 occasions in the past 12 years AFW pump flows were 236, 240 
and 241 gpm, respectively. The most recent occurrence was 19 months ago, the other 
two occurrences happened >3 years ago.  

DISCUSSION: Because this condition was not capable of being discovered during 
normal surveillance testing, it is not included in the MSPI. It would be evaluated for 
significance in the Reactor Oversight Process inspection process.  
Note: If the most recent test was greater than 230 but less than 245 it would be a 
MPFF even though it would not count in MSPI.  

9. Post Maintenance Test 

SCENARIO A: A licensee properly initiated their corrective maintenance (CM) on a 
Component Cooling Water (CCW) pump by closing the suction valve (not an active 
component). However, the post maintenance test disclosed that operators failed to 
properly identify that the suction valve was not reopened after maintenance. The 
CCW train corrective maintenance took 13 hours to perform, including the time to 
repair, perform the first post maintenance test, re-open the suction valve, and 
successfully perform the final post maintenance test.  

DISCUSSION: As the CCW train was not returned to service (did not pass the post 
maintenance test), the closed suction valve does not constitute a valid demand failure.  
The 13 hours for CCW train unavailability for the CM count toward CCW MSPI train 
unavailability. Because the post maintenance test identified and corrected the 
operator error prior to placing the system back in service, the licensee's program was 
successful in identifying the misaligned valve - hence, no performance issue exists.  
Note: If the suction valve had been left shut after the post maintenance test, causing a 
pump failure, it still would not count against the pump because the manual suction 
valve is not an active component. The ROP inspection process would assess the risk 
significance of the failure. Also, this situation would be counted as a MPFF under the 
maintenance rule.  

SCENARIO B: A licensee properly initiated their corrective maintenance (CM) on a 
Component Cooling Water (CCW) pump by isolating the pump. After maintenance
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on the pump is completed, operations removes the safety tags and vents the pump.  
When a pump start is initiated for post maintenance testing, the pump doesn't start.  
Troubleshooting determines that a suction pressure switch that is a permissive for 
pump start had failed. The switch was not worked on during the pump maintenance.  
It takes 6 hours to test and replace the switch.  

DISCUSSION: Even though the problem was identified during post maintenance 
testing, the problem was unrelated to the maintenance that was performed. Therefore, 
this is counted as an MSPI demand and demand failure and 6 additional unplanned 
hours of unavailability. This is consistent with how this scenario would be counted 
for Maintenance Rule.  

10. Common Failure of Redundant Valves 

SCENARIO: The licensee has two trains of HPSI. Each train has two parallel 100% 
capacity flowpaths. In each train flowpath, there are two active redundant valves in 
series that must change state in the event of an emergency (either one to close, 
although both get a close signal on SIAS). On March 3, the licensee discovers that 
due to using the wrong lubricant in the valves, both of the redundant valves in both 
trains were not capable of performing their risk-significant safety function (i.e., to 
close). It takes the licensee 34 hours to repack the valves using the correct lubricant.  

DISCUSSION: Redundant valves in a train are not included in the MSPI active 
components. Therefore, the common cause failure (wrong lubricant) which resulted 
in the failure of both redundant valves in each train, is outside the -IPSI MSPI metric.  
No demand failure is taken against HPSI MSPI unieliability, since the MSPI and 
PRA do not model redundant valve failures. 34 hours of unavailability is taken for 
the IHPSI MSPI for the corrective maintenance. The failure of the redundant valves 
would, instead, be assessed for safety significance using the Reactor Oversight 
Process inspection process..  

NOTE: This is different than for Maintenance Rule where there is no exception for 
redundant/parallel valves. For Maintenance Rule, this would count as four 
functional failures.
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