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ABSTRACT

This report documents a value-impact assessment that was undertaken to
assist the U.S. Nuclear Regulatory Commission (NRC) in determining whether it
should implement regulatory action that would specify requirements for the
preparation of acceptable normal and abnormal operating procedures by the
NRC's licensee nuclear power plants. The following steps were used in this
assessment: 1) the NRC regulatory action was defined as the NRC requiring
each U.S. nuclear power plant to undertake a candidate program to upgrade its
normal and abnormal operating procedures, 2) the attributes effected by this
action were identified, 3) the potential effects on the attributes were
estimated, and 4) sensitivity analyses were performed to show how changes in
important data would affect the expected changes in the attributes. These
individual evaluations were then summarized and the value-impact results
displayed.
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EXECUTIVE SUMMARY
|

This report documents a value-impact assessment that was prepared for
tne U.S. Nuclear Regulatory Commission (NRC), Office of Nuclear Regulatory
Research. The objective of the assessment was to aid the NRC in determining
whether it should implement regulatory action that would specify requirements
for the preparation of acceptable normal and abnormal operating procedures by
the NRC's licensee nuclear power plants.

STATEMENT OF THE PROBLEM

As part of the response to Three Mile Island Action Plan Item I.C.9, the
NRC sponsored several projects aimed at assessing 2he current practices and
problems associated with normal and abnormal operiting procedures in U. S.
nuclear power plants. The results of two of these projects were published in
NUREG/CR-3968, Study of Operatino Procedures in Nuclear Power Plants:
Practices and Problems (Morgenstern et al. 1987) and in NUREG/CR-4613,
Evaluatinn of Nuclear Power Plant ODeratino Procedures Classification and
Interfaces: Problems and Technioues for Imorovement (Barnes and Radford
1987). These studies indicated that operating procedures as well as the
practices employed to guide the development, use, and administrative control
of operating procedures in most, if not all, U.S. nuclear power plants are of
unacceptably poor quality. The major substantive deficiencies in current
operating procedures were found to include:

Useability of operating procedures, considered as a group, falls within.

the minimally acceptable range.

Operating procedures are often written in vague terms and lack.

specificity. They often fail to describe specific operator actions to
be taken by operators in a step-by-step manner.

Many operating procedures fail to provide clear indicators of when a.

particular objective has been achieved and when actions governed by the
procedure have been completed and the procedure should be exited.

|

1

Operating procedures have been found to be technically inaccurate..

The large number and complexity of operating procedures at some plants.

create problems for procedure approval, use, and revision.

Procedure classification schemes are deficient in human factors.

characteristics at many plants making it difficult for operators to make
transitions between different classes of procedures.

v
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CANDIDATE REGULATORY ACTION

To aid the NRC in determining whether it should implement regulatory
action aimed at improving the current quality of operating procedures and to
assess the costs and benefits of such regulatory action, an approach to
upgrading procedures was developed. This approach consists of a five-part
candidate Procedure Upgrade Program. In the program's first part, the NRC
would develop a " good practices" document to assist licensees in the imple-
mentation of the Procedure Upgrade Program. In the second part, the NRC
would convene an NRC industry working group that would define the criteria by
which licensees could identify which operations tasks should be procedural-
ized. Each individual plant would apply those criteria by identifying those
operations tasks that are candidates for praceduralization in the third part
of the program. The plants would also develop a plant-specific writers'
guide and train its procedures writers in this part. In the next part,
trained licensee personnel would upgrade operating procedures in accordance '

with the guidance developed in prior tasks. In the program's fifth part, the
NRC would undertake a one-time inspection of all licensees' upgraded operat-
ing procedures. For purposes of determining the potential costs and benefits
that would result from such a program, it was assumed the candidate program
would apply to all licensee plants.

The objective of this candidate regulatory action would be to reduce the
risk to public health and safety associated with nuclear power plant opera-
tions by improving the quality of operating procedures. Such improvement
could be expected to result in reductions in operator error and in more
efficient and effective performance of operator actions during normal and
abnormal plant operations.

ALTERNATIVES

Only one alternative to the candidate Procedure Upgrade Program was
considered. This alternative is to maintain the status quo as to current
operating procedure and procedure development program quality in licensee
nuclear power plants. In this value-impact analysis this alternative served
as the baseline against which the candidate regulatory action was measured.
Therefore, all values and impacts presented in this analysis were calculated
relative to the status quo.

METHODOLOGY

The methodology used to develop estimates of the values and impacts
associated with the candidate Procedure Upgrade Program was taken from the
Handbook for Value-Imoact Assessment (Heaberlin et al.1983). Benefits were
estimated based on the potential reduction to core-melt frequency and public
health risks that would result from improving normal and abnormal operating
procedures. Such improvements to operator performance were assumed to
result from implementation of the program and subsequent use of higher qual-
ity procedures. Such improvements in operator performance were assumed to

vi
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result in a reduction in the procedure-related contribution to specific
transient initiating-events as well as to the procedure-related contribution
to specific operator actions.

An 11-step approach was developed in order to quantitatively evaluate
the effect of the candidate Procedure Upgrade Program on the annual core-melt
frequency at nuclear power plants. The approach, which consisted of a sensi-
tivity analysis technique, was used to: 1) estimate the current contribution
to reactor core melt frequency of procedure-related operational errors during
normal and abnormal operating conditions, 2) estimate the same contribution
assuming that the candidate program was implemented and operating procedures
had been improved by specific measures, and 3) compare the "before" and
"after" estimates of overall core-melt frequency to determine the potential
reduction in core-melt frequency associated with the proposed improvements to
current operating procedures. Each of these elements of the approach con-
tained several unique steps.

CONSE0VENCES

Table S.1 shows the quantified results for each of the various values
and impacts that would be affected by the candidate regulatory action. This
table then summarizes these results by dividing the total estimated impact of "

the candidate program, measured in dollars, by the total estimated value of
improving operating procedures, measured in person-rems. Because the NRC
compares this resulting cost per person-rem avoided with a standard measure
of $1,000 per person-rem, and because this standard figure is assumed to
include the estimated potential impact of the candidate regulatory action on
risk to offsite property, the estimated potential impact on Public Property
Damage Avoided has not been included in this table nor in these summary

l calculations although it was quantified as part of the assessment. These
! summary results indicate that the best estimate of the cost of improving

operating procedures would be approximately $750 per person-rem avoided.

Potential impacts on industry operation are not quantified in Table S.I.
A relatively limited analysis performed for this attribute indicated, how-
ever, that improved operating procedures could also lead to additional bene-

| fits beyond those quantified in this assessment. High quality normal and
I abnormal operating procedures could be expected to cause a reduction in

reactor trip frequency at U.S. nuclear power plants due to a decrease in
procedure-related operational errors. A reduction in trips would have both
beneficial safety and economic effects. Fewer trips would mean fewer chal-
lenges to plant safety systems as well as a reduction in the frequency of
technical specification violations. As a beneficial economic consequence of
a reduction in trips, the industry could decrease its expenses for replace-
ment power purchased during outages following such trips. The industry could
also reduce its expenses for revising and administering operating procedures
if procedures are upgraded using the two-tier approach described in this
assessmcnt. Because procedures would be of higher quality and because the

vii
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TABLE S.I. Value-Impact Summary

Best
Attribute Units Estimate Best Case Worst Case

Public Risk Reduction (person-rem) 4.3E4 6.0E4 2.0E4

Avoided Occupational Exposure (person-rem) 1.0E3 2.3E3 2.2E2

Total Value (person-rem) 4.4E4 6.2E4 2.0E4

Avoided Onsite Property Damage (dollars) -1.lE7(a) -2.4E7(a) -2.6E6(a)

Industry Implementation Costs (dollars) 4.2E7 2.lE7 6.2E7

Industry Operation Costs (dollars) NQ NQ NQ

NRC Development Costs (dollars) 2.5E4 1.3E4 3.8E4

NRC Implementation Costs (dollars) 2.0E6 1.0E6 3.0E6

NRC Operation Costs (dollars) NA NA NA

Total Impact (b) (dollars) 3.3E7 -2.0E6(a) 6.2E7

Total Impact / Total Value (dollars / 7.5E2 -3.2El(c) 3.1E3
person-rem)

NQ = Not Quantified. Industry Operation Costs were analyzed on a
qualitative, rather than a quantitative, level.

NA = Not Affected.
(a) Favorable impacts have a negative sign.
(b) Because the NRC is inclined to evaluate the results of value-impact

assessments against a standard of $1,000 per person-rem, and because
this standard figure is assumed to include the estimated potential
impact of the candidate regulatory action on risk to offsite property,
the estimated potential impact on Public Property Damage Avoided has not
been included in this table.

(c) -3.2E1 signifies that, for the best case estimate, the regulatory action
could reduce exposure to humans by 62,000 person-rems accompanied by a
$2 million net benefit.

two-tier approach would result in plants having fewer normal operating pro-
cedures that are subject to rigorous development and control, the industry
could expect to spend less effort over time for revision and administration
of operating procedures,

i^
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1.0 INTRODUCTION

This report documents a velum linpact assessment that was prepared by the
Pacific Northwest Laboratory (PNL) for the 8).S. Nuclear Regulatory Commission
(NRC), Office of Nuclear Regulatory Research. The purpose of the assessment
was to aid the NRC in determining whether it should implement regulatory
action that would specify requirements for the preparation of acceptable
normal and abnormal operating procedures by the NRC's licensee nuclear power
plants . The assessment estimated the impact of such NRC regulatory action on
the 11 attributes set forth in NUREG/CR-3568, A Handbook for Value-Impact
Assessment (Heaberlin et al.1983).

A multistep approach was used in the preparation of this assessment.
First, the candidate NRC regulatory action was defined as the NRC requiring
each U.S. nuclear power plant to undertake a program to upgrade its normal
and abnormal operating procedures. Next, the specific value-impact attri-
butes affected by this action were identified. Because it is an integral
part of the determination of the change of five of these attributes, changes
in core melt frequency that could result from NRC regulatory action were
estimated. The potential effect on each of the 11 attributes was then
evaluated. Sensitivity analyses were performed to show how changes in
important assumptions and data would affect the expected changes in the
attributes. These individual evaluations were then summarized and the
value-impact results displayed.

1.1 BACKGROUND

The Three Mile Island Task Action Plan item I.C.9 required the NRC to
develop a long-term plan for upgrading plant procedures (NUREG-0660, NRC
1980). Human Factors Generic Issue 4.4, " Guidelines for Upgrading Other
Procedures," which originates from this plan, requires: 1) recommendation of
improvements in nuclear power plant normal and abnormal operating procedures,
and 2) implementation of appropriate regulatory action. The NRC responded to
the Action Plan by sponsoring several projects aimed at assessing the current
practices and problems associated with normal and abnormal operating proce-
dures in U.S. nuclear power plants. The results of two of these studies were
published in NUREG/CR-3968, Study of Operatina procedures in Nuclear Power
Plants: Practices and Problems (Morgenstern et al .1987), and
NUREG/CR-4613, Evaluation of Nuclear Power Plant Operatina Procedures
Classifications and Interfaces: Problems and Techniaues for Improvement

(Barnes and Radford 1987). These studies describe the problem that Human
Factors Generic Issue 4.4 is intended to resolve.

For purposes of this value-impact astessment, " operating procedures"
refers to hard-copy, written instructions that are provided to plant per-
sonnel to assist their performance of operations tasks under nonemergency
plant conditions. Thus, operating procedures include those procedures that

1.1
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tre typically identified throughout the industry as normal operating proce-
uures and abnormal operating and alarm response procedures.

I

1.2 CURRENT OPERATING PROCEDURE DEFICIENCIES

The major findings of the two studies cited above indicate that operat-
ing procedures in most, if not all, U.S. nuclear plants are of unacceptably
poor quality. The useability of operating procedures is one indicator of
this poor quality. Useability is a measure of the procedures' ability to
provide guidance to the operator that is accurate, complete, readable,-and
convenient to use. A clear table of contents, consistency of format through-
out the procedure, and steps to express limits quantitatively rather than
qualitatively are-examples of measures of useability. In practice, operating
procedures are often written in vague terms and lack specificity. They often
fail to describe the specific actions to be taken isy operators in a step-
by-step manner. They fail to provide clear indicators of when a particular
objective has been achieved and when actions governed by the procedure have
been completed and the procedure should be exited. This lack of specificity
decreases procedure useability particularly for relatively inexperienced
operators. Operating procedures also typically do not conform to accepted
human factors principles. For example, they often lack useful checklists,
placekeeping aids, and other tools to enhance the ease and accuracy of
procedure use.

The number of procedure classifications (e.g., normal, abnormal, emer-
gency) and the content of those classes vary widely across the country. This
can have implications for NRC review of procedures as well as the movement of
information and transfer of trained personnel among plants. The human factors
characteristics of procedure classification schemes are also deficient in
many plants. Procedures are not organized in a meaningful way and operators
are often not trained in how to efficiently locate procedures. Current clas-
sification schemes can make it difficult for operators to make transitions
between different classes of procedures.

| The number and complexity of operating procedures can also create prob-
: 1 ems. Some plants have such a large number of procedures as to be unmanage-
I able. Many procedures contain more detail than is necessary. Plant review

of new and revised procedures is also a problem. The large number of proce-
dures to be reviewed and the systems some plants have createa for procedure,

| review can result in months of delay in formal procedure changes on one
extreme or cursory ' approval without needed technical review on the other.

Two other important deficiencies were also identified. Coordination of
the training function with procedure preparation and use is often very
limited. Thus, procedure writers seldom benefit from the actual experience

| of training personnel in dealing with procedure problems. Additionally,
' operating procedures are not verified or validated before use at some plants

creating a situation that contributes to technical inaccuracies.|

1

1.2
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These deficiencies in operating procedure useability, technical
accuracy, classification, number, and complexity can lead to operator error
and, thereby, be a threat to public health and safety. This is born out by ,

the results of this value impact assessment described in detail below and by
various studies and analyses that, for example, cite procedure deficiencies i

as root causes of significant operating events in licensee event ~ reports
,

(Trager 1988).- |

|
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.

|

,

1.3



,
t

s

.

f

?

'2.0 OBJECTIVES'AND CANDIDATE REGULATORY ACTION

This value-impact assessment documents the expected costs and benefits -i
of-implementing a candidate regulatory action to correct current operating- *

procedure deficiencies. This section'of the report describes the basic
objective of that action,.the action itself, the intended results of- that-
action, and the alternative to that action.

1

2.1 OBJECTIVE OF THE CANDIDATE REGULATORY ACTION

The objective of the candidate regulatory action, mandating a Procedure
Upgrade Program at all licensee plants, is to reduce risk to public health
and safety ~ associated with nuclear power plant operation. That risk is to be
reduced by improving the quality of operating procedures that, in turn, can 5

be expected to result in' reductions in operator error and in more efficient
and effective performance of operator actions during normal and abnormal
pl ant ' operations. !

22 STATEMENT OF THE-CANDIDATE REGULATORY ACTION 1
.

The regulatory action focuses on a candidate NRC program involving
licensees and contractors directed at upgrading normal operating procedures J>

and-abnormal operating procedures. The need for such procedure improvement
'

was identified in NRC-sponsored projects entitled " Program Plan for Assessing '

- and Upgrading Operating Procedures for Nuclear Power Plants" (documented in i

Morgenstern et al.1987) and " Study of Operating Procedures Classifications
and Interfaces" (documented in Barnes and Radford 1987). That research found -

-several deficiencies in normal operating procedures and abnormal operating
procedures and in the practices employed by licensees to guide the develop- -

ment, use, and. administrative control of those procedures. The content of
this candidate Procedure Upgrade Program, which is described in detail in
Appendix A, was first suggested in summary form in NUREG/ CR-3968, Study of
Operatina Procedures in Nuclear Power Plants: Practices and ' Problems-
(Morgenstern et al. 1987). For purposes of determining the potential costs
and benefits that would flow from such a program, it has been assumed that

,

| the' candidate NRC regulatory action would occur, and that it would apply to
all licensee plants.

The specific activities to be undertaken by the industry and the NRC in
developing and implementing the Procedure Upgrade Program under consideration - i

'

can be briefly summarized here. The program would have five parts. In
Task 1, the NRC would develop a " good practices" document to assist licensees
in the implementation of the Procedure Upgrade Program. In Task 2, the NRC
would convene an NRC-industry working group that would define the criteria by
which licensees could identify which operations tasks should be procedural-
ized and evaluate and suggest improvements in the good practices document.
In Task 3, each individual plant would apply these criteria by identifying
those operations tasks that are candidates for proceduralization. Each plant

,
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would also develop a plant-specific writers' guide and train its procedures
writers. In Task 4, the trained licensee personnel would upgrade operating
procedures in accordance with the guidance developed in prior tasks. In
Task 5 the NRC would undertake a one-time inspection of all licensees'
upgraded operating procedures. In all this upgrade program would take
approximately 4.5 years to complete.

2.3 INTENDED RESULT OF THE CANDIDATE REGULATORY ACTION

The candidate Procedure Upgrade Program would be expected to result in
several improvements to procedures. The large number and complexity of
procedures currently being used by most licensees have been found to be a
major contributor to a multiplicity of problems in procedure use and admini-
stration. As a key element of the candidate Procedure Upgrade Program, each
plant would analyze its operations tasks to determine those operations that
require high-quality, detailed, step-by-step procedures. These tasks would
normally be those that are complex, infrequently performed, and important to
public health and safety. Procedures governing such operations tasks would be
designated as Tier One procedures. Other operations tasks that are not
safety-related would require some form of job performance aid, such as a
checklist or calculation form, but would not require procedures of the high
quality demanded by safety-related operations tasks. Such procedures would
be designated as Tier Two procedures.

By differentiating between operations tasks on criteria such as these
and revising current or creating new procedures to achieve the rigor and
quality required by the nature of those tasks, substantial resources now
being used for developing, reviewing, and administratively controlling all
procedures could be redirected and concentrated on more rigorous development
and maintenance of Tier One, safety-related procedures. Thus, the overall
burden on plants should be reduced due to fewer resources being devoted to
procedures that govern nonsafety-related operations. This should allow
plants to concentrate more concern and resources on developing and maintain-
ing more usable and technically accurate procedures to govern safety-related
operations tasks.

Improvements in procedure useability would be another result of the can-
didate Procedure Upgrade Program. Operating procedures would be developed
with the participation of people trained in sound human factors practices.
This would produce procedures written in more definite and specific terms and
in short, identifiable step-by-step means of accomplishing the operations
task. When possible a single quantitative indicator telling the operator
when the objective of each step has been accomplished would be specified.
Procedures would be written in a consistent format and a usable table of
contents would be provided. Clearly prepared graphs, figures, and flow
charts would be provided to increase ease of use when necessary.

As procedures are written or revised, human-system interface analyses
would be performed using the upgraded procedure at the location in the plant

2.2
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where the procedure would be performed or, if necessary, using simulators, |
mockups, or models of the displays and controls involved.

Technical accuracy of procedures would be improved through use of this
program. For Tier One procedures, personnel from all relevant plant func-
tional areas and, when necessary, equipment vendors would use relevant plant
technical information and specifications that have been validated for
accuracy to create technically accurate procedures. NRC generic communica-
tions, vendor bulletins, licensee event reports, and operating experience
from other plants could also be used when necessary.

To improve procedure administrative controls, the upgrade program would
require a number of procedure administrative control mechanisms. A process
to ensure that procedures affected by design modifications or changes to
other procedures be flagged for review and revision would be instituted. A
means of ensuring that recommendations of users and training personnel based
on their experience with the upgraded procedures would be fed back to utility
staff responsible for the procedures would be initiated.

All procedures would continue to be subject to biennial reviews by plant
personnel, but the content of these reviews would vary for Tier One and Tier

-Two procedures. Review of Tier One procedures should include a check of the
procedures' use and revision histories, an assessment of any comments and
recommendations that had been made on the procedures as well as any resulting
action taken, a check of the relationship of the procedure to other proce-
dures, and a walk-through of the procedure in the plant to ensure that the
human-system interface information continues to reflect actual conditions of
use. For Tier Two procedures, biennial reviews would be substantially less
rigorous. The procedure-use histories would be reviewed and any inadequacies
that are detected would be acted upon. This could include either purging
procedures that are not needed or upgrading procedures to Tier One status.

<

Appendix A provides a detailed discussion of the candidate Procedure
Upgrade Program and the types of changes in procedures and procedure admini-
stration that could be expected to result from that program.

2.4 DISCUSSION OF ALTERNATIVES

The only alternative to the proposed action that has been considered for
this assessment is the status quo. Under the status quo, operating proce-

,

I dures used in most nuclear plants across the country would remain of poor
| quality. Furthermore, the programs by which licensees create, revise, and
'

administer operating procedures would continue to have those deficiencies
identified in previous research.

2.3
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3.0 METHODOLOGY FOR ESTIMATING THE REDUCTION IN REACTOR CORE-MELT FRE0VENCY

-- This chapter provides an overview of the methodology used in evaluating
the reduction in reactor core-melt frequency associated with implementation
of the candidate Procedure Upgrade Program described briefly in Section 2.2
and more extensively in Appendix A. The methodology was intended to provide
an approach for estimating the potential reduction in reactor core-melt fre-
quency associated with improved operating procedures. The methodology was-
adapted. from the standard value-impact assessment methodology established in

,

A Handbook for Value/ Impact Assessment (Heaberlin et al. -1983), and was
intended to be used as an extension to an existing nuclear- power plant Prob-
abilistic Risk Assessment (PRA).

The methodology relies on an existing PRA to provide a quantitative
,

framework for modeling the safety sigr.ificance of normal operating procedure '

and abnormal operating procedures in th6 operation of nuclear power plants.
The reference PRA also provides the origiral risk equations for the plant,
including the dominant accident sequer.ces and their associated cut sets,
along with the basic events that form the <ut sets. Therefore, the reference
PRA serves as a starting point for the methodology. The results obtained
through the evaluation of the reference PRA, which is assumed to represent a
generic plant, are then extended to reflect the results for the industry as a
whole.

.The approach outlined in this chapter consisted of a sensitivity anal-
.

ysis technique that was used to: 1) estimate the current contribution of !
-

procedure-related operational errors to reactor core-melt frequency during
normal and abnormal operating conditions, 2) estimate the same contribution
assuming that the quality of operating procedures is improved by specific
measures, and 3) compare the "before" and "after" estimates of overall core-
melt frequency to determine the potential reduction in core-melt frequency
associated with the proposed improvements to current operating procedures.

- Since the objective of this assessment was to evaluate the relative
reduction in reactor core-melt frequency due to improved operating proce-
dures, no-attempt was made to reevaluate the baseline risk of the reference
PRA. The methodology developed as part of this assessment can be character-
ized by an ll-step process, containing each of the three elements discussed
above. This 11-step process is outlined in the following sections. A more
detailed discussion of the safety assessment is contained in Appendix B.

3.1 THE ll-STEP PROCESS

The 11-step methodology is illustrated in figure 3.1.

3 .1.' l fstimate The Current Contribution of Procedure-Related Errors

The first element of the general approach consisted of a 6-step process.
The objective of this process was to evaluate the current contribution
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FIGURE 3.1. Process for Evaluating Core-Melt Frequency Reduction

of poor or inadequate procedures to the occurrence of procedure-related
operational errors during normal and abnormal operating conditions. Each of
the 6 steps involved in this process are briefly discussed below.

Step 1: Identify the Potentially Affected Transient Initiating-
Events

The first step in developing estimates of the change in core-
melt frequency was to identify transient initiating-events that
could potentially be affected by the candidate Procedure Upgrade
Program. It was assumed that in order for an operational error
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during normal operating conditions to have safety significance, it must
result in a transient initiating-event.

..

This step was accomplished by reviewing the transient
initiating-events modeled in the reference PRA in order to identify
those that might be affected by improved normal and abnormal opera-
ting procedures. This review relied on the expert judgment of
individuals with expertise in nuclear power plant operations. This
step produced a list of potentially affected transient initiating-
events that are modeled in the reference PRA and that contribute to
the original risk equations of the plant. Each of these potenti-
ally affected transient initiating-events was, thus, determined to
be an "affected parameter" that could potentially be altered by the
candidate NRC regulatory action.

Steo 2: Identify the Potentially Affected Operator Actions

In addition to the transient initiating-events identified in
Step-1, there may also be specific operator actions that occur
during normal and abnormal operating conditions that may be
affected by the candidate Procedure Upgrade Program. This second
step of_ the approach involved reviewing the descriptions of poten-
tial human errors and operator actions that are modeled in the
reference PRA. The definition of each of these events was reviewed
to determine if it might be affected (i.e., reduced in frequency)
by improved operating procedures. In general, those operator
actions modeled in the reference PRA that are in response to a
specific failure (e.g. " recovery actions") are not included in this
review sirce these actions are typically governed by emergency -

operating procedures.

In order to determine whether or not a particular action may
be affected, it was necessary to consult with individuals who are
knowledgeable in the operation of nuclear power. plants and their
written procedures. This step resulted in a list of potentially
affected human errors and operator actions that are modeled in the
reference PRA and that contribute to the original risk equations of
the plant. Thus, each of these potentially affected operator
actions also was determined to be an affected parameter.

Steo 3: Identify the Affected Accident Sequences

In this step, all accident sequences and cut sets contained in
the reference PRA that involve any of the potentially affected
transient initiating-events identified in Step 1 or one or more of
the potentially affected operator actions identified in Step 2 were
identified. The result of this step was a listing of all core-melt

| accident sequences, along with their associated cut sets, that may
be potentially affected by improved operating procedures.

l
!
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Step 4: Estimate the Current Contribution of Procedure-Related
Operator Errors to the Affected Transient Initiating-
Events

A review of Licensee Event Reports (LERs) using the Sequence
Coding and Search System (SCSS) database (NUREG/CR-3905, Green

|et al. 1985) was performed in this step. The review was conducted
to estimate the current " base-case" contribution of procedure-
related errors to the frequency of the transient initiating-events
identified in-Step 1. The SCSS database contains all current LERs
submitted by nuclear power plant utilities after January 1,196i.
It has the capability of searching coded LERs to obtain detailed
information regarding the causes of specific events. Of particular '

importance were those LERs that are assigned a cause/effect code of
"SB" (task description inadequacy). A cause code of "SB" is i
assigned only_to those LERs in which a task description inadequacy
contributed to the occurrence of the event. Since these LERs are
representative of incidents in which human errors occurred due to ;;
instructional inadequacies, improved procedures could potentially :

reduce the likelihood of these incidents. '

By first identifying all LERs contained in the database that
s

result in one of the affected transient initiating-events, and then
searching further to determine the number of these LERs that have a
cause code of SB, an estimate of the relative contribution of
procedure-related errors to that transient initiating-event was
obtained. This resulted in an estimate of the orocedure-related
portion for each of the specific transient initiating-events. This
procedure-related portion of the base-case parameter frequencies is
the only portion of the frequencies that is subject to reduction
due to improved operating procedures.

Step _5: Evaluate the Role of Procedures in the Operator
Actions / Errors (

:
Just as in the case of transient initiating-events, operator

. actions and errors may also be caused or otherwise influenced by
l factors other than inadequate procedures. Therefore, improvements '

j to procedures will not be entirely effective at eliminating all
| operator errors. In this step, expert judgment was used to eval-

uate the role of written procedures in the specific operator,

actions identified in Step 2. This allowed elimination of any
portion of operator action probabilities that is not likely to be
affected by improving operating procedures. This portion would,
for example, account for events in which the operator is not likely

L to refer to operating procedures. This ensured that the operator
i actions that are being credited with reduced frequencies could

indeed be affected by improved operating procedures. The result of
this step was an estimate of the procedure-related portion of the
base-case probabilities for each of the operator actions identified
in Step 2.
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Sten 6: Calculate the Procedure-Related Portion of the Base-Case
; Affected Parameter Frequencies

Based on the results of Steps 4 and 5, the procedure-related
portion of each of the base-case affected parameter values wasc

calculated. These values represent the portion of the original
values which.is contributed by procedure-related errors. They also
represent the only portion of the original parameter frequencies
that can be reduced by improved operating procedures. For each of
the transient initiating events identified in Step 1, the proce-
dure-related portion of.the base-case parameter frequency was
found to be a relatively small fraction of the total base-case.
parameter frequency.

3.1.2 Estimate The Contribution of Procedure-Related Errors After
Implementation of the Candidate Procedure Uparade Proaram

The second element of the methodology consisted of a 3-step process.
The objective of this process was to evaluate the residual contribution of
inadequate procedures to the occurrence of procedure-related operational
errors after the candidate Procedure Upgrade Program has been implemented.
Since it cannot be anticipated that improved procedures will completely
eliminate procedure-related operational errors, it was necessary to estimate
to what extent improved procedures will be effective. Each of the 3 steps
involved in this process is discussed below.

Sten 7: Estimate the Reduction to the Procedure-Related Portion of
the Affected Parameters

Due to the lack of quantitative data regarding the effect of
procedure quality on specific operator actions, it was necessary to
exercise expert judgment in this step. A survey of expert op % ion
is considered to be a reasonable approach to estimate the expected
improvement in operator performance (Comer et al. 1984). A survey,
which is described in detail in Appendix C, solicited from experts
the estimated reduction in each of the potentially affected param-
eters that they believed would result from implementation of the
candidate Procedure Upgrade Program. The improvement in operator
performance was estimated as a percentage reduction to the initial
affected frequency or probability. This provided an estimate of a
percentage reduction in the procedure-related portion of each of
the affected parameter values due to improved procedures. .

|- Sten 8: Calculate the Adjusted-Case Affected Parameter Values
|

| In this step, the adjusted-case (after procedure improvements)
affected parameter values, based on the estimates provided by the
experts in Step 7, were calculated by reducing the procedure-
related portion of the affected parameter frequencies by the mean
values of the expert judgments.
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ilmL2: Calculate the Adjusted Case Affected Core Melt frequency

In this step, the adjusted case affected parameter frequencies
were substituted in the cut sets in place of the original base-case
aff ected parameter values. The adjut ted-case affected core-melt
frequency was then calculated by summing the cut set frequencies
for each of the affected accident sequences. Since the adjusted-
case affected parameter frequencies were slightly less than the
base-case affected parameter frequencies, the resultant adjusted-
case affected core melt frequency was also reduced.

3.1.3 Calculate the Reduction in Core-Melt Frecuency Due to Procedure
i

Jmprovements ,'

The third element of the methodology consisted of a 2-step process whose
objective was to evaluate the results from the previous two elements.

Sten 10: Calculate the Estimated Change in Core-Melt Frequency

in this step, the estimated change in plant core melt fre-
quency due to improved operating procedures was calculated by
subtracting the adjusted case affected core-melt frequency (calcu-
lated in step 9) from the base-case affected core-melt frequency.
The calculation of the base case affected core-melt frequency
included only those original accident sequences that contain one or
more of the affected parameters.

Sten 11: Correlate the Generic Estimates to Actual Plants

in this step the results that had been obtained for the gen-
eric plant modeled by the reference PRA were extended to represent
the reactor core-melt frequency reduction potential at actual
plants. This was accomplished by, first, using prior research on
procedure quality (NUREG/CR 3968; Morgenstern et al.1987) to
create three power plant categories based on current quality of
operating procedures--those having relatively good procedures,
those with procedures of intermediate quality, and those having
relatively poor procedures. Then, expert judgment was used to
adjust the results for the generic plant to represent the change in
core-melt frequency for each of the three actual plant categories.

3.6
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4.0 QNSE0VENCES

The candidate Procedure Upgrade Program discussed in Section 2.2 and
Appendix A is evaluated in this section to quantify the costs and benefits of
instituting that program relative to maintaining the present condition of
unacceptably poor operating procedures at nuclear power plants. The benefits
(or " values") of the program are measured in terms of the avoided public and
occupational health risks associated with implementation and operation of the
program as well as the associated avoidance of property damage. The costs
(or * impacts") include the industry costs associated with the implementation
of the program and operation thereafter, and NRC costs for development,
implementation, and operation of the program. Other nonquantifiable impacts
are also discussed as supplementary considerations.

The benefits and costs associated with the candidate Procedure Upgrade
Program are assessed as differentials using the current condition of operat-
ing procedures as a baseline. The costs and benefits of the upgrade program
are therefore compared with those associated with Alternative A, that is the
status quo. The potential effects of the Procedure Upgrade Program are

,identified in figure 4.1.

In the context of this analysis, public health and safety includes both
routir.e and normal risks and accident risks. Routine risks arise from those
activities associated with the operation of the plant under normal

* Public HealthPublic-

* Offsite Property

Employees * Occupational Exposure (Accident)
-

* Occupational Exposure (Non Accident)

* Onsite Property
Effects Industry * Industry implementation

* Industry Operation
|

| * NRC Development
i NRC * NRC Implementation_

* NRC Operation

* Regulatory Efficiency

Other * Reactor Trip Frequency-

* Technical Specifications Violations
* Operator Task Efficiency / Stress

S8909122,1

FIGURE 4.1. Identification and Characterization of Potential Effects
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conditions. This routine risk is primarily the result of very low level
radiological releases to the atmosphere from routine operations of the plant.
Since these annual radiological releases to the environment from routine
operations are very small and are not expected to be significantly affected
by the proposed action, emphasis is placed here on accident risks. Accident
r.isks are those risks that arise from operating conditions other than those
normally encountered. The principal contributor to accident risk at a
nuclear power plant is a postulated core melt accident. A hypothetical core-
melt accident may involve damage to persons or property. The effects of
these accident risks are discussed iii Section 4.1.

Nuclear power plant workers are routinely exposed to low-level radiation
while they work in radiation areas. This occupational exposure may be
affected by changes in operating procedures that affect the frequency cr
duration that workers are exposed to radiation while working in radiation
zones. For example, if new operating procedures required workers to spend
additional time to perform a task in a radiation zone as compared with the
time it had taken them before the procedures were changed, an increase in
the routine exposure to occupational workers would be expected.

Workers may also incur occupational exposure due to accidents. Regula-
tory changes can have an impact 9n this component of occupational exposure if
they affect either the frequency or the consequence of core melt accidents.
For example, if improved operating procedures reduce the expected core melt
frequency, a decrease in the accidental exposure to occupational workers
would be expected.

Effects on industry costs are categorized as property damage costs if an
accident occurs, costs to implement the candidate Procedure Upgrade Program,
and operational costs attributable to the program. Costs incurred by the NRC
are categorized as costs to develop the regulatory action, costs to implement
the regulatory action, and operational costs. Each of these potential
effects is discussed in Section 4.2.

Other potential effects of the candidate Procedure Upgrade Program
include the reduction of unanticipated reactor trips and scrams. This could
directly affect the capacit/ factors at plants where improved procedures help
to prevent unanticipated trips and scrams. Although these effects primarily
result in cost savings to the licensees, these qualified effects should also
be considered in this case. Other possible effects would occur in the areas
of technical specifications violations, operator task efficiency, and
operator stress.

Table 4.1 provides a checklist of these potential effects and indicates
the expected result of implementation of the candidate Procedure Upgrade
Program.

.
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TABLE 4 l. Checklist for Identification of Potential Effects t
.

i

No
!Quantified Qualitative Significant

Potential Effect Chance Chance Chance v

i

'Public Health and Safety X
Public Property X

Occupational Health and Safety X
'

Industry Implementation X
Industry Operation X i

NRC Development X

NRC Implementation X ;

NRC Operation X

Regulatory Efficiency X

. Trip / Scram Frequency X

Violation of Technical Specs. X
'

Operator Efficiency / Stress X

I
4.1 [JTIMATION OF val.VES

This section presents estimates of the values associated with implemen- >

tation of the candidate Procedure Upgrade Program. These values are calcu- :

lated based on the change in core melt frequency that could be expected from
implementation of the program. Based on the estimated changes in core-melt
frequency, the following values are calculated: public health risk (in
person rem), accidental occupational exposure (in person-rem), offsite prop-
erty damage (in discounted dollars), and onsite property damage (in dis-
counted dollars).

The estimated changes in core-melt frequency that form the basis for !
estimating the values of the candidate Procedure Upgrade Program are based on -

the risk equations contained in the NSAC/60 Probabilistic Risk Assessment
(PRA) for Oconee Unit 3 (Sugnet et al. 1984). The Oconee 3 PRA was selected
based on a review of several existing PRAs compared w.ith several selection
criteria. The specific criteria used in the selection process are discussed
in Appendix B, Section B.2.1. Oconee Unit 3 is a nuclear power plant that ,

utilizes a pressurized-water reactor (PWR) design. No distinction is made
between reactor types in the risk reduction calculations. Rather, the plant
categorization is based on the quality of the current operating procedures in
place at the plant. By taking this approach, the effects of implementing the
program upon three distinct plant categories have been modeled.

As mentioned, these three plant categories are based on the current
quality of operating procedures, and are categorized as follows: 1) those
plants whose current procedures are considered to be of relatively oood
quality, 2) those plants whose current procedures are considered to be of
intermediate. quality, and 3) those plants whose current procedures are con-
sidered to be of relatively poor quality. This approach provides a meaning-
ful estimate of the reduction in plant risk because: 1) it distinguishes

,
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between plants based on the current adequacy of operating procedures (rather
than on reactor type), and 2) it allows the analysis to focus on one set of
risk equations that serve to represent a " generic" plant, which can then be
related to each of the three plant categories.

TFe basic approach used to develop estimates of the changes in core-melt
frequency is described in detail in a report by Andrews et al. (1983). In
that report, a general method for developing estimates of the changes in
core-melt frequency that would arise from resolving generic safety issues is
described. Briefly, the approach described by Andrews et al. (1983) consists
of a sensitivity analysis technique. In the current report, estimates of the
changes in core-melt frequency that would result from improvements to cut-set

;

parameters are developed using the risk equations from the Oconee PRA. These '

improvements are postulated to result from implementation of the candidate
Procedure Upgrade Program discussed in Section 2.2.

The estimated changes in core-melt frequency form the basis for the i

estimated changes in public health risk [ person-rem / reactor-year (ry)), which ;

are then integrated over the remaining lifetimes of the affected plants to, i

obtain the total value for the entire industry. A similar approach is used
to estimate the changes in accidental occupational exposure, offsite property
damage, and onsite property damage. According to A. Handbook for Value/ Impact
Assessment, use of this methodology can be described as an " intermediate
effort" for performing value/ impact analyses (Heaberlin et al.1983). The
reader is referred to Andrews et al. (1983) and Heaberlin et al. (1983) for
additional details of the general methodology. An overview of the specific
approach used in the core melt frequency calculations is provided in Sec-
tion 3.0 of this report and the entire safety assessment is described in
detail in Appendix B.

The remainder of this section develops estimates of the values asso-
ciated with implementation of the candidate Procedure Upgrade Program. The
bases and rationale for determining the changes in cut-set parameters postu-

.

lated to result from implementation of the Procedure Upgrade Program as well '

as the resulting changes in core-melt frequency (events /ry) are described in
Section 4.1.1. Estimates of the avoided public health risk resulting from
reductions in core-melt frequency are developed in Section 4.1.2. Sec-
tion 4.1.3 develops estimates of the avoided accidental occupational exposure
resulting from reductions in core-melt frequency. Offsite and onsite prop-
erty damage avoidance costs are developed in Sections 4.1.4 and 4.1.5,

.

respectively. A discussion of the potential values that have not been quan- '

tified is provided in Section 4.1.6.

| 4.1.1 Effects on Core-Melt Freauency

This section explains the bases and rationale for changing the values of
the cut set parameters that are affected by the proposed action. first, the
affected parameters from the reference PRA, their base-case values and
adjusted-case values, and the quantitative effects on core-melt frequency and
public health risks are estimated. Second, these estimates are modified by
estimating new base-case values for each of the affected parameters|

i
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corresponding to each of the three plant categories. Finally, these new
base case affected parameter values are used to recalculate the new base-case
core melt frequencies for the three plant categories.

The first step in developing estimates of the changes in core-melt fre-
quency and public risk was to identify the cut set parameters contained in
the reference PRA that would be affected by implementation of the Procedure
Upgrade Program. This was accomplished by an in depth review of the ref-
erence PRA. Based on engineering experience and experience with operating
procedures use, several transient initiating events were determined to be
potentially affected by improved operating procedures. These potentially
affected transient initiating-events are listad in Table 4.2. Each of the
transient initiating events identified in Table 4.2 was presumed to have a
contribution from procedure-related operational errors. Several other
transient initiating events were also initially identified; however, upon
further review, these were eliminated from consideration due to negligible
contributions from procedure-related operational errors.

TABLE 4.2. Transient Initiating Events Postula Nd to be Affected
by the Candidate Procedure Upgrade Program

Unadjusted
Event Base Case Frequency

identifier (events /vear) Event Description

Tl 5.7 Reactor / Turbine Trip
T2 6.4E-1 Loss of Main feedwater
T4 2.lE 1 Loss of Condenser Vacuum
18 1.0E-2 Spurious ES Actuation Signal

T12 4.0E-3 Loss of Low Pressure Service Water

in addition to these transient initiating events, several operator
actions modeled in the reference PRA were judged to be potentially affected
by improvements in procedures. These operator actions are listed in
Table 4.3.

The core-melt accident sequences involving one or more of these
potentially affected parameters are listed in Table 4.4.

Next, it was necessary to determine the effects that the candidate
Procedure Upgrade Program might have on these affected parameters. There may
be various contributors to the occurrence of each of these events, including
electrical and hardware component failures, human errors, and equipment down-
time due to testing, maintenance, and repair. Therefore, in order to eval-
uate the effect of improved procedures on these parameters, it was necessary
to estimate the relative contribution of procedure-related operational errors
to each of the affected parameter's base-case frequencies. Thus, it was nec-
essary to determine what fraction of the original base-case frequency could
be influenced by improvements to operating procedures. This fraction

4.5
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TABLE 4.3. Operator Actions Postulated to be Affected by the Candidate
i Procedure Upgrade Program

Unadjusted
Operator Base Case
Action- Probability Descriotion of Operator Action

,

RESSFSI 0.1 Operator fails to provide RCP seal injection ;

from the SSF within 30 minutes of losing seal
cooling via HPI j

SW3BPPSH 0.002 Operator fails to start standby LPSW pump |
HPRCPH 0.01 Operators fail to trip the RCPs following loss '

of seal cooling (within 15 minutes)

REIA2/6 0.055 Failure of the operating staff to recover IA
prior to the depletion of the UST

RESW12 0.013 Failure of the operating staff to recover LPSW
from another source before failure of all HPl '

pumps

RESW108 0.11 Failure of the operating staff to recover LPSW ,

to HPI pumps given a failure of LPSW108

representi the portion of the original frequency that is subject to reduction
and is referred to here as the orocedure-related portion of the base case
frequency.

For the transient initiating-events identified in Table 4.2, this deter-
mination was accomplished using the SCSS database, which contains coded
information on all current Licensee Event Reports (LERs) submitted by nuclear
power plant utilities after January 1,1981. The SCSS database allowed the
coded LERs to be searched for the soecific transient initiating-events iden-
tified in Table 4.2. Once the LERs that contain these events were identi-
fied, the SCSS database could then search the subset of LERs for those that
have been assigned a cause/effect code representing " task description inade- ,

quacy". The task description inadequacy code identifies those events that
include a deficiency in properly communicating all of the information nec-
essary to perform a task. In determining what should be considered a task
description inadequacy, the communication process is considered to be com-
posed of five components: 1) perceiving an idea, 2) encoding the idea,t

3) transmitting the idea, 4) decoding the transmission, and 5) understanding
the idea. A breakdown in any of these components, whether by the information
sender or the receiver, must be coded as a task description inadequacy (e.g.,
cause code "SB"). This code provides a reasonable estimate of the role that
inadequate operating procedures have played in the various coded-l LERs. The
results of the LER search using this code, therefore, provided a useful

4.6
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TABLE 4.4. Potentially Affected Core Melt Accident Sequences (a) )
!

Core Melt Bin
Base Case (b) jType and Accident Frequency

Seouence Potentially Affected Parameters fevents/vr)

IB,TQUs ,T ,112,HPRCPH,RESW12, 5.9E-78

:

ID,T6QU HPRCPH 2.5E-7 |

1E,TQUs T12 1.0E-7 [

T,T,T,T,T12 5.8E-8 |IIE,TQUYXs 1 2 4 8

IIF,TQUYXs T8 2.2E-7 !
.

IIIA,T2BU T2 1.2E 6 |
:

IllB,T4BU T4 4.lE-7 |
i

IIIC,TBU T,T,T,T,T12 4.2E 7 j1 2 4 8

T,T,T,T,T12,REIA2/6 4.7E-6 [IIIF,TBU
1 2 4 8

RfSW$b8fSW$B kH
'

ATWS Sequences:
_

II:6 T1 1.7E-8

11:5 T1 1.7E 8
;

111:15,14 T1 3.4E-6 '

T ,T2 1.3E 6V:9,12,73,27 1

I ,T2 1,4r 6VI:72,26,ll,8 I
Total: 2.9E-5

(a) Based on the reference PRA (Sugnet et al. 1984).
(b) Reflects all cut sets contained in the accident sequences,

approximation of the contributions of procedure-related errors to the param-
eters' original frequencies. The results of the coded-LER review are given

*

in Table 4.5.

The contribution of procedure-related operational errors to the original
!

l l l l hL- . transient initiating-event frequencies was ca cu ated by mu tip ying t e

|
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TABLE 4.5. Results of the teded-LER Review

Original Relative Contribution
Frequency of Orig. Frequency from

Event f/vear) Event Descrintion Procedure-related Errors

Tl 5.7 Reactor / Turbine Trip 5%

T2 6.4E-1 Loss of Main Feedwater 5%

T4 2.lE-1 Loss of Condenser 5%
Vacuum

T8 1.0E-2 Spurious ES Actuation 2%
Signal

T12 4.0E-3 Loss of Low Pressure 2%
Service Water

original parameter frequency by the fraction associated with procedure-
related operational errors from the SCSS analysis.

It was assumed that the six operator actions identified in Table 4.3 '

could be improved upon by reducing the conditional probability of failure.
Since each of these operator action failures may have contributions from
factors other than procedures, it was necessary to determine the specific
role that procedures play in each of these events. After all, if the opera-
tors do not typically refer to the written procedures for these actions,
there can be no expected improvement in operator performance due to improve-
ments made to procedures.

The six specific operator actions were reviewed in order to determine
the potential affect of improved procedures on their occurrence. This evalu-
ation was performed by a team of analysts at PNL who have expertise and expe-
rience in the area of nuclear power plant operating procedures. The experts
were asked to estimate the importance that procedures play in each 'af the
operator actions. The ' experts confirmed that procedures play a principle
role in each of the operator actions identified. They judged that the
affected portion of the base-case probabilities is equal to 100% of the base-
casc probability for each of the operator actions except for the RESW108
event. The affected probability for that event was judged to be 70% of the
base case probability (i.e., there may be some scenarios where even ideal
procedures would not eliminate the chance of failure). This evaluation by
the PNL experts provided estimates of the affected parameter probabilities
for each of the operator actions, which can be included with the estimates of
the affected frequency for each of the affected transient initiating events.
For additional information regarding the qualifications of the PNL experts,
the reader is referred to Section B.2.3 of Appendix B.

4.8
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The next step was the development of the adjusted case values for the ,

affected parameters that would result from implementation of the Procedure
Upgrade Program. This was accomplished by developing and conducting a survey 1

of expert opinion. The survey requested a group of experts to estimate the
reduction affect of the candidate Procedure Upgrade Program on the specific
events identified in Tables 4.2 and 4.3. The survey and the group of experts
relied upon are described and discussed in detail in Appendix C. The results
of the survey are illustrated in Table 4.6. The adjusted-case frequencies in
that table were calculated by subtracting the base-case affected frequencies
from the base-case frequencies and then adding the mean value of the !

adjusted-case affected frequencies from Table C.1.
,

TABLE 4.6. Affected Parameter Frequencies (a)

Base-Case
Base-Case Affected Adjusted-Case
Frequency Frequency Frequer)py

Event (/vear) (/vear) (/vear)(D)
Tl 5.7 2.85E-1 5.6057
T2 6.4E-1 3.20E-2 0.6342
T4 2.lE-1 1.05E-2 0.2070
T8 1.0E-2 2.00E-4 9.97E-3
T12 4.0E-3 8.0E-5 3.99E-3
RESSFSI 0.1 0.1 0.0527
SW3BPPSH 0.002 0.002 1.6E-3
HPRCPH 0.01 0.01 0.0078
REIA2/6 0.055 0.055 0.0262
RESW12 0.013 0.013 5.3E-3
RESW108 0.11 0.077 0.0768

(a) For the bottom six events, which are operator
actions, the values are conditional probabil-
ities rather than frequencies.

(b) From the survey of expert judgment.

In order to correlate the reference plant to the entire industry, it was
necessary to modify the base-case estimates associated with the' hypothetical
generic plant to represent the variance in actual procedure quality that
exists in the operating nuclear power plants across the country. This was
accomplished by, first, using the results of prior research reported in
NUREG/CR 3968, Study of Oneratina Procedures in Nuclear Power Plants: Pras.-
tices and Problems (Morgenstern et al.1987) to define three categories of
'lants based on current quality of operating procedures. That research,
which evaluated and scored the quality of operating procedures being used in
a large sample of operating nuclear power plants, concluded that operating
procedures in many U.'; nuclear plants are of unacceptably poor quality.
Though most plants have unacceptably poor quality procedures in an absolute
sense, the procedure evaluation scores from that prior research allowed the
definition of three categories of plants based on their relative current
quality of operating procedures: 42% (or 50) of the plants have relatively
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poor procedures; 39% (or 46) of the plants have procedures of intermediate
quality; and 19% (or 22) of the plants have relatively good procedures.

Then, expert judgment was used to modify the base-case affected param-
eter frequencies associated with the hypothetical generic plant to calculate
new, modified base-case affected parameter frequency estimates for the three
actual plant categories. PNL experts, relying on their diverse experience
with operating procedures at various nuclear power plants, judged that for
those plants whose current procedures are of relatively good quality, the
procedure-related pcrLion of the base-case frequency would be 70% less than
for the generic model. For those plants whose current procedures are of
intermediate quality, the PNL experts judged that the procedure-related por-
tion of the base-case frequency would be 20% less than for the generic model.
Finally, for those plants whose current procedures are considered to be of
relatively poor quality, the PNL experts estimated that the procedure-related
portion of the base-case parameter frequencies would be twice as large as for
the generic model. These estimates were then used to calculate the modified
base-case parameter frequencies for the three categories of actual plants.
These modified base-case parameter frequencies, along with their correspond-
ing adjusted-case frequencies, are given in Table 4.7.

The modified affected parameter values were incorporated into the orig- 1

inal Oconee-3 risk equations for the core-melt accident sequences identified
in Table 4.4. The results of these calculations provided an estimate of the
potential core melt frequency reduction for each category of plant. The
results of these calculations are shown in Table 4.8.

TABLE 4.7. Modified Parameter Frequencies for Actual Plants

Adjusted Case
Event Frequency

Identifier Modified Base Case Frecuency (/vear) (/vear)
Current Ouality of Operatina Procedures

Relatively Poor Intermediate Relatively Good

Tl 5.794 5.681 5.634 5.606
T2 0.646 0.639 0.636 0.634
T4 0.213 0.209 0.208 0.207
T8 1.00E-2 9.99E-3 9.98E-3 9.97E-3
T12 4.01E-3 4.00E-3 3.99E-3 3.99E-3
RESSFSl(a) 0.147 0.091 0.067 0.053
SW3BPPSH 2.4E-3 1.9E-3 1.7E-3 1.6E-3
HPRCPH 1.2E-2 9.6E-3 8.5E-3 7.8E-3
REIA2/6 8.40-2 4.9E-2 3.5E-2 2.6E-2
RESW12 2.lE-2 1.lE-2 7.6E-3 5.3E-3
RESW108 0.143 0.103 0.087 0.077

(a) The last six events are operator actions. Therefore, the numbers
represent conditional probabilities rather than frequencies.

4.10
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TABLE 4.8. Affected Accident Sequence Frequencies for Actual Plants
:

Core-Melt Adjusted Case !
Bin Type frequency

and Accident Modified Base-Case Frecuency (cvents/vr) (events /yr)
Seouence Relatively Poor Intermediate Relativelv Good All Plants '

,

IB,TQVs 1.lE-6 5.0E-7 3.2E-7 2.3E-7 !

ID,T6QV 3.0E-7 2.4E-7 2.1E-7 1.9E-7 |
-lE,TQVs 4.lE-8 4.1E-8 4.1E-8 4.1E-8 .

IIE,TQUYXs 4.9E 8 4.8E-8 4.8E-8 4.8E-8 i
IIF,T0VYXs 1.0E-8 9.9E-9 9.9E-9 9.9E-9
I!!A,T2BV 9.4E-7 9.3E-7 9.2E 7 9.2E-7
IllB,T4BV 2.9E-7 2.9E-7 2.9E-7 2.9E-7
IllC,TBV 2.7E-7 2.7E-7 2.6E-7 2.6E-7
lilF,TBV 3.3E-6 2.0E-6 1.4E-6 1.0E-6 i

IllG,TBV 2.9E-5 1.2E-5 6.9E-6 4.6E-6
ATWS I 1.74E 8 1.70E-8 1.69E-8 1.68E-8 >

ATWS 11 1.74E-8 1.70E-8 1.69E-8 1.68E-8
ATWS Ill 3.48E-6 3.41E-6 3.38E-6 3.36E-6 "

ATWS V 1.31E-6 1.28E-6 1.27E-6 1.27E-6
ATWS VI 1.41E-6 12331-1 1.37E-6 1.37E 6 !

Total 4.15E-5 2.22E-5 1.65E 5 1.37E-5 t

The estimated reduction in core-melt frequency based on the results of '

these calculations are provided in Table 4.9. The upper and lower bounds
have been calculated by adjusting the mean value of each of the adjusted-
case parameter frequencies up and down by a factor of two times the standard
deviation of the experts' judgments obtained by survey, in several cases, ;

adjusting the mean value up by two times the standard deviation brought the
value up to-(or above) the original base-caso value. Since it is not logi:al

TABLE 4.9. Estimated Reduction in Core-Melt Frequency

Reduction in Core-Melt Frequency (AT)
(events / reactor-year)

Current Quality of Operatina Procedures
Relatively Poor Intermediate Relativelv Good .

Best Estimate 2.8E-05 8.5E-06 2.8E-06
Upper Bound 3.4E 05 1.5E-05 9.lE 06 -

Lower Bound 1.7E-05 0 0

to predict an increase in event frequencies due to improved procedures, the .

original base-case values were used in these instances. This explains why
the lower bound for the " Intermediate" and "Relatively Good" plants indicates
a reduction in core-melt frequency of zero.

4.11
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4.1.2 Avoided Public Health Risk

Once the estimated reduction in core-melt frequency was evaluated, the
avoided public health risk was calculated using dose conversion factors to
estimate the reduction in public health risk of each accident sequence and
then summing these to determine the total reduction. Application of the dose
conversion factors on the affected accident sequences results in the reduc-
tion of public risk (AW) shown in Table 4.10. These values represent the
reduction in public risk per plant-year. Upper and lower bounds are based on
the upper and icwer bounds on the estimated reduction in core melt frequency
shovr. In Table 4.9.

TABLE 4.10.. EstimatM Reduction in Public Health Risk (AW) (person-rem /ry)
!

Current Ouality of Operatina Procedures

hlatively Poor Intermediate Relatively Good

Best Estimate 24,9 7.6 2.5
Upper Bound 30.2 13.3 8.1
Lower Bound 15.1 0.0 0.0

To estimate the total avoided public health risks associated with imple-
mentation of the candidate program, the per-plant-year risk reduction must be
integrated over the average remaining lives of all affected plants. This
integration procedure develops estimates of the total avoided health risks
over the remaining life cycle of operating plants and plants under construc-
tion. The formula used to develop the total avoided public health risk esti-
mates is:

VPH = aWNT

where VPH - value of public health risk avoided (person-rem)

AW = avoided public dose per reactor-year (person-rem /ry)

N - number of affected facilities

T = average time new procedures are used at facilities (years).

The values of AW are shown in Table 4.10. The values of N vary depend-
ing on the currcnt quality of procedures, Of the 118 plants listed in
Table D.1 of Appendix D, 50 plants currently have relatively poor operating
procedures, 46 have interraediate quality procedures, and 22 have relatively
good procedures. This conclusion was drawn from prior research (M6rgenstern
et al.1987) and has been discussed previously.

To determine T, the average time new procedures will be used at the
facilities, Table 0.1 cf Appendix 0 is used. This table lists the average
lifetimt of plants as 29.5 years as of 1989. It is assumed that improved

4.12



'

.

!

l
;

.

. procedures would be used beginning in 1993. Therefore, the current year, l
mid-1989 (1989.5) is subtracted from 1993. The difference, 3.5, is sub- !
tracted from 29.5 yielding 26 years as the value for T. Table 4.11 lists the ,

values of AW, N, T, and Vpg. |

TABLE 4.11. Summary of Avoided Public Health Risk ;

;

j VPH ,

i- Current AW T Value of
| Quality of Reduction in N Average Public Health i

| Operating Type of Public Risk Number of Time Risk Avoided ;

| Procedures Estimate foer-rem /ry) Eacilities (v) foerson-rem) .!
,

| Relatively Best 24.9 50 26 3.24E4 '

Poor Upper 30.2 50 26 3.93E4
Lower 15.1 50 26 1.96E4

Intermediate Best 7.6 46 26 9.09E3
Upper 13.3 46 26 1.59E4
Lower 0 46 26 0

Relatively Best 2.5 22 26 1.43E3
Good Upper 8.1 22 26 4.63E3

Lower 0 22 26 0

4.1.3 Avoided Occupational Exoosure

The avoided occupational exposure from accidents can be estimated as the
product of the change in total core-melt probability and the occupation expo-
sure likely to occur in the event of a major accident. This value can be
calculated as: ,

V0HA = ATNT (D o + DLTO)i

where V0HA = value of occupational health risk due to accidents avoided
(person-rem)

*

AT = change in core-melt probability (events / reactor-year)

N = number of affected facilities

T = average time procedures are used at facilities (years)

D}o = "immediate" occupational dose (person rem)

! DLT0 = long-term occupational dose (person-rem).
,

The values of af are shown in Table 4.9. The values of N and T are the same
| as defined earlier.
|
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The immediate occupational exposure, D o, occurs at the time of thei
accident and during the immediate management of the emergency. The experi-
ence at Three Mile Island (TMI) was used to arrive at the estimates of this
value. The average occupational exposure related to the incident was approx- '

imately I rem. For the first 4 months, a colle'ctive dose of 1000 person-rem .

could be attributed to the accident. After this time period, occupational i
exposure returned to preaccident levels. An upper bound can be estimated by
assuming the average individual receives a dose equal to that of the maximum
individual at TMI. The ratio of maximum to average dose for TM1 is 4.2 to
I rem; therefore, the collective upper bound dose would be 4200 person-rem.
A lower bound of zero would indicate e. case with no increase over the normal
dose. Thus the values for D o are 1000 person-rem for the best estimate,i
4200 person-rem for the upper bound, and 0 person-rem for the lower bound.

The second occupational dose due to an accident is long term exposure,
DLT0 After the immediate response to an accident, a long process of cleanup
and recovery takes place. The value used as a best estimate for this expo-
sure is based on a study (Murphy and Holter 1982) of decommissioning a refer-
ence LWR following a major loss of coolant accident (LOCA) in which the
emergency core cooling system (ECCS) is delayed in starting. All fuel clad- ,

ding is assumed to rupture and significant fuel melting and core damage to ;

occur. The containment building is extensively damaged and contaminated, and
the auxiliary building undergoes some contamination. The estimated occupa- |

tional radiation dose from cleanup and recovery is 20,000 person-rem. An
upper bound of 30,000 person-rem and a lower bound of 10,000 person-rem are
estimated by the authors of the study.

Combining the two types of occupational exposure results in a value of
21,000 person-rems for the best estimate, 34,200 person-rems for the upper
bound, and 10,000 person rems for the lower bound. Table 4.12 contains the
values of d, N, T, and the combined occupational dose due to an accident.
These are used to arrive at the value of occupational health risk avoided
VogA for each alternative. The total value for the best estimate is
1000 person-rems, 2300 person-rems for the upper bound, and 221 person-rems
for the lower bound.

TABLE 4.12. Summary of Avoided Occupational Exposure

Current Quality Chance i Core Mett Nuitier and Lifetime A itio V0HA Value of Avolded
of Operating Type Probability ofFacit} ties Occ @ational Dose Occupational Exposure
Procedures of Estimate (events /vr) N (t) (person rem / event) (netson r m )

Relatively Poor Best 2.8E 5 50 (26) 2.1E4 7.644E2
Upper 3.4E 5 50 (26) 3.4E4 1.512E3
Lower 1.7E 5 50 (26) 1.0E4 2.210E2

Intermedlete Best 8.5E 6 46 (26) 2.1E4 2.135E2
Upper 1.5E 5 46 (26) 3.4E4 6.135E2
Lower 0 46 (26) 1.0E4 0

Relatively Good Best 2.BE 6 22 (26) 2.1E4 3.363E1
Umer 9.1E 6 22 (26) 3.4E4 1.780E2
Lower 0 22 (26) 1.(>E4 0
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4.1.4 Public Property Damaae Avoided

Offsite (public) property loss is one of the major impact categories for
safety related issues. In severe accidents, property damage offsite can
exceed onsite damage. The impact of public property damage avoided can be
calculated as follows:

VFP - ATNDc

where VFP - impact of avoided offsite property damage ($)

AF - change in core-melt probability (events / reactor-year)
'

N = number of affected facilities

, Da = generic present value of property damage conditional on
! release ($/ event).

The values for AF and N are the same as defined earlier.
I Estimates of the generic present value of offsite property damage, Dc,

are obtained by using base or scaled results from NUREG/CR-2723 (Strip 1982).
This study reported offsite property costs for accidents at 91 U.S. sites
with licensed reactors or construction permits. These costs are based
directly on CRAC2 computer code results. This program is used to estimate
accident consequences by the NRC (Ritchie 1982). 1he scaled valun corres-
pond to damage due to major accidents of release category SST 1. This
assumption may tend to overestimate the reduction in offsite property damage
costs..

These scaled values are discounted at a 10% rate to 1989. The present
value of the property damage, Dc, can be calculated as:

Do - C X B

where C - e( .10 t ) g ( .10 t )4 f

.10

tj years before procedures take effect - 1993 - 1989 - 4 years

tr years from 1993 until end of procedure use 26 years

B - scaled result for property damage.

For each alternative, C - 6.00. Table 4.13 contains the values for AT, N, B,
and Dg. The best estimate for Oc was determined by calculating the mean
value for the 154 reactors examined in NUREG/CR-2723 (Strip 1982). The upper
and lower bound estimates of the scaled damage costs are values for Indian
point No. 2 and Maine Yankee, respectively (Strip 1982). These values are
updated to 1989 dollars using the GNp deflator. The total impact for the
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TABLE 4.13. Summary of Avoided Public Property Damage

B Da Vrp
AT Scaled Discounted Impact of

Current Change in N Public Public Avoided
Quality of Core Melt Number Property Property Public
Operating Type of Probability of Damage Damage Property
Procedures Estimate (events /rv) Plants ($/ event) ($/ event) Damace(s)

Relatively Best 2.8E-5 50 2.09E9 1.26E10 1.76E7
Poor Upper 3.4E-5 50 1.15E10 6.91E10 1.18E8

Lower 1.7E-5 50 2.72E8 1.63E9 1.39E6

Intermediate Best 8.5E-6 46 2.09E9 1.26E10 4.91E6
Upper 1.5E-5 46 1.15E10 6.91E10 4.77E7
Lower 0 46 2.72E8 1.63E9 0

Relatively Best 2.8E-6 22 2.09E9 1.26E10 7.73E5
Good Upper 9.lE 6 22 1.15E10 6.91E10 1.38E7

Lower 0 22 2.72E8 1.63E9 0

best estimates of the public property damage avoided is $2.33E7; for the
upper bound the impact is $1.80E8, and for the lower bound the impact is
$1.39E6.

4.1.5 Onsite Property Damaae Avoided

Onsite property costs from an accident are the economic costs to plant,
equipment, land, and materials within the boundaries of the utility site.
The onsite costs can be broken into three categories: the cost of interdict-
ing or decontaminating onsite property; the cost of replacement power; and

,

the capital cost of damaged plant equipment. The impact of onsite property !

damage avoided can be calculated as:

Vop - ATNU

where Vop = impact of avoided onsite property damage ($)

AT = change in core melt probability (events / reactor-year)

N = number of affected facilities

U = present value of property damage conditional on release
($/ event).

The values for of and N are the same as defined earlier.

Generic estimates of the onsite property damage were obtained from a
study that estimated the costs of clean-up, repair and refurbishment, and
replacement power costs (Andrews et al. 1983). The values used from this
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study are those of a major LOCA in which ECCS is delayed. The cost of |
cleanup of a reactor is estimated to be $373 million. The cost of repair and |
refurbishment is $106 million. The cost of replacement power is $1072 mil- ;

lion spread equally over 10 years. Thus, the total generic cost of onsite !

property damage is estimated at $1650 million over a 10-year period. The ;

upper and lower bounds reflect a 150 % spread, which is estimated to be '

indicative of the uncertainly level.

These generic values are discounted at a 10% rate to 1989. The present
value of the onsite property damage, U, can be calculated as: ;

ro)
, rt ] , ,-r{t t { {3 , , rm]U= [Ce+Cr+C 4

3 f 4 g
Im r

where U = present value of onsite property damage conditional upon
release ($/ event)

Cc - cleanup cost ($)

Cr - repair / refurbishment cost ($) |

Crp - replacement power cost ($)

tj - years before procedures take effect, = 1993-1989 - 4 years i

tr - years from 1993 until end of procedure use - 26 years

r discount rate (for 10 percent, r = .10)

m = years required to return utility to preaccident
state - 10 years.

Table 4.14 contains the values of d, N, and U as well as the generic
! costs. The total value for the best estimate is $1.15E7, $2.41E7 for the

'
I upper bound and $2.64E6 for the lom r bound.

4.1.6 Reaulatory Efficiency
i

The proposed regulatory action would be expected to result in consider-
able benefits to regulatory efficiency. Many of these benefits would be
derived from increased consistency in format, development, and administration
of operating procedures among utilities that could be expected to result from
the Procedure Upgrade Program. Such consistency should reduce the time NRC
staff and contractors need during site visits to recognize and adapt to dif-
ferences in structure, format, and overall philosophy of operating procedure
hierarchy and responsibility. Consistency in operating procedures developed
to a minimum requirement will facilitate NRC staff in making comparative
value judgments regarding operations within plants and between utilities.
NRC staff and its contractors performing activities such as operator lic-
ensing examinations, licensee event report investigation, and accident
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TABLE 4.14. Summary of Avoided Onsite Property Damage

V

d Discounted V

Current Change in Onsite $ site
Quality of Core Melt N Property Property
Operating Type of Probability Number of Damage Damage
Procedures Estimate (events /rv) Facilities ($/eventi Avoided ($1

Relatively Best 2.8E-5 50 6.20E9 8.68E6
Poor Upper 3.4E-5 50 9.30E9 1.58E7

Lower 1.7E-5 50 3.10E9 2.64E6

Intermediate Best 8.5E-6 46 6.20E9 2.43E6
Upper 1.5E-5 46 9.30E9 6.42E6
Lower 0 46 3.10E9 0

Relatively Best 2.8E-6 22 6.20E9 3.82E5
Good Upper 9.lE-6 22 9.30E9 1.86E6

Lower 0 22 3.10E9 0

,

analyses will also benefit. Greater consistency of procedures among util-
ities will facilitate their providing more accurate and better documented
results when the NRC performs these activities.

Consistency between procedures developed to standard reference will '

enable the utilities to develop more meaningful plant performance indicators.
NRC staff, especially Resident Inspectors, will benefit as they, too, can use
the improved performance indicators to evaluate utilities.

Consistency should also lead to more credible NRC review of procedures.
Without standard criteria, two NRC staf f members reviewing the same procedure
independently will use their own personal judgment to determine procedure
accuracy. This can result in lack of consistency and possibly even lack of
concurrence between the reviewers which, in turn, may cause a lack of credi-
bility in the reviewers. When two reviewers uce the same standard, increased
consistency in their judgments should result,

it should also be easier for NRC staff and utility personnel to arrive
at and agree upon a common understanding of what are and what are not ade-
quate operating procedures. Operating procedures would be upgraded according
to an agreed upon and relatively objective standard of quality as defined
during the Procedure Upgrade Program. Thereafter, discussion between the NRC
and utilities regarding the adequacy of operating procedures can be more
fruitfully devoted to addressing specific procedure-related problems rather
than in disagreements over what does and what does not constitute an adequate
procedure. '

improved procedures will also reduce the likelihood that ineffective,

operating procedures will mask other operations problems. Currently,
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difficulties that are encountered when performing a poor quality procedure |
'are often assumed to be the fault of the procedure when, in fact, they could

be caused by a component or system problem. Identification of the root cause
of the problem is delayed while procedure modifications or temporary changes
are investigated. The root cause of the problem, even a reportable one, may, t

in fact, never be discovered because a procedure modification may well be
found that substitutes for discovery of the true cause. High quality proce- ;
dures would make it less likely that assumed procedure problems would mask ,

actual root cause problems. Also in this regard, performance data analyses
and root cause investigations are often hampered when insufficient data are '

recorded. Operating procedures developed to minimum standards will ensure
that appropriate and sufficient data are taken and recorded.

Finally, upgrading plant operating procedures should decrease NRC proce-
'dure review time. Whether a procedure review is a formal review or just a

spot check, NRC staff will require less time verifying that utilities are -

'

maintaining adequate procedures.

4.1.7 Oualitative Values

Several important qualitative safety considerations associated with the
candidate Procedure Upgrade Program should be noted. This section provides a
brief discussion of several factors that are difficult to quantify but are ;~
likely to be significantly affected by implementation of the procedure
Upgrade Program. ,

'4.1.7.1 Reactor Trio Frecuency

Reactor trip frequency has been considered quantitatively in this
assessment as one of the affected initiating events that could lead to a

,

core-melt _ accident. The reduction in the core melt frequency as a result of :

a reduction in reactor / turbine trip events is a significant value identified
in this assessment. However, there are additional values associated with ,

'

reducing the frequency of reactor trips that have not been quantified.

These additional values relate to the fact that reducing the frequency
of unplanned reactor scrams is an important objective in itself because it
results in a reduction in the frequency of challenges to plant safety sys-
tems. An important point to note is that the variation in fuel temperature ,

that'is initiated by a reactor scram causes a variation in the pressure
inside the fuel rods. These variations in the temperature and pressure of
the fuel can lead to additional stresses in the fuel cladding. A high fre-
w ency of reactor scrams, therefore, can weaken the strength of the first
uarrier of protection against release of radioactive material to the
environment,

in addition, unplanned reactor scrams can also provide an environment in
which an operator error or equipment malfunction can turn a relatively minor
event into a serious accident. Therefore, reducing the frequency of reactor
scrams and challenges to plant safety systems has been established as
important safety goals.
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4.1.7.2 Inadvertent Violations of Technical Soecifications

The purpose of Technical Specifications is to protect public health and
safety by imposing limits, operacing conditions, and other similar require-
ments on the operation of nuclear units. Violations of these Technical Spec-
ifications, therefore, can adversely affect the level of safety provided to
the public. The candidate Procedure Upgrade Program may reduce the frequency
of inadvertent violations of these Technical Specifications by providing
better guidance to operators while performing complex procedures.

The safety significance associated with a reduction in Technical Speci-
fication violations is difficult to quantify, since it is dependent upon the
specific violations that are expected to be reduced. Nonetheless, by reduc-
ing the frequency of inadvcetent Technical Specifications violations, protec-
tion of the public health and safety would be facilitated, and economic
benefits to licensees may result, although their magnitude is not readily
quantifiable.

4.1.7.3 Procedure Ouality as Contributor to Procedure Violations |

Research recently conducted for the NRC suggests that poor procedure
quality contributes to procedure violations which, in turn, can influence the ;

likelihood of safety threatening situations at nuclear power plants. This i

research, which is described in a report currently in preparation, found that 1
procedures that are technically inaccurate, of low useability, or at an
inappropriate level of detail for the operational action being controlled can
contribute to procedure violations.

A technically-inaccurate procedure can tend to discourage workers from
using the procedure when performing tasks because they know that following
the procedure will not enable them to accomplish the task in an accurate and
timely manner. On the other hand, inaccurate procedures are likely to lead
to incidents or to the potential for incidents.

,

Procedures of low useability may also increase the likelihood that they
will be violated. Procedures that are presented in an inappropriate medium
for the conditions under which they will be used are likely either to encour-
age intentional procedure violations or to promote forced errors. Differing
levels of both technical accuracy and usqability of operating procedures were
found to affect workers' motivations and, therefore, predispose them to
ignore procedures in performing tasks.

| The level of detail at which procedures are written may also affect the
| probability of violations. Procedures that are too highly detailed may allow

insufficient flexibility in task performance and may, therefore, be detri-i

! mental to timely and efficient execution of operationcl tasks. Procedures may
! also be insufficiently detailed for the task at hand, in such situations,
| operators may tend to ignore the procedure in performing the operational
I task.

1

4
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Although the data sources used did not permit this research to conclu-
sively determine the significance of procedure violations in U.S. nuclear
power plants, it did suggest that current levels of such violations may be a
cause for concern. Procedure violations currently play a measurable role in
operational problems. Extrapolation from the data collected for this
research project suggest, for instance, that procedure violations currently
contribute to about 7 radiation releases to the public, 57 excessive expo-
sures of plant personnel,1,135 technical specification violations, and 116
Engineered Safety feature actuations each year in the United States. It

should be noted that the poor quality of operating procedures may be only one
of several causes of the incidents examined. Flawed procedures were, for
instance, found to have had a role in causing up to 33% of the offsite radi-
ation releases but only 5% of the Eagineered Safety Feature actuations. The
results of this research do tend to confirm, however, that safety benefits
could accrue should the candidate regulatory action aimed at operating i

procedure improvement be adopted.

4.2 ESTIMATION OF COSTS !

Unlike the value estimates, the cost estimates need not be calculated i

using the three categories of plants based on current quality of procedures. .

'

Instead, the costs associated with the new procedures are analyzed by the
tasks required to implement them. As described in Appendix A, the process of
implementation would occur in five tasks: 1) developing a Good Practices ]
Document, 2) convening an NRC and industry working group, 3) defining q
licensee upgrade plans, 4) upgrading licensee operat99 procedures, and ;

5) conducting an NRC inspection of the new procedures. Within these tasks,
both industry and NRC costs are incurred. Total costa for both sectors are
summarized in Section 4.3.

,

In estimating the costs, two types of costs are used: labor costs and
3

travel expenses. In order to determine wage rates, the data from NUREG/ '

'CR-4627 (Claiborne et. al,1989, Table 4.2) are used. Both industry and NRC
rates are defined. As suggested in this source, all industry rates from this
table are' doubled to reflect benefits. Travel expenses consist of airfare
and per diem rates. Transportation costs are obtained through consultation '

with travel agencies. Per diem rates are based on the Department of Energy's;

|. maximum rates (DOE N 1500.33).

For each cost estimate, a range is determined to reflect uncertainty in
the labor rates and variations in the travel costs. The upper and lower '

bounds for each cost estimate are generated by adding 50% to the best esti-
mate. Similarly, 50% of the best estimate is subtracted to determine the
lower bound.

Estimates of the industry costs for all tasks are discussed in Sec-
tions 4.2.1 and 4.2.2. The NRC costs are discussed in Sections 4.2.3, 4.2.4,
and 4.2.5.

4.21



p ]
>

I
:|

I

4.2.1 Industry implementation Costs

L
To accomplish the Procedure Upgrade Program goals described in Appen-

! dix A, the industry would incur costs in three of the five tasks. These
costs are described in detail by task in this section.

f' Task 1

Since Task 1 involves only NRC expenses, no industry costs are incurred.

L Task 2

Table 4.15 lists the personnel requirements and labor costs for conven-
ing a working group.

TABLE 4.15. Task 2 Personnel Requirements and Wage Rates

Personnel Type Waoe Rate (S/hr) Hours Labor Costs (S)_.

Owners' Group Representative 52 384 19,968
Vendor Representative 52 192 9,984
Experts 52 192 9,984
Industry Group Representative 52 192 9,984
Licensee Representative 52 192 9,984

i

The wage rate used for the various industry personnel types is the rate
for a utility engineering manager listed in NUREG/CR-4627 (Claiborne et al.
1989). According to this source, an engineering manager's wage rate is $26
per hour plus a two-fold increase for benefits. Thus, the full rate is $52
per hour. The hours required for completing Task 2 include the time for four
owner's group representatives, two vendor representatives, two experts, two
industry group representatives, and two licensee representatives. The labor
costs are calculated by multiplying the wage rate by the number of required
hours.

According to Figure A.1 in Appendix A, the costs will occur over the
years 1990 and 1991. The year 1991, therefore, is used as the year from
which the costs are discounted. At a 107. discount rate for 2 years, the
factor 0.826 is used to convert the costs into 1989 dollars. Since the NRC
pays for travel costs associated with this task, total industry costs are,

determined by multiplying the sum of the labor costs by the discount factor.
The total industry cost associated with Task 2 is $59,904 x 0.826 $49,481.
To reflect uncertainty in the wage rates, 2507,of the total is used to
determine a range. The upper bound is approximately $74,221 and the lower
bound is $24,740.
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Task 3

Since this task requires the plants to thoroughly examine their operat- !

ing procedures, all costs apply to industry. Table 4.16 highlights the per-
sonnel requirements and labor costs.

The wage rates for the plant operations manager, training specialist,
and human factors specialist are assumed to be the same as that listed in
NUREG/CR 4627 for a utility engineering manager. The wage rates for_the
plant engineer, senior reactor operator, and the writers are assumed to be
the same as that listed for a plant engineer. The hours listed in Appendix A
apply to one plant; therefore, the sum of the labor costs from Table 4.16 :

must be multiplied by 118 plants. Since the costs primarily occur in mid-
1991, the discount factor, 0.790, reficcts the average of 2 and 3 years at ;

. 10% rate. Discounting to 1989, the total industry cost is about $6,383,710.
Adding 50% to this estimate, the upper bound is $9,575,560. The lower bound -

is $3,191,850.

Task 4

The requirements and costs for upgrading the procedu;es are specified in
Table 4.17. The wage rate for a plant engineer as listed in NUREG/CR-4627 is

-applied to the human factors specialist and the training specialist. The ,

clerical wage rate is assumed to be $22 per hour. The remaining staff are r

assumed to have a rate equivalent to a plant engineer. Since the costs for
this . task will be incurred between 1991 and 1993,1992 is used as the year
from which the' costs are discounted. For 3 years at 10%, the discount factor -

is 0.751. Again, the labor costs in Table 4.17 apply to one plant. Multi-
plying the sum of the labor costs by 118 plants and by the discount factor
yields the total industry costs, $35,128,170 with an upper bound of
$52,692,260 and a lower bound of $17,564,090.

Task 5

All costs for this task are incurred by the NRC; therefore, no industry
costs are accumulated.

|

| TABLE 4.16 Task 3 Personnel Requirements and Wage Rates

Personnel Tvoe Waae Rate ($/hr) Hourt Labor Costs ($)

Plant Operations Manager 52 80 4,160
Plant Engineer 38 480 18,240
Senior Reactor Operator 38 480 18,240

'

Training Specialist 52 160 8,320
Human factors Specialist 52 120 6,240
Technical Writer 38 160 6,080
Procedure Writers 38 120 4,560
Clerical Support 22 120 2,640

4.23

_ _ ,



I
TABLE 4.11 Task 4 Personnel Requirements and Wag !ates

(
\Personnel Tvoe Waae Rate (}/_hti ligyn Labor Costs (5)

Licensed reactor operator 38 3,840 145,920
Technical Writers 38 1,920 72,960
Human Factors Specialist 52 480 24,960
Plant Engineer 38 480 18,240
Training Specialist 52 480 24,960
Plant Safety Review Committee 38 600 22,800

Members
Procedures Users (validation) 38 600 22,800
Procedures Users (training) 38 1,400 53,200
Clerical Support 22 480 10,560 ,

Table 4.18 summarizes the industry implementation costs by task. As
expected, the most costly task, Task 4, is the actual implementation of the
upgrade program at all 118 reactors.

TABLE 4.18. Summary of Industry implementation Costs

Industry implementation Costs (5)

Tnk Best Estimalg Unner Estimate Lower Estimate

1 0 0 0
2 49,500 74,200 24,700
3 6,383,700 9,575,600 3,191,900
4 35,128,200 52,692,300 17,564,100
5 0 0 0

41,561,400 62,342,100 20,780,700

4.2.2 Jndustry Operation Costs
-

After the implementation of the candidate Procedure Upgrade Program
at a reactor, it is estimated that there would be cost savings due to two
improvements. The first improvement would be due to a reduction in the
amount of time and money spent in writing and updating procedures. The
second improvement would be an increase in the plant capacity factor for the
reactor. Both of these improvements are discussed in qualitative detail in
the following subsections.

4.2.2.1 Operatina procedure Revisions and Administration

Each utility annually spends a substantial amount of time and money
updating and revising normal operating procedures and abnormal operating
procedures. The intent of the candidate Procedure Upgrade Program is to
perform a one-time streamlining review of all current operating procedures
and systematically implement new procedures. The candidate program assumes
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that licensees would adopt a two-tiered approach to the development, use, and
administrative control of operating procedures. (See section A.3 of
Appendix A.) lier 1 procedures would be created for operations tasks that
require high-quality, detailed, step-by-step procedures to be performed in a
timely and error-free manner. These operations tasks would be likely to
include those perf ormed using saf ety-significant systems or components,
complex tasks, tasks that are inf requently perf ormed, tasks that involve the
coor<tination of several workers' activities in one location or in dispersed
locations, tasks that tend to be error-prone, and so on. Tier 2 procedures,
on the other hand, would be created for tasks that require some form of job
perf ormance aid (e.g. , checklists, tables, calculation forms), but f or which
a high quality detailed procedure is unnecessary or undesirable. Such tasks
would be those that are frequently performed and which any trained operator
could perform with only a checklist reminder of step sequencing, tasks
performed on simple or nonsafety-related systems or equipment, and so on.

Adoption of this two tier approach could tend to result in a reduction
in licensee costs for revision, review, and administration of operating
proc edures . Procedures created pursuant to the candidate program would be of
higher quality and better fit to the operations tasks they control . These
characteristics would tend to decrease the need for future procedure
revisions. Also, there would be fewer procedures for licensees to deal with
because job-performance aids, rather than procedures, could be used to guide
lier ? tasks. Current ly, the same level of resources is expended on the
review, revision, and administrative control of all types of procedures,
regardless of t he saf ety signific ance of the t asks t hey control . Because of
the candidate program, proc edure revision and administ rat ive c ost s should be
reduced bec ause of a dec rease in the number of procedures f or which f ull-
blown revision, reviews, and revision approvals may be necessary.

A 11nn t ed analysi s was perf ormed t o at t empt to arrive at an approximate
reduc t ion in procedure revision cost s that could result f rom the c andidate
p,ngram. Data from one plant suggest that the tot al annua'l cost s of revising
nor mal oper at ing proc edure: and abnormal operat ly procedures is approxi-
mately 5310,000 at that plant. Plant personnel and PNl researchers agreed
t hat the two t ier approac h c ould redute such cost s by as much as 50L or
about $155,000 per year Extending that per-plant savings to the indust ry
as a whnle would indic a t e that t he c ost of revising operat ing proc edures
c ould be reduc ed by an est imat ed $18,000,000 annually by using the two-tier
approac h .

4222 I..} ant idpa(1ll_ fad oO

As pointed out above, the implementation of the c andidate Froc edure
Upgrade Program (ould redut e the f requetu y of unplanned reactor t rips. While
reduc ing rea( t or trip frequenty is an import an t safety goal in :tse1f, a
reduc t ion in unplanned trips wuuld also result in an improvement in overall
plant (apac ity f ac t or Thi< inc rease in plant c apac ity f ac tors could result
f rom a dec rease in t he f requency of proc edure relat ed operat ional errors that
can lead to reac t or trips. F ewer u: planned reac t or t t ips would. in turn,
lead to a reduc t ion in requ i r ed rep l ac ement power c ost Therefore the
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costs incurred by licensees as a result of implementing the candidate program
cnuld be at least partially offset by a decrease in plant costs associated
with increasing plant capacity factors.

The five transient initiating-events identified in Table 4.6 were used
as part of the basis of a qualitative analysis of the economic benefits to
licensee plants that could potentially result from this reduction of
unplanned reactor trips. The sum of the reduction in frequency of these
events due to improved procedures indicates an overall reduction in transient
initiating event frequency of approximately 0.1 per reactor-year. This
frequency reduction was calculated by simply subtracting the adjusted- case
frequencies from the base-case frequencies for each of the five transient
initiating events, and then summing those results. This provided an estimate
of the overall reduction in trip initiating event frequency using only those
data used in this project's primary analysis of core melt reduction leading
to avoided public health risk.

Improved operating procedures may result in a reduction in other types
of trip initiating-events in addition to those identified solely for purposes
of estimating potential core-melt reduction. For instance, trips occurring
at very low reactor power levels would not likely result in safety-,

significant consequences. Because these events would not be expected to lead
to safety significant consequences, they were not included in the analysis of
potential core melt reduction. Reduction of the frequency of these events
could, however, reduce plant operating costs associated with unplanned
outages.

The NRC's Performance Indicator program classifies and tracks those LERs
that involve automatic scrams, safety significant failures, safety system
actuations, and significant events. The annual industry average for auto-
matic trips while the reactor was critical was 2.26 in 1988 (NRC 1989a). The u
values for the years 1987, 1986, and 1985 were 3.64, 4.41, and 5.22,
respectively.

In addition, personnel related problems, including procedure defi-
ciencies and human error, have been attributed to 26 and 30% of reactor
scrams above 15% power for the years 1984 and.1985, respectively (Hebdon and
Dennig 1987). Procedure deficiencies alone were identified as the cause of
4% of the total number of scrams in 1984 and 5% of the total number of scrams
in 1985.

These sets of empirical data indicate that, although the total number of
scrams is being reduced on the average, the contribution of procedure defi-
ciencies to reactor trips is not. In fact, the 1984 and 1985 data indicate
that the relative contribution of procedure deficiencies to scrams has
increased slightly. Improved operating procedures could clearly help to
reduce this contribution to unanticipated reactor scrams, in addition to
reducing the frequency of scrams caused by procedure deficiencies, the

,

candidate Procedure Upgrade Program could be expected to reduce the frequency
'
1of human errors leading to unanticipated reactor scrams.
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Therefore, it appears reasonablt to assume that implementation of the
c andidate Procedure Upgrade Program could, on the average, result in a
reduction in unanticipated reactor trips of from 0.1 to 0.2 per reactor-year.
These values correspond to approximately 5 and 10% of the n88 estimated
average annual reactor scrams f requency of 2.3. It should be noted that many
plants could achieve a greater reduction, while some plants whose trip fre-
quency is already low may not realize as large a reduction.

Based on the results of a previous study on transient initiating-event
frequencies (Mackowiak et al. 1985), a reasonable estimate of the average
outage time associated with transient initiating-events caused by procedure-
related errors is 48 hours. This estimate assumes that there are no signifi-
cant equipment f ailures associated with the transient and that there is no
significant damage to hardware components resulting from the reactor trip.
Assuming that the frequency of reactor trips could be reduced between 0.1 and
0.2 per reactor-year, that an unplanned reactor trip results in 2 days of
downtime, and that replacement power costs are approximately $372,000 per day
(Daling et al. 1989), the candidate program could be expected to produce a
cost savings of f rom approximately $74,400 to $148,000 per reactor-year. The
total estimated economic benefits of the candidate program associated with
increased plant capacity f actors for 118 operating plants could be from
approximately 58,800,000 to approximately $17,600,000 per year.

4.2.3 NR1JemlqpgnLLos.11

This sec tion estimates t he NRL development costs (i.e. , the costs of
preparations prior to implementation). The following steps are involved:
1) issue a completed procedure upgrade program to selec ted plants for com-
ments and revise the program based on the comments, and 2) prepare and issue
a Generic letter.

The first step would involve 2 weeks of a consultant's time including a

4 day meeting in Washington, 0.0., and 6 weeks of NRC staff time. The con-
sultant 's labor rate is assumed to be equivalent to that of a utility engi-
neering manager (i .e. , 552 per hour) f or a tot al labor cost of $4,160.
Assuming roundtrip airf are c ost s of $918 and a per diem rate in Washington,
D.C. of $121, a 4-day meeting for the consultant would cost about $1,400. At
a labor rate of $41 per hour, the NRL staff labor cost would be $9,840. Add-
ing the labor cost s to the travel expenses yields a $15,400 total cost for
t his st ep.

According to NURlG/LR-4627, the cost of preparing and issuing a c wpli-
cated Generic letter is $98 per power reactor (based on 100 reactors). Ihus,
the tot al cost would be 59,800. Although the proc edures must be changed at
118 reactors, t he total c ost will not change. Only the cost per reactor

would be modified to $83.
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Adding the costs for both steps determines a total cost for NRC develop-
ment o' about $25,200. As with industry implementation costs, the upper
bound n +50% of the best estimate, or $37,800. The lower bound is -50%, or
$12,60u.

4.2.4 NRC Implementation Costs

To implement the Procedure Upgrade Program outlined in Appendix A, the
NRC would incur costs in three of the five tasks. These costs are described
in detail by task in this section. The NRC incurs all travel costs for the
implementation of.the new procedures. Using NUREG/CR-4627, the average NRC
wage rate of $41 per hour was used for NRC personnel in the labor cost
calculations.

Task 1

Developing the Good Practices Document requires one human factors
research scientist, two technical writers, one technical monitor, and cleri-
cal support.. Table 4.19 outlines the w p rate, hours, and labor costs of
these workers.

TABLE 4.19. Task 1 Personnei nequirements and Wage Rates
1

Personnel Tyne Waae Rate ($/hr) Hours Labor Costs ($j.

Human Factors Research Scientist 52 480 24,960
Technical Writers 41 640 26,240
Technical Monitor 41 160 6,560
Clerical- 41 80 3,280

The human factors specialist is considered to be a censultant to the NRC ,

with a wage rate equivalent to a utility engineering mar:ager. The remaining '

personnel are con 3idered to be NRC personnel with an average NRC wage rate.
The four people involved with this task will also attend two 2-day meetings.
Travel costs, how1ver, will only be incurred by the consultant since the
other reders will be based in Washington, D.C. Table 4.20 outlines the data
used to determine the travel costs. The formula for determining travel costs
is:

TABLE 4.20. Task 1 Travel Costs

Number of attendees .................... 1

A i r f a re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $ 918
Per diem in Washington, DC ............. $121
Length of meetings (in days) ........... 2

Number of meetings .................. .. 2
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Number of Attendees x Number of Meetings x [ Airfare + (Per Diem x Days)]

Applying the data from Table 4.20 to the formula, the travel cost for this
task-is $2,320. Adding the labor and travel costs, and using the discount
factor, 0.826, the. total NRC cost for writing the document is $52,340. The
upper bound is $78,500 and the lower bound is $26,170.

Task 2

As listed in Table 4.21, two NRC representatives and clerical support
are the only NRC personnel requirements for this task.

TABLE 4.21. Task 2 Personnel Requirements and Wage Rates

Personnel Tvoe Waae Rate ($/hr) Hours Labor Costs ($)

NRC Representative 41 192 7,872
Clerical 41 80 3,280

Data used to determine travel costs associated with Task 2 are shown in
Tabl e ' 4.22. All industry personnel listed in Table 4.22 will be attending
the six 2-day meetings in Washington, D.C. To make the costs conservative,
the cost of a round trip airline ticket from Seattle to Washington, D.C. is
used to determine the airfare value. The total travel costs are calculated
using the formula described in Task 1.

TABLE 4.22. Task 2 Travel Costs

Number of attendees ................................ 12
Airfare ............................................ $918
Per diem in Washington, DC . . . . . . . . . . . . . . . . . . . . . . . . . $121
Length o f meetings (in days) . . . . . . . . . . . . . . . . . . . . . . . 2
Number of meetings ................................. 6

Since the costs will occur over the years 1990 and 1991, 1991 is used to
discount the costs to 1989 dollars. At a 10% discount rate for 2 years, the
factor n.826 is used for the cost conversion. Adding labor costs and travel
expenses, the total NRC cost for this task is $78,200 with an upper bound of
$117,300 and a lower bound of $39,100.

Task 3

No NRC costs are associated with this task-
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Task 4

Only industry employees are needed for this task; therefore, no NRC
costs are incurred for Task 4.

Task 5

All costs for this task are incurred by the NRC. As listed in Appen-
dix A, either a NRC or contractor staff person is required for this task.
Because the contractor's wage rate is the higher of the two, this rate is
used to reflect conservative costs. The contractor and training specialist
are assumed to have wage rates equivalent to a utility engineering manager.
Applied to the NRC inspectors is the average NRC wage rate listed in NUREG/ |
CR-4627. The costs and staffing conditions are outlined in Table 4.23.

TABLE 4.23. Task 5 Personnel Requirements and Wage Rates

Personnel Tyne Waoe Rate ($/hr) Hours Iabor Costs ($)

Contractor Staff Person 52 160 8,320
Training Specialist 52 160 8,320
NRC Inspectors (in training) 41 240 9,840
NRC Inspection Team 41 60,800 2,492,800
Clerical Support 22 160 3,520

Travel costs for this task include two sets of costs. The first set
of travel costs will be incurred by the 10 NRC inspectors traveling to
Washington, D.C. for training. Since the inspectors will travel from all
regions, Chicago is used as a typical origin. The per diem rate for ,

Washington, D.C. is used. The second set of costs will be incurred by the
inspection team. Travelling to plants within their region, the inspectors
are assumed to travel a route similar in distance to the one from Chicago to i

'Atlanta. The average per diem rate for the United States is used.
Table 4.24 highlights the data used to determine the costs associated with
both sets of travel expenses.

TABLE 4.24. Task 5 Travel Costs

Set 1 Set 2
Number of attendees ........................ 10 3

Airfare ................... ................ $500 $675
Per diem ................................... $121 $ 66
Length of meetings (in days) ............... 3 5

Number of meetings ......................... I 118

Using the formula described in Task 1, the total travel cost for Set 1
is $8,630 and $355,770 for Set 2. Adding these costs to the labor costs and
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using a 10%, 4.5 year discount rate (0.652), the total NRC costs for Task 5
are $1,882,450. The upper bound is $2,823,680 and the lower bound is
$941,230.

Table 4.25 summarizes the NRC implementation costs by task. As '

expected, the most costly task is the actual inspection of.all 118 reactors
to ensure compliance with the program.

TABLE 4.25. Summary of NRC Implementation Costs

NRC Implementation Costs ($1 -

Task Best Estimate Voper Estimate Lower Estimate

1 52,300 78,500 26,200
2 78,200 117,300 39,100
3 0 0 0
4 0 0 0
5 1.882.500 2.823.700 941.200

2,013,000 3,019,500 1,006,500

4.2.5 NRC Onoration Costs

It is estimated that there would be no change in NRC operation costs due
to the candidate Procedure Upgrade Program. NRC schedules and procedures for
normal reactor inspections would not change, so no additional inspection
burdens will be placed on the regional inspectors.

.3 VALVE-IMPACT ASSESSMENT SUMMARY

Tables 4.26, 4.27, and 4.28 summarize both the values and the impacts.
The values for public property damage avoided and on-site property damage
avoided are moved to the impact category to' keep the. units consistent. That
is, all units expressed in terms of dollars are grouped together under the
impact category. Similarly, units expressed in terms of person-rems are
grouped under the value category. In moving the property figures to the

i

: impact group, the figures for the two attributes are changed to negative
numbers, indicating a cost savings or benefit. Table 4.26 shows the best
estimates for both the values and impacts. Table 4.27 shows the best case
scenario: the highest public risk reduction and avoided occupational
exposure, largest avoided property damage, and lowest industry and NRC costs.
Similarly, Table 4.28 presents the worst case: the lowest public risk
reduction and avoided occupational exposure, the lowest avoided property
damage, and the highest industry and NRC costs. The latter two tables show
the possible extreme scenarios that could occur.

As previously mentioned, the costs are determined for all plants
regardless of the current quality of operating procedures. Therefore, to
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TABLE 4.26. Summary of Best-Estimate Values and Impacts Integrated Over

F[the Average Remaining Lifetimes of Affected Plants
4

~ "Current Ouality of Procedures

Relatively
. Relatively Related Page

Values f oerson-rem) Poor Intermediate Good or Table b
b

Public Risk Reduction 3.2E4 9.1E3 1.4E3 Table 4.11 !q

Avoided Occupational f
Exposure 7.6E2- 2.lE2 3.4El Table 4.12 '

Total Quantified Value 3.3E4 9.3E3 1.4E3 --

Impacts-(dollars)

Public Property -1.8E7(a) 4.9E6 -7.7E5 Table 4.13 .

Onsite Property -8.7E6 -2.4E6 -3.8E5 Table 4.14 3

Industry Costs 1.7E7 1.6E7 7.9E6 --

NRC Costs
_

-8.8E6 9.5E6 7.lE6
8.6E5 _7.9E5 3,9E5 --

,

Total Quantified Impact i'
--

1(a) Negative impacts indicate cost savings. o

r

e

TABLE 4.27. Summary of Best-Case Values and Impacts j
1

Current Ouality of Procedures
^

Relatively Relatively Related Page '

Values (person-rem) Poor Intermediate Good or Table
!

Public Risk Reduction 3.9E4 1.6E4 4.6E3 Table 4.11 ;
Avoided Occupational ~

Exposure 1,5E3 6.1El 1.8E2 Table 4.12
Total Quantified Value 4.lE4 1.6E4 4.8E3 --

u

Imnacts (dollars)
'

Public Property -1.2E8(a) _4.8E7 -1.4E7 Table 4.13
'

Onsite Property -1,6E7 -6.4E6 -1.9E6 Table 4.14 :
Industry Costs 8.7E6 8.lE6 3.9E6 --

;
'

'NRC Costs 4.3E5 4.0E5 1.9ES --

Total Quantified Impact -1.3E8 -4.6E7 -1.2E7 -- 2

(a) Negative impacts indicate cost savings. j
H

[

1
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TABLE 4.28. Summary of Worst Case Values _ and Impacts

Current Ouality of Procedures

. Relatively Relatively Related Page'

Values (Derson-rem) Poer Intermediate Good or Table

Public Risk Reduction 2.0E4 0- 0 Table 4.11
Avoided Occupational

Exposure 2El Q 0 Table 4.12
Total Quantified Value 2.0E4 0 0 --

Impacts (dollars)

Public Property -1.4E6(a) 0 0 Table 4.13
Onsite Property -2.6E6 0 0 Table 4.14
Industry Costs 2.6E7 2.4E7 2.2E7 --

NRC Costs 126 1.2E6 5.8E5 --

Total Quantified Impact 2.3E7 2.5E7 1.3E7 --

(a) Negative impacts indicate cost savings,

apply costs to the different categories of procedures, ratins are determined
based on the number of plants in each category. For plants with relatively
poor operating procedures, the total costs are multd. plied by the ratic of
poor plants to all plants. The ratio for plants in the relatively paor

"

category is 50 plants divided by 118 total plants yielding 42%. Using the
same formula for the 46 plants in the intermediate category ard b c~ %
the good category, the ratios are 39% and 19%, respecti4 Ply th r.'en-
tages are multiplied by the total industry costs, including br4 es ti...a te s
and upper and lower bounds. The three estimates for NRC coru ere uso M
tiplied by the percentages. Figure 4.2 is a graphical reprc: ant $ 9.n r.f the.
estimates of the values and costs. The best estimates and the q tr art
lower bounds are displayed.

Although plants in the relatively poor category have the largest range
of values and costs, they would receive the most berefit in terms of public
risk reduction and avoided occupational exposure. Also, according to the
best estimate, these plants would have a cost savings of $8.8 million.
Having a much smaller range, plants in the intermediate and relatively good
categories show positive values would be gained but to a lesser extent than
for those plants in the relatively poor category. _ Plants in these two
categories would incur costs between :::$7 million and $9 million.

An alternative way of considering the quantified results of the value-
impact assessment is presented by Table 4.29. While the previous three
tables show the estimated values and impacts for each of the three categories
of plants based on current operating procedure quality, Table 4.29 summarizes
these results by displaying the total effect on each value-impact attribute
across all plants. This table also presents a summary calculation of these
results by dividing the total estimated impact of the candidate program,
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TABLE 4.29. Value-Impact Summary

Best
Attribute Units Estimate Best Case Worst Case

Public Risk Reduction (person-rem) 4.3E4 6.0E4 2.0E4

Avoided Occupational Exposure (person-rem) 1.0E3 2.3E3 2.2E2

Total Value (person-rem) 4.4E4 6.2E4 2.0E4

Avoided Onsite Property Damage (dollars) -1.lE7(a) -2.4E7(a) -2.6E6(a)

Industry Implementation Costs (dollars) 4.2E7 2.1E7 6.2E7

Industry Operation Costs (dollars) NO NQ NQ

NRC Development Costs (dollars) 2.5E4 1.3E4 3.8E4

NRC Implementation Costs (dollars) 2.0E6 1.0E6 3.0E6

NRC Operation Costs (dollars) NA NA NA

Total Impact (b) (dollars) 3.3E7 -2.0E6(a) 6.2E7

Total Impact / Total Value (dollars / 7.5E2 -3.2El(c) 3.lE3
person-rem)

NQ = Not Quantified. Industry Operation Costs were analyzed on a
qualitative, rather than a quantitative, level.

NA = Not Affected.
(a) Favorable impacts have a negative sign.
(b) Because the NRC is inclined to evaluate the results of value-impact

assessments against a standard of $1,000 per person-rem, and because
this standard figure is assumed to include the estimated potential
impact of the regulatory action on risk to public property, the
estimated potential impact on Public Property Damage Avoided has not
been included in this table.

(c) -3.2El signifies that, for the best case estimate, the regulatory action
could reduce exposure to humans by 62,000 person-rems accompanied by a
$2 million net benefit,

measured in dollars, by the total estimated value of improving operating
procedures, measured in person-rems. Because the NRC compares this cost per
person-rem avoided with a standard measure of $1,000 ner person-rem, and
because this standard figure is assumed to include th'e estimated potential
impact of the candidate regulatory action on risk to offsite property, the
estimated potential impact on Public Property Damage Avoided has not been
included in this table nor in these summary calculations.
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'These summary results indicate that the best estimate of the cost.of
improving operating procedures would be approximately $750 per person-rem
avoided. Under the best-case scenario, the candidate regulatory action would
result in 62,000 person-rems avoided while at the same time generating a
combined net benefit of $2 million for the industry and the NRC. Under the
worst case scenario, improved procedures.could be expected to result in a
total cost of approximately $3,100 per person-rem avoided. Again, it should
be noted that these summary results do not include the considerable estimated
benefits of potential damage to public property avoided due to improved-
operating procedures.

Improved operating procedures could lead to additional benefits beyond
those quantified in this assessment and summarized in these four tables.
High quality normal and abnormal operating procedures could be expected to
cause a reduction in reactor trip frequency at U.S. power plants due to a

'decrease in procedure-related operational errors. A reauction in trips would
have both beneficial- safety and economic effects. Fewer trips would mean
fewer challenges to plant safety systems as well as a reduction in the
frequency of technical specification violations. As a beneficial economic
consequence of a reduction in trips, the industry could decrease its expenses
for replacement power purchased during outages following trips. The industry
could also reduce its expenses for revising and administering operating pro-
cedures if procedures are upgraded using the two-tier approach described in
this assessment. Because procedures would be of higher quality and because'
the two-tier approach would lead to plants having fewer normal operating pro-
cedures that are subject to rigorous development and control, the industry
could expect to spend less effort over time for revision and administration
of operating procedures.

|
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5.0 SENSITIVITY ANALYSIS j

Although a variety of uncertainties are associated with both the phys-
ical phenomena and the calculational tools described in thi.; report, a rigor- j-

ous quantitative uncertainty ar.alysis is beyond the scope of this effort. ;

The description of uncertainties in this report is primarily qualitative with I

some limited quantification. In this section, it is the intention to ame-
.-

liorate this shortcoming by performing a limited sensitivity analysis on
several of the key elements of the analysis.

Sensitivity analyses that focus on public health risk factors permit
analysis of the importance of the various factors that contribute to the
public health risk. The analysis results can be used to: 1) identify and
quantify the effects of major contributors to risk, 2) identify ways to
decrease the uncertainty in the evaluation, and 3) study the effects of pos- )
sible design or regulatory changes on the risk. Similarly, sensitivity |
analyses that focus on cost factors allow evaluations to be made regarding

.

'the various factors that contribute to economic costs. Most sensitivity
studies are performed by repeating the calculations with a changed value for -

the parameter of interest. In general, the dependence of the final result on
a particular parameter is complex; although, in some cases, the parameter
enters simply into the calculations and the sensitivity can be determined

.

!

directly.
,

For this value-impact assessment, the areas presenting the greatest
,

uncertainty in the risk calculations are the dose conversion factors, the
results of the SCSS analysis, and the evaluation of the relationship between j

the generic plant model and the three categories of actual plants. The key |

assumption in the cost calculations is that of the discount rate applied to
future costs. To test the effects of these uncertainties and assumptions on
the results of the value-impact assessment provided in Section 4.3, each of
these areas of interest is addressed in the following subsections.

5.1 -DISCOUNT RATE (SENSITIVITY ANALYSIS #1)

| The best estimates of the following impacts are calculated here using a
discount rate of 5% rather than the 10% rate applied in the main analysis.

Public Property

The value of public property damage avoided can be calculated as
follows:

Vpp - ATNDg
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|

where: VFP = impact of avoided offsite property damage ($)

AE = change in; core-melt' probability-(events / reactor-year) ,

N =. number of affected facilities-
_.

'

1
,

Da = generic present value of property damage conditional on
release ($/ event).r

,

;

The values for AT and N are the same as defined in Chapter 4. The
present value of the property damage (Dg) can be calculated as:

1

Da = C X B
'

where C=e-0.05t] [-0.05_t]4 f

'0.05
~

.t = years before procedures take effect = 1993 - 1989 - 4 yearsi

tr -= years from 1993 until end of procedure use - 26_ years

B = scaled result _ for property _ damage - same values as defined
in Chapter _4.

The value of C is:
.[ .05(4)] .[ .'05(26)]i

C= e -e - 10.95'

0.05

Table 5.1 lists the value of public property damage avoided when a 5%
' discount rate is applied.

1

Onsite Property

1

The formula for the value of onsite property damage avoided is:
~

.

Vop = AFNU-

where Vop - impact of avoided onsite property damage ($)

ar = change in core-melt probability (events / reactor-year) !

!

N = the number of facilities affected

U = present value of property damage conditional on release
($/ event).

i

!

|
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TABLE 5.1. Sensitivity Analysis #1: Avoided Public Property Damage

Vpp
B Da impact of

AF._ Scaitd Discounted Avoided
Corrent Change in N Public Public Public
auality of Core Melt Number Property Property- Property
Operating Type of Probabliity of Damage Damage Damage
Procedures Estimate (events /ry) Plants ($/ event) D/ event) ($)

Relatively Best 2.8E-5 50 2.09E9 2.29E10 3.21E7
Poor Upper 3.4E-5 50 1.15E10 1.26E11 2.14E8

Lower 1.7E-5 50 2.72E8 2.98E9 2.53E6

Intermediate Best 8.5E-6 46 2.09E9 2.29E10 8.95E6
Upper 1.5E-5 46 1.15E10 1.26 Ell 8.67E7
Lower 0 46 2.72E8 2.90E9 0

Relatively Best 2.8E-6 22 2.09E9 2.29E10 1.41E6 |

Good Upper 9.lE-6 22 1.15E10 1.26 Ell 2.52E7
Lower 0 22 2.72E8 2.98E9 0

The values for d and N are the same as defined earlier. The present
value of the onsite property damage (U) can be calculated as:

-r{t -t [ (1 - e'I*)II-eU- [C + Cr+Crn)
* f ic

m r

where U = present value of onsite property damage conditional upon
release ($/ event)

Cc - cleanup cost (5)

Cr = repair / refurbishment cost ($)

Crp = replacement power cost ($)

tj = years before procedures take effect, = 1993-1989 = 4 years

't = years from 1993 until end of procedure use. = 26 years

r . & aunt rate (for 5%, r = 0.05)

ci - crs required to return utility to preaccident state, ,

t0 years.

Applyingthenumbersto[heformuSa,rethesameasdefinedinChapter4.
The values of C , C , and C ac r

the value for U is:
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OMM x [1 . e .05(26-4)) x [1 - e-(0.5)(10))U - (1650M) x e
10 (0.05)2-

1

= 155M x 327.49 x 0.67 x 0.394
,

- 1.426E10

The values for onsite property damage avoided using a 5% discoar.t rate are
summarized in Table 5.2.

TABLE 5.2. Sensitivity Analysis #1: Avoided Onsite Property Damage

U V

of Discounted OnsSEe
Current Change of Onsite Property
Quality of Core-Melt N Property Damage-
Operating Type of Probability Number of Damage Avoided
Procedures Estimate (events /rv) Facilities ($/ event) ($)

,

Relatively Best 2.8E-5 50 1.43E10 2.00E7
Poor Upper 3.4E-5 50 2.14E10 3.64E7

Lou r 1.7E-5 50 7.13E9 6.06EC

Intermediate Best 8.5E-6 46 1.43E10 5.58E6
' Upper 1.5E-5 46 2.14E10 1.48E7
Lower 0 46 7.13E9 0

Relatively
Good Best 2.8E-6 22 1.43E10 8.78E5

Upper 9.lE-6 22 2.14E10 4.28E6
Lower 0 22 7.13E9 0

Industry and NRC Costs

Since the implementation costs are analyzed by tasks that span different
years, the costs and the 5% discount rate factors for the five teiks are
shown in Table 5.3. The costs for Tasks 1 and 2 are discounted fro;a 1991.

i =The costs for Task 3 primarily occur in mid-199.; therefore, the costs are
disc.'unted over an average of 2 and .3 years. The costs for Task 4 are dis-

| counted from 3 years in the future. Finally, the discount factor for 4 years
L is used for Task 5. Using the labor and travel costs described in Chapter 4,

Table,5.3 lists the 19tal implementation costs for each sector for each task.
Since the NRC development costs are not disccanted, the change in the
discount rate will not affect the estimates.

Table 5.4 illustrates the differences in costs between the two discount
rates. By using the 5% rate, the total impact is negative, indicating cost
sayings. The choice of discount rates, therefore, is an important decision
when estimating the costs of implementing new procedures.
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TABLE 5.3. Sensitivity Analysis #1: Implementation Costs

Industry Implementation Costs NRC Imolementation Costs
Discount Best Upper Lower Best Upper Lower

IgSt factors Estimate Estimate Estimate' Estimate Estimate Estimate

1 0.907 0 0 0 57,500 86,200 28,700
2 0.907 54,300 81,500 27,200 85,900 128,800' 42,900
3 0.886 7,159,400 10,739,200 3,579,700 0 0 0
4 0.864 40,413,800 60,620,700 20,206,900 0 0 0

5 0.823 0 0 0 2.376.200 3.564.300 1.188.100
47,627,500 71,441,400 23,813,800 2,519,600 3,779,300 1,259,700

.
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TABLE 5.4. Sensitivity Analysis #1: Best Estimates of Impacts

Imnacts ($) 10% Rate 3% Rate

Public Property -2.4E7 -4.2E7
Onsite Property -1.1E7 -2.6E7
Industry Costs 2.0E6 2.5E6 !
NRC Costs 2E 2.5E6 i

Total Impact 9.0E6 -1.8E7

5.2 DOSE CONVERSION FACTORS (SENSITIVITY ANALYSIS #2) ;

!

The dose conversion factors used in the calculations throughout this
value-impact assessment correspond directly with those used in the reference
PRA (Sugnet et at. 1984). These dose conversion factors, which are provided
in Table 5.5, are reported as a range of possible consequences of a core-melt
accident for each release category. In order to ensure conservatism in the
final estimate of public risk, the upper limit on the estimated range is used
as the "best estimate" for all calculations of public risk in this value-
impact assessment, as well as in the reference PRA. In this sensitivity

- analysis however, the lower limit of the range is used to calculate a lower
bound to the public health risk. Since the best estimate and the' upper bound ,

are (in this case) equivalent, this sensitivity analysis provides only an |
estimate of how much lower the public health risk results would go if the
lower bounds of the population doses were used as dose conversion factors.

TABLE 5.5. Sensitivity Analysis #2: Consequence
Ranges Affecting Public Risk

,

Population Dose
Release Cateaory (person-rem)

1A 1.0E8 to 3.0E8 !
1B 1.0E6 to 4.0E7
2 1.0E6 to 1.0E8
3 No effect

.4 0 to 1.0E6
5 No effect

Adapted from the reference PRA (Sugnet et al.1984).
|

Since this sensitivity analysis does not affect the change in core-melt
. frequency, only the public risk estimates are affected. Therefore, the only
value-impact assessment attribute that is affected by a change in core-melt
f requency is public health. All other attribute values will remain constant.
The results of this sensitivity analysis are shown in Tables 5.6 and 5.7.

1
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TABLE 5.6, Sensitivity Analysis #2: Core-Melt frequencies

AW

Plant Category Based Reduction in the Reduction in the
on Current Quality of Core-Melt frequency Public Health Risk

c. Operatina Procedures (core-melt events /ry) (oerson-rem /ry)
,

Best/ Upper Lower
Estimate Estimate

Relatively Poor
Best Estimate 2.8E-5 24.9 0.47
Upper Estimate 3.4E-5 30.2 0.57
Lower Estimate 1.7E-5 15.1 0.29

Intermediate
Best Estimate 8.5E-6 7.6 0 .4
Upper Estimate 1.5E-5 13.3 0.25
Lower Estimate 0 0 0

Relatively Good
Best Estimate 2.8E-6 2.5 0.05
Upper Estimate 9.1E-6 8.1 0.1b
Lower Estimate 0 0 0

TABLE 5.7. Sensitivity Analysis #2: Public Health Risk

AW Vpg
Current Reduction T Value of
Quality of in Public N Ave. Public Health
Operating Type of Health Risk Number of Time Risk Avoided
Procedures Estimate (oerson-rem /rv) Facilities Ly.)._. (oerson-rem)

Relatively Best 0.47 50 26 6.llE2
Poor Upper 0.57 50 26 7.41E2

Lower 0.29 50 26 3.77E2

Intermediate Best 0.14 46 26 1.67E2
Upper 0.25 46 26 2.99E2
Lower 0 46 26 0

Relatively Best 0.05 22 26 2.86El
Good Upper 0.15 22 26 8.58El

Lower 0 22 26 0

The values in Table 5.7 can be compared to the corresponding values asso-
ciated witn the upper limit dose conversation factors appearing in
Table 4.11.

.
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The formula used to develop the total avoided public health risk
estimates is:

Vpg = AWNT

where VPH = value of public health risk avoided (person-rem)

AW = avoided public dose per reactor-year (person-rem /ry)

N - number of affected facilities

T - average time new proccdures are used at facilities (years).

The values of N and T are the sane as defined in Chapter 4.

5.3 SCSS DATABASE .RESMLIS

The results of the SCSS analysis established a baseline from which to
evaluate the current contribution of procedure-related operational errors to
the transient initiating-events identified as being potentially affected by
the Procedure Upgrade P u' rem. The results of the SCSS analysis indicated
that only a relatively small fraction of each of the transient initiating-
events could be affected by improving operating procedures. The estimated-
contribution of procedure related errors to the five affected transient event
frequencies ranges from 1% to 5%, as given in Table 4.5.

In this sensitivity analysis, each of the 11 affected parameters have
had their base-case estimated contribution from procedure-related errors
adjusted-up and down by a factor of 2. For example, the SCSS database pre-
dicted that cpproximately 5% of all reactor / turbine trips can be attributed
to procedure-related operational errors. In this sensitivity analysis,
values of 10% and 2.5% were used as upper and lower bounds on this contrib-
ution. Once the upper- and lower-bound base-case affected frequencies were
calculated, the best estimate of the relative reduction in the tase-case

affected frequency was applied. The results of this sensitivity analysis are
shown in Table 5.8.

5.4 CURRENT OVALITY OF OPERATING PROCEDURES (SENSITIVITY ANALYSIS #4)

The bese-case position of the three categories of plants relative to the
generic (or hybrid) plant indicates their current relative quality of operat-
ing procedures. This relationship is discussed in Section 4.1.1. These
relative positions have been quantitatively evaluated by a panel of PNL
experts. These estimates, listed in Table 4.7, are used as the "best esti-
mate" values for all the calculations used in the value-impact assessment,
including this sensitivity analysis. In order to generate the upper and
lower bounds, each of these estimates has been adjusted up and down by a
factor of 2. The results are shown in Table 5.9.

5.8
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Sensitivity Analysis #3:and Public Health Results(CQre-Melt,

TABLE 5.8.
af

Plant Category
which is Based on Reduction in the Reduction in the
Quality of Current Core-Melt Frequency Public Health Risk

Operatina Procedures (core melt events /ry) (person-rem /ry)

Relatively Poor-
Best Estimate 2.8E-5 24.9
Upper Estimate 2.83E-5 25.2
Lower Estimate 2.79E-5 24.8

Intermediate
Best Estimate 8.5E-6 7.6
Upper Estimate 8.61E-6 7.7
Lower Estimate 8.45E-6 7.5

Relatively Good-
Best Estimate 2.8E-6 2.5
Upper Estimate- 2.83E-6 2.5
Lower Estimate 2.79E-6 2.5

(a) Since the change in the core-melt frequency asscciated with this sen-
sitivity calculation is so small, it is evident that the overall results
of the value-impact assessment are not particularly sensitive to this
calculation. Therefore, the values for core melt frequency reduction
provided here are extended to estimates of the public risk reduction but
to no other values.

TABLE 5.9. Sensitivity Analysis #4: Core-Melt and Public Health

Plant Category AT AW

which is Based on Reduction in the Reduction in the
Quality of Current Core-Melt frequency Public Health Risk
Operatina Procedures (core-melt events /ry) _loerson-rem /rv)

Relatively Poor
Best Estimate 2.8E-5 24.9
Upper Estimate 7.7E-5 68.5
Lower Estimate' 1.1E-5 9.8

Intermediate
Best Estimate 8.5E-6 7.6
Upper Estimate 2.1E-5 18'.7
Lower Estimate 3.8E-6 3.4

Relatively Good
Best Estimate 2.8E-6 2.5
Upper Estimate 5.7E-6 5.1
Lower Estimate 1.2E-6 1.1

5.9 j
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Public Risk

The changes in the reduction in the public health risk are shown in
Table 5.9. The new risk estimates are applied to the formula described in
Chapter 4. Table 5.10 shows the value of public health risk avoided.

IABLE 5.10. Sensitivity Analysis #4: Avoided Public Health Risk

Current oW T VPH Value of
Quality of Reduction N Ave. Public Health
Operating Type of in Public Risk Number of Time Risk Avoided
Procedures Estimate (oerson-rem /rv) Facilities LyL (person-rem)

.

Relatively Best 24.9 50 26 3.24E4
Poor Upper 68.5 50 26 8.91E4

Lower 9.8 50 26 1.27E4

Intermediate Best 7.6 46 26 9.09E3
Upper 18.7 46 26 2.24E4
Lower 3.4 46 26 4.07E3

Relatively Best 2.5 22 26 1.43E3
Good Upper 5.1 22 26 2.92E3

Lower 1.1 22 26 6.29E2

Table 5.9 also lists the estimates of the modified core-melt frequencies
for each category of plants. The modified values of AF are used to determine
new values of the avoided occupational exposure, public property damage
avoided, and onsite property damage avoided as discussed in the following
subsections.

Occupational Exposure

The value of avoided occupational exposure can be calculated as follows:

V0HA " ^FNi (DIO + DLTO)

where V0HA = value of occupational health risk due to accidents avoided
(person-rems)

AT = change in core-melt probability (events / reactor-year)

N = number of affected facilities

i = average time procedures are used u facilities (years)
'

DIO = "immediate" occupational dose (person-rem)

i DLTO = long-term occupational dose (person-rem).
1

5.10
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The values for N,.T, D o, and DLTO are the same as defined in Chapter 4.i
The new values for occupational exposure avoided are shown in Table 5.11.

TABLE 5.11. Sensitivity Analysis #4: fvoided Occupational Exposure

Do+DLTOi
af_. Additional

Current Change in Number and Occupational V0HAQuality Core-Melt Lifetime of Dose Value of
of Operating Type of Probability facili, ties (person-rem / Avoided Risk
Procedures ___ Estimat.g (events /ry) N (T) event) (person-rem)

Relatively Best 2.8E-5 50 (26) 2.lE4 7.644E2
Poor .Vpper 7.7E-5 50 (26) 3.4E4 3.403E3

Lower 1.lE-5 50 (26) 1.0E4 1.430E2

Intermediate Best 8.5E-6 46 (26) 2.lE4 2.135E2
Upper 2.lE-5 46 (26) 3.4E4 8.539E2
Lower 3.8E-6 46 (26) 1.0E4 4.545El

Relatively Best 2.8E-6 22 (26) 2.lE4 3.363El
Good- Upper 5.7E-6 22 (26) 3.4E4 1.109E2

Lower 1.2E-6 22 (26) 1.0E4 6.864E0

Public Property

The impact of public property damage avoided can be calculated as
follows:

V p = ATNDgF

where V p - impact of avoided offsite property damage ($)F

of - change in core-melt probability (events / reactor-year)

N = number of affected facilities

Do - generic present value of property damage conditional
on release ($/ event).

The values for N, B, and Dc are the same as defined in Chapter 4.
Table 5.12 shows the results.
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TABLE 5.12. Sensitivity Analysis #4: Avoided Public Property Damage

Vpp
B Do Impact of

AF Scaled Discounted Avoided :
Current Change in N Public Public Pub.
Quality Core-Melt Number Property Property Property

of Operating Type of Probability of Damage Damage Damage ;

Procedures Estimate fevents/rv) Pl ants ($/ event) ($/ event) ($)

Relatively Best 2.8E-5 50 2.09E9 1.26E10 1.76E7
Poor Upper 7.7E-5 50 1.15E10 6.91E10 2.66E8

Lower 1.lE-5 50 2.72E8 1.63E9 8.97E5

Intermediate Best 8.5E-6 46 2.09E9 1.26E10 4.91E6
Upper 2.1E-5 46 1.15E10 6.91E10 6.68E7
Lower 3.8E-6 46 2.72E8 1.63E9 2.85E5

Relatively Best 2.8E-6 22 2.09E9 1.26E9 7.73E5
Good Upper 5.7E 6 2? 1.15E10 6.91E10 8.67E6

Lower 1.2E-6 22 2.72E8 1.63E9 4.30E4

Onsite Property

The impact of onsite property damage avoided can be calculated as:

V p = ATNU0

where Vop - impact of avoided onsite property damage ($)

AF = change in core-melt probability (events / reactor-year)

N = the number of facilities affected

U - present value of property damage conditional on release
($/ event).

The values' for N and U are the same as defined in Chapter 4. Table 5.13.
highlights the results.
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TABLE 5.13. Sensitivity Analysis #4: Avoided Onsite Property Damage |

V

d Discounted
Current Change in Onsite V
Quality Core-Melt N Property On!Ste

of Operating Type of Probability Number of Damage Property Damage
Procedures Estimate f event s/ry's Facilities ($/ event) Avoided ($)

Relatively Best 2.8E-5 50 6.20E9 8.68E6
Poor Upper 7.7E-5 50 9.30E9 3.58E7

Lower 1.lE-5 50 3.10E9 1.71E6 '

Intermediate Best 8.5E-6 46 6.20E9 2.43E6
Upper 2.lE-5 46 9.30E9 8.99E6
Lower 3.8E-6 46 3.10E9 5.42E5

Relatively Best 2.8E-6 22 6.20E9 3.82E5
Good Upper 5.7E-6 22 9.30E9 1.17E6 '

Lower 1.2E-6 22 3.10E9 8.19E4

d
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The approach to upgrading operating procedures presented in this appen- !
dix was developed solely for the purpose of performing the value-impact >

assessment. It is considered by.the authors to be a reasonable candidate
approach based upon prior experience with the emergency operating procedure i

upgrade effort and other prior research.
t

A.1 INTRODUCTION
-

The Three Mile Island Action Plan Item I.C.9, "Long-Term Plan for
Upgrading of Procedures," required the NRC to undertake a course of action to
improve the quality of nuclear power plant operating procedures (NUREG-0660,
1980). In response to this Action Plan item, the NRC has sponsored several-
projects to assess practices and problems associated with .both normal

1

operating procedures and abnormal operating procedures in U.S. nuclear power
plants. The-findings of these projects indicate that the improvements in the 4

technical accuracy and useability of current operating procedures are
warranted. See, for example, NUREG/CR-3968. Study of Ooeratina Procedures in

- Nuclear Power Plants: Practices and Problems and (Morgenstern et al.1987)
and Evaluation of Nuclear Power Plant Oneratina Procedures Classifications
'and-Interfaces: Problems and Techniaues for Improvement, (Barnes and Radford
1987). The present study has been undertaken to assess the costs and
benefits of a program to bring about such improvements. This appendix
describes the upgrade program that was used as the candidate in the value-
impact assessment.

For the purposes of this report, the term " operating procedures" is
defined'as the hard-copy, written instructions that are provided to plant

| personnel to assist their performance of operations tasks under nonemergency
plant conditions. The class of operating procedures includes those proce-
dures that are typically identified throughout the ' industry as normal
operating procedures and abnormal operating procedures. The term " procedures
programs" refers 'to those practices employed by licensees to guide the
development, use, and administrative control of opdrating procedures.

The need to improve operating procedures and the procedures programs
that govern them is based upon the assumption that deficiencies in the
technical accuracy and usability of operating procedures, which result from
inadequacies in licensee procedures programs, can lead to operator error and,
thereby, potentially jeopardize public health and safety. For example, pro-
cedural deficiencies are often cited as root causes of significant operating
events in licensee event reports from U.S. nuclear power plants and from the
plants of other nations (INP01985; Trager 1988). The potentially serious
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' . consequences of' inadequate procedures programs (e.g., pro forma safety
reviews and lax enforcement of policies regarding operating procedures
compliance) were amply demonstrated by the Chernobyl accident (NVREG-1250,
Rev.1,1987,NRC1987).

The findings reported in NUREG/CR-4613. Evaluation of Nuclear Power
Plant Operatina Procedures Classifications and Interfaces: Problems and
Techniaues for Imorovement (Barnes and Radford 1987) indicated, however, that
not all normal operating procedures and abnormal operating procedures are
important to safety and that the procedures that are safety-significant dif-
fer between plants. The report concluded, therefore, that some, but not
all, operating procedures should receive as much licensee and NRC scrutiny
for technical accuracy and useability as do emergency operating procedures.

The candidate Procedure Upgrade Program described herein and used as the
basis of the value-impact assessment is intended to require licensees to
focus their upgrade efforts on those operating procedures that can prevent
operator errors that could affect public health and safety. It-includes a
description of the procedures program components that lead to high-quality
operating procedures. To provide the rationale for the candidate upgrade
program, this appendix presents a brief review of the problems associated
with operating procedures and licensee procedures programs that were iden-
tified in prior projects. The scope and components of the candidate Pro- !
cedure Upgrade Program are then outlined, and the report concludes with a |
detailed implementation plan.

1 A.2 REVIEW 0F OPERATING PROCEDURES PROBLEMS

As .noted above, significant deficiencies were identified in the quality
of operating procedures and in the licensee procedures programs that govern
their development, use, and administrative control in the course of conduct-
ing NRC-sponsored projects entitled " Program Plan for Assessing and Upgrading
Operating Procedures for Nuclear Power Plants" (the Operating Procedures
Project) and " Study of Operating Procedure Classifications and Interfaces"
(the Classifications and Interfaces Project). These deficiencies are sum-
marized below.

A.2.1 Findinas of the Operatina Procedures Pro.iect

Procedure useability refers to the extent to which task instructions are
consistently presented, complete, readable, and easy to follow. As part of
the Operating Procedures Project, an extensive sample of procedures from 46
plants were rated with respect to format, style of presentation, content, and
overall useability. The rating was done by analysts with prior experience in
drafting procedure preparation guidelines and reviewing nuclear plant main-
tenance procedures, emergency operating procedures, and normal operating
procedures. This evaluation indicated that the average rating of procedure
useability fell into the minimally acceptable range. Only 4% of the
procedures rated were assessed to be of high useability, while 20% of the
sample received the lowest useability rating of "very poor."

A.2
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The evaluation also indicated that current operating procedures lack
specificity. A substantial percentage of the procedures reviewed failed to
specify follow-on actions to the procedures and did not include reference to
either single or multiple indicators that would allow the operators to ensure
that the objective of procedure steps had been achieved. In general, the
procedures were written in vague terms (e.g., '' start pumps as needed") and
lacked explicit guidance for taking action, such-as a description of the
appropriate entry and exit conditions for the procedure.

Other good practices in presenting procedures that help to eliminate
common errors in procedure use also were violated in many of the procedures
evaluated. For example, long procedures frequently did not include tables of
contents, tabs, or indexes. Placekeeping aids were often missing, and 69% of
the procedures did not identify or highlight the most recent revisions to the
procedure.

In addition to the evaluation of the sample of operating procedures,
procedures programs were studied during site visits and during meetings of a
peer review group. This peer review group consisted of six members selected
on the basis of their experience and background regarding procedure develop- |
ment and operational use and the numerous areas of plant operations that I

require procedures. The most significant finding of these activities was
that operating procedures are increasing in number and complexity as licen-
sees respond with procedural "ftxes" to NRC pressure and operational
experience. The consequences of this increasing proceduralization are a
multiplicity of problems in procedure use and administration. As the pro-
cedures become more detailed, their applicability decreases. The narrow
applicability then requires that either new procedures be written to cover
several normal variations on performing a particular task or that temporary
changes be made to the procedures. The new or revised procedures are then
often required by current licensee procedures programs to be reviewed by
plant safety review committees, which delays the implementation of the revi-
sions. These delays further encourage use of the temporary change process,
which, in some plants, involves minimal safety review. Further, because
plant safety review committees are overburdened by the number of procedures

i that they must review, the reviews they perform are often hurried and may be
ineffective.

Two other important procedures program deficiencies were identified dur-
ing the Operating Procedures Project. Coordination of the training function
with procedure preparation and use was found to be very limited. One conse-
quence of this lack of coordination was that processes either did not exist
or were ineffective in providing feedback from training personnel to proce-
dure writers about problems in the procedures that should lead to revisions.
In addition, operating procedures were not required to be verified or vali-
dated before use at some plants and full-scale simulator validation of normal
operating procedures was found to be particularly rare. Thus, methods to
ensure that operating procedures are technically accurate do not appear to be
in widespread use.

A.3
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C A.2.2 Findinas of the Classifications and Interf aces Proiect

The Classifications and Interfaces Project. focused, in part, on the
manner in which transitions (i.e., interfaces) among procedures are managed
and presented to operators, since procedure interfaces have been shown to
promote operator errors in simulator research (Cauley and Schroeder 1985).
The findings of this project suggested that the sources of operator interface

-errors can be linked to-deficiencies in how interfaces are signalled in
operating procedures and to deficiencies in operator training with regard to
using procedures. Findings of this project further indicated that licensees
have typically neither developed nor implemented effective systems for track-
ing procedure interfaces. Consequently, when equipment is modified or proce-
dures are revised, the other procedures that are affected by these changes
may not be flagged for revision. References to procedures that no-longer
exist or to steps that have been renumbered, for example, can obviously pro-
mote operator error.

In summary, operating procedures and licensee operating procedures
programs continue to demonstrate many of the weaknesses that were found in
emergency operating procedure before the licensees and the NRC undertook the
emergency operating procedure _ upgrade program (NUREG/CR-'1977, NRC 1981).
Although some licensees have voluntarily begun to improve their_ operating
procedures and to apply to normal operating procedures, and abnormal
operating procedures the guidance required for the development, use, and.
control of emergency onerating procedure, the findings of recent emergency
operating procedure inspections indicate that voluntary upgrades are not
widespread (NUREG-1358, NRC 1989). Further, much has been learned about
procedures in nuclear power plants since the emergency operating procedure
upgrade program was initiated that can also be applied to improving the

-effectiveness of other types of operating procedures. The candidate
|Procedure Upgrade Program presented in the sections to follow is one possible !

approach to upgrading operating procedures, it is designed to overcome the !
weaknesses identified in current operating procedures and procedures !

programs,-and to incorporate the lessons learned from the emergency operating
procedure upgrade program.

'A.3 SCOPE OF THE CANDIDATE UPGRADE PROGRAM

Current guidance to the industry from the NRC that pertains to the !

development, use, and administrative control of normal operating procedures<

and abnormal operating procedures (ANSI /ANS-3.2, Administrative Controls and i

. Quality Assurance for the Operational Phase of Nuclear Power Plants,1981;
U.S. Nuclear Regulatory Commission Regulatory Guide 1.33; and Appendix B to
10 CFR 50, Parts V and VI) focuses primarily on the activities for which
procedures should be provided and does not specify methods for ensuring that
useable, technically accurate procedures are generated. Lessons learned from
the emergency operating procedure upgrade program indicate that the industry
currently appears to have insufficient knowledge of the appropriate methods
and, as a consequence, licensees are dedicating resources to their operating
procedures programs for relatively little return in terms of reducing human
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error in plant operations (NUREG-1358, NRC 1989b). Therefore, it is
important that the upgrade program include guidance for the industry in how
to develop high-quality operating procedures.

Not all plant operations have implications for public health and safety,
however, and so fall outside the NRC's scope of concern. In addition, many
operations tasks may not require error-free performance, or may be performed
so frequently that high-quality, written procedures are unnecessary for the
trained operator. Further, it is impossible and undesirable to develop pro-
cedures for every operations task that must be performed in a nuclear power
plant. Dedicating significant resources to the development and administra-
tive control of procedures for many tasks is not only unnecessary, but con-
tributes to the overburdening of plant procedures review systems that has
been observed to result from the trend toward increasing proceduralization in
many plants. Therefore, the candidate upgrade program would guide licensees
in focusing their efforts on developing high-quality procedures for tasks
that are significant to safety, are intolerant of human error, and for which
other techniques of reducing human error are inappropriate (e.g., man-machine
interface redesign, improved labeling).

To achieve this goal, the candidate upgrade program assumes that licen-
sees would adopt a two-tiered approach to the development, use, and adminis-
trative control of operating procedures. This approach would involve the
design of criteria for discriminating between operations tasks that require
high-quality, detailed, step by-step procedures to be performed in a timely
and error-free manner (Tier One procedures) and tasks that require some form
of job performance aid (e.g., checklists, tables, calculation forms), but for
which a high-quality, detailed procedure is unnecessary or undesirable (Tier
Two procedures). Tasks in the Tier One group would be identified through
engineering and human factors analyses, and would be likely to include tasks
performed using safety-significant systems or components, complex tasks,
tasks that are infrequently performed, tasks that involve the coordination of
several workers' activities in one location or in dispersed locations, tasks
that operating experience indicates are error-prone, and so on. Tasks in the
Tier Two group wculd include frequently performed tasks that any trained
operator can perform with only a checklist reminder of step sequencing, tasks
performed on simple or nonsafety-related systems or equipment, and so on,

Because the operation of many components and systems is unique to indi-
vidual plants, and because the training levels and expertise of operations
personnel differ between plants, it is unlikely that the NRC could provide
generic guidance to the industry about which specific procedures should fall
into the Tier One and Tier Two groups. However, the NRC and the industry can
work together to identify the criteria and methods that should be used to
identify tasks that require Tier One versus Tier Two procedures. To ensure
the effectiveness of the upgrade program in limiting the number of Tier One
procedures, the NRC and industry oroup should be as specific as possible in
the criteria that are developed.

By rechanneling some of the resources now dedicated to the development,
review, and administrative control of all operating procedures to the more
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rigorous development of Tier One procedures, the burden on plant operating
procedures programs would be reduced, and more useable and technically accu-

,

rate procedures would be available to guide the performance of important i

operations tasks. In addition, the application of technical writing and
human factors principles to the development of both Tier One and Tier Two
procedures would be expected to reduce human error in operations, resulting
in fewer equipment- failures &nd less frequent challenges to plant safety
systems. As a consequence, public health and safety would benefit.

A.4 COMPONENTS OF-THE CAND10 ATE PROGRAM

The components of the candidate upgrade program would differ for Tier
One and Tier Two procedures. Because they are important to safety, Tier One

,

operating proadures would be subjected to the more rigorous development, '

use, and administrative control processes, similar to those now required for
emergency operating procedures (NVREG-0899, NRC 1982). Tier Two procedures
would also be improved because of the potential they represent for indirec,1y
impacting plant safety, but would require a smaller investment of utility
resources than the Tier One procedures. For all operating procedures, the
upgrade program would address: 1) the availability of procedure writing
expertise; 2) the availability of sound technical bases for the procedures;
3) man-machine interface requirements; 4) procedure verification; 5) pro- !
cedure validation; 6) documentation of the procedure development process;
7) user training; 8) procedure use policies; and 9) administrative controls.

|
These program components are briefly discussed in the following sections. 1

A.4.1 Procedure Writina Expertis_q

A first step in upgrading operating procedures is ensuring that utility
personnel possess the capabilities to produce useable procedures. For both !

Tier One and Two procedures, it is important that the utility develop a '

detailed procedure writers' guide that would assist it in applying technical
writing and human factors principles to the preparation of operating proce-
dures. NUREG-0899, Guidelines for the Preparation of Emeraency Operatina
Procedure (NRC 1982), describes some of the useability objectives that should
be addressed in any procedure writers' guide, but, with the exception of
Appendix B regarding the presentation of logic statements, does not provide
detailed examples of acceptable methods for presenting task instructions.
Because it does not appear that this information is widely known throughout
the industry (as indicated by the lessons learned from the emergency operat-
ing procedure upgrade program as well as the findings of the Operating
Procedures and Classification and Interfaces Projects), a detailed good
practices document that would serve as the technical basis for utility
writers' guides could be developed.

Results of the emergency operating procedure upgrade program also
indicate, however, that a detailed procedure writers' guide is insufficient
to ensure that the procedures developed will be useable. Procedure writers
may not use the writers' guide or may not fully understand how to apply the
information it contains. Similarly, those individuals responsible for
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D reviewing procedures to ensure that they are consistent with the writers'
Lguide are often not fully familiar with the guidance it presents. Conse-
quently,.the candidate program would include requirements for procedure !

writers and quality assurance auditors to be trained in applying the writers'
guide.

A.4.2 Technical Information

in addition to ensuring that plant personnel possess the technical writ-
ing and human factors knowledge required to produce useable procedures, it is
necessary that all of the relevant information be available to produce tech-
nically accurate operating procedures. For many Tier Two procedures, the
last version of the procedure, a vendor technical manual, and an experienced, ;

licensed operator may, in combination, represent sufficient technical infor--
mation to prepare a technically accurate procedure. For Tier One procedures,
however, a team approach would be necessary to ensure that complete infor-
mation is brought to bear on procedure development.

Licensees would identify at least two teams of plant personnel to
participate in the upgrade process. The use of two teams would speed the
procedure upgrades and would allow for independent verification and vali-
dation of the haw or revised procedures by an equally qualified group. Each
team would be comprised of licensed operators, training personnel, engineer-
ing personnel, vendor representatives (when necessary technical information
about plant- equipment and systems is proprietary), and representatives of
other plant functional areas (e.g., maintenance, chemistry, radiation pro-
tection) when the task that is being proceduralized involves more than opera-
tions personnel. The roles and responsibilities of each team member would be
specified, and one individual would be assigned primary responsibility for
the development of each procedure and for maintaining a record of the
procedure development process.

In the course of upgrading existing procedures or developing new operat-
ing procedures, the Tier One teams may determine that the technical informa-

| tion available to them is neither accurate nor complete. For example, when
procuring equipment, many licensees do not require their vendors to validate
the technical manuals they supply, or vendors may withhold some technical
information as proprietary. In these cases, equipment operating histories,
engineering analyses, or the personal experience of operations personnel must
serve'as the primary sources of technical information. A process for ensur-
ing that relevant plant technical specifications, NRC generic communications,
vendor bulletins, licensee event reports, and operating experiences from
other plants are translated into the procedures correctly is also necessary.

A.4.3 Man-Machine Interface Reouirementji

In many plants, the primary method of writing or revising a procedure is
for a single operator to sit down at a desk and draft it based upon his or
her memory of the control room configuration and the requirements of the
task. Not surprisingly, this method often fails to yield a useable procedure
that is appropriate for the conditions under whicn it will be performed.
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Consequently, the upgrade program would specify that the development and
revision-of Tier One operating procedures involve man-machine interface-
analyses performed at the location in the. plant at which the procedure will
be performed or, when the location' is inaccessible, thr.t mock-ups or models-

of the displays and controls involved be provided.

These man-machine interface analyses would provide several types of
-information to the procedure writer.- Information would be collected regard- ,

ing labelling and the units of measure on controls and displays, equipment '

;

location, the most efficient ordering of procedure steps, the likely effects
of the ambient illumination, noise levels and other performance shaping fac-
tors.on task performance during normal and degraded conditions, the require-
ments for additional tools and equipment, the number of individuals required
to: accomplish the task and how their activities can best be coordinated, as
well as the overall practicality of requiring an operator to use a hard-copy,
written procedure in that task environment.

Licensees may choose to conduct similar analyses in the development of
Tier Two procedures. However, much of this information could be gathered '

concurrently with the verification of Tier Two procedures as described below.

-A.4.4 Procedure Verification

Procedure verification is the process used to ensure that a procedure is ,

technically correct, that there is a correspondence between the content of
the procedure and the control room / plant hardware, that the language and
nomenclature used in the procedure are consistent with the terms familiar to -

the procedure users, and that the procedure is written in accordance with the
requirements of the operating procedures writers' guide. For Tier One proce-
dures, the verification process would be formally conducted and documented by

~

the Tier One team that did not write the procedure. Verification would
include desk-top reviews of the technical information used to develop the
procedure and of the consistency of the procedure with the writers' guide
requirements. In addition, the adequacy of the procedure in terms of the
man-machine interface requirements would be evaluated during walk-throughs of
the control room and other locations at which the procedure must be i

performed.

Verification of Tier Two procedures would also be conducted by an indi-
vidual who did not write the procedure and would be documented. Both desk-
top-reviews and walk-throughs would be employed. Verification and collection
of the man-machine interface-information discussed above may be combined for
Tier Two procedures, however,

A.4.5 Procedure Validation

Procedure validation is the process used to ensure that a newly written
or revised procedure accomplishes its purpose and that it is useable. At the
licensee's discretion, Tier Two procedures could be validated during the
first time that they are used to operate equipment rather than prior to use.

A.8
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.The results of the first-use validation would be documented, however, and
.the procedure _ revised to reflect the information gained.

4

Tier One procedures would be subjected to a more thorough validation
than Tier Two procedures and would be validated before the procedure is used.
The validation would be_ conducted by the Tier One team that did not write the
procedure and, when appropriate, would involve use of the procedure by ,

operators in the control room simulator. As with emergency operating pro-
cedure validation exercises, scenarios would be developed that involve use of
the procedure under normal conditions as well as under conditions of likely
equipment and system unavailability or malfunctioning (e.g., start-up with
some equipment tagged out for maintenance). Both experienced and newly
licensed operators would be involved in the validation exercises to ensure
that the procedure is clear to both types of operators. Procedures that will
be performed by non-licensed operators or by personnel outside of the control
room would also be validated with the involvement of the intended users of
the procedures. Findings of the validation exercises would be documented and
lead to procedure revisions. If the revisions are substantial, the valida-
tion would be repeated on the new version of the procedure.

A.4.6 Procedure Safety Reviews

-The type of safety review required for Tier One and Tier Two procedures
would differ to ensure that plant safety review committees do not continue to
be overbordened by unproductive and unnecessary procedure review require-
ments. For Tier Two procedures, safety reviews would be conducted only by a
responsible, qualified individual within the operations department. For
example, before it is used, a Tier Two valve line-up checklist could be
reviewed for safety implications by the control room shift supervisor on-duty
or by the operations manager, at the licensee's discretion. '

Tier One procedures, however, would be completely reviewed by the indi-
viduals who sit on the plant safety review committee. For each procedure,
the focus and scope of the review to be conducted by the individuals on the
_ plant safety review committee would be specified before the procedure is
reviewed. Thus, for example, the regulatory compliance representative would
review the procedure for compliance with technical specifications and other
regulatory requirements, while the radiation protection manager reviews the

i procedure in terms of its implications for activities in his or her func-
tional area. The focus and scope of the reviews would be tailored to the'

characteristics of the procedure, rather than subjecting all Tier One pro-
cedures to a standard review process.

A.4.7 Procedure Documentation

Documentation of the procedure development and review process is nec-
essary for both Tier One and Tier Two procedures. The documentation would
include the rationale for defining the procedure as either Tier One or Tier
Two, the technical justification for the steps included, the results of man-
machine interface analyses, the results of the verification and validation
activities, and the conclusions of the safety review process. In addition, a

A.9

_ _ _ _ - - - - _ _ _



list of other plant procedures that are referenced by the procedure and that
refer to the procedure would be developed and maintained.

This documentation would serve three primary purposes. First, the
development documentation would assist in the verification and validation
activities, so that those individuals responsible for verifying and vali-
dating the procedure will understand the reasons for how the procedure has
been developed and will be able to evaluate those reasons. The documentation
would also provide a procedure history for assessing possible future revi-
sions to the procedures to ensure that the procedure developers' intentions
are not inappropriately violated when a revision is considered, or that a
previously rejected revision is not unintentionally repeated. Third, the
referencing information would assist in ensuring that other procedures that
are affected by a change to one procedure can also be updated, if needed.

A.4.8 Trainina of Users

Two types of procedure-related training would be provided to the users
of the procedures. The first type would be offered to all operations person-
nel and should focus on interpretation and use policies for the procedures.
This training would include discussion of the conventions used to present
information in the procedures (e.g., the two-column format, how cautions and
notes and other types of supplementary information are presented, the meaning
of flowchart symbols) as well as the appropriate methods of using the pro-
cedures (e.g., emphasis on reading cautions, how to perform concurrent and
other types of nonsequential steps, verbatim compliance with Tier One pro-
cedures). The second type of training would involve practice at using Tier
One procedures in the simulator or in a walk-through, as appropriate. For
Tier Two procedures, training would involve a walk- or talk-through of the
procedure with a senior operations staff person before beginning task per-
formance. In addition, each licensee would establish criteria for determin-
ing the type of revisions that require retraining on the procedure and for
determining the type of retraining that is required (e.g, desk-top reviews,
walk- or talk-throughs, simulators).

A.4.9 Use Policies

Experience in the military, commercial aviation, and the aerospace
industries has indicated that the requirement for verbatim compliance with
procedures (i.e., requiring that procedures be followed in a step-by-step
manner) reduces human error in operations tasks. Prerequisites necessary to
support a verbatim compliance policy, however, are that the procedures are
technically accurate, useable, and have been designed to address the most
common off-normal conditions. In the nuclear power industry, therefore,
verbatim compliance should apply only to Tier One procedures.

Clearly, however, procedures cannot be written to apply to every situa-
tion that is likely to be encountered in a nuclear power plant. Procedure
use policies must, therefore, allow for operator judgment and temporary
changes to address unusual circumstances. Because of the importance to
safety of Tier One procedures, however, policies for allowing operator
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discretion in circumstances where a decision to violate the procedure must be
made under time pressure in order to prevent significant damage to plant
systems or to protect public health and safety would be similar to policies
currently in place for emergency operating procedures. Temporary change
policies for Tier One procedures would be similar to those for emergency
operating procedures as well.

Use policies for Tier Two procedures would allow greater user discretion '

than Tier One procedures, since these procedures would not have been
developed as thoroughly and would not be as detailed. It is important, how-
ever, that departures from the Tier Two procedures be documented and that the
documentation be forwarded to the person responsible for the procedure to
ensure that the Tier Two procedures are revised when the departure was neces-
sitated by design modifications, useability limitations, or other factors
that are not temporary in nature.

A.4,10 Administrative Controls

This candidate Procedure Upgrade Program would necessitate a number of
administrative control mechanisms to support both Tier One and Tier Two pro-
cedures. Of particular importance is a process to ensure that procedures
affected by design modifications or changes to other procedures be flagged
for review and revision. Identification of the procedures that would be
affected by any modifications to existing procedures, systems, or equipment
would be necessary to ensure that Tier One procedures remain technically
accurate, given the verbatim compliance policy.

A second important administrative control mechanism that would be devel-
oped by licensees is a method to ensure that feedback from users and training
personnel about the procedures reaches the individuals responsible for the
procedure. Procedures are living documents and may require revision as the
composition, experience, and qualifications of the operations staff changes
over time. To ensure that trainers and users are reinforced fnr providing
feedback, the person responsible for each procedure would inform the source
of the feedback whether or not a revision will be made to the procedure and
why or why not. However, because feedback from users often reflects only

| individual preferences that do not affect either the technical accuracy or
useability of the procedure for others, the person responsible for the
procedure would be reouired to review the procedure documentation package and
revision history and to carefully evaluate the need for a procedure change.
Clearly, revisions to Tier One procedures that are initiated out of personal
preference are costly and contribute to the overburdening of procedure
programs that has been observed.

Both Tier One and Tier Two procedures would continue to be subject to
biennial review. For Tier One procedures, these reviews would include an
overview of the procedure's use and revision histories, an assessment of
feedback documents and decisions made about the feedback, a check of the
relationship of the procedure to other procedures, and a walk-through of the
procedure in the plant to ensure that the man-machine interface information
continues to reflect the actual conditions of use. Revisions made to Tier
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One procedures during the period between the biennial reviews would not sub-
stitute for the complete review described above.

Biennial reviews of Tier Two procedures would be less thorough. These. |

reviews would provide the opportunity to evaluate the procedure's use history ;

and to purge any procedures that have not been and may not be of value. In '

addition, use and feedback histories may indicate that the procedure should
be upgraded to a Tier One procedure. Interim revisions to Tier Two proce-
dures could satisfy the biennial review requirement.

A.5 PROGRAM IMPLEMENTATION

in this section, the specific activities to be conducted by the industry
and the NRC in developing and implementing the candidate Procedure Upgrade
Program are discussed. Figure A.1 illustrates the estimated period of per-
formance thi+ would be required to implement the tasks associated with the
upgrade prog.am. In addition, the personnel involved in performing each i

task, the estimated task schedules, and the products of the tasks are des- 1

cribed, based upon the information needed in the value-impact assessment.

A.5.1 Task 1: Development of Good Practices Document

The initial task of the candidate upgrade program would consist of a
review and synthesis of information relevant to developing, using, and
controlling operating procedures in nuclear power plants. The goal of this
information survey would be to produce a good practices document to assist
licensees in the implementation of upgraded operating procedures.

The proposed document would be comprehensive. One section would consist
of recommendations regarding criteria for identifying tasks which should be
conducted with the assistance of procedures and for identifying the tasks
from among these which require either Tier One or Tier Two treatment. The
document would also more completely describe the program components presented
in Section A.4 above, and provide specific examples of acceptable methods for
developing, using, and controlling operating procedures. A major appendix of
the document would present a sample operating procedures writers' guide and
example normal operating procedure and abnormal operating procedure, and
alarm response procedures written in accordance with the writers' guide.
Another appendix would present an example curriculum for a procedure writers'
training course. This document could reduce implementation costs of the
upgrade program for licensees as well as increase the likelihood that the
licensee programs would be effective.
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7/1/90 1/1/91 1/1/92 1/1/93 1/1/94 1/1/95

Numberof Months 2l416 811011212 l 4 | 6 811011212 l 4 | 6 811011212 l 4 | 6 a 110l1212 l 4 | 6 8

Task 1
Good Practices 61
Document N2

Task 2
NRC/ Industry W3
Working Group e4 -

Task 3 65
Ucensee Plans 66
For Upgrade q7

Task 4
$ Procedure W8

Upgrade 69"'

Task 5 6 10
NRC Inspections og j j

_ A.

A Milestones 1 Draft Good Practices Document 7 Select Tasks for Each Tier
2 FinalDocument 8 Develop and implement TMw One Procedures
3 Complete Criteria forTiers 9 Develop and Implement Tier Two Procedures
4 Review Good Practices Document 10 Develop inspection Modules
5 Develop Writers' Guide /Admwnstrative Procedures 11 Develop and Deliver inspector Traswng
6 Develop and Provide Short Course 12 CompleteInspections

S8909150.1

FIGURE A.1. Estimates Period of Performance for the' Candidate Operating Procedure Upgrade Program
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Personnel:

I human factors research scientist'

3 person-months _ 480 hours
, _

2 technical writers
2 person-months each 640 hours

Clerical support
2 person-weeks 80 hours

Schedule:

4 months to complete first draft
4 months to receive comments and complete final document

A.5.2 Task 2: Gonvene a NRC/ Industry Workina Group

While the good practices document is being developed, the NRC would
conver,e a working group composed of knowledgeable NRC and industry personnel
to discuss the upgrade of operating procedures. This group might include
representatives of INP0, NUMARC, the Owners' Groups, other major vendors,
experts in procedures from the aerospace and other regulated, proceduralized ,

industries, and several representatives of individual licensees who have !
- already initiated upgrades of their operating procedures. Experts in pro- !
cedures from other nations could also be considered for participation (e.g., L
France).

The working group would serve two purposes. The primary goal would be -
to define the criteria that licensees would use to identify which tasks i
should be proceduralized, and to assign procedures to Tier One or Tier Two.
' A secondary goal would be to evaluate the good practices document described
above and provide comments on it to Task 1 personnel.

Personnel:

2 NRC representatives
2 days / month / person 192 hours

4 Owners' Group representatives
2 days / month / person 384 hours

2 vendor representatives
2 days / month / person 192 hours

2 experts
2 days / month / person 192 hours

2 industry group representatives
2 days / month / person 192 hours
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2 licensee representatives
2 days / month / person 192 hours

Clerical supaort
2 person wee <s 80 hours

Schedule:

6 months to complete criteria
2 months to review good practices document (performed concurrently with

completion of criteria)

A.5.3 Task 3: Licensee Voorade Plans

following publication of the upgrade program's good practices document,
several major activities would be required of licensees before they begin
revising their operating procedures. The first activity would involve defin-
ing the operations tasks for each plant that are candidates for procedura-
lization to identify areas where procedures are required but do not currently
exist and to select those which require Tier One versus Tier Two treatment.
This activity is likely to require involvement of the plant operations mana-
ger, plant engineers, senior reactor operators, training personnel, and human
factors specialists. The second major activity would '*volve the preparation
of the plant-specific operating procedures writers' guld-- and the training of
procedure writers. This group would also revise plant administrative pro-
cedures to guide the development, use, and control of the upgraded operating
procedures.

Personnel:

1 plant operations manager
2 person-weeks 80 hours

1 plant engineer
3 person-months 480 hours

1 senior reactor operator
3 person-months 480 hours

1 training specialist
1 person-month 160 hours

I human factors specialist
3 person-weeks 120 hours

1 technical writer
1 person-month 160 hours
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5 procedure writers or auditors
3 days / person in training 120 hours

Clerical support
3 person weeks 120 hours

Schedule:

1 month to complete writers' guide and revise administrative procedures
1 month to develop and conduct procedure writers' short course
3 months to select tasks for Tier One and Two procedures

A.S.4 Task 4: Licensee Unorades of Operatina Procedures

At the conclusion of the planning phase, licensees would begin upgrading
their operating procedures in accordance with the process described in the
good practices document and in Section A.4 above. Tier One procedures would

;

receive first attention, followed by the revision of Tier Two procedures. '

Personnel:

2 licensed reactor operators
;

12 months / person 3,840 hours !

2 technical writers i

6 months / person 1,920 hours
!

2 human factors specialist
1.5 months / person 480 hours j

2 plant engineers
1.5 months / person 480 hours

2 training specialists
1.5 months / person 480 hours

!5 plant safety review committee members
3 weeks / person 600 hours

5 procedure users !

3 weeks / Tier One validation 600 hours ;

I
60 procedure users ;

3 days / person in training 1,400 hours j

!

Clerical support
3 person-months 480 hours
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Schedule:

6 months to complete Tier One procedure development process
12 months to complete Tier Two procedure development process

A.5.5 Task 5: NRC Inspections of Unaraded Oneratina Procedures

About one year after the NRC has published the good practices document,
the NRC would begin a one-time inspection of all licensees' upgraded operat-
ing procedures. These inspections would be intended to assess the technical
accuracy and useability of the new normal operating procedure and abnormal
operating procedure, and, secondarily, the viability of the licensees'
upgrade programs. In addition, an inspection module to be conducted by
resider.t inspectors would be developed for use when, in the resident
inspector's opinion, the quality of the licensee's operating procedures or
the operating procedures program required evaluation.

Prior to the initial inspections, it would be necessary to develop a
temporary inspection instruction and to train inspectors in conducting the
inspections. This training, particularly emphasizing the human factors
aspects of the procedures, would reduce the burden on headquarters personnel
for supporting the inspections and developing the capabilities of regional
inspectors for evaluating all types of licensee procedures.

Personnel:

1 NRC or contractor staff person
1 person-month 160 hours

1 training specialist
2 person-months 160 hours

10 NRC inspectors in training
3 days / person 240 hours

5 NRC inspection team personnel
118 plants - 13 days / plant 60,800 hours

Clerical support
2 person-months 160 hours

Schedule:

1 month to develop temporary and on-going inspection modules
2 months to develop arid deliver 3 days of training to inspectors
3 years to complete initial inspections
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APPENDIX B

SAFETY ASSESSMENT DETAllS

B.1 INTRODUCTION

The objective of this safety assessment was the evaluation of the poten-
tial for reduction in public risk presented by the candidate Procedure
Upgrade Program described in Appendix A. This candidate program would be
directed at the upgrading of normal operating procedures and abnormal
operating procedures by NRC licensee power plants. Since this assessment was
concerned with the potential risk reduction, no attempt was made to
reevaluate the baseline risk of reactor operations. Additionally, an
evaluation of the safety significance of emergency operating procedures was
beyond the scope of this assessment.

The general approach taken in this safety assessment consisted of a sen-
sitivity analysis technique which was used to: 1) estimate the current
contribution to reactor core-melt frequency of procedure-related operational
errors during normal and abnormal operating conditions, 2) estimate the same
contribution assuming that the quality of operating procedures is improved by
specific measures, and 3) compare the "before" and "after" estimates of
overall core-melt frequency to determine the potential reduction in core-melt
frequency associated with the potential improvements to current operating
procedures. After arriving at an estimate of the reduction in core melt
frequency, standard dose conversion factors were applied to estimate the
resulting reduction to public health risk.

The methodology described here was intended to be used as an extension
to an existing nuclear PRA. The methodology relied on an existing PRA to
provide a quantitative framework for modeling the role of normal operating
procedures and abnormal operating procedures in the operation of a nuclear
power plant. The reference PRA also provided the original risk equations for
the plant being evaluated, including the dominant accident sequences and
their associated cut sets, along with the basic events that form the cut
sets. These accident sequences were used to represent a hypothetical generic
reactor that served as a model for much of the safety assessment. Therefore,
the reference PRA served as a starting point for the safety assessment.

It was assumed that, in order for procedure-related operational errors
to have safety significance, normal plant operations must be disturbed. Fol-
lowing the occurrence of an abnormal event or disturbance, the resulting
instability of the plant could result in a plant accident if certain failures
were to occur consecutively. Only certain specified abnormal events are
generally considered in a PRA. These events are referred to as initiating-
events (i.e., events that require the plant to trip). Initiating-events are
generally classified as either external events, such as fire, flood, or

B.1
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earthquake, or internal events. Internal events are divided into loss of-
coolant accidents (LOCAs) and transients. A transient is a condition which
causes a requirement.for reactor shutdown not caused by a LOCA. (for PRA
purposes, a loss of secondary coolant is typically classified as a transient,
not a_LOCA.) There are other internal abnormal events that.may occur in
addition to LOCAs and transients, such as a leak in the spent fuel pool.
However, since these other types of events contribute only negligibly to the
overall risk of the facility, they are typically not evaluated in PRAs.

Most PRAs also consider the consequences of specific accident sequences,
in addition to identifying the initiating events. Consequence analysis
refers to the analysis of the health and financial effects that result from a
release of radioactive material that, in turn, resulted from some initiating-
event or events. Associated with consequence analysis is an analysis of
emergency response (e.g.,- evacuation of personnel who could be affected by
the_ release of the radioactive material). Improved normal operating
procedures and abnormal operating procedures were expected to reduce the fre-

- quency of transient initiating-events (and the potential for accidental
release of _ radioactive material), but were not expected to significantly
affect the consequence of a release should one occur. Therefore, we did not
address consequence analysis or emergency response since actions performed
under these conditions would be directed primarily by emergency operating
procedures.

Human reliability analyses performed as input to PRAs have typically
been applied only to the activities related to internal initiating-ovents
(LOCAs and transients). In this safety assessment, the_ emphasis was placed
on transient initiating events since it is unlikely that improvements to
operating procedures could significantly affect the probability of a LOCA.
Similarly, if a LOCA were to occur, it is likely that emergency operating
procedure would be implemented and, therefore, improvements to normal
operating procedures and abncrmal operating procedures would not-be effec-
tive. Likewise, operator responses to external initiating-events were not
addressed in this analysis unless the required operator actions are commonly
provided for in normal operating procedures or abnormal operating procedures.

B.2 EVALUATION METHODOLOGY

It was assumed that, in order for there to exist a significant risk to s

public health and safety from the operation of a nuclear power plant, normal
plant _ operations must be disturbed. As mentioned previously, a plant distur-
bance (initiating-event) may be-in the form of an external event or an
internal event. Since operator errors are not likely to contribute to the
occurrence of external events, only internal initiating-events were consid-
ered in this analysis. Similarly, since the operator response to LOCAs are
typically given in the emergency operating procedures, only transient
initiating-events were considered.

As a result, a key assumption of the methodology was that, in order for
| operational errors during normal operating conditions to have safety
,
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significance, they must manifest themselves as transient initiating events
leading to a plant trip. The general approach used here followed the
guidelines established in A Handbook for Value-Impact Assessment (Heaberlin
et al.1983) and relied on the combined use of the reference PRA (Sugnet
et. al, 1984) along with the Sequence Coding and Search Systems (SCSS)
database (NUREG/CR 3905, Greene et al.1985).

'

B.2.1 Selection of Representative Plant

One of the first and most important decisions made in this safety
assessment was that of selecting the representative plant modd to be used
for the core-melt frequency calculations. This decision involved the selec-
tion of the specific PRA or PRAs to be used as the generic model(s). Since
the calculation of the reduction in public health risk was to be evaluated
based on the risk equations contained in the refert e.e PRA(s), the overall
results of the safety assessment depended to a large extent on this choice.
Ideally, several PRAs can be used as models of different classes of plants.
However, the lack of certain necessary technical attributes in available PRAs
as well as limitations in resources may not allow an in-depth analysis of
multiple PRA models.

Value-impact assessments frequently use two reference PRAs, one for each
reactor type, to model technical issues that affect both PWRs and BWRs. For
many technical safety issues, the fundamental differences in the design and
operation of the two reactor types may make the proposed regulatory action
significantly more or less attractive at one or the other of the two types of
reactors. The use of a separate PRA for each reactor type allows comparisons
to be made regarding the relative utility of implementing the proposed reg-
ulatory action at one or the other type of plant, and accordingly facilitates
the making of independent regulatory decisions, if necessary.

After careful analysis of how normal operating procedures and abnormal
operating procedures are actually used in plants of both PWR and BWR design,
it was concluded that there are no fundamental differences between these two
reactor types that would result in a significant difference in the potential
affect of improved procedures, it was determined that improved operating
procedures would most likely result in similar benefits at both PWRs and
BWRs. Instead, it was determined that current quality of operating pro-
cedures being used at individual plants, whether they be of PWR or BWR
design, is a more important distinction than reactor type. In other words,
it was determined that the variation in the current quality of operating
procedures at individual plants has a much greater potential effect on safety
than do the design differences between the two reactor types. For example,
the safety significance of operating procedures at two plants that have
nearly identical reactor designs may be substantially different due to
differences in the current quality of operating procedures at the plants.
Similarly, there may be two reactors whose designs are very different, but
due to similar procedures development programs currently in place at the
plants (and, therefore, similar quality of current operating procedures), the
overall safety significance of procedures at the two plants may be very
nearly the same.

B.3
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Therefore, it was concluded that comparisons made between multiple base- 4

line PRAs would not be useful in these circumstances due to the substantial
differences in the current quality of operating procedures between individual
plants. Little or no additional insight would have been gained by 3erforming
the risk calculations on multiple PRA models. This followed from t1e deter-
mination that the importance of the differences in the current quality of
operating procedures among-individual plants exceeds that of any fundamental
differences in the importance of arocedures among plants of different reactor
type. Because there appeared to )e little benefit to performing an evalua-
tion of a second model, it was decided that the resources that would have
been required to evaluate a second PRA would be more effectively used by
focussing additional attention on a single PRA.

The actual selection of the reference PRA was based on the following '

criteria: 1) does.the PRA'contain sufficient detail in the modeling of tran-
sient initiating-events necessary to support evaluations of the impact of
procedure-related operational errors?, 2) to shat extent does the PRA model
human performance?, 3) is the plant configured in a manner which supports its
use-as a representative LWR (i.e., are there any unique characteristics that
could be significant)?, and 4) is the PRA relatively current?

Based on a review of the existing PRA studies, the NSAC/60 Oconee-3 PRA
(Sugnet et al.1984) was judged to be the best choice because it was the PRA
then available that best satisfied each of these four criteria. Other PRA

,

'

models considered were found to be inadequate in meeting one or more of the
criteria. This was especially the case with the modeling of human perform- !

ance; the Oconee PRA models human error better than the other PRAs reviewed.
Although this choice of a reference PRA does affect the overall results of
the analysis (as would the selection of any other single PRA), it was judged
that differences in the quality of current operating procedures between ;

plants results in larger uncertainties than are introduced by relying on the j
use of one PRA to serve as a generic model. The interested reader is '

referred to Section 5 of this report for a discussion of other sources of
uncertainty in this analysis and the results of a sensitivity analysis
performed on several of the key elements of the analysis. 1

B.2.2 Limitations and Assumptions of the Study
,

The response of a particular plant to a specific transient initiating-
event will, of course, depend upon the particular design of the )lant among
other variables. Although there are several common transients t1at occur at
plants with different designs, there are also many transients that are unique
to, or particularly important to, each specific plant. Therefore, each par-
ticular transient could produce different consequences in plantslof different
reactor type or vendor design. However, due to limited resources, it was
determined that a detailed evaluation of the specific responses of different
plants to each particular transient initiating-event was not possible.

,

As a result, this analysis did not attempt to evaluate the various dif-
ferent responses to plant transients that would occur in plants of dissimilar
designs. Since the objective of this analysis was to evaluate the potential

B.4
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safety'benef'it'that might be' realized due to improved operating procedures !

- across.the entire industry, this analysis (although~ based on the risk equa. '

tions of:one reference plant) was' intended to model a hypothetical " generic"
-nuclear power-p1 ant.

~ Reactor Power Level Considerations

Except for,a transient initiated by a reactivity insertion such as a
- control rod withdrawal, transients starting at zero power should not have any
significant-safety consequences. This implies that, below some non-zero
power level, transients not initiated by a reactivity insertion should also
not have significant safety consequences. For the purposes of this analysis,
it was assumed that transients occurring at a reactor power level below 20% :

of the full power level do not contribute significantly to public health
risks. Therefore, these transients were not included in the evaluation of '

transient frequencies.
.

Learnino Curve Considerations

It is common for nuclear power plants to experience a greater frequency
,

of transient initiating-events in their early years of operation. Therefore,
it is not surprising that certain transients show a smaller frequency in
years subsequent to the first or second year of operation because of the com-
plexity of learning to operate a nuclear power plant. In this anal
was_ assumed that the average )lant is beyond this " learning curve",ysis, it ;

it

should be noted that, althougi most of the commercial nuclear power plants-
are beyond this point, for those plants that are not, the improvements to
plant operating procedures may have additional safety value. Therefore, sup-
plementary consideration should be given to the application of the results of
this assessment to those plants that are in the first few years of operation.

B.2.3 Use of PNL Expert Panel

As with most studies that deal with issues involving human performance
i and human modeling, expert judgment was relied upon in this study at various

points to provide estimates of values for which there are no solid data
available. At these points in the analysis, members of a panel of PNL
experts in the area of nuclear power plant operations were convened in order
to develop estimates of values which were needed to proceed with the analy-
sis. This group of PNL experts consisted of six individuals with diverse
experience with operating procedures at various nuclear power plants.

Most of these PNL experts are certified NRC reactor operator examiners;
many have several years experience with nuclear power plant operations. One
of the PNL experts is a certified Senior Reactor Operator while another holds
a Ph.D in Physics. The.PNL expert panel also contained several individuals
who were involved in the-development and review of Procedure Development
Packages for emergency operating procedure. In addition, several panelists
have experience in evaluating human factors and operator performance issues
in the context of nuclear power plant operations.

B.5



.-

As mentioned above, this group of PNL experts was relied upon at severai
points of the analysis.- These points included the identification of the
affected transient initiating-events and operator actions, the evaluation of -
the role of operating procedures in the operator actions identified as being
potentially affected, and the estimation of the relationship between the
three categories of actual plants and the hypothetical generic plant.

Not. all of the experts contributed to each of the judgments made in this
analysis. Rather,' the experts were primarily relied upon for judgments which
pertained to issues ~ dealing directly with their own particular areas of
expertise.

B.2.4 Evaluation Methods and Results

The approach outlined in Figure B.1 was applied to the reference PRA,
which had been selected to represent a hypothetical generic plant. The
results of the analysis are provided in the following subsections.

B.2.4.1 Identification of Affected Parameters

After reviewing the transient initiating-events contained in the ref-
erence PRA, the following parameters were identified as being potentially
affected by-improved operating procedures. The affected parameters were then

: separated based on whether they were believed to be potentially affected by
improvements to normal operating procedures or by improvements to abnormal j

operating procedures. This distinction was not critical to this analysis, '

however, because the candidate Procedure Upgrade Program would apply to both
normal operating procedures and abnormal operating procedures. -

-

Normal Operatina Procedures

i

Five transient initiating-events were identified as being most likely |
affected by improvements to normal operating procedures. Table B.1 lists the
affected parameters along with each parameter's original, base-case

.!frequency.

.Each of the transient initiating-events identified in Table B.1 was
assumed to have a contribution (albeit small) from procedure-related opera-
tional errors. The improvement that was expected with these initiating-
events is a reduction in the contribution to each of tije) events from operator- ,

errors that result from inadequate or poor procedures.(a In order to

,

(a) Hardware failures and other types of equipment failures that may not be
affected by operating procedures are the principal contributors to these
transients. However, it was assumed that there is a small contribution
to each of these transient initiating-event frequencies from operator
errors that are made as a result of inadequate or poor operating
procedures.

!
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FIGURE Ll. Process for Evaluating Core-Melt frequency Reduction

lABLE B.l. Potentially Affected Transient Initiating-Events

Original Frequency
Event Symbol (events /vear) Event Description

Tl 5.7 Reactor / Turbine Trip
T2 6.4E-1 Loss of Main Feedwater
T4 2.lE-1 Loss of Condenser Vacuum
T8 1.0E-2 Spurious ES Actuation Signal
T12 4.0E-3 Loss of Low Pressure Service Water

determine the potential improvement (reduction) to these transient initiat-
ing-events, it was necessary to estimate the relative contribution that
procedure-related operator errors play in each of the transient initiating-
event frequencies.
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Abnormal Operatino Procedures

The six events shown in Table B.2 represent the " operator actions,"
which are modeled in the reference PRA, that were identified as being most
likely affected by improvements to abnormal operating procedures. These
operator actions may be improved by reducing their conditional probability.
Since each of these operator actions may have contributions from factors
other than procedures, it was necessary to determine the specific r_olt that
procedures play in each of these events (after all, if operators do not
typically refer to the procedures for these actions, there can be no expected
improvement in operator performance regardless of improvements made to
procedures).

B.2.4.2 Identification of Affected Accident Seauences

The minimal cut sets that comprise the PRA's core melt sequences for
internal initiating events were reviewed in order to identify those that
contain one or more of the affected parameters listed in Tables B.1 and B.2.
The core-melt accident sequences that involve one or more of the potentially
affected parameters are listed in Table B.3. Since there are hundreds of
cut-sets contained in the affected accident sequences, only the accident
sequences themselves are listed here. The reader interested in the detailed
cut sets that comprise the affected accident sequences is referred to the
reference PRA (Sugnet et al. 1984).

:

TABLE B.2. Potentially Affected Operator Actions

Original
Event Conditional
Symbol Probability Description of Operator Action

RESSFSI 0.1 Operator fails to provide RCP seal injection from
the SSF within 30 min, of losing seal cooling via
HP!

SW3BPPSH 0.002 Operator fails to start standby LPSW pump

HPRCPH 0.01 Operators fail to trip the RCPs following loss of
seal cooling (within 15 minutes)

REIA2/6 0.055 Failure of the operating staff to recover IA prior
to the depletion of the UST

RESW12 0.013 Failure of the operating staff to recover LPSW from
another source before failure of all HPl pumps

RESW108 0.11 Failure of the operating staff to recover LPSW to
HPI pumps given a failure of LPSW108

B.8
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TABLE B.3. Potentially Affected Core-Melt Accident Sequences (a)

|I Core-Melt Bin Base-Case

( Type and Accident frequency

|
Sequence Potentially Affected Parameters (events /yr)

; IB,TQUs T1,T2,T4,T8,T12,HPRCPH,RESW12, 5.9E-7
i SW3BPPSH

[ ID,T6QU HPRCPH 2.5E-7
?

1E,TQUs T12 1.0E-7

! IIE,TQUYXs T1,T2,T4,T8,T12 5.8E-8

| Ilf,TQUYXs T8 2.2E-7

111A,T2BU T2 1.2E-6
t

i, IIIB,T4BU T4 4.1E-7
%

j 111C,TBU T1,T2,T4,T8,T12 4.2E-7
4

( lilf,TBU T1,T2,T4,Tg,112,REIA2/6 4.7E-6
;!

e IllG,TBU T1,T2,T4,T8,T12,RESW12,RESSFSI, 1.5E-5
). RESW108,SW3BPPSH
a

) ATWS Sequences:

I
{ 1:6 T1 1.7E-8

k 11:5 T1 1.7E-8

111:15,14 T1 3.4E-6

V:9,12,73,27 T1,T2 1.3E-6

i VI:72,26,11,8 T1,T2 1.4E-6
f Total: EVll
r.

(a) Based on the reference PRA (Sugnet et al. 1984).
(
!
! B.2.4.3 Establish Base-Case Contribution of Procedure-Related Errors

j The next step was to determine the portion of these affected parameters
{ that might be affected by the candidate Procedure Upgrade Program. It was
i recognized that there may be various contributors to each of these transient
[ initiating-events including electrical and hardware component f ailures, human
,] errcrs, and equipment downtime due to testing, maintenance, and repair, in

t
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- order to evaluate the effect of the Procedure Upgrade Program on these param-
eters, it was necessary to estimate the relative contribution of procedure-
related operational errors to each affected parameter's base-case frequency.
In other words, it was necessary to determine what fractio of the original
base-case frequency could be influenced by improvements to operating proce-
dures. This fraction represents the portion of the frecuency which can be
reduced and is referred to here as the procedure-relatet portion of the base-

' case affected frequency.

In the case of the transient initiating-events, this evaluation was
accomplished using the SCSS database which contains coded information on all
current LERs submitted by nuclear )ower plant utilities after January 1,
1981. The SCSS database allowed tie coded LERs to be searched for the spec-
ific transient initiating-events identified.in Table B.I. Once these LERs
were identified, the SCSS database then searched the subset of LERs for those
that have been assigned a cause/effect code representing '' task description
inadequacy". LERs which were identified with this code provided a reasonable
estimate of the role that inadequate o)erating procedures have played in the
recorded incidents. After reviewing tie coded LERS and comparing the fre-
quency of those with the SB code to those without it, an estimate of the
relative contribution of procedure-related errors to the transient initiat-
ing-events was calculated. The results of the coded-LER review are given in
Table B.4.

TABLE B.4. Results of the Coded-LER Review Analysis

Original
Base Case Relative Contribution
Frequency of Orig. Frequency from

Event (/ year) Event Description Procedure-related Errors

T1 5.7 Reactor / Turbine Trip 5%
T2 6.4E-1 Loss of Main Feedwater 5%
T4 2.1E-1 Loss of Condenser 5%

Vacuum
T8 1.0E-2 Spurious ES actuation 2%

Signal
T12 4.0E-3 Loss of Low Pressure 2%

Service Water

The base-case procedure-related frequency is the portion of the ori
base-case frequency that is potentially affected by improved procedures.ginal
This procedure-related frequency was calculated by multiplying the original
base-case frequency by the estimated contribution from procedure-related
errors.

In other words, the contribution of procedure-related operational errors
to the original transient initiating-event frequencies was calculated using
the following formula:
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| Piaff = Pi * ai
where Piaff = the portion of the original base-case parameter frequency

affected by procedure-related errors

Pi = the original base-case parameter frequency

ai = the fraction of the original base-case affected parameter
frequency that can be associated with procedure-related
operational errors (derived from the SCSS analysis).

The results of these calculations are shown in the third column of
Table B.5.

TABLE B.S. Affected Transient Initiating-Event frequencies

Procedure-Related
Base-Case Portion of Adjusted-Case
Frequency Base-Case Frequency

Event (/ year) Frequency (/ year) (/ year)(a)
_

T1 5.7 2.85E-1 5.6057
T2 6.4E-1 3.20E-2 0.6342
T4 2.1E-1 1.05E-2 0.2070
18 1.0E-2 2.00E-4 9.97E-3
T12 4.0E-3 8.00E-5 3.99E-3

(a) From the survey of expert judgment discussed in Section B.2.4.4.

Similarly to the transient initiating-events, each operator action iden-
tified in Table B.2 was reviewed to determine that portion of the base-case
frequency that could potentially be affected by improved procedures. This
evaluation was performed by a team of PNL experts who have expertise in the
areas of human performance and nuclear plant operations, and specifically
with the affects on improved procedures of operator error probabilities.
These experts were asked to estimate the importance that procedures play il
each of the operator actions. The qualifications of the PNL experts are
discussed in Section B.2.3.

The experts concluded that procedures could play a dominant role in each
of the operator actions identified. They judged that the procedure-related
portion of the base-case probabilities is equal to 100% of the base-case
probability for each of the operator actions except for the RESW108 event,
whose procedure-related probability was judged to be 70% of the base-case
probability (e.g. there may be some teenarios for this event where even ideal
procedures would not reduce the chance of failure). This provided estimates
of the procedure-related parameter probabilities for each of the operator
actions, which can be combined with the previous estimates of the
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procedure-related frequency for each of the affected transient initiating-
events. The results of these judgments are shown in the third column ofi

Table B.6.

' TABLE B.6. Affected Operator Action Probabilities

Procedure-Related
Portion of

Base-Case Base-Case Adjusted-Cage)Event Probability Probability Probabilityla

RESSFSI 0.1 0.1 0.0527
SW3BPPSH 0.002 0.002 1.6E-3
HPRCPH 0.01 0.01 7.8E-3
REIA2/6 0.055 0.055 0.0262
RESW12 0.013 0.013 5.3E-3
RESW108 0.11 0.077 0.0768

(c) from the survey of expert judgment discussed in Section B.2.4.4.

B.2.4.4 Change in the Affected Parameter Values

Next, the adjusted-case values for all 11 of the affected parameters
that would result from implementation of the candidate Procedure Upgrade
Program were. estimated. This was accomplished by developing and conducting a
survey of expert opinion. The survey, which requested experts to estimate
the potential reduction to the frequency or probability of each of these
events that could be expected due to improving operating procedures, is dis-
cussed in detail in Appendix C. The results of the survey, in the form of
adjusted-case frequencies and probabilities, are presented in Tables B.5 and
B.6, respectively.

_

B.2.4.5 Estimating the Aesulting Reduction in Public Risk

Next, the base-case procedure-related frequencies and probabilities
associated with the generic plant model were modified to account for the
variation in procedure quality that actually exists in the operating nuclear
plants in the United States. This was accomplished by, first, using the
results of prior research reported in NUREG/CR-3968, Study of Operating
Procedures in Nuclear Power Plants: Practices and Problems (Morgenstern
et al.1987) to define three categories of plants based on current quality of
operating procedures. That research, which evaluated and scored the quality
of operating procedures being used in a large sample of operating nuclear
power plants, concluded that operating procedures in many U.S. nuclear plants
are of unacceptably poor quality. Though most plants have unacceptably poor
quality procedures in an absolute sense, the procedure evaluation scores from
that prior research allowed the definition of three categories of plants
based on their relative current quality of operating procedures: 42% (or 50)
of the plants have relatively poor procedures; 39% (or 46) of the plants have

B.12
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procedures of intermediate quality; and 19% (or 22) of the plants have rela-
tively good procedures, lhen, using the engineering judgment of the team of
PNL experts, the original base-case values of the affected parameters were
reestimated for each of the three plant categories. That is, new, " modified"
(before procedure improvement) base case frequencies for the 11 events were
estimated for each of the three plant categories based on the original base-
case probabilities associated with the generic plant.

PNL experts, relying on their diverse experience with operating proce-
dures at various nuclear power plants, judged that for those plants whose
current procedures are of relatively good quality, the procedure-related
portion of the base case frequency would be 70% less than for the generic
model. For those plants whose current procedures are of intermediate qual-
ity, the PNL experts judged that the procedure-related portion of the base-
case frequency would be 20% less than for the generic model. Finally, for

those plants whose current procedures are considered to be of relatively poor
quality, the PNL experts estimated that the procedure-related portion of the
base case parameter frequencies would be twice as large as for the generic
model. These estimates where then used to calculate the modified base-case
parameter frequencies for the three categories of actual plants.

This relationship is portrayed in Figure B.2. 1he original base-case
values of the affected parameters are portrayed as the heavy dotted line
labeled " Generic Plant (Base-Case)." The new, modified base-case values for
the three plant categories that recognize the actual variance in turrent
procedure quality are the three thin dotted lines labeled accordingly. The
heavy solid line labeled " Adjusted-Case (All Plants)" portrays the probabil-
ities of the affected parameters that were estimated to obtain at all plants

6

Relatively Poor Plants (Base Case)-------

Procedure-
Related aeeaeee Generic Plant (Base Case)

Contribution Interrnodiate Plants (Base Case)-------

to Events

Relatively Good Plants (Base Case)-------

Adjusted-Case (All Plants)

S8909122.4

ELGURE B.2. Relationship Between Actual Plant Categories
and the Generic Model
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after implementation of the Procedure Upgrade Program due to the creation and
use of new, high-quality operating procedures. The actual values of modified
base-case parameters, _ along with their corresponding adjusted-case param-
eters, are given in Table B.7.

TABLE B.7. Modified Parameter Frequencies for Actual Plants

Modified Base-Case Frequency
(/ year)

Current Quality of Operating Procedures Adjusted-Case
Event Relatively Relatively frequency

identifier Poor Intermediate Good (/ year)

T1 5.794 5.681 5.634 5.606
T2 0.646 0.639 0.636 0.634
T4 0.213 0.209 0.208 0.207
T8 1.00E 2 9.99E-3 9.98E-3 9.97E-3
T12 4.01E-3 4.00E-3 3.99E-3 3.99E 3
RESSFSI(a) 0.147 0.091 0.067 0.053
SW3BPPSH 2.4E-3 -1.9E-3 1.7E 3 1.6E-3
HPRCPH 1.2E-2 9.6E-3 8.5E 3 7.8E-3
REIA2/6 8.4E-2 4.9E-2 3.5E-2 2.6E-2
RESW12 2.1E-2 1.1E-2 7.6E-3 5.3E-3
RESW108 0.143 0.103 0.087 0.077

(a) The last six events are o)erator actions. Therefore, the numbers
represent conditional pro) abilities rather than frequencies.

The modified affected parameter values were then incorporated into the
original reference PRA risk equations for the core-melt accident secuences

. identified in Table B.3. The results of these calculations providec an
estimate of the potential core-melt frequency reduction for each category of
plants.

The results of these calculations are provided in Tables B.8 and B.9.
The upper and lower bounds have been calculated by adjusting the mean value
of eacn of the adjusted-case parameter frequencies up and down by a factor of
'two times the standard deviation of the experts' judgments.

In order to extend these estimates of core-melt frequency reduction to
estimates of the reduction in public health risk, dose conversion factors
were applied to these estimates. Since each of the affected accident
sequences identified in Table B.3 may result in an accident with a different
release category, these dose conversion factors were a) plied to each acci-
dent sequence individually, then summed to represent tie total reduction in
public risk. The dose conversion factors summarized in Table B.10 were used
to evaluate this expected public risk reduction.
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TABLE B.8. Affected Accident Sequence frequencies for Actual Plants !

Core-Melt Adjusted Case
Bin Type frequency

and Accident Modified Base-Case Frequency (events /yr) (events /yr)
Sequence Relatively Poor Intermediate Relatively Good All Plants '

IB,TQUs 1.1E-6 5.0E-7 3.2E-7 2.3E-7 f
ID,T600 3.0E-7 2.4E-7 2.1E-7 1.9E-7

'

IE,TQUs 4.1E-8 4.1E-8 4.1E-8 4.1E-8
IIE TQUYXs 4.9E-8 4.8E-8 4.8E-8 4.8E-8 !
IIF,TOUYXs 1.0E-8 9.9E-9 9.9E-9 9.9E-9
IIIA,T2BU 9.4E-7 9.3E-7 9.2E-7 9.2E-7 ,

IIIB,TRBU 2.9E-7 2.9E-7 2.9E-7 2.9E-7 i

IIIC,TBU 2.7E-7 2.7E-7 2.6E-7 2.6E-7
IIIF,TBU 3.3E-6 2.0E-6 1.4E-6 1.0E-6
IIIG,TBU 2.9E-5 1.2E-5 6.9E-6 4.6E-6
ATWS I 1.743-8 1.70E-8 1.69E-8 1.68E-8
ATWS II 1.74E-8 1.70E-8 1.69E-8 1.68E-8 *

ATWS III 3.48E-6 3.41E-6 3.38E-6 3.36E-6
ATWS V 1.31E-6 1.28E-6 1.27E-6 1.27E-6 '

ATWS VI 1.48E-6 1.38E-6 1.37E-6 1.37E-6
Total 4.15E-5 2.22E-5 1.65E-5 1.37E-5

TABLE B.9. Estimated Reduction in Core-Melt frequencies <

Reduction in Core-Melt frequency (AF)
(events / reactor-year)

Current Quality of Operating Procedures
Relatively Poor Intermediate Relatively Good

Best Estimate 2.8E-5 8.5E-6 2.8E-6

UpperBound(a) 3.4E-5 1.5E-5 9.1E-6
Lower Bound 1.7E-5 0 0

(a) In several cases, adjusting the mean value up by two times the
,

I standard deviation brought the value up to (or above) the orig-
'

inal base-case:value. This explains why the lower bound for the
" Intermediate" and "Relatively Good" plants indicates a reduction
in core-melt frequency of zero.

The details of these calculations followed those provided in the ref-
,

erence PRA. Since those calculations are rather complex, the interested
reader is referred to the reference PRA (Suget et al.1984) for detailed
information on core-melt bins, containment safeguard states, and containment
response. Suffice it to say here that, for those accident sequences identi-
fied in Table B.3, the average value of the dose conversion factor is approx-
imately 8.90E+5 person-rem /CM accident. This approximate value, which is
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TABLE B.lp. Summary of Consequence Rtnges for Release Categories (a)

Release PopulationDose(b)
Cateoory (cerson rem)

1A- 1.0E+8 to 3.0E+8
IB 1.0E+6 to 4.0E+7
2 1.0E+6 to 1.0E+8
3 No effect
4 0 to 1.0E+6
5 No effect

,

(a) Taken from the reference PRA (Sugnet et
al. 1984)

(b) To ensure conservatism, the upper limit on
the range is used as the best estimate of
the population dose.

indicative of a core-melt. accident of moderate severity, can be used to
calculate the public health risk reduction values based on the core-melt
frequency reductions given in Table B.B.

Application of those dose conversion factors to each of the affected
accident sequences identified in Table B.3 results in public risk reduction
as given in Table B.ll. Upper and lower bounds are based on the upper and
lower bounds on the estimated reduction in core melt frequency as given in
Table B.9.

TABLE B.ll. Estimated Reduction in Public Health Risk

Reduction in Public
Health Risk ~(t.W)

1 person. rem / reactor-year)

Current Ouality of Operatina Procedures
Relatively Poor Intermediate Relatively Good

Best Estimate 24.9 7.6 2.5
Upper Bound 30.2 13.3 8.1
Lower Bound 15.1 0 0 '
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APPENDIX C

OfL(LATING PROCEDVRES IMPROVEMENT SURVEY

C.1 INTRODUCTION

This value-impact assessment uses a multistep methodology to evaluate
the contribution to reduction in reactor core melt frequency that could be
expected from improving the quality of operating procedures in nuclear power
plants. The general approach taken, as described in Appendix D, can be char-
acterized as: 1) estimate the contribution to reactor core melt frequency of
procedure-related operational errors during normal and abnorrpal operating
conditions assuming use of procedures of a (relatively pcor)ta; quality cur-
rently found in most plants, 2) estimate the same contribution assuming that
the quality of operating procedures is improved due to the candidate Proce-
dure Upgrade Program instituted in response to NRC regulatory action, and
3) compare the "before improvement" and "after-improvement" estimates of
overall core-melt frequency to determine the potential reduction in core-melt
frequency that could be expected from upgraded procedures.

The purpose of this appendix is to describe the survey of expert opinion
that was used in the second phase mentioned above to estimate what change in
procedure-related operational errors could be expected if operating procedure
quality is improved by specific measures.

The survey was constructed using as guidance the principles for obtain-
ing human reliability data and estimates set forth in NUREG/CR-3688, kntr_L-a

ina Human Reliability Estimates Usina Expert Judament, Volumes 1 and 2,
(Comer et al. 1984). That report describes a project that evaluated two
techniques--paired comparisons and direct numerical estimation--for using
expert judgment to generate human error probability estimates and associated
uncertainty bounds. The authors concluded that each technique should have
sufficient validity for use in developing human error probability estimates.
They found that the convergent validity of each technique was more than
sufficient for deriving human error probability estimates to support any type
of probabilistic study in which human error is a consideration. The report
presents detailed procedures for using each technique. With certain minor
modifications, these procedures were followed in the creation and admini-
stration of this survey.

(a) Findings reported in Morgenstern 1987 and Barnes and Radford 1987.
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C.2 PREPARATION OF THE SURVEY INSTRUMENT

.

This section describes the reasons for choice of survey technique and
' the contents of the survey instrument. A copy of the survey instrument is

- included as Attachment I to this appendix.

C.2.1 Choice of Technioue to Collect Expert Judament

Direct numerical estimation, as described in Comer et al. (1984), was
the technique used in this survey to gather data regarding potential reduc-
tions in event probabilities due to improved operating procedures. In their
report Comer et al. concluded that there are only minor differences in the
validity of the results of the two survey techniques that they examined.
They suggested, therefore, that selection of technique from among these two
can be based on practical considerations rather than upon result reliability.
Direct numerical estimation was chosen for this survey for several reasons.
This technique requires a smaller number of experts to attain statistical
reliability. Of the two techniques, direct estimation requires less of the
experts' time, and data analysis is relatively simple. Also, a survey using
this technique could be performed effectively and inexpensively by mail
rather than gathering all the experts in one place for a data collection
session.

C.2.2 Contents of the Survey Instrument

The survey instrument consistad of three parts. The first of these
-parts presented introductory material that explained the context and purpose
of the survey. The experts were told that 11 separate events that can occur
at nuclear power plants had been identified that could, at least partially,
be influenced by the use of normal and/or abnormal operating procedures, it

was explained that six of these events were operator recovery actions that
were required to be taken following specific equipment failures. The remain-
ing five events were anticipated transients that could occur as a result of
equipment malfunction or as a result of operator errors. (Refer to Appen-
dix B for a detailed description of the source and nature of these 11
events.) The experts were told that it was expected that operators would
likely refer to written operating procedures before or while taking the six
recovery actions and that it could also be expected that poor or inadequate
operating procedures could contribute, at least to a small extent, to the
occurrence of the five transient initiating-events. The remainder of the
introductory material consisted of brief instructions for filling out the
survey. The experts were asked to contact the data collection administrator
if they had any questions regarding the survey.

The second.part of the survey instrument consisted of a 1-page summary
of the problems that have been found to exist with operating procedures cur-
rently in use in nuclear power plants and some of the ways that they could
potentially be improved. For example, the survey stated that procedures
sometimes fail to describe the specific actions to bc taken by operators in a
step-by step manner. The experts were told that this shortcoming could be
rectified by having procedures written in short, concise, identifiable steps
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with only one operator action per step. Nine such potential procedure
improvements were briefly described. The purpose of this summary was to help
the experts envision a situation in which procedures of higher quality than
they are used to were being used in nuclear power plants. It was assumed,
then, that the experts could combine their experience with procedures of
current, rather poor, quality with these ideas of how procedures could be
improved and, with both in mind, make informed judgments as to how improved
procedures may affect the frequency of occurrence of the 11 events.

The rest of the body of the survey instrument dealt with these eleven
events. A separate page was devoted to each of the six operator recovery
actions and to each of the five transient initiating events. First, the
event was briefly described. For example, Operator Action #1 was described
as follows:

"Following a loss of normal Reactor Coolant Pump (RCP) seal injec-
tion from the High Pressure Injection (HPI) pumps, the operating
staff fails to provide RCP seal injection from the Safe Shutdown
Facility (SSF) within approximately 30 minutes. RCP scal-injection
flow is normally provided by the HPI pump that is operating to
supply the Reactor Coolant System makeup. In this situation, the
RCP-seal makeup fails due to system faults and must be recovered
from the Safe Shutdown Facility within 30 minutes of seal leakage
to prevent leakage in excess of the SSF makeup capability."

These event descriptions were derived by translating from rather obscure
descriptions of the events in the reference PRA to wording that would be more
likely to be understood by personnel more used to nuclear power plant opera-
tions language. The clarity and level of detail of these event descriptions
were checked in a pretest setting using PNL personnel familiar with nuclear
plant control room operations and operating procedure usage.

Next, the current probability or frequency of the event was stated.
This attribute of each of the 11 events had been derived during the first
stages of this project's risk assessment calculations and was characterized
there as the " base-case procedure-related parameter frequencies " That is,
the probability or frequency of er.ch of the 11 events as stated in the survey
was that portion of the total probability of the event as given in the ref-
erence PRA that may potentially be affected by improvements in normal or
abnormal operating procedures. It was assumed that these base-case probabil-
ities and frequencies obtain under current operating conditions in which
operating procedures of relatively poor quality are used.

In the presentation of the base-case frequency for each of the five
transient initiating-events, the experts were explicitly told that the event
frequency was due to procedure related operator error. This was necessary to
make sure that the experts realized that they were dealing with only the
procedure related portion of the events' overall frequencies. A similar
explicit statement was not necessary in the case of the six operator actions
because the procedure related portion of the events' probabilities was at or
close to 100% of their overall probabilities.

C.3
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! For each event a scale was placed on the page beside the written
explanatory material. For the six operator action events, the scale was
stated both in terms of " Probability" and in " Chance of Occurrence." These

i scales were calibrated in probabilities of from "1.0" to "0.0000001" and in
corresponding chances of occurrence of from "I chance in 1" to "I chance in"

10,000,000." Thus, this scale allowed the experts to think ir terms of either
j probabilities or in " chances," e.g., 1 chance in 50.

The scale used for the five transient initiating events was stated in
terms of " Base Frequency (X times per year)" and in " Base Frequency (1 time

; per Y years)." These scales were calibrated in frequencies of from "1.0" time
c per year to "0.0000001" times per year and in corresponding frequencies of

from "I time in 1 year" to "I time in 10,000,000 years." Again, this scale
allowed the experts to think in terms of two alternative types of frequency.

The calibration marks on each of these scales were set at an equal dis-
tance from each other. In other words, the actual distance between the marks
for "I in 1 year"and "1 in 2 years" was, for example, equal to the distance
between "I in 10,000 years" and "I in 20,000 years." The scales were_ con-
structed in this way_ with the intention of providing simple, straight-forward
scales that would be easy to use, provide sufficsent variation in frequencies
to be able to accommodate the range of the 11 subje:.t frequencies, and to
produce meaningful survey results.

The base probability or frequency as stated in the description of each
event was marked on the appropriate place on the scale. The experts were
asked to put a slash across the frequency scale to indicate the frequency'

with which they thought the particular event would occur due to procedure-
related operator errors if operating procedures were improved as had been
described earlier in tha survey instrument.

On each of these scales the smallest increment of change was a 50%
decrease in event probability. Such large increments between calibration
points could potentially have caused an experimental bias towaro averestima-
tion of decrease in event probability. The actual survey results showed,i

however, that this distance between calibration points apparently did not
produce such bias. Fully one half of the experts' marks on the survey scales
fell between the calibration points.c

C.3 CH0 ICE OF EXPERTS

Comer et al. (1984) state that familiarity with the tasks to be judged i

is the primary qualification of subject matter experts. The experts asked to I

make judgments regarding the impact of improved procedures were, therefore,
chosen for their in-depth knowledge of plant systems, operations, and control
room procedures. All are very familiar with the use of operating procedures
in control room operations. Because of the varying backgrounds and current

- work experience of the various experts, it was assumed that the quality of
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the different operating procedures with which they have experience would tend .

to approximate the range of procedure quality found in nuclear plants across i
the country.

The subject matter expert qualifications suggested by Comer et al. ;

(1984) do not include prior experience in making probabilistic judgments.
These experts chosen for this survey were not necessarily experienced in
making probabilistic judgments nor were they given instruction in making such
judgments as part of this survey process. Experience with probabilistic- :
judgment making was not considered a necessary qualification in this case
because the experts were to be given the base case probability or frequency i

for each event that could serve as an " anchor" with which to estimate new
levels assuming improved procedures were being used. Having the benefit of ,

these anchor probabilities was thought to obviate the need for any particular *

prior experience in probabilistic judgment making on the part of the experts.

Comer et al. (1984) suggest that as few as six experts would be suffi-
ciEnt for direct estimation though using more than six would tend to ensure
the necessary statistical reliability of the survey results. Nine experts t

were originally contacted and asked to fill out this survey instrument. Of
this number, eight experts were either Senior Reactor Operators or Licensed '

Operators at one of five nuclear power plants. All of these five plants are
'

pressurized water reactor plants designed by Babcock & Wilcox (B&W). The
scope of the survey was confined to B&W plants because the probabilistic risk
assessment (PRA) that was used as a basis for estimating change in core melt
frequency for this project is for the Oconee plant (Sugnet et al. 1984),
which was designed by B&W. The subject operations events, the hardware
involved, and the operating procedures that would be used in conjunction with
those events that were taken from the Oconee PRA were sufficiently B&W
plant specific as to require the reactor operators to be drawn only from
B&W designed plants. The ninth expert of the original group chosen is a mem-
ber of the training staff at the NRC Training Center at Chattanooga,

,

Tennessee. He is a former reactor operator at a B&W-designed plant with
considerable experience in procedure use.

'

Because less than a 100% return of the survey from this original group|

! of nine experts was expected, it was decided to include five PNL staff mem-
bers in the group to be surveyed. Like the original group, each of these
people was chosen for his or her substantial experience in nuclear power
plant control room operations and the use of operating procedures in those
operations. Only one of these PNL staff members has hands-on experience with ,

the operations of and procedure use in B&W-designed plants, however. The
others do have considerable experience with control room operations of vari-
ous plants designed by Westinghouse. Because the controlling functions of
Westinghouse plants are quire similar to those of B&W plants, it was decided -

that these PNL staff members could provide sufficiently well informed judg-
ment to make a positive contribution to the survey.
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C.4 DATA C0llECTION

Surveys instruments were mailed to the 14 exp'rts. The survey instru-e

ment had been designed to be straightforward and easily understandable and to
elicit expert judgment without further oral instruction. It was estimated
that the survey could be completed within 30 to 45 minutes,

ien completed surveys were returned over a period of from 3 to 8 weeks
from the date in which they were mailed to the experts. Six of the nine sur-
veys sent to power plant and training center personnel were completed. Of
the other three, one completed survey was apparently lost in the mails; the
other two experts did not respond due to major work commitments. Four of the
five surveys sent to PNL staff members were filled out and returned. Based
on the substantial consistency among the experts' judgments and on conversa-
tions with some of the 10 experts who filled out the survey, the survey was
apparently clear and relatively easy to fill out. The survey appears to have
been effective in eliciting expert opinion regarding changes in operator
error that could be expected to result from improving operating procedures.

C.5 SVRVEY RESULTS

The numerical results from this survey are set forth in Table C.I. This
table presents the base probabilities for each of the 11 events that were
presented to the survey participants as the probabilities associated with the
use of procedures of current quality. The new probabilities estimated by
each of the 10 experts for each of the 11 events assuming the use of high
quality procedures are presented. The table then states the arithmetic mean
of these new probabilities. These mean values represent the collective
expert judgment of the survey participants as to what the new probabilities
of each of the eleven events would be if procedures are upgraded pursuant to
an NRC regulatory action. These mean values are expressed in one more sig-
nificant digit than are the base probabilities and the estimates of the
individual experts. This is deemed acceptable because the experts were given
scales ranging from 1.0 to 0.0000001 and, therefore, their estimates could be
extended to more than five significant digits.

Comer et al. (1984) recommend that results of expert surveys be used
only if there is reasonable agreement among the experts regarding the esti-
mates. They suggest using the Kendall coef ficient of concordance as a meas-
ure of the extent of that agreement, This coefficient measures the average
correlation among the various experts on a zero-to-one scale where 0 is no
agreement and 1 is complete agreement.

Calculation of this coefficient f or the survey results gives a result of
0.887. This result indicates considerable agreement among the experts as to
the affect of procedure improvement and can be taken as an indication that
the experts interpreted the events described in the survey instrument quite
similarly. While the result of this test of consistency is quite high, it
should be noted that part of the reason for this result may be that the
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TABLE C.I. Operating Procedures Improvement Survey Results

Operator Events Transient Events
1 2 3 4 5 6 7 8 9 10 11Base

0.100 0.002 0.010 0.056 0.012 0.110 0.280 0.032 0.010 0.0002 0.00008Probabilities

Survey
Participant

ID#s

1 0.067 0.002 0.007 0.020 0.008 0.067 0.200 0.025 0.008 0.0002 0.00008

2 0.020 0.001 0.005 0.010 0.005 0.010 0.133 0.013 0.005 0.0001 0.00007

3 0.050 0.001 0.002 0.056 0.003 0.050 0.280 0.010 0.010 0.0002 0.00007

f, 4 0.100 0.001 0.010 0.005 0.001 0.005 0.100 0.050 0.0I0 (a) 0.00008

5 0.067 0.002 0.010 0.020 0.010 0.020 0.222 0.032 0.010 0.0002 0.00008
-e

6 0.050 0.002 0.010 0.025 0.006 0.050 0.200 0.022 0.003 0.0002 0.00007

7 0.005 0.002 0.002 0.056 0.001 0.020 0.280 0.032 0.009 0.0001 0.00005

8 0.100 0.001 0.012 0.020 0.004 0.100 0.167 0.028 0.002 0.0002 0.00007

9 0.040 0.002 0.010 0.040 0.005 0.006 0.075 0.020 0.008 0.0001 0.00005

10 0.028 0.002 0.010 0.010 0.010 0.110 0.250 0.030 0.010 0.0002 0.00007

Mean 0.0527 0.0016 0.0078 0.0262 0.0053 0.0438 0.1907 0.0262 0.0075 0.00017 0.00007
Std. Dev. 0.0316 0.0005 0.003G 0.0184 0.0033 0.0385 0.0716 0.0113 0.0031 0.0001 0.00001

For this event the participant estimated a probability of 0.1000 because this event had occurred(a) at least twice at his plant. This estimate was eliminated from the results because the
participant had ignored the base probability and, therefore, there is no way to determine what
affect he would ascribe to improved procedures.
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experts were given an " anchor" - the base probabilities -- that may have
produced some inherent consistency by establishing a basic range for the
experts' estimates.

This reasonably high across expert consistency does not necessarily
indicate that the survey results are a strictly accurate prediction of what
the eleven events' probabilities or frequencies would be if operating proce-
dures are improved. According to Comet et al. (1984), however, human error
probabilities derived using the prescribed procedures and achieving this
degree of consistency can reliably be used to support probabilistic risk
assessment analyses such as this determination of change in core-melt fre-
quency. To the extent, therefore, that the original base-case probabilities
and frequencies derived from the reference PRA are accurate, these adjusted-
case survey results can be used with confidence to represent the relative
change in event occurrence due to improved procedures.

A t-test, which is a statistical method for measuring the difference
between a known value and one derived from a sample survey, was also
performed for the survey results. The t test allows a determination as to
whether the individual means are different from the base probabilities with a
confidence level of 957. For 8 of the 11 events the mean probability results
are lower than the base probabilities with a confidence level of 957.. For
events #3, #8, and #10 the confidence levels do not reach 95%; they are 91%,

-86%, and 92%, respectively, in events #3 and #8 for which the mean is not
significantly-less, there were experts that estimate that the probability of
the event would increase due to improved procedures, a; When those responses
are removed the difference becomes significant for event #8 but not for event

-#3. Further analysis of this latter event indicates that half of the
'respondents estimated no change in probability.

I

(a) in both instances, the expert's slash mark across the scale was very
close to, though slightly above, the base case probability mark, it

appears likely that each expert may have intended to signify no change
in probability rather than a (counterintuitive) increase in probability
due-to-improved procedures.
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ATTACHMENT

Battelle Pacific Northwest Laboratories

OPERATING PROCEDURES IMPROVEMENT SURVEY

his surety is teing conducted as pan of a project to determine what would be the potential
benefits of improving normal and abnormal operating procedures in commercial nuclent power plants
around the United States. This project is teing conducted for the Nuclear Regulatory Commission
by the Battelle Pacific Northwest Laboratories.

De purpose of this survey is to obtain your opinion on the potential effects of improsing
normal and abnonnal operating procedures at nuclear power plants. In order to make this evaluation,
eleven separate events that occur at nuclear power plants have been identified. Each of these events
is expected to be influenced (at least partially) by the use of normal andor abnormal operating
procc.dures. The first six e vents are operator recovery actions which are required to tw taken
following specific equipment failures. The remaining five events are anticipated transients that may
occur as a result of equipment malfunction or as a result of operator errors due to poor or inadequate
written procedures.

It is expected that operators would likely refer to written operating procedures before or while
taking the six recovery actions described in this survey. Likewise,it is expected that poor or
inadequate operating procedures could contribute (at least to a small extent) to cecurrence of the five
transient iniunting events descrited in this survey. Of course, these eleven events are only a small
sample of potential safety significant events that are influenced by operating procedures. However,
for this study, only these eleven events are teing spectfically evaluated.

For each of the eleven events, you will be given an estimated frequency of occurrence
assuming that normal and abnormal operating procedures of current quality are teing used. The
frequencies of occurrence of the six operator recovery actions are expressed in a chance of
occurrence, for example, one chance in ten. The frequencies of the transient initiating events are
expressed in times per year, for example, .28 times per year. Then you vill be asked for your
opmion of how each frequency of occunence would change if those operating procedures were
improved in the ways described in the suncy.

Please follow these instructions:

1) First, read "llow Operating Procedures Could Be Improved" which generally describes
some of the ways in which utilitics can improve their current nonnal and abnonnal
operating procedures.

2) Then, for each of the eleven events, read the information provided and put a horizontal
slash across the scale at the point that describes what you think the event's frequency
would be if improved onentine om edmes were brinc mei

3) If you believe that the frequency would not change due to improved operating
pro:edures, please place your horizontal slash at the place indicated by the arrow,i.e.,
at the present frequency.

4) If you would like to provide any infonnation that would explain you opinion about a
change in event frequency, please write that information at the bottom of the page.

5) Please send the completed survey to Tnomas Grant, Battelle Human Affairs Research
Centers,4000 N.E. 41st Street, Seattle, Washington 98105. If you have any
questions, please call Thomas Grant at (206) 525-3130.

Thanks very rnuch for completing this survey.
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llow Operating Procedures Could Ite Improsed

The purpose of this survey is to determine the potential tenefits that would result if nuclear
power plants around the country tmproved their current normal (NOPs) and abnormal (AOPs)
operatin; proerdures. For you to be able to answer this questionnaire, you need to know how
h0Ps and AOPs could be improved. Therefore, the following is a short summary of some of the
problems that have been found with NOPs and AOPs currently used in several power plants and
some of the ways that they potentially could be improved.

Procedures are sometimes written in vague terms and do not specifically describe what the*

operator must do to correctly complete the required operation. Procedures could be
improved by writing them in more definite and specific terms.

Procedures sometimes fail to describe the specific actions to be taken by operators in a step-.

by step manner. Procedures could be rewritten in short, concise, identifiable
steps with only one action per step.

Current procedures sometimes fail to provide clear indicators of when a particular objective.

has been achieved or when the procedure has been completed and should be exited.
Procedures could be improved by specifying a single quantitative indicator to
tell the operator when the objective of the step has been accomplished. Also,
procedures could more clearly identify the controls, indicators, and
equipment relevant to the procedure.

Some procedures have teen found to be technically inaccurate. For example, t, procedure.

may refer to panel F when panel E is intended. Procedures could be improved by
making sure that such technical inaccuracies are climinated.

Different procedures used by the same operators may be written in different formats making.

it difficult for operators to quickly understand and use the procedures. Procedures could
be rewritten using a consistent format to increase the case of use.

Procedures sometimes do not contain a table of contents. Procedures could be.

improved by adding a table of contents that would make it easier for
operators to quickly find the needed section of the procedure.

Procedures sometimes lack checklists, placekeeping aids, and other tools to enhance the case.

and accuracy with which a procedure can be used. Freedures could be improved by
including these aids as well as clearly prepared graphs, figures, and flow
charts to increase the case of use.

Procedures may lack cautions, wamings, or explanations describing how fast in responding.

or how sensitive particular controls are. Procedures could be improved by including
this information.

Procedures are sometimes not matched to the level of experience of the operators using them.*

In some cases, procedures could be improved by writing procedures at two
levels, for experienced and for less experienced operatmg personnel.

These are a few of the improvements that could be made to current normal and abnormal
onerating procedures. In summary, such improvements would be intended to increase operators'
ability to assess needed information, to decrease response time in abnormal situations, and to
decrease errors due to confusion. !
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ATTAulMENT

PLEASE CONSIDER Tile F01,. LOWING

INFORMATION

Operator Action #1

Se"*,nNOperator Action Description: ,,,es sms.

Following a loss of normal Reactor Coolant Pump i,o ..., i a,,, in i

(RCP) seal injection from the High Pressure ,3 3 a,,, i, 3

Injection (HPI) pumps, the operating staff fails to .2 i chince in 5

provide RCP seal injection fmm the Safe Shutdown _3 3 ,s,,,, i, in, ,

"

Facility (SSF) within approximately 30 minutes. .os i chance in 20

.o2 i chance in so

Situation: .oi i .sm, in im_ .

RCP seal. injection flow is normally provided by ,oo3 3 am, i,3

the HPI pump that is operating to supply the .002 i nince in soo
Reactor Coolant System makeup. In this situation, .coi 3 am, i, 3,mo.. ,

the RCP scal makeup fails due to system faults and , coo 3 i am, in 3,wo

must be recovered from the Safe Shutdown Facility ,0002 i ,3,,,, in 3,oon

within 30 minutes of seal leakage to prevent ,oooi .. 3 a,y, in io,o3o

leakage in excess of the SSF makeup capability. ,oooo3 3 a,,, in n,noo.

.000'12 i chance in 50.000

.0000: i chance in 100.000.-

Current event probability: .000005 i a=, in 200.000

Research shows that in this situation there is .000002 i ch nce in 500.000

currently a probability of about I chance in 10 of ,ooooo3 ... , , ,, i, 3,0n3,33o

the operating staff not being able to provide RCP .000000s i o..me in 2.om.mo
seal injection within 30 minutes. That probability .0000002 i einc. in s.ooo.ono
is marked on the scale to the right. ,oooooo , . 3 a,y, 3 io,o30,oon

Please put a slash across the scale to indicate the
probability with which you think this operator
error would occur if NOPs and AOPs were
improved as described in How Operating
Procedures Could Be Improved.

C.ll
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ATTACHMENT

PLEASE CONSIDER Tile FOLLOWING
INFORMATION

Operator Action #2

. Chance ofOperator Action Description: %s.smn. o:eumn e
Operator fails to start standby Low Pressure

3.o . _ 3 ,une, in i

Service Water (LPSW) pump.
.3 i c ane 5 :
.2 i chance in 5

Situation: .i i cune. in 10_.

The operating Low Pressure Semce Water pump ,o3 3 ,s.n , in :o.

fails to continue running. The operator must start
.02 t cance in 30.

the standby pump to provide vital cooling to
,oi .. . 3 ,u,,,, in 3oo

several systems and components, including the ,co3 i ,une, in :oo

Reactor Building cooling units and room coolin+".002 i cance in 300
for several areas. There will be numerous direct ,coi i ,3,,,,in i,ooo..

and indirect indications of the loss of LPSW. ,o3n3 3 ,3,ne, in :,oon
Diagnosis is not thought to be a problem. Time is ,oco: i ,u n,, in 3, a

not long before important effects result, especially ,oon i 3,ne, in io ooo.

HPl pump bumup due to the loss of pump motor
.00005 i cunce in 20.000

Cooling.
.00002 i chance in $0.000

.00003 i chance in 100,000- .

.000005 i chance in 200.000
Current event frequency:

.onono: 3 ,s nc,in 300,o00
Research shows that in this situation there is ,cocooi ,. . i ,s,,,,in i,ooo,ooo

currently a probability of about I chance in 500 of
.0000005 1 cance in 2.000.m

the operating staff falling to start the standby .oooooo: i ,s,n,, i, 3,ooo, coo
LPSW pump. That probability is marked on the ,ooooooi ... 3 ,s.n,, in 3o,o00,000
scale to the right. #

Please put a slash across the scale to indicate the

probability with which you think this operator
error would occur if NOPs and AOPs were
improved as described in How Operating
Procedures Could Be Improved.

c.12



A11A01 MENT

PLEASE CONSIDER Tile FOLLOWING
INFORMATION

Operator Action #3

$*""j,Operator Action Description: m,,
Operators fail to trip the Reactor Coolant Pumps 3, .,,, 3 , ,,,,,, , 3

(RCPs) following loss of seal cooling within 15 ,3 3 ,,,, i, 3

minutes. ,, 33 ,,,3

1 thance in 10.1 .-

''5 "'"" * 2 0
Current event frequency:

.02 ; esme a 50Research s, hows that in this situation there is
currently a probability of about I chance in 100 oN''' '*b'""*'"'

'"5 ' "" '" 2 0'

the operating staff failing to trip the Reactor
.02 i shance .n 500Coolant Pumps (RCPs) following loss of seal
'"' ' I "'"" '" ' '"Ucooling within 15 minutes. That probability is
Ows i nann in 2.m0

marked on the scale to the right.
.0002 1 chance in 5.000

1 thance in 10,000.0001 ..

~ " " ' ' ' h"' '" 2 *
Please put a slash across the scale to indicate the

'* * 2 3 '""" i" 5"'**probability with which you think this operator
' * * ' ' ' ' **"" '"2"'""

error would occur if NOPs and AOPs were
. **3 aann a2%.0mimproved as described in llow Operating
'"" 8'h'"" *SD'**

Procedures Could Be Improved.
.000001 -- 1 tt.ance in IJMMO

.0000005 1 chance in 2.000.000

.0000002 1 chance in 5.000.000

.0000001 I thance in 10.000,000-

C.13
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A11 ACMD11

PLEASE CONSIDER Tile FOLLOWING
INFORMATION

Operator Action #4

Operator Action Description: gg,m.
The operating staff fails to recover Instnament Air

3, 3,,,,_,

(IA) prior to the depletion of the Upper Surge
,3 , , , _ , , ,

Tank (UST) which is a source of water for the
.2 i chme in 3

Auxiliary Feedwater Pumps. Two to six hours are
.1 I chance in 10.

available to recover the IA depending on theQ3 , , , ,

volume of the Upper Surge Tank.
.02 I chance in 50

.01 1 chance in 100- .

Current event frequency:
,g3 , , , , , ,

Research shows that in this situation there is
currently a probability of about 1 chance in 18 of

' * * ~ '
,, ,, , ,,, ,

the operating staff not being able to recover
.0ms i am m

Instrument Air prior to the depletion of the Upper
,gg, ,,,_ ,3 ,,

Surge Tank. That probability is marked on the
, , , , , ,, ,, ,, ,, ,,

*

.00005 1 chance in 20.000

.00002 1 thance in 50.000

.00001 I chance in 100.000.

Please put a slash across the scale to indicate the
,g,g3 , , ,,,g,g

probability with which you think this operator
,gog, , ,, , 3 3,

error would occur if NOPs and AOPs were ,ggo, ,. , , , , ,
improved as described in How Operating

.000u05 i a- w 2mm0Procedures Could Be Improved.
,,ggg, , ,_ , 3

.0000001 -- I chance in 10.000.000
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AllAUIMEN1

PLEASE CONSIDER Tile FOLLOWING
INFORMATION

Operator Action #5

Operator Action Description:
Failure of the operating staff to recover Low
Pressure Service Water from another source
before failure of allliPI pumps.

Situation:
The Low Pressure Service Water (LPSW) systems
fail and the operators fail to cycle the IIPI pumps to
prevent bumout or fail to get LPSW from another
source. Loss of LPSW during normal operations
affects the operating IIP pumps. Ilowever, the
operator can cycle the liPI pumps at least once to
buy some extra time. Service water may also be

obtained from another unit (if available) or from
the liigh Pressure Service Water (IIPSW) system,
depending on the reason for the LPSW failure.
The llPI pumps heat up to the high temperature
alarm in 10 to 15 minutes. The operator is assumed

to set up for a manual reactor trip, anticipating
RCP alarms in about 5 to 10 minutes. Since the loss
of LPSW will be annunciated, diagnosis is not
assumed to be a problem. The operator is expected
to try to restart all LPSW pumps and if not
successful will align 11PSW or LPSW from other
units, if available. The RCP trip and the actions
associated with shutting down the reactor add
confusion to LPSW recovery efforts. The operator
has about 35 to 40 minutes to recover LPSW after
the RCP trip.

C.15
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AlTAUM!il

Current event frequency:

Research shows that in this situation there is g=,'jg.
currently a probability of about 1 chance in 80 of

1.0 1 chaise in 1-

the operating staff failing to recover Low Pressure
.5 i chance in 2

Sen> ice Water from another source before failure
.2 t chme in s.

of all HPI pumps That probability is marked on
.) -- . I chance in 10

the scale to the right.
.05 i chance in 20

.02 1 chance in 50

01 I chance in 100.= .

Please put a slash across the scale to indicate the
.005 1 ct c. in mprobability with which you think this operator
,on , ,,,,,, ,, 3 3,

error would eccur if NOPs and AOPs were , , , , 3 ,, ,, ,,,,,,

improved as described in How Operating
,g,3 33 ,, g y,

Procedures Could De Improved.
.0x2 s chance in s.m

.0001 . I chance in 10.000

.00005 1 chance in 20100

.00002 1 chance in 50,000

.00001 - . I chance in 100.000

.00000$ 1 chance in 200.000

.000002 1 chance in 500.000

.000001 I chance in 1.000,000. .

.0000005 1 chance in 2.000.000

.0000002 1 chance in $J00.000

.0000001 I chance in 10.000.000.
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AITACHMENT

PLEASE CONSIDER Tile FOLLOWING
INFORMATION

Operator Action #6

Operator Actica Description:
Failure of the cperating staff to recover the LPSW chea or

#" ""to HPI pumps given a failure of a manual valve in
10 - 1 'haa in ithe common discharge header.

.5 i ct.m. in :
Situation: .2 i es.nu in 3.

A manual valve in the Low Pressure Service Water + 3 ,,,,, , i n,

discharge header closes, resultmg m common mode
'*8 ' " ' " " ' "closing of the LPSW discharge cooling path from

major loads in the LPSW system. The LPSW 0: l 'hanc' in 50

pumps continue to operate, and some pans of the .oi I chan in im. .

system receive cooling as normal. HPI high .003 i ,s.n in m

temperatures will be reached (if operating) in 2 to ,on: 3 ,,,,, i, 33,

5 minutes and the RCP alarm setpoints will be
'00 ' ' ' h """ l" ' ' Dreached in 10 to 15 minutes. The fault would

' '

require diagnosis, and recovery actions for the 0NS 1'h="in:mo

fault would be difficult. The operability of the HPl .ow2 i chan in s.mo
pumps is of primary concem. The operator could .000 i es.nn in io.mo.

buy time for recovery by cycling the three HPI ,onon3 3 ,,,,, i, 30,go

pumps to prevent overheating, Long term
m2 i .e.nn a so.morecovery would involve the recovery of HPI-

cooling by opening a discharge path (breaking or "1 - 1 'h=" in im 0*

opening a drain in the 3. inch LPSW discharge line .cooms i chma in 200.0m
from the HPI pumps would suffice). .cocoo: i ,$,no in 3oo,oz

' " " * **'"" '" * * "' '

Current event frequency:
'* " US 3 'h'"'' '" 2 '"" -Research shows that in this situation there is

currently a probability of about 1 chance in 9 of the " *: 1 cha" in SMM

operating staff failing to recover LPSW to HPI commi i china in to.mo.mo.

'

pumps given a failure of a manual valve in the
common discharge header. That probability is
marked on the scale to the right.

Please put a slash across the scale to indicate the
probability with which you think this operator
error would occur if NOPs and AOP. were
improved as described in How Operating
Procedures Could Be Improved.
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ATTACHMfNT

PLEASE CONSIDER T}lE FOLI.OWING
TRANSIENT. INITIATING EVENT

REACTORfrDRBINE TRIP

Event description:me. Freq. sue rreq.

p,g,'' Un'a'y An event resulting in a reactor trip, but not
,

significantly degrading the operability of equipment
3 i, 3 y,,,3,o _.

needed to respond to the event. This transient occurs
,3 3 g ,,,,,

3 g ,,,,+ when a turbine or reactor trip occurs, or if turbine,,
problems occur which in effect decrease the steam, , , , , , , , , , ,,, _

flow to the turbine, causing a rapid change in the
,,3 , go ,,,,,

amount of energy removed from the primary system., ., 33 ,,,,,, , , ,

This event may be caused by hardware failure or by
, , ,, ,,,,,,,, ,

human error.
.co3 i uoo y, ,

002 i in 500 years
Current event frequency:

. in 3.000 y.us-.ooi -

Research shows that this transient can occur at the
,,,3 3,,,,,,,,,

reference plant about .28 times ner vent due to
.0002 2 in s.om yeu,

procedure related operator errors, This is equivalent
.. : in to.om y. ,.onoi .

to once ever.y 3.5 years. The mark on the scale to the
.o0003 i in 20.oa y...

left indicates this frequency,
.00002 i in so.om y.u,

i in 300.000 years.o0001 - .

.o0000$ i in 200.003 y.ars
Please put a slash across the frequency scale to indicate

.000002 iinsoo.ow y.u,
the frequency with which you think this transient... : in 2.o%.000 y.u..o0900
w uld occur shte to nrocedure related onerator errors.000000s i in 2.mo.mo y.u,
if NOPs and AOPs were improved as described in

.0000002 i in s.mo.ooo y.us
How Operating Procedures Cotild Be Improved.2 in io.om,om y.u,.o00000i - . .
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ATTACilMENT

PLEASE CONSIDER THE FOLLOWING
TRANSIENT INITIATING EVENT

LOSS OF M AIN FEEDWATER

Event description:Base Freq, Base Freq.

y";',5 ( yim'J' An interruption of main feedwater flow from one or
3 ,

both trains of the system. This event may be caused
3 ,, _,,,,,,y,,

by hardware failure or human error.
.5 . i in 2 nar,

.2 - i in 5 years
Current event frequency:

,., 3, y,,,,3 _,

Research shows that this transient can occur at the
.05 i in 20 yeup reference plant about .032 times per vear due to
,,, , 3 , 3, ,,,,,

procedure-related operator errors. This is
_., 3 i, 3,, y,,,,,,3

equivalent to once every 31 years. The mark on the
.n5 - i w00 nir,

scah to the left indicates this frequency.
.002 - a 500 n us

-.. 1 in 1.000 years.001

.0005 i in 2,000 years
Please put a slash across the frequency scale to

.0002 i in 5.000 year,
indicate the frequency with which you think this

i in 20.000 yens.000: . .

transient would occur due to procedure related
.00005 i in 20.000 yeu,

nerator errors if NOPs and AOPs were improved
.00002 i in 50.000 yeus

as described in How Operating Procedures Could Be
-.- i in 100.000 yens.00002

E *

.000005 - i in 200.000 years

.000004 i in 500.000 years

.00000 - - i in 1.000.000 yens

.0000005 i in 2.000.000 years

.0000002 i in 5.000.000 years

-.. : in 10.000.000 years.09') '

C.19



'

ATTACHMENT

PLEASE CONSIDER THE FOLLOWING
TRANSIENT-INITIATING EVENT

LOSS OF CONDENSER VACUUM

Event description:noe Freq. nue Fren.
(x tirne: 0 *"' Pc' A reduction of condenser vacuum to a level resultinggg Y vem) i

:

in a feedwater pump trip. This event may be caused !
- i in i year 11.0 .-

by hardware failure or by human error.
.5 i in 2 years

.2 i in 5 years
Current event frequency:

,i .. i in 30 y ,3
Research shows that this transient can occur at the j.05 i w 20 year,
reference plant about ,01 times ner vear due to j.02 i in 50 year,
procedure related operator errors, This is equivalent

'

i in 300 yeuse.0 -..

to once every 100 years. The mark on the scale to the j
.005 i m 200 yeu,

left indicates this frequency $,,g , ,,3,,,,,,,

-.. i in i,000 years.001

.0005 i in 2,000 years
Please put a slash across the frequency scale to

.0002 i in 5,000 yeu,
indicate the frequency with which you think this !... i in 10,000 yens.000i
transient would occur due to procedure-related

.00005 i in 20,000 yev, j

omrator enors if NOPs and AOPs were improved as ).00002 i in 50,000 yeu,
fdescribed in How Operating Procedures Could Be

1 in 100,000 yeus.00001 -..

Improved.
.000005 i in 200,000 yeu,

,000002 i in 500,000 yran

-.. 1 in 1,000,000 years.000001

.0000005 i in 2.000.000 years

.0000002 i in 5,000,000 years

.000000 -.. in 10,000,000 years
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ATTACHMENT

i
l'

PLEASE CONSIDER THE FOLLOWING
TRANSIENT. INITIATING EVENT

SPURIOUS ENGINEERED SAFEGUARDS GS) :

ACTUATION SIGNAL <

c

Base Freq. Bue Freq.
'

p,iimej O y;'y Event description:
,, y

' Die event is a spurious initiation of High Pressure_ 3 3 , y,,,,,, ,,

Injection (HPI) flow. This event may be caused by
.5 a 2 year,

hardware failure or by human error.
.2 i in 5 year,

1 in 10 years. ....

Current event frequency: i05 i-m 20 year,
Research shows that this transient can occur at the

,,, ,,3,,,,,,
reference plant about .0002 times per year due to3 i, too ye,,,oi _.. ,

nr cedure.related operator errors. This is
.ns . i m 200 years

equivalent to once every 5000 years. The mark on
,,,, , , 3, y,,,,

the scale to the left indicates this frequency.i in i,0m yens.00: .

.0005 i in 2,000 yeu

.0002 - i in 5,000 years @
Please put a slash across the frequency scale to

-.. in 30,0m yeu,.000
indicate the frequency with which you think this

.00005 . in 20.000 y u,
transient would occur due to procedure.related

.00002 - i in 50,000 yen,
nerator errors if NOPs and AOPs were improved

'

.00003 -.. i in i m ,000 yen ,
as described in How Operating Procedures Could Be

.000005 i in 2m,000 y u,
Improved.

.000002 . i in 500.000 yests

i in i,000,000 years.000001 - .

.0000005 . i in 2,000,000 years

.0000002 i in 5,000,000 years

.000000 -.. i in 10,000,000 years
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ATTACHMENT

PLEASE CONSIDER Tile FOLLOWING
TRANSIENT INITIATING EVENT

LOSS OF LOW PRESSURE SERVICE WATER ,

Bue Freq. Bue Freq. Event description:

g= Og*y This event is a failure of the Low Pressure Service
Water system resulting in insufficient flow in the

,,, _ _ , , , ,,

main headers or failure to supply service water to
.5 i m 2 ye-,

vital equipment. Three potential failure modes havea i in 5 yen,
been identified for the LPSW system: (1) a pipe break.I - . in lo years
in the supply header,(2) an operating pump failure

.os i in 20 nar,
f 11 wed by failure of the standby pump, and (3) a

.o2 i w so yeu,
failure of the main discharge header by blockage.

,,, , , ,, ,,,,,

This transient occurs when the service water system
.n5 i in 2m nar,

fails to perfomi its function either as a result of
.e2 - 2 w sm ye r,

hardware failure or human error.i in i.ooo yen,.ooi _.

.0005 i in 2.000 years
Current event frequency:

.0002 i in 5.000 nar,
Research shows that this transient can occur at the.0003 2 in io.om ye,..

reference plant about .00008 times ner vear due to '

.00005 - i in 20.000 year
*

.00002 i in 50.000 years
to once every 12,500 years. The mark on the scale to.0000: _. in im.om yea,
the left indicates this frequency. '

.umos i-m 200.000 ye-,

.000002 - i in 500.000 years

.000o01 - . : in i. coo. coo years

Please put a slash across the frequency scale to.0000005 i in 2.000.000 ye=,
indicate the frequency with which you think this

.0000002 - i in 5.000.000 ye-,

transient w.ould occur due 10 nrocedure related.ooooooi ... i in io.om.om yen,
operator errors if NOPs and AOPs were improved as
described in How Operating Procedures Could Be
Improved.
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APPENDIX D

NUCLEAR-POWE1 PLANT CHARACTERISTICS

This appendix provides information on nuclear power plant age, principal
vendors, and size useful in determining where safety issue resolutions are
applicable. These characteristics are also used in calculating the average
plant life (T) for groups of plants.

The calculation of the average- remaining life of reactors affected by
the resolution of a safety issue (T) can be completed in four steps:

1. determine plants affected and divide into backfit and forward-fit
categories

2. multiply forward-fit plants by their total expected life

3. sum remaining lives in existing plants by assuming a 40-year life
and subtracting past service years

4. sum back fit and forward-fit life and divide by the total number of
plants.

An estimate of number of plants (N) and average remaining life (T) in
each of the four reactor categories (backfit, forward-fit, BWR, PWR) was
completed. The base year is 1989.

If specific plants or vendors are involved, a specific calculation must
be performed using the method discussed above. Additional sources of data
(for example Nuclear Power Exoerience) may need to be consulted if further
differentiation between plants by subsystem or performance is required.

The NRC has extended operating plant's licenses to 40 years. This is
the maximum allowed by federal law and is figured from the date the Operating
License (0L) is issued rather than the date of initial operation. The dates
shown for the OL being issued in the attached tables are taken from the
January 6, 1986 issue of Inside NRC. The net MWe and the start dates, shown
for plants under construction, were taken from the February,1989 issue of
Nuclear News.
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TABLE 0.1. Type and Lifetimes of U.S. Nuclear Power Plants

Average Remaining
No. of Units (N) Life (T) (years)

Reactor Sucolier lyng Completed Planned Comoleted Elp.aned

Combustion PWR 15 0 29.9 --

Engineering

Babcock & .PWR 8 2 25.4 40
Wilcox

Westinghouse PWR 49 6 29.3 40

General Electric BWR 37 1 28.1 40
. .

N T (years)

All PWR 80 30.1
Backfit 72 29.0
Forward-fit 8 40

''All BWR 38 28.4
Backfit 37 28.1 i

Forward-fit 1 40

All Plants 118 29.5
iBackfit 109 28.7
'

Forward-fit 9 40

,

j

)

0.2 j
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TABLE D.2. Combustion Engineering Plants

Comoleted
Date OL Backfit years

,

Name Net MWe Issued from 1989

Calvert Cliffs 1 825 7/74 25
Calvert Cliffs 2 825 8/76 27

Maine Yankee 810 72 23
'

Millstone 2 863 8/75 26

Palisades 780 71 22 -

Fort Calhoun 1 478 5/73 24

Arkansas Nuc. 1-2 858 7/78 29

St. Lucie 1 839 3/76 27

St. Lucio 2 839 4/83 34

Waterford 3 1075 12/84 35' ,

Palo Verde'l 1221 12/84 35
Palo Verde 2 1221 86 37
Palo Verde 3 1221 87 38

San Onofre 2 1070 2/82 33
San Onofre 3 1080 11/82 33

.

w

D.3

_ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



__ _

TABLE D.3. Babcock & Wilcox Plants
'

Completed
Date OL Backfit years

Name Net MWe Issued from 1989

Three-Mile Island 1 808 4/74 25

Davis-Besse 1 860 4/77 28

Arkansas Nuc. 1-1 836 5/74 25

Oconee 1 846 2/73 24
Oconee 2 846 10/73 24
Oconee 3 846 7/74 25

Crystal River 3 821 12/76 27

Rancho Seco 873 8/74 25

Under Construction
Name Net MWe Start Date

Bellefonte 1 1213 1994
Bellefonte 2 1213 1996

0.4
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TABLE D.4. Westinghouse Plants

Completed
Date OL Backfit years

Name Net MWe Issued from 1989

Haddam Neck 565 6/67 18

Indian Point 2 864 10/71 22

Indian Point 3 965 12/75 26
Beaver Valley 1 810 1/76 27
Beaver Valley 2 833 87 38
Salem 1 - 1106 8/76 27

Salem 2 1106 4/80 31

Robert E. Ginna 470 9/69 20
Yankee 167 7/60 11

Zion 1 1040 4/73 24

Zion 2 1040 11/73 24

Donald C. Cook 1 1020 10/74 25

Donald C. Cook 2 1060 12/77 ?.8

Prairie Island 1 503 8/73 24

Prairie Island 2 500 10/74 25

Point Beach 1 485 10/70 21

Point Beach 2 485 11/71 22

Kewaunee 503 12/73 24

Joseph M. Farley 1 813 6/77 28
Joseph M. Farley 2 823 10/80 31

Robinson 2 665 7/70 21

McGuire 1 1129 1/81 32

McGuire 2 1129 3/83 34
Turkey Point 3 666 -7/72 23
Turkey Point 4 666 4/73 24

Sequoyah 1 1148 2/80 31

Sequoyah 2 1148 6/81 32
Surry 1 781 5/72 23

Surry 2 781 1/73 24

North Anna 1 915 11/77 28

North Anna 2 915 4/80 31

Trojan 1095 11/75 26
San Onofre 1 436 3/67 18

Millstone 3 1142 86 37

Seabrook 1 1150 89 40
Byron 1 1105 10/84 35
Byron 2 1105 87 38
Wolf Creek 1128 85 36
Callaway 1 1150 10/84 35
Catawba 1 1129 12/84 35
Catawba 2 1129 86 37

Vogt1e 1 1079 87 38
Virgil C. Summer 1 885 8/82 33
Diablo Canyon 1 1073 11/84 35
Diablo Canyon 2 1087 86 37
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TABLE D.4. (Contd)

Completed
Date OL Backfit years

Nar3e Net MWe Issued from 1989__

Shearon Harris 1 860 87 38
Braidwood I 1120 88 39
Braidwood 2 1120 88 39
South. Texas Project 1 1250 88 39

Under Construction

Name Net MWe Start Date

Vogtle 2 1079 7/89
Watts Bar 1 1177 92
Watts Bar 2 1177 ----

South Texas Project 2 1250 6/89
Comanche Peak 1 1150 12/89
Comanche Peak 2 1150 92

0.6
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. TABLE D.S. General Electric Plants

Completed
Date OL Backfit years

Name Net MWe Issued from 1989

Pilgrim 1 670 6/72 23
Oyster Creek 1 620 4/69 20
Nine Mile Point 1 610 8/69 20
Nine Mile Point 2 1045 87 38
Millstone 1 654 10/70 21
Peach Bottom 2 1051 8/73 24
Peach Bottom 2 1035 7/74 25
James A. Fitzpatrick 778 10/74 25
Vermont Yankee 504 3/72 23
Dresden 2 772 12/69 20
Dresden 3 773 1/71 22

Quad-Cities 1 769 10/71 22

Quad-Cities 2 769 3/72 23
Big Rock Point 67 8/62 13
Duane Arnold 515 2/74 25
Cooper 764 1/74 25
Monticello 536 9/70 21

Brunswick 1 790 9/76 27
Brunswick 2 790 12/74 25
Edwin 1. Hatch 1 756 8/74 25
Edwin I. Hatch 2 768 6/78 29
Browns Ferry 1 1065 6/73 24
Browns Ferry 2 1065 7/74 25
Browns Ferry 3 1065 7/76 27
Shoreham 809 89 40
Susquehanna 1 1032 7/82 33
Susquehanna 2 1038 3/84 35
Limerick 1 1055 10/84 35
Hope Creek 1 1067 86 37
Lasalle 1 1036 4/82 33
Lasalle 2 1036 12/83 34
Clinton 1 930 87 38
River Bend 1 936 86 37
WNP-2 1095 12/83 34
Grand Gulf 1 1142 6/82 33
Perry 1 1205 87 38
Fermi 2 1093 87 38

Under Construction

Name Net MWe Start Date

Limerick 2 1055 10/90

0.7
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