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Introduction

Generic Letter 89-Î01 (hereafter identified as GL 89-10) identifies operational problems that
may exist in specific, affected safety related motor operated valves (MOVs) that may impede
their proper functioning in mitigating accidents. Consequently, GL 89-10 recommends that each
utility review and assure the technical basis for the operability of each affected safety-related
MOV in the plant The correct settings for each MOV are to be determined to assure that the
MOV properly functions, i.e. opens or closes as required, against the differential pressures which
occur during accident conditions. GL 89-10 recommends that the capability of each MOV to
function should be demonstrated by dynamically testing the MOV under appropriate pressures
and flow conditions. In addition to the dynamic tests, GL 89-10 recommends that tests be
performed throughout the life of the plant to assure that the proper MOV switch settings are
maintained.

Since the conduct of a dynamic test is relatively expensive and since from 50 to 300 MOVs may
need to be tested depending on the plant, compliance with GL 89-10 involves significant
resources. However, if the MOVs are not able to properly function then the risk of an accident
at a plant can be significantly increased. Thus, even though the tests are expensive, it is
important to carry out the dynamic tests to assure their functionability and to minimize the risk.
Also, it is important to carry out surveillance tests during the lifetime of the plant to assure that
the valves remain functional.

A Probabilistic Risk Assessment (PRA) for a plant has the potential of being an imponant tool in
responding to GL 89-10. The plant PRA can potentially be used in two imponant ways. First of
all, the PRA can be used to prioritize the dynamic tests of the MOVs in terms of their risk
importance. The tests could then be carried out in a phased manner in which the most risk
important MOVs are tested first, then the second highest group of MOVs are tested, etc.
Secondly, the PRA can be used to identify surveillance test schedules for the MOVs to assure
that their risk contributions are controlled throughout the life of the plant. The test schedules
could also be optimized according to the risk importance of the MOVs.

The plant PRA thus has the potential for helping to define a response to GL 89-10 which both
minimizes the risk impacts and minimizes the resource requirements. By identifying and
focusing on the most risk important MOVs first, the risk impacts associated with the potential
MOV problems are minimized. By developing a graded, prioritized response, the associated
resource requirements are furthermore optimized. However, in order for the PRA to be validly



used, specific issues and validation requirements need to be addressed. These are discussed in
the following sections and recommendations, as well as demonstrations of results, are given.

Issues

To support a response to GL 89-10, a plant PRA can be used to prioritize the MOVs for the
dynamic tests and can be used to determine schedules for the surveillance tests. In developing a
PRA-supported approach to respond to GL 89-10, various issues need to be addressed. A
checklist of these issues is given in Table 1. These issues, along with response considerations,
are:

1. The MOVs included in the PRA are only a subset of those addressed by GL 89-10.

All the safety related MOVs in the plant which are addressed by GL 89-10 need to be first of
all identified. Those particular MOVs included in the plant PRA then need to be marked.
These marked MOVs represent the subset of MOVs addressable by the PRA.

2. The particular failure modes addressed by GL 89-10 need to be those covered by the PRA.

GL 89-10 identifies the critical failure modes of concern, i.e. failure to open and failure to
close. The failure modes covered in the PRA need to be consistent with these critical failure
modes. If they are not then this further reduces the subset of MOVs addressable by the PRA.

3. The failure rates used for the MOVs in the PRA may be too low for GL 89-10 response.

PRAs standardly utilize MOV failure rates which are based on test data and experience data
which do not necessarily include the hydraulic binding failures addressed in GL 89-10.
These failures as well as other relevant accident-condition failures occur under pressures and
pressure differentials which are not generally covered in test and experience data. Thus,
even when the MOVs have their correct settings, their failure rates for accident response can
be higher than those used in the PRA. A failure rate as high as 8.7xlO"2 per demand can
exist under accident conditions as indicated in the supporting documents to GL 89-10. These
higher failure rates thus need to be considered, at least for sensitivity studies, in responding
to GL 89-10.



TABLE 1. CHECKLIST OF ISSUES TO BE ADDRESSED IF THE PRA IS USED TO
RESPOND TO GL 89-10

1. The MOVs included in the PRA are only a subset of those addressed by GL 89-10.

2. The particular failure modes addressed by GL 89-10 need to be those covered by the
PRA.

3. The failure rates used for the MOVs in the PRA may be too low for GL 89-10 response.

4. Common cause failures among MOVs as treated in the PRA may be inadequate for GL
89-10 response.

5. PRA importance prioritizations of MOVs need to consider joint MOV importances.

6. MOVs may be unimportant for core damage frequency prevention but may be
important for consequence mitigation, shutdown risk control, or when external events
are considered.

7. The cascading effects of MOV failures may not be adequately addressed in the PRA.

8. Truncations in the PRA may cause MOV importances to be underestimated.

9. The MOV prioritization criteria and test scheduling criteria need to account for the
associated risk impacts.

10. The prioritized groupings of MOV dynamic tests and MOV test schedules need to be
validated for their risk control.

11. To develop a complete response to GL 89-10, the PRA evaluations need to be integrated
with deterministic evaluations.



4. Common cause failures among MOVs as treated in the PRA may be inadequate for GL 89-10
response.

If an MOV has the operational problem identified in GL 89-10 then because of the
systematic nature of the problem it is likely that other MOVs of similar design and function
will also have the problem. Thus, common cause failures (CCFs) among the affected MOVs
can be relatively likely. PRAs generally don't treat this type of CCF, but instead utilize
general historical information. To respond to GL 89-10, the CCF models in the PRA thus
need to be extended to cover the groups of potentially affected MOVs identified in
GL 89-10.

5. PRA importance prioritizations of MOVs need to consider joint MOV importances.

Standard PRA importance measures, such as risk achievement worth and the Fussell-Vesely
importance, evaluate importances of failures which occur one at a time. An MOV may be
singly unimportant if it alone fails or is degraded. However, the MOV may be a member of
a set of MOVs which if the set all fails or is degraded causes large risk impacts. Thus, the
MOV is singly unimportant but jointly important. It is consequently necessary to consider
these joint importances in prioritizing the MOVs for GL 89-10 because of the systematic
nature of the problems and because sets of MOVs will be prioritized for testing.

6. MOVs may be unimportant for core damage frequency prevention but may be important for
consequence mitigation, shutdown risk control, or when external events are considered.

If an MOV is assessed to be in an unimportant category based on the risk result evaluated in
the PRA, it still may be important when other risks or other initiating events are considered.
These other risks or initiating events need thus to be evaluated in responding to GL 89-10.
Bounding or qualitative assessments can be adequate if they are based on valid engineering
assessments.

7. The cascading effects of MOV failures may not be adequately addressed in the PRA.

GL 89-10 addresses MOV failures which can occur under higher pressures and pressure
differentials. When one or more MOVs fail under these conditions then the MOVs may
subsequently rupture, spewing water or steam which may fail other nearby components.
These potential cascading effects and interactions thus need to be considered since they can
cause unimportant MOVs to become imponant. PRAs do not often consider these effects
because of their assessed small likelihood. However, under the conditions addressed by GL
89-10 this likelihood can be increased. The increase in likelihood needs to be assessed and,
if significant, then the cascading effects need to be evaluated or be bounded using the PRA.



8. Truncations in the PRA may cause MOV importances to be underestimated.

A PRA standardly truncates contributors because of assessed low failure probabilities. In
particular, the minimal cutsets used to quantify importances and risk values are truncated
based on a probability cutoff. Under the conditions defined in GL 89-10 the failure rates of
MOVs and their common cause failure likelihoods can be significantly increased. Thus, the
validity of the PRA truncations will need to be reassessed. In particular the minimal cutsets
need to be regenerated to properly include the MOV contributions under increased failure
rate and increased common cause failure probability conditions. The regenerated minimal
cutsets can be used to prioritize the MOVs.

9. The MOV prioritization criteria and test scheduling criteria need to account for the
associated risk impacts.

The criteria which are used to partition the MOVs into different priority groups need to
account for ^.e risk impacts of dynamically testing the different groups at different times.
Similarly, criteria which are used to determine test intervals need to account for the risk
impacts which are incurred from using the test intervals. Risk-based allowed outage time
(AOT) approaches and risk-based surveillance test interval (STI) approaches can be used for
these evaluations provided the GL 89-10 conditions are incorporated into the evaluations.
NUREG/CR-54252 and NUREG/CR-57753 describe these approaches.

10. The prioritized groupings of MOV dynamic tests and MOV test schedules need to be
validated for their risk control.

Once the prioritized groupings of MOV tests are identified, a validation check needs to be
carried out to assure the risk is controlled. To carry out this check, the conditions described
in GL 89-10 can be incorporated into the PRA. With the highest priority group of MOVs
assumed to be tested, the PRA can then be run to determine the resulting risk level until the
next group of MOVs are tested. In this PRA run, only the tested MOVs are modified, i.e. the
failure rates and CCF probabilities are modified to after-test conditions. The next group of
MOVs can be assumed to be tested and the PRA rerun, and so forth. If the prioritized
groupings validly address GL 89-10, the resulting risks incurred should not be significant.
The validation runs can demonstrate this. Similar PRA validation runs can be carried out for
proposed MOV test schedules.

11. To develop a complete response to GL 89-10, the PRA evaluations need to be integrated with
deterministic evaluations.

The PRA results only provide a partial response to GL 89-10. The MOVs covered by
GL 89-10 but not included in the PRA need to be separately evaluated for their importance
ranking and test scheduling. Engineering assessments need to be carried out with the bases
for the proposals clearly documented. Also, those MOVs assessed to be unimportant using



the PRA should be rcchccked from an engineering standpoint to assure they are not
important from a plant operations standpoint. The complete response to GL 89-10 can then
be prepared, integrating the PRA results and the deterministic, engineering evaluations.

The following sections highlight and further discuss certain of the above issues because of their
special considerations. These highlighted issues are Issue 5 involving joint importances. Issue 8
involving PRA truncations, and Issue 10 involving validation.

Joint Risk Importances

One of the important issues that is identified above is Issue 5 which is the need to consider MOV
joint importances. In general, the joint risk importance of a set of components is the risk impact
from the set of components jointly failing or being jointly degraded. The joint importance of a
set of MOVs is the risk impact from all the MOVs being jointly affected by the operational
problems identified in GL 89-10.

In using the PRA to prioritize the MOV dynamic tests, the objective is to identify sets of MOVs
addressed by GL 89-10 which have high joint risk importance. The set of priority MOVs to be
tested should reduce the high joint importances caused by GL 89-10 to low acceptable values.

Prioritizing the MOVs by their individual risk importances which are standardly computed in
PRAs will not necessarily identify the set of MOVs of highest joint importance. This is because
the joint risk importance is not directly related to the individual risk importance. An MOV may
have small individual risk importance but may belong to a set of high joint risk importance.
Table 2 illustrates examples of individual importances and joint importances of two MOVs being
failed for a particular PRA. The importances here are risk achievement worths with regard to
core damage frequency (CDF). As observed, the individual importances of MOVs are relatively
small to moderate while the joint importances of specific doublets of MOVs are extremely high.
Larger combinations of MOVs have even higher importances.

The set oi' MOVs which is identified as highest priority using a proposed prioritization may not
focus on the highest joint importances if single importance prioritization techniques are used.
This is one reason why the separate validation step identified in Issue 10 is needed to assure that
the risk is indeed controlled by the identified set. Various algorithms can be used to calculate
the joint importances and to identify the sets of highest joint importance to carry out the most
efficient testing. Joint importance approaches were developed in NRC's Nuclear Plant Aging
Research (NPAR) Program to evaluate joint aging effects of components. These joint
importance approaches are described in NUREG/CR-5510.1'



TABLE 2. INDIVIDUAL MOV IMPORTANCES VERSUS
JOINT MOV IMPORTANCES

CDF IMPORTANCES OF INDIVIDUAL MOVS

VALVE IDENTIFIER
LPR-MOV-FT-1862A
LPR-MOV-FT-1860A
LPR-MOV-FT-1890A
PPS-MOV-FC-1535
PPS-MOV-FC-1536
HPI-MOV-FT-1350
LPR-MOV-FT-1862B
LPR-MOV-FT-1860B
HPI.MOV-FT-1115C
HPI-MOV-FT-1115E
LPR-MOV-FT-1890B
HPI-MOV-FT-1115B
HPI-MOV-FT-1115D

CDF RELATIVE
IMPORTANCE

• 5

3
3
3
3
3
1
1
1
1
1
1
1

CDF IMPORTANCES OF PAIRS OF MOVS

VALVE PAIR
PPS-MOV-FC-1535
LPR-MOV-FT-1862A
LPR-MOV-FT-1860A
LPR-MOV-FT-1860B
HPI-MOV-FT-1115C
LPR-MOV-FT-1890A
LPR-MOV-FT-1860A
HPI-MOV-FT-1115B

PPS-MOV-FC-1536
LPR-MOV-FT-1862B
LPR-MOV-FT-1862B
LPR-MOV-FT-1862A
HPI-MOV-FT-1115E
LPR-MOV-FT-1890B
LPR-MOV-FT-1860B
HPI-MOV.FT-1115D

CDF RELATIVE
IMPORTANCE

700
80
50
50
30
30
30
30



Truncation in the PRA

To determine risk importances of MOVs for dynamic testing or to determine surveillance testing
schedules for the MOVs, it is important that truncations are addressed as Issue 8 identifies.
These truncations generally cause specific MOV importances to be underestimated. Truncation
of the PRA minimal cutsets is a major contributor for this potential underestimation. If the
importances of MOVs are determined using the PRA's original cutsets, then the importances can
be significantly underestimated because of the truncation of. MOV contributions to the minimal
cutsets. The potential for higher MOV failure rates and higher likelihoods of common cause
failures identified in GL 89-10, as well as the need to determine joint importances, can cause the
original minimal cutsets to be invalid, or at least to be highly suspect.

Table 3 illustrates the additional MOVs that were identified as being important from the
regenerated minimal cutsets for a PRA. Minimal cutsets containing MOVs were particularly
regenerated. Risk important events were defined to be important for this exercise if their failure
caused an increase in the core damage frequency of at least a factor of 3. The MOVs identified
in Table 3 which were truncated in the original PRA are important particularly from the
standpoint of GL 89-10 since failures of combinations of these MOVs will cause the entire
emergency core cooling (ECC) function to be lost. Since the cutoff criteria of a factor of 3 does
not directly indicate the final core damage frequency that will be achieved, a separate validation
run is needed to check that even the larger set of MOVs if tested does indeed control the core
damage frequency. This need for a validation run is identified in Issue 10. In carrying out the
validation ran, the original truncated minimal cutsets again cannot be used, but regenerated
minimal cutsets should be used.

Validation

Issue 10 identifies the need to carry out a validation run to demonstrate that the risk is indeed
controlled by the prioritization approach or testing scheduled which is proposed. This validation
check is needed because the prioritization criteria or testing schedule criteria do not, in general,
directly indicate the risk level, e.g. the core damage frequency, which is actually achieved if the
proposal is followed. The validation is carried out by rerunning the PRA with the proposed
MOVs tested or the proposed testing schedules utilized.

If the hydraulic binding problems exist as identified in Generic Letter 89-10, then specific
groups of MOVs can be nonoperational. The MOVs in a given group are likely to be those of
the same design and function. Consequently, a prioritization approach should be able to address
this problem and provide acceptable risk levels when the given proposed priority valves are
tested.



TABLE 3. ADDITIONAL IMPORTANT MOVS FROM REGENERATING THE
MINIMAL CUTSETS OF A PRA

LCI-MOV-HW-MV13A
LCI-MOV-HW-MV13B
LCI-MOV-HW-MV13C
LCI-MOV-HW-MV13D
LCI-MOV-CC-MV25A
LCI-MOV-CC-MV25B

LCS-MOV-HW-MV7A
LCS-MOV-HW-MV7B
LCS-MOV-HW-MV7C
LCS-MOV-HW-MV7D
LCS-MOV-CC-MV^A
LCS-MOV-CC-MV12B

HSW-MOV-CC-MV174
HSW-MOV-CC-MV176

RCI-MOV-CC-MV20
RCI-MOV-CC-MV21
RCI-MOV-CC-MV131
RCI-MOV-CC-MV132



As input to a validation procedure, the proposed pnoritization approach is first of all carried out
and the priority classes of MOVs are determined along with their testing schedules, if testing
schedules are also determined. A validation procedure then consists of the following steps:

1. Identify all groups of MOVs which have the same design and same function. For each MOV
group, set the individual MOV failure rates to 8.7xlO2. Set the common cause failure
(CCF) probabilities of the MOVs in each similarity group to be equal to 1 to reflect a high
likelihood of all the MOVs in the group being affected if one is.

2. Identify the highest priority set of MOVs to be tested. Remove the high CCF probabilities
from these MOVs and set the CCF probabilities to their nominal PRA values. Also, set the
failure rates of the first priority class of MOVs to be tested to their nominal PRA values. Do
not modify any of the other MOV failure rates or probabilities.

3. Calculate the risk using the PRA under the state defined in Step 2. Regenerate the minimal
cutsets as part of the PRA run. The calculated risk level represents the risk level which is
achieved after having tested those MOVs identified as being priority by the prioritization
approach.

4. If several priority classes are identified then repeat Steps 2 and 3 except that the CCF
probabilities and failure rates of the next lower priority-class of MOVs are modified. All
other failure rates and failure probabilities are kept at their values in the previous step. The
results represent the risk level when the MOVs have also been tested in the next priority class
which has been identified. Repeat this step until я11 priority classes are evaluated which are
to be tested.

If the groups of MOVs which have common cause failures are uncertain, then several PRA runs
can be carried out to evaluate the sensitivity to these groupings. Also, as a sensitivity study,
after testing, instead of setting the MOV failure rates to their nominal PRA values they can be
set to 8.7xlO"2 to reflect the situation where the individual MOV failure rates remain at these
higher values after testing.

Conclusions

The plant PRA can be a potentially useful and powerful tool for helping to define an effective
response to GL 89-10. The plant PRA can be used to prioritize the MOV dynamic tests. The
plant PRA can also be used to determine test schedules for the MOVs. In order for the PRA to
be validly used to respond to GL 89-10, various issues need to be validly addressed. Eleven
issues are specifically identified and responses to these issues are outlined. The issues of joint
MOV importance, PRA truncation, and validation of the proposed approach are specifically
highlighted and more detailed response considerations are described. As in all PRA
applications, sensitivity studies and uncertainty considerations should be incorporated in the



PRA evaluations. If these issues are addressed, then a risk-minimized and burden-optimized
response to GL 89-10 can be developed.
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