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ABSTRACT

Interfacing System Loss-Of-Coolant Accidents (1SLOCAs) have been
jdentified as important contributors to risk for some nuclear power
plants. This document presents a methodulogy for identifying and
e 2luating plant specific hardware designs, human performance issues, and
accident consequence factors relevant to the estimation of ISLOCA risk.
Also presented is a description of the application of this methodology at
the Davis-Besse Nuclear Power Station.
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SUMMARY

Interfacing Systems Loss-Of-Coolant Accidents (1SLOCAs) have been
identified in some Probabilistic Risk Assessments (PRAs) as major
contributors to risk at Nuclear Power Plants (NPPs). They have the
potential to result in core melt and containment bypass, which may lead to
the early release of large quantities of fission products. Recent events
at severa) operating reacters have been identified as ISLOCA precursors.
These events have raised concerns over the frequency of occurrence,
potential initiators, and means of identifying and mitigating this
potential accident. In response to these concerns, a June 7, 199
memorandum titled "Request for Office of Nuclear Regulatory Research (RES)
Support for Resolution of the ISLOCA Issue", was transmitted from Or.
Thomas . Murley to Dr. Eric S. Beckjord. The ISLOCA Research Program
described in this report was initiated in response the this memorandum.

The objective of the ISLOCA Research Program is to provide the NRC
vith qualitative and quantitative information on the hardware, human
‘actors, and accident consequence issues that dominate nuclear power plant
risks for Interfacing System Loss Of Coolant Accidents (ISLOCA). To meet
this objective, a methodology has been developed to estimate the core
1amage frequency and risk associated with an ISLOCA and this methodology

s being applied for individual NPPs. The application will examine ar
miny as six nuclear power plants. This report describes the ISLOCA
methodology and documents the results from its application at the first of
the plants, the Davis-Besse Nuclear Power Station.

An eight step methodology was developed to perform qualitative and
quantitative evaluations for an ISLOCA. The steps and their relationship
are show in Figure S1. Application of this methodology to Davis-Besse was
performed by a team of PRA and human factors specialists. The important

results that are gpecific to Davis-Besse are:

1. Hyman errors which could occur during startup and shutdown of the
plant were found to be significant contributors to ISLOCA core
melt frequen.y and risk. Human errors that strongly influenced
the !SLOCA initiating events were ctatent human errorc (errors
whose consequences lie dormant for a fong time) in conjunction
with human errors of commissioh which occurred during execution
of the normal procedural tasks.

2. The ISLOCA scenarios that were influenced primarily by hardware
failures were relatively small contributors to core melt
frequency and to the risk associated with an ISLOCA.

3. (Tsolationpf the break would be an important mitigating action
during an ISLOCA because makeup capability for the BWST is
insufficient to maintain an adequate reactor coolant inventory

for breaks outside the containnent that are §rget_;banQ£!g;
=inchesyin diameter. Although the hardware failure analysis

indicates that hardware would be available to 1solgLe_Lng§_gT__T
TSTOCE breaks, @dequate procedures or training are not avajlable
to ensure that this hardware i1s used.






4. A significant reduction in risk could be achieved through
relatively simple change§ to %:gggduzgs. trgjni%g, and
instrumentation. It appears tnat improvements in both safety

culture and situational Jawareness would be important in reducing
the potential for an ISLOCA.

5. There is(adequate equipment separation and redundancy so that
damage by flooding or by spraying adjacent equipment are not risk
significant.

6. The ISLOCA methodology has been successful in providing important
insights on the relative contribution of both hardware faults and
human actions to core melt frequency and risk.

Cauction must be exercised when considering the extrapolation of the
Davis-Besse results to draw general conclysions that would apply to other
plants. The strong influence of human errors on ISLOCA risk during both
startup and shutdown do indicate that ISLOCA evaluations for other plants
should include a comprehensive assessment of the role of the plant
personnel. This assessment should consider the potential for errors of
commission and the effect of possible latent errors during the normal
execution of procedures.
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AssesSMENT OF THE PoTenTiaL For ISLOCA
AT THe Davis-Besse NucLEAR Power StaTION

1. INTRODUCTION

The Reactor Safety Study, WASH-1400 [1], identified a class of
accidents that can result in overpressurization and rupture of systems
that interface with the reactor coolant system. These events were
postul~ted to be caused by the failure of the check valves and motor
operated valves normally used for system isolation. For a subset of these
interfacing system loss-of-coolant accidents (ISLOCAs), called V-sequences
or event V, the system rupture occurred outside the containment. If the
rupture caused core damage, some [SLOCAs were shown to be significant
contributors to risk since the fission products bypassed the containment
and were discharged directly to the envirorment. Subsequent probabilistic
risk assessments (PRAs), including the NUREG-1150 results for Surry [2]
and Sequoyah [3], have identified ISLOCAs as important contributors to
public health risk. Researchers at Brookhaven National Laboratory have
evaluated the vulnerability of reactor designs to an ISLOCA and identified /s

improvements that would reduce ISLOCA frequency [4,5]. L“‘L'I’;s‘:%:’“ AN
S, '-

+

Recent events at several operating reactors have been identified as
precursors to an ISLOCA. These events have raised concerns over the
frequency of occurrence, potential initiators, and means of identifying
and mitigating this potential accident. In response to these concerns, a
June 7, 1989 memorandum titled “Request for Office of Nuclear Regulatory
Research (RES) Support for Resolution of the ISLOCA Issue", was
transmitted from Dr. Thomas E. Murley to Dr. Eric S. Beckjord. The [SLOCA
Research Program described in this report was initiated i~ response to
this memorandum,

The objective of the ISLOCA Research Program is to provide the NRC
with qualitative and quantitative information on the hardware, human

factors, and accident consequence issues that dominate nuclear power plant
|
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risks for Interfacing System Loss Of Coolant Accidents (ISLOCA). This
information is to be used in:

. Developing a PRA framework for evaluating the ISLOCA and
identifying insights with respect to the risk contribution from
both hardware‘;nd‘buman er;ar issues along with recommendations
for risk reduction.

- Highlighting the effects of specific types of human errors and
their root causes, on ISLOCA risk along with_recommendations for

risk reduction.

. Evaluating the fragility of low pressure systems when exposed to
high pressure, high temperature reactor coolant system. This
evaluation will include identification of likely failure
locations and their probabilities of failure.

- Identifying and describing potential ISLOCA sequences with
respect to sequence timing, possible accident management
strategies and effects of ISLOCAs on other equipment and systems.

- Estimating the consequences associated with postulated [SLOCA
events, including estimates of source terms and offsite
consequences. Again, important issues will be identified and

recommendations will be made on possible consequence reduction
actions.

_Real and potential ISLOCA problems considered in this program are limited
to those that could result in core damage and could bypass the
containment.

To meet the program objectives, a methodology has been developed to
estimate the core damage frequency and risk associated with an ISLOCA and
this methodology is being applied for as many as six nuclear power
plants. This report describes the ISLOCA methodolegy and documents the
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results from its application at the first of the plants, the Davis-Besse
Nuclear Power Station. These results tend to emphasize the effect of
hardware failures and human actions on the ISLOCA core damage

frequencies. The risk values are considered to be most useful in
comparing results from the sensitivity studies. The identification of the
uncertainties in this estimate is provided.

section 2 of this report describes the methodology developed to
evaluate the effects of an ISLOCA, the approach taken for its application
to a specific plant, and a description of the Davis-Besse systems that
were identified as interfacing systems. Section 3 contains a description
of the Davis-Besse interfacing systems and the possible [SLOCA sequences.
Section 4 describes the plant specific results from the assessment of
ISLOCA at Davis-Besse and Section § contains the conclusions and
recommendations based on this assessment. Appendices are used to document
the details of many of the evaluations.



2. APPROACH

The general approach that is being used to evaluate ISLOCA risk and - CC
plant vulnerabilities is to perform a detailed analysis for @ diverse :ii) W
sample of six plants and, to the exient possible, extrapolate and o Bvid
generalize these results for additional plants. To accomplish the
detailed plant analysis, a methodology was developed that was designed to
meet the program objectives discussed in the previous section. The steps
in this individua)l plant methodology are illustrated in Figure 1.

Subsections 2.1 through 2.8 briefly discuss each of the steps.

Prior to initiation of individua)l plant evaluations, a review of
historical plant operating information was performed to provide insights
on potential ISLOCA issues. The major emphasis of this evaluation was an
identification and evaluation of Licensee Event Reports (LERs) that (a)
involved valve failures resulting from either hardware or human causes or
(b) indicated an ISLOCA had occurred. The results from this search
provided information on the causes and frequencies of valve failures and
provided important insights on the systems involved and the potential
causes of 1SLOCAs that have occurred., This information was used during
the plant visits to aid in identifying systems to be reviewed, during the
development of the «vents in the event trees, and for quantification of
the failure rates of some interfacing system valves. A brief summary of
the results of this evaluation is documented in Appendix A.

2.1 Assess Potential For ISLOCA

The initial step in the individual plant evaluation approach is to
make a preliminary assessment of the potential for an ISLOCA. Plant
specific information on the potential systems that could be 1nvolved in an
ISLOCA are obtained during a short data gathering visit to the plant.
Detailed information is obtained on the hardware and operations of a wide
range of low and high pressure interfacing systems. Examples of

information c011e£ted include: plant procedures, PLIDs, isometriz
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drawings, training manuals, etc. This information is then reviewed by a
team of PRA and human factors specialists to become familiar with the
systems and operations that have the potential to initiate, prevent, or
mitigate an ISLOCA. A1l systems that interface with the RCS are
identified. A determination is then made of the maximum interfacing
system break size that would not be expected to_rqsul;_{ﬁ-gg[g“damage.

The interfacing systems are screened to identify those that had pipe sizes
larger than this maximum and that could cause the containment to be
bypassed. The systems that meet the screening criteria are analyzed
further to identify pctential ISLOCA initiators and sequences. The
identified sequences are developed in sufficient detail to guide a team of
PRA and human ractors specialists in obtaining detailed information during

an ex*onded plant visit.

2.2. Gather Detailed Plant Specific Information

An extended visit to the plant is necessary to gather the information
needed to complete the review, development, and assessment of the
candidate ISLOCA sequences. Members of the team that developed the
candidate sequences obtain the needed information by interviewing
operations personnel and walking down the systems of interest. The types
of information that are obtained during this visit include:

a. Detailed information on the hardware that would be involved in an
ISLOCA. For example data on: control valves, relief valves,
piping, flanges, pumps, heat exchangers, etc.

b. Detailed information on the procedures and guidelines followed by
plant personnel during startup, normal power operation, and
shutdown of the piant.

¢. Detailed information on the factors that could influence th2
performance of the plant personnel as it relates to initiation,
detection, prevention, or mitigation of an ISLOCA,
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2.3 Develop Event Trees

After the specific plant information is collected, the final list of
interfaces and sequences is generated and the detailed analysis begins.
This analysis is performed through a joint effort of the PRA and human
factors specialists. The sequences are modeled using componeq} level

—— ————

event trees that comb1ne the hardware faults and the human errors that

A ——————; 5 i e, — e

compose elch sequence Generally the event trees comprise three phases:

1. The initiating events, which are those combinations of failures,
both hardware and human related, that result in & breach of the
pressure isolation boundary and allow high pressure RCS water to
enter the lower pressure interfacing system

2. The rupture events which identify the probability of a rupture in
the interfacing system, 1ts s1ze and 1ts 1ocat10n

3. The post-rupture events that eggjma;g_ghe_perfcrmance of the
control room operators in recovery from or mitigating the

consequences of an [SLOCA,

2.4 Estimate Rupture Potentis)

During an ISLOCA it is important to assess the performance of those
components that are desigred for low pressure conditions when they are
exposed to high pressures associated with and ISLOCA. The bastc approach
for performing this assesswent 1s:

a. An event tree model is built that asks questions about the
failure mode of each of the important ]ow/prg*5ure components.
\EVNTRE\Et”Duter code
which was developed for the assessment of complex event trees by
the NUREG-1150 program.

This model i1s structured and input to the



b. The failure probability of each piece of equipment in the low
pressure rated system is described as a lognornai distribution
with a specified mediar failure nressure and stan{ggg_g!antion

¢. Tharma)-hydraulic simulations of the systems are performed to
estimate the pressure distributior in the system based on the
expected initiating event, initial primary system conditions, and
on the expected performance of relief valves designed to protect
the svstems.

-

d. Each question in the event tree is answered by (1) randomly

" seleciing a failure pressure from the failure pressure

| distribution of the appropriate component and (2) comparing the
selected component failure pressure with a selected system

o
v \ﬂ pressure. The syetem pressure was randomly selected based on the

e e Rl

expected oper - conditions and assuming a normal distribution
with - agtin = mean and standard deviation. If the sampled
compy -~ fail ‘e pressure is below the sampled system pressure,

the component has failed. Otherwise no fi *re is assumed, fach
component in tho low pressure rated system is evaluated in this
manner until all questions in the event tree have been examined.
This r-ocess is repeated approximately 10,000 times in & true
Monte Carlo simulation, which is feasib'e because of the
relatively small size of the EVNTZE model.

e. Once t.e simulation is completed, the output s binned and
estimates can be made about the relative 7requency of equipment
failures given system overpressurization.

The ~vyonent and piping failure pressures used for the rupture
calculi ‘ons were developed in an independent structural analysis
performed by Impell Corporation. Not only were failure pressures
caleulated. but likely leak rates and leak areas as well. In this
respect, flanges exhibit somg!fat unique pehavior in that there are

T i i

actually two failure pressures of interest. First, is the estimated Gross

—————
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Leak Pressure (GLP) at which pressure a measurable leak area appears. At
lower pressures, leakage is possible but &t very small rates (measured in
mg/se.  from seepage around the gasket. Once the GLP is exceeded, the
bolts in the flange begin to stretch (elastically) and the flange surfaces
begin to separate. At some higher pressure (Pgs the bolts begin to

yield plastically. At this point, large leak areas begin to appear with
corresponding large leak rates. These three regimes, (below GLP, between
GLP and P,, and greater than P,) are associated with three sizes of

leaks, namely spray leaks, small leaks and large leaks, respectively.

2.5 Perform Human Reliabil ity Analysis

The methodology for human reliability analysis (HRA) was developed
using guidelines from the Nk( sponsored TALENT Program, the Systematic
Human Action Reliability Procedure (SHARP) [6), the Handbook of Human
Reliability Analysis with Emphasis on Nuclear Power Plant Applications
(THERP) [7]), and the draft IEEE standard P10B2/0D7 [B].

The HRA methodology uses the seven steps of the SHARP method as a
jeneral framework. These seven steps are as follows:

1. Ensuring that all of the many types of human actions and
interactions are considered in this analysis.

2. ldentifying and screening the specific human interactions which
are significant contributors to the safety and operation of the
plant.

3. Developing a detailed description of important human interactions
through the definition of key  “tors needed to complete the
model, e€.g9., representation, impact assessment, and
quantification.
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4. Selecting and applying appropriate techniques for modeling the
important human actiens in logic structures.

S. Evaluating the impact of significan( human actions whirh were
identified in step #4, A

J
-

6. Quantifying the probabilities for the various human actions and
interactions, determining sensitivities, and establishing

S,

uncertainty ranges. o

7. Documenting all of the necessary information for the analysis to
be understandable, traceable, and reproducible.

Based upon nreliminary operational information “rom the plant, Steps |
and 2 will identify human error actions which were involved in potential
ISLOCA accidents. Initial screening human error probabilities (HEP'S) can
then be assigned using the fine screening techniques from SHARP. As

s ——————— . —— -

detailed plant information becomes available, a second set of scré}ning
HEP's can then be generated. These screening HEP's are then u;gdajafghe
ISLOCA event trees that were developed through a joint effzrt between the
PRA and human factors personnel. The screening values allow the PRA
analysts to determine where_dgtailed HRA information should be developed

using steps 3 through 6.

" THERP type HRA event trees were chosen for modeling most of the human
actions for the detailed analysis (Step 4). MHowever, several [SLOCA
scenarios may not lend themselves to THERP event trees, since there may be
cases which involve errors of commission as well as omission. In these
cases, HRA fault trees and commission event treef (COMETs) car be used
alone, or in conjunction with the THERP event tre;§7°“bifii1ed analyses
are conducted using the fault trees and/or THERP event trees to estimate
the probabil-ties of the dominant human actions,

10
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2.6 Quantify Event Trees

The events listed on the 1SLOCA event tree are supported by separate
calculations that generate the probabilities. The means of obtaining the
rupture event probabilities 2nd the probabilities relating to failure of
plant personnel were discussed previousiy. Hardware failure probabilities
were generally developed using fault trees and the hardware date base
documented in Appendix B. The ISLOCA event trees were quantified using
tho ETA 11 pc-computer code.

e

2.7 Consequences

Once tne ISLOCA sequence event trees were quantified and the sequence
frequencies generated, they were combined with the corresponding
consequences calculated using the MACCS code to produce the overall [SLOCA
risk estimates. These MACCS consequeices were generated using a hybrid
input deck. The source term used was taken from the Oconee PRA and scaled
for the Davis-Besse power level. Like Davis-Besse, Oconee is a B&W
supplied NSSS and the source term used is tne one identified with the
containment bypass V-sequence. The site information was taken from the
Surry deck used in the NUREG-1150 program. The Surry site was chosen by
reviewing the Sandia Siting Study and calculating an average site based on
weather weighted population density. This average population density was
then compared to the five NUREG-1150 sites and Surry was chosen because it
most closely matched the average population density.

2.8 Sensitivity Studies

A aumber of issues can be examined through sensitivity studies to
gssess their relative influence on core melt freguency and risk., These
issues areirflated to the metﬁods used to perform the plant evaluations as

we'l as‘Uncertainties that may be specific to each plant. For the initial
plant evaluations, issues were chosen for examination through sensitivity

! 11
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studies because: (1) there was a rolatively large uncertainty in the
values used for a particular parameter, (2) a potential fix was postulated
‘hat was expected to result in a signif.cant reduction in core damage
frequency and risk, or (3) a different means of establishing probabilities
was being considered which cou’d be used for evaluation of future plants,
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3. DESCRIPTION OF THE DAVIS-BESSE INTERFACING SYSTEMS

The Davis-Besse Nuclear Power Station is sited on Lake Erfe in Ottawa
County, Ohio, approximately six miles northeast of Oak Harbor. The Plant
is owned and operated by Centerior Energy Corporation, which was formed by
the union of Toledo Edison Company and Cleveland flectric I1luminating.
Commercial operations began in September 1976. Davis-Besse reactor is
designed for a core power level of 2,772 MWt and a net electrical output
of 906 MwWe. The NSSS is supplied by Babcock and Wilcox (B&W) with Bechte)
providing the Architect Engineering services and Chicago Bridge & Iron
Company being responsible for the detail-design and construction of the
containment vessel.

3.1. Interfacing Systems
A screening of all interfacing systems was made to identify those

systems that needed further evaluation, The criteria used in this
screening was that any system with an interfacing pipe size larger than

one inch should be evalues*ed. The one inch pipe size was selected based

e

on an estimation of the ischarge from a high pressure one inch pipe
break, which was about 200 gpm. A 200 gpm leak rate outside of the
containment is considered to be critical based on: the capacity of the
BWST (approximately 480,000 gal), the cipacity of a single RCS makeup pump
(150 gpm), and the normal makeup rate to the BWST (150 gpm). Based on
these considerations and the number of hours 1t would take for the plant
to achieve cold shutdown (conservatively assumed to be about 10 hours),
leak rates of 200 gpm or less were judged not to be risk significant.

The screening resulted in the selection of the High Pressure Injection
(MP1) discharge lines, the Low Pressure Injection (LP1) discharge lines
and the Deray Heat Removal (DHR) letdown lines. Figure 2 15 a schematic
diagram showing the hardware configuration of the WPl system and Figure 3
provides similar information for the RHR/LP] system. Additional details
on these systems are provided in Appendix (. The WP interface comprises
four separate reactor pressure vessel (RPV) injection lines. Starting

' 13
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from the RPV, each injection line contains two check valves that are
welded together (hence they cannot be individually leak tested), a
normally closed motor operated valve and the HP1 pump discharge check
valve. The four lines are identified by the associated MOV, namely
HP-2A (B, C, D). The HPl A-line, is also used for normal RCS makeup by
the Make-Up and Purification system (MUAP). The MULP connects to the WP
A-1ine between the two check valves and the normally closed MOV (HP-2A).

3.2, Possible ISLOCA Sequences

Sequences were developed through examindtion of the system interfaces
and plant operational information by a team of PRA and human factory
specialists. In some cases, for example the LP] injection lines, the
sequences are strictly hardware driven, that is the ISLOCA potential 15 a
function of the hardware failure rates of the vressure isolation boundary
(P1B) valves. In other cases, for example the DHR letdown lines, the
possible ISLOCA sequences are initiated by human errors. The table below
summarizes the ISLOCA sequences identified for the Davis-Besse analysis.

Table 3.2-1. List of ISLOCA Interface Sequences.

LP] (two 1ines) Hardware failure of LP]
two check valves

DHR-1etdown Premature opening DHR-SD
(shutdown) of letdown MOVs
during shutdown
DHR-letdown Startup with DHR-SU
(startup) letdown MOVs
left open
HPl (B, C, and Hardware fatlure of HP1
D legs) two check valves

and stroke tes® of MOV

HP] (A-leg) stroke test of HP-2A MUAP
and failure of two
check valves

16
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The HP] pressure isolatinn check valves (MP-57/59, WP-56/58,
HP-48/50, and HP-45/5]1) are welded together. This arrangement
prevents leak testing each valve individually. Therefore, a
successful leak test does not necessarily confirm that both of
the check valves are properly seated. Because of this untestable
design, 1t 1s possible that the one of the valves might have been
installed incorrectly or might not have received proper
maintenance.

The normally closed MP1-MOVs (MP-2A,B,.C, and D) are stroke tested
quarterly. When the WPl A-header valve (VP-2A) is stroke tested,
the MULP system continues to provide RCS makeup through that
line. When HP-2A 1s opened, high pressure makeup water
back-flows all the way to the HP-pump discharge check valve
(HP-23). Once the test is completed, the MOV 1s closed, and the
HP! line is vented by opening a recirculation line to tne BW3T.
This process presents an opportunity to allow RCS water to flow
into the BWST or to allow RCS water to backflow throuc the HP
pump, either of which could result in an ISLOCA,

18
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4, DAVIS-BESSE RESULTS

Because of the unique nature of the ISLOCA sequence, a detailed
understanding of the capabilities of the plant hardware and the personne)
are needed to accurately analyze the ISLOCA challenge. For this report,
an ISLOCA is considered to involve a loss of reactor coolant outside
containment. Since the supply of water available for cooling the core is
limited, a high priority iiem for the control room operators should be
isolating the rupture and terminating the leak. Although the BWST
inventory is maintained at about 480,000 gallons, even a small ISLOCA
(equiva.ent to I\g\inch Jine) will result in a leak rate of about 1,000 .

gom, which would depTete the BWST in about 8 hours. (The BWST makeup

system, which is capable of 150 gpm, would not significantly affect this
scenario.) Most postulated ruptures, particularly those associated with
the DHR system, would result in much larger leakage rates. However, if
the rupture were isolated in a timely manner and the leak terminated, the
plant could, in all Tikelihood, be safely cooled down using the auxiliary
feedwater system (AFW) and s - -~ generator (SG) conling. This is
E;;iicuiar1y significant in most sequences:‘§¥né;‘the 1ikely rupture
location would disable one or both trains of the DHR system, preventing
direct cooldown of the primary system.

4.1 Davis-Besse Event Trees

The following sections describe the event trees developed for the five
ISLOCA sequences. The quantification of the event trees 1s based on a
yearly time frame, as reflected in the frequency of the initiating event.
The initiating event simply postulates a particular operating mode cr
status of the plant and includes consideration of multiple interface
lines. The plant operating status modeled in the initiating event is only
s1ightly conservative, since the event trees are based on the plant
operatirg all four quarters per year but include one outage (during which

13
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manual values DH-2] and DH-23 are opened to allow MCVATS testing of DH-11
and DH-12) with a single startup and shutdown. The event trees are
constructed such that the downward branch depicts the failure event listed
at the top of the event tree and the upward branch denotes the complement
of the event. The top events are a combination of individual component
failures, human errors, and functional failures that were ..emed most
appropriate for describing the individual 15L0CA scenario progression.
Finally, each event tree end-state was assigned to one of the consequence
bins Tisted below,

0K - No overpressurization of the low pressure system occurred,

OK-op - Scenaric results in overpressurization of the interfacing
system but the system does not rupture or leak.

LK-ncd - Scenario results in a rupture in, and RCS leakage from, the
interfacing system, but no core damage occurs because the leak is
either isolated before core uncovery or the leak is too small to
interfere with core cooling.

REL-mit - An ISLOCA with core damage occurs but the radiocactive
release is mitigated through some accident management strategy.

REL-1g - An ISLOCA with core damage occurs and results in a large
unmitigated radiocactive release.

The REL-mit and REL-1g bins are somctimes subdiviced according to

failure location, with the new bins identified as RL], RL2, etc. These
bins are descriped further in the appropriate sequence description.

20
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4.1.1. Makeup and Pyurification System Interface fvent Tree - MUAP

| A schematic diagram of the interface between the Makeup and

| Purification System (MUAP) and the Raactor Coolant System (RCS) 15 shown
in Figure 4. The base case ISLOCA event tree for this system 1§ shown i
Figure 5. During most operating modes, the MUAP system supplies high
pressure purified makeup to the RCS and seal injection to the reactor
coolan. pumps. The norma) RCS makeup flows from the MULP system through
the WPl A-header via check valves HP-57 and HP-59.

MUSP/HP] system features: 1) The HPl pressure isolation check valves

(PIvg HP-57/59, HP-56/58, HP-48/50, and HP-49/5]1) are welded *ogether.

This prevents leak testing of individual check valves. Therefore, upon

completion of a successful leak test, only one of the two check valves can

be assured of being properly seated. Furthermore, it is possible that thre

redundant valve could have been installed incorrectly at the time the

plant was built, with the fault having since gone undetected. 2) The

normally closed WPl MOVs (MP-2A, B, C, and D) are stroke tested

quarterly. While the A-header valve (HP-2A) 1s beina stroke tested, the

MUSP system continuer to provide RCS makeup through that line, When HP-2A

15 opened during the test, high pressure makeup water back-flows to the

KP<pump discharge check valve (HP-23). Once the test 1§ completed, the

MOV is closed, and the HP line is vented by opening a recirculation line

to the BWST. This process presents an opportunity for RCS watef'to flow

into the BWST and for RCS water to backflow through the HP pump. djase The by

chieck wlws

The MULP event tree nodes are defined as follows. Aise listed are the

base case bhranch probabilities.

Ml - Plant Operating in Mode 1. 4.0
The event tree is quantified on a yearly basis. In order to account

for the guarterly stroke tests of the high pressure injection valves, the
initiating event is quantified based on four quarters per year to obtain a

'3
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yearly estimate of the accident frequency. The subsequent events are
quantified under the atswmption that the MUBP system is operating through
HP1 ‘eg A.

HMX - MOV MP-2A Leaks Externally. 2.2t-4

The nodal probability value for this event §s calcula’ed by taking the
product of the hourly failure rate of 1.CE-7 (see Appencis B), calculated
from the LER aggregations, and the number of hours per quarter (7 '90).
This event results in an RCS leak outside containment but the ex coted
leak rate is small enough that core cooling 1s not threatened.

MV] - HP] to BWST Vent Line Left Open. 0.00%

The normal procedure for executing the stroke test of HP-2A includes
venting the HP1 1ine to the BWST after the test is comnicte, This 1+ a
in order to relieve the pressure in the WPl line Loty cn Lhe v purp
discharge check valve (HP-23) and WP-2A. This wvent accounis for '
possibility that the operators could inadverten’ y lveve Lhe vent |
open during the previous stroke test of MOV LP./A. The velue used 1§
based on an HRA task analysis of the stroke test procedure (see Aprerdix
£) ' e A et
MM] - MOV HP-2A Normally Closed 15 Opencd. 1.0

The nodal probability for this event is based on the routine quarterly
stroke tests of MOV HP-2A, during which the valve is opened.

MC] - Pressure lsolation Check Valvos HP-87 and 11-59 Nornzlly Open, Fail

to Close. 1.0€-3

This is a demar ~  1lure rate, for one valve, which 15 based on data
in the NUCLARR ¢ s (see Appendix B)., Since these valves arc welded
together and dy be leak tested as a po'r, the probabiiity it very

high that ove .he years one valve will have er*orcd a failed sieie. This
failure will not be detected during leak testing, since the test only
verifies that one of the two valves is positively seated. Success of Lhis
event (valve closes) gives rise to a situation in which the polential

| | 24

I — e TPR— PE———




L EAEEEE e e e - o
Pa— R — T =N

L SO SN S SNNES

ccolant loss from the RCS is limited to the MULP letdown flow rate
(typically about 75 gpm). However, the MULP flow will be diverted from

the RCS and the MUSP automatic control system will increase the makeup
flow rate in response to the resulting decrease in pressurizer level.

With the valves closed, the net leakage rate out of any resulting rupture

would Tikely be 1imited to the capacity of <ingle MULP pump (about 150
o) .

HC2 - Check Valve HP-23 Normally Free, Backleaks. 1,0£-3

This is the probability of the valve failing to clese after a
quarterly test of the HP-pump. The value of 1.0E-3/demand is from the
NUCLAPR database. For more details, see Appendix B.

HM? - Operators Fail to Close HP-2A MOV. 6.0E-3

During the quarterly stroke test of HP-2A, the valve is opened and the
time required for the valve to transit from fully closed to fully opened
i measured. The valve is then returned to its normal closed state. This
event models the possibility that the operators fail to rec’ose the
valve. The probability used is based on the combination of both hardware
failure (from Appendix B) and human error (from Appendix E) probabilities
(3.0E-3 plus 3.06-3, respectively).

b, L s
HV2 - Operators Vent High Pressure Injection line to Borated Water Storage
Tank. 1.0

Opening HP-2A while the MURP system is providing normal makeup to the
reactor coolant system pressurizes the HPI line to the discharge pressure
of the MULP pump (about 2200 psi). After HP-2A is reclosed, the HFl line
remains pressurized. This pressure is vented during the routine
performance of the HP-2A stroke test by opening the HPI pump recirculation
line back to the BWST (i.e., by opening HP-27 and HP-29).

HEP - Interfacing System Ruptures. 1.0/1€-4
This event is evaluated in a separate analysis that utilizes a series
of RELAPS computer runs (Appendix F) to estimate the pressures generaled

25
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in the low pressure piping and components. These estimated system
pressures are then compared to the estimated failure pressures obtained
from a structura) analysis performed by IMPELL Corporation (Appendix G).
The rupture probability for various components is obtained from a Monte
Carlo simulation that compares system pressure to the estimated component
failure pressure (see Appendix H). Rupture is assumed to occur if the
syztem pressure exceeds the estimated failure oressure in Lhe simulation.
The rupture probability of a component is then just the fraction of the
Monte Carlo sample observations in which system pressure exceeded failure
pressure. The rupture probability estimate for a given location in a
system i1s obtained by combining the rupture probabilities of components
located in the area of interest. This composite probability is the one
used in the event tree.

A review and walkdown of the system, in combination with the analysis
described above, revealed two likely rupture locations. The first is in
the recirculation line to the BWST, downstream from manual valve HP-35, at
which point the pipe schedule changes from 1500 psi rated to 150 psi
rated. Since the BWST contains both an overflow line and a vent line,
overpressurization «f the BWST is not a credible scenario. The second

R S S ——

likely rupture location is in(the suction pipindﬂoF"Eh}_qu_ﬁumé. For 3
rupture to occur in this location, the HPI pump discharge check valve
(HP-23) would have to fail to close on demand (see event HC2, above). The
BWST recirculation line and the HPI pump suction line are identified as
rupture locations RL]1 and RL2, respectively. A rupture in either location
would likely disable one train of each ECC system, including HP1, LPl. and
€SS, but excluding the MULP system, -
' o P
HD2 - Operators Fail to Detect ISLOCA. 0.5 '\

A number of indicators of an interfacing system rupture are available
to the control room operators. /hese indicators are primarily pressure,
temperature, and computer alarms. The probability that the operators will

detect an overpressure/ISLOCA situation is estimated through the use of

_screening values for knowledge-based behavior (see Appendix £). Note that

T —— i — S e e e S ————— S
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this event does not include the process by which operators diagnose the
situation. A1l that fs included here is the detection of an overpressure
rupture in an 1nt|rfucigg _system, not the fdentification of the cause or

e g S et i A . 4

the corrective actions. f

|' \(;
£
‘

K12 - Operators Fail to lsolate ISLOCA. 0.5 ¥
After the operators have become aware of an abnormal situation, they
must diagnose the cause gnd initiate some corrective actions. This event
models the probability that they fail to do so successfully. The
probabilities used for this event were derived from screenanq va?ues
developed f for knowledgc based actions (Appendix E). — o
HM] - Release Not Mitigated. 0.5
Once an accident sequence progresses to core damage and a radioactive
release 1s imminent, there are steps the operators could take to recuce
the severity of the release. Specifically, actuation of the fire
protection sprinkler system would provide some scrubbvng of fission
products. which would mitigate the offsite consequences of the release.
Because there are ng.procedures or training for this action, a
knowledge-based screening “value of 0.5 (s»é‘ﬂbﬁgﬁﬁ?;“27h1s used for the
probability that the operators will fail to initiate mitigative actions,
given that core damage has occurred and a rad.cactive release is about to

eccur.,

1.2. High Pressure Injection System [nterface fvent Tree - HP].

Figure 6 shows a schematic diagram of the interface between the WP]
system and the RCS. The ISLOCA event tree for this system 15 shown in
Figure 7. Each of the two HP] pump trains branch into two injectien legs,
| with each injection leg discharging into one of the RCS cold legs, As
; mentioned in the description of the MULP event tree, the pressure
| isolation boundary is maintained by two check valves that are welded
| together, a rormally closed MO' that is stroke tested quarterly, and the
HP] pump discharge check valve. Because the MUAP system provides normal

27
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makeup to the RCS through a connection in HPI leg A, that Tine is analyzed
_eparately. The other three injectiun legs are modeled together in the
HP] event tree.

Ml - Plant Operating at Mode-]. 12.0

The event tree is quantified using four quarter< per year multiplied
by three injection 1ines. This produces a yearly estimate of accident
frequency. This is done to acccunt for the quarterly <troke tests of the
high pressure injection valves. e event tree models the three injection
lines that dn not normally have makeup flow through them. The key
imp'ication of this is that the pressure boundary check valves are
normally closed with a 2200 psi differential pressure across them.

HC! - Pressure Isclation Check Valves HP-5u/58 Backleak 1.3€-4

Although there are two check valves inside containment 1n each
injection 1ine, these valves are welded together and physically coupled
such that they cannot be individually leak tes' ‘. As stated in the
description of the MUAP event tree, each check valve paiv 1s treated 4s a
single valve in the calculation of the backleakage probability. The
reverse leakage probability is taken from the LER summariec and 1s
estimated at 5.BE-7/hour (see Appendix B). Where possible, the LER valve
failures were qualified as either a large leak or & small leak, with only
3% classified as large leaks (50 gpm was typically used to define the
threshold between large and small leaks). However, given the ambiguous
nature of the qualification and the uncertainty as to whether the LERS
comprise a complete set of data, a conservative large leak fraction of 10%
is used here. The large leak failure rate of 5.8f-8/hour 15 then
multiplied by 2190 hours/quarter to generate a quarterly reverse leakage
failure probability of 1.3E-4.

HM] - MOV HP-2B(C,D) Normally Closed is Opened. 1.0

The nodal probability value is based on the routine quarterly stroke
tests of MOVs MP-2B, C, and D.

30
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HV1 - HPl to BWST Vent Line Left Open. 9.11E-3

This event models the possibility that the 3-inch recirculation line
(MOVs HP-26 or HP-27, and HP-28) is open at the beginning of the stroke
test., This line is used for quarterly flow tests of the WPl pumps. [t is
therefore possible that this line could be left open a“ter the pump test
and, along with the preexisting failure of the PIV check valves (HP-58 and
HP-56), could allow RCS water to flow back to the BWST when the HPI
discharge MOV (HP-2B) is stroke tested. This event is quantified using an
HRA task analysis (see Appendix E).

HC2 - Check Valve HP-23, Normally Free, Backleaks. 1.0E-3

1f the P1V check valves fail open, and HP] MOV HP-2B is stroke tested,
the HPl pump discharge check valve, HP-23 (22), must close in order to
prevent overpressurizing vulnerable portions of the system. Because the
WPl pump 1s flow tested quarterly, the check valve periodically sees flow
through it, but is normzlly in the “"free" state. That is, most of time
there is no flow and no differential pressure across the valve,
Therefore, in a situation that exposes the valve to reverse flow, it 1s
demanded to close and isolate the HP] pump from the RCS. The failure
probability is simply the estimated probability that a check valve fails
to ¢lose on demand (from Appendix B).

HRP - Interfacing System Ruptures. 0.92/0.007 - 1.0E-4/0,13
This event models the conditional probability that, given portions of
the system are overpressurized, they will rupture. The two sets of values
are for the HP] pump suction piping and the recirculation line to the
BWST, respectively. Similarly, each value of the pair represents the
probability that the rupture will be large or small, respectively. These
numbers were obtained by first performing RELAPS analyses of the HP!
system to identify the pressures seen by the different portions of the
system upon ingress of RCS water (Appendix F) These local system
pressures are then conpared to the estimated failure pressures of the
system components (from Appendix G) 1. a Monte Carlo simulation using the

3]
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EVNTRE computer code. The branch prrbabil’ties are taken as the fraction
of Monte Carlo observa*ions that resulted in large, smali, or no ruptures
in the HP! system (see Appendix H for the details of this calculation).

HDZ - Operators fai . detect ISLOCA. 0.5

A nunber of indicators of a rupture in an interfacing system are
available to the control room operators. These indicators are primarily
pressure, temperature,, and computer alarms. The probability that the
operators will detect an overpressure/ISLOCA situation is estimated
through the use of screening values for knowledge-based behavior (see
Appendix E). Note that this event does not include the process by which
the operators diagnose the situation. Al1l that is included here 15
detection of overpressurization of an interfacing system, not
identification of the cause or the corrective actions.

H12 - Operators Fail to lsolate ISLOCA. 0.5

After the operators become aware of an abnormal situation, they must
diagnose the cause gnd initiate corrective actions. This event models the
probability that they fail to do so successfully. The probabilities used
were derived from screening values that were in turn generated from
knowledge-based actions (from Appendix £).

HMl - Release Not Mitigated. 0.5

Once an accident sequence progresses to core damage and a radipcactive
release is imminent, there are steps that the operators could take to
reduce the severity of the release. Specifically, actuation of the fire
protection sprinkler system would provide some scrubbing of fission
products, which would mitigate the offsite consequences of the release.
Since there are no procedures or training for this action, a
knowledge-h:: -4 creening value of 0.5 (from Appendix E) 1s used for the
probability tr-L the operators will fail to initiate mitigative actions,
given that core damage has occurred an. a radicactive release is about to
pccur,

32
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4.1.3. DHR Letdown Interface (Shutdown) Event Tree - DHR-SD.

Once plant shutdown has been initiated, the control room operators
monitor the primary system pressure and temperature during the shutdown
operation in order to ensure adherence to the limits and requirements
governing shutdown (e.g., at Davis Besse the cooldown rate is limited to
§0°F /hr), and to be aware of when to initiate DHR operation. Figure 8
shows a schematic diagram of the interface between the DHR Letdown and the
RHR The ISLOCA event tree for this interface is shown in Figure 9. The
scenario of concern here begins with the premature opening of the DHR
letdown 1ine (MOVs DH-11 and DH-12) and is based on the premise that
shutdown has begun and the control room operators misjudge the need for
DHR, misread the cooldown curve, misinterpret the system indicators,
misunderstand the procedures and instructions, etc. The pressure and
temperature of the RCS will be anywhere from 2200 psi and 600°F to 300
psi and 300°F. The lower end of the range would seem more Tikely in
those cases where plant shutdown proceeds expeditiously, while the high
end of the range might be more probable if the plant has spent an
ynusually long amount of time in hot standby. One area of concern relates
to the plant procedures for initiating DHR operations. The two DHR
letdown MOVs (DH-11 and DH-12) are interlocked with RCS pressure such that
they cannot be opened if the RCS pressure is above 301 psi for DH-11 and
266 psi for DH-12. However, if DH-12 will not open, the procedure
instructs the operators to jumper-out the relays in order to bypass "he
interlock. The danger here is that an operator who has routingly bypessed

e s S——

Eﬁgggkizggiﬁgf_gfgtective safety features may be more inclined to Go so

s p————

b
even when such action 1s not warranted.

M3-5D - Plant Cooldown Mode-3 (Shutdown). 1.0

An orderly and controlled plant shutdown that requires operation of
the DHR system is assumed to occur, on average, once a year. This
presents the opportunity for the DHR shutdown interfacing system LOCA
sequence. This sequence is based on the premise that the control room
operators are susceptible to the human error of commission of entering DHE
ccoling prematurely (i.e., when RCS pressure is still above 300 psi).
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revresent the fraction of the 10,000 Monte Car’o observations that
resulted in large, small, and nc ruptures, respectively, weighted by the
probability that the valves are opened by the operators (see section 4.4.1
for further discussion on this).

DD2-SD - Operators fail to detect ISLOCA. 0.%
The prcbability of this event was estimated using an HRA screening
value for know'edge-based actions (see Appendix E).

D12-SD  Operators fail to isolate ISLOCA 0.5
The probability of this event was ¢ ir°" :d using an HRA screening
value for knowledge-based .-* . (see .. .endix E). This event also

includes the ¢iagnostic process.

OMI-SD - Operators fail to mitigate release 0.5

This event was quantified using an HRA screening value for the
probability that the control room operators will mitigate the radicactive
release by actuating the fire protection sprinkler system. Because there
are no procedures or training for this action, a knowledge-based screening
value was used {see Appendix E).

4.1.4. DHR System Letdown Interface (Startup) Event Tree - HR-SU .

The DHR Systew may be overpressurized if the DYR letdown line remains
open while the RLS is being heated up a- ressurized. A schematic
diagram of the DHR intcrface with the RCS is shown in Figure 10 and the
ISLOCA event tree for this system is shown in Figure 11. There are two
ways in woich RCS water can enter the DHR system. One way is via the
normal letdown MOVs DH-11 and DM-12. Another way is via the MOV bypass
valves DH-21 and DH-23, which are local-manually operated valves.
Although DH-11 and 12 are interlocked to automatically close when the RCS
pressure is above 300 psig, the valves always have their control power
removed to prevent inadvertent operation, thus defeating the closure
interlock,
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M3-SU - Plant Heatup. , 1.0/yr

This event represents the occurrence of plant heatup, which takes
place with the reactor subcritical. Mode 3 operations cover the period
from approximately 280°F and 200 psig, to about S00°F and 2200 psig.
Heatup i1s primarily accomplished by using the pressurizer heaters to
increase RCS temperature and pressure. (At approximately 500°F and 2150
psig, reactor power is raised to about §% and the plant goes through
startup operations, Mode 2, in anticipation of entry into Mode 1, power
operation.) If the plant has just completed an extended outac  the
heatup procedure specifies a number of hold points at which pe odic
surveillances and tests are performed. However, if the outage was brief,
most of these items can be omitted and the transition to Mode-2 can be
accomplished relatively quickly. Since a plant trip does not necessarily
require operation of the DHk cooling system, an estimated average of one
startup per year is used for this event,

~ DM1-SU - DHR Letdown MOVs DH-11 and DH-1¢ are Left Open. 4.0t-2

This event models the probability that the DHR system letdown
isolation valves, DH-11 and DH-12, are inadvertently left open during
plant startup and the RCS is pressurized above 300 psig. OH-11 and CH-12
are 12-inch motor operated gate valves that are interlocked to
automaticaliy close when the RCS pressure reaches 300 psi. However,
normal plant procedure at Davis-Besse is to maintain the valves in a
disabled state by removing their control power. This is done during power
operation to prevent inadvertent opening and during plant shutdown to
prevent inadvertent closure that would isolate _he CYR system. The only
time valve cuntrol power is energized is when the va ves are to be
operated. This event is quantified using an HRA task analysis described
in Appendix E. ' :

DIL-SU - Pressurizer Heater Interlock Fails. g.5E-%

Although DH-11 and 12 are not capable of automaticaily closing
(control power is always removed), the valves are interlocked wilh the
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pressurizer heaters such that if the valves are open and the RCS pressure
rises above 300 :rig, the heaters will not operate. This will prevent the
further pressurization of the RCS above 300 psig. This event models the
probability that the interlock fails to disable the pressurizer heaters,
and is quantified using a fault tree development that accounts for both
hardware and miscalibration faults. The fault tree is shown on Figure D-%
in Appendix D and is quantified using data from Appendix B.

DM2-SU - DHR Bypass Marual Valves DH-21 and Dd-23 Left Open. 1.8E-2

This event models the probability that valves DH-21 and DH-23 are
left open following their use during a shutdown. Opening these valves is
necessary to stroke test valves DH-1]1 and DH-12. These valves have no
remote position indication or hardware control (they a-e administratively
controlled) and are not mentioned in the plant startup procedures. This
event is quantified using an HRA task analysis model described in
Appendix E.

DV1-.U - DHR Relief valve, DH-4849, Fails to Open. 3.0E-3

The DHR relief valve is not capable of protecting the DHR system from
being overpressurized by the RCS (a 4-inch R/V on the 12-inch letdown
line) but would provide a highly visible mechanism for informirg the
control room operators that the situation was not normal. In addition to
the ou*let temperature indicator located in the control room, the R/V
discharges to the containment sump, which is also instrumented.
furthermore, upon opening at its setpoint of 320 psig, the R/V will pass
approximately 1800 gpm that cannot be replenished by the make-up system,
producing a drop in pressurizer level. Therefore, if the R/V were to
open, the probability of detecting an abnormal condition prior to reaching
a pressure that would challenge the DHR system integrity is very high.
The probability that the relief valve fails to open is taken from the data
listed in Appendix B
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DD!-SU - Operators Fail to Detect Overpressure in the DHR
System. 1.0E-5/1.5€-2

There are two situations of interest for this event, depending on
whether or not relief vaive DH-4B49 opens. If the R/V opens, the RCS will
lose approximately 1,800 gpm to the containment sump. 1In addition, the
R/V contains a thermocouple on its discharge such that the outlet
tenperature can Le monitored from the controi room (this is also a
conputer alarm point, but gixgn~§gg_ligt_gfkiggortancc associated with the
Davis-Besse computer a1arﬁ system, very little benefit is ascribed to
it). Therefore, given the successful operation of the DH-4849 relief
valve, the probability of the o erators failing to detect an abnormal
situation is estimated at 1.0%-% (or 1 failure in 100,000 opportunities).
The second situation examines the cases when DH-4849 fails to open when
demanded. In these scenar‘os the operators must rely on less obvious

indications to detect the abnormal valve lineup. These incications are
primarily pressure and temperature (not alarmed) at various points in the
DHR system. This case was quantified at 1.5€-2 failures per demand using
an HRA tasi analysis. Both values are taken from Appendix E.

e s £ o
DI11-SU - Operators Fail to Isolate the RCS from the DHR
System. 7€-4/7E-3 - 3E-4/3E-3

This event represents the probability that the operators will either
fail to properly diagnosis the problam or, after successful diagnosis,
will fail to properly perform the necessary corrective action. Trere are
four cases analyzed, depending on which pair of DHR letdown valves is open
and on whether or not relief valve DH-4849 opens properly. As mentioned
garlier, DH-11 and 12 are motor-operated valves that normally have control
power removed. However, the control circuits for these valves are wired
such that even after control power has been removed, their position
indicators function properly and valve position is always displayed in the
control room. Conversely, DH-2]1 and 23 are local-manual valves whose
positions can be verified only through local inspection of the valvos
(note that both pairs of valves are located inside containment). The
opening of DH-4849 is credited with increasing the probability that the



abnormal situation will be correctly diagnosed as an open DHR letdown

line. This event is quantified using an HRA task analysis as described in
Appendix E. e ——

DRP-SU - Rupture of the Interfacing System. 1.0

The previous events were evaluated based on the scenario that RCS
pressurization would continue until the sequence was terminated by closing
the DHR letdown valves or a rupture occurred in the DHR/LPI system.
Therefore, by definition, this event is assigned a probability of 1.0. As
a point of reference, the median large-rupture failure probability of the
DHR/LP] system occurs at an RCS pressure of about 1100 psig (note that the
local pressure in the DHR/LPI systém is only 65-95% of the RCS pressure,
depending on the exact location within the system).

pD2-SU - Operators fail to detect ISLOCA, 0.5
This event is quantified using an HRA screening value for a
knowledge-based action (see Appendix E).

Di2-SU - Operators fail to isolate ISLOCA. 0.5

The probability of this event is estimated from an HRA screening value
for a knowledge-based action that also includes the process of diagnosing
the situation (see Appendix E).

OMI-SU - Operators fail to mitigate release. 0.5

An HRA screening value (knowledge-based action) is used to es*imate
the probability that the control room operators will mitigate the
radigactive release by actuating the fire protection sprinkler system,

4.1.5. Low Pressure Injection System Interface Event Tree - (P,

A schematic diagram of the Low Pressure Injection (LPI) interface with
the RCS is shown in Figure 12. The ISLOCA event tree for this system is
shown in Figure 13. This interface represents the classical V-seguence
configuration of two check valves in series, forming the pressure
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isolation boundary between the RCS and LPl system. The sy.tem is
comprised of two redundant trains, with each injection line being shared
with one core flood tank. Based on work performed on the failure of PIVs,
BNL has corcluded that PIV check valves on core flood tank discharge lines
have experienced a higher failure rate than other check valves (note that
this applies to check valves in standby service, see Appendix 8).

Ml - Plant Operating 2t Power (Mode-1l). 2.0

The probability that the plant will be operating at power 1is
conservatively quantified at 1.0. This is multiplied by the two LPI
system injection lines.

LC]1 - Backleakage of Pressure Isolation Check Valve CF-30. 7.7E-4

This event models the ri . m, independent failure of pressure
isolation check valve CF-30. The failure mode of interest is the
time-dependent (the valve is normally closed with a large diflerential
pressure across it) probability that the valve will allow significant
(>200 gpm) backleakage. 1lhe check valve is leak tested whenever the plant
has been shutdown and is returning to power. Therefore, failure-to-cliose
events are not considered. A failure probability that applies
particularly to core flood tank discharge check valves is used to quantify
this event. Because of the environment and service the CFT discharge
check valves see, tney experience a higher Tailure rate than other Check
valves (B.7€-8/hr compared to 1.8E-8/hr, see Appendix B)., Backleakage
events smaller than 200 gpm are not considered, since such leak rates
cverpressurize the interfacing system slowly, resulting in a very high
likelihood of detection and correction before the LPl system integrily 1
challenged. A fault exposure time of one year (8760 hours) is used in
estimating the prcbability of this event.

LC2 - Chack Valve DH-76 Backieaks. 3.96-4

Check valve DH-76 is also leak tested; therefore, this event is
quantified using the same data as event LC). However, assuming event LC]
is the initiating event, subsequent failures should be modeled as

46



unavailabilities, which are calculated as 1/2(1ambga)t, instead of the
probability equation of (lambda)t. Therefcre, the value used for event
LC1 is divided by two.

LC3 - Check Valve CF-28 Backleaks. 3.9E-4
Since check valve CH-28 is also leak tested, event LC3 is quantified

the same as LC2.

LRP - Interfacing System Ruptures. 1.0/0.08

The particular check valve combination determines where the
overpressurization occurs. If CF-30 and DH-76 fai, the LPl system will
be overpressurized. If CF-30 and CF-28 fail, then the RCS water will
backleak into the Core Flood Tanks. LPl overpressurization will result in
certain rupture, with the DHR heat exchanger being the most likely failure
location (see Appendix M). However, overpressurizing the CFT to 2200 psig
results in only about a 9% probability of failure, as calculated below.

The CFT has two likely failure modes, these being cylinder rupture and
plastic collapse head buckling (see Appendix G, Table 2-11), which at
§00°F have associated failure pressures 3130 psi and 3330 psi, and
uncertainty factors of 0.24 and 0.27, respectively. Assuming the failure
pressure is lognoraally distributed, the natural logarithm of the failure
pressure generates a normal distribution, which can then be standardized
to a mean of zero and a variance of one. This allows the probability that
the failure pressure is below 2200 psi (the RCS system pressure) to be
calculated from tabulated standard normal curve areas (see Appendix ().

LD2 - Operators Fail to Detect ISLOCA. 0.05/0.5

The location of the failure determines the “ikelihood that it will be
detected in a timely manner. The CFTs are well instrumented and regularly
monitored, as required by the plant’s Tech. Specs. Since there are
procedures to address abnormal conditions in the CFTs, this event becomes
a rule-based action.) Therefore, a screening value of 0.05 is used for
ccenarios that involve overpressurization of the CFls. Otherwise, in a
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scenario that overpressurizes the LPI system, because of the absence of
either procedures or training, event LD2 {s assigned a knowledge-based
value of 0.5 (see Appendix E) Py

L12 - Operators Fail to Isolate ISLOCA. 0.05/0.5

As described above for event LD?, scenarios that involve the CFTs are
quantified at 0.05 and scenarios that involve the LPI system use a value
of 0.5.

LM] - Release not Mitigated. 0.5

This evert only applies to the case where the failure occurs in the
LP] system. Again, a knowledge-based screening value of 0.5 (from
Appendix E) 15 used for the probability that the control room operators
fail to take action that will mitigate the radiocactive release (e.g.,
actuation of the fire protection cprinkler system). For the case where
the rupture occurs in the CFT, the failure is located inside containment:
therefore, all releases will be mitigated. In addition, this sceravio
results in an anticinated design basis LOCA in which the ECCS would Tikely
be effective in preventing core damage. However, given its relatively low
frequency (about 1.0E-8/Rx-yr) this scenario was not developed further.

4.2. Quantification of ISLOCA Model

Based on the event trees described in section 4.1 (and in more detai!
in Appendix-D), the total ISLOCA core damage frequency for Davis-Besse 1s
estimated at 3.8E-5/Rx-yr. Table 4.2-1 provides a breandown of this
frequency by sequence and release category. The dominant secuence 15 the
premature opening of DH-11 and DH-12 during shutdown (identified as the
DHR-SD sequence). The results show that, the huran error initiated
sequences (i.e. DHR-SD, DHR-SU, and MUAP) contribute much more to the core
damage frequency than the multiple passive hardware failure sequences
(1.e. LPI and WP1). The hardware dominated sequences are similar to the
classical V-sequence category that are typically examined in current
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PRAs. The relative insignificance of the hardware dominated sequences are
supported by historical experience, which indicates that improper valve
lineups are potentially a more severe event. Further, the historical
experience indicates that sudden, catastrophic failures of valves are

’}1rtuai1} nonex{g;nﬁi:*—EEEEEEGZF?Ty. the use of—iess conservative

“hardware failure probabilities and inclusion of human error contributions
to ISLOCA sequences, produces an overall ISLOCA CDF significantiy higher
than those reported in past PRAs.

Table 4.2-1. Davis-Besse Plant Damage State Frequency from ISLOCA
Sequences (Freguency per Reactor-year).

Seguence Lg Release Mit R Leak-ncd OK-op
MULP 1.4E-6 ] .4£-6 1.14~3 4. 0E-2
HPI 5.4E-7 5.47-7 2.3E-€ 1.5€-3
LPI 2.2E-7 2.3E-7 2.0E-7 §.4€-7
DHR-SD 1.26-5 1.2E-§ 6.7¢-5 7.0E-%
DHR-SU 5.2E-6 §.2E-6 1.8E-2 5.3E-%
TOTAL 1.5€-5 1.8E-5 1.9€-2 4 .2E-2

Total Core Damage Frequency: 3.8E-5/Rx-yr. (Sum of large and mitigated
Release frequencies).

Plant Damage State Definitions:
Lg Release - Core damage with a large unmitigated radioactive releas
Mit Release - Core damage, but radiocactive release is mitigated.
Leak-ncd - Reactor coolant is lost, but is either too small to be
sign.ficant or 1s isolated before core damage occurs (no core gamage)
Or-0p - Interfacing system is overpressurized, but does not ruplure.

n
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4.3. Risk Assessment

As described previously, the consequences of core damage producing,
1SLOCA sequences, were estimated utilizing the containment bypass source
term from the Oconee PRA. Although, these results were deveioped using
somewhat dated source term technology, and may not be comparable to the
current generation of source term estimates. Based on the Oconee results,
conditional consequences were calculated, which when combined with the
release category frequencies produces an estimate of the ISLOCA risk. The
conditional consequences for a range of decontamination factors is listed
on Table 4.3-1. Two release categories were used for binning the event
tree end stateés. These catego: oresent the mitigated and unmitigated
(i.e. large) releases. Because tn .onee containment bypass source term
assumed no decontamination factor (DF), DFs were estimated for the two
release categories. Basaed on information from the NUREG-1150 program that
estimated DFs for both dry and wet containment bypass releases, a Df=l is
assumed for the auxiliary building release (large or dry release) and a
DF=10 for the mitigated release (fire protection sprays or wet release).
(NUREG-1180 used a weighted average DF for the w~* release, DF=10
represents the median value of weighted av- The ISLOCA risks for
Davis-Besse are shown on Table 4.3-2.

Table 4.3-1. MACCS Consequence Results for a range ot possible
Decontamination Factors (Oconee .ource term, scaled to
Davis-Besse power, and the Surry site).

Conseguence Measure Df=1 D=5 Q=10 F=]100

Population Dose 2.8E+6 1.3E+6 9.7E+5 2.9E+5
(person-rem, 50-mi.)

Latent Cancers & .5E43 1.5€+3 8.9E+2 1.4E+2
(total grid)

Early Fatalities 3.6E-2 3.0E-4 5.8£-5 1.2E-6
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Table 4.3-2. ISLOCA Risk for Davis-Besse (Oconee source term, scaled to
Davis-Besse power, and the Surry site).

REL-1g REL-mit
Risk Measure DE=1_ DF=10 Total
Populction Dose 53 18 71
(person-rem, 50-mi.)
Latent Cancers 8.4E-2 1.7€-2 1.0E-1
(total grid)
farly Fatalities 6.7€-7 1.iE-9 6.8E-7

4.4, Sensitivity Study Results

Because human errors dominate the results for Davis-Besse, the major
effort in evaluating the effects of uncertainty, and the sensitivity of
major issues on risk, was devoted to the human reliability analysis. The
one exception to this is an analysis of the effects of the uncertainty in
pipe rupture pressures on the core damage frequency of the DHR-shutdown
sequence, which will be described first.

4.4,), Pipe Rupture Pressure Uncertainty,

The DHR-SD sequence was chosen for evaluating the effect of the
uncertainty in pipe rupture pressures on the core damage frequency, for
two reasons. First, it reyresents the dominant core damage sequence, and
second it is analyzed on a weighted average of the range of possible
system pressures. That is, system rupture calculations were performed for
RCS pressures ranging from 400 to 2100 psig. The rupture probabilities
were then weighted by tha probibility ‘he control room operators would
prematurely open the DHR-letdown isclation valves (DH-11 and DH-12). The
human error probabilities, in turn are dependent on the RCS pressure such
that it is 100 times less likely that the valves would be prematurely



opohing g of DH 11 and DH- 12 lt some unspecified RCS pressure between 400
and 2100 psig.

The uncertainty in the pipe rupture pressure is expressed as the
\1ggarithm1c standard deviation The failure pressure is postulated to be
lognorma11y d1str1buted “and the logarithmic standard deviation describes
the spread in the correspondirg normal distribution [i.e. the distribution
of log(failure pressure)]. The best estimate of this parameter, which is
used as the base case, is 0.36. The sensitivity case was calculated
assuming the uncertainty in the failure pressure could be reduced such
that the logarithmic standard deviation would be 0.1. Tables 4.4-1 and
4.4-2 show the pressure dependent system rupture probabilities for the two
cases. The results on these tables show that for sequences associated
with normal RCS operating pressures, the system rupture probability is
indistinguishable. Indeed, at an RCS pressure of about 1400 psig, the
rupture probabilities are esentially the same. Table 4.4-3 compares the
effects on the DHR-SD sequence core damage frequency for the two cases.
Overall, the sensitivity case produced a COF that is reduced to 50% of its
base case value, Th{s difference is rot considered to be significant
based on the assumed change in the standard deviation,

52



Table 4.4-2. DHR Sys*em Rupture Probabilities (Normalized to HEP of
prematurely opening DH-11/12) as a Function of RCS
Pressure. (Pipe failure pressure log(std dev) = 0.1)

RCS

Pressure .T_stlnm:gggiifz_ﬂnnh__. H£E_ﬂnrm;zsn_§¥s_8un&_ﬂxgh

Apsiq) __HEP _ _large no-leak _large _small -leak

2100 4.0£-07 1 0 0 4.0£-07 0.0E<00 0.0E+00

2000 5.26-07 0.9999 0.000] 0 S5.26-07 S5.26-11 0.0E+00

1900 6.8£-07 0.99%9 0.000! 0 6.87-07 6.8£-11 0.0£+00

1800 8.9E-07 0.9998 0.0002 0 B8.9£-07 1.8£-10 0.0E+00

1700 1.26-06 0.9393 0.0007 0 1.2€-06 8.2E-10 0.0E+00

1600 1.56-06 0.99466 0.00534 0 1.56-06 B8.2E-0° 0.0E+00

1500 2.0E-06 0.97576 0.02424 0 1.96-06 4.8£-08 0.0E+00

1400 2.6E-06 0.89134 0.10866 0 2.3(-06 2.8E-07 0.0£+00

1300 3.4E-06 0.69044 0.3095¢ 0 2.46-06 1.1E-96 0.0E+00

1200 4.56-06 0.3867 0.6133 ¢ 1.7€-06 2.7€-06 0.0£+00

1100 5.8£-06 0.14036 0.85963 0 8.20-07 5.0£-06 0.0£+00

1000 7.6E-06 0.03086 0.96894 0.0002 2.3E-07 7.4E-06 1.5E-09

900 9.9£-06 0.00522 0.95398 0.0008 §5.2E-08 9.9E-06 8.0£-09

800 1.3E-05 0.0008 0.584% 0.0143 1.06-08 1.3E-05 1.9E-07

700 1.7£-05 0.00012 0.8%8 0.10188 2.06-09 1.SE-05 1.7E-06

600 2.2E-05 0.00006 0.61286 0.38708 1.3£-09 1.4E-05 8.6E-C6

500 2.9£-05 0.00004  0.198 0.80196 1.2E-C9 65.76-06 2.3E-0%

400 3.8£-05 0.00002 0.0125 0.98748 7.6E-10 4.7€-07 3.7¢-05

Total 0.000160 0.091567 0.463764 0.444867

Tabie 4.4-3. Sensitivity of Pipe Rupture Pressure Uncertainty on DHR-SD
Sequence Core Damage Frequency (per Rx-yr). Base case,
logarithmic std.dev. = 0.36; sensitivity case, logarithmic

std.dev, = 0.1.
Segquence (lass  Base Case Sensitivity Case
0K-op 6.98E-5 7.11E-5
LK-ned 6.73E-5 7.79£-5
REL-mit 1.18€-5 5. 49E-6
REL-1g ].15F-5 5. 496
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4.4.2. HRA Method Sensitivity.
Two separate sensitivity studies were performed relative to the human

reliability analysis performed for this pregram. Firs., a sensitivity
study based on the method of calculating HRA values was performed. This
case examined the effect on ISLOCA core melt freguency when a typical HRA
sureening analysis is utilized instead of the detaiieggggg? analysis,
which was done for the base case quantification. The second sensitivity
case studies the effect of optimizing the conditicns\;Y'Uivis-Besse with
respect to operator performance. In this case, the performance shaping
factors are assumed to result in positive influences and produce
reiatively low HEPs.

The sensitivity study comparing human error probabilities (HEPs) based
upon the detailed plant information (the base case) with those that were
derived from screening values showed that there was a statistically
significant difference between the two sets of HEPs. Inspection of the
screening analysis details in Appendix-E, reveals that the sensitivity
case HEPs were more conservative for 56% of the actions, less conservative
for 20% of the actions, and for 24% of the HEPs there was no difference.
in addition, the DHR-SD sequencg (premature opening of DHll & DH12 during
shutdown) shows no StT!Eﬂ‘wg values for the sensitivity case because this
seyuence would not have been identified without the benefit of detailed
walkdowns and operator interviews at the plant. This in conjunction with
the differences cited above makes a strong case for why the detailed HRA
is necessary for a complete picture of an [SLOCA.

The final step for this sensitivity analysis was the calculation of
core melt frequencies for the creening data set and the base case data
set. The end result of the anelysis shows a substantial difference in
risk measures (see Table 4.4-4). Given that the base case data set is the
true best estimate case, these core melt frequencies indicate the
differences which can be attained with the benefit of a more detailed HRA.

The'second:NRA sensitivity analysis was conducted to determine if
modifications to the human machine system (performance shapiny factors)
weuld result in significant gains in operator performance. Since many of
the sequences analyzed were not covered by procedures, and were rnot
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specifically trained on, it seemed reasonable that these types of
modifications might improve the probability of successful task

completion. Additionally, some sequences did not have the benefit of
instrumentation which would indicate the status of valves, critical to
avoiding ISLOCA sequences. Lastly, some instances of operator performance
did not have the benefit of recovery factore in the form of a second
individua) independently checking and signing nff on task completion.
Therefore, the folluwing performance shaping factors were optimized and
the resulting change in the him n error probability calculated for all
scenarios.

1. Procedures- HEPs were calculated on the basis of the startup,
shutdown, or quarterly stroke test being upgraded to reflect the
appropriate cautions, notes, or warning. An example would be
noting the importance of correct valve line-ups for HP27 & HP2S,
and the correct line-up for DH2] and DH23 in terms of the
potential for ISLOCA.

2. Instrumentation- HEPs were calculated on the basis of the
presence of a valve status board in the control room and on the
presumption that ambiguous information on presiure, temperature,
level, and flow were available to the crew.

3. Training- HEPs were calculated on the basis of two significant
improvements; the existence of an ISLOCA procedure formally
trained to by control room and EO personnel and that similarly,
there were training and procedures for the handling of
computerized alarms on the control room CRT.

4. Recovery- HEPs are calculated so that all tasks are covered by
procedures and second operator, shift supervisor , or 1&C or
maintenance foreman, where appropriate, signs on task performed.

Using the base case and sensitivity study HEPs, core melt frequency
was recalculated and 15 shown in Table 4.4-4. It should be noted that a
significant reduction in COF and risk resul ed from optimization of the
HEPS even though the changes to procedures._trawnlng and \nstrumgntatvon
?f9,99ﬁ«97°?‘9?f9qﬂﬁ9h99 major. The information presented in this table
'3150 shows that the use 6?‘Q£Ps based on screening values, rathc~ than
HEPs developed through plant specific analysis, would produce
significantly higher core melt frequencies and risk values.
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Table 4.4-4., Sensitivity of HRA technique on both CDF (per Rx-yr) and

risk.

KRisk Measure ~ _Base Case Optimum HEPs ~ _Screening HEPs®
REL-1g 1.9€-5 8.1€-9 1.4E-2

REL-mit 1.8€-5 8.0E-7 1.4€-2

Lk-ncd 1.9€-2 7.¢E-3 3.3€-2

0K-op 4 .28-2 4.2E-2 2.0E-]

Pop-Dose 71 0.8 §3,000
Lat-Cancers 0.1 7.5€-4 15

Early-Fat 6.86-7 3.4E-10 5.0E-4

a. Note that the screening evaluation would not have identified the DHR-SD
sequence, which involves a human error of commission. This sequence 1s
not included in the Screening HEP totals.
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CONCLUSION AND RECOMMENDAT







jumper out thz: DH-12 interlock when initiating DHR cooling.

- Because of past problems at Davis-Besse with DHR letdown motor
operated valves DH-11 and DH-12 automatically closing while the plant
was shutdown and isolating the DHR system, the plant has
proceduralized the practice of maintaining DH-11 and DH-12 in a
perpetual disabled state. That is, DH-11/12 always have their control
power removed. Consequently, although these valves are interlocked to
automatically close when the RCS pressure rises to 300 psig, the
valves will only operate when control power is restored, which i< done
only when the control room operators wish to change their position.

In summary, the ISLOCA frequency at Davis-Besse is strongly influenced

by:

1) Poecrly written procedures,

2) the lack of training on ISLOCA sequences, which contributes t¢
the general unawareness of piant personnel about the possibility
and consequences of [SLOCA type events, and

3) procedures that instruct personnel to routinely bypass or Jumper
out protective features or interlocks that otherwise could
prevent the initiation of an ISLOCA.

As shown in the sensitivity case that estimated the effect on risk of
optimizing the human performance, a significant improvement in risk 1s
likely achievable with changes to procedures, training and
instrumentation.

A number of general observations are worthwhile mentioning based on
their insignificance with respect to ISLOCA risk. Area effects associated
with interfacing system ruptures and the resulting water spray and
accumulation, ware assessed. At Davis-Besse, the emergency core coeling
systems (ECCS) are adequately separated. Each postulated rupture was
reviewed based on the premise that all equipment in the same room as the
rupture was failed because of the leak. The worst situation occurs in the
DHR sequences were both trains of DHR would 1ikely fail. However, given
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that the leak is isolated, the plant would be able to rely on the
operation of the power conversion system and/or the auxiliary feedwater
system to cool the reactor and maintain it in a stable condition. This
option was available for every ISLOCA sequence postulated. That 1is,
provided the interfacing system rupture was isolated (and in every
sequence examined valves were in place that could be used for this), there
were systems available to prevent core damage. However, the converse was
also estimated to be true. Because of the small BWST makeup capability
(about 150 gpm) and the time expected for the ECCS to drain the BWST
(approximately 4 to 8 hours) if the rupture could not be isolated, core
damage is very likely. That is, without isolating the rupture and
terminating the leak, successful operation of plant safety systems would
delay but not prevent core damage.

5.2. Generalized Conclusions

Caution should be exercised when attempting to extrapolate the results
of a single sample to estimate the performance of the entire commercial
nuclear power industry. The Davis-Besse analysis has identified some
potential ISLOCA issues, but the completeness and typicality of the
results for other plants has not been determined. What can be said is,
based on the experience gained from the analysis of Davis-Besse, the most
important concern regarding ISLOCA risk centers on the reliahility of the
plant personnel. It is unwise to conclude that human reliability
represents the entire potential for ISLOCA events, but for Davis-Besse,
the human errors dominate the ISLOCA risk and this could be an issue for
other plants as well. Therefore, a major emphasis in any evaluation of
ISLOCA events should be the assessment of the potential for human errors.
Specifically, this involves judging the adequacy of plant procedures,
personnel training, and personnel awareness of the potential for and
consequences from an [SLOCA event. For Davis-Besse there were no
procedures or training on ISLOCA events. Furthermore, there was no
significant awareness on the potential for, or the consequences of
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violating the RCS pressure isolation boundary. To generalize, the
und.rstanding by the plant personnel of the importance of maintaining the
pressure isolation boundary, and recognizing the potential for «n ISLOCA
event and 1ts consequences, has a dramatic effect on ISLOCA risk.
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APPENDIX-A
HISTORICAL EXPERIENCE RELATEU TO ISLOCA EVENTS

A computerized search of licensee event reports (LERs) was performed
to collect and analyze those events that can loosely be categorized as
ISLOCA precursors. On the succeeding pages is the resulting 1ist such of
events, along with a brief description of each event. After reviewing the
LERs, a number of generalizations were made. Those events that resulted
in an overpressurization and/or leak out of the RCS typically involve
either a series of human errors, inadeguate procedures, or existing
hardware failures in combination with a human error or inadequate
procedure. A few of the more applicatle events are described in more
detail below.

McGuire

While stroke timing a valve at McGuire Unit 2 (9/5/89), operators
inadvertently released 200 gallons of primary coolant to the pressurizer
relief tank (PRT) and 2000 gallons to the auxiliary building, bypassing
containment, over & thirty second period. The operators were 2lerted to
the abnormal condition when they observed pressurizer level decreasing and
pressurizer relief tank level increasi.g. While attempting to return the
system to pre-test status, operators subsequently opened another valve
which began draining the refueling water storage tank (RWST).
Approximately 8,000 gallons of water from the RWST were also drained to
the auxiliary building over approximately a 30 minute period of time.
Control room personnel were nutified of the flooding in the auxiliary
building by Radwaste Chemistry personnel.

A year piior to this event, a valve stroke timing test resulted in the
overpressurization of the chemical and volume control (CVC) system.
Although procedural changes were made to preclude the recurrence of that
event, th: changes only addressed the operation of valves which were




involved in that particular evert. The valves which were involved in the
9/5/89 event were overlooked by that procedural change. It was noted that
operators’ attention was focused on preventing the reoccurrence of the
1988 event, thereby ignoring other overpressurization and backleakage
pathways.

In addition, the procedure required a review of system conditions
prior to initiation of the test, it did not adequately address all
conditions which should have existed to prevent this event. The
operator(s) had a high degree of confidence in the technical adequacy of
the procedure they were following and, hence, did not recognize the
existence =f potential abnormal conditions which cold arise as 3 result
of usiny the procedure. Thus, a combination of procedural inadequacies,
training which focused operator attention to prevent a specific event,
operator’s belief in the adequacy of procedures, and inattention to
potential problems contributed to this e.:nt.

Biblis

Approxitiately two years prior to the McGuire Unit 2 event, while
conducting restart operaticns at the Biblis plant in West Germany,
operators established a high pressure pathway from the primary circuit to
low pressure systems causing an uncontrolled release outside of
containment, During restart, operators observed that one of the two
isolation valves (a check valve) in the connecting lines between the
primary circuit and LPIS wis slightly open. The operator attempted to
close the valve by opening the other isolation valve, intending to create
sufficient differential pressure against the open check valve to cause it
to close. The valve did not reseat as intended and, for a period of 7
seconds. coolant was discharged through a relief valve to a Tow pressure
test line, and from there to the annuius and subsequently to the plant
stack.
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A position indicator alarm in the control room had alerted the
operator to the condition of the check valve. The operators ignored the
position indication instrument and alarm, believing them to be false. The
shift supervisor was not informed of this condition and neither were
incoming shifts during shift turnover as required. The open check valve
was undetected for the next two shifts. With this check valve open, only
1 check valve prevented overpressurization, possible disablement of one
train of the Emergency Core Cooling System (ECCS), and an unisolable leak
outside of containment.

Since the approach that was used to close the open check valve was
according to the operators’ training, the operators were acting on the
belief that the valve would respond as intended, ard not on the immediate
effects which aight occur due to overpressurization of low pressure
systems, This generic weakness in their operating procedures was resolved
by retraining operators on the specific foatures of the event, by changing
procedures fer control room alarm review, and by categorizing He alarms
associated witn the specific valves of this event as high priority.

BWR Testable Check Valves

A study by AEOD (1985) identified & events which occurred at BwRs
involving the failure of an isolation check valve. Five of these events
also involved the inauvertent cpening of another isolation check valve
which represented the final isolation barrier between the high and low
pressure portions of the system. Four of these events occurred during
power operations and resulced in overpressurization of an ECCS system.
The inadvertent openin; of the final check valve in all of the § events
were attributed to per.onnel errors during surveillance testing. The most
serious of these events resuited in the contamination of thirteen workers
after being sprayed by coolant from a relief valve after it was
over-pressurized.
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Similarly, two events at Hatch Unit 2 (1983) and Browns Ferry (1984)
were determined to be caused by incorrect installation or assembly of
valves which were part of the pressure boundary between the high pressure
(RCS) and low pressure ECCS systems. The events were also thought to be
due, in part, to a failure to use and follow approved maintenance and
assembly procedures.

ANO-1

During a complicated transient at Arkansas Nuclear One Unit 1 (1989),
a single check valve in a High Pressure Injection (HPI) train failed to
seat properly, resulting in a backflow of reactor coolant water to lines
outside containment. This condition, high piping temperature or pressure,
was not instrumented for. Detection was accomplished when taping attached
to the pipe began to smcke and set off a local area smoke Ar*ertor which
caused an alarm in the control room. The backflow occurred ‘.r
approximately 10 to 15 minutes before the fire alarm was observed and
investigated.

It is worth noting that control room personnel were involved in an
unusual post-trip condition due to several equipment failures which
complicated their respunse to the initiating event. At the tine when
backflow was occurring, the reactor experienced a minor overcooling event
caused by tie overfeed of the once-through steam generators (0TSGs).
Because their attention was focused on stabilizing the post-trip cooldown
rate the backflow condition was not observed. Since the backflow was not
relezsed outside of the HP] piping no appreciable pressurizer level
decrease would have been observei. However, overcooling transients do
result in RCS shrinkage and an attendant decrease in pressurizer level.
Thus, any leak which may have occurred might have been masked by the
effects of overcooling, making detection and diagnosis difficult if other
equipment did not direct the operators’ attention to the condition.
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Approximately 6 months later at the same unit, hackleakage of reactor
coolant through a faulted safety injection check valve occurred three
times. The leak was detected promptly by control room personnel as a
result of pressurizer level decreasing and the valve was reseated by
injecting High Pressure Safety Injection (HPS1) water through it. A
second occurrence was also detected promptly and corrected in similar
fashion. The third occurrence of leakage could not be terminated by HPS !
injection, and mechanical maintenance personnel were required to enier the
containnent building and physically reseat the valve. In all three
instances, the leakage was promptly detected and monitoring was
facilitated by pressure instrumentation on the low pressure side of the
valve which causes an audible alarm in the contry. room.

Yogtle

while preparing for initial heatup at Vogtle Unit 2 (1989), control
room personnel were preparing to perform a pressure fsolation valve
leakage test. In order to establish test conditions, the shift supervisor
decided, without approved procedures, to depressurize the RHR system by
momentarily opening two locked-closed valves. Accordingly, an equipment
operator was dispatched by a reactor operator, to open the two
locked-closed valves but not to return them to a closed position (due to a
misunderstanding between the $S and the R0). The reactor operator
duplicated this error and subsequently dispatched a second equipment
operator to verify that the valves were open. Both RHR valves were left
locked opan for 14 hours. Upon discovery by a later shift, both RHR
trains were declared inoperable.

The event was attributed to the shift supervisor failing to follow
apyroved procedures, and inadequate communication between control room
personnei. The shift supervisor failed to ensure that the valves were
re*urned to the closed position, as required by technical specifications,
and other knowledgeable shift personnel failed to point ocut the condition
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which opening these valves placed the unit in. During this event, RCS
coolant passed from the RHR system to the refueling water storage tank,
and from there to the atmosphere. Since the unit had not achicved its
initial criticality, however, no radiation was released.

Pilgrim

During preparation for the Reactor Core Isolation Cooling (RCIC) logic
function system test (LFST) while at 25% rated power and ascending, 6
circuit breakers to motor operated valves were incorrectly positioned. An
Instrument & Control technician, a Control Room Operator, and an Equipment
Operator divided the task of positioning the breakers at the local area
amongst themselves, and incorrectly positioned the breakers. During
verificatinn of the tagouts for the breakers, they did not detect tine
errors the others had made. In addition, local insnection ang
ver1€ication of the circuit breakers was not conducted by the supervisor
as required.

«ow pressure RCIC suction piping was exposed to hi pressure reactor
coolant due to the incorrect breaker positions and approximately 100
gallons of reactor coolant (at 1000 psig and 300°F) was discharged to an
area quadrant in a mixture of steam and water. The RCIC was subsequently
declared inoperable and a plant shutdown was completed 4 days into a 7 day
LCO for RCIC recovery.

No pre-evaluation briefing was conducted by thu operating shift prior
to preparation for the RCIC LFST, although required by Technical
Specifications. Two of the persons were performing this test for the
first time. The two operators (the CRO and the E0) were unaware of
reasons for the tagouts and said they were only following the instructions
on the tagout sheet. Both operators had attended #n on-watch training
module for tagging some time prior to this event. In addition, the
provedure did not include precautions to warn workers of the effect which
incorrectly performing the steps would have on the safety system.
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Limerick

At Limerick Unit 1 (1989) the licensee determined, via 2
self-assessment, that the Shutdown Analysis was {nadequately performed and
that RHR overpressurizaiion, and an Interfacinn Systems LOCA ¢ould occur
as @ result of a fire in certain areas. This was contrary to the previous
Shutdown Analysis. The errors in the previous Shutdown Analysis cccurred
as a result of: 1) a lack of detailed proredures in performing the Safe
Shutdown Analysis and; 2) a misunderstanding or misapplication of detailed

regulatory requirements.
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Browns Farry-]l

Pilgrim

Biblis-A

Diablo Canyon-2

D. C. Cook-142
ANO-1

Vogtle-2

Trojan

Pilgrim

Sequoyah-2

nL/14/84 B84-032

02/11/86 86-003

11/15/87

10/15/88

10/28/88
01/20/89 89-002

03/09/89 89-003

04/09/89 89-009

04/12/89 £9-014

04/20/89

Testable check valve solenoid valve had
been reassembled with the air ports
reversed praobably in Dec. ‘83 resulting
in the valve being held open.

subsequent logic test (operators failed
to electrically disarm the MOV) cpened 2
MOy allowing RC into CS

During maintenance of electrical cable,
a 480V safety-related Dus was
{nadvertently de-energized resulting in
the d‘sablement of some primary
containment isolation capability.
Operators attempted to seat a stuck open
check ‘alve by opening an MOV on the low
pressure side to increase the
differential pressure across the check
valve. Prnceedure didn’t work allowing
RCS water to leak back into the RWST.
Retaining block studs found broken in
RHR suin? disk check valve (PIV),
Apparentiy a generic problem for Anchor
Darling Check Valves, see NRC
information notice 88-85 dated October
14, 1988.

Generic problem with Anchor Darling
swing check valves.

Rx coolant backflowed outside
ctntainment thru one HP1S check
valve,thru a crossover line, and back
into the RCS. HP1S crossover lire not
designed to handle RCS temperatures.
HP1S is used for normal make-up. High
wear allawed back-leakage of CV.

Both PIV check valves leaked, and
allowed RCS backleakage irto RHR system
(exceeding tech specs). Operators
attempted to depressurize the RHR system
by opening two manual valves tu RWST.
Auto close/open pressure interlock on
RHR jetdown isolation valve incorrectly
wired

During RCIC system logic test, injection
valves opened (they were not disabled
prior to test), the discharge check
valve failed to properly seat and
allowed backleakage into RCIC piping.
Charging 1ine flow control valve (62-93)
blew its stem leakoff packing allowing
normal makup to leak-out before reaching
the RCS. This resulted in an abnormally
high makup flow rate.
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QUANTIFICATION OF RESULTS

0 EVENT TREES PRODUCE PLANT DAMAGE STATE FREQUENCIES
- RELEASE-LARGE
~ RELEASE-MITIGATED
- LEAKS-NO CORE DAMAGE
- OK-OVERPRESSURE

0 Core DamaGce Freauency suMm oF REL-Lc Anp REL-mMIT

0 Risk MEASURES:
- EARLY FATALITIES
- LATENT CANCERS (TOTAL GRID)
- PopurLaTION DOose (50-m1.)



DAVIS-BESSE PLANT DAMAGE STATE FREQUENCY FROM ISLOCA
SEQUENCES
(FREQUENCY PER REACTOR-YEAR)

Seouence Le Rer  Mir Rer Lk-NCD OK-op
MURP 1.4E-6 .4E-6 .1E-3 1.0E-2
HPI AE-7 AE-7 .3E-6 .5E-3
LPI .2E-7 .3E-7 .0E-7 .4E-7

.2E-6 .2E-6 .8E-2 5.3E-5
.9E-5 [.9E-5 9F -2 4.2E-2

DHR-SU
TOTAL

5
Vi
DHR-SD 1.2E-5 .2E-5 JE-5 .0E-5
5
1

Torar Core DAaMAGE FREQUENCY: 3 BE-5/Rx-vyr. (SuMm OF LARGE AND

MITIGATED RELEASE FREQUENCIES)




?Mnl.s[r.i-l.: e Lk

(%019) as- dH4

%
(%9°22) NS -¥HA
&

et (2271) la1

(%6°2) idH
(2€°L) d®ON

sasusnbag yoois] woaj
uonnNQusY Jq0) 9Ssof-siaEe(]

i e e e it i o




ISLOCA RISK FOR DAVIS-BESSE
{OCONEE SOURCE TERM, SCALED 7O DAVIS-BESSE POWER,
AND THE SURRY SITE)

REL-LG REL-MIT
Risk Measure _DF=1_ _DF=10 TovAL
PorurLaTION DOSE 53 18 71
(PERSON-REM, 50-m1.)
ILATENT CANCERS 8.4E-2 1.7E-2 1.0E-1
(ToTAL GRID)

EarLy FATALITIES 6.7E-7 1.1E-9 6.8E-7




SENSITIVITY STUDY RESULTS

PIPE RUPTURE PRESSURE UNCERTAINTY SENSITIVITY ON
DHR-suuTpown COF

-  LOGARITHMIC STD DPEV = 0.36 (BASE CASE)

-  LOGARITHMIC STD DEV = 0.1 (SENSITIVITY CASE)

HRA SENSITIVITY on Risk

- HRA mMeETHOD (DETAILED ANALYSIS VS. SCREENING)

- OptImizep PSFs



SENSITIVITY OF PIPE RUPTURE PRESSURE UNCERTAINTY
ON DHR-SD SECUENCE

Seauence Crass Base Case SeEnsiTIviTY CASE
OK-op 6.98E-5 7.11E-5
LK-NCD 6.73E-5 7.79E-5
REL-M1T 1.15E-5 5.4%E-6

REL-L6 1.15E-5 5.49E-6




SENSITIVITY OF HRA TECHNIQUE ON BOTH CDF AND RISK.

_Risk Measure Base Case_Oprimum HEPs Screening HEPs -
REL-Le 1.9E-5 8.1E-9 1.4E-2
REL-MIT 1.9E-5 8.0E-7 1.4E-2
LK-ncD 1.GE-2 7.2E-3 3.3E-2
0K-op 4. .2E-2 4.2E-2 2.0E-1
Por-DosE 71 0.8 53,000
LAT-CANCERS 0.1 7.5E-4 75
EarLy-FaT 6.8E-7 3.4E-10 5.0E-4

0 NOTE THAT TEE SCREENING EVALUATION WOULD NOT HAVE IDENTIFIED
THE DHR-SD SEQUEMCE, WHICH INVOLVES A HUMAN ERROR OF
COMMISSION.

THIS SEQUENCE IS NOT INCLUDED IN 14 ScreeninG HEP torais.
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Conclusions

(£ 1. Quantification)
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IDENTIFICATION OF ERRORS

0 LATENT ERRORS

0 ERRORS OF COMMISSION

-ERRORS OF EXECUTION ARE GENERALLY MODELED AND
HAVE HIGH ACCEPTANCE

-EPRORS OF IMNTENTION ARE NOT GENERALLY MODELED
AND HAVE LOWER ACCEPTANCE






REALISTIC COMPONENT PRESSURE FRAGILITIES WERE ESTIMATED

¢ ANALYSIS PERFORMED BY IMPELL CORPORATION
- STATE OF THE ART TECHNINMUES WERE UTTLIZED
- AVAILABLE TEST DATA REVIEW

-~  ALL RELEVANT COMPONENTS EXAMINED, INCLUDING:

PIPES, VALVES, FLANGES, VESSELS, TANKS, HEAT
EXCHANGERS, ETC.

-~  UNCERTAINTY IN MEDIAN VALUES ESTIMATED



MANY LOW PRESSURE RATED COMPONENTS NOT
CAPABLE OF WITHSTANDING RCS PRELSURES

0 MeEpiAN FAILURE PRESSURES (|l ARGE RUPTURE):

- 12" =cn20 pirLPE 1660 psic

- 18" scul) pIPE 843 psicG

- 12" 300# FLANGE 2250 psic
0 DHR HEAT EXCHANGER:

-~  TUBE SHCET FLANGE 893 psic

- PLASTIC .JOLLAPSE HEAD BUCKLING 1030 psi1c

- CYLINDER RUPTURE 1630 psic



DAVIS-BESSE DHR SYSTEM RUPTURE DATA (after screening)

Component

12"-GCB-7
DH-1517
18" -GCB-8
DH-2733
18" -HCB-1
14" -HCB-1
DH-81
12"-GCB-8
12GCB8a
12GCB8b
12GCB8c
r42-1
10"-GCB-1
10GCB1a
CH-43
DH-45
E2717
£E271P
£E271C
E271A
E271a
£E271b
6"-GCB-10
10"-GCR-10
8"-GCB-10
DH-128

4" -GCB-2
FE-DH2B

Description

Pipe sch20

12" MOV Gate 300#
Pipe sch20

18" MOV Cate ,00%
Pipe schl0S

Pipe schldS

14" Sw Check 150#%
Pipe sch?20
Flange-a 300#
flange-b 300#
Flange-c 300#

DHR pump 1-1

Pipe sch20
Fiange-a 300#

10"
10"
10"
DHR
DHR
DHR
DHR
10"

Sw
HW
Hx
Hx
Hx
Hx

Check 300#

Gate 300¢

Tube sh fig fail
Plastic col hd bk
Cylinder Rupt.
Asym. head bucklg

out-flg £27-1 300#
10" in-flg E27-1 300#

Pipe schlOS

Pipe sch20

Pipe sch20

8" Sw Check 300%#

Pipe schi05s

Flow £1. 10" 3°0# flg.

Med:® .
Failure

Press

1660
1704
1488
2277

843
1090
1445
1660
2250
2250
2250
2259
.984
2485
2016
2170

432
1030
1630
2030
2485
2485
1585
1984
2503
1242
2075
2485

Log Leak
Std Size at
Dev Failure
.36 lg
0.2 Sm
0.36 lg
0.2 Sm
0.36 lg
0.36 Lg
0.2 Sm
0.36 Lg
0.12 lg
0.12 Lg
0.12 Lg
0.2 Sm
0.36 lg
0.12 Lg
0.2 Sm
0.2 Sm
0.12 Sm
0.23 .2lg
0.27 Lg
0.23 .25m
0.12 Lg
0.1? lg
0.36 La
0.36 Lg
0.36 lg
0.2 Sm
0.36 lg
0.12 Llg

Large
leak
Fress

1660
>2500
1488
>2500
843
1090
>2500
1660
2250
2250
2250
>2500
1084
2485
>2500
»>2500
893
1030
1630
n/a
2485
2485
1585
1984
2503
>2500
2075
2485
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COMPONENT FAILURE PROBABILITIES CAN BE
CALCULATED UTILIZING SEISMIC FAILURE EQUATION

0 REr: R.P.KennNEDY ET AL, NUCLEAR ENGINEERING AND DESIGN,
VoL 59, No.Z2, Aucust 1989.

0 PrROBABILITY OF FAILURE AT 2100 psic For A 12-1INCH ScHZ0
PpIPE (MED. = 1660 psIG, LOGARITHMIC STD DeEv = 0.36):

0 ProB(FAIL PRESS < 2100 psiG) PHI((Ln(2100)-1n(1660)),0.36)

PHI(0.65)

0.742



DIFFERENCE BETWEEN NUREG-1150 SITES

AND U.S. AVERAGE SITE

GranDp GuLF
PEacH BotTom
SEQUOYAH
Suppry

ZION

GranD GULF
PeacH BorTem
SEQUOYAH
SURRY

ZION

SiTte PopuLAaTION FACTORS

SMI1. 10mx. 20mr1 . 30Mmx
0.065 0.069 0.091 0.110
G.056 0.043 0.6GJ7 0.021
0.002 0.004 0.054 0.012
0.065 0.012 0.016 0.007
0.637 0.618 0.471 0.423

Wino Rose WeregHTED SiTe PopuLAaTION FACTORS

S5MI. 10mz. 20mx. 30mx
C.056 0.072 0.098 0.115
0.053 0.057 0.015 0.022
0.032 0.004 0.127 0.080
0.055 0.003 0.002 0.013

0.809 0.745 0.567 0.517
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CONDITIONAL CONSEQUENCES CALCULATED USING MACCS

0 Seconp prAFT NUREG-1150 urIiLIizep:
- MACCS-pc versiOnN 1.5.12
-  SURRY EVACUATION STRATEGY

- DECONTAMINATION FACTORS:
Larce ReLease DF=1
MiTticaTep ReL DF=10

-  CUNSEQUENCE MEASURES:
EArRLY FATALITIES
LATENT CANCERS (TOTAL CRID)
PorurAaTION Dose (50-m1.)







MACCS CONSEQUENCE RESULTS FOR A RANGE OF POSSIBLE DFs
(OCONEE SOURCE TERM, SCALED TO DAVIS-BESSE POWER,
AND THE SURRY SITE)

CQ&sgnusncgwusasuaE DF=1 | QEE_,S_~ DF=10 DF=100

PorurLAaTion Dose 2.8E+6 1.3E+6 9.7E+5 2.9E+5
(pErsON-REM, 50-MI1.)

LaTenT CANCERS 4.5E+3 1.5E+3 8.9E+2 1.4E+2

{ToTAL GRID)
EarLy FATALITIES 3.6E-2 3.0E-4 5.8E-5 1.2E-6
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@

AN INTEGRATED APPROACH TO HRA WAS USED

L TYPES OF ACTIONS ARE REPRESENTED

FNSURE AL

IDENTIFY AND SCREEN HUMAN INTERACTIONS WHICH MAY

BE RISK STIGNIFICANT

DeveELOP A DETAILED DESCRIPTION OF IMPORTA’T HUMAN

ACTIONS

SELECT AND APPLY APPROPRIATE MODELIKNG TECHNIQUES

FVALUATE THE IMPACT OF SIGNIFICANT HUMAN ACTIONS

QUANTIFY THE PROBABILITIES FOR THE VARIOUS HUMAN

ACTIONS

DOCUMENT THE INFORMATION FOR TRACEABILLTY
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ISLICA PROGRAM OBJECTIVES

DEVELOP A FRAMEWORK FOR EVALUATING ISLOCA RISK
-  HARDWARE
-  HUMAN ERROR

- POTENTIAL FOR RISK REDUCTION

DETERMINE THE EFFECTS OF HUMAN ERROUOR AND THEIR
CONTRIBUTORS

EVALUATE THE FRAGILITY OF LOW PRESSURE SYSTEMS
- FAILURE LOCATIONS

- FAILURE PROBABILITIES



ISLOCA PROGPAM OBJECTIVES (CONT.)

IDENTIFY AND DESCRIBE POTENTIAL ISLOCA SEQUENCES
{ IMING
- ACCIDENT MANAGEMENT STRATEGIES

- EFFECT ON OTHER EQUIPMENT

FSTIMATE CONSENUENCES OF POTENTIAL ISLOCA SEQUENCES
CORE MELT FREQUENCY

OFFSITE CONSEQUENCES

RECOMMEND CONSEQUENCE REDUCTION ACTIONS
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IMPORTANT CONSIDERATIONS FOR FOLLOWING PRESENTATIONS

® EFFECT OF HUMAN ACTIONS AS INITIATORS FOR
AN ISLOCA

@ RELATIVE EFFECT OF HUMAN ERRORS AKD HARDWARE
FAILURES AS CONTRIBUTORS TO ISLOCA ~ORE MELT
FREQUENCY AND RISK

® COMPONENTS THAT WOULD FAIL WHEN EXPOSED TO
OVERPRESSURE

® INFLUENCE OF PROCEDURES, TRAINING, AND INSTRUMENTATION
ON THE CAPABILITIES OF PLANT PERSONNEL



LER REVIEWS AND DETAILED PLANT EXAMINATIONS
IDENTIFIED LIKELY ISLOCA SEOQUENCES

@ LERS WERE USED TO IDENTIFY POSSIBLE "TYPES" OF
HUMAN ERRORS AND FAILURES.

@ LERS WERE NOT USED TO GENERATE FAILURE RATES,
BECAUSE OF DIFFERENCES IN CONTEXT, SITUATION
SPECIFICS, AND EXPOSURE.

® DETAILED PLANT REVIEW IDENTIFIED OPPORTUNITIES FOR
possIBLE ISLOCA SEQUENCES.



ISLOCA SEQUENCES INITIATED BY MULTIPLE HUMAN ERRORS
OR COMBINATIONS OF HUMAN ERRORS AND HARDWARE FAULTS

® HISTORICAL EXPERIENCE INDICATES:

EgNVALVE LANEUP AND OPERATOR

P
S
él IONING VALVES - RELATIVELY

ND CATASTROFHIC FAILURES OF
T VALVES



REVIEW OF D-B SYSTEMS AND OPERATIGNS LEADS TO
IDENTIFICATION OF ISLOCA INTERFACES AND SEQUENCES

@ J1-INCH# AND SMALLER LINES, AND <200 GPM DEEMED RISK
INSIGNIFICANT.

2 {HRee ISLUCA INTERFACES IDENTIFIED: HPI, 1PI, anp DHR
LETDOWN.

@ Five possiBLE ISLOCA SEQUENCES IDENTIFIED:

- HPI

-  MU&P/HPI

- LPI

- DHR-StarTUP
-  DHR-SHuTDOWN



AN INTEGRATED APPROACH TO HRA WAS USED

® ENSURE ALL TYPES OF ACTIONS ARE REPRESENTED

@ IDENTIFY AND SCREEN HUMAN INTERACTIONS WHICH MAY
BE RISK SIGMNIFICANT

@ DEVELOP A DETAILED DESCRIPTION OF IMPORTANT HUMAN
ACTIONS

¢ SELECT AND APPLY APPROPRIATE MODELING TECHNIQUES :

&

® EVALUATE THE IMPACT OF SIGNIFICAN, HUMAN ACTIONS

¢ QUANTIFY THE PROBABILITIES FOR THE VARIOUS HUMAN ¢
ACTIONS - |
%8

e DOCUMENT THE INFORMATION FOR TRACEABILITY v 3
- T e

“A i\‘
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IDENTIFICATION OF ERRORS

@ LATENT ERRORS

@ ERRORS OF COMMISSION

-ERRORS OF EXECUTION ARE GENERALLY MODELED AND
HAVE HIGH ACCEPTANCE

-ERRORS OF INTENTION ARE NOT GENERALLY MODELED -
AND HAVE LOWER ACCEPTANCE



IMAGE EVALUATION pa
TEST TARGET (MT-3 &/




IMAGE EVALUATION
TEST TARGET (MT-3




IMAGE EVALUATION
TEST TARGET (MT-3




HRA FINDIKGS AND TONCLUSIONS

A coMBINATION OF HRA MCDELING AND
QUANTIFICATION TECHNIQUES WERE USED TO
REPRESENT THE WIDE VARIETY OF HUMAN ACTIONS

IDENTIFIED

ERRORS OF COMMISSION AND LATENT Eé‘bls PROVED
TO BE RISK SIGNIFICANT

SCREENING VALUES WERE USED FOR DETECTION,
ISOLATION, AND MITIGATION BUT ADDIIONAL
ANALYSES ARE UNDER CONSIDERATION




REALISTIC COMPONENT PRESSURE FP/GioiTIES WERE ESTIMATED

@ ANALYSIS PERFORMED -~ iMPELL CORPORATION
- STATE OF THE AR| J/ECHNIQUES WERE UTILIZED
- AVAILABLE TEST DATA REVIEW
- ALL RELEVANT COMPONENTS EXAMINED, INCLUDING:
PIPES, VALVES, FLANGES, VESSELS, TANKS, HEAT

EXCHANGERS, ETC.

- UNCERTAINTY IN MEDIAN VALUES ESTIMATED



MANY LOW PRESSURE RATED COMPONENTS NOT
CAPABLE OF WITHSTANDING RCS PRESSURES

® MepianN FAILURE Pressures (LARGE (UPTURE):

- 12" scu20 pIPE 166C psic

- 18" scul0 p1PE 843 psiG

- 12" 300# FLANGE 2250 psic
@ DHR HeaT EXCHANGER:

-  TUBE SHEET FLANGE 893 psi1G

- PLASTIC COLLAPSE HEAD BUCKLING 1030 psic

- CYLINDER RUPTURE 1630 psic



LOCAL INTERFACING SYSTEM PRESSURES
PREDICTED USING SYSTEM SPECIFIC MODELS

e RELAPS5 MoperL BuiLt Anp Run.

- PRESSURE EQUILIBRIUM ESTABLISHED VERY QUICKLY -
DEAD ENDED (CLOSED) SYSTEMS PRESSURIZE VIRTUALLY

INSTANTANEOUSLY

-  SMALL RELIEF VALVES IN COMBINATION WITH FLOW
RESTRICTIONS MAY PROTECT PORTIONS OF SYSTEM



SYSTEM RUPTURE PROBABILITIES CALCULATED
USING MONTE CARLO SIMULATION

e EVNTRE Computer Cope (NUREG-1150) usep TO PERFORM SIMULATION

- LOCAL SYSTEM PRESSURE SAMPLED FROM POSTULATED
DISTRIBUTION E.G. NORMALLY DISTRIBUTED WITH MEAN 2100

PSI, sSTD DEvV 50 psr

- COMPONENT FAILURE PRESSURE SAMPLED FROM POSTULATED
DIST. E.G. 12-INCH SCcHZ20 PIPE, LOGNORMALLY DIST. WITH

MEDIAN 1660 psiGg, LoG sTp pev 0.236.



| SYSTEM RUPTURE PROBABILITIES CALCULATED
: USING MONTE CARLO SIMULATION (CoNTINUED)

® WO SAMPLES COMPARED:
Sys Press > FarL PresSS, THEN COMPONENT FAILED

Sys Press < FarL PRESS, THEN NO FAILURE

@ RUPTURE PROBABILITY IS FRACTION OF MonTE CARLO OBSERVATIONS

RESULTING IN RUPTURES




SOURCE TERMS AND SITE DATA ESTIMATED
UTILIZING EXISTING INFORMATION

@ InrormaTION ON BEW PLANTS IS LIMITED, SOURCE TERM AND
RELEASE TIMING TAKEN FroM Oconee PRA (NSAC/60)

® INDUSTRY-WIDE AVERAGE SITE POPULATION ESTIMATED USING
SANDIA SiTInGg Stupy (NUREG/CR-2739)

e NUREG-1150 SITES COMPARED TO AVERAGE POPULATION, SURRY
SELECTED AS REPRESENTING AVERAGE SITE (ror MACCS InPuT)




CONDITIONAL CONSEQUENCES CALCULATED USING MACCS

e Seconp prRAFT NUREG-1150 utILizep:
- MACCS-pc vErsIOnN 1.5.11
- SURRY EVACUATION STRATEGY

- DeconTAaMINATION FACTORS:
LARGE ReLease DF=1
MiticaTtep ReL DF=10

- CoNSEQUENCE MEASURES:
EArLY FATALITIES
LATENT CanceErs (TOTAL GRID)
PorurLaTION Dose (50-mr1.)



MACCS CONSEQUENCE RESULTS FOR A RANGE Or POSSIBLE DFs
(0CONEE SOURCE TERM, SCALED TO DAviS-BESSE POWER,
ANMD THE SURRY SITE)

CoNSEQUENCE MEASURE DF=1 DF=5 DF=10 DF=100

PorpuLAaTiON DoOSE 2.8E+6 1.3E+6 9.7E+5 2.9E+5
(PERSON-REM, 50-m1.)

LATENT CANCERS 4.5E+3 1.5E+3 8.9E+2 1.4E+2

(TOTAL GRID)

Lad

.6E-2 3.0E-4 5.8E-5 1.2E-6

FArRLY FATALITIES




DAVIS-BESSE PLANT DAMAGE STATE FREQUENCY FROM ISLOCA
SEQUENCES
(FREQUENCY PER REACTOR-YEAR)

Seovenc: Lo Rer  #Mitv Rer Lk-NCD OK-op
MU&P AE-6 1.4E-6 1.1E-3 4.0E-2
HPI 5.4E-7 5.4e-7 2.3E-6 1.5E-

LPI 2.2E-7 2.3k 2.0E-7 JAE-

DHR-SD 1.2E-5 1

5 5 .BE-2 . 3E-
1. 1

DHR-SU .2E-D V -
1.9E-2 .2E

TOTAL

3

5 ]

6.7E-5 7.0E-5
5 5

Va

9E-5

Torar Core Damace Freauency: 3.8E-5/Rx-vr. (SUM OF LARGE AND

MITIGATED RELEASE FREQUENCTES)
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ISLOCA RISK FOR DAVIS-BESSE

(OCONEE SOURCE TERM, SCALED TO DAVIS-BESSE POWER,
AND THE SURRY SITE)

Risk MEASURE

voruLATION DOSE

(PERSON-REM, 50-mM1.)

LATENT CANCERS

(TOTAL GRID)

Farty FATALITIES




SENSITIVITY STUDY RESULTS

PIPE RUPTURE PRESSURE UNCERTAINTY SENSITIVITY ON
DHR-suuTpown CDF

-  LOGARITHMIC STD DEV = 0.36 (BASE CASE)

-  LOGARITHMIC STD DEV = 0.1 (SENSITIVITY CASE)

HRA SENSITIVITY ON Risk

- HRA METHOD (DETAILED ANALYSIS VS. SCREENING)

- OptIiMizep PSFs



SENSITIVITY OF PIPE RUPTURE PRESSURE UNCERTAINTY
ON DHR-5D SEQUENCE

Szauence Crass Base CasEe SEnsITIvITY CASE
0OK-op 6.98E-5 7.11E-5
LK-nCD 6.73E-5 7.79E-5
REL-M1T 1.15E-5 5.49E-6

REL-1G 1.15E-5 5.49E-6




SENSITIVITY OF HRA TECHNIQUE ON BOTH CDF AND RISK.

_Risk Measure Base Case

_Oprimum HEPs Screeninc HEPs -

REL-LG 1.9E-5 8.1E-9 1.4E-2
REL-m17 1.9E-5 8.0E-7 1.4E-2
LK-ncD 1.9E-2 7.2E-3 3.3E-2
0K-op 4.2E-2 4.2E-2 2.0E-1
Pop-Dose 71 0.8 53.000
Latv-Cancers 0.1 7.5E-4 75

EarvLy-Fas 6.8E-7 3.4E-10 5.0E-4

0 NOTE THAT THE SCREENING EVALUATION WOULD NOT MAVE IDENTIFIED
THE DHR-SD SEQUENCE, WHICH INVOLVES A HUMAN ERROR OF
COMMISSTON.

THIS SEQUENCE IS NOT IN LUDED IN THE ScreenNing HEP torvais.



ComparISON OF BAase Case HRA VALUES 70O

OpriMiZzED HRA VALUES

THIS ANALYSIS WAS CONDUCTED TO DETERMINE IF MODIFICA-
rToNS IN THE HumMAN MACHINE INTERFACE WOULD RESULT IN

SIGNIFICANT GAINS IN OrpeErRATOR PERFORMANCE.




MODIFICATIONS TO THE HUMAN MACHINE SYSTEM

PROCEDURES
CAUTIONS., NOGTES, AND WARNINGS ADDED

(reaTe procepure For ISLOCA

INSTRUMENTATICON

AppiTioNn ofF VaLve Status Boarp

PRESENTATION OF INFORMATION ON

PRESSURES, TEMPERATURES, LEVEL, AND FLOW

TRAINING

Formal TRAINING ON ISLOCA ASSOCIATED ALARMS,

NEW PROCEDURES

Al FA

AND St {COND fHFCKERS

SKS TOVERED BY PROCEDURES, CHECKOFFS,




CONCLUSIONS

MODIFICATIONS IN PROCEDURES, INSTRUMENTATION, TRAINING, AND RECOVERY

RESULT IN A SIGNIFICANT REDUCTION OF ISLOCA Core NAMAGE FREQUEMCY

(rroM 3.9 x 10~ y 8 1 x 10°7) AND RISK

MAKING PLANT PERSONNEL AWARE O} ISLOCA THROUGH THESE MODIFICATIONS

witt eLIMINATE ISLOCA As A SIGNIFICANI CONTRIBUTOR TO RISK

L




-

CONCLUSIONS FOR ISLOCA EVALUATION
OF DAVIS-BESSE

HuUMAN ERRORS DURING STARTUP AND SHUTDOWN WERE
SIGNIFICANT CONTRIBUTORS TO CORE MELT FREQUENCY

AND RISK

HARDWARE FAILURES WERE RELATIVELY SMALL CONTRIBUTORS
TO CORE MELT FREQUENCY AND RISK

At THOUGH HARDWARE WOULD BE AVAILABLE TO ISOLATE
ISLOCA BREAKS, ADEQUATE PROCEDURES AND TRAINING
ARE NOT AVAILABLE TO ENSURE THIS HARDWARE IS USED




CONCLUSIONS FOR ISLOCA EVALUATION
OF DAVIS-BESSE (CONT.)

® PELATIVELY SIMPLE CHANGES T9 PROCEDURES, TRAINING,
AND INSTRUMENTATION WOULD SIGNIFICANTLY REDUCE PLANT
RISK

e DAMAGE BY FLOODING OR SPRAYING OF ADJACENT EQUIPMENT
IS NOT RISK SIGNIFICANT OWING TO ADEQUATE EQUIPMENT
SEPARATION

e HEAT EXCHANGERS AND LARGE DIAMETER, LOW PRESSURE PIPING
WOULD MOST LIKELY RUPTURE



CONCLUSIONS FOR ISLOCA EVALUATION
OF DAVIS-BESSE (CONT.)

® RELATIVELY SIMPLE CHANGES TO PROCEDURES, TRAINING,
AND INSTRUMENTATION WOULD SIGNIFICANTLY REDUCE PLANT

RISK

DAMAGE BY FLOODING OR SPRAYING OF ADJACENT EQUIPMENT
IS NOT RISK SIGNIFICANT OWING TO ADEGUATE EQUIPMENT

SEPARATION

HEAT EXCHANGERS AND LARGE DIAMETER, LOW PRESSURE PIPING
WOULD MOST LIKELY RUPTURE




i

GENERIC CONCLUSIONS

@ ISLOCA ANALYSES TYPICALLY FOUND IN PRAS ARE LIKELY
INCOMPLETE DESCRIPTIONS OF ISLOCA Rrisk

e HUMAN RELIABILITY ISSUES (INCLUDING ERRORS OF COMMISSION)
ARE POTENTIALLY DOMINANT CONTRIBUTORS TO ISLOCA RISk



EVENT TREE ANALYSIS SUPPORT

FEBRUARY 26/27, 1990
W. J. GALYEAN

Idaho
National

Engineering
Laboratory

n
éQ EG&G idaheg, Inc







REALISTIC COMPONENT PRESSURE FRAGILITIES WERE ESTIMATED

ANALYSIS PERFORMEL BY IMPELL CORPORATION

STATE OF THE ART TECHNIQUES WERE UTILIZED

AVAILABLE TEST DATA REVIEW

ALL RELEVANT COMPONENTS EXAMINED, INCLUDING:
PIPES, VALVES, FLANGES, VESSELS, TANKS, HEAT

EXCHANGERS, ETC.

UNCERTAINTY IN MEDIAN VALUES ESTIMATED




MANY LOW PRESSURE RATED COMPONENTS NOT
CAPABLE OF WITHSTANDING RCS PRESSURES

o Meprian FAILURE PRESSURES (LARGE RUPTURE):

- 12" scu20 PIPE 1660
- 18" scul0 pIPE 843
- 12" 300# FLANGE 2250

o DHR HEAT EXCHANGER:
- TUBE SHEET FLANGE 893
- PLASTIC COLLAPSE HEAD BUCKLING 1030

CYLINDER RUPTURE 1630




DAVIS-BESSE DHR SYSTEM RUPTURE DATA (after screening)

Component

12" -GCB-7
DH-1517
18"-GCB-8
DH-2733
18" -HCB-1
14" -HCB-1
DH-81
12"-GCB-8
12GCBBa
12GCB8b
12GCB8c
P42-1

10" -GCB-1
10GCBla
DH-43
DH-45
2717
£E271p
£E271C
£E271A
£E271a
£E271b
6"-GCB-10
190"-GCB-10
8"-GCB-10
DH-128

4" -GCB-2
FE-DHZB

Description

Pipe sch20

12"

MOV Gate 300#

Pipe sch20

18"

MOV Gate 3004

Pipe schl0S
Pipe schl0S

14"

Sw Check 150#

Pipe sch20

Flange-a 300#
Flange-b 300#
Flange-c 300#

DHR

pump 1-1

Pipe sch20

10"
10"
10"
DHR
DHR
DHR
DHR
10"
10"

Flange-a 300#

Sw Check 300#

HW Gate 200#

Hx Tube sh flg fail
Hx Plastic col hd bk
Hx Cylinder Rupt.

Hx Asym. head bucklg
out-flg £27-1 300#
in-flg £27-1 300#

Pipe schliS

Pipe sch?0

Pipe sch20

8" Sw Check 300#

Pipe schiOS$

Flow E1. 10" 300# flg.

Median
Failure

Press

1660
1704
1488
2277

843
1090
1445
1660
2250
2250
2250
2250
1984
2485
2016
2170

432
1030
1630
2030
2485
2485
1585
1984
2503
1242
2075
2485

Log Leak
Std Size at
Dev Failure
0.36 Lg
0.2 Sm
0.36 lg
0.2 Sm
0.36 lg
0.36 Lg
0.2 Sm
0.36 Lg
0.12 lg
0.12 Lg
0.12 Lg
0.2 Sm
0.36 lg
0.12 Lg
0.2 Sm
0.2 Sm
0.12 Sm
0.23 .21g
0.27 Lg
0.22 .25m
0.12 lg
0.12 Lg
0.36 Lg
0.36 lg
0.36 Lg
0.2 Sm
0.36 lg
0.12 lg

L arge
Leak
Press

1660
>2500
1488
>2500
843
1090
>2500
1660
2250
2250
2250
>2500
1984
2485
>2500
>2500
B93
1030
1630
n/a
2485
2485
1585
1984
2503
>2500
2075
2485



LOCAL INTERFACING SYSTEM PRESSURES
ARE DIFFICULT TO PREDICT

o RELAPS Mopei BuirLt AnD RuNn.

- PRESSURE EQUILIBRIUM ESTABLISHED VERY QuIickLY - DEaD
ENDED (CLOSED) SYSTEMS PRESSURIZE VIRTUALLY
INSTANTANEOUSLY

-  SMALL RELIEF VALVES IN COMBINATION WITH FLOW
RESTRICTIONS MAY PROTECT PORTIONS OF SYSTEM
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SYSTEM RUPTURE PROBABILITIES CALCULATED
USING MONTE CARLO SIMULATION

o EVNTRE Computer Cope (NUREG-1150) uSED TO PERFORM SIMULATIOM

- LOCAL SYSTEM PRESSURE SAMPLED FROM POSTULATED
DISTRIBUTION E.G. NORMALLY DISTRIBUTED WITH Mean 2100
psI, STD DEV 50 ps1

- COMPONENT FAILURE <RESSURE SAMPLED FROM POSTULATED
~IST. E.G. 1Z2-1NCH SCHZ20 PIPE, LOGNORMALLY DIST. WITH
MeEDIAN 1660 k31G, LoG sTp DEV 0.36.



SYSTEM RUPTURE PROBABILITIES CALCULATED
USING MONTE CARLO SIMULATION (CoNTINUED)

o0 Two SAMPLES COMPARED:
Sys Press > FAariL PRESS, THEN COMP " .enT FAILED

Sys Press < FArL PRESS, THEN NO FAILURE

o RUPTURE PROBABILITY IS FRACTION OF MonNTE ZARLO OBSERVATIONS
RESULTING IN RUPTURES
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COMPONENT FAILURE PROBABILITIES CAN BE
CALCULATED UTILIZING SEISMIC FAILURE EQUATION

o REF: R.P.Kennepy ET AL, NucLeEArR ENGINEERING AND DESIGN,
VoL 59, No.2, Aucust 1980.

0 PrOBABILITY OF FAILURE AT 2100 psic For A 12-1INCH ScHZ0
pIPE (MED. = 1660 pPsSIG, LOGARITHMIC sTD DeEv = 0.36):

PHI {(Ln72100)-1n(1660))/0.36)
pHI(0.65H)
0.742

o ProB(FAaIL pPrRESS < 2100 psicG)



UNCERTAINTIES IN HARDWARE AND OPERATCR CAPABILITIES
JUSTIFIES USE OF HEP SCREENING VALUES FOR
POST-RUPTURE EVENTS

0 GIVEN RAPIDNESS OF INTERFACING SYSTEM PRESSURIZATION,
RECOVERY BEFORE RUPTURE VERY UNLIKELY.

0 LACK OF PROCEDURES, TRAINING AND AWARENESS OoF ISLOCA
NECESSITATES SCREENING FOR POST RUPTURE RECOVERY AND
MITIGATION.

0 GIVEN LARGE UNCERTAINTY IN HUMAN PERFORMANCE, EQUIPMENT
AVAILABILITY ISSUES NOT ADDRESSED IN DETAIL.
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SOURCE TERMS AND SITE DATA ESTIMATED
CTILIZING EXISTING INFORMATION

0 INFORMATION ON B&W PLANTS IS LIMITED, SOURCE TERM AND
RELEASE TIMING TAKEN FroM Oconee PRA (NSAC/6L.

0 INDUSTRY-WIDE AVERAGE SITE POPULATION ESTIMATED USING
Sanpxa Siting Stuoy (NUREG/CR-2239)

0 NUREG-1150 SXITES COMPARED TO AVERAGE POPULAYION, SURRY
SELECTED AS REPRESENTING AVERAGE SITE ‘ror MAZCS 1nePuT)
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DIFFERENCE BETWEEN NUREG-1150 SITES

AND U.S. AVERAGE SITE

GranD GuLF
PeacH BorTom
SEQUOYAH
SURRY

ZI0ON

GraND GULF
Peacu BorTom
SEQuUoYAH
SURRY

ZI0N

SiTte PeruLAaTION FACTORS

SMI. 10mx. 20m1. 302
0.965 0.069 0.091 0.110
0.056 0.043 0.007 0.021
0.002 0.004 0.054 0.012
0.065 0.012 0.016 0.007
0.637 0.618 0.471 0.423

Winp Rose WerguTep Site PopuLaTION FACTORS
5MI. 10Mmx. 20mrx. 30mx
0.056 0.072 0.098 0.115
0.053 0.052 0.015 0.022
0.032 0.004 0.127 0.080
0.055 0.003 0.002 0.013
0.809 0.745 0.567 0.517



CONDITIONAL CONSEQUENCES CALCULATED USING MACCS

o Seconp prRAFT NUREG-1150 utrLIzZED:
- MACCS-pc version 1.5.11
- SURRY EVACUATION STRATEGY

DECONTAMINATION FACTORS:
Larce RerLease DF=1
MritTicaTep Rer DF=10

CoNSEQUENCE MEASURES:
EarLY FATALITIES
LATENT Cancers (TOTAL GRID)
PopurLaTIoN Dose (50-m1.)
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MACCS CONSEQUENCE RESULTS FOR A RANGE OF POSSIBLE DFs
(OCONEE SOURCE TERM, SCALED TO DAVIS-BESSE POWER,

AND THE SUKRRY SITE)

CoNSEQUENCE MEasure  DF=1 DF=5  DF=10

PorpuLAaTION DOSE 2.8E+6 1.3E+6 9.7E+5
(PERSON-REM, 50-m1.)

LATENT CANCERS 4.5E+3 1.5E+3 8.9E+2
(TOTAL GRID)

EArLY FATALITIES 3.6E-2 J.v.-4 5.8E-5



HUMAN RELIABILITY ANALYSIS (HRA)
METHODS IN SUPPORT OF

ISLOCA
Idaho
National D. I. GErRTMAN
Engineering
Laboratory

JL EGEG raano. e




AN INTEGRATED TEAM APPROACH TO
HRA WAS USED

¢ ENSURE ALL £
THE TYPES OF
ACTIONS ARE
REPRESENTED

¢ IDENTIFY AND [ 6*
SCREEN HUMAN 7
INTERACTIONS
WHICH MAY BE
RISK SIGNIFICANT

¢ DEVEIOP A DETAILED DESCRIPTION
OF IMPORTANT HUMAN ACTIONS

e SELECT AND APPLY
APPROPRIATE
MCDELING
TECHNIQUES

¢ EVALUATE THE IMPACT OF
THESE SIGNIFICANT
HUMAN ACTIONS

e QUANTIFY THE
PROBABILITIES FOR THE
VARIOUS HUMAN
ACTIONS

¢ DOCUMENT THE
INFORMATION FOR
UNDERSTANDABILITY AND
TRACEABILITY.



MAJORITY OF THE DETAILED HRA EFFORT CENTERED
UPON ASSESSING FOUR EVENT SEQUENCES

Start/up InvorLviInG DH11/12 or DH 21/23 LEFT OPEN
Low Pressure InJecTtion ISLOCA ScenaArIO

SHUTDOWN (cooLDOWN) WITH PrzvavURE OPENING
oF DH1l1l anD 12

HPI ImnvoiLvING THE QuarTERLY STROokE TesT ofF HP B, C,
anD D  (no MURP Fiow)

HPI Sccnario InvowLvInG THE QUARTERLY STROKE TEST
oF HPZA, MURP FrLow



WHAT Was MODELED

THE Type oF Errors Mopeiep ForR ISLOCA Seauences INCLUDED
LATENT ErRORS AND ERRORS GF COMMISSION AS WELL AS ERRORS

oF OMISSION



HRA MopeELING TECHNIQUES EMPLOYED

THERP tvype HRA EvenT TREES

HRA TvpeE FAauLT TrREES

MopirFIep THERP TREE FOR INSTANCES WHEN ERRORS
ACTUALLY PROVIDE PLANT ProTECTION (COMET)



QUANTIFICATION TECHNIQUES OR Sources Useb

e NUCLARR
® Direcy ExrPeErT ESTIMATION (Sépsn AND StrvLiwerr, 1981)

e Human CoeNiTIiVvE ReLiasrirLity (HCR) EsTIiMATIONS
¢ THERP TaBLES

® DATA COLLECTION FORMS WERE DESIGNED FOR
RECORDING PSF INFORMATION
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ISLOCA InspecTION TEAM FINDINGS WERE USED

As PERFORMANCE SHAPING FACTORS

Tue ABsSeNCE ofF ISLOCA PrOCEDURES

Tue LAckKk OF TRAINING For ISLOCA

LACK OF VALVE STATUS INDICATION FOR HP27/29 AnND
DH 21/23

Lack oF ISLOCA AWARENESS

LACK OF PROCEDURES FOR RESPONSE TC COMPUTER
ALARM PRESENTATION (ALARMS COULD BE IGNORED FOR
QUITE SOME TIME BEFORE BEING RESPONDED TO)




InsPeECTION Team FinbDings (CONTINUED)

P T
A Y Lo
¢ PrOCEDURES WERE DEFICIENT \iné“‘

~-FAILURE OF A PRCCEDURE TO MENTION ONE OF THE
VALUES REQUIRED TO OPEN THE HP Vent Line

-Lack oF WarnInGs, Cautrions, orR NOTES RELATED
T0 THE POTENTIAL oF ISLOCA
® ErconoOMICSs

-lLocarL ConTroL StaTiON TAGGING FOR A GuTTED VALVE
"DH1556" HAD NO TAGS INDICATING IT WAS INOPERABLE

~-LIGHTING LEVELS FOR OPERATION OF LOCAL VALVES WAS UNEVEN

-CONTROL ROOM ERGONOMICS WERE GOOD (EXCEPT FOR ABSENCE
OF VALVE STATUS BOARD)

e Morvivatiown A

-MANY PERSONNEL INTERVIEWED SEEMED WELL MOTIVATED =~ i ..



ERRORS OF COMMISSION WERE ASSESSED

TO DETERMINE THEIR CONTRIBUTION TO ISLOCA



DEFINITION OF ERRORS OF COMMISSION

ErRRORS OF COMMISSION ARE THOSE WHICH ARE
COMMITTED AS A RESULT OF AN INTENTIONAL
ACT OR AS A RESULT OF IMPRCPER EXECUTION



ERRORS OF COMMISSION GO OCCUR

AuTo ACCIDENTS

-GAS PEDAL PRESSED INSTEAD OF BRAKE IN ACCIDENT SITUATIOA

Fines
-FLOUR POURED ON GREASE FIRES

-WATER POURED ON GASOLIME FIRES

AIRCRAFT
-CrAasSHES DUE 70 NAVIGATION ERRORS

~-FLAPS LEFT DOWN AT TAKEOFF



IDENTIFICATION OF ERRORS OF COMMISSION IS DIFFICULY

® ERRORS IN EXECUTION LESS DIFFICULT TO IDENTIFY,
AND HAVE HIGH ACCEPTANCE

® ERRORS IN INTENTION ARE DIFFICULT TO IDENTIFY,
AND HAVE LOW ACCEPTANCE



MODELING AND QUANTIFICATICN OF ERRORS OF COMMISSION

e HRA EvenT Thees AND FAULT TREES CAN HANDLE ERRORS
0OF COMMISSION IF IDENTIFIED

e OUANYIFICATION TECHNIQUES CAN HANDLE "EXECUTION TYPE"
ERRORS OF COMMISSION WELL

® NUANTTFICATION TECHNIQUES HAVE DIFFICULTY HANDLING
"INTENTIONAL TYPE" ERRORS OF COMMISSINN

@ HRA ANALYSIS SOUGHT TO IDENTIFY ERRORS OF COMMISSION
THROUGH STRUCTURED QUESTIONING AND QUANTIFIED THROUGH
EXPERT JUDGMENT TECHNIQUES.



STRUCTURED QUESTIONING CONSISTED OF FOUR ITEMS

¢ DO PATHWAYS OF ERROR EXIST A<ZUUND EXISTING PROCEDURES AND
ADMINISTRATIVE CONTROLS?

@ CaAN INDICATORS BE READ INCORRECTLY, AND WHAT AID> EXIST
TO PREVENT THIS?

@ Is TIME A CONTRIBUTING FACTOR IN TASK EXECUTION?

@ CAN INDIRECT CONTROL ACTIONS BE TAKEN AND WHAT AIDS EXIST
TO PREVENT THIS?



AN EXAMPLE ERROR OF COMMISSION PATHWAY

DURING SHUTDOWN A POTENTIAL PATHWAY FOrR ISLOCA can BE
ESTABLISHED BY OPENING DH11 & 12 AT HIGHER THAN
ACCEPTABLE PRESSURES

THIS WAS DEEMED PROBABLE AS:

~-PROCEDURE ROUTINELY ALLOWS JUMPERING OF DH12 pue 1O
LARGE DEAD BAND

-TIMING COULD BECOME A MOTIYATIONAL FACTOR TO
TO MINIMIZE TIME IN HOT STANDBY

~-INT=R!0CKS CAN AND ARE DISABLED ON A ROUTINE BASIS

-PROCEDURES CONTAINS NO WARNINGS OR CAUTISHNS

OPERATORS ARE PRIMED FOR ERROR BY THE COMBINATION OF
THESE FACTORS
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Figure 5: Fault Tree for ISLOCA DM1-SD Part 2
Operators Prematurely Open DH 11 & 12

Operalors
Misread or
Fail to verify

P(f)=Negligible
(see Figured )

!
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«-13

L H

\

| Pressure Indicator Trip Light Core Ceoling Pressure Verification

. P{= 003 (3) (f)=.003 (3 Tables against Core
20-10 #1 20-9 #4 P(f)= .01(3) Cooling Tables

e YL A 20-10 #5 P(f)= .01(3) 20-10 #5
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WHAT ARE THE COGNITIVE COROLLARIES

BounDED RATIONALITY - OVERSIMPLIFICATION OF THE PROBLEM
(Reason, 1983)

IMPERFECT RATIONALITY - PREVIOUS SOLUTIONS PERCEIVED AS
AapPROPRIATE (Reason 1983)

SALIENT CUES SUGGEST A SOLUTION WHICH IS INAPPROPRIATE
(Morris AND Trouse, 1988)

PassIVE (LATENT) FAILURE IN DESIGN PROCESS WHICH SETS THE
sTace (Reason, 1989)




FINDINGS AND CONCLUSIONS

AN INTEGRATED PROL 5 IS REQUIRED IN ORDER TO
PERFORM A MEANINGFUL HRA

HRA MODELS MUST BE CAREFULLY SELECTED FOR APPLICATION

LATENT ErrORS sHouLD BE CONSIDERED FOR ISLOCA Risk ANALYSIS

MODELING ERRORS OF COMMISSION REQUIRE A THOROUGH PLANT
SPECIFIC ANALYSIS
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ISLOCA SEQUENCES INITIATED BY MULTIPLE HUMAN ERRORS
OR COMBINATIONS OF HUMAN ERRORS AND HARDWARE FAULTS

0 HISTORICAL EXPERIENCE INDICATES!:
- IMPROPER VALVE LINEUP AND OPERATOR ERRORS IN
MISPOSITIONING VALVES - RELATIVELY LIKELY.

- RANDOM AND CATASTROPHIC FAILURES OF REDUNDANT VALVES
IN STANDBY - NOT SUPPORTED.



REVIEW OF D-B SYSTEMS AND OPERATIONS LEADS T0
IDENTIFICATION OF ISLOCA INTERFACES AND SEQUENCES

0 1-INCH AND SMALLER LINES, AND <200 GPM DEEMED RISK
INSIGNIFICANT.

0 Turee ISLOCA InTeErFAces IDENTIFIED: HPI, LPI, anp DHR
LETDOWN.

0 Five possiBLE ISLOCA SEQUENCES IDENTIFIED:

- HPI

-  MURP/HPI

- LPI

-  DHR-STARTUP
-  DHR-SHuTDOWN
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AGENDA FOR DISCUSSION OF ISLOCA PROGRAM RESULTS

8:40 - 9:00 InrrobucTION - D. J. HanSON
9:00 - 9:30 IDENTIFICATION OF DAavis-Besse ISLOCA SEQuENCES -
W. J. GaLveawn
9:30 - 10:00 HRA MeTwoos 1N Support ofF ISLOCA - D. I. GERTMAN
10:00 - 10:40 EVENT TRee ANALYSIS SupporT - W. J. GALYEAN
10:40 - 11:00 QUANTIFICATION AND HARDWARE SENSITIVITY STuDY RESULTS -
W. J. GaLvean
11:00 - 11:30 HRA SENSITIVITY STupy ResuLts - K. 5. BLACKMAN
i1:30 - 12:00 ConcrLusions - W. J. GALvEAN



ISLOCA PROGRAM OBJECTIVES

DEVELOP A FRAMEWORK FOR EVALUATING ISLOCA Rr1isk
-  HARDWARE

HuMAN ErRROR

- POTENTIAL foOR RISK REDUCTION

DETERMINE THE EFFECTS OF HUMAN ERROR AND THEIR
CONTRIBUTORS

EVALUATE THE FRAGILITY OF Low PRESSURE SYSTEMS
- FAILURE LOCATIONS

- FAILURE PROBABILITIES



ISLOCA PROGRAM OBJECTIVES (CONT.)

IDENTIFY AND DESCRIBE POTENTIAL ISLOCA SEQUENCES
-  TIMING
~ ACCIDENT MANAGEMENT STRATEGIES

- EFFECT ON OTHER EQUIPMENT

ESTIMATE CONSEQUENCES OF POTENTIAL ISLOCA SEQUENCES

- CORE MELT FREQUENCY

- (OFFSITE CONSEQUENCES

- RECOMMEND CONSEQUENCE REDUCTION ACTIONS
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IMPORTANT INTERFACING SYSTEMS FOR DAVIS-BESSE

0 HigH Pressure INJEcTION (HPI) DISCHARGE LINES
0 Low Pressure INJecTiON (LPI) DISCHARGE LINES

|
0 Decay Hear RemovarL (DHR) LETDOWN LINES
|
|
|
|



IMPORTANT CONSIDERATIONS FOR FOLLOWING PRESENTATIONS

0 EFFECT oOF HUMAN ACTIONS AS INITIATORS FOR
AN ISLOCA (‘4——-‘-""\'»“':‘;

0 RELATIVE EFFECT OF HUMAN ERRORS AND HARDWARE
FAILURES AS CONTRIBUTORS TO ISLOCA CORE MELT
FREQUENCY AND RISK

0 COMPONENTS THAT wWOULD FAIL WHEN EXPOSED 7TC
OVERPRESSURE

0 INFLUENCE oOF PROCEDURES, TRAINING, AND INSTRUMENTATION
ON THE CAPABILITIES OF PLANT PERSONNEL



