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This paper was drafted in March with the objectives of: 2} sharing the concerns about
the state of the nuclear industry, b) searching for a solutis. 1, ¢) incorporating feedback
obtained, and d) presenting to key industry players, including the ACRS.

The paper was sent to thirty distinguished individuals in the industry working for the
nuclear utilities, NRC, DOE, NUMARC, consulting organizations and academia. The
response was overwhelming in terms of encouragement, timeliness, praise for the
content, constructiveness and quality of comments received. One reviewer stated:
"The subject addressed in your paper has eluded many for decades. It’s tough to pin
down and tougher still to describe. it is impressive to see an individual tell it from the
heart.” The paper was revised (Revision 1 dated April 8, 1993) and presented to the
NRC’'s Regulatory Review Group, which amounted to a 3.5 hour mutually beneficial
dialogue. Revision 2 (dated May 8) was presented to Consumers Power and valuable
feedback was obtained.

In addition 1o the feedback obtained from the NRC Regulatory Review Group and
Consumers Power, additional comments arrived from severa! nuclear utilities. These,
as well as further thoughts have been factored into this Revision 3.

It shouid be pointed out that the author was an early proponen: .f risk-based
regulation, as exemplified in statements before the Lewis Committee in 1977, Udall
Committee in 1978, AIF Safety and Licensing Forum in 1979, and ACRS in 1981.
Co-authorship of NUREG-1050 should also be mentioned.

istorical Per iV

Throughout my 30-0odd year career in the world nuclear industry, the industry has
been preoccupied with the hardware, QA/QC and engineering aspects, almost 1o the
point of obsession. As a good illustration, in the aftermath of the TMi accident, which
was not so much with the hardware as with how the hardware was employed or not
employed, thousands of hardware changes were proposed and many, of peripheral
public risk reducticn impact, were implemented, costing the rate payers billions of
doliars. One of the conciusions of the Kemeny report (Kemeny, 1979) was that the
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fundamental problems were people-related problems and not equipment problems.
The TMI action plan even applied to HTGRs. Nuclear safety expertise was pretty
much equated with knowledge of structures, systems and components.

Human factors, or ergonomics, as a discipline was born in other indusiries, such as
aircraft and aerospace. A technology transfer workshcp originated by the White
House in the aftermath of TMI and sponsored by ANS/IEEE provided most of the new
considerations, such as the control room design review and control room staffing.

Although the landmark Reactor Safety Study (RSS) or WASH 1400 was completed
in 1975 and unambiguously demonstrated that the bulk of risks associated with oper-
ation of nuclear power plants (NPPs) were associated with severe accidents, /.e.,
beyond des gn basis, a regulatory emphasis on severe accidents was painfully slow
to phase in. Until TMI, the findings of the study were practically dismissed by the
NRC. Even in the aftermath of TMI, plant-specific PRA studies were only requested
for high population sites in order to establish risk significance of some exotic hardware
solutions such as core ladles. The utility industry embraced PRAs primarily in order
1o contest such non- .eritorious, expensive backfits, which would have shut down
many plants, and certainly Big Rock Point (BRP). Appendix A, (reproduced from
Blanchard, 1985) presents a remarkable display of rationality and transparency, for
uses of PRA in the regulatory process. Ancther BRP paper (Donnelly, 1991) success-
fully addressed two human dominated regulatory issues: shift staffing and control
room design review. The plant continues to run, and it is planned to run through the
year 2000. The NRC's severe accidert policy was not promulgated until 1985 and
the generic letter for plant-specific PRAs - TS was not issued until 1988.

Well before TMI, the NRC instituted a re. «-ev 1t fo. ‘icensing reactors operators,
e.g., part 55. Licensing operators only was ... sufficient for exercising regulatory
control over a complex NPP organizational struc ire. The inspection program was
established first and then a regulatory activity cased SALP (Systematic Assessment
of Licensee Performance) was born in order to gauge how well a utility was doing in
cperating a plant by virtue of auditing seven functional areas. SALP is a costly,
extremely subjective and judgmental process with no apparent scientific basis. It
appears not to be risk-based, and apparently was not a product of profound research.
NUMARC (Colvin, 1992) states: "The SALP process is subjective, establishing grades
upon opinion rather than on established and consistent criteria. It allows five separate
NRC regions and individuels within each region to, in effect, impose their individual
views on licensees.” The NRC is currently in the process of revising SALP, with final
proposed changes forwarded to the Commission (Russe!l, 1993),

TMI also gave birth to INPO, which in turn gave dignity to plant operations as & disci-
pline. INPO developed training prograrns not only for the licensed operators, but also
established a system of peer reviews and inspection of operations, and in general did
a lot of exhorting to excellence. INPO and SALP approaches observe outcomes and
coviclude that scrme of them need improvement and some are good. In my opinion,
they do not address a central issue of how NPPs should organize and manage their re-
sources 10 accomplish an efficient, safe and optima!-cost plant. There is no scrutable
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basis for design of a NPP organization and again, there is no visible risk-based focus
of nuclear safety operational considerations, such as prevention of severe accidents.
Admittedly, in view of confidentiality, | have had no access to INPC documents.

Despite the fact that NPPs now generate in excess of 20% of the nation’s electricity,
and despite the fact that PRA is now a mature discipline (with accompanying abuses,
of course), we have not been able to sufficiently factor risk perspectives either into
nuclear regulation or NPP operations. The industry (i2s not coordinated a concerted
effort. Fire drills and immediate "provide what | want to prove” approaches result in
replication rather than collaboration. The "compliance mindset” coupled with PRA
experts oversell of FRA capabilities, in particular when it comes to validity of bottom
line values, resulted in a stalemate.

A smooth transition from traditiona! design and construction activities to operatiorns
has not been made yet. As David Ward has eloguently stated, "\When there is a dis-
connect between what is needed and what we know how to do, the latter wins. A
man with a8 hammer sees everything as a nail.” (Ward, 1992).

Plant operations have to be seen es & collection of systems, human actions and
process requirements in @ highly interactive mode, as opposed to individual rule
compliances or non compiiances. Making this, what appears to be a revolutionary
change from binary (OK-Not CK) compliance thinking to a highly interactive systems
performance perspective, and its associated reduction in variabilities seems 1o be the
underlying cuitural hurdie the nuciear industry must overcome.

r iveé on f Nuclear Saf

One can safely state that there is 2 general consensus amongst nuclear safety experts
that there is more than sufficient hardware in existing NPPs. The plants are well
designed to withstand natural phenomena such as earthquakes. In fact, they are
over-designed. The Shoreham study (Shoreham, 1985) discovered that, with the
exception of ceramic insuiators, beyond the control of 8 NPP, the first component to
fail required an earthquake four times safe shutdown earthquake (SSE). Fire pro-
tection despite recent thermal lag issue, but in view of Appendix R attention, is more
than adequate. Allin all, the existing hardware is goou enough. Only marginal further
gains could be made in this area, despite apparent imbalances in the design. Any
appreciable gains can only be achieved with advanced designs like ALWRs and
HTGRs. Many PRAs/IPEs corroborate this conclusion. Of course, this may not be
necessarily true for every single plant in the country, but the existing IPE process
should reveal major outstanding design inadequacies.

Since TMI, readiness of operating crews to respond to complex accident scenarios has
been greatly enhanced. Simulator training and emergency operating procedures are
probably the most instrumental in this success story. However, there is no room for
complacency and more needs to be done, not in terms of quantity, but quality of
training. Current training demands are excessive. The simulator offers much more
before it reaches its full potential.



The ORE (Operator Reliability Experiments) project (EPRI NP-6937, 1990/91) jointly
spt 'sored by EPRI and six U.S. nuclear utilities, collected data at six full-scope control
room simulators. The project encompassed simulation of 43 plant-specific accident
scenarios, involved 93 operating crews, focused on 117 human interactions, and re-
sulted in more than 1,000 data points. This constitutes the largest operator action
simulator data in the world. Subsequently, EPRI sponsored development of an appli-
cation of ORE methodology for plant-specific PSAs or IPEs (EPRI NP-6560L, 1889).
In order 10 facilitate automatic simulator data collection, a 100l named OPERAS
(Operator Reliability Assessment System) (Spurgin, et al., 1992) was developed.

The messurement techniques developed and applied in these and other projects con-
tain a potential for answering conclusively fundamental safety questions regarding
operator readiness, training effectiveness; optimal crew composition on case-by-case
basis to safely manage the plant, etc. Two examples provide a minor illustration of
the potential of this methodology (Figures 1 and 2). Figure 1 illustrates an example of
an anomalous crew detection (Molden, 1989) through measurements, which was elu-
sive to human observers and was explained upon examination of video tapes; while
Figure 2 illustrates a simulator data based PRA application for three types of BWR and
PWR human interactions. Regretfully, institutional obstacies and inertia associated
with reluctance 10 accept measurements rather than educated guesses, have thus far
prevented wider use of these technigues for both training and PRA/IPE applications.
As a result, PRAsS/IPEs typically employ generic operator action guesses rather than
the simulator data. Paradoxically, ORE style data collection has been completed at the
PAKS VVER simulator in Hungary, and is being interpreted for use in the PAKS PRA.

What is not good enough is our understanding of plant operations and operational
risks. We are reluctant to apply plant operational risk mooe!s capable of simulating
NPP risks vs. time, despite existence of the basic technology (Vesely, 1993). The
models that we do have show that core damage frequencies (CDF) can undergo large
changes over time due t0 changing plant hardware configurations. Figures 3 and 4
{reproduced from Specter. 1993) show quarterly analysis reflecting actual operating
plant configurations as well as plant configurations yielding very high CDF spikes.
Most cramatically, there appears to be & strong correlation between many high risk
configurations and precursor events {Vesely, 1992). The drifts in CDF attributable to
human reliability and organizational factors cons crations are not even modelled yet.
On the other hand, we are aware that essentiglly a single competent and committed
individual in an executive position can make a vast difference in fostering a safety
culture, as exemplified at Turkey Point (O'Neill, 1892).

In the aftermath of Chernobyl, the Internationa! Atomic Energy Agency’s International
Safety Adviscry Group {INSAG, 1991) has issued a series of reports dealing with the
safety culture, intended for use by government authorities and by the nuclear industry
and its supporting organizations. While copies of the booklet were distributed to all
utility CEOs, this noteworthy literature package made very little observable impact in
the U.S. that i am aware of. Relatively recently, the Agency issued ASCOT Guidelines
-- "Guidelines for Self Assessment of Safety Culture and for Conducting a Review, by
the Assessment of Safety Culture in Organizations Team”.
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The USNRC has an ongoing comprehensive program in human factors. One area of
research is directed towards assessing the influence of organizational factors and
management on NPP performance. APG, as a participant in the program, is disap-
pointed with the slow progress made. Institutional factors (e.g., NRC vs. NUMARC
dispute, NRC’s own prejudices) are a significant element in this disappointment.

The bottom line is that our understanding of the safety culture, not 1o mention the
nuclear risk culture, is at a rudimentary level, which | would characterize as a great
concern. This should be examined using perspectives derived from analyses of cata-
strophic accidents (such as Chernoby!, Bhopal, Challenger, Amoco Cadiz, Piper Alpha,
Exxon Valdez), which show that these accidents may be characterized by four broad
cetegories of root causes (abbreviated as "4M"):

. Machine (design with its basic flaws)

* Milieux {natural phenomena, operational conditions,
political environment, commercial pressures, etc)
providing triggering events, and

. Man (operating crew response)
L Management (basic organizational safety culture
flaws)

Strong management can minimize the contribution of machine, milieux and man to
niiclear operational risks. One way management can have this powerful positive in-
fluence is through establishment of a proper safety and risk culture (Joksimovich,
1892).

f ion

No other industry has invested more resources to safety than the nuclear industry.
For this large investment, the industry has achieved a remarkable safety record.
Nevertheiess, there is no room for complacency. Despite the fourteen years of major
accident free record, our understanding of operational risks to reflect various plant
hardware configurations, human reliability and organizational factors needs to be
enhanced. A recent Stinson paper (Stinson, 1993) states: "Many plants evolved from
construction 10 operations with little consideration given to development needs of key
personnel in their new roles. Given focus on technocracy, there was no resultant
cultural environment that emphasized the value of interpersonal skills development nor
were there rewards for leadership or managernent expertise.” Therefore, the emphasis
has 1o shift from traditional engineering considerations, and the industry has to do
what needs 1o be done, as opposed 10 what the industry traditionalists know how to
do today.

Rising O&M costs, largely attributable to regulatory requirements and how the utilities
have responded to them, are driving the industry right into the ground. To quote from
the 1989 Regulatory Impact Survey: "NRC so dominates licensee resources through
its existing and changing formal and informal requirements that licensees believe that
their plants, though not unsafe, would be easier to operate, have better reliability, and
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may even achieve a higher degree of safety, if licensees were freer to manage their
own resources.” The nuclear utilities cannot economically compete with fossil fuel
plants and other sources of electricity. Permanent shutdowns of Yankee Rowe, San
Onofre Unit 1 and Trojan clearly signal the magnitude of the problem. The crisis boils
down to an issue of how to maintain or enhance (where it might be appropriate)
nuclear safety at sustainable reduced costs in an acceptable regulatory framework.
Hence we have to learn how to maintain nuclear safety at reduced cost. This leads
to Risk Based Regulation (RBR).

isk- lation nagemen

The only way to succeed is to free up NPPs from incurring costs from regulatory and
INPO criven activities which do not contribute in any sizable manner 1o maintenance
or enhancement of acceptable plant risk levels. A good example would be a require-
ment for the integrated containment leak tightness testing. Reducing frequency of
this test from three to, say, ten years, would most likely result in risk differential of
zero. The NRC’s Regulatory Review Group (Gillespie, 1993) is currently reviewing the
regulations, ie., parts 21, 26, 50 and 73, from the standpoint of streamlining,
eliminating inconsistencies, questioning effectiveness of plans such as fire protection,
reporting requirements, etc., as well as introducing risk based regulation, i.e., 50.66
(maintenance), Appendix B (quality assurance), 50.55a (IST/ISI), 50.36 (Tech Specs),
50.59 (Design/FSAR). The NRC's research showed the U.S. is behind the U.K. and
Scandinavian countries when it comes to risk based usage in regulation (Figure 5).

Risk-based regulation, /.e., a compendium of regulatory implementation guides should
be explicitly based on risk analyses which are traceable and scrutable. It needs 1o be,
however, pointed out that even if the regulators and licensees were completely com-
petent in the practice, risk quantification is still an art as well as a science, and the
general public’s lack of appreciation of relative risk concepts is an unfortunate
impediment to the pace with which progress can be expected in public understanding.
Nonetheless, we can achieve a goal of rational and transparent regulation if we devote
appropriate resources to exploiting the full potential of PRA technigues which are by
and large currently available, but are only in limited use both by the regulator and the
nuciear utilities. Vesely has convincingly illustrated existence of a technology
consisting of ten NUREGs (Vesely, 1993) summarizing the work performed over eight
years and focusing on:

a) Risk-based surveillance test intervals,

b) Risk-based allowed outage times,

c) Risk-based management of components being down a given time,

di Religbility and risk-based maintenance prioritization and optimization,
€) Risk-based management of aging effects.

Like EPRI-sponsored human reliability technology and IAEA sponsored safety culture
literature referred to earlier, this NRC-sponsored technology is virtually untapped.

Why is that? Tnis paper raises the issue, but does not attempt to provide a full
answer.



Regulatory requirements should be distributed according to risk significar.ce. Herschel
Specter has illustrated beautifully how it could be applied in the maintenz nce rule case
(Specter, 1993). In another paper (Specter, 1992) he illustrated the example of costs
associated with various non-safety vs safety related components such as with high
ratios such as: $242.44 vs $4,447.00; $29,000 vs $66,800; $207.00 vs. $7,548,
$1.35 vs $21.12, etc. New York Power Authority paid $313.00 for a single hex
socket set screw which can be bought in a local hardware store.

In addition, | advocate that greater self-reliance and more self-regulation through
instillation of enhanced safety and risk culture via advanced self-assessment programs
shouid aiso be a key ingredient of RBR, which may or may not be a part of the license
similar to integrated living schedule, which is a part of BRP's license.

A good example for an advanced self-assessment is an integrated risk management
program (IRMP). IRMP is a concept similar to total quality management (TQM) which
assures that goods and services delivered to clients meet the established quality
standards. Many U.S. companies are embracing the TQM concepts as one means of
competing in global markets. It is my creed that operation of a NPP with an
appropriate safety and risk culture assured via an IRMP will be an efficient, reliable
and optimal-cost piant.

IRMP

Risk management is defined as the decision making process 1o minimize potentiai
losses. Typically, risk management is accomplished by virtue of exercising a risk
model of 2 specific plant and weighing the costs, benefits and risks of available
options for achieving risk control. Degree of success is dependent on the quality of
the risk model. If the risk model is geared towards the plant hardware aspects only,
then its usefulness is confined to identifying plant configuration vuinerabilities, but is
not necessarily successful for all plant operational considerations. For the latter, the
risk model has to be capable of simulating NPP risks vs. time and be capable of
accommodating human reliability and organizational factors, e.g., safety and risk
culture.

A number of utilities have developed risk management programs primarily geared to
hardwere considerations. Hence, | would not call them integrated since they rep-
resent 2 suboptimal case. To my knowledge, Yankee Atomric has probably the most
advanced program in the industry (Yankee, 1991). A striking example was the use in
ciosure of NRC’s severe accident policy issues, /.e., IPE, IPEEE, Containment Per-
formance Improvement (CPl) and Accident Management (AM). NorthEast Utilities is
another industry leader and a staunch advocate of using living PRA in decision making
(Bonaca, 1991).

Figure & depicts an IRMP framework. The left-hand portion of the chart represents
the areas where organizational factors, (behavioral science) come into play in the
complex interactions of organizational units and peopie (organizational variables and
individual variables). External influences of rwgulatoi pressures and business on a
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nuclear util'ty, as well as internal corporate culture affect the policies and practices
of the organizations, including its ability to foster an effective safety culture. These
external influences and how the utilities responded to them have driven O&M costs
beyond what the market is willing to bear. The right-hand side of the chart iliustrates
that the organizational factors influence the reliability of piant personnel (HRA), with
respect to safe operations and maintenance, which in turn factors into components
of plant safety and reliability (PRA). Behavioral science PC-based instruments listed
on the chart, like ACUMEN, represent a selection of tools routinely employed by
Management Analysis Company in San Diego.

Figure 6 also demonstrates that utilities cannot successfully manage nuclear risks
independent of common business issues. It is imperative that a more holistic view of
plant management responsibility be seen. Land and Sancic’s paper {Land, 1990) re-
flects realities of plant decision making. Plant managers must successfully balance
public safety, personnel safety, economic performance, personnel productivity and
regulatory impact. The scope of this paper is, however, confined to nuclear risk
management.

RMP Principal Elernen

IRMP’s principal elements should be entirely plant specific. On a generic basis, and as
I currently envisage, IRMP could consist of the following principal elements (Figure 7):

“ Organizational nuclear safety/risk culture initiatives
integral plant-specitic risk assessment

Operational plant-specific risk model

Establishment of operational plant risk limits

Use of operationa! plant risk model for trending purposes
Plant onerational event anzlyses (feedback)

Emergency planning

Internal or external risk based audits

ional N

in my Monterey paper (Joksimovich, 1992} | have dealt with the subject of nuclear
safety culture in nuclear utility operations. The utility CEO needs to explicitly endorse
and be active in various safety culture initiatives. An example of one utility’s safety
culture initiatives is reproduced here a2s Appendix B. Powerful examples of a commit-
ment to nuclear safety are the existence of independent safety oversight or risk group
repoiting directly to the CEO, and a requirement for submittal of annual nuclear safety
assurance reports.

However, in dealing with the subject of safety culture, it becarme apparent that a risk
culture as a subset of the safety culture has received little to no attention thus far.
In a PSA "83 paper (D. Okrent, et /., 1993) the authors have included, appropriately,
risk assessment in their deep technical knowledge distribution matrix (Figure 8). For
each position the level of knowledge was determined based on a three point scale:



1-passive knowledge, 2-working knowledge, and 3-detailed knowler.ge Currently,
knowledge of risk assessment is confined to a small specialized group within a utility.
A few managers might be able to respond to a fundamental risk question such as,
say, what are dominant contributors to risk for their plant. iInstilling risk culture
amongst the utility management personnel should become a part of the management
training. Furthermore, every employee of a NPP shou!d receive a proper dose of risk
training. ldeally, each one should understand how his/her job affects NPP safety and
what events might transpire if they err.

ral Risk A m

Here we are dealing with the plant-specific PRAs/IPEs as we know them, consisting
of identified and quantified thousands of accident scenarios or sequences. A bottom-
line estimate such as CDF is the sum of all sequences analyzed, each one providing
an increment in frequency, consequences, and therefore, risk. Such a process is
invaluabie in evaluating the NPP design and identifying the plant vulnerabilities. In the
integration process, parameters such as component failure rates or unavailabilities are
treated &s time averaged values. This approach doesn’t evaluate importance of
several components unavailable at the same time.

Integral PRA/IPE models generate lists of risk significant systems, components and
operator actions. These lists can be successfully employed to generate grading scales
for several NPP activities subjected to regulations such as qQuality assurance,
maintenance and in-service inspection. Figure 9 displays a risk-based maintenance
process flowchart. However, integral PRAs/IPEs do not account for the actual
measured readiness of plant-specific operating crews to respond to an accident
scenario. The treatment of nuclear reliability by "handbook™ methodology fails to
capture possible operating crew performance given an accident scenario. In addition,
organizational factors are typically not modeied. Allin all, integral PRAs are invaluable
for assessing the plant design aspects but not necessarily operational ones.

Operational Risk Model

For plant operational considerations, the above listed shortcomings need to be over-
come. in the last several years, a number of NRC sponsored studies focused on oper-
ationa! aspects and technical specifications in particular, e.g., NUREG/CR-5925
(1992), NUREG/CR-5641 (1991). The operational risk model is based on an integral
plant-specific PRA/IPE, but modified to satisfy needs of the technical specification
applications. The model needs to be more detailed than in a typical PRA/IPE to ac-
commodate potentially significant component outage combinations which may not be
impertant for the purpose of an integral PRA. Conversion of an existing PRA/IPE into
a model allowable for real time technical specification calculations addresses the fol-
lowing issues: a) methods for reconfiguration of the plant model for optimum calcula-
tion times, b) an epproach for explicit treatment of operator recovery actions, and ¢)
recommendation on detailed modeling of systems normally not included in a PRA/IPE.



In addition, the operational risk model needs to address adequately operator reliability
and organizational factors influences. No such explicit model has yet been developed
to our knowledge. Figure 10 displays an operational risk management flowchart.

ration i

For an effective management of plant risks, a set of operational risk limits needs to
be established. Appendix C provides an excellent self-explanatory example developed
&nd in use by NorthEast Utilities.

Another risk control mechanism is to focus on AR, t and AR?. AR is the risk incre-
ment over some acceptable base line value, say CDF - 10*/year, which could be asso-
ciated with a change in menitored plant performance, while ¢ is the time during which
AR drift exists.

Risk Trending

This is a crucial part of any risk management pri:gram with both safety and availability
imiplications. In the past, this was primarily done intuitively and judgementally.

Virginia Power Company (Cross, 1891} has developed and implemented a system/
component trending approach based on technical specification-limiting condition of
operation (LCO) and action statements (AS) total hours and a breal.down by system
and component. The premise is that limiting amount of time key safety systems are
out of service will: a) reduce overall plant risk level and b) improve plant availability.
One year tota!l for AS hours for both Surry units was 8869 hours. The dominant con-
tributors (32%) were: service water system (1430 hours) and ventilation system
(1403 hours) which are interrelated, /.e., service water (SW) supplies cooling to the
ventilation system (V). SW breaks down into dominant components; emergency
pumps (38% or 545 hours) and discharge tunnel radiation monitor (52% or 747
hours). This is a commendable approach. Virginia Power is aware that using PRA is
a better epproach and has expressed plans to switch downstream.

In our view, operational risk model is a too! for assessing CDF vs. time as illustrated
in notional Figure 11. The upper part of the figure shows how the number of recorded
failures per year of some components, say service water pumps, may vary around the
historical average used in integral PRA/IPE. If the failures were being trended out,
they might reveal an increase in failure frequency as a result of some organizational
factor in the maintenance department, .

Similarly, the upper right of Figure 11 depicts the decrease in measured unreliability
of control room crews due successively 10 positive OFs, e. g.. steps taken to improve
EOPs and/or training until the time, say, of training budget reduction, after which the
crew unreliability begins to increase. The lower portion of Figure 11 depicts how
recognition of the time dependency in databases should be reflected in estimated CDF
for the plant,
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In order for risk trending activities to be based on high quality data, computerized data
collection systems have to be installed, not only for monitoring hardware performance,
but also for monitoring operating crew performances, as wel!l as measuring organiza-
tional safety culture trends. Such systems employing PC technology are commercially
available.

Operational Feedback

The industry has performed remarkably well in this area in the aftermath of TMI, e.g.,
LERs, plant specific event reports, deviation reports, root cause analyses, etc. There
is clear evidence that utilities are reviewing events of others and disseminating to
staff, but probably more needs to be done. | have personaily studied how one utility
performs these types of analyses and was very satisfied. Our experiences in the ORE
project reconfirm the importance of feedback from operations and training to contin-
ually improve emergency operating procedures (EOPs). The existing processes for all
forms of operational feedback simply need to be perfected from the standpoint of
focusing on risk perspectives.

mer Plannin

This is another success area in the aftermath of TMI. In my judgement, we are not
at the point when we can claim that the risks from NPP operations are so low that
emergency planning is unnecessary. However, there is room for improvement (e.g.,
more of realistic scenarios) and a relaxation by virtue of reducing frequency of the
drills. For example, cost savings by bi-annual drills, as opposed to quarterly drills at
San Onofre could be reallocated to programs having higher risk reduction potential.
Quarterly drills could be compared with too frequent testing of diesel generators,
resulting in wearouts.

isk- Audi

Audit provides eyes and ears 1o nuclear utility management in order 1o assure a suc-
cessful IRM. It could be internally or externally conducted. Existing SALPs and INPC
evaluations contain only remote and conjectural relationship to plant risk control.
When | had an opportunity to ask an NRC Regional Director, thoroughly experienced
in SALPs, "What is the relationship between SALPs and risk control?”, the resronse
was "There is none, but there should be", Of course there shou'd be, and we should
get busy initiating research and 2 reform in this area. !t is grossly overdue.

As a starter, organizational units and programs important in an IRMP, either resulting
from regulatory imperatives of good practices should be identified. A rough illustration
is provided in Figure 12,

Our experience in working with 2 number of utilities is that there is a tremendous
fragmentation among such programs with a lack of appreciation of the interrelation
of one program to the other; in particular, with regard to nuclear safety and risk. A
good exampie being a lack of integration between PRA/IPE human factors/refiability
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and training activities. Figure 13 illustrates an integrated approach. Close integration
of these activities will not only enhance safety, but also substantially reduce costs,
and it is up to an audit to identify weaknesses and propose corrective actions on the
utility management, both from the standpoint of risk control and cost reduction.

Proper Regulator Role

The forgoing places greater emphasis on self-awareness and self regulation. What
then should be the proper role of the regulator? The regulator should have no other
goals than focused attention to nuclear safety. However, the nuclear utility has
ultimate and undivided responsibility for nuclear safety. | believe that the USNRC
should assume more of the stance taken by regulators in the U.K. and in Sweden
rather than the generally confrontational and mutually suspicious relationship that
currently exists. The operating utility and regulator assume joint responsibility for the
health and safety of the public in a system of "checks and balances"; when difficult
problems arise, they are solved together for mutual and public good.

in transition to risk based regulation, the existing regulatory fabric should be stream-
lined to focus on substantive nuclear safety rather than numerous marginal and per-
ipheral issues. It is expected that the report to be submitted to the Commission on
July 30th by the NRC’s Regulatory Review Group will contain a large number of rec-
ommendations aimed at achieving these objectives. It will be up to the utilities to take
the advantage of the favorable climate to be created and come forward with a number
of RBR initiatives. My cencern is that the NRC may not be prepared to respond similar
to the situation regarding use of completed IPEs.

For success of the IRMP approach outlined above, the utility must be assured that it
will get proper credit for being innovative and be allowed the responsibility of virtual
self-regulation. The regulator and utility would establish the framework and guidelines
for self regulation using the IRMP. The NRC would perform initial review and periodic
audits of the self-regulation process, in an advisory role, taking more intrusive actions
only when audits or agreed-upon performance indicators warrant such actions.

The initial review of the utility’'s IRMP would provide reasonable assurance that the
programs and organization at the NPP would achieve the objectives as outlined above.
This ceuld involve a review of the role and authority of the "risk manager” function,
the technical knowledge and risk-culture credentials of the key plant personnel,

Another function of the NRC could be to review and approve the baseline and updates
to the "living PRA™. The review should not be as exhaustive as for a traditional SAR
but only to judge reasonableness of results, data, methods and assumptions. As the
backbone of its own risk-based decision making, the utility has a vested interest in
producing a realistic appraisal of their NPP’s risk. It is not, in our opinion, necessary
for the NRC to have to recalculate every number nor perform quality checks for every
computer program used to produce the PRA/IPE.
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A role for the NRC research should be to support the “"checks and balances"”.
Regulatory paradigm might be to:

1. Develop genreric guidelines for an acceptable IRMP program including programs
and organizational elements, perhaps including recommendations for levels of
nuclear safety knowledge for all persons having influenc2 on plant O&M, from
corporate decision-makers to plant personnel,

2. Develop orlist PRA elements deemed acceptable for supporting an IRMP in self-
regulation (e.g., which PRA modeling techniques or human reliability analysis
techniques are acceptable; how plant-specific equipment and human reliability
databases should be accumulated anc documented and acceptable methods for
utility’s benchmarking of PRA software).

Without stultifying innovation by the utilities, NRC research couid provide scientific
basis for the key eiements and sub-elements of IRMPs.

r - rtion

1. No other industry has invested more resources in public safety than the nuciear
industry, O&M costs largely attributable to regulatory requirements and how
the utilities have responded to them, have escalated to unacceptable levels and
are driving competitiveness of nuclear utilities right into the ground. Long-term
sustainable and manageable cost reductions are imperative for saving the
nuclear option.

r B For this large investment, the industry has achieved a remarkable safety record.
Nevertheless, there is no room for complacency; the level of safety achieved
has to be maintained and continuously looked to be enhanced.

3. The nuclear industry worldwide has been preoccupied with the hardware 10 the
point of obsession. TMI action plan alone resulted in thousands of hardware
changes costing the rate payers billions of dollars. As a result, existing
hardware is good enough. There is now clear recognition that many hardware
considerations, initially incorporated into the design or later backfitted, as well
as elaborate plant security arrangements, are of peripheral impact to public risks
associated with NPP operations.

4, Since TMI, readiness of operating crews to respond to complex accident
scenarios has been greatly enhanced. Simulator training and emergency
operating procedures are probably the most instrumental. However, more
needs to be done, not in terms of quantity, but quality of training. The
simulator offers much more before it reaches its full potential.

5. With aimost all NPPs operational, the ermnphasis has to shift from traditional

engineering considerations into entirely operational ones. In order to maintain
and enhance the existing level of safety, our understanding of operational risks
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10.

has to be vastly expanded. Plant operations have to be seen as a collection of
systems, human actions and process requirements in a highly interactive mode
which requires a cultural change in the industry. The "4M" aspects, discussed
briefly in this paper, should receive due attention. Core damage frequencies
can undergo large changes over time due to changing plant hardware configur-
ations, human reliability and organizational factors.

Full benefits should be derived from currently under-utilized and sufficiently in-
depth researched disciplines such as PRA in both integral and time-dependent
mode, human reliability and safety culture.

Risk-based regulation and plant management, as advocated in this paper, is an
answer. Greater self reliance and more self regulation through instillation of
enhanced safety and risk culture via advanced self assessment programs should
be key ingredients. A good example for an advanced self assessment program
is the Integrated Risk Management (IRMP) proposed in thig paper.

Risk technology applications as proposed by the NRC’s Regulatory Review
Group represent a step in the right direction. Subsequently, the NRC should
gear up its resources 1o respond expeditiously to nuclear utility initiatives.
Furthermore, a regulatory culture reform will be needed to reflect some points
made above.

Regulatory cuiture reform should address two fundamental issues: the proper
role of the regulator, ie., cooperative, like in many European countries vs.
competitive, and change of binary (OK/Not OK) compliance thinking to a highly
interactive systems performance perspective and its associated reduction in
variabilities.

A massive instillation of risk education in the whole industry via management
and personnel training has to be initiated, and the sooner the better. In
addition, rule-based culture hes to be substituted with knowledge-based
culture. Regulatory and utility-sponsored research must continue with
emphasis on the human and organizational factors in particular.
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APPENDIX B: ONE UTILITY SAFETY CULTURE INITIATIVES
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APPENDIX C: RISK MANAGEMENT GUIDELINES (Large Scale Core Melt)

CORPORATE RESPONSE
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